Notice!

I’ve found that this book project has been showing up on more and more
search engines lately and is also being directly linked to for the information it

contains®™. | therefore find it necessary to warn al persons viewing this

document that it is a work in progress, and as such it contains errors of all
kinds, be them in experimental procedures that may cause harm, or in faulty
reasoning that would get you dlapped by nearly any chemistry instructor.
Please for now take the information here with agrain of salt.

M ost | mportantly!

By reading further you agree not to hold the author s of this document responsible
for any injuries/fatalities that may occur from attempting to make any of the
products or following any of the proceduresthat are outlined within. Chemistry
inherently possesses a degree of danger and you must under stand this, wear gloves
and moreif the stuation callsfor it, your safety isin your own hands, not mine!

Also note that this project is open for contribution by any party on the internet.
Simply submit a section to Rob.Vincent@gmail.com and it will be added into
the text pending editing and such within a few weeks. Any person contributing
will have their name mentioned in the credits. Thank you for reading this, and
enjoy!

1 Although this document may be directly linked to, it will not work in that manner as | have hotlink protection
documents, however directly linking to the html document is possible, still though | would prefer links be to the m:

project page.
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1.0 Introduction/Statement of Purpose

There are lots of pages scattered across the internet that can serve the amateur
chemist in their endeavors, however each one has its own focus. Improvising a
distillation apparatus, production of aspecific chemical, somego further and tell how to
stock alab at home. Therearestill other worksthat are similar in goal to thiswork and |
don’t mean to compete with these, just as there are innumerable books available to a
‘professional’ chemistry student covering the basics this work will just be a further
referenceinthat series, though hopefully very comprehensive. Thereare other placesto
look for the information here and astudent of chemistry should not be adverseto looking
over the basics of chemistry from many different sources, after all some peoplelearn
better in one way over another.

It was originally my concept that this work should have as few web references as
possible. The reasoning being that they will passinto non-existence in due time. But
really at home chemistry is a constantly devolving and changing hobby, an over the
counter source for one chemical may be phased out without notice, during work on this
project for example sodium hydroxide which was widely available over the counter
started to be phased out. Hence despite my wishing that thiswork be somewhat timeless,
that is impossible, links will be provided and they will pass into non-existence and
sources for chemicals will be given that likely won’t make it to the end of the decade.
Still  though, it is the goal of this work to explain many of the basic
concepts/material s/apparatuses used in chemistry. Itisfurther the goal of thiswork to
depict thisinauseful way directly relating toreal life and real observations. Indoing so
this should most closely represent anything you would run acrossinreal lifegiving you
the best idea as to what to expect.

In reading thistext you will notice that some things are inbold face these are either
key pointsor are sectionsto which you can refer to for more information on the relevant
topic. Wordsinitalicsare usually shown in thismanner to indicate that the definition of




that word can be found in section 12 the index under the subsection “ Technical Terms”.
Additionally as you read through this you will see numbers in superscript with
parenthesis around them such as V) theseindicate that at the end of the section you arein
thereisadditional relevant information about the topic at hand, each piece of information
matching up with the topic number, this can also include references to web works and
book works.

Additionally sincethisismeant to be ahighly readable work, some of themorein
depth material including mathematical calculations and other material that might be
considered supplemental is occasionally separated from the section where it would
normally be contained, either following it immediately or referenced asbeing compiled
into the index. For example, the calcul ation of the hydrogen ion concentration in an
aqueous solution isauseful calculationto performfor somereactions, howeveritison
thewholedry boring material in most peoples eyes, as such sections such asthiswill be
removed from the more literary part of the text so they do not disturb the flow of the
section.

Back to the content there are two sections of experimentsfor the amateur and by the
second half, experienced chemist to perform. Each experiment isintended to develop
skillsthat will be necessary to compl ete experimentsfound elsewhereinthe future. But
not only doesthistext help to explainitself, but laysout strategiesfor projectsthat you
devise yourself, sections on real research, and the gritty sections on out of control
experiments and contingency plans. Upon reading though all the material presented here
you should be ableto go out and perform chemistry with adegree of confidencethat the
at home chemist is not normally afforded. Asl said before, thiswill not be a timeless
work, but hopefully it will be a good read even in the future when performing the
experiments talked about here in a home setting would be dubbed thoroughly insane
(though some might find them insane right now). Never theless| wish the readers the
best of luck in all their chemical endeavors even if you never make it past being an
armchair chemist(®.

Bromic

1 Exampleof areferencein thetext, thisiswhere relevant information to that passage would be found.
2 Anarmchair chemist is occasionally used as a derogatory term meaning that the person has no experience with h
work in the real world and draw all of their ‘experience’ from books where the information may conflict w
observations or be entirely wrong, in other words a procedure they come up with may only work in theory not g
may be difficult to carry out in real world conditions, many people start out as armchair chemists.

1.1 Disclaimer

Each personisresponsiblefor hisor her own fortunes. Itisnot reasonableto hold
the person writing a hunk of text responsible for your mistake should you choose to
pursue their strategies, as stated in the disclaimer at the start of this document, by
reading further you agree not to hold the authors of this document responsible for
any injuriedfatalities that may occur from attempting to make any of the products
that are outlined within.
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Further, although many of these procedures have been attempted solely for the
completion of this project, not every procedure was done or thoroughly researched.
Chemistry inherently possesses some danger to it and there is always some chance
somehow that things may go wrong. Please use common sense, if you are following a
procedure to the letter and something occurs involving excessive heat generation or
violent gasevolution and it isnot mentioned in aprocedure, do not just assumethat itis
normal, if it scaresyou take stepsto rectify the situation, always have acontingency plan
for any procedure you are doing for the first time.

People who are pregnant should not attempt many of the experiments described
herein. Additionally chemistry should not be practiced around small children who may
interfere with the proceedings, consume chemicals, or become more readily injured
though any mishaps. Y ou should not perform a procedure mentioned here until you are
familiar with the procedure, the chemicals involved, and the possible extraneous
reactions that could take place. Please, for your own safety, consider all safety
precautions, gas masks, gloves, aprons, gas scrubbing. Damage done with many
chemicals can beforgiving, but over timeit can be disastrous, and some never giveyou a
second chance. Y ou only get onelife, take precautions now so you do not ruinitinthe
future.

1.2 Safety Precautions/Gear

Before beginning on any chemical adventure there are certain stepsthat should be
taken. Thefirst thing you should do before starting anew experiment isto find out the
properties of any reagents that are being used, along with your intended products. This
can be accomplished in many ways, looking up in achemistry dictionary for example.
However the most thorough way to determinethe propertiesof acompoundisto look up
itsMaterial Safety DataSheet (MSDS). At the bare minimum one should tie back |oose
hair when in the laboratory, not eat while doing an experiments and wear closed toe
footwear, no sandals. Long pants are always a good
thing; asarelong sleeve shirts, not loose ones though.

Regardless of the specific dangers of achemical
one should always wear gloves and goggles or aface
shield. Some experiments may even require you to
wear a respirator when standing up wind is not
enough. There are very few chemicals that will go
though agood pair of gloves™. Some solventswill eat
them and cause them to become gummy on the outside
but agood pair of gloveswill last you.

When it comes to the clothing you should wear
during chemistry that is somewhat of a matter of
debate. The safest thing you could wear would be a
full environmental suit, lacking that disposable




painting suits made of Tyvek® that cover the full body, even have their own hood
attached are widely available. Another choicefor afull body suit would be aNomex®
flight suit, widely availableon eBay. Thisisthe choicefor personsworking at high heat
or interested in pyrotechnics dueto the high heat resistance of thisfabric. Commoncloth
jump suits like the one pictured also work to alesser degree though posess inherent
flammability. However there are other things to consider then fabric.

A chemistry outfit does not necessarily have to be something altogether different
from something you would normally wear. Theonly thing that it hastobe is something
that you will not careif it getsruined. What it should also beis something not absurdly
flammable like many synthetic fabrics. It should also not be excessively loose or skin
tight. If theclothingistoolooseit can knock over beakersor draginreagents, if itistoo
tight and you get something on it, it might immediately soak though to the skin. You
should always be able to remove any effected clothing quickly. Incaseof spill or fire.

In the case of gloves there are several
types. Those that totally cover the digits, the
palm, and amajority of the back of the hand are
good for most situations. Gloves that only
cover the bottom part of the hand and cover the
back with webbing are decent for handling
solids but not liquids. Disposable latex/nitrile
gloves are good for most anything with nitrile
being superior to latex, however there is a
sweating problem, these kind of gloves can be
bought in relative bulk fairly cheaply and are
great to have around, the bulk kind are
disposable. Finally elbow length gloves are
good in situationswhere you are handling large
quantities of reagent or thereisareactionthatis
causing extraneous conditions, e.g. splashing
though boiling so you can easily handle the
reaction if need bewithout splatter hitting you to any extent.

Face protection should be present to prevent splashing into the eyes, goggleslike
thosein the above picture areideal, they are covered from all sides and have enough air
circulation to prevent them from being uncomfortable. Faceshieldswill work and afford
some additional protection, however they do not prevent splatter from certain directions,
therefore a good pair of goggles are preferred. Just having any form of eye protection
does help though, even safety glasses are better then nothing. However if you wear
contacts you should take them out before pursuing a chemical reaction, the vapors can
cause them to fuse to your eye resulting in a painful removal surgery.

Optional to some, mandatory to others, it really depends on what kind of
experimentsyou plan to do weather or not you need agas mask. They areavailableasa
full mask, which coversthe eyesaswell asthe mouth and nose, this eliminates the need




for additional protective eyewear. The picture above shows a half-mask which only
covers the lower part of the face. Masksare also available that utilize one cartridge or
two, two providing easer breathing and longer cartridgelife. The protection afforded to
you by your mask isdirectly related to the cartridge you use. Some maskswhich arefor
military use may be picked up surplus and offer a wide variety of chemical agents to
which they can offer some degree of protection, however they vary in their protection
from mask to mask and therefore can only be compared on an individual basis. For a
more detailed look at gas masks look at section 4.13 on gasses.

Asof far all the considerations have been for working at what is known as standard
temperature, room temperature, or just normal temperature, defined as 25°C or about
75°F. Now though we delve into the special gear that is necessary for working in
conditions other then regular room temperature. For working at high temperature a
welding shop is a goodies store, offering welding aprons and glovesthat can help up to
1000°C. Ontheother hand working at cryogenic temperatures might be aseasonal thing,
attempting to buy thick winter gloves in the middle of summer might prove to be
difficult. Still though evenif itissomethinglikeapair of glovesfor welding, they are
insulated to keep you from the heat, they can be used just as effectively to protect you
from colder temperatures, but the reverseisnot true, most of the fabricsused in winter
gloves and such might combust if brought into contact with hot iron. Working at high
temperaturesis another aspect of chemistry that depends entirely on you, some people
might never need athermometer that goes over 150°C and some people might work at
high temperatures all the time, or cryogenic temperatures for that matter and never get
into the realm where a thermometer would be realistic.

Aside from the personal gear that is worn it is also a good idea to have some
extinguishing media around in case of fire. A fire extinguisher will work for most
situations except some metal fires. Inthose cases sand (another good thing to have on
hand) is used to smother the fire®. In that caseit is best to move away any hazardous
chemicalsyou can get to and let the fire burn itself out. Putting water on amagnesium
fire or other highly reactive metal can easily lead to explosion.

Another good thing to have handy are neutralization chemicals. In case of an acid
spill you should have anice wide mouthed container of sodi um bicarbonate (baking soda)
laying around, tossing this on an acid spill will neutralize its corrosive properties and
render it somewhat safer at least so you can cleanit up. Basespillsareusually lessof a
problem but sodium bisulfate (used to adjust the pH of pools) can be conveniently located
around your lab. Flushing most acids or bases with large quantities of water also helps
the situation, however in the case of large spills of concentrated phosphoric or sulfuric
acid extracare should be taken asthese heat up greatly on combination with water, if you
are applying water to these do so very quickly and in large quantity to help remove the
heat and prevent flash boiling.

Alwaysremember that safety should comefirst. Itisnot worth gettingasevereburn
because you aretoo cheap to buy somelong sleevewelding gloves or respiratory damage
because you won't invest in agas mask. Always consider the possibility of long-term




damage and if you think there is something reasonably extrathat you can do to prepare
for an upcoming reaction spare no expense. It has been learned by many chemists over
the years, take the time to do it right the first time, get the right chemicals, set up the
apparatus with all the extra safety precautions you think might be necessary but don’t
want to take the timeto do, keep your patience and don’t rush and thingswill alwaysturn
out alot better.

(1) One exceptional substance that can easily penetrate gloves is methyl mercury, which can go through many comi

available glove materials, but considering the toxicity of it, it is better to just not use this compound.

(2) Note that fires of very reactive metals like magnesium will not appreciate being smothered in sand and will con
react even with the sand, sometimes even more vigorously then with the air, there are special mixtures g

commercially to smother these fires which contain among other things magnesium oxide.
1.2(a) Definitions of common medical terms

L ets assume that you are being responsible and |ooking out for your own health and
the heath of those around you and you arelooking up M SD S sheets of the chemicalsyou
will be working with. Some of the information on the sheets may be easy to understand,
but when it comesto side effects of chemicalsyou might often come upon words such as
‘pulmonary edema’ and ‘renal failure’ and you wonder to yourself, “What do these words
mean?’ This can be a stumbling block when deciding on choosing one compound over
another, not knowing the potential side effects putsyou at alarge disadvantage, although
you are still encouraged to look up specific definitionsfor each of theseterms, hereisa
general overview of the major terminology used:

Renal Failure: Often used to designated that a chemical upon entering the body
may cause massive damage to the kidneys causing them to shut down usually
permanently.

Pulmonary Edema: Corrosive gasses and other chemicals can cause this
condition where fluids build up inthe lungs, in serious cases this can be so bad that you
can drown in your own fluids.

Necrosis. A term used to describethe process of tissue dying and/or rotting while
still on the body.

1.3 How to read/write a chemical reaction

If you're just beginning to start a chemistry hobby there are afew skills that you
should have. The most useful of theseisreading and writing chemical reactions. There
are many places on the web and in books and classrooms what will be able to more
thoroughly explain this procedure then | will be ableto, these skillsare easy to explain
but take practice to understand, therefore this sectionismostly to just show the standard
way in which a chemical reaction will be written in this text.
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Pictured aboveisyour basic periodic table (Seesection 12.1 for acompletelegible
listing off all the elementsin alphabetical order). The periodic table lists elements by
increasing atomic number (which usually meansincreasing atomic weight). Alsoit has
trendsin it which can allow you to predictthe properties of an element inits uncombined
state. The most common grouping that peoplefall back onisfamily. Thatisthevertica
groups of elements. For example, onthefar right, second to last column, beginning with
theletter F, that family isthe halogens. In descending order they are Fluorine, chlorine,
bromine, iodine and radioactive astatine. Fluorineisthe most reactive of the group and
the reactivity decreases as you go down.

The *atomic weight’ previously mentioned is defined by the quantity called themole
(also referred to simply as mol or amol). This is a chemistry quantity and what it
basically meansis‘oneunit’. So, if youlook at potassium onthelist (K isthe symbol for
potassium) you will see 39.102 underneath it, what that meansisthat 39.102 grams of
potassium metal isone unit of potassium. All the elements have unitswith respect to one
another. For example one unit of chlorine (Cl on the list) weighs 35.453 grams and it
will react with one mol of potassium (39.102 grams) completely to give 1 mol of
potassium chloride, KCI which will have weight equal to the sum of thetwo sincemassis
not lost to give atotal weight of potassium chloride of 74.555 grams, thisreaction would
be expressed by the following system:




K+ Cl ---> KClI
Reactions in this work will bein the sameform of A+ B ---> AB

Another specific example would be 2H; + O, ----> 2H,0 Translating this from
chemical speak to common tongueis simple. Looking at aperiodic tableyou find that
theletter H represents hydrogen, acolorless odorless gas, and that O represents oxygen,
and | would hope you are all familiar with the product H,O. The prefix, that is the
number beforetheletter signifiesthe number of whatever itisinfront of that takepartin
the reaction. The numbers behind the letters stand for the number of that element in a
compound. Hydrogen and oxygen are gassesthat exist not asindividual atomsbut astwo
atoms bound together, hence the two behind each of them. Sowhat itissayingis, four
atoms of hydrogen, combine with two atoms of oxygen, to produce two molecules of
water. Notethe distinction between atoms and molecules, O, isamolecule containing 2
atoms of oxygen, H»O is amolecule containing 2 atoms of hydrogen and one atom of
oxygen. Chemical reactions of thistype are balanced, with each molecule appearingin
the same quantity on both sides, if that isnot the case the equation is dubbed 'unbal anced'
and steps can betaken torectify it (Note that although amolecul e of oxygen containstwo
oxygen atomsyou can still treat it likeitisjust O in equations, just double the molecul ar
weight to get the weight of the O, molecule).

Diatomic Molecules and More

When it comesto achemical reaction the periodictable givesthe symbolsonly for
individual atoms of an element, which isnot how many of them are found. For example,
many gasses are diatomic molecules (di meaning two in this case, so the moleculesare
formed from two atoms). What this means isthat two atoms of the substance have a
bond between them and thereforecomeinapair. Hereisaquick list of elemental gasses
that are diatomic:

Ha, N2, Oz, 2, Cly, Bra, |2

Although bromine and iodine are liquids and solids respectively, in the gas phase
they consist of two atoms bonded together. These bonds between the atoms account for
adegree of their reactivy, for example, the bond between fluorine atomsisvery weak, it
breaks readily from light and as a consequence you end up with highly reactive free
fluorine. Chlorinewill also break itsbond to itself from daylight, when the bond breaks
it can attack hydrocarbons and chlorinate them. On the other side of the situation the
nitrogen-nitrogen bond is actually atriple bond, there arethree bonds connecting one
nitrogen atom to another. Thisisactually one of the strongest bondsin chemistry and
accountsto some extent for thelack of reactivity of nitrogen (notethat it accountsfor a
large portion of the air we breath). The fact that these are diatomic is not of great
importance in chemical reactions because the molecul ar weight of oneatom isstill the
same, however it is important in calculating the amount of a gas. One mole of gas
usually takes up approximately 22.4L of space at standard temperature and pressure. But
it’s not one mole of O that takes un that snace. it is one mole of O- so actuallv there




would be two moles of atomic oxygen for 22.4L of space.

Going further there are other elementsthat associate so their formulasareusually
or can be expressed as different combinations of atoms, explanations are not given here
but notable examples include B12, Sg, and Pg.

Exceptionsto thisrule are nonstoichiometric reactions, reactionsthat do not havea
specific reaction that takes place and anumber of products can be formed under different
conditions though a main product is usually known or is the desired product of the
reaction. Thisincludesawide variety or organic reactions, a specific example being:

CgHs --(H NOg/HzSO4)--> CgHsNO,

Notice how the by product, water is not included in the reaction, and that the amount
of HNOg3 (nitric acid) and H,SO, (sulfuric acid) reacting with the CgHg (benzene) to
produce CsHsNO- (nitrobenzene) is not a part of the equation, this can be read 'in the
presence of' therefore allowing thereaction to beread, "Benzene, in the presence of nitric
acid and sulfuric acid reactsto produce nitrobenzene". Another timethat information can
appear in between the arrows could be a catalyst which only speeds up the reaction,
additionally temperature information can appear there as can pressure. Specificreaction
conditionsare not usually included in the condensed equation and it isnot safe to assume
that every reaction you see will run at STP (standard temperature and pressure) as a
matter of fact there are many reactions not run at STP and because of this you really
hardly know anything of reaction conditionswhen you see areaction written out, thiscan
be areal painin the butt.

Now lets say you want to write a chemical reaction. First you should know the
chemicals/elementsinvolved along with what you believe to be the products. You write
them out in the format previously described, reactants (things reacting to give your
desired product) on the left and products on the right, then you attempt to balance the
equation by adding to the products or reactantsside. If an element only showsup onone
side something isautomatically off. Just remember that thereisnot always one correct
chemical reaction and just because a reaction looks good on paper does not magically
makeit thereal reaction, areaction that isnearly impossible may ook just asplausible on
paper as a simple reaction time tested for the past hundred years anyone can make up a
reaction, be wary of reactions you see with no information backing them up.

In addition to the common elements there are also components that the average
chemist will come acrossthat almost behave asthough they are elements. They aremore
evident in aqueous solutions in the form of ionic compounds. Collectively they are
known asions but more specifically positively charged species are known ascationsand
negatively charged species are known asanions. M ost aqueous chemistry (chemistry
occurring in water) revolves extensively around cations and anionsand it is quite useful
to have aready referencelist of cations, anions, and their respective charges, and it just
so happens that there are many lists availabl e besides the one here:




Anions;

Acetate CoH302 Hydrogen HCO3 Hydride H
Carbonate

Arsenate AsO4~ Carbonate COs~ Hydroxide OH’

Arsenite AsOs™ Chloride Cl Nitrate NO3

Azide N3’ Hypochlorite | CIO Nitrite NO,

Bismuthate | BiOs Chlorite ClOy Nitride N

Bisulfate HSO4 Chlorate ClOs Oxide o~

Sulfate S04~ Perchlorate | ClO4 Peroxide 0%

Hydrogen HSO3 Chromite CrOs” Phosphate PO~

Sulfite

Sulfite SO5” Chromate CrO4~ Phosphite PO5>

Thiosulfate | S,0s* Dichromate | Cr,O7~ M etaphosphate | POs’

Hydrosulfite | S,04% Cyanide CN" Phosphide P>

Peroxy- S,08” Thiocyanate | SCN- Permanganate | MnOy4

disulfate

Bisulfide HS Cyanate OCN- lodide I

Sulfide S” Fluoride F

Borate BO3™ Formate HCOO

Bromide Br Oxalate C204”

Red=Usually insolublein water Blue = Normally solubleinwater Black = Followsno

trend

Cations:
Hydronium | H3O" Ammonium | NH4" Lithium Li*
lon
Sodium Na Potassium | K" Magnesium | Mg
Calcium ca’* Barium Ba®* Chromous | Cr*
Chromic cr* Manganous | Mn“* Manganic | Mn°"
Ferrous Fe** Ferric Fe®* Cobaltous | Co**
Cobaltic Co** Nickelous | Ni¢* Nickelic Ni>*
Cuprous Cu’ Cupric cu”* Zinc n“*
Silver Ag’ Aluminum | AlI®* Stannous | Sn°*
Stannic Sn** Plumbous Pb** Plumbic Pb**

Mind you there are more cations and anionsthen just the oneslisted here, these are
just common examples. The charge of an unknown cation is usually more easily
determined then that of an anion, especially if you are given aname. Charges of anions
usually stay constant whereas metals can have differing charges, knowing the anion a
metal is coupled with can give you an indication of what the oxidation state of the metal
is. Inaddition some namesare currently written out using the stock system. Thisgreatly
simplifies things, instead of a name like manganese dioxide you get manganese (1V)




oxide, the Roman numeral four indicating that manganeseisin the +4 state and therefore
knowing that oxygen has a negative two charge you can determine the formula of this
compound to be MnO,. The use of —ous and—ic at the end of some namesto differentiate
between the higher and lower oxidation statesis an older phenomenon and is somewhat
being phased out, however tin (stannous +2 and stannic +4) and lead (plumbous +2and
plumbic +4) are somewhat stuck in this system of naming. Regardless, there are many
anions, many cations, existing in different situations, some not stableinwater, someonly
found in water, and others only existing in the solid state. Just remember the overall
charge of a molecule must remain neutral.

1.4 Units used throughout the text

The system used in this text will be the most accepted system in chemistry
academia. The all mighty metric system. Units of weight will often be expressed in
grams(g), of volume, inliters(l) and milliliters (ml) and timein seconds(s), hours (h),
and days. In addition temperatures will be measured in degrees Celsius (°C).

When it comesto liquidsthough there are different unitsthat comeinto play aside
frommilliliters. Themost useful unitismolarity. Thisisdefined asthenumber of mols
of a substance (solute) dissolved in 1 liter of substance (solvent). From here you can
convert one molarity solution to another using the formula:

Molarity Initial (Mi) x Volume Initial (Vi) = Molarity Final (Mf) x Volume Final (V)

For Example:

Chemoleo wantsto make a1l M NaOH Solution in water. So he weighs out one mole of
NaOH, looking at the periodic table hefindsthe atomic mass of sodium to be 22.9, that of
oxygen to be 15.9 and that of hydrogen to be 1.0, adding these together he gets the weight
of onemole of NaOH to beroughly 40 g. So after weighing out 40 g of sodium hydroxide
prills he adds to them enough water to make the total volume 1 L thus making a1l M
solution. Thissitson his shelf for quite some time until one day he finds that he needs
100ml of a.5 M NaOH solution. Having three components of the above equation he can
solvefor theinitial volume of 1 M NaOH he needsto end up witha 100 ml amount of a.5
M solution.

1M x (Vi) =.5x 100 ml
Vi=50ml
So Chemoleo must take 50 ml of his1 M NaOH solution and add to it 50 ml H20 to bring

the total volumeto 100 ml of .5 M NaOH solution. Remember to label any reagentsyou
keep laying around Chemol eo.

The molarity unit is exceptionally good for one specific reason, it greatly simplifies
calculation involving precise reactions and the amount of reagentsyou are dispensing.




Molarity is heavily used in stoichiometry and is the staple method of labeling many lab
reagents. Inphysicsacademiaamore popular unitismolality, thisisameasurement of
mols per kilogram solvent, in this way the molality of a solution will not change with
temperature whereas molarity will due to the change in volume of the liquid as the
temperature fluxuates.

Another method of measurement onewill come acrossisthe percent (%) solution. There
aredifferent variationson this, the weight/volume method, the volume/volume method,
and the weight/weight method. One common example of a % solution would be 6%

NaOCI available OTC as bleach.

The chemist known as BromicAcid just bought 3.8 L of a6% NaOCI solution. In order to
keep his lab space organized he must retain the labeling method he has already begun for
his other reagents, therefore he must determine the molarity of the 6% NaOCI solution. So
the solutionis 6% NaOCI by weight, so 6.0 g/ 100 g solution. Now, density would comein
handy here, however Bromic was unableto find the information on the web and istoo lazy
to do physical measurements, therefore he is assuming that the density of the solution is
close to water so 1.0 g/ml therefore 1000 ml or 1000 g would have approximately 60 g
NaOCIl. NaOCI has an atomic weight of around 74 g/mol therefore Bromic has 60/74 =
.80molsof NaOCI per liter so the molarity equals0.80M for the solution of NaOCI to store
on his shelf.

Often times, as seen abovethe density of the solutionisnecessary to determineamore
precise molarity calculation from the percent solution. Tablesareavailableonlineandin
the CRC (Handbook of Chemistry and Physics) and elsewhere that give molarity to
percent to density conversions that will aid in this task.

| Common Percent Solutions to Molarity

| Substance Name Percent Solution (in H20) | Molarity
100% 18.7M
Sulfuric Acid H2SO4 91% 17.1 M
40% 5.4 M
i . 70% 15.8 M
Nitric Acid HNOs3 90% 51 M
20% 6.0 M
Hydrochloric Acid HCI 28% 8.7M
38% 124 M
| Ammonia NH,OH | 4% | 2.3M
| Acetic Acid CH3COOH | 5% | .8M
. . 6% .85M
Sodium Hypochlorite 10% 145M

NaOCl 12.5% 2M




'Hydrogen Peroxide H,0 | 3% 1.25M

1.5 Discussion of L egality/Words of Encour agement

Practicing chemistry as a hobby hasfallen out of fashion in recent years and as such
trying to delveinto it may cause you tobe greeted with skepticism at best and at worst a
strange kind of desperation to wipe you off the earth. Trying to keep out of the public
eyeisusually anecessity for the continued practicing of chemistry. Despitethefact that
many reactions aretotal ly legal there always seemsto be away for you to get into trouble
if someone decidesto maketroublefor you. Example, phosphorusin all of itsallotropes
areillegal to own anywhere in the United States. If you attempt and succeed to make
phosphorusyou arereally breaking thelaw. Thisisbecausethereareillicit (illegal) uses
for this chemical and because of this, it has been outlawed. As such the chemistry of
elemental phosphorus, the useful phosphorus halides and other chemicals are taboo
unless you break the law.

But the actual list of chemicals that are illegal is very short compared to the
chemicals that can be made by a motivated individual. And as such there are plenty of
legal target chemicalsthat onecantakeaimat. Try notto break thelaw, many energetic
compoundsareillegal, asof course drug precursorsare but do not let that discourage you
fromwhat you canlegally do. Chemistry isfunandif you keep up abeginning spirit you
will have fun with it for a long time to come. Not only that but it’s useful, giving
chemistry atry might be the best thing you do for yourself.

2.0 Reaction vessels

It all starts, sometimes even before the chemicals, with choosing what you will be
doing your reactionsin. Inthe beginning it iscommon to improvise your glassware, just
re-using old jars and bottles to store reagents that you procure or produce or to run
reactionsin. However astime goeson you start to realize you might not be ableto heat
your bottles without them shattering, and those plastic pop bottles that at one time
seemed like a stroke of geniusto storethingsin, are now melting like candlesfrom the
corrosivefumes. Well, weall haveto start somewhere, and even sodaglasshasits place,
so take thetimeto read through these varied reaction vessels. Remember glassistheold
standby but there are different kinds of glass and there are some reactions that, either
though intense heat or specific reagents, are unsuitable to be run in glass.

2.1 Glassware

Most laboratory work is safe to conduct in some sort of glass apparatus. And that’s
great news, glassisresistant to most chemical attack; notable exceptions being strong hot
bases, and most definitely hydrofluoric acid/some fluorides. Glass also has a high
melting point. Glasswill deform at high temperature but sometypes of glasswill shatter
along the way asyou will seefrom thefollowing descriptions. Another plusisthatitis




amorphous, and by lacking a crystal structureit is clear, allowing you to see reactions
taking placeinside the vessel and to allow measuring of liquids using graduation marks
found on many pieces of glassware. Glasswareisalso convenient for storing regentsfor
long periods of time; carrying out complex refluxing; distillation under high heat or
pressure/vacuum, glassis the containment choice for nearly every chemist under most
situations.

There are many forms of common glassware including beakers, flasks, tubes, test
tubes, funnels, pipettes, graduated cylinders and watch glasses. There are also more
exotic (and more expensive) glassware products including separatory funnels, ground
glassjointed distillation flasks and jacketed condensers. | am only going to explain the
purpose of some of the more common gl assware that anew home chemist would have.

Flask

Sepretory Funnel

Erlenmeyer Flask Claisen Adapter 90 Deg Vacuum
Adapter




Still Head with 2-Neck Flat Bottom
Thermometer _ (FB) Flask

Liebig Condenser

Beakers: These are simplecylinderswith apour spout onthelib and aflat bottom. Many
times beakers have graduations on the side but be warned that these are not asaccurate as
from agraduated cylinders. Beakers are used to mix or dissolve substances, as simple
heating vessels and sometimes as heating or cooling bath containers.

Flasks: There aretwo typesof flasks; Florence flasks (sometimes called boiling flasks)
and Erlenmeyer flasks. Florence flasks have around body with one or more necks going
into them. Some have round bottoms and some have flat bottoms. Round bottomed flasks
need standsto hold them up but are stronger so you can use avacuum with them without
fear of an implosion. Erlenmeyer flasks have a cone-like body and are used for simple
heating and, with a side nipple, for vacuum filtration. Volumetric flasks are simply
Florence flasks with aflat bottom and a very long neck with a mark at the 500ml or 1
liter line. They are used to prepare a solution of known molarity.

Tubes: Tubes are simply glass cylinders. Some are made of Pyrex but most are made of
sodaglass. By melting and blowing with the help of aburner the home chemist can make
simple equipment to help with an experiment. For example he could wrap a cooking
thermometer made of metal in glassto increaseits chemical resistance or makeasimple
gas drying tube. Pyrex tubing must be melted with an oxygen rich flame. Tubes can be
bent once heated to carry liquids or gas to different glassware.

Test Tubes: Test tubes are simply tubes with a
rounded end and alip made of Pyrex or sodaglass. Small
reactions can be run in them and small amounts of
substances can be storedin them. For example asmall bit




of potassium metal could be stored in oil in a test tube properly sealed at the top.
Because the bottoms are rounded they are susceptible though to being dropped. The
bottom can easily crack out in these instances and spill liquids everywhere and care
should be taken when using stirring rods and they can al so puncture holesin the bottoms
of test tubes.

Funnels: Funnels can be used to filter things when you use filter paper or to add liquids
or powders into a smal area like the mouth of a test tube.

Pipits: Pipits are glass tubes with asmall holein one end and alarger holein the other.
They have very accurate volume measurements on the side of the glass. Pipitsare used to
suck up liquids, measure small amounts of liquids and place small amounts of liquids
somewhere. Never pipit by mouth; aways use a rubber pipit bulb.

Graduated Cylinders: These are simply large tubes with a stand on the bottom and a
pouring spout. They are used to measure volume and comein sizesf rom 10ml to 500ml.
100ml cylinders are the most common.

Watch Glasses. These are curved dome-like pieces of glass that can be used to hold
powders, cover beakersor make"cold fingers' for sublimation purification of thingslike
iodine crystals.

2.1a Pyrex/Bor osilicate Glassware

(From left toright .....)




"Pyrex" isabrand of high quality borosilicate glass but the name isused to refer to
all sorts of heat resistant glass. Borosilicate glassis simply the type of glassthat most
high quality labware is made out of, it's most notabl e difference between normal soda
lime glass being ahigh percentage of boric oxidein the mix which reducesits expansion
as it heats. Some of the cheaper glasswares made by companies like Bomex can show
| essened resistance to heating and usage, this should be taken into consideration when
purchasing glassware of unknown origin. Pyrex and Kimax are good mid priced
glassware while Duran istop quality. Although technically any piece of glassware can
have ground connections they appear almost exclusively with borosilicate glassware.
Ground glasswareissimply alarger diameter opening called thefemale end and asmaller
diameter whichisfrosted on the outside called the male, the malefitting into thefemale
and the area of their connection actually ground to give an even connection. Thereare
many different sizes of jointswith which glassware can connect and most countries have
their own sizes that are most commonly available.

Other then the glassware intended strictly for purposes of chemistry some glassware
available readily from your grocery store is likely Pyrex® these types of glassware
include measuring cups and baking dishes, heating these is not recommended by the
manufacturer on an open flame but it can be done, there are al so glass pans made from
these heat resistant glasses, these are great for reducing the volume of agueous sol utions
and such to a manageable level though their availability is sometimes limited.

Never assumethat your glasswareis Pyrex or other another heat resistant type, back in my
early days| was planning to boil down about 400ml of CuCOg3 in water. At that time did
not have anice hotplatelike | do now so | tried to use the stove. | grabbed a cooking bowl
made of glass and pouredthe greenish messintoit. | then placed it on the stove and started
stirring it when after afew minutesit cracked into about four parts. The nasty stuff got all
over the oven and dripped onto the floor and the range area. A thousand thoughts started to
rush through my head. "CuCO3 + HCI in stomach --> Death?' | cleaned like a cheap
animation on a laserdisk stuck in fast forward. Don't assume all glass is Pyrex without
looking.

Y our glassware will break, how often that happens of course dependson what kind
of reactions you do, where you work, and most of all how careful you are when you
experiment. But thiswill happen. Broken Pyrex thoughisstill useful. It can bekept and
broken further in order to fill fractioning columns, normally thesearefilled with Pyrex




beads, but broken glassware works as well and the beads used, being Pyrex, are
expensive and it can cost over $100 to fill one of these columns with beads but you can
just useyour broken glassware. Another useisfor boiling stones, broken glassware can
help to form nucleation pointsin boiling and keep things boiling smoothly, especially in
test tubes. Shards can be used to scrape out beakers, and for filler inreaction vessels, for
example shards of glassware can be used tofill a container and keep apowder or chunky
solid separate so it doesn’t clump together in one mass, or they can also be used in
catalyst tubes. The possibilities for broken glassware are unlimited and Pyrex is not
something a chemist should throw away lightly.

Ground glassware joints are occasionally subject to a process called freezing. In this,
usually, someforeign substance has made itsway between the ground joint (Could also be
something like vacuum grease or something else you put there) and for some reason or
another the glassware becomesfused at the joint and undoing it seems nearly impossible.
Storing strong basesin glassware can al so freeze the joints from hydroxide getting into the
ground joint and somewhat dissolving some of theglass. In any casethere are anumber of
stepsyou can taketo attempt to free your glasswarejoint so that you can use it once again.

1. Soaking thejoint for several hours or even days might help, water is a good first
choice, base and acid solutions can be hel pful for specific cul prits, and organicssuch
as ethanol or stronger non-polars could also free the joint.

2. Next try gentle heating with ablow dryer. Attempt the twist back and fourth while
heating.

From there though the processes begins to give a greater possibility of damaging the
glassware, such as tapping the glassware, heating with a Ni-Cr wire, or using a torch.
Hopefully you will succeed in getting the glassware unfroze, and if you manage that you
should take some fine steel wool and gently go over the joint again to free it from any
clinging particulates and be sure to clean it well before using again.




Cracksmay be difficult to see when looking straight on at an object.

Before heating any borosilicate glasswareit isgood to check it carefully for defects. Cracks
and pits known as stars can lead to catastrophic failure at high temperature due to the
expansion of the glass causing tension along the fractures created. Although it is not
something to worry about compulsively, if you are using your glassware over high heat
containing any corrosives, oxidizing materials, or anything that presents a high hazard
situation then beforehand do yourself afavor and give your glassware a quick check over
for defects.

2.1b Soda-Lime

In all likelihood this is the type of glassware with which you have had the most
contact throughout your life. If itismade out of glass, and thereisnoneedto heat it, itis
probably some composition of soda-lime. The number one advantage of soda:-lime, over
all other types of glassware from an industrial point of view, isthe cost of production.
For what you get, i.e., afairly inert transparent material, it has agood cost to usageratio.
So jars are made from it, drinking glasses, vases, light bulbs, and more.

So, it’s cheap to produce and therefore you have lots of it laying around, so by that
same virtueit is cheap for you to use since it is so widely available. Many people will
use soda-lime glass somewhere, sometime, for some reason or another, somepeopleonly
own soda-lime, while others shunit. Well, it’ s easy to see whereits use can comeinto
play, first, letslook at the advantages of soda-lime:

Resistant to most chemicals (Exceptionsare hydrofluoric acid, fluosilicic acid,
concentrated phosphoric acid, or hot/concentrated bases)

Cheap, and widely available

Electrical insulator (Can be a good thing or a bad thing.)

Has a continuous high use temperature of almost 125 C

Now many people will say, wow, soda-lime doesn’t look like a bad choice for
glasswareat all. Asamatter of fact, its properties closely match those of the preferred




type of glasswarefor chemical reactions, borosilicate glass. However thereisone major
exception.

Soda-Lime glass is not meant for heating!

There are people that would argue over this point. Not many though. Aside from
gradual heating, in awater bath or just for very short periodsthisrulewill catch up with
you. Soda-lime has aterrible time of trying to be conductive toward heat, and as such
one part of the glasswill try to expand while the other parts do not and you get hairline
cracks, usually not even noticing them until itistoo late. The average scenario playsout
likethis.

A chemist isworking at home and they have constructed a distillation apparatus
consisting of ajam jar into which atube has been secured into the lid to |ead away the
vapors. Thisjar isheated on ahot plate and the liquid beginsto boil and distil acrossthe
tube. The procedure continues without interruption until the chemist notices some
precipitatein the reaction container. Out of curiosity they go to pick up the container to
swirl it and better ascertain theidentity of the unknown precipitate. But when they goto
pick it up thewholetop comesaway. Thebottom hasbroken off cleanly from theuneven
expansion of the glass asit heated, and the liquid filling the flask, hot and boiling, goes
everywhere. Thisisactually acommon situation.

For example
the picture at left
shows a setup for
washing gasses,
note that the glass
components are
regular jars over
the counter, and
thearewell suited
for thispurpose as
temperatures and
pressuresinvolved
are not that great.
Alsotonoteisthe
glass tubes used.
Glass tubing is
widely available
and you have a choice of soda-lime or borosilicate, but in this case the differences
between thetwo areless noticeable. Both can be heated over an open flameto get them
to their softening point where they can be bent into a number of shapes suiting your
purpose. Although soda-limeissensitiveto heat aslong asitisdry theareathat isbeing
heated is so small that it can be done safely.




Heating soda-limeisits major weak point and should be undertaken with caution and
only where the contents of the container do not pose asignificant hazard. However itis
good for any of anumber of reactionswherethereisno heating involved, gasgeneration
apparatuses, storage of liquid or solid reagents, or for many other things. Notice that
water or aqueous solutions should not be stored in sodalime or any other glass container
if thereisthe possibility of freezing, the expansion of the liquid as it freezes can and
often will crack and destroy the containers you have chosen. Nevertheless, soda-lime
does have it’s place in the home lab, just be sure to consider the fault in heating it.

2.1c Lead Glass, Vycor, Misc.

Vycora , also known asfused silicaor vitreous silicaisthe holy grail of glassware.
Composed entirely of SiO» fused together at high temperature, it is very resistant to
thermal shock, even more chemically resistant then glass, able to be heated to nearly
1200 °C in use, and does not soften until nearly 1500°C! Thiswould bethe preferred
way to go for many chemical vessels. Problemis, owing to its high melting point and
exacting standards of preparation fused silica is quite expensive and hard to acquire.
Often when you encounter fused silicait will bein the form of acruciblefor useina
furnace. Not clear and usually white these crucibles are great for ashing samples for
analysis. The absolute cheapest source of fused silica for the home chemist is from
online jewelry supply stores. They sell small fused silica crucibles for the explicit
purpose of melting precious metals such asgold within the average jewelersshop. These
are also often shaped in such away asto allow direct intense heating of the contentsand
arethussuitablefor direct intense heating of pretty much anything and are considerably
cheaper then fused silica cruciblesintended for laboratory use.

There are a number of specialty glasses to be found on the free market not listed
here. Lead glassis known for being dense and having a high refractive color on cut
surfaces. Itsuseismainly ornamental, if used in achemistry lab however thereisahigh
probability that any liquid contained without would leech out a portion of the lead
contained and ruin most stored reagents this way. The same holds true for Vaseline
glass. Thislight greenglassisalso used for ornamental purposesand isquiteold usually.
The pigment in the glassis uranium oxide and as such this could be leeched with acids
leading to ruined reagents. The point of this being that unknown glasses should not be
used for the storage of reagents because although they may |ook aesthetically pleasing
they may cause harm to the chemicals contained within.

2.1d Cleaning Glassware

It should be your goal every day, at the end of your experiments to make sure you
keep your dassware clean. Dirty glassware can catalyze decompositions, destroy
glassware, result ininaccurate measurements, or simply result in you having asolution
left in abeaker, unlabel ed, of which you have no idea of the contents. Plusif you needto
use apiece of glassware that is dirty you usually have to stop what you’ re doing and




wander off to clean the glassware, and you better hope water won't hurt the reaction
otherwise you haveto dry it too. And thingstend to stick in glassware over time, best
just to clean it when you use it.

Oft times cleaning glassware is as easy as rinsing out the contents with water, then
maybe distilled water and allowing to drip dry. However cleaning organics is another
story. Most timesin laboratory settings organic compoundsareinitially rinsed out with
acetone, and then water. Thiscombination workswell asthe acetone removesand dilutes
the concentrations of insoluble organics but isitself solublein water. It'sanicein
between solvent for this. Of courseyou could use astrictly organic solvent liketoluene
or xylene or even something like methanol too but the first two of these will pose their
own problemsin terms of their ability to be washed out with simple water.

What about the other times though, how about if something gets stuck inside your
glassware. Thebest adviceisto useyour brutestrengthand rubit out. Let it dry and get
acloth and just try and wipe the spot out. Thiscan save awholeworld of painintrying
to find the perfect solvent. Even for rings and such inside flasks where they are
impossibleto get to, improvise, useapen and bend it inthe middle and usethat towipea
piece of paper towel around on theinside. If thisdoesnot work, usually it will makeit
smear or it just might not rub off. Then you haveto start to analyze the situation. Isthe
stain organic? If it istry and use some acetone or ethanol. Next give some acidsatry,
hydrochloricisagood starter in caseit isacid reactive. If you want to step up from here
try sodium hydroxide in ethanol and let that soak about an hour (no longer, this mixture
can attack glassjoints and ruin volumetric flasks). If that doesn’t work, boiling nitric
will oxidize even carbon to CO, which should clear up nearly any messyou can make.

There are other mixturestoo though. A mixture of acidified potassium dichromate
(usually with sulfuric acid) is a tried and tested method to clean glassware. But
remember the carcinogenity of chromium in the +6 oxidationstate such asit is here?,
also thisisastrong oxidizing agent it can set fire to some organics, cotton in contact with
itwill develop burn holesquickly if itisfairly concentrated. Another powerful method
uses amixture of concentrated sulfuric acid with strong hydrogen peroxide solution. This
solution known as Caro’sAcid or “Piranha Solution” isavery strong oxidizing solution
and it isthe authors recommendation to avoid this as it can explode from contact with
easily oxidizeable organics. Another safer alternative might be Fenton’s Reagent®
which is utilized by add a soluble iron salt to a solution of peroxide and acidifying
mildly. This can take some time but it will remove most stains. There are many other
solutions available including pre-packaged alternatives, many of which involving
hydrogen peroxide or solid peroxides such as sodium perborate.

At the very least these methods should loosen stains which will allow you to fall
back on physical methodsto remove crusted on staini ng material. Some things however
are irremovable such as pitting or etching of the glass and chipping and removal of
layers, these may look like stains at first glance but upon close inspection it becomes
apparent that the glassisindeed damaged physical ly. Inthese casesthe glassware should
take up areduced work load and be retired from continuous use.




(1) Itisthiscarcinogenic property of this solution of potassium dichromate in sulfuric acid that has caused it to fall oy
in many labs. Prepared solutions of thisin the home lab may have solid CrO; precipitated at the bottom as a brick re
thisisavery strong oxidizing agent capable of igniting ethanol vapors, take care.

(20 For more information on Fenton’s Reagent try http://www.h202.com/applications/industrial wastewater/fentonsreagent.

—

2.2 Plagtics

Plastics are good for storage of some chemical reagents. Nearly all plastics can store
non-oxidizing/non-dehydrating/non-reducing agueous solutions. Such as water,
hydrochloric acid, dilute sulfuric acid, sodium hydroxide or other basic solutions(Thisis
the preferred storage medium for many bases), and solutions of inorganic salts. Thereare
however many different kind of plastic, often differentiable by the designation
somewhere on containersasto their recycling preference. Onceyou know exactly what
kind of plastic you are dealing with you open up new possibilities as to what you can
storein it, for example, some plastics become soft and dissolve in acetone, whereas
acetone may be purchased in containers made from adifferent type of plastic, herearethe
common types seen on the bottom of most containers, at least in America:

Polymer Name and Abbreviations Generalized Properties

Polyethylene Terephthalate PETE or PET

High-density Polyethylene HDPE

Polyvinyl ChlorideV or PVC

L ow-density Polyethylene LDPE

Polypropylene PP

Polystyrene PS

2.3 Ceramic

The best use of ceramicsoften comesintheform of their heat resistance, especially
inlight of their price. They are somewhat resistant to acids and less so to concentrated
bases. They also find usein laboratory equipment, one common item found made of a
ceramic composition isthe Buckner funnel. Intermsof over the counter ceramic items
with auseinthelab, onecommon item availablethat issuitablefor at least limited high
temperature use is the flower pot. Some flower pots are high in magnesium oxide or
simply known as high magnesia, these are capabl e of withstanding high temperaturesfor
short periods of time. For example, such pots, with the drainage holein the bottom are
used with a piece of paper over it, and contained within the pot is a charge of thermite
powder. Upon ignition the liquid metal drips out of the bottom of the pot whereit can
fall into molds to cast simple objects.

Flower pots are the cheaper end of the ceramics front. Things can and do get
significantly more expensive, ceramic platesare used in high end bullet proof vestsand
there areinnumerable membranes derived from ceramicsthat find usein electrolysisand
reverse osmosis. Ceramic pots though are quite useful and available. Not only isthe
thermite trick a usefor such avessel, but arc furnaces and high temperature reductions
along with exotherms can be done in these cheap available vessels.




1) Nomenclature:

Before discussing various aspects of high temperature furnaces and other
equipment, it ishelpful to understand how ceramicsactually work. Simply put, ceramics
aremostly metal oxides, such asaluminum oxide (Al203), silicondioxide (SiO,), cacium
oxide (Ca0), etc. To specify an oxide of ametal, commonly the—um, —um, or -onat the
end of the element’ snameisdropped, and replaced with—a. eg; alumina, zirconia, silica,
calcia, etc. Ceramicscan also be composed of more complex mixtures, such askaolin, a
type of large grained clay, Al;03+2Si02:2H20. A list of commonly used ceramic
materials and their properties will follow soon enough.

2) Acid, Neutral, and Basic compounds:

Ceramic compoundsfall into thesethree broad categories. Where R representsa
metal and O represents oxygen, chemicals with the formula R,O and RO are bases or
fluxes (eg cdcia), chemicalswith the formulaR203 are neutral compounds (eg aumina),
and chemicals with the formula RO are acids or glass formers (eg silica). At high
temperatures, which depend on the compound in question, fluxes attack acids or glass
formers, lower their melting point, and together form a glass. Soda lime glass, for
instance, is easily melted in afurnace because of the large amounts of soda and lime,
while pure silica is much harder to melt.  Neutral compounds do not flux other
compounds and are not easily dissolved by fluxes, with some exceptions such as boria
(B203). Whileglassisgreat for making household glassitems, pyrex, and pottery glazes,
in the furnace itself glassis undesirable.

3)Green strength:

Clay particles will adhere to one another when wet and dried, but most particles
will not. If clay isused, the ceramic will probably not need another binder, but if pure
alumina, for exampleisused, some sort of binder will also be needed to keep the powder
together until it has heated enough to form a ceramic bond.

A)Firing:

Ceramic objects and ceramic bonds are created by high temperature firing of
powders. Thepowdersareusually slip cast, pressed, or extruded into the shape needed,
and then dried and heated. At high temperatures the mobility of molecules and ions
within ceramic objectsincreases, and eventually gain enough mobility to diffuse across
various grains of the ceramic powder, fusing the separate grains into one monolithic
object. Thisis aceramic bond created by what | will call solid state sintering. Asthe
grains fuse together, they shrink towards one another, decreasing the porosity of the
ceramic object, causing it to shrink. Another type of bond that occursiscalled liquid
state sintering (by me at least). Here, some of the components of the mixture meltinto a
glass, which envelops the non-melted particles, and beginsto dissolvethem. Eventually
the solution saturates, and sometimes higher melting point crystals form within the
solution, also knitting the ceramic together.




2.4 TeflonO

Teflon®, is the brand name of a polymer produced by Dupont named
PolyTetraFluorEthylene or PTFE for short. A Dupont researcher accidentally discovered
this compound when he noticed there was no more pressure on his vessel, which
contained tetrafluorethylene gas. He found a snow-white condensation product, which
proved to have exceptional chemical resistance.

Teflon is the compound of choice for the amateur chemist when he needs a very
resistant and yet not extremely expensive material. The only problemwithteflonisthat it
isathermoplast and thus it weakens and eventually melts/decomposes when heated too
much. Compared to usual plastics its heat resistance is far higher, it can be safely
employed between -200°C and +250°C. Another noteworthy fact is that Teflon is
insolublein every solvent below 300°C. Teflon should never be exposed to temperatures
above 400°C because it will decompose into several fluorocarbon nasties, which can
severely damage your heal th.

Because of the exceptionally strong fluorine-carbon bond, Teflon resiststhe most
aggressive chemicals, including fluorine gas or ozone. The only applications where it
can't be employed arethose where it comesinto contact with very strong reducing agents
and molten hydroxides, because of the fluorine content Teflon can act asan oxidizer in
special circumstances. These reductants are mainly alkali and to alesser degree alkali
earth metals. The Air Forceuses Teflon + Mg flares (although hardto ignite) to distract
heat seeking missiles because they burn hotter than an aircraft exhaust, so be warned.

Teflon is OTC available mainly as tape, for sealing pipe jointsin plumbing, and as
sheet, for baking without the use of grease. Teflontape (if it's pure, it should bewhite) is
avery good substitute for joint grease because it won't contaminate your distillate, yet it
providesgood sealing. Teflon tubing isavailable ontheinternet and in other placesandis
agreat choicefor leading around halogensin their vapor forum. Many baking sheetsare
also coated in Teflon but are Most teflon black, so it probably is not pure, but it isthe
material of choice for applications where elevated temperatures are needed. Note that
some baking sheets are made out of ICFLON, an unknown propriety compound.

2.5 Refractory Compositions

Refractory compositions possess an even higher degree of heat resistance then any
compound mentioned thus far, except some ceramics into which they overlap. For
examples of refractory compositions please see the section 8.4 on working with
refectories.

26 Metals
Aswith all these other reaction vessels, metals have their own notch werethey work

thebest. Theactual value of ametal vessel isof coursedirectly relatedtowhat metal itis
made out of :




Metal Working Chemical Resistance | Additional Obtained From
Temperature Properties

Nickel (Ni) [ 900C Very highly resistant | Can be used to | Nickel can be bought
to akali conditions, | handle fluorine or | intheform of crucibles
resistant to non- | other halogens. from chemistry
oxidizing acids suppliers

Iron (Fe) 1200 C Iron will dissolve in | Ironoxidethat forms | Iron end caps for
acidsreadily, however | on the surface of | plumbing are cheap
is it somewhat more | objects adheres | and readily available.
resistant to alkalis, it | loosely flaking off | The shiny end caps are
oxidizes easily. and leading to | galvanized and have a

further oxidation. thin layer of zinc
plated on them.

Stainless 1000 C Moreresistanttoacids| Can cause hard to | Mixing bowls,

Steel and bases then iron | determine measuring cups, and
alone. Less easily | contamination  to | other Kitchen
oxidized ingeneral. | reactions due to | containerscan oftenbe

varying found to be made of
compositions. stainless steel.

Copper (Cu) | 775C Somewhat resistant to | Formssolublehighly | Copper end caps are
acids, equally resistant | colored availablefor plumbing;
to bases, better then | contaminates. Clean | they are perfect for
iron, on par if not | beforeevery usedue | amateur
slightly better then | to oxidation by air. | experimenting.
stainless. Can be used with

fluorine or other
halogens.

Tin (Sn) 250 C Weak against acids| Tin forms an oxide | Unknown, tin cans
and bases. coating when | actually only have a

exposed to | insignificant tin
concentrated coating, thereforethey
oxidizing agentsthat | do not convey the
can prevent it from | properties of tin
reacting further. entirely.

Aluminum 550 C Very weak against | Forms a tenacious | Aluminum end caps

(Al acids and bases. oxide coating that | and pipes are available

prevents further | in larger home
oxidation in strong | improvement stores.
oxidizing conditions

such asHNO3 >75%

Silver (Ag) 700 C Strong against acids | -NA- Expensive, hardtofind
and bases. vessels made of silver,

used for work with
hydrazine.

Platinum (Pt) | 1200 C Very resistant to most | -NA- Very, very, expensive,

anything

platinum vessels for




chemistry are hard to
come by aswell dueto
these price constraints.

Sowhat’ sthe consensus? If you cannot perform areaction in glassfor onereason
or another then you need another choice. Examplesof extreme circumstancesbeing, high
temperature, reaction mixture attacks glass, or thermal shock might be aproblem, metals
can be a cheap alternative.

3.0 Lab Techniques (Basic)

This section will cover a number of techniques that can be very useful to most
chemists. Refluxing allowsfor amore compl ete reaction of reagentsby allowing themto
react at atemperature very closeto or at their boiling points. Distillationisinfinitely
useful for the separation of volatilereagentsfrom their non-volatile counterparts, or for
driving areaction wherethe product can easily boil off. Filteringisan essential method
of removing solid particulate, this comes in handy when dealing with removing solid
catalystsfrom areaction mixture, insoluble products, or simply some floating pieces of
gunk that come in your reagents bought from hardware stores or your products from
nearly any reaction.

Electrolysisisadifficult concept to master but it opensawholeworld of possibilities
for the manufacture of anumber of reagents. Powerful reducing and oxidizing agentsare
both possibleto makethough electrolysis, asthe process of electrolysisisitself botha
powerful reducing and oxidizing agent. Covered in three sectionsincluding therarely
covered molten salt electrolysisit isthe hope of thistext just to givethe basic overview
to the process, nothing more, as such details would take considerable space.

Shifting gears again this section goes to titrations which are quite useful. Usually
used for determining the amount of acid or base present in an unknown they can also be
used with some modifications to determine the oxidizing or reducing potential of a
solution or even its metal content. Titrations should be preformed with a somewhat
expensive piece of equipment called aburet however careful use of agraduated cylinder
can give close enough figuresfor the home chemist. Thissection continueswithtipson
heating and cooling and maintaining temperatures during reactions followed by two
methods of purification, removing water from gasses, solids, and liquids along with the
ever useful recrystalization.

This section rounds out with methods of measuring mass and volume and how useful
precise measurementsare. All inall thesetechniques should find use with most chemists
who wish to pursue their hobby at home and should hopefully offer a number of
alternativesto the professional waysof carrying out these procedures, enoughsotodlow
utilization of these methods in a home environment.

3.1 Refluxing




** Before you ever heat up areaction, you should try to assure yourself that thiswill not
cause the reaction to get out of hand. Always start your reactions cold or at room
temperature. If you believe that heat is necessary, heat the reaction after you mix the
reagents. **

Refluxing is a common technique, typically used to
acceleratereaction rates. The most common method of
refluxing areaction mixturein aflask isto submergethe
al flask in oil, water, or a sand bath that is at a constant
g temperature slightly higher than the boiling point of the
. solvent. Attached to the flask should be a reflux
condenser (see section 2.1) to cool the gaseous solvent
when it rises out of the flask. The condenser must be
long enough and cool enough (aconstant flow of cold tap
water is usually sufficient) that the gaseous solvent
condenses well below the top of the condenser thisis
usually apparent, avisual vapor lineindicating the height
' of vapor in the column. Thisis especially important if
long reaction times are necessary, asit will minimizethe
amount of solvent loss. Always be aware of the
temperature of the bath and try to keep it as constant as
possible. Monitor your reaction closely to be surethat the
gaseous solvent never reaches the top of the condenser!

Asthereaction flask heats up some of the liquid(s)
will volatize and climb into the reflux condenser. There
they intermingle and fall back into the reaction flask.
Then once again they boil off and climb into the column
and mingle then fall back in, it's somewhat similar to
simmering in a culinary process to get the flavors to
intermingle. By refluxing for long lengths of time you
can react systems with more then one phase or react
insoluble solids effectively with liquids or simply speed
up areaction. The bubbling helping the mixing of the
phases and the heat speeding up thereaction. Refluxingis
avery helpful and simpletechniquethat iseasy t o master
and should not be looked upon with apprehension.

Notethat if you are trying to accelerate the rate of areaction you should not go
from room temperatureto refluxing in one step. The best method isto heat the reaction
in increments of 10 to 20 degrees Celsius and see if the reaction occurs at a lower
temperature than reflux. Thisis much, much safer than immediately refluxing.




3.2 Digtillation

Distillation is one of the most
essential procedures in all of at home
chemistry in my honest opinion. When it
all comes down to it, distillation is about
removing a volatile product from a
solution, usually for purification and by the
samelogic, extraction. Themost simple of
distillation apparatusesisto the right.

It consists of four essential parts. The
tubeontheleftisthedistillation flask (this
isalso known asthereaction vessel), or in
this case the test tube. This leads to a
condenser, in this case a glass tube. The
condenser serves the essential role of
taking the gasses produced from heating
thedistillation flask and cooling them down, causing you to end up with aliquid. Inthis
casethe condenser isthe most basic design, air cooled, not very efficient, but made more
efficient by afan blowing on it. Other better condensers utilize running water to cool
them or mixtures that can obtain even cooler temperatures.

The condenser tube leadsinto areceiving flask. Thiscan be cooled asshowninthe
picture by ice, thisisespecially necessary if your product that you aredistilling over is
significantly volatile. Thefinal part of the setup, the onethat really makesit work isyour
heat source. A Corning hot plateisabout top of thelinefor an at homelab but basically
anything that gets hot and hopefully has aheating control will work. Asusual for heating
applicationsborosilicateispreferred. For amore precise heat control theuseof a'bath’'is
advised, thisisjust abeaker full of afluid (oil inthe picture above) that is heated directly,
thereby heating your distillation flask more evenly and consistently and if things get out
of control, it can act asaheat sink. The bath temperatureisusually about 5-10°C higher
then the reaction flask temperature as a rule of thumb.

Now, heating aliquid mixture to boiling and condensing the vapor may sound easy,
but there are several small but important factors that need to be kept in mind.

First of all, theintent of thedistillation isto end up with the most volatile compound
of your mixtureinthereceiving flask and thelessvolatile compound(s) inthedistillation
flask. No problem you say, because | am condensing the most volatile component. This
is, unfortunately, not entirely true. The other componentsin your distillingflask dsohave
a vapor pressure, which rises with the temperature. As a result the vapor you are
condensing mainly consists of the most volatile compound, but it will also contain a
fraction of thelessvolatile compound(s). Thisfraction will belargeif the boiling points




of the compounds don't differ much (less than 40°C) and small when the boiling points
are quite different.

For example, distilling wine (usually 12,5 vol% of ethanol in water) will yield a
solution which is greatly enriched in ethanol content, but it will still contain a
considerable (about 50-40%) amount of water.

Secondly, as your distillation proceeds, the concentration of the most volatile
compound decreases and the boiling point of your mixturerises(sic). As aresult, your
vapor will contain more of the lower boiling compound(s) as the distillation proceeds
towards completion.

There are several ways to solve this problem, the most important being fractional
and azeotropical distillation.

Fractional distillationsisactually quite simple, theideaisto redistill your distillate
until it's pure. Now, if we take our previous example of wine, about three distillations
would be needed to attain reasonably pure ethanol. It goeswithout saying that thisisboth
time and energy consuming. Being theinventive chapsthey are, some chemists came up
with aclever solution to this problem: The fractionating column. This simple but nifty
deviceallowsyou to separate close boiling compoundsin onerun or i n considerableless
runs than a simple distillation would require.

The fractionating column is placed between the heated flask and your still head with
the thermometer. Vapors which pass through it cool down as they rise and eventually
condense, the compound(s) with the highest boiling points condense first against the
walls and whatever else is filling your column. As a result there are countless
condensation cyclestaking placein your column. The condensation of the highest boiling
compound(s) delivers condensation heat which evaporates the most volatile compound
whichisrunning down thewall. Asaresult the vapor coming out of the top will almost
exclusively contain the most volatile component, unlessyou are distilling an azeotrope
One could say that inside the column several successive distillations are taking place
simultaneously.

There are several types of fractionating columns and they all have their specific uses.
The most commonly used column isthe Vigreux column (picture?). It hasarelatively
small surface area but ahigh flow rate. The standard 30cm Vigreux columnisideal for
separating compoundsthat have adifferencein boiling point of 20°C or moreand it can
be used for vacuum distillation. Vigreux columns can be made longer or stacked to
improve separation, but above alength of one meter one should consider filled columns.
Filled columnscomein all different sorts and sizes, but they al work on the principle of
maximal surface areaand thereforethey are usually filledwithirregularly shaped objects.
They retain alot of liquid and they are also not very well suited for vacuum use. If you
are planning to distill compoundswith high boiling pointsor you are using large or long
columns you should consider insulating the column to minimize heat |oss.




A very important point when performing a fractional distillation is monitoring the
temperature, certainly when separating more than two compounds. Y ou’ | noticethat the
temperature suddenly skyrockets when the most volatile compound isdepleted from your
mixture because of the good separation of your column. Good measuring of temperature
can only be achieved by correct positioning of the thermometer, which should be just
below the bend towards the cooler, so that it's being immersed in the vapor.

several degrees centigrade.

Azeotropical distillation could be explained as cheating. Thetrick hereisthat athird
substance i s added to your mixture. This then forms an azeotrope, preferably with the
compound you do not need to isolate. An azeotrope is a mixture of two or more
substances, which can't be concentrated anymore by distillation because both
components have the same vapor pressure at the azeotropic point.

In this case, the azeotrope needsto have aboiling point that differs substantially from
the other component in your mixture. Then you can remove the otherwise hard to
separate component azeotropically withthe third substance. This processis often used
during esterification. Toluene is added to the mixture, which forms an azeotrope with
water and boils off. After cooling down the water and toluene separate back into two
layers, but thisis not always the case.

Azeotropes can also complicate agood separation attempt. A good exampleisnitric
acid. Nitric acid forms an azeotrope with water, which contains 69.2% nitric acid. To
concentrate further simpledistilling won’t work and neither doesfractional distillation.
So what now? The most commonly used method is to break the azeotrope by adding
another substance. Thisiscompletely the opposite of azeotropical distillation where a
substance is added to form an azeotrope, so beware of confusion.

Inthe case of nitric acid, the most applied method isto add sulfuric acid, asthishas
such agreat affinity towardswater it will easily “steal” the water from nitric acid. Asa
result the nitric acid behaves asif it were all by itself in your flask and thus obtainsits’
normal boiling point, which is far lower than the hydrated sulfuric acid. One can also
snoop the water off by adding avery hygroscopic salt like magnesium nitrate, the only
condition being that it does not react with the acid.

The regulation distillation setups used in chemistry labs use ground glassware. The
joints are all tapered glass and fit together snugly, with or without the use of a sealant,
which can be anything from silicone gel to concentrated sulfuric acid. There are two
extreme sizes for the professional distillation setup, the 14/20 sets which would be
considered the smaller scale, and the 24/40 sets, considerably larger scale. Forexample,
thelargest flask | have seen for a14/20 set is250 ml, thelargestfor a24/40is10L. The
smaller setup has the advantage of taking up less space and using less of the distillateto
wet thevessel thereforeresulting inagreater yield, itisgreat for distilling small amounts
but the purification of 3.8 L of over thecounter paint thinner may beapain. Incontrasta
24/40 setup is perfect for thislarger project. Butisnot good for small amounts, when




very small amounts are used the apparatus first needs to be ‘wetted’” with vapor and as
such amajority of your liquid might end up lost on the walls of the apparatus and also the
larger setup of coursetakesup alarger space. Itisreally uptothechemist and what scale
they will beworking onto decide. However the 24/40 jointsare morereadily available
online and elsewhere then 14/20. But all of thisvaries country by country, in Belgium
for examplethe most common joint sizeis29/32. Finally in addition to ground glassa
time tested method is to use rubber stoppers and glass tubes to connect parts of a
distillation apparatus, the drawback being that rubber is attacked by a number of reagents
such as oxidizing agents and organic solvents.
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Picture 1 A 14/20 distilling appar atusthereaction flask being heated in an ail bath.

The Metal Distillation Apparatus.

Although the materials section goes to great lengths to show that glass is a great all
around material in which to perform reactions there is no reason a metal distillation
apparatus should not be considered for some undertakings. The most notable advantage
of a metal apparatus being the high working temperature and the availability of the
materials with which to construct one with. Shown above is a copper condenser in
production. Such an apparatus could be used to distil any of a number of solvents for
purification purposes. It could also be used for inorganic applicationssuch asdistilling
sodium, something that would beimpossiblein normal glassware dueto the highworking
conditions.




Such an apparatus can be simply put together with exoxy and then connected to
glasswarethrough rubber stoppersand tubing. Most chemistswill limit themselvestothe
normal glassware distillation apparatus, but metalsare more cost effective and they are
more durable. Definitely a good investment. Copper isagreat choice with which to
work, the metal is bendable with the proper tools and it is fairly inert, not to mention
most of the connections are readily available as is shown buy the photo above of the
distillation apparatus prior to assembly. However distillation apparatus can be made

from other metals aswel_l.

R
Thiscrude apparatusisacondenser fabricated from steel threaded pipes. The connection
ontheright leadsfrom the distillation vessel and connectstothesideof it. Theleft side
actually connects to ajar with the lid attached there to distill into it. And the copper
piping around the vessel coolsit, aswell as additional piping added to simply holditin
place. Crude but effectivethere are many other waysto prepare distillation apparatuses
from metals and over the counter itemsif oneiswilling to take the time to make one.

Hereisaquick checklist to follow before performing a distillation:

1. Checkif your compoundsform an azeotrope. If not, or if your starting material is
below or above the azeotropic concentration, proceed with anormal distillation
first. If your compound does form an azeotrope, proceed to step five.

Check the difference in boiling points.

3. Check the vapor pressure of the higher boiling component at the boiling point of
the lower boiling compound. If thisis significant and purity isrequired, use a
column.

4. |If you can’t achieve sufficient separation with a column or you don’t have a
sufficient column at your disposal, check weather you can use an azeotrope to
remove ONE of the components.

5. If your compounds form an azeotrope, which you want to separate, check if
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there’ s something that’ [l form astronger azeotropewith it or which hasagreater
affinity for the compound.

6. Last but not least, check if your componentswon’t decompose at the necessary
temperatures. If yes, carefully read section 8.6 under the advanced techniqueson

how to work with and distill under vacuum .

Distilling HNO3 (Nitric Acid) from amixture of anitrate salt and sulfuric acidisatime
tested way to isolate this useful oxidizing acid. So an adventurous chemist combined anl
unweighed quantity of NaNOj3 (sodium nitrate) into aflask with alarge quantity of 94%
H»SO, (sulfuric acid) and attached a condenser though which water wasrun and inturnthig
ranto areceiving flask. Some boiling stoneswere also added (pieces of obsidian) to help
ease the boiling process and make it smoother. However complications where run into
shortly after heat was applied, the black boiling stones started to color the mixture black,
and the gas running into the condenser was a dark red, not what would be expected for gl
clear to off yellow acid. Regardlessdistillation was continued and in the end the chemi
ended up with 20 ml of adark red volatiledistillate. Upon addition to water it decolorized
and left an acid solution. Although not obviously apparent to the chemist at the timethey|
had distilled NO, a highly toxic gas that is one of the decomposition products of nitric
acid. Their ambitiousness and inexperience resulted in them heating the reaction mixture
too high and the concentration of their acid only would have allowed 95%+ HN O3 to make
it over, which would have called for a vacuum because high concentration HNO3
decomposes somewhat more readily then the more common 70% grade. The chemist
aventiiallv realized their mistake hv simnlv nhservinn the nhvai cal nronerti es nf the nrodiict




ran in contrast to those of the desired product they thought they had. Luckily the chemist
made it out unscathed.

I mportant Safety Concepts:

Heating:

When distilling one should use a safe method of heating, which prevents your glass
from cracking and improvesitslife. Italso protectsyou from abursting apparatus, which
showersyou in dangerous chemicals. If heating with aflametry to keep away from that
section of your apparatus.

Flames:

Open flamesare NOT asafe way of heating. Flames cause localized overheatingand
are especially a hazard when distilling flammable substances. Flames that are non-
diffuse such as flames from atorch can cause extreme stress and failure of glassware,
either useflamesto heat abath that your reaction vessel isin, or useavery diffuseflame.

Electric Heating:

Electric heating mantles or hotplates can be used with certain exceptions. Under
normal pressure one can safely use ahotplate (preferably with magnetic stirring) to heat
an Erlenmeyer. However, one should be careful with flammable substances. If the
temperature of the hotplate surface is higher than the auto ignition point of your
substance, it cannot be used unless the whole apparatus is sealed to the entry of
atmospheric oxygen and the output gasses are property taken care of. Same goes for
el ectric heating mantles. Heating mantles should be used for flasks because a hotplate
causes localized overheating with its flat surface! Note that heating mantles usually
impair magnetic stirring, unless you buy amagneticstirrer which fitsthe heating mantle,
but these are usually within the >500$ range.

Baths:

Baths areideal for heating flammabl e substances, certainly water baths. Water has
the advantage of being not flammable and it’ s high heat capacity can be beneficial when
distilling. However, water evaporates rapidly when used above 80C. Oil baths don’t
evaporate as quick aswater, but they have other disadvantages. Most commonly available
oilssmell and are flammable. They al so pose a severe explosion hazard when distilling
oxidizing material. Ideal are silicone baths or other non flammable synthetic oils, but
these are usually hard to get and/or expensive. For lower temperature applicationsor if
you just don’t care about your hot plate a sand bath can be used by simply filling a pan
with sand and putting on your plate, but at higher temperaturestheinsulating effect of the
sand can burn out the heating element in a hot plate so be warned.

SealingJoints:

Sealing your jointsisvery important. Improperly sealed jointswill cause | osses but
they also pose a safety hazard, because they allow air to enter. Thisismainly dangerous
when distilling flammable substances or when distilling under vacuum. Joints are
commonly sealed with grease. There are several types of grease and they all havetheir




disadvantages. Vaseline is cheap to get and easy to use, but it’s chemical resistanceis
limited and it will contaminate organic solvents. Other optionsincludesilicon ail, but this
is expensive and does not provide 100% chemical resistance either, and specialty high
vacuum greases composed of higher fluorinated hydrocarbons but they can cost abundle.
Therefore the author recommends cheap, white, teflon tape available from any hardware
store to seal pipejoints. Thiseasily fits between the joints and has excellent chemical
resistance. Wrap onelayer around the ground glass mal e side and pressinto the opening
opposite, giving aslight twist, do not force or twist too much though or you might crack
or otherwise damage your glassware.

Evaporating to Dryness

Thisisacommon procedure for the inorganic chemist, less so for the organic
chemist but none the less important. Evaporating to drynessis a feasible method of
recovery of a pure product providing:

1. Your intended product will not decompose at the temperatures necessary to
volatize the solvent. [Note: Vacuum can decrease the necessary temperature to
remove the solvent and prevent decomposition of your product]

2. Any other compounds in your solution besides your intended product are also
volatile.

3. Yourintended product will not volatize to any major degree at the temperatures
used.

4. Yourintended product will not explode at the temperatures used/is not pyrophoric
at these temperatures.

5. Anextremely pure product isnot required/additional purificationwill take place.

Examples of simple procedures would be:

Making AgNO3 by dissolving silver in HNO3 and boiling off the HNO3/Water.
Neutralizing BaCO3 with HCI then boiling off the water and HCI.

Examples of procedures that will not work are:

Boiling off the water from commercial bleach (NaOCI| decomposes, NaCl/NaOH
impurities)
Dissolving Nain MeOH then boiling off the alcohol (NaOMe decomposes)
Dissolving Al in HCI then boiling off the HCI solution (Al Cl3*xH20 decomposes
to oxychlorides)

Thingsto watch out for consist of azeotrope distillation when involving liquids and
carry over of lessvolatileinsolubles. Additionally when asolution hasnearly evaporated
there may be a heavy precipitate on the bottom, this can cause 'bumping’ in the flask
which can bounce aflask off ahot plate or even crack it dueto the pressure of the vapors




rising though the precipitate. To avoidtheworst of thisyou can cool the solution when a
precipitate startsto f orm thenfilter it then resume heating, or resort to magnetic stirring,
or heat at alower temperature then the boiling point of theliquid. When creating a salt
by reacting an acid with a metal/carbonate/hydroxide etc. be sure to use the
stoichiometric quantity of acid if at all possible, excess acid will only haveto boiled off
resulting in noxious clouds that kill grass, other plants, your eyes, and lungs (thisis
assuming the acid is volatile, e.g. H2SO4 will not be easily volatile).

Sublimation

Tube filled with ice Sublimation is usually considered the process by

o= which a solid can go to the gas phase without
passing through the normal intermediate liquid
stage. A number of substances are known to
sublime, common substancesinclude naphthalene,
paradichlorobenzene and the most famous of all,
iodine. However many substances can and do
sublimeevenif aliquid phase doesexist. Themain
thing to consider is a vapor pressure. All
substances theoretically have a vapor pressure,
even high melting solids. Normally a substance
has a higher vapor pressure the closer it is to the
melting point and from there the closer it isto the
boiling point. But many substances, especially
organics have vapor pressuresthat are appreciable
at room temperature. If the vapor pressure of a
substance can beincreased, by applying vacuum or by heating, or both then there
is a better chance of subliming the product.

Substance to
be sublimed

Sublimation can be considered aform of short path distillation and can be done providing
two criteriaaremet. 1) The substanceto be sublimed must have ahigh vapor pressure.
2) The substance from which the product is to be sublimed must have arelatively low
vapor pressure. Sublimation at room temperature is usually slow, but as stated above,
applying vacuum and heating increase the vapor pressure of substances and allow more
of the molecules to escape in the gas phase and therefore allow more of them to
recondense on the conveniently placed cooler areas of avessel. The picture shown here
isjust one way to setup a sublimation apparatus using an Erlenmeyer flask with a side
arm to which vacuum is applied. The crystals cooling on the test tube inserted into the
rubber stopper and full of ice. When the sublimation iscompl etethe stopper isremoved
and the crystalsare scraped off. Other simpler apparatuses, can easily beimprovised just
knowing the normal parts of sublimation, basically you need a partially enclosed

environment, acooler part of avessel, and awarmer part (asimple example being ajar
with abowl sitting inthe opening full of ice, with mild heat applied to the bottom). But
even at room temperature sublimation will occur as stated, in which case crystals will
usually sublime to the top of atest tube.




Sublimation is great for substances with high freezing pointswhich could otherwise
allow the substance to solidify in distillation apparatus and possibly clog it during
operation. Itisalso great for substancesthat might decompose at higher temperature or
have prohibitively high boiling points (some substances with high boiling points can
sublimeat considerably lower temperatures). Usually not aprocedurefor thelargescale,
sublimation does offer yet another tool with which achemist can retrieve aproduct from
areaction mixture or areagent from an over the counter product.

3.3 Filtering

So, you have amixture of aliquid and asolid that you want to separate. Filtrationis
the answer. It'seasy, fast, and effective. The only things you really need are a funnel
and a piece of filter paper (a coffee filter will work too, or even awad of cotton). To
determinewhich type of filtrationisbest, you need to know whether you want to keep the
solid or theliquid. Therearethree common typesof funnelsthat are useful to achemist:
liquids, powder, Buckner. A liquid funnel has along, narrow spout and is usually best
for simplefiltrations, using acotton wad or aproperly folded filter paper or coffeefilter.
However because the spout and subsequent areathat drainsinto the spout isso smdl itis
only good for filtering atiny amount of precipitate otherwiseit may becometoo packed
to filter, even with vacuum filtration. Powder funnels have a much wider spout and are
useful for filtering thingsthat might clog asmaller spout funnel. Buckner funnelsarethe
best for isolating solids, but they work best with a vacuum (more on that below).

Y ou may be wondering, what good is filtration anyways? | can always decant my
mixturecan’'t 1? Well, yesyou can, but there are some inherent problems associated with
decanting. 1) If the solid material |eft at the bottom of your flask was your goal, what
you have left will contain appreciable reaction mixture, and some of your solid will
probably be lost during the actual decanting process. Or 2) If the liquid is your goal
appreciableliquid will beleft inyour solid that could otherwise be obtained by filtration,
and also small particulate may come over during the actual decanting processruining the
purity of your new reagent or the solid may not totally settle out. Filtration isamost
always preferable to decanting. Also before selecting a filtering method one should
consider afew things:

1. What quantity of liquid will I have to filter?

Number one isimportant because gravity filtration is not a good method to filter
large quantities of liquid, both dueto thetimeinvolved and the possibility of clogging of
filter paper, in this case vacuum filtration is more appealing.

2. Am| trying to recover my liquid component?
If you are trying to recover your liquid component and not your solid component,

sand or diatomaceous earth could be put onto thefilter paper to increase the efficiency of
the filtration and speed it up.




3. Am | trying to recover my solid component?

If the solid component isyour goal then special care should be taken to make sure
your solid isrecoverable in high quantity from the filtration method of your choice.

4. Dol think the crystals, both in volume and by their size might clog my filter
paper?

The possibility of crystal masses clogging filter paper is exceptionally highin the
case of really fine precipitates, which can cause acompl ete stop tofiltration, in addition
large quantities of crystals can do the same or overflow my filtration method.

5. Dol havefine particulates that might pass though filter paper?

If thereare ultrafine particulatesin thefiltrate there are very finefiltersthat could be
used to remove them. Letting the solution rest for afew dayscan ‘age’ the precipitate
resulting in amore manageabl e solution or filtering though sand or diatomaceous earth or
even afine sintered glass filter can remove many fine particles.

6. Dol havetofilter it while hot?

If you haveto filter a solution when hot the first addition of the solution to thefilter
paper can result in crystallization on the filter paper resulting in almost no filtration
ability, which can be catastrophic in some situationswhere avery hot solutionisteetering
around. Pre-washing thefilter paper with hot solvent or heating the glass/porcelain parts
of the apparatus in an oven can help here.

7. Doesmy substanceto befiltered contain componentsthat may not take nicely to
filter paper?

Finally, my last point to consider, how will the actual substance passing though the
filter paper affect it? Most of the time it won’'t affect it greatly, but some copper
complexes can attack cellulose, as can strong sodium hydroxide solutions or strong
oxidizing solutions like concentrated nitric acid, passing these though a normal filter
paper could spell doom for thereaction and will at theleast call for you tofilter again, for
oxidizing agents try filtering with glass wool V.

So how do | filter my substance? Well that depends on what type of filtration you
want to take advantage of (see below). But thenormal procedureisto slowly decant your
liquid into the funnel without adding the solid at the bottom. Inthisway thefiltration can
proceed smoothly, because the solid particles will slow it greatly. Theliquid mix is
added in small incrementsto your filtration method, if you are taking advantage of the
insolubility of asalt yields may be increased by cooling the mixture until it is near the
freezing point to depress the solubility. After each addition you should wait until the
addition isnearly though thefilter paper. Then add more, keeping up the processtill all




of your solutionisused. Onceonly asmall amount of liquidisleftinyour beaker swirl
around the liquid and dump it in all at once to get your solid onto the filter paper.

When all of your liquid has been added the, solid left in the filter paper is washed
with cold solvent (whatever your solutionis) isadded to the flask you werefiltering from
and swirled around toremove any solid left and thisisadded to thefilter caketo wash it
and add this extra little bit of solid to the batch. The cake can then be washed with
additional aliquotsof solvent. After your solidisthoroughly washed it can be removed
fromthef iltration apparatus and spread out on filter paper or inwatch glassestodry. The
basic components of afiltration system are amembraneto separatethefiltrate fromthe
non-filtered solution, and a place for each to go. There is room for emergency
improvisation here, the author of this text has for instance seen a beaker with a coffee
filter over it held in pacewith arubber band inverted over acollection vessel and heated
externally with a torch, the increasing vapor pressure in the flask forcing the liquid
though the filter. Although this is not a recommended method it just goes to show
filtration is a mechanical process and can easily be modified to be accessible in your
situation.

(1) Inthe case of filtering oxidizing solutions you can give glass wool atry, or alternatively fiberglass insulation, this ¢

first be cleaned by stirring with hydrochloric acid and drying, if your product however looks bad you may want t
different source for your glass wool substitute.

3.3a Selection of filter paper

First and foremost: size. Thefilter paper you usemust fit your funnel or bad things
will happen. The filter paper should fit entirely within the sides of the funnel. For a
Buchner funnel, thefilter paper should cover all of the holes on the flat portion, but the
edges of thefilter paper should not touch the vertical sides of the funnel (it won’t seal
under vacuum otherwise). If you don’t want to buy all kinds of different sizes of filter
paper, remember that a big piece can become a small piece, but not vice versa.

The type of filter paper you use really depends on the size of the solid material you are
filtering away. For most applications coffeefiltersare sufficient, but coffeefiltersare
relatively thin and can’t take much abuse. 1f you can get real filter paper, doit (The stuff
from Whatman isthe best, and not all that expensive). For larger crystalsawad of cotton
packed into aliquid funnel works very well. If you have a Buchner funnel, you need a
flat piece of filter paper so coffeefiltersare no good unlessyou cut them up to fit your
Buchner. For filtration of very fine particles, like charcoal dust, you can find very high
efficiency filter paper, but the cost israther high. If you really need it, the best stuff is
made from Teflon (a slightly cheaper alternative is anylon filter paper but thisis still
guite expensive and a special commodity) and can be found through chemical suppliers
or chromatography suppliers. Using Teflonfilter paper requiresvacuum filtration. Y ou
can sometimes sidestep the need for Teflon filters by using a “filter aid” such as
diatomaceous earth, sold by thetrade name“ Celite.” Celiteisessentially very, very fine
dirt, but it really workswell! (Seethevacuum filtration sectionfor detailsonitsuse). As
afinal note, all filter paper, no matter how expensive, isreally only good for oneuse. It’s
not worth ruining an experiment to save afew cents by reusing a piece of filter paper.

O




3.3b Gravity Filtration

Gravity filtration isslower than vacuum filtration, but requireslessequipment andis
generally moreeffective. Gravity filtrationisbetter for isolating theliquid phasethan the
solid phase, but if you don't have a vacuum, it will still work reasonably well for
isolating the solids. To perform agravity filtration, you need afunnel (liquid funnel is
best, but apowder funnel isokay too so long asyou usefilter paper and not cotton), filter
paper, and aflask to collect theliquid. Thereare many waystofold aflat piece of filter
paper in to a cone shape. The best way is called “fluting” and consists of folds in
oppositedirectionsalong the diameter of thefilter paper (FIGURE). A simpler, although
somewhat |ess effective method, isto fold the circlein half and then fold the semi-circle
in half again. Thiswedge can be opened to form acone, such that half of the cone hasa
one-ply layer of paper and the other half has a 3-ply layer. Fluting thefilter paper will
giveasignificantly faster flow rate! Fold thefilter paper whichever way you choose and
then placeit insidethefunnel. Clamp your receiving flask in place (important!) and then
set thefunnel ontop. Slowly pour the mixtureinto thefilter paper cone. Theliquidlevel
should never be higher than the top edge of thefilter paper or the mixturewill spill over
and go through unfiltered.

Gravity filtration isrelatively slow (remember, fluted filter paper has afaster flow
rate, it’ sworth the extrafolds!) so just add enough of your mixtureto get closeto thetop
and then let all of the liquid flow through before adding more. This may seem
unnecessarily slow, but if you slip and add too much of the mixture and some gets
through unfiltered, you' rejust going to haveto start over again. Onceyou’' ve pouredin
all of your mixture, rinse your reaction vessel with the solvent and then rinse the solids
thoroughly. Let the solvent drain completely before adding moretorinse. If the solids
areslightly solubleinthe solvent, be sureto useice cold solvent and try to use aslittle as
possible. Gravity filtration cannot be used reliably for solids that precipitate as‘gels’
such asiron or aluminum hydroxide, these are very difficult to remove water from and
easily clogfilter papersif not assisted by vacuum. Also notethat filtering organicliquids
of low density or just in general through filter paper can prove difficult without vacuum
as their low density gives little incentive to pull them through the filter paper and in
addition filter paper contains water as papers are hydrophilic and as such they can
‘intimidate’ organic liquids from readily passing through them.

3.3c Vacuum Filtration




Filtration using a hand vacuum pump and a Buckner Funnéel in a Erlenmeyer Flask with Sidearm.

Vacuum filtration isthe fastest way to filter amixture, but it’ s not always the most
effective. If you want to isolate the solid material, thisis the best way to go. Y ou will
need a Buckner funnel, a piece of filter paper, a rubber sleeve for the funnel, an
Erlenmeyer flask with a vacuum sidearm, and a vacuum pump. First, put the rubber
sleeve around the spout of the Buchner funnel. The sleeve should fit snuggly and be
larger than the opening at the top of the Erlenmeyer (we want it air-tight, remember).
Clamp your Erlenmeyer in place (important!) and then set the Funnel on top of the
Erlenmeyer and drop inthefilter paper. Wet thefilter paper with alittlebit of the solvent
from your reaction (thiswill help the vacuum seal). Connect the hosefrom your vacuum
to the tubing adapter on the Erlenmeyer. Turn on the vacuum and then slowly pour the
mixture onto thefilter paper. The solvent should be sucked through quickly. Try to keep
thefilter paper moist sinceit won’t seal whenit’ sdry and the solid can be sucked through
around the edges of the paper. Onceall your mixture hasbeen poured onto thefilter rinse
your reaction vessel with solvent a couple of times and then rinse the solid afew times
with alittle solvent (if thesolidisslightly solubleinthe solvent, be sureto useice cold
solvent andtry to useaslittleaspossible). Pull air through the solid for aminuteto dry
the solid. Then turn off the vacuum and you're all set.

For filtration with Celite, set up thefiltration apparatus as described above, then add an
even layer of Celite 2-3 cmthick over thetop of thefilter paper. Turn onthevacuum for
afew seconds; the layer of Celite should compressalittle. Wet the Celite with solvent
and then turn thevacuum on again briefly. Repeat the process of adding alittle solvent to
keep the Celite wet and then turning on the vacuum to pack it down. This processis
essential to separating very fine dust from your mixture. Whenyou are satisfied with the
packing of the Celite, turn on the vacuum and slowly pour your mixture onto thefilter.
Try not to disturb the Celite too much, you want it to stay aseven aspossible. Next rinse
thereaction vessel and the Celite. | repeat, rinsethe Celite. A lot. Thereisalot moreto




rinsethan in aregular filtration. My favorite method for thisisto turn off the vacuum,
add a volume of solvent that is roughly the same as the volume of Celite (the solvent
shouldn’t go through the Celite filter with the vacuum off) and then suck it through by
turning on the vacuum. | usually repeat this process 2 or 3 times. Finally, if you are
using Celiteas afilter aid, it isall but impossible to recover your solid material, so be
aware!

3.4 Electrolysis

An amateur chemist can easily define electrolysisasany reaction that callsfor
thedirect application of an electric current to achemical, either onitsown, or in solution,
for purposes other then heating. Our point hereisto understand how we can transform
chemicals using electricity. The key word is*“ions”. What isan ion? A quick and dirty
definition would be: “It’s an electrically charged atom or molecule’. The positively
charged are called “ cations” and the negatively charged are called “anions’. lons have
different chemical and physical propertiesthan the original atom or molecule. All anions
have their own name, so Br™ isbaptized Bromideand NO* is Nitrate. Cationswith more
than one possible charge also have names, so Cu* has one electrons missing and it's
baptized Cuprous, Cu™ haslost two of them and becomes Cupric. [ Seetablein section
1.3 for alist of common cations and anions]

Many chemicals, including all salts, are made of opposite charged ions “glued”
together by electrical forces. Andinthese‘ionic compounds’ electrolysiscan help unglue
them. There are basically three schools of electrolysis that you should familiarize

yourself with.

Pure Compound/ | Thisisthesimplest form of electrolysis. Not initspractice, butin concept. A

Molten Salt pure compound. ionic in nature, i.e., consisting of acation and anion, is heated

Electrolysis until it becomes liquid. lonic liquids are good conductors of electricity and
therefore are ableto be el ectrolyzed directly. Once molten, el ectricity isapplied
and the compound breaks down into its constituent parts. For example, molten
sodium chloride when subjected to DC el ectrolysiswill break downinto liquid
sodium metal and chlorine gas.

Aqueous Themost common form of electrolysisfor theat homechemist. Anionicsaltis

Electrolysis dissolved in water and a current applied. Depending on the reduction and

oxidation potential s of your cationsand anionsyou get different products. For
example, electrolysisof water, with alittle sat added to aid in conductivity will
yield hydrogen and oxygen gas, excess salt and a higher current will yield
hydrogen and chlorine gas.

Non-Aqueous
Electrolysis

A compound is dissolved in any liquid other then water and current applied.
Different productsarepossibleunder different conditions. Productsarepossible
with non-aqueous electrolysis that are impossible in agueous electrolysis or
would require high temperaturesfor molten salt electrolysis. For example, itis
possible to obtain lithium metal as a deposit in the electrolysis of lithium
chloride in pyridine, whereas lithium metal would react instantly in water and
molten salt el ectrolysiswould require temperatures of several hundred degrees




| Celsius.

There are two different types of electricity available. Thereisalternating current
(AC) anddirect current (DC). Alternating current isthetype of electricity that comes out
of thewall, thisis not good for electrolysis, alternating current changes which side of
your cell isyour cathode and which isyour anode about 60 times a second, this means
that almost nothing can be accomplished with it™Y. If you have acell full of water and
something to make it conductive and put two electrodesintoit, plugging it into thewall
the only thing you will doisheat your solution to boiling with resistance heating, makea
random explosive gas mixture above your water, and deform your electrodes. Therefore
your only real choice for productive electrolysisis DC.

So where does DC comefrom? | will not detail the electronics here. Thereisplenty
of information el sewhere on theinternet. But you usually have two sources, converting
the output of your wall adaptor to DC, or using batteries.

Batteries: Not very useful, except for simple demonstrations. Thoselittle square
9V batteries make melaugh! If you insist on using batteries, beaman, use4“C”
size (big) batteriesor alantern battery or even acar battery, but if you go withthe
car battery then you'll need a charger, and you could just use that directly
anyways.

Adapters. These are very common these days and most househol ds have one or
two spare ones from old equipments that broke. 6 to 9 voltsis fine for most
experiments and they usually deliver above 0.5A. Another common source of
power that fallsinto this category packing alittle more punch isthe car battery
charger. A good one can supply from 0—12 V and from 0—55 A, and can be
procured cheaply from second-hand stores. Old ATX power supplies from
computersare marvellousfor electrolysisbecause they yield high amperages (up
to 20A) at low voltages (5 and 12V).

Build your own smple power supply: If you have some skills on electronics,
you can built your own power supply just using a transformer and a single
1N4001 diode.

Build your own variable power supply: An extra potentiometer (100Kohms) and a
power transistor like TIP 31 (3A, 40W), TIP 41 (6A, 60W)or TIP3055 (15A, 90W,
ak.a. 2N3055), can give you control over the voltage supplied by the batteries, the
adapters or your home built power supply. Don’t expect precision or stability though:
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A power source capable of delivering at least 0.5 amperewould be nice. The product
yield per hour depends on the current, so your current should be proportional to your
hurry and your electrode surface area (too much current per square centimeter may cause
unwanted results).

Theelectrolysisprocessissensitiveto the voltage applied, but if youwant a*“rule of
thumb” number, 9V will perform most tricks.

An exercisein calculating yieldsinvolving eectrolysis.

Let’ s say that you want to make bromine, and just to simplify thingslet’ s say you have
some lead (I1) bromide laying around to perform molten salt electrolysis on.

First off you divide your reactions into half reactions, the half reactions, when added
together cancel out but separately they give the number of electronsnecessary and help
in visualization.

Pb?* + 2" b Phy)
2Br'b Bryg + 2€

Notice how the number of electrons on one side of the equation match the number of
electrons on the other side of the other equation. That is because while one thing is
reduced (gains el ectrons) another thing must be oxidized (loses el ectrons) agood way to
remember thisisthe mnemonic OILRIG [Oxidation Involves L oss, Oxidation Involves
Gain (of electrons)]. Couplethiswith the mnemonic RedCat [ Reduction occursat the
cathode] and you can figure out where your productswill be produced at. When wires
are color coated in their normal manner the cathodeisthe black wire, the negative (-)

wire. By default then the red wireisthe positive (+) wire, is the anode.

Now that you know your reaction, what kind of power source are you using? Maybe
you’ reusing asimplewall adaptor, possibly from aphone charger and the phone broke.
Looking on the plastic you might even find that it is 6.2V and .5 A. That’s all the
information voll need off that. Thenext stenisto calculatethe niimher of coulombs( C




) of electricity that pass though the molten mass. A coulomb isaunit of measurement
specific to thingsinvolving electricity, it isequal to one amp times one second. So it
actually measure the quantity of charge moving thoughthecell. Solet’ ssay that weare
going to run this for 30 minutes:

5A °.5h " (3600s/1h) " (1C/1A's) = 900 C

To explain the above equation you can see the that .5A came from the power of the
power supply, the .5 hours came from the timethe cell wasrunning, the other numbers
are conversionsto the number of secondsin an our and the number of amp-secondsina
coulomb. Thisisthe generic representation and you can just plug in your numbersin
the above equation to get your own unique answers. Now we see from the two
equationsway overhead that for every one mol of Br, generated two molsof electrons
are simultaneously brought into existence. Now we need anew unit of measurement for
electrolysis, aFaraday (F). A Faraday isthe number of electrons necessary to reduce
one mol of asingle charge unit. A Faraday isequal to 96,500 C. From herewe use a
new equation:

g.Br,=900C (1 F/96,500C) (1Mol Bra/ 2F) (159.8gBr,/ 1 Mol Br;)=1.59gBr;

In the above equation we took the number of coulombs that we got from the first
equation and multiplied it by the conversion for Faradays to coulombs and that by the
mols of Br, and the number of Faradays involved, e.g., in this case two mols of
electronsareinvolved and thereforethereare2 F. Thisisall multiplied by the grams of
Brz per mol to give 1.5 g of Br, produced overall. To get lead you could convert the
grams of Br, produced and makeit into mols, then you could multiply that by the grams
per mol of lead or just substitute that information into thelast part of the above equation.

Well, most of you are thinking, “Only 1.5 g.... what the heck, | wanted aliter!” Well,
thisisnot the setup you would use for massive Br; production. But electrolysisisgood
for producing small quantities of hard to obtain chemical's, and you could increase your
yields by either increasing the amps of your power supply or by running the setup
longer.

Aside from a power supply the sscond most important consideration are the
electrodes. Many of the metalsare similarly conductivefor all intentsand purposes and
therefore it is better to consider them in terms of their chemical resistance relating
directly to whatever environment youare planning to perform el ectrolysisin and the ease
of procurement of the electrode material.

Copper can be easily obtained from common wires. Copper has awideresistance
to many environments.
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Zinc can be found as the outer metallic shell of common batteries (the cheap
ones, called carbon-zinc). Not good for acidic environments or basic
environments.

Carbon or graphite: These are very useful electrodes, since they do not oxidize
asanodes. Well, they don’t |last forever; they are attacked by oxygen, originating
CO,, or maybejust disaggregate in the solution, but are much, much, cheaper than
platinum electrodes, so they are widely used. The most common are pencil’s
graphite. These have very different compositions, and may or may not last long.
In fact, they may even be very bad conductors. Another source of carbon
electrodesis the carbon rod that every carbon-zinc battery hasinside. They are
better than pencil’ sgraphite. The best carbon electrode | foundisarod of graphite
covered with a copper layer found in solder’s supply shop. When you strip the
copper with ferric chloride (or electrolysis), aresistant graphite electrodeisleft.
Another optionisgraphite from electric motors sliding contacts. They aresmall,
but easy to find and quite resistant. | have a couple from large polisher that are
23x16x6 mm.

Lead isused often as an inert electrode. Y ou will probably find it in a sporting
goods shop: fishing weights, gunshots in general, airgun bullets etc®. It melts
easy and you can cast your electrodes melting it with a blowtorch and a scoop.
Nickel: Coinsfrom some countries contain an appreciable amounts of nickel ?
and can be used as electrodes, additionally nickel can be procured from scrap
yards or specifically for electrolysis. Nickel is an excellent material for
electrolysis of highly basic solutions.

Iron: Ironisattacked readily under acidic conditions and somewhat slower under
basic, but it is commonly available and may find some use in a pinch.

Platinum: If you have the money, it’sthe most resistant anode | know. Finewire
is ok, but for larger surfaces, other metals plated with platinum can be used.
Silver/Gold: A cheaper alternative to platinum somewhat more reactive.
Available from coin suppliersin the form of collectable currency either can be
melted and cast into the appreciable shapesdesired. Silver wire can be purchased
from jewelers as can platinum.

Misc. Electrodes: Mercury™, lead dioxide®, rare earth oxides plated on
titanium, tantalum, there are hundreds of possible el ectrodes that one may come
across that are not covered here.

AC electrolysis is really a good way to fry electrodes. Nothing will survive AC electrolysis of hydrochloric acid.
platinum will succumb to this, which is a good way to prepare soluble platinum compounds ironically. Even carborv
destroyed.
Older American nickels contain decent amounts of nickel but older Canadian coins contain an even higher amount.
amount of nickel in coinsin your country can usually be found easily by searching online.
Lately there has been a push in some areas to replace these lead items with the more environmentally friendly bismi
this time though products that have been replaced with bismuth usually proudly proclaim it as being environme
friendly so determining what you have is still relatively easy, lead in these items is also usually alloyed to a small{p
with other elements such as antimony.
Mercury electrodes are famous in the mercury cathode cell for the preparation of sodium hydroxide. In this ¢e
mercury electrode forces the reduction of sodium cations to sodium metal rather then the production of hydrogen, the
is a mercury-sodium amalgam, containing a few percent sodium metal, this reacts with water slow enough to allow rex
of it, to look further at this phenomenon search ‘over voltage’ online.




(5) Lead dioxide electrodes must be formed carefully, they have their claim to fame in the preparation of perchlofa
electrolysis of chlorates by the armature chemist.

3.4aMolten Salt Electrolysis

Performing electrolysis on amolten binary salt usually yields predictable products
providing you have asimple anion coupled to your metal ion. Another advantage isthat
el ectrochemistry can produce many elementsthat would not be possibleto produce under
agueous conditions. The most common examples including producing the alkali and
alkali earths electrochemically. Of course the most prohibitive feature of molten salt
electrolysisisthe high temperatures usually employed. The corrosivenessof molten salts
and some of the products produced by the electrolysis, especially at the temperatures
employed these factors usually result in molten salt el ectrolysisbeing beyond thereach of
the beginning chemist. However, many chemists would like to do molten salt
electrolysis, and they can, the procedures outlined within this section will cover the basic
points for this method of electrochemical production.

Working with Molten Salts

Great care must be exercised when working with molten salts. For the most part
thisis dueto their high melting points. Think about what happens when drop of water
hits hot grease, the spattering and violenceof the sudden evaporation of the water, now
consider molten salts can be several hundred degrees Celsius hotter. Water hits these
salts like a bullet, sending liquid everywhere. Due to the temperatures it can greatly
dehydrate anything organic and it can also start fires on wood and paper and such. It
should also be noted that molten ionic salts are good solvents for.... Whatever, they
attack a multitude of things and some they flat out destroy. Specific examples like
molten sodium hvdroxide (ahove) destrov wood and stich on their own. let alone at hiah




temperatures, getting aquantity of thison your skin would be disastrous. When working
with molten salts your apparatus should be firmly placed on aflat surface, and once the
salt ismolten it should notbe moved and you should limit how much you ‘ messwithiit’

as many mistakes can occur. Wear welding glovesthat can easily beremoved if you get
your salt on them and avoid inhaling the fumes coming off the melt too much, they can
cause sickness and throat pain and lossof vision (as| once experienced). Finally, when

you are done with areaction, allow the salt to cool to room teperature onitsown, in case
of emergency the salt can usually be dumped in sand.

Nearly everything in your electrolysis cell will have to be metal due to the

temperatures employed, although less used, ceramics may also be employed for some
applications. Somelower temperature cellsmay safely employ Teflon (not for usewith
molten alkali’s) or even some epoxiesor cements. Thetypeof cell construction depends
entirely upon thetypesof products produced. The physical state of the productsand their
inherent reactivity after genesis is of the utmost importance and of equal related
importance is weather the products thusformed will react with each other or even with
the melt. So hereisyour quick checklist:

1.

2.

What is the best melt, and eutectic composition or a straight composition and at
what temperature does it run?

What products will be formed through electrolysis, if an eutectic mixture, will
only one product beformed at the anode and one at the cathode? Areyou sure of
both your anode and cathode products (check their potentials against charts®).
At the temperature employed, what will be the physical state of the products
formed?

If the products are solid then they will not mingle, however if they are either
liquid or gas, will they react back with each other and thus make it necessary to
divide the cell or otherwise separate the products from one another?

Will the products formed react with the melt®®, and if so, at what speed will the
reaction occur?

What corrosive properties might your melt have, testing though melting small
portions of it on a small scale is usually necessary before making a full size
vessel, if the metal can hold up to the melt for over an hour without pitting or
significant lossof weight it isusually good, but productsformed from electrolysis
may still attack the vessel.

How is the cell going to be heated to the melting point? Flames involve
additional precautions when working with cells that produce flammable gasses
but are not out of the question. Resistance heating, that is the heat generated
though the electrolysis of the melt can supply alarge quantity of heat and may
maintain your cells fluidity although the melt must still be initially melted,

optimally an embedded heating coil with avariable power setting will keep the
cell temperature exactly where you want it at.

Assuming you have two products that are going to be produced that are going to
react back with each other (which isusually the case) there are several cell designsfrom
which to choose depending on the physical form of the productsand the density of liquid




products compared to the melt. The ultimate variable however in any electrolysis
procedureistheelectrodes. The surface areaof an electrode exposed to the melt, their
distance from one another, and the amount of current flowing though them more often
then not makes or breaks an electrolysis reaction. Unless one finds highly accurate
detailed sources for performing electrolysis on a molten salt they will not have the
electrode distances or current densities. And evenif you do happen to find them, they
usually employ apertures that are beyond what many normal people are capable of
producing. The only advice the author can give you on this subject isto try different
things and experiment, that iswhat thisis all about anyways, keep ajournal so you can
noticetrends, cellssuch asthefirst one detailed posethe extradifficulty of the electrodes
being stationary, the misplacement of an electrode in this circumstance is a tragedy,
requiring shutting down the cell and possible part replacement, experiment with variable
electrode cells before switching to the fixed electrodes for this reason.

Sample Design #1 (In Theory)

I A : Thisisthe body of the cell, it is areducing adaptor for
’ : plumbing, thisone goesfrom 2 inchesat thetop to 1.5 inches

- } at the bottom, both the top and the bottom are threaded. B :
| 1 | Thisisaplumbing piece called a brushing, it reduces from
' #) /  1.5to.5inches, the bottom hole being threaded. C: Thisa

ﬁ' plug, .5 inchesin diameter that fits the hole in the brushing,
]J + o these three pieces comprise the containment body of the cell.

[
| %%J LT D : Thisistheanode, itisinserted into aholedrilledinto the
g ’fh—. T plug ( C ) and does not touch the plug, thus the hole is
J UI.F‘ c somewhat large, if it touched the plug it would short out the
e —sllll—0 cell and perform electrolysis elsewhere. E : This is the

cathode, it isinserted in the same way as the anode (D ) the
reason for it being shorter then the anode (see picture) isthat
in being shorter it hasahigher current density, the cathodeis
where reduction happens, it's where metals are formed, and just as a general rule of
thumb higher current density gives better yields of metals. F: Thisamaterial that the
hollow part of the plug wasfilled with, to prevent the molten contents of the cell from
leaking out, to hold the el ectrodesin place, and to prevent them from touching thebase of
the plug. It can be any material inert to the cell, high heat resistant epoxy, fireplace
mortar, concrete. Just be sureto position the el ectrodes so they don’t touch the metal of
the cell before setting them permanently inthisdesign. G: Thisapieceof metal that sets
loosely insidethecell, it isrectangular with the sides of the metal touching the sides of
thecell, but it does not extend to pass between the electrodes, if it did thisit would short
out the cell. By being hereit separates the products formed.

(In Practice)




Removable Plug shown Removed Overview of cell with Divider in Place w/
plug

Additional additionsto cell design: What this cell lacksis a heating mechanism. Flame
heating issomewhat out of the question unlessyou have multiple heat sources, because
you can’'t heat from beneath and hot spotsin an electrolysis melt are usually undesirable.
Wrapping thecell in an electric heating coil from astovetop coil range then embedding it
within some refectory is reasonable for supplying most temperatures up to 500 °C.

Initially however it may be necessary to heat a quantity of your electrolyte separately
over aflameto liquefy it, then add it to a preheated cell with the current ready to run,
immediately upon the liquid entering the cell it will want to solidify unless the

temperature is sufficient, however by the molten salt coming into contact with
instantaneous el ectrolysisit should hopefully keep it molten®, from therethecell canbe
fed periodically with solid electrolyte until the desired level has been reached.

What is this cell good for? : For one the products produced by electrolysis must be
lighter then the melt (whichisusually the case) and they must beliquids or gasses. Plus
they must not react substantially with the melt. If the electrodes in the bottom are
sufficiently distant from one another then productsthat would normally react with each
other can possibly be obtained. Upon their formation they rise though the melt and
before they have a chance to move around much the metal divider prevents them from
crossing over to the other side. Inthisway efficient separation at the top of the cell is
possible. For example, if sodium chloride and calcium chloride are electrolyzedinthis
cell sodium metal will riseto thetop above the cathode and chlorine gaswould riseto the
top above the anode. The gas would require special handling, such as copper metal
piping and such, and haveto be taken care of with special precautions. Onthe other side
of the divider, liquid sodium metal would pool and be able to be ladled off.

Sample Design #2
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Stripped down version of the Downs cell for sodium production from sodium chloride.

A : Cell body inert or resistant to high temperatures and molten electrolyte. B :

Electrolyte level in cell, rises above inverted funnel (D). C: Molten electrolyte. D :

Inverted funnel located below the electrolyte level (B) and directly abovethe anode (F)
to collect gaseous products ( H) and move them away from the cell to deal with them
separately and to prevent them from reacting with the cathode products. Or it may bethe
intended product such asinafluorinecell. E: Pipeleading away gassesfrom anode. F
: Anode, inserted though bottom of cell and carefully positioned to avoid touching the
metal lining of the cell itself, held in place with aresistant non-conductive material such
as cement, some epoxies, silicates, mortar, etc. (In the Downs cel | thiswould bewhere
the chlorinegaswas produced.) G: Cathode (Inthe Downscell thisiswherethe sodium
would be produced, there would be an inverted funnel above thistoo where the sodium
could be drawn off during the electrolysis) the electrode is held in place same as the

anode.

Sample Design #3
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A Cell body, resistant to heat and el ectrolyte. B : Anodeor Cathode held in placewith
aresistant material and set so asto prevent it from coming into contact with the metallic
cell body. C: Direct heat suchasahot plate or torch can be more easily applied to this
cell design. D : Anodeor Cathode held in placewith aresistant material and set so asto
prevent it from coming into contact with the metallic cell body. E: Wire gauze cell

divider. F: Electrolytelevel. G: Electrolyte




Sample Design #4

—
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Themost basic electrolysiscell.

A Cell body, heat resistant and resistant to the molten electrolyte. B : Direct heat can
be applied from below in thiscell. C: Anode or Cathode, suspended abovethe cell by
some mechanism and dipping into the melt avariable amount. D : Anode or Cathode,
suspended above the cell by some mechanism and dipping into the melt a variable
amount. E: Electrolytelevel. F: Molten Electrolyte.

Classic Cell Example:

=

N

D

TheFamous Castner Cell (Patent No. 452,030 May 12, 1891)




This cell runs with straight sodium hydroxide, originally run in an iron pot ( S), and
heated by aring of flames (G ), set in brickwork (R ). The sodium hydroxide (A), is
melted and kept about 20 C above the m.p. (318C) of sodium hydroxide. The cathode
made of nickel [or iron or copper] (H ), comes up though the bottom of the pot. Holding
it in placeis acake of solid sodium hydroxide (K ) cast into the cell when it was cool.
This cell has multiple anodes ( F) that drop down around the cathode from above. A
cylindrical vessel (N ), floatsin the fused alkali abovethe cathode, and the sodium (D),
and hydrogen liberated at the cathode collect here, the sodium is protected under the
hydrogen atmosphere (C) whichisallowed to escape and is burned off at theexit. This
are can be opened at periodically to remove sodium that gathershere. Metal gauze (M ),
separates the anode from the cathode. Oxygen that is simultaneously produced escapes
fromvent (P).

Potassium hydroxide electrolyzed with nickel electrodesin a steel U-Tube

Despite all these ideas a simple design such as above, where the anode and cathode
areas are simply in a U-Tube (named such because it is in the shape of a U) affords
enough separation to work for moderate periods of time, notice the distinct color
difference between the anode (right) and cathode (left). Such a cell could be easily
constructed from materials at a hardware store and heated at any point where the melt
solidifies directly.

Famous examples of cells using molten salts are abundant, but the most famous
examples include; (1) The aforementioned Castner cell which uses a melt of sodium
hydroxide to yield hydrogen gas, oxygen gas, and sodium metal. (2) The Downs Cell¥
which uses an eutectic of sodium and calcium chlorideto give sodium metal and chlorine
gas. (3) TheHall-HOroult process whereby aluminumis produced from molten A1203
with cryoliteto depressits melting pointto amanageable 950 °C (manageableinindustry
at least). There are other examples but these stick out among the rest.

(1) Note, the electrolytic potentialsin amolten salt are totally skewed with respect to the aqueous potentials found ever
these can only be used as an extremely rough guide.

(2) An eutectic mixture of KOH and NaOH might be tempting to use for the preparation of the alkali metals due toli

melting point (~150 °C) however neither Na or K will be the product, instead you end up with a mixture of the {
mixture, the sodiumpotassium eutectic can spontaneously catch on fire at room temperature and is a liquid
temperature, you don’t want to think about how it will behave at 150 °C with oxygen and hydrogen being prod
around it!

(3) A note on this, theinitial addition of molten salt to the electrodes can be a dangerous affair, without the electrolyte
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electrodes there is a period where the electrolyte added may only touch between the electrodes in a small space, whe
the case the electrolyte may pop and short out the cell, sending molten salt out everywhere, during an attempt at sc
metal this happened to the author from a small quantity of sodium being generated causing a small disaster, bejw
when working with molten salts.
The Downs Cell uses a mixture of calcium chloride with sodium chloride to reduce the melting point of the sodium ¢t
from 801 °C to 580 °C, it contains roughly 33% NaCl and the remainder is CaCl,, more Nad is added as the fe
progresses to replace the NaCl being electrolyzed. The resulting Na metal contains a very small calcium metal img
The actual eutectic between NaCl and CaCl; lies at a different point giving an even lower melting point but the melt
the melt used in the industry. The Downs Cell is still the main method to produce sodium metal, replacing the Casthe
quite some time ago due to NaCl being cheaper then NaOH, however the lower melting point of the Castner Cell m
more attractive to the amateur chemist then the Downs Cell, coupled with the fact that no chlorine is generated in alC
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3.4b Aqueous Electrolysis
By Tacho.
1-lons:

Water and other solvents called “polar solvents’ do something interesting: their
mol ecule hastwo poles, apositive charge on one side and anegative charge on the other.
When you put asalt in water, the salt’ snegativeions are surrounded by water molecules
pointing their positive side to it. Of course, the positive ions get surrounded by water
moleculespointing their negativesidetoit. Theresultisthat the salt dissolvesinaliquid
“soup” of ionsthat we will call “solution” or “electrolyte” from now on.

There must be enough anions to neutralize all cations. The whole thing must be
neutral. Yes, it can built up charges, and momentarily have an imbalance, but mother
nature will find away to put thing back the way she likesit.

Inthe solution, you don’t have the individual saltsanymore. Justions. So, if you put
two saltsin water, say... sodium chloride and potassium bromide, you only have sodium
cations, potassium cations, chloride anionsand bromide anions. Y ou can extract fromthis
solution the original salts or sodium bromide and potassium chloride! If you could
substitute both of those anions for the hydroxide anion, than you could extract sodium
hydroxide and potassium hydroxide from the same solution.

That’s what this work is all about: the substitution of ions in aqueous solutions
using electrolysis. We do that by pushing electrons in and out of atoms or molecules
using electricity.

2- How?

Suppose | want to get a copper salt, dissolve one of my electrodes. | mount the
following setup, put distilled water in the flask and turn on the power:




&
To power supply

What do | get? Nothing! Why? Pure water practically doesnot conduct el ectricity!
So we must add something that will make water conductive but won't be part of the
reaction. Let’ s say we want copper sulfate, solet’ s choose something with asulfateion
attached to an “inert” ion. MgSO4 should work fine. Magnesium sulfate is Epson salt that
every pharmacy should have. For now, take my word that Mg won’t be part of the
reaction. Letsdissolve 3g of MgSO4 (the hydrateisokay.) in 30ml of distilled water and

try again.

Immediately you'’ll see bubbles on the cathode and some blue tint by the anode.
Cool! Copper ions should be blue! What isin those bubbles? The only thing in this soup
that becomes a gas when itgains electrons (that’ swhat cathodes do, they give electrons)
is hydrogen. Water molecules get broken and hydrogen bubbles away.

But wait... after a couple of minutes we notice that something is very wrong! The
blue tint is solid and it’s precipitating! Copper sulfate doesn’t do that! What is
happening?

Here goesthe explanation: When the hydrogen of water receivesan electron, it joins
afriend to become a gas molecule and bubbles away. It |eaves behind the other half of




the water molecule: OH- ion. This ion meets Mg+ ions or Cu++ ions and forms an
insoluble hydroxidethat precipitates (actually copper ionsform more complex insoluble
compounds, but let’s pretend it's plain hydroxide). If you carefully put a piece of
indicator paper close to the cathode while its bubbling, you will seethat it’s alkaline.

So how do we make our copper sulfate?
The little snotty armchair chemist now smiles and says with his squeaky voice: “I

know! | know! All you haveto doisto usetwohalf-cells connected by asalt bridge! It’s
so simple! Likethis:”

Fower Source

. Cathode

Anolyte Cafh::rl}-'te

Inthereal world, however, this setup is not efficient. If you usethe 10g MgSO4 in
100ml water solution, under about 10 volts, you just can’t see any bubbles! That’s
because ions are not agile movers, the salt bridge is a long way for them. Like any
electric circuit, shorter pathsincrease current. So, abetter design for the amateur would
be:




Cotton plug goes here

Drrill oty holes
under the cap
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| tested this for the copper sulfate production and it works. For some reason, it
works best using the lower part asthe anode cell, where the sulfate forms. The solution
by the anodeiscalled anolyte and now isamixture of Mg?*, Cu** and SO, ions. How to
separate pure CuSO4 from it? 1f you look up the solubility information for the two salts
you will find that 100 ml of cold water will dissolve 31 g of hydrated copper sulfate
whereas it will dissolve 71 grams of magnesium sulfate therefore if you ran your
electrolysislong enough then heated to reduce the volume of the solution, then cooled,
the first thing to come out of solution should be the copper sulfate, thisis just one
possibility, one of the difficult parts of electrolysisinvolves this problem applied to
systems involving many moreions.

In the above setup the cotton acts as amembrane to prevent the passage of certainions.
Another type of system accessible to the at home chemist consists of a flowerpot,
unglazed and previously soaked in a strong acid placed into a larger container. The
flowerpot and the larger container arefilled so they contain the samelevel of electrolyte
and an electrodeisinserted in the flowerpot and another in your main solution outside.
Theelectronswill migrate though the flowerpot and el ectrolysiswill commence but your
anode liquid will be separated from your cathodeliquid, the strong acid soak necessary to
facilitate the permeability of the flowerpot to ions, remember that strong acids are
incredibly conductive. This is yet another way to separate your anolyte to prevent
extraneous reactions.

| substituted the two copper wires of thefirst setup (the one with the connector) by
two pencil leads (graphite) and put them in apure copper sulfate solution procured froma
gardening shop. When | turn on the power, quickly something starts building up in the
negative electrode. That’s copper. It’s probably powdery and maybe too dark to look
metallic, but it’s copper. That’ sthe principle behind el ectroplating. Don’t expect shiny
metallic depositsthough'®. What' s happening isthat t he Cu?* cationsin the solution gain
acouple of electrons and become Cu, the metal.




3- Giving names to things happening.

What is happening in the anode is called oxidation. It doesn’t matter if that thereis
no oxygen involved! Loosing electrons by the anode is called oxidation and don’t you
argue! Usually thisoxidation resultsin metal s becoming ions, ions gaining oxygen atoms,
oxygen evolving in bubbles or halogen ions becoming the element.

What is happening in the cathode is called reduction. It’s usually a metal ion
becoming a metal, ions loosing oxygen atoms, elemental halogens becoming ions or
hydrogen evolving in bubbles.

4- What happenswhen?

Question: What happens when | have many different metal pieces in the same
electrolyte, connected and acting as anodes? Do they all go into solution at once? Do
some of them go first? And what happens when | have many different metal cations by
the cathode? Do they all get reduced together forming an alloy?

Answer: There is a priority list. Theoretically, if you have two different metal
pieces, like copper and zinc connected to the positive pole of abattery andimmersedin
an electrolyte, all zincwill gointo solution beforethefirst atom of copper gets oxidized.

Hereisanincomplete list (potential table) that shows the tendency of an atom or
moleculeor ionto gainor loose electrons. If it showsareduction potential of —2.71 for
something, the oxidation potential for the same something will be +2.71.:

Reduction
Oxidized creature Reduced creature potential:
Li* Li 304
K* K 292
ca’* Ca 276
Na* Na 271
Mg?" Mg -2.38
Al Al -1.66
2H,0 H.(g) + 20H- -0.83
Zn** Zn -0.76
cr? Cr -0.74
Fe’* Fe -041
cd** cd -040
NiZ* Ni 023
2" Sh 014
P2 Pb -013
Fe*t Fe -0.04
2H* H,(g) 0.00
" S?* 015
cu? cu* 0.16
Clo, +H,0 ClO; +20H 0.17
AgCI(s) Ag+ClI 0.22




cu? Cu 0.34
ClO;™ + H,O(l) ClO, +20H 0.35
10" + HoO(l) I” + 20H" 049
cu* Cu 052
15(s) 21 054
Clo, +H,0 ClO +20H 059
Fed* Fe?* 0.77
Hg,>" 2Hg() 0.80
Ag® Ag 0.80
Hg?* Ha(l) 0.85
ClO +H,0 Cl + 20H 0.90
2Hg®* Hg.*(aq) 090
NO; +4H" NO(g) + 2H,0 0.96
Br,(l) 2Br 1.07
O,(g) + 4H" 2H,0 1.23
Cr,0,% + 14H* 2Cr’* + 7H,0 1.33
Cly(g) 20 1.36
MnO, +8H* Mn?* + 4H,0 149
H,O,(ag) + 2H" 2H,0(1) 178
Co°* Co?* 1.82
S,05> 290,% 201
Os(g) +2H" Ox(g) +H0 207
F2(9) 2F (aq) 2.87

One should be able to get all the information one needs from this table, but lesser
creatures like mealways get confused trying to draw practical conclusionsfromit! Sol
organized thefollowing two specific tablesfor thingsthat can happen at your anode and
things that can happen at your cathode from practical observations:

Thingsthat can happen at your anode (where oxidation takes place,
positive pole in the electrolytic cell) in order of priority:

Priority
ak.a.
Oxidation Situation: What | think should happen:
Potential ' What happened when | tried it:
in
Volts:
higher If your anode has |...Alkali metalsreact with water, and can’t be electrodes in aqueous
than alkali metals, solutions. Aluminum behaves strangely as an anode® magnesium
+0.76 aluminum or will likewise react with the solution and little relevant el ectrolysiscan
magnesium ... be preformed with it.
+0.76 If your anode has |...Zn“"ionsgointo solution. It may form insoluble salts (precipitate
zinc... or form chunks in the anode) if it finds certain anions in the

electrolytelike carbonate, hydroxide or hypochlorite. TheZnin the
anode “dissolves’ in the electrolyte.




It works. Nice and easy. Using a two half- cell setup with MnS04, the
zinc anode dissolves into Zn** ions, a colorless clear solution.
Insoluble impurities may show themselves at this point.

+0.74 If your anode has |...Cr** (chromic) ions go into solution. It may form insoluble salts
chromium... (precipitate or form chunksintheanode) if it findscertainionsinthe
electrolytelike borate or cyanide. The Crintheanode” dissolves” in
the electrolyte.
+0.41 If your anodeis |...Fe” (ferrous)ionsgointosolutionat “priority” of +0,41V, or Fe+3
or made of iron... |at “priority” of +0.04V. It may form insoluble salts (precipitate or
+0.04 form chunks in the anode) if it finds certain exotic ions in the
electrolyte. The Fein the anode “dissolves’ in the electrolyte. See -
0.77 priority.
Funny things happen with an iron electrode. In my MgS0O4 cell, at
voltages lower than about 5 volts, a yellow/brown tint and a greenish
precipitate appear due to iron ions(?), but if the voltage is above that,
oxygen evolves from the anode and almost no color shows in the
solution.
If a piece of zinc from a battery is strapped to the anode, almost no
brown color evolves .Makes sense.
+0.40 If your anodeis |...Cd*"ionsgointo solution. It may forminsoluble salts (precipitate
cadmium... or form chunksintheanode) if it finds certainionsintheelectrolyte
like carbonate or borate. The Cd in the anode “dissolves” in the
electrolyte, take note of cadmiums toxicity.
+0.23 If your anode has |...Ni** go into solution. It may form insoluble salts (precipitate or
nickel... form chunksin the anode) if it finds certain ionsin the electrolyte,
like carbonate or borate. The Ni in the anode “dissolves’ in the
electrolyte.
+0.14 If your anode has |...Sn°" (stannous) ions go into solution. It may form insoluble salts
tin... (precipitate or form chunksintheanode) if it findscertainionsin the
electrolyte. The Snintheanode“dissolves’ in the electrolyte. See -
0.15 priority.
+0.13 If your anode has |...Pb® (plumbous) ions go into solution. It may form insoluble salts
lead... (precipitate or form chunksin the anode) if it finds many common
ionsintheelectrolyte, like sulfate, chloride or carbonate. The Pbin
the anode “dissolves’ in the electrolyte. Another heavy metal you
should be careful about.
0.00 If you makethe |...Literature is unanimous that hydrogen would become an H™ ion,
incredible thisisthe standard by which this system of potentials was based.
“hydrogen bubbling
on platinum”
electrode...
-0.15 | If your anolyte (the|...The Sn“* is oxidized and becomes Sn** (stannic) ions.

solution of ions
around your anode)




has Sn°* (stannous)

ions...

-0.16 | If your anolyte has |...The Cu* become Cu* (cupric) ions.
Cu* (cuprous)
ions...
-0.17 | If your anolyte has |...The ClO3" ion becomesthe CIO4 (perchlorate) ion and some extra
ClO3 (chlorate) and | water is formed.
OH’ (hydroxide = |Perchlorate is the sweet darling of pyrotechnics. | have not done it,
alkaline medium)... | but the whole electrolysis sequence CI" -> CIO -> CIO2" -> CIO3" ->
ClO4 iswell described on theinternet®.
-0.22 If your anode has |...Insoluble AgCI (Silver Chloride) isformed.
silver and your |The AgCl forms an insulating white layer on the silver piece that
anolyte has CI” | reduces the current sharply. It resembles white (well, maybe cream)
ions... paint that darkens if exposed to sunlight for long.
-0.34 If your anode has |...Cu“* will go into solution. Or Cu* at—0.52. It may form insoluble
or COpper... salts (precipitate or form chunksinthe anode) if it finds certainions
-0.52 in the electrolyte, like carbonate or hydroxide. The Cu in the anode
“dissolves’ in the electrolyte.
My results with a MgS0O4 cell are described in the text.
-0.35 | If your anolyte has |...The CIO, ion becomes the CIOs (chlorate) ion and some extra
ClOy" (chlorite) ion|water is formed.
and OH" (hydroxide| See note for chlorate (oxidation potential —0.17).
= akaline
medium)...
-0.49 | If your anolyte has |...The I" ion becomes |0- (hypoiodite) ion and some extrawater is
I” (iodide) and OH" | formed.
(hydroxide =
alkaline medium)...
-0.54 If your anolyte has |1, is formed.

I"ion. It does. In a potassum iodide solution, using pencil’s graphite
electrodes, brown iodine color rapidly develops around the anode
while hydrogen bubbles format the cathode.

Interesting note: If you apply 60Hz AC directly from the transformer
(6V) into the electrodes, a yellow color slowly develops, showing this
reaction is not fully reversible. At least mine wasn't.
Also interesting: according to this list of priorities, a copper anode
should not generate iodine, instead, the copper should dissolve into
copper ions. That did not happen in my test. Brown color developed
near the copper anode with no blue tint. Go figure!
-0.59 | If your anolyte has |...The CIO" ion becomes the CIO;, (chlorite) ion and some extra
ClO" (hypochlorite) | water is formed.
and OH" (hydroxide | See note for chlorate (oxidation potential —0.17).
= akaline
medium)...
-0.77 ...TheFe*" becomes Fe** (ferric).

If %/our anolyte has

Fe”" (ferrous) ion...




-0.80

If your anode has
Hg Mercury...

...Hg"* go into solution. It may form insoluble salts (precipitate or
form chunksintheanode) if it f indsthe certainionsin the electrolyte.
TheHgintheanode“dissolves’ inthe electrolyte. Dangerous heavy
metal, by the way.

Mercury, besides being toxic, has some difficult to understand
chemical behaviors such asits ability to introduce over potentials and
such.

-0.80

If your anode has
silver...

..Ag" go into solution. It may form insoluble salts (precipitate or
form chunksintheanode) if it finds certain anionsin the electrolyte,
like hydroxide, carbonate, iodide, bromide or chloride. Silver has
many insoluble salts. The Ag in the anode “dissolves’ in the
electrolyte.

-0.90

If your anolyte has
CI” (chloride) and
OH’ (hydroxide)...

...ClIO" (hypochlorite) ion is formed. And some extra water.
See note for chlorate (oxidation potential —0.17).

-1.07

If your anolyte has
Br’ (bromide) ion...

...Bromine (liquid) is formed®.

It does. In a sodium bromide solution, using pencil graphite
electrodes, brown bromine color rapidly develops around the anode
while hydrogen bubbles format the cathode.

This one is fully reversible: If you apply 60Hz AC directly from the
transformer (6V) into the electrodes nothing seems to happen,
although bromine and hydrogen are being oxidized and reduced 60
times per second!

Also: If you use a copper anode, no brown color develops, only a
bluish precipitate (bromide? hydroxide?). This is expected, since
copper is above the bromideionin the priority list.

-1.23

whatever
aqueous...

...At this point, in aqueous solutions, water molecules nearby the
anode are split in O, (gas), that evolves from the anode, and 4 H*
ions, that remain in the solution. Theoretically, no oxidation should
take place beyond this potential, because water should get oxidized
first. Ha hal So much for theory! Something called overpotential
makes, among others, the next two oxidations possible:

-1.36

If your anolyte has
Cl” (chloride)...

...Chlorine gas evolves.

This one sure works. The electrolysis of a concentrated NaCl solution
gives off hydrogen and chlorine. In theory, if you keep the voltage low
enough, you can get a small amount of oxygen and no chlorine. But
that may depend on the anode composition.

-1.49

If your anolyte has
Mn?* (manganous)
ion...

...M** becomes MnO4 (permanganate) ion.

| have not tested this one personally, but | read in a book a detailed
description of a laboratory procedure to obtain potassium
permanganate by electrolysis. The book seems trustworthy.

Thingsthat can happen at your cathode (where reduction takes place,
negative polein the electrolytic cell) in order of priority:

| Priority |

Stuation:

| What | think should happen:




ak.a
Reduction
Potential
in
Volts:

What was actually observed:

1.49

If your catholyte
(the solution of ions
around your
cathode) hasMnOy’
(permanganate ion)
and the solution is

..MnO4 turnsto Mn“* (manganous) and some water is formed.

acidic...
1.07 If your catholyte |...Br" (bromide) ion isformed.
has Bry (liquid | As| said before, if you apply 60Hz AC directly from the transformer
bromine)... (6V) into graphite electrodes in a sodium bromide solution, nothing
seems to happen, although bromine and hydrogen are being oxidized
and reduced 60 times per second! S, it works!
0.96 If your catholyte |...NO (Nitrogen Monoxide) gas and some extrawater are formed.
hasNOs™ nitrateion
and your solutionis
acidic...
0.90 If your catholyte |...Cl" (chloride) and OH" (hydroxide) are formed.
has CIO
(hypochlorite) ion...
0.85 If your catholyte |...Hg (metallic mercury) isformed.
has Hg®" ions...
0.80 If your catholyte |... Ag (metallic silver) isformed.
has Ag"ions...
0.77 If your catholyte |...Fe** becomes Fe*" (ferrous) ion
has Fe3* (ferric)
ions...
0.59 If your catholyte |...CIO, becomes CIO™ (hypochlorite) ion
has ClO,™ (chlorite)
ion...
0.54 If your catholyte |...lodine becomes | (iodide) ion.

has 1, (iodine)
dissolved...

As | said before, if you apply 60Hz AC directly from the transformer
(6V) into graphite electrodes in a potassium iodide solution, a yellow
color slowly develops, showing this reaction is not fully reversible.
But the fact that is a dow development shows that most iodine was
oxidized and reduced 60 times per second. So it works!

However, a practical method of turning elemental iodine into I- is
beyond my reach . | tested a solution of ethanol, iodine and MgSO4
and another with ethanol, iodine and NaCl. None seem to have any
change under low voltage, At higher voltages, hydrogen evolved but
no change in color. The anode was graphite.




0.52 If your catholyte | ...Both get reduced to metallic copper. Cu* at 0.52 priority and Cu®*
or has Cu® (cuprous) | at 0.34 priority.
0.34 or Cu®* (cupric) | Thisoneiseasy. But to get a shiny smooth deposit isan art™.
ions... As expected, when | did electrolysis using graphite electrodes in a
solution of copper sulfate and zinc chloride, only copper deposited in
the cathode (I tested it regularly dipping the electrodes in 20% HCI
where copper does not react, but zinc bubbles). Only when almost (!)
all blue tint from copper ions have gone from the solution, zinc starts
depositing. Chlorine evolved from the anode, by the way, so by
default, zinc sulfate was left in solution.
0.49 IO- (hypoiodite)... |...Becomes |- (iodide) and OH-.
0.35 ClO3 (chlorate) |... becomes ClO; (chlorite) ion
ion...
0.17 ClO4 (perchlorate)| ...becomes ClO3™ (chlorate) ion.
ion...
0.15 Sn** (stannic)... | ...becomes Sn®* stannous ion.
0.00 If your catholyte is| H2(g) isgenerated. Therefore, none of the following metal ions can
acidic and therefore| be reduced in acidic electrolyte. Which makes sense, since these
hasH" ... metals are attacked by acids. In fact, they are attacked by acids
exactly because they have a lower reducing potential then H*, but
that’ s another story.
-0.04 Fe®* (ferric) ... | metallic Fedeposits at the cathode.
No it doesn’t. At least not in my ferric chloride solution with graphite
electrodes. | could get no deposit. This could be due to the acidity of
ferric chloride solutions though.
-0.13 Pb“* (plumbous)... | metallic Pb deposits at the cathode.
-0.14 Sn“* (stannous)... | metallic Sn deposits at the cathode.
-0.23 Ni“*... metallic Ni deposits at the cathode.
-0.40 Cd-"... metallic Cd deposits at the cathode.
-0.41 Fe“* (ferrous)... |metallic Fe deposits at the cathode.
-0.74 Cr®* (chromic)... | metallic Cr deposits at the cathode.
-0.76 ... metallic Zn deposits at the cathode.
It works. The deposit from a zinc chloride solution is powdery and
dark, but it'szinc allright.
-0.83 Whatever Water by the cathode gest split in H(g) that evolvesfrom the cathode
aquoeous... and + 20H-, that remain in the solution. End of the line. No

exceptions and no reductions from here!

Aluminum ions,

Magnesium ions

and alkali metals
ions...

Forget it! Not in aqueous electrolytes! Water gets reduced first™!

5- Practical notesfor amateur experiments:




C) What can be made using aqueous electrolysis?

Electrolysiscan beinefficient and slow. Consumes|ots of electricity and takesalong
timeto producelow yieldsthat, in most cases, must be submitted to other proceduresto
isolatethe pure products. If you are hoping to make abottle of bromine or iodinein one
sunny Thursday afternoon, you will be very disappointed. On the other hand, it'ssimple
and within the reach of any amateur. It" agood option when you need just alittle bit of a
chemical; instead of buying half akilogram of an expensive, polluting and carcinogenic
salt, makealittle bit asneeded. Also, it’saway of obtaining chemicalsthat you justcan't
buy.

Saltsin general can be obtained like sulfates, chlorides, nitrates, chlorates and
perchlorates,

Hydroxides and oxides;

Metal powders and metal deposits on surfaces or purification of a metal ©;
Gases like oxygen, hydrogen and chlorine;

Bromine and lodine;

Dilute acids;

Organics like ethane, chloroform, etc.

A Small Mistake and a Learning Experience

I'n an attempt to prepare chloroform a quantity of acetone was mixed with water and
some sodium chloride. The mixture was subjected to electrolysis using a carbon
electrode and anickel electrode. Thereasonina behind the experiment was simple at the




time; (1) Electrolysis of the sodium chloride would give chlorine gas at the anode and
hydroxide at the cathode. (2) The mixture was being subjected to magnetic stirring so
most of the formed chlorine would be dissolved and reacted with the hydroxide being
produced to give a sol ution of sodium hypochlorite (the activeingredientin bleach). (3)
The formed sodium hypochlorite would react with the acetone present in a haloform
reaction (5.3c) to give the desired chloroform. This however was not what happened,
instead the nickel el ectrode went into solution asthe el ectrolysisprogressed and * salted
out’ the acetone. Thisterm is used to describe the lack of solubility of the nickel
chloridein acetone causing the water and acetone to become insoluble in one another.
Asaresult thereaction that | hoped for had ceased. ( Noticethegreen color indicative of
nickel saltsin the bottom water layer which is denser then the acetone layer above.) It
should also be noted that chlorine gas can react with acetone directly giving
chloroacetone, a potent lachrimator, which could have definatley caused me some
breathing problems if formed in decent quantities. So although the reaction sounded
good at first, there were definitely some bugsto work out beforel would beabletorunit

again.

(1) Assome have concisely stated, electroplating can be an art. Developing a uniform coating of metal of significant thit
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3.4c Non-Aqueous Electrolysis

on nearly any substrate requires technique, and a decent investment in time and effort of calibrating a standard techh

work with your equipment, providing you don't just rush out and buy a setup specifically for electroplating. Th
advanced form of thisis a process known as electroforming, whereby an object is coated with a thick mechanicall
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layer of metal, non-metal objects can be formed from wax or other materials then rendered conductive with some|k
o]

paint then electrolyzed and coated with enough metal to make them useable for machining purposes. H
electroforming in the home lab is considerably more difficult then electroplating.
When aluminum is used as an anode certain characteristics are expressed that are beyond the scope of this text, infg
relevant to this can be found using key word combinations such as “ Anodized Aluminum” or “Anodization”.

There are many places on the web covering the whole series from chloride to chlorate to perchlorate through electrol

home, searching is quite easy and rewarding, it can be done and people have succeeded in making large amqg
perchlorates in this manner, http://www.geocities.com/CapeCanaveral/Campus/5361/chlorate/chlorate.html is a nicq
start out at.

If the anode and cathode are separated even by a sheet of paper the bromine can be collected due to its density com
water. It will sink to the bottom of the apparatus and a small beaker can be placed there under water, the brom
actually collect in the beaker. For an example of the experiment look at http://www.crscientific.com/article-bromine.htn
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As stated previous, using a mercury cathode a mercury-sodium amalgam can be made containing a small amount of
metal, this however is more a curiosity as there is only a small amount of sodium, and winning it from the an
involves some dangerous manipulations such as distillation of the amalgam, that much mercury at those
temperatures can contaminate everything within alarge radius, around an entire house!

A standard procedure industrially for copper but can be applied to other metals. The metal to be refined is place]
anode where it will dissolve in the solution as electrolysis prceeds, if the metal has a fairly low reduction potentig
will also re-deposit at the cathode before other impurities in the anode will carry over, details can be found far and
the internet through simple searching: http://doccopper.tripod.com/copper/er.html

Sometimes water as a solvent just won't cut it. Rarely thisis due to the limited
solubility of acompound in water, more often then not electrolysis of asubstanceina
non-agueous environment is necessary due to the reactivity of some compound that is
being solvated or a compound being produced with the water in which it is dissolved,
thereforeexcluding it asasolvent. Usually inthese casesit is some metal that isbeing
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formed, the alkali metal s being the prime example, that would react with thewater, but it
need not always be acation that i s being reduced, shown hereisapicture of acell for the
preparation of fluorine, not only would the preparation of fluorinebeinhibited by itshigh
potential in agueous solutions, but it would react readily with water, therefore the
electrolysisof asalt, usually potassium fluorideisdonein anhydrous hydrogen fluoride.

Moissan'soriginal cell for electrochemical fluorine production.

The actual electrolysis takes place in the cell marked B. Contained within was a U-tube made of platinum
metal. The stoppers on the top were composed of shaped calcium fluoride and the anode and cathode were
both platinum. The cell ran on a mixture of potassium fluoride and hydrogen fluoride at low temperatures.
The temperature of the cell being maintained by the methyl chloride that entered the area surrounding the
U-tube. Jar C also contains methyl chloride which cooled down the resulting gasses to condense out any
hydrogen fluoride that may have made its way through. The bulbous parts ( D ) and ( E ) contain sodium
fluoride, which forms the acid salt NaF*HF when in contact with hydrogen fluoride to remove the last of
the hydrogen fluoride. The whole tubing system leading from the fluorine production area was composed
of platinuminthisoriginal setup.

When it comes to solvents available for use, the requirements are a little more
stringent then just any liquid availablethat containswater. Asamaitter of fact finding a
good non-aqueous solvent is near impossible, at |east one that has the wide range of
possibilities as water, therefore selection of asolvent is highly dependent on what you
want to accomplish, and each solvent that you have the option of using has its own
reactivates and conditionsthat it best works under that must be taken into account [Note
that the reductive or oxidative potential of anions and cations is influenced by their
solvent and therefore thetablein the previous section on agueous el ectrolysis cannot be
followed strictly for electrolysisin non-agueousmediums]. Thesolventsthat dowork for
non-aqueous el ectrolysiswell are hard to come by, and few of them are over the counter,
still, hereisabrief listing (Notethat when it comesto availability, thereferenceistothe
availability of the anhydrous substance, and of course the availability of substances
depends heavily on your country):

[Solvents highlighted in blue have some merit of being used in electrolytic procedures
beyond the curiosity stage.]

Liquid Avalilability Properties

CH3CN Acetonitrile Somewhat Not astoxic asonewould infer from the




Difficult to
Acquire

cyanide group, it is widely studied for
use as a non-agueous medium, it
dissolves a nice variety of ionic
compounds to some extent.

H2SO, (Sulfuric Acid)

Somewhat
Available

The usefulness of sulfuric acid for non-
aqueous electrolysis is limited, more
often then not, it is the reagent in a
techniqueto produce peroxysulfuricacid
or ozone.

(CH3CH,0),CO Ethyl
Carbonate

Varies Greatly

Coming into its own as a solvent in
lithiumion batteries, somewhat inert and

works well for increasing the
conductivity of asolution.
HF Hydrogen Fluoride Very Difficult to | Hydrogen fluoride is incredibly
Acquire dangerous and preparing it at home in
the anhydrous state would be
ridiculously dangerous, it finds very
limited use except as a solvent for the
preparation of high oxidation state
compounds (See Moissan’s cell at the
opening of this section).
SO, Sulfur Dioxide Somewhat Sulfur dioxide is a widely investigated
difficult to non-agqueous solvent. Itishowever agas
Acquire (Could | atroomtemperatureandisvery irritating
be made) to work with.
CH3SOCH3 Dimethyl Somewhat Displays a wide solvating ability and
Sulfoxide (DM SO) Available conductsfairly well, although somewhat
easi|y attacked by oxidizing agents, still
a good non-aqueous solvent.
NHz Ammonia Difficult to Ammoniais a gas at room temperature
Acquire (Could | so cooling is necessary to work with it.
be made) Ammonia solvates many things
including the alkali metals, it can also
produce them through electrolysis of
their salts, along with other interesting
things, such as hydrazine.
HCOOH Formic Acid Difficult to Has asignificant polar character and will
Acquire (Could | dissolve many things that water will,
be made) finds limited use in the non-aqueous
electrolysisfield.
CH3COOH Glacial Acetic Difficult to
Acid Acquire

HCON(CH3), Dimethyl
Formamide (DMF)

CsHoNO
N-Methylpyrrolidone




CsHsNO> Nitrobenzene

Difficult to
Acquire (Could

Nitrobenzeneisslightly morepolar then
most aromatics and is therefore more

be made) useful then many in electrolysis. It has
thefamousreputation of allowing for the
preparation of the alkali metals by
electrolysisof analkali halidefused with
aluminum halide. Thedownsidesof this
solvent being the acquisition of it
coupled with its toxicity.
CsHsN Pyridine Difficult to Somewhat able to dissolve ionic
Aquire compounds, the classical example of its
abilities is the preparation of lithium
metal by electrolysis of a solution of
lithium chloride in pyridine®.
(-CH2CH,CH,CH»0-) Can be acquired | THF is used in some OTC applications
Tetrahydrofuran THF and purified from| involving PV C pipe and can be purified
OTC sources. | from there. It does well in
organometallic applications because it
has a somewhat pronounced polar
character and thus works well for fun
with electrolysis.
(CH3CH,),0 Diethyl Ether Difficult to Showsonly asmall solvating ability, not
Acquire (Could | agood choice for electrolysis as many
be made) dissolved salts do not conduct.
CH3NO2 Nitromethane Difficult to
Acquire

CH3COCH3 Acetone

Widely Available

CH3CH,;NH> Ethyl Amine

Aromatics (Toluene, Xylene,
Benzene)

Widely Available

Aromatics are had to work with in that
they hardly dissolve anything considered
ionic, let alone make conductive
solutions, but things can be done®.




Electrolysisof lithium chloridein DM SO with Nickel Electrodes

(1) Although if something is solvated in an aromatic hydrocarbon it really doesn’t contain any ions, electrolysis of alu
bromide in toluene with an amine to take up the liberated bromine will give deposits of aluminum metal, see U
3,997,410 for an example. This is due to complexes generated between the aluminum and bromine giving compo

the sort Al Br4Jr which can carry the current through the solution leading to productive electrolysis.
(2 In practice this electrolysis from lithium chloride to lithium metal is very sensitive and does not give good resy
solutions are only slightly conductive aswell, facilitating the need for very large surface areas on the electrodes.

3.5 Titration

When someone saystitration the first thing that comest otheaveragepersonsmindis
determination of acid concentration. Theregular acid/basetitration to determine acid
concentration in a solution using a base or acid of known concentration is a useful and
widely known titration method. However titrations can be used to determine other
things, such as metal ion concentrationsand oxidizing power of asolution. Titrationsat
home are possible and with just one moderate investment you will be able to perform a
variety of useful titrations for some time to come.

In case you are completely new to the concept of atitration here is a complete
overview of the process. Let’'s say that you have bought some battery acid from your
local auto supply and you have no clue of what the concentration is. Reading the |abel
yourealizetheingredientsare sulfuric acid and water, no added products. So, how much
sulfuric acid do you have? In an acid basetitration you would take your acid of unknown
concentration and react it with a base of known concentration until the acid has been
completely reacted (or vice verse with abase of unknown concentration). Therearetwo
key points to consider, your standard, and your indicator.

Standard Solution




Y our base or acid that you are reacting against your unknown should be of a
known concentration, this solution of a known strength that you are basing your
calculationsoff of isknown asyour standard solution. A standard solution must either be
purchased from achemical supplier of prepared. Many liquids o ver the counter canvary
intheir acid of basic strength for one reason or another so you cannot take them at | abel
value and can therefore not use them as standard solutions. For example, the amount of
ammoniaand OTC ammonium hydroxide can vary by several percent, it evaporates, the
plant that made it had a slight variation with your batch, these things are meant for
cleaning, not for acid-basetitrations after all. So the best thing to actually start withis
usually asolid product that when dissolved inwater will yield an acid or basic solution
whose concentration can easily be calculated. The solid should be something non-
hydroscopic or at |east have aknown water content (i.e. known water of hydration) better
yet it should be dried shortly before preparing the solution if you are unsure how much
water it may contain, not at exhaustive temperatures but maybe 150 °C for afew hours,
assuming the compound will not decompose by then.

Most solidsthat you will come across are only weakly basic or acidic, for example,
sodium carbonate of sodium hydrogen sulfate. However for an acid-basereaction to be
complete and to give good results you should always titrate with at least one of the
titratrants being strong, either astrong base or strong acid. Thereforethefirst thingyou
should titrate against should be astrong acid or base, assuming for exampleyou decideto
go with sodium bicarbonate as your primary, it would be wiseto titrate it against some
over the counter hydrochloric acid, in this way you will get better results and you will
additionally have standardized a strong acid for use in standardizing other bases.

Now, to prepare your standard you are going to need a scale and agraduated cylinder
or another container that can measure liquid fairly accurately. If your scale doesn’t
measurethat accurately, i.e. no decimal placed, you might want to make alarge amount
of solutionin order to minimizetherelativeerrors. If your are desperate you canfind the
solubility of asubstance at room temperature and saturate asolution withit at 25°C then
decant off the saturated solution, thiswill contain aknown amount of your solid, however
it may deposit solid on cooling and therefore many induce error so the solution should be
used immediately to standardize a different solution. With your standard solution
prepared you are part way to the desired goal of being able to determinethe concentration
of an unknown.

Sample Standard Preparation of a Sodium Carbonate Solution

Taking your grams of sodium carbonate you would put it into a flask that is able to
measure volume exactly, avolumetricflask or if all you haveisagraduated cylinder, that
(Note, you cannot use a beaker for this, beakers can be significantly different then the
volume expected). So, lets say that you weigh out 25 grams of anhydrous sodium
carbonate and you dissolve thisin water and bring the volume up to total 250 ml. 25g
NaCO3 / 106 g/mol = .235 mol then you have 250 ml of solution which is .25 L,
dividing the mols Na,COs3 by thelitersyou get mol/L whichisM and therefore you have
your solution of known concentration, in this caseit being .94 M N&COs.




Indicators

How do you know the acid has been completely reacted. With the NaoCOs3 you can
get avery inaccurate idea of when thereaction is done by watching to see when it stops
bubbling. However the best method would be to add a chemical indicator. There are
many acid-base indicators, but for going from an acidic solution to being able to tell
when it’ s basic the quintessential indicator is phenol phthalein which would have to be
purchased, it isused in adilute solution. Inthe presence of acid or in neutral conditions
solutions containing this organic molecul e are clear, but around apH of 8 the solution
sharply turnspink. (Notethat only afew drops of indicator in dilute solution are needed).

There are naturally occurring indicators, a number of natural extracts will change
color depending on the pH of the solution and could therefore potentially be useful for
home preparations of acid-base indicators. The most famous of all of these natural
indicatorsisthe Red Cabbage Indicator™, that specific phrase pulling up many many hits
on google some specifically on the preparation of the solution. Because a color change
can berelative though it would normally be practice, when using such an indicator that
undergoes such a wide color range to use a standard solution of known acidity of
bascisity and subject the indicator to it, that way you can compare that color with the
color of your solution that you are titrating until they are equal. However for asimple
determination these small details can be ignored.

Performing the Titration

Y our equipment in this operation is a piece of glassware called aburet. Itismost
easily described asatall thin buret with astopcock on the bottom wherethe liquid comes
out. Itisfilledto aspecific level with theliquid you are titrating with and a flask
contai ning aknown amount of your unknown solution with asmall amount of indicator is
put below it. The stopcock isturned and the flask is slowly rotated to stir while the
titrating liquid enters your unknown. Oncethe color startsto become apparent in areas
the flow of thetitrating liquid should belessened and it should be added asdrops until the
liquid turnsto itsindicator color and stays that way for 30 seconds. Congratulations,
knowing the initial volume of liquid in your buret and the final you can determine the
amount of liquid of aknown concentration that it took to react with your unknown. For
example, let’ susethe .94 M N&COg3 solution | mentioned above and let’ s keep with our
sulfuric acid example.

Theinitial volume of the .94 M NaCO3 inyour buret was0.00 (They start at 0 and
increase asthey go down) and theinitial volume of sulfuric acid in abeaker beneathitis
20ml. Onyour first attempt 43.10 ml of Na,CO3 was needed to turn the indicator pink.
On your second attempt 41.2 ml was needed to do the same, and on your third attempt
41.27 ml was needed (Multipletitrations fol lowed by averaging of resultsusually gives
better results, theless accurate the lab equipment the moretitrations necessary to of f set
it). First, what isthe reaction?

N&COs(aq) + H2S04(ag) P N&SO4(ag) + H20() + COz(q)




Although the process is complicated by H,SO4 being diprotic so there are two
protons that must be neutralized and because of this complete conversion to Na,SO4
cannot be totally confirmed, it is somewhat safe to assume in this case. So the
stoichiometry is1 : 1 so the number of mols Na,COs3 used equals the number of mols
H,SO4 in solution. If this had been hydrochloric acid instead the ratio would be 1 mol
sodium carbonate to 2 mols HCI so the number of mols HCI would be doublethe number
of mols NaCOj3inthe amount of solution used. But back to the example. Herearethe
calculated molarities.

(Molarity of titrating solution) x (V olume of titrating solutionin ml) x 1/1000 (converts
volume in ml to volume in liters) = molsttitrating solution

[(molstitrating solution) x (conversion ratio [1/1 in this case])] / (volume of solution
being titrated in ml x [1/1000])

So we get:
[.94 M NaCO3x 43.1 ml x 0.001 x 1 (conversion ratio)]/(20 x .001) = 2.02 M H>S0O4
[.94 M NaCO3x 41.2ml x 0.001 x 1 (conversion ratio)]/(20 x .001) = 1.94 M H»SO,
[.94M NaCO3x41.27 ml x 0.001 x 1 (conversionratio)]/(20 x .001) = 1.94 M H,SO4

Adding them all together and dividing my three we get an average molarity of 1.96
M so bottleit and save it for later now that you know.

Some of you might be thinking now, why sodium carbonate? Well, thisisagood
choicefor theat home chemist for afew reasons 1) It isusually asomewhat pure product,
especially if heated first t o drive off excess moisture and decompose bicarbonate 2) Itis
readily available 3) Itismeasurablewithout difficulty But there are some aspectsthat
it lacks that would make it ideal:

1) Sodium bicarbonateis not astrong base and therefore cannot react completely
with an acid :

Thisisabad thing, only astrong base can completely titrate aweak acid, however
sodium bicarbonate decomposes to carbon dioxide which drives the reaction
foreword, to ensure that every last bit of CO2 has been driven out of solution
though and ensure the most accurate endpoint possi bleimmediately after acolor
change is noted that stays for more then afew seconds, it helps to heat the
solution being tested to drive off dissolved carbon dioxide which causesaslightly
acidic solution.

(1) The Red Cabbage Indicator has a wide range or colors that it changes between from a pH of 0 — 14, making it use

quite a few operations, but it is sensitive to oxidizing conditions as well as keeping it at high or low pH, also soluti
tend to break down over time but the reagents for its preparation are cheap and available, one site detailing the prej
of the indicator along with it color ranges can be found at http://chemistry.about.com/library/weekly/aa012803a.htn
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more information on acid-base chemistry.

3.6 Temperature control/Measuring

Temperature control variesin itsimportance from reaction to reaction. Two
extreme examples woul d be a nitration reaction where you are controlling the
temperature of thereaction to arangefrom 10C to 30C and at the total opposite might be
trying to make phosphorus where your temperature might be 1200C and you aretrying
for ashigh atemperature as possible. Both of these reactions posetheir own difficulties
for both measuring the temperature and controlling it.

Y our basic reactions are readily controlled with water in some form or another.
Water has ahigh specific heat and it can absorb alot of heat beforerising in temperature,
or conversely, it can hold enough heat to warm another mass significantly beforeloosing
its full heat. So acold water bath might be good for cooling, awarm/hot water bath for
heating, and ice is always good to have around just in case. However the other time
tested method of cooling mixtures even cooler are eccentric mixtures. KOH withicecan
achieve extremely low temperatures, HNO3 and ice can too. Ascanthedry ice/acetone
slurry that isoccasionally used. Even cooler mixtures can be obtained with hydrocarbon
baths with liquid nitrogen added periodically. Liquid nitrogen could even be used
directly, much lower then thisis hard to accomplish in a home lab, but the lowest
temperature coolant you will run across would be liquid helium, but | doubt you'll find
thisin any local super market.

The Cooling Effect of Winter:

Many of the peoplewho read thistext will experience someform of winter cooling and
peoplefurther south and north of the equator will experience even further cooling and
snow. Winter isagood timeto perform those exothermic reactionsthat would usually
require external cooling or precooling of the reagents, just sit them outside. Many
chemicals are also less volatile under these conditions, bromineis more friendly the
colder you get so if you were trying to make somewhat large quantities of bromine
winter would at |east make it more manageable. The preparation of chloroform from
acetone and sodium hypochlorite is aided by allowing the reagents to come to
temperature outside then mixing and cooling in a snow bank, it's cheap and it's
effective.

Thereisonelittle catch about the snow though that many people often forget, it may be
cold but it’ salso aninsulator. Wherethe snow istouching the container to be cooled it
isdoingit’sjob, but in short order if it was actually warm enough to warrant external
cooling then the snow around the vessel will melt and make aniceinsulating air pocket.
For thisreason snow is best used asaslush around the reaction vessel to be cooled with
occasional stirring, in thisway heat is conducted further away faster and there is no
insulating effect.




On the opposite side of the temperature scale you are shooting for heating. M ost
any heating you will be doing will bethe work of either electric heating, asin ahot plate,
or chemical heating in theform of combustion. Commonly electric heating conceptscan
get to 250C or so, lab grade hot plates can get even higher. But to get really high you
will haveto use combustion, lacking asuitablefurnacethatis. Thereare different kinds
of torches, and different kindsof burners, Meker burners, Bunsen burners, and more each
have their own limitations. Common butane torches can reach 700 - 800C but to get
higher the use of MAPP gas can bring you there with an appropriate torch head. Methane
isalso agood carrier of potential energy so hooking directly into your homegasline has
its advantages.

M easuring these temperatures though pose their own difficulties. Common
thermometers are fine for common temperatures, -30C - 300C can be found on many
thermometers such as candy thermometers, but beyond this on either side of the
temperature scale it becomes necessary to deviate from the norm. Bimetal thermometers
that hook into electrician tools can reach 1000C but you will have to invest in a good
probe and the thermometer itself is sensitiveto chemical attack. Therearethreedifferent
types of probes, the most common isthe K type, these can cost quite abit, and you need
to also purchase the reader to plug it into, and not all K type probes are the same, they
have different ranges, always stay within the manufacturers temperature
recommendations to prevent destroying your expensive probe. Another type of
thermometer useful for high temperatureistheinfrared thermometer. Just pointandclick
and you get an non-invasive temperature of up to 1000C for upper class models, but you
will pay high for thistoo.

The cheapest, and most easily accessible tool for high temperature measurement
availableto the amateur chemist isthe melting point of other compounds. Molten metal
baths can give an approximation of the temperature being used to keep the bath molten.
Different substances can befound to give awide variation of temperature baths, just be
wary of decomposition problems at these temperatures. These can beusedto at lest get
an estimate of the lower end of the temperature present.

3.7 Removing water from gasses/solidg/liquids with drying agents

Referring to the section on dehydrating agents and desiccants, section 4.6 you can
find alist of compoundsthat are good for removing water. Both dehydrating agents and
desiccants (which are al so known as drying agents) canbe used to remove water from a
system, however the action of dehydrating agents is strong enough that it can attack
chemical bonds (beyond any normal chemical reactions that may be associated with a
compound) and this extra reactivity should be considered. Drying achemical isa
common procedure for matter in all of itscommon forms. Thebasic premiseistofinda
compound that really likeswater, more so then the chemical you want to dry, and adding
that chemical in such an amount to tie up the water present, then removing the desired
compound from the desiccant which has since been used to remove the water. Some
chemicals hold water very strongly and their dehydration provesto bevery difficult, but
generally procedures for removing water are simple and can be generalized as such:




Removing water from asolid: The most common method to remove water from
asolidisto heat it to drive off the water or use heat in combination with vacuum. But
thisis not always be the case, and when a compound is subject to decomposition from
heating, drying agents can be areasonablething to try. The same method to keep asolid
dry can also be used to dry asolid that already contains water, the use of adesiccator. A
desiccator isjust an air tight container, with a desiccant (drying agent) at the bottom and
an area suspended above the drying agent where a solid sample can sit. Asthe sample
sitsabovethedrying agent it looses water to the environment, in which almost no water
is present, this water is then absorbed by the desiccant at the bottom. This process can
occasionally takeweeks, so patienceisakey toavery dry sample. A lessused methodis
also available to remove the water from organic compoundsinvolving dissolving in the
minimum of hot organic solvent inwhich water isinsoluble, it will then, in theory, float
to the top where it can be pipeted off and the solvent then removed by evaporation. Of
course using non-agueous environments and anhydrous reagents can ensure water does
not get into the reaction environment at all and therefore not in the product to begin with
although this can be next to impossible for some reactions.

Removing water from aliquid: Once a majority of water has been removed
from aliquid usually through careful distillationor washing afairly insolubleliquid with
asaturated salt solution, drying agents can be good for getting out that last percent. The
usual procedureistotaketheliquid and add abit of drying agent that isinsolubleinit to
theliquid. Itisthen stirred andif the drying agent at the bottom seems clumpy then more
isadded until thedrying agent isfreeflowing, like dry sand between your hands. Thatis
when most of the water has been removed. In some substances that are exceptionally
hydroscopic though this process can take quite awhile, the drying of ethanol with
anhydrous copper sulfate can take days or weeks for example. Thedrying agent in this
case does not haveto beasolid, sulfuric acid can be used to dry some solventsthat do not
react with it and are not soluble in it such as bromine and acetonitrile.

Removing water from agas. Gas drying tubes are available for plugging on the
end of distillation apparatuses. What they are is a short length of wide glass tube,
followed by a bulge that tapers down to thinner glass tube. The thinner part usually is
attached to the exit/entry point for the gassesin the apparatus by asmall length of rubber
tubing. A pieceof cottoniscrammed inthelarger part and the bulbous part filled with a
desiccant such as calcium sulfate and another piece of cotton pressed on top of that,
gasses entering the apparatus are thus treated to remove some of the water. In gas
generation removing water from the gas produced is sometimesrefered to as scrubbing
(see the section on gasses), in this case the gasis bubbled through concentrated sulfuric
acid or through a hygroscopic solid to remove water, sometimes three and four times
before the gasis ultimately consumed.

3.8 Recrystalization
When the purity of aproduct isin question and you can spare alittle bit in the quest

for amore absol ute product something can usually be worked out with recrystalization.
Thebasic principleisto pick out asolid that you want purified, say, ammonium nitrate.




Thenext stepistofind asuitable solvent for it. The solvent should possesthefollowing
properties:

1. Beabletodissolvealargequantity of the desired product when hot and have only
alow solubility when cold.
2. Not affect the product be it by causing it to decompose or react with it.
3. Beuseful under atmospheric conditions, not possess propertiesthat are affected
by heating and cooling.

Finding such asolvent isusually difficult. Many placesdo not list the solubility of a
substance in anything but water, let alone finding hot and cold solubilities of asubstance
of different solventson the same page. Assuch sometrial and error may beinvolved, or
research can help, finding out what solvent apioneer inthefield used to recrysatalize one
of your products may be a good start.

Onceyour solvent is picked out, in the case of ammonium nitrate water can be used.
Thefirst step isto heat the water to a high temperature but not quite boiling, then to
saturate the sol ution with as much of the solute as can be dissolved, if thereisstill solid
solutein the solution either it can be spooned out or more solvent can be added. Afterthe
substance is all dissolved and while still hot a quick filtration can be used to remove
insoluble materials such as glass/sand particles. Careful though, ahot saturated solution
can crystallize on acooler solid surface quickly and can plug filter paper, have something
to scrape the filter paper with handy.

After your hot solution has been quickly filtered you let it cool. Usually once a
certain temperatureisreached crystalswill automatically start to come out of solution.
However on occasion a solution may become super-saturated, i.e. the solution should
have crystalsforming but thereisnothing for themto form on, that isoneway to look at
it. Inthiscase one of two things can be done, acrystal of the original compound can be
added, thisiscalled aseed crystal, and new crystalswill grow off it. Or you can scrape
the inside rim of your container right at theliquid air interface, this agitation can cause
the growth of crystals.

Allow the solution to keep cooling but don't mechanically cool it too low, if for
exampleyou cool awater solution to near OC then most of theimpurities may crystalize
out with your intended product defeating the purpose of recrystalization. But after you
get agood crop of crystalsthenfiltrationisthelogical next step. Vacuumfiltrationisthe
best as you may be filtering off alarge quantity of solidbut gravity filtration may work
depending on your circumstances. Y our freshly grown crystals should be washed while
still in the filter with afew quantities of cold solvent to remove adhering particul ates.

Now that you have your crystalsthey may need to bedried, in adesiccator or under
high vacuum are the two normal choices, the desiccator being the most readily available
to theamateur chemist. But thisstep may not be necessary, check in achemistry book to
seeif the salt you produce is hydrated, if that isthe case heating the salt will usually be
necessary to createthe anhydrous product, if your product isdisquecent or hygroscopic a




desiccator may be agood first choice, keeping it therefor afew days may proveto bea
good move, followed by immediate storage in an air tight container to prevent the re-
entry of water.

In addition to cooling asolution to cause aprecipitate of crystalsanother solvent can
be added to the solution. In thiscasethe solubility of asolidislessin both the solvents
then it isin either one alone.

3.9 Measuring Weight and Volume

Quantitative chemistry requires one to know the amounts of reagentsthat areto be
mixed for each reaction. Measuring weight ismost easily donewith adigital scae, those
used for weighing mail are well within the price range of most chemists and more
expensive ones are available if you want to splurge. A good scale should at |east go
down to measure by the gram, but down to the first decimal placeis much better. Such
scales usually go up to one kilogram or so and therefore cover awide range of useful
measurements. However if adigital scaleisnot availableto you, thereisalwaystheold
standby of a good old-fashioned balance. Using a balance requires a set of weights or
other objects of known mass to balance against. The substitutes for a weight set are
many but need to be a series of objectsthat are of aknown massand are nearly identical
to one another, even something such as sheets of paper can work, or metallic currency,
the weight of whichisavailable with some searching onlinefor each country. Knowing
this one can make arudimentary scale and balance against a known weight of currency
and obtain the correct weight of your desired reagent. [Note that water at room
temperatureisroughly 1.0 g/ml and assuch sinceit iseasier to measure volume you can
make a counter weight in a balance scal e to the exact specification you want by adding
the correct amount of water.]

Measuring volume is considerably easier asmost grocery storescarry objectsfor just
thistask. In Americahowever volumes are measured in the system of cups, quarts, pints,
gallons, etc. Theconversionsfor these measurementsarereadily avalible onlineand with
some searchi ng, even in American supermarkets one can find measuring tool sthat have
somescaleinmilliliters. Inapinch one can use acontainer of known volume, beit apop
can or amilk jug, just for a rough approximation of the volume it contained.

4.0 Lab Reagent Types (Intro, discuss overlap, and generalization)

Rather then attempt to give you a chemical, name it, give you its properties, have
you memorize those and move on to the next one | have organized thisareato help you
learn chemical properties morereadily. Thereisabit of generalization here and some
overlap, however rather then learning the chemical then the properties, the purpose of this
isto tell you the properties then give you alist of the chemicals that posses these
properties along with a bit of relevant datafor each. Indoingthisitiseasier to gointo
deeper detail on exactly the designated title means not only under STP (Standard




Temperature and Pressure) but also under extraneous conditions that you might be
required to work with them at.

4.1 Acid / Base Theory (Aqueous Solution)

pH

“pH" ; everybody knows the term but what does it really stand for? And perhaps more
importantly what is it good for?

pH standsfor “potential of Hydrogen” (from the original German term* potenz’). Itisa
measure for the activity of hydrogen and because the activity of hydrogen inwater equals
the acidity of that water the pH effectively denotes the acidity of a solution. When
hydrogen cations (H" ions) are introduced into water they react with water to form the
hydroniumion (also referred to as the oxoniumion) which is denoted as HzO"(aq). The
hydronium ion is the ion that gives acidic solutions their acidic nature. The direct
opposite of the hydroniumionisthe hydroxideion (denoted as OH") which makeswater
alkaline. Water always contains HzO" ions and OH™ ions (hydroxide ions) but in pure
water they arein equilibrium which meansthey cancel each other out for asthe acidity of
thewater is concerned. When an acid is added to the water t he equilibrium shiftsto the
acidic end of the spectrum which means more H30" ions are present in the sol ution than
OH" ions. When abaseis added the equilibrium shiftsto the alkaline end of the spectrum
which means more OH" ionsthan H3O" ions are present in the solution. A pH from0to 7
means the solution is acidic (so more hydronium ions than hydroxide ions); apH of 7
meansthewater isneutral (there are asmany hydroxideionsasthere are hydroniumions
present in the solution) and apH from 7 to 14 means the solution is alkaline (more
hydroxide ions than hydronium ions).

The highest attainable pH at STP (standard temperature and pressure) is 14 and the

lowest attainable pH at STP is 0. When the temperature and pressure do not conform
perfectly to STP the minimum and maximum pH will vary accordingly. Thisis however
not essential knowledge for hobby-chemistsand assuch | will not gointoit any further.

Two kinds of acids and two kinds of bases.

There are two kinds of acids and bases; strong and weak. The strong versions do not
form equilibriumsin water but simply completely dissociate. The weaker versions will
form an equilibrium in water and as such they will generally not be nearly as acidic or
alkaline as the strong version.

Strong acids

In solution

Hydrochloric acid (HCI)

H30"(aq) + Cl'(a0)

Sulphuric acid (H2SO,)

H30"(ag) + HSO4 (ag)

Nitric acid (HNO3)

H30"(ag) + NOs (ag)

Perchloric acid (HCIO,)

H307"(aqg) + ClO4 (aq)

Hydroiodic acid (HI)

H30"(ag) + I"(aq)




| Hydrobromic acid (HBr) | H3O"(aq) + Br(ag)

Weak acids In solution

Ethanoic acid (Acetic acid) CoH300H(aq)

2-hydroxy-1,2,3-propanetricarboxylicacid | CsH,OH(COOH)s(aq)
(Citric acid)

H3BOs (Boric acid, aka B(OH)3 ) H3BOs(aq)
HF (Hydrofluoric acid) HF(aq)
H3PO,4 (Phosphoric acid) H3PO4(aq)

Thefirst differencethat catchesthe eyeisthefact that strong acids are denoted asfree
constituent ions and that weak acids are denoted as{ weak acid} (aq). Thisisbecausethe
strong acids always completely dissociate in water whereas the weak acids only very
partially dissociate in water.

Strong base I'n solution

KOH (Potassium hydroxide) K*(ag) + OH (aq)

NaOH (sodium hydroxide) Na'(aqg) + OH (aq)

Ca(OH), (calcium hydroxide) Ca’*(aq) + OH (a)

Ba(OH), (barium hydroxide) Ba’*(aq) + OH (ag)

Na(C,;Hs0) (sodium ethoxide) Na'(aq) + OH(aqg) + CoHsOH(aq)

Weak base In solution

K 2SO, (potassium sulfate) 2K™(aq) + OH (ag) + HSO4 (ag) €=
2K"(aq) + SO4*(aq)

K »,COs (potassium carbonate) 2K™(aq) + OH‘gaq) + HCOs (aq) €=>
2K*(aqg) + COz” (aq)

KF (potassium fuloride) K*(ag) + OH (aq) + HF(ag) €= K*(aq) +
F(a0)

NapH PO, (sodium biphosphate) Na'(aqg) + OH (aq) + H.PO4 (ag) €=>
Na'(aq) + HPO,” (ag)

NH3 (ammonia) NH4"(aq) + OH'(aq) €=> NHs(aq)

The obvious difference here is that in the case of the weak bases they are denoted as
equilibriumswhen in solution whereas the strong bases (which do not form equilibriums)
are denoted simply astheir respective constituent ionsin solution (sowith “(aq)” at the
end).

Calculations.
The pH of a solution can be cdculated as follows:
pH = -log[H30"]

please note here that [H3O"] denotes the hydronium concentration and that the addition
of the p (for potential) effectively means you take the negative logarithm of the value




without the p (in this case negative | ogarithm of the hydronium concentration). Sowhen |
take 2 moles of the*“ strong acid” HCI(g) and add enough water to make a solution of 1L
of water | will havea2M solution of hydrochloric acid. The pH of that solution would be
—og(2) =-0.30 M =-3* 10"t Which not only means the solution would be rather acidic
but also immediately showsthat the pH of asolution might berealistically expected to be
between ~ -1,5 and ~ 15,5 rather than between the limits that are predicted by therule.
Don’t worry it redly doesn’t make much of a difference when you’re using these
formulae.

An important conclusion that can be drawn from this formulais that one can easily
calculate the hydronium concentration (and as such the amount of hydrogen cationsin
solution) by means of the following calculation:

10PH

So when a solution has apH of 3,7 the[H30"] = 10 =0,0001995 = 2 * 10™* mole/L
(can also be denoted as2* 10 M).

Kaand pKa

The degree to which an acid will dissociatein water is denoted by means of itsKa. The
Kaisbasically the dissociation constant of the acid in water. Ka's can be denoted in a
simpler form by taking their negative logarithm to yield the pKa.

_ HOT]
O
pKa=-log(Ka)

These formulae can be used to cal cul ate the amount of hydrogen cations and the and the
pH of asolution of acertain strong acid. The calculationsfor abase can be performedin
the same way but using the Kb in stead and the result of the calculation would yield the
[OH] which can be transformed into the pH by means of the following formulae:

-log/[OH"] = pOH
14,00 — pOH = pH

Thisisbecause pH + pOH for a certain solution at STP must always equal 14,00. Also
the Ka of a base can be cal culated by means of the following formula:

pKa + pKb = pKw (which meansKaKb = Kw = 104
pKw = 14 (which means Kw = 104

10PKe =Ka




To calculate the pH of a solution of aweak acid (or the pH of the solution of aweak
base) the following formulae can be applied:

 HOTX]
&= T

Thisisbecause only asmall portion of theweak acid will dissociate. Y ou can calculate
by calling [X] and [H3O"] x and filling out the equation. Some simple cal culus should
yield the [H30"]. It is useful to have a calculator handy in that case because it will be
rather laborious to calculate x.

E.g. a0,1M solution of formic acid (HCOOH)
pKa=3,79 Ka=1,6* 10
[HCOOH] = 0.1

Fill out the formula, do the math and the answer will proveto be 3.9 * 10”3, (hence the
pH will be ~2,4)

4.2 Acids (Organic/I nor ganic)

The most |oose definition of acids that most people arefamiliar with definesan acid
asachemical that isableto donate ahydrogen cation to water. Indoing thisit generates
the H3O+ cation whichisthe acidic component of water. However this does not cover
every acid under every circumstance by along shot. Never theless, water isacommon
solvent and in defining an acid it is easier to use definitions governed by water then add
in the exemptions later for non agueous systems.

Common Acids

Commonly known as vinegar, this acid forms no
confirmed azeotrope with water. Itissomewhat strongin
concentrated form, dissociating to an appreciabl e extent.
Acetate saltsare usually soluble and are therefore agood
source of metal ionsin solutions, however solutionsare
slightly basic.

Acetic Acid H3COOH

Sold asasolutionin water of HCI gas, hydrochloric acid
iIsastrong mineral acid. Thecommonly availableforms
Hydrochloric Acid HCI are 20% (The azeotrope), 38% (concentrated with a
(Muratic Acid) density of 1.19 g/cm®) It will attack anything in the
reactivity series above hydrogen, most chlorides are at
least slightly soluble.

Not commonly available, which is a shame considering

Nitric Acid  HNOs how useful itis. Nitrates of metals are all soluble so it




providesagood ability to solvate a cation of your choice.
Itisastrong oxidizing acid, ableto oxidize metalsreadily
at room temperature evolving nitrogen oxides.

Sulfuric Acid H»>S0O,4

The staple acid of at home chemistry. Very difficult to
obtain in some countries but relatively easy to find in
America. Most sulfates are soluble in water although
there are some notable exceptions (CaSO,4, BaSO,4, and
PbSO,). Concentrations vary widely form common
battery acid (~30%) to additional acid anhydride dissolve
in 100% H2S04. Weakly oxidizing.

Sulfamic Acid NH2803H

Somewhat readily available and stronger then many
organic acids. It forms may highly soluble salts, in the
pureformitisasolid.

Boric Acid B(OH)3

Very weak acid. Borates are readily available in the
cleani ngindustry, dehydrateseasily to boric oxide. Boric
acid readily forms boric esters, which burn to give
beautiful colors.

Hydrofluoric Acid HF

Weak solutionsare availableover the counter for cleaning
rims of cars and such (~3%). Hydrofluoric acidisvery
toxic and highly concentrated solutions can kill very
rapidly if splashed on the skin. Asan acid thoughitis
somewhat weak compared to hydrochloric, as a pure
compound it isaliquid near room temperature.

Cyanuric Acid
HOCHC(OH)NC(OH)N*2H,0

Somewhat weak acid available for adjusting the pH of
pools.

Phosphoric Acid H3POq4

Concentrated phosphoric acid isafairly strong acid. It
readily attacks metals forming phosphates, which are on
the whole soluble in water. The more concentrated the
solution the more syrupy it isuntil it becomes a solid.
Phosphoric acid will not boil, it will continuously |oose
water even past where it is 100% dehydrating to other
forms of phosphoric acid such as pyrophosphoric acid.
Avalible for cleaning metal and for marine cleaning.

Metal Activity Series:

Time to introduce you to the metal activity series. Although important to other
chemistry conceptsit answers one question regarding acids that people ask most often.
“What will an acid dissolve?’ Below isalist of elements, towardsthe end of thelistis
hydrogen, and anything to theleft of it will dissolveto someextentinacid. Thoseinthe
lighter color to theimmediate | eft dissolve slowly-very slowly, going to the darker color
even moreto theleft wefind elementsthat will not only displace hydrogen from an acid
but will react with steam. Finally those furthest to the left will readily react with water
and their subsequent reaction with acid would only be described as intensely violent.




Thisis astandard activity series, some series will have elementsin slightly different
relation to one another but thisisthe basic order.

Li K BaCaNa (H2) CuAgHgPt Au

So you’'relooking at the list and you wonder, “What about
those elements to the right of hydrogen?” A good question,
those elements will not displace hydrogen from acid and as a
consequencethey could be considered inert in that respect. But
that would be a mistake to assume they would remaininertin
all respects. Thereisaway around thisinertness, the addition
of an oxidizing agent. Theprinciple, let’ssay for exampleyou
have a piece of copper that has some surface oxidation, now
let’ s say you put it into some hydrochloric acid, immediately
the oxidized layer dissolves off tinting the acid a green/blue
color. Pulling out the copper it looks fresh and clean, no
oxidation. So, the oxidized layer dissolved, if you were to
leave it out the oxygen in the air would re-oxidize that top layer, you could dip it back
into the hydrochloric acid, and dissolve yet more of the copper. In this case the
atmospheric oxygen is the oxidizing agent, bubbling air though HCI while dissolving
copper accomplishesthis. But another way would be to add an oxidi zing agent to your
acid, an even better way would be to have an oxidizing acid. Perchloric acid (HCIO,)
and nitric acid (HNOs) are both oxidizing agents as well as acids [Hot concentrated
H,SO, isalso an oxidizing agent], asamatter of fact nitric acid almost always functions
asan oxidizing agent unless coupled with avery reactive metal, magnesium will actually
liberate hydrogen for thefirst few seconds of reacting with nitric acid but after that it will
be preferably oxidized first. Oxidizing acidswill not dissolve some elementsthat have
insoluble oxides, the formation of the oxideformsaprotectivelayer pacifying the metal
to further attack, a good example is aluminum in concentrated HNO3, also tin can be
pacified in thisway under some conditions.

e

Oxidizing Acids

By being an oxidizing agent the acid must simultaneously be reduced in the reaction.
Thereforewhen copper is subjected to the action of nitric acid copper isoxidized and
the nitrate anion is reduced to any of a number of nitric oxides depending on the
conditions under which the oxidation took place. Here are some examples of the
reactions of nitric acid:

2HNO3z(ag) + Mg P Mg(NO3)a(ag) + Hag)
Rarely occurs, only happensinitially with magnesium or even more reactive metals
[Na, K, Li, etc.], not important.

3CU(5) + 8HNO3(aq) =} 3CU(NO3)2(aq) + 4H20(|) + 2N O(g)
Thisisan example of nitric acid acting as an oxidizing agent when dilute.




CU(S) + 4H NO3(aq) b CU(NO3)2(aq) + 2H20(|) + 2N02(g)

Thisis an example of nitric acid acting as an oxidizing agent when concentrated.
Noticetheratio of nitric acid molecul esreacting with copper compared to the dilute
reaction above. [Note, a picture of thisreaction is shown in the picturein the
preceding section]

P4(5) + 20HNO3(aq) p 4H3PO4(aq) + 20N O(g) +4 H20(|)
Concentrated nitric acid can al so oxidize elements such as phosphorus, silicon, sulfur,
and occasionally carbon, especially when heated.

Fe(s) + 6HNO3(aq) b Fe(N03)3(aq) + 3 H20(|) + 3N02(g)
When metal s capabl e of multiple oxidation states are dissol ved in concentrated nitric
acid they will usually take the highest normal oxidation state, in this case iron
becomes +3 in preference to +2.

Similarly, when copper or mercury, some of the more reactive of the metals that
follow hydrogen in the activity series, come into contact with hot concentrated
sulfuric acid they can be oxidized and the sulfuric acid reduced.

CU(S) + 2H2804(|) b 2H20(|) + SOz(g) + CUSO4(aq)
Perchloric acid isencountered to aconsiderably |essened extent in thelaboratory, it

has anasty reputation for exploding for no reason, generating out of control reactions,
creating fire hazards, and making unstable salts.

Another thing to consider when pondering weather ametal will dissolveinanacidis
weather the salt formed would be soluble. One would not logically think that silver
would dissolvein hydrochloric acid independent of itsunreactivity simply based on the
fact that thesilver chloridethusformedistotally insoluble. Even apiece of barium metd
tossed in H2SO4 may become pacified which is an amazing thing considering it would
react very rapidly withwater. Oxidizing ability asidethereisanother method to measure
the strength of an acid, the pH scale and the pKa scale, which were discussed in the
opening section.

4.3 Bases




As shown in the above picture bases can rapidly attack some metals just as acids
can. To theleft in the above picture some aluminum turnings have been placed into a
weak potassium hydroxide solution, to the right aweak acid solution is al so attacking a

similar amount of aluminum.

Hydroxides can attack anumber of metal s, especially when

hot and concentrated, however the reactivity shown with aluminum, zinc, and magnesium
can be considered special cases for the common metals.

Common Bases

Sodium Hydroxide NaOH

Avalible over the counter aslye, sodium hydroxide serves
the purpose of being the no-nonsense base, addition of
sodium hydroxide to an aqueous solution automatically
increasesthe hydroxideion concentration and bringsonly
the sodium cation along with it.

Sodium Carbonate NapCO3

Sodium carbonate is available as “Washing soda” it is
usually the decahydrate (* 10H20) but that does not
interfere with calculations aslong asit is accounted for.
Bewary of other impuritiesthough. Sodium carbonateisa
great base because the reaction with acidic componentsis
driven foreword strongly by the loss of carbon dioxide
from solution.

Sodium Bicarbonate NaHCO3

L ess basic in solution then sodium carbonate butstill able
to neutralize acidswell. It issafer ontheskinandis
therefore the choice base to have laying around in case of
an acid spill.

Ammonia NH,OH

Ammonia gas can simply be bubbled into solution to
increaseits pH. That isagreat advantage to ammonia.
Also it can be forced from solution after its purpose has
been served, the aasitself will react with acidsevenif they




are not agueous either.

Trisodium Phosphate NagPO4

Basic in water solution due to the equilibrium present
between the phosphate anion and the hydrogen phosphate
anion and the dihydrogen phosphate anion which take up
hydrogen from the water and therefore leave hydroxide
anions. Thisbaseisavailableasprillsfor astripping agent
in painting.

™

4.4 Oxidizing Agents

The caseto theleft showsthe effect of hydrobromic
acid on hydrogen peroxide. Whereas acidic peroxide
solutions are one of the possible oxidizing agentsthat one
can pick from, using hydrobromic acid/H202 solutionsis
not advisable. The hydrobromic acid will act asacatalyst
to decomposethe H202 resulting in lessened yields, and
in addition, the oxidation potential of the mix isenough to
oxidize Br- anionsto elemental bromine. Thisisclearly
shown, initially the H202 and the HBr solutions were
clear, when mixed they immediately turned yellow, and
upon standing for a minute or so the mix was a deep red
with bromine vapors clearly stagnant aboveit. Just goes

to show you that you need to consider even the smaller things when attempting oxidation

reactions.

Common oxidizing agents

Solid, white powder, non-hygroscopic, very slightly

Potassium Perchlorate KCIO4 [solublein water, usually has to be bought from a

pyrotechnics supplier or made via electrolysis.

Sodium Nitrate NaNO;

White powder solublein water, hygroscopic, slightly
saline/bitter taste (don't tasteit!). Acid solutionswill
attack noble metals such as copper. Occasionally
available during the summer months as fertilizer.




Nitric Acid HNO3

Clear - Yellow/Green liquid. Availablein various
concentrations, >70% show remarkable oxidizing
capabilities, lower concentrations available over the
counter for hydroponics.

Hydrogen Peroxide H»0;

Clear liquid, available in various concentrations from
2% to 99% sol utions greater then 50% should be
treated with care as combination with many things can
cause them to explode. Greatly attacks tissue.

Potassium Dichromate K,Cr,0O7

Bright orange solid, soluble in water. Solutions of
potassium dichromate with sulfuric acid were once one
of the most routine things to clean lab glass with.
Potassium dichromate is considered carcinogenic.

Sodium Hypochlorite NaClO

Clear-Y ellow/Green liquid strong chlorinetype smell.
Surprisingly good widely available oxidizing agent.
Considerably more powerful in concentrations greater
then 12.5% and especially when hot.

Sodium Chlorate NaClOs

White solid available as aweed killer in some areas.
Toxic and hygroscopic it has powerful oxidizing
powersasasolid, when heated onitsown it undergoes
self oxidation-reduction to perchlorate and chloride.

Potassium Permanganate KMnQO4

Bright purple solid possessing great oxidizing ability as
asolid andin either basic or acidic solution. Found as|
atreatment for water in areaswhereironisaproblem.

Aqueous Oxidations:

Hydrogen Peroxide Solutions

H,SO,  H,S0,/H,0,

Shown above is an attempt to dissolve nickel metal under various conditions.
Although not totally apparent the HCI solution and the H2SO4 solution showed little
attack. The HCI/H202 solution did show some attack. However it was the




H2S04/H202 solution that showed incredibleresults. Asyou can seethe entiretop of
the nickel in the test tube to the far right has eroded to a point. In addition the whole
bottom of the test tubeis full of nickel (Il) sulfate crystals. The mix of H202 with
H2S04 also looksentirely different from just H2SO4 acting al one, seeninthe second to
left picture, acloudy mixture formed in that instance unlike the superb green mixture
formed from H2SO4 reacting in tandem with H202. The reason for thisis H202
increasesthe process by oxidizing the noble metal, oncethe surfaceisoxidized the oxide
dissolvesintheacid, and onceit dissolvesin the acid the H202 can oxidize the surface

again.

4.4a Molten Salt Oxidations/ Solid State Oxidations:

With molten salt oxidations one can force metal s into oxidation states that would be
very difficult to achieve in the agueous phase and would be considerably less stable if
formed inthat way aswell. Theactual chemistry of such oxidationsisusually complex
but there are only two simple needsto perform most of these oxidations, an alkali metal
hydroxide, and an oxidizing agent usually an alkali metal nitrate where the gaseous
visages of the oxidizing anion might readily leave the melt and the remaining cation will
not interfere. Several reactions go on in such melts, but mixturesinvolving potassium
hydroxide make a good example:

2KOH U H20 + K>,0
4KOH + 30, U 4KO, + 2H,0

Now, peroxides and superoxides are strong oxidizing agentsin their own right, but
the oxide anion O% isincredibly basic as is the superoxide O™V (note that potassium
peroxideisfairly unstable, and does not exist appreciably in the molten state). The
oxidizing agent in the melt, usually something like potassium nitrate helpsto drivethis
equilibrium, acting asavery convenient source of oxygen. At thesetemperaturesthings
like potassium nitrate are very reactive, acotton glove for instance, coming into contact




with molten KNOs will burst into flames, but at room temperature KNOs3 could besafely
handled with ones bare hands. All in all, the very basic electron rich environment can
best stabilize a number of high oxidation state compounds, which can then be used in
further chemical endeavors.

The melts used for these oxidations are fairly corrosive; vessels of nickel, platinum,
andsilver arebest. Glassisout of the question, asthe strong bases present will attack it.
However for the roughest oxidations, disposable vessel s of steel or commonly available
pipefittings can work. Thesewill contaminate products obtained but compoundsformed
under these conditions are not going to be very pure anyways. Hereare afew examples
of high oxidation state compounds that can be made by these methods:

Ferrate[FeO,]% : Ferrateswill decompose almost instantly if in acid solution, quickly in
neutral solutions, and slower in basic solutions. Kept free of moisture and stored without
accessto air, ferrates will keep for several weeks or months. They are made by fusing
ferric oxidewith KOH and an oxidizing agent and are purple/red in color. Ferratescan
be precipitated from an agueous solution as the slightly soluble barium salt or by
concentrated potassium hydroxide solution.

Bismuthate [BiO3] ;. Bismuthate as with many other high power oxidizing agentsis
available from chemical suppliers usually only as a purity of 85% or so, further
refinement being unnecessary due to some of the brute force type oxidations donewithit.
Out of these four thisisthe second most commercially available oxidizer listed. It can
oxidize manganeseionsin solution to permanganate and is usually found for sale asthe
sodium salt. It can be prepared by fusing bismuth trioxide with potassium hydroxide as
long as the mix is exposed to air.

Chromate [CrO4]% : Thisisthe most widely available oxidizer listed here. Chromates
aretoxic and should be handled with care. They are also the weakest oxidizer onthislist.
They are usually formed by fusing chromium (111) oxide, acidification of a solution of
chromate will lead to the formation of dichromate which will usually precipitateif the
concentration is high enough and the temperature lowered afterward, dichromates being
more useful then chromates. Industrially this processis used to make dichromate by
fusing chromite ore (FeCr,0,4) with potassium hydroxidein the presence of oxygen, after
oxidation the mixtureisdissolved in water and acidified, the chromate being converted to
dichromate and the ferrate going to soluble Fe3*.

Manganate [MnO,]* : Manganates are green in color and the product of fusing
manganese dioxide. They arefairly unstable and upon addition to water and acidification
yield asolution of permanganate. Subsequent filtering and crystallization allowing for
the production of permanganate at home, which is useful as well.

When an oxidation is completed there are two courses of action, if the product is
stable to the atmosphere it can be poured onto a sheet of steel and allowed to cool
quickly, then broken with a hammer and stored. However if it isnot then it must be
covered inthe crucible while covered and once cool ed chipped out and stored. In either




casethese meltsarevery strong oxidizing agents and must never comeinto contact with
anything organic or flammable. In addition these melts can NEVER be poured directly
into water whilein the molten state asthey can very often explode. Temperature control
isnot amajor issue with most molten oxidations but things should still never be heated
too strongly, molten oxidationswork best in the range from 375— 550 °Cand theamount
of timeto hold the reactantsthere depends strongly on what you aretrying to oxidize and
the amount you have in the mixture. If you desire to produce an oxidizing agent that is
very unstable at high temperatures considering an eutectic mixture can help greatly, a
50/50 mixture of NaOH/KOH has a significantly lower melting point then either
component alone.

Aside from the inherent risks of holding oxidizing mixtures at high temperatures, the
use of nitrates can lead to the formation of nitrogen oxides which are extreme hazards
therefore the actual heating step should be preformed while you are not in the company
of thereaction vessel. Additionally the subsequent dissol ution and acidification of some
of these mixtures can also |ead to nitrogen oxidereleaseif the reaction yielded alarge
amount of nitrites as can often be the case. Not to mention that the oxidation reactions
also havethe possibility of going awry, if excessivefrothing or sparksstart to comefrom
areaction mixture that is your key to exit the area. One final note, chlorates and
perchlorates can be used for these oxidation reactions, however acidification of asolution
of chlorate canyield explosive quantities of chlorine dioxide and additionally the reaction
itself can run away in the presence of certain metal oxides.

4.5 Reducing Agents

The most common class of reducing agents one runs across are usually the active
metals. In pyrotechnics aluminum, magnesium, and occasionally zinc are used with
strong oxidizing agents such as perchlorates and nitratesto give spectacular exothermic
reactions. However on a more controlled level these metals can also be used to give
reliablereactionseven in reactionsinvolving aqueousreactants. Additionally therearea
number of organic reducing agents which are most popular in the field of organic
chemicstry. Both organic and strictly inorganic reducing agents are of great utility inthe
chemistry lab however they are more difficult to obtain then oxidizing agents in most
cases and in the case of the metals, usually difficult to get into aworkable form.

Reducing Agent Source Example of Use
Aluminum Al Pyro suppliers, scrap yards, foil | Powdered aluminum is a powerful
solid state reducing agent (Thermite
reactions), it can also work to
reduce cationsin the agueous phase
and can be amalgamated with
mercury for organic reductions.
Magnesium Mg Scrap yards, camping suppliers | Powdered magnesium is a stronger
(firestarter), pyro suppliers, cell | reducing agent then aluminum, it
phone pieces and in some other | reacts slowly with water reducing it.
high end applications (bike Magnesium can reduce a number of




frames etc.)

inorganic compounds such as
NaOH works in thermite type
reactions.

Hydrogen H2

Reaction of astrong mineral acid
with an active metal (aluminum,
magnesium, iron)

Reductions with hydrogen gas
usually take place at elevated
temperatures when concerning
inorganics and under high pressures
with organics, it is very useful but
difficult for an amateur to use.

Lithium Li Purchased from a chemical Lithium metal findsuse either alone
supplier, some batteries contain | or in compoundsfor the reductions
lithium, home electrolysisin of organic compounds, lithium
non-agqueous medium or of dissolved in ammonia or n-butyl
electrolysis of lithium lithium being incredibly strong
chloride/bromide eutectic. organic reducers.

Sodium Na Purchased from chemical Considering the high reactivity for
supplier, made at home via each of these they find little

Potassium K electrolysisor reduction of salts. | practical usein but are occasionally

called upon. A liquid eutecticis
formed between these two elements
with is unbelievably reactive.

Carbon C Graphite, sugar carbon (formed | Carbon is an excellent reductant
by heating sugar till it however its use requires very high
decomposes), coal, charcoal (>900C) temperatures.

Sulfite SOz~ Some OTC sources, bubbling Sulfitesare oxidized to sulfates and

sulfur dioxide into basified
water.

in the process function as weak
reducing agents.

Citric (Ascorbic) acid
C6H807*H20

Vitamin C tablets, sold as citric
acid for flavoring, extracted from
lemon juice

Weak aqueous reducing agent,
works better at higher temperatures,
good for making metal powders of
somewhat nobel metals (e.g.,
nickel, chromium, silver, etc.)

Runaways can happen with reductions as well as oxidations.




Chemistry can be fun and educating in many ways but one should alwaysremember to
be careful. Sometimesonejust forgetsto do the background work first, before moving to
do the actual experiment.. That happened to me some time ago.

| had previously prepared few moles of nitrotoluene and planned to reduce someof it to
toluidines. So, | remembered the standard Sn and Fe reductions of aromatic nitro
compounds with HCI and did a few cal culations on the amounts of reactants required.
Ended up using 1mol of nitrotoluene and the appropriate amounts of 40 micron,
hydrogen reduced Fe powder and 37% agqueous HCI. The nitrotoluene was mixed well
with the Fe powder and alittle distilled water in a500ml erlenmeyer flask. | was first
going to use a magnetic stirrer to efficiently keep the iron powder suspended but
remembered that iron ismagnetic, luckily before | dumped in the stirbar.. HCI was put
into an addition funnel and was added drop by drop to the mixture, which | swirled
continuously. | expected afast temperature rise but there was none. HCI addition was
continued abit faster and then thetemp finally started to rise. Stopped the addition for a
moment and swirled strongly. After continuing the addition the temp didn't rise much
more so | decided that I'd add half of the remaining HCI now and the rest after ten
minutes or so. That wasbig mistake. Soon thetemp started torisefast. | swirled theflask
asstrongly as | could but it didn't seem to help. | took the thermometer off asit was
nearing the limit (100C). | put the flask in to an ice bath and swirled vigorously. The
flask started to feel _very hot at that time and | was ready to dump it in the bath, but |
wastoo late. Suddenly the mix started to boil and shoot itself out of theflask. | had tolet
go off the flask as it was so hot and then the reaction got so vigorousthat it shot all the
remaining liquid out in ageyser like fashion on thefloor. I quickly took abottle of water
and poured itinand over theflask. After | had the reaction tamed | decided to go outside
and take the annovina aasmask off for awhile. | immediatelv smelled the sliahtlv




irritating smell of nitrotoluene and realised that all the reaction mixture had probably
boiled out of the flask with the steam.. The whole neighbourhood smelled of nitrotoluene
for afew hours, asit wasn't windy. The flask seemed ruined but | got it eventually
cleaned with some HCI and sodium ethoxide solution. The worst part was cleaning the
mixture off the coarse concrete floor.. And the smell stayed for agesin my lab.

That certainly thought me alesson to always find about different reactions and the
possible mistakes that could be made during it. And not to start doing a new reaction
with that much material. Starting from mill molesis much more recommended to get a
feel for the reaction, before scaling up!

4.6 Dehydrating Agents Desiccants

Hydrate
Anhydrous

In the case of the above picture nickel chloride is shown. The kernel on the right
being an anhydrous lump, and the green solution on the left being the same amount
solvated inwater. Thisisjust one example of ahygroscopic salt that changes color when
hydrated. Mind you, by being hygroscopic, asaltisnot at the same time disquecent. A
disquencent salt will pull enough water from the air to put itself into a solution, an
examplebeing NaOH or CaCl 2, asalt that ishygroscopic, but not disquecent, will forma
stable solid hydrate that is more easily handled. Another example of acolor changing
salt that formsastable hydrateis copper sulfate, which is colorless when anhydrous but
turns blue when its water removing capacity has been used up, it can be reactivated for
use by heating for an extended period of time.

The main use of desiccantsisto removewater, usually from aliquid or gasto render
that liquid or gas largely free of water in reactions where water might inhibit adesired
reaction, interfere with areaction, or cause extraneous byproducts. Drying agents can
formvery strong bondsto water, strong enough to take water from achemical bond, such
asthereaction between concentrated sulfuric acid and sugar, wherethe sulfuric acid will




remove the water from the molecule CgH1,0¢ leaving behind just carbon in avery
pleasing visual display, phosphorus pentoxide, and hot NaOH are the only other drying
agents on thislist that posses this strength of drying power, agents of this type are
referred to as dehydrating agents.

Chemical Name /Formula
/Formula of hydrate

Form of
anhydride /

Form of hydrate

Details on Agent

Sulfuric Acid H>SO,

H2SO4* XH20

Dehydrating
Acid

Heavy Liquid

Heavy liquid, dehydraing action most
apparent at high concentrations 90%f+,
concentrations higher are possible by
dissolving the acid anhydride (SOs3) in
concentrated H,SO,4, such solutions (called
oleum) possess additional dehydrating
strength, but remains liquid, will dehydrate
sugar to carbon. Great for drying liquids.

Phosphorus Pentoxide P>Os

H3PO4 or H3PO3

Solid/Powder
(becoming
plastic
like/liquid)

Dehydrating
Agent

Solid/Powder formed by burning phosphorus
in air. Disquecent, pulling water from air
making a crust on the surface forming
differing phosphor acids, phosphinic acid,
phosphoric acid, etc. Very strong
dehydrating agent, forms NOs from
concentrated HNOs.

Magnesium Sulfate MgSO,4

MgSO4* 7H,0

Drying Agent
Solid

Forms stable
hydrate

White powder, commercially t he heptahydate
*7H,0 is available, however this can be
dehydrated in an oven maxed out for a few
hours. There is no color change upon
hydration or dehydration. MgSO, is cheap
and decent for drying some gasses and liquids;
however its action is not very strong. The
hydrated salt is a solid.

Calcium Chloride CaCl»

CaCl,* 2H,0 (But will go further)

Drying Agent

Solid
(anhydrous)
Liquid
(hydrated)

CaCl, iswidely available for use as deicing
or as adrying agent for use in basements. It
comesintheform of solid prillsthat will suck
moisture from the air until they turn into a
puddle. The drying action of this solid is
similar to anhydrous MgSO, but the liquid
hydrated state may run back into reactions.

Copper Sulfate CuSO4

CuSO4* 5H,0

Drying Agent

Solid
(Colorless)

Green/Blue

Widely available for killing roots in sewer
lines or preparable by dissolving copper in
hot sulfuric acid, it can be made anhydrous by
heating. Solid that changes color when its
drying action is used up. Good for dying
alcohols and such, action is stronger then




when hydrated

CaCl, or MgSO4 and it isregenerateable over
high heat.

Calcium Sulfate CaSO,4

CaS04* 2H,0

Drying Agent
Solid White

Forms a stable
hydrate

Available over the counter as the semi-
hydrated ‘Plaster of Paris' or as drywall,
which is the dihydrate. Made anhydrous by
heating is possesses decent drying abilities
but itsready availability and low cost makeit
somewhat desirable, color changing versions;
are available from chemical supply
companies.

Magnesium Perchl orate
Mg(ClO4)>

Mg(ClQO4)2* 6H,0

Drying Agent

Solid but liquid
when hydrated

One of the kings of the drying agent world,
magnesi um perchlorate possesses exceptional
drying ability. However it can explode when
exposed to solvent vapors or intense heat and
therefore it has fallen into disuse,
concentrated sulfuric acid or phosphorus
pentoxide often substituted for it.

Sodium Hydroxide NaOH

NaOH*xH>0

Dehydrating
Agent

Solid but liquid
when hydrated

Available over the counter, store bought
NaOH contains some impurities and is of a
variable composition of sodium oxide and
water. Itisagood drying agent for taking the
last bit of water out of liquidsin whichitis
insoluble but does not have the ability to dry
large amounts well, just small amounts of a
liquid/solid/gas thoroughly.

Calcium Oxide CaO

Ca(OH)2

Drying Agent

Solid forming a
stable hydrate

Widely availablefor adjusting the pH of soil,
the calcium hydroxide thus formed is only
slightly soluble, although regenerateable
through heating it is more often then not

simply used once.

The activity of a dehydrating agent, the ability of it to pull water from its
surroundingsis not usually something to be directly gauged, but thereis a great
difference in each drying agents ability to pull water and trap it. For example, sulfuric
acid when concentrated will char wood and turn sugar to coal. Whereas calcium chloride
will do neither. These aspects can make a great difference in their usage and what
reaction they may be unsuited for.




4.7 Poisonous Reagents

A poisonous reagent might be easily classified as a chemical that requires only
minimal unintentional contact to cause adverse effects. Such adefinitionisbetter suited
for thisclassthen simply achemical that can cause harm, after all, thereisalethal dose
for table salt and alcohol, so it isbetter to only classify those chemicalsthat could easily
cause harm to oneself thought an accident as poisonous. From here poisonous chemicals
are further divided into two categories, not independent from one another. Those
chemicals that are cumulative poisons, and those that are not.

A cumulative poison is a poison whose presence in the body is not immediately
eliminated and it accumulatesin the system, i.e., it would be easy for aperson to takein
more of this poison, however infrequently, then their body will expel. This can be
referred to asthe half-life of asubstance. Examplesof cumulative poisonsare lead salts,
fluoride, radioactive strontium, and others. Cumulative poisons can also have almost no
half lifein the body, but areinstead cumulativein the effectsthey cause, long term lung
damage can result frominhalation of even minute amounts of some chemicalsand upon
repeated exposures that damage might become severe enough to cause emphysema or
other conditions.

One mistake people take into account when handing a potentially poisonous
substance and assessing itslethality isto consider the time frame over whichitislethal.
Poisonsthat can kill in minutes such as hydrogen sulfide and hydrogen cyanide are often
viewed with considerable more trepidation then other gasses|like nitrogen dioxide, simply
because nitrogen dioxide may not kill instantly. It still carieswith it significant danger,
all three of them do, and it isnot amatter of will it kill you instantly or eight hoursfrom
now, it’s amatter of if the chemical you are dealing with is dangerous and taking the
necessary precautionsto ensure that should an accident happen the least harmwill befall
you. A poisonisapoison, and aside from physical differencesthey should all betreated
with the same careful consideration.

Let’ s say, for example you have dissolved silver in excess nitric acid and currently
have the beaker sitting in the middle of an open table. Now, you have chosen to
precipitate the silver and simultaneously neutralize the excess nitric acid with sodium
carbonate. Y ou make your carbonate into an aqueous solution and add it drop wise
slowly to avoid excess spattering. The next day you wake up from arestful sleep to find
that your arms are covered with tiny black dots, and so isyour face. Invisible drops of




silver chloride solution were thrown from the beaker, carried by the wind, and otherwise
deposited on your person. Had that been ahighly toxic chemical you actually may have
been beginning to feel the effects, asimilar neutralization of abarium salt solutionwith
excess carbonate may well make you sick within afew hours.

Always pay careful attention to chemicalsthat you work with that may be poisonous.
And do not use them unless you feel you have to. Vapors can travel surprisingly far,
heating poisonous solids may release similar vapors, some reactions may cause the
breakdown of chemicalsinto more poisonous alternatives. Thebest waysto deal witha
poisonous substance depends on its current form.

My poisonous substance is aliquid or isin solution:

If your substance isin water, its poisonous ability is slightly lessened, water has a
weak ability to penetrate, chemicalsthat do however arelipophilic. Examplesare carbon
tetrachloride, DM SO, ethanol, ether, poisons solvated in these pose agreater hazard then
those chemicals alone usually. However, should your substance be aliquid that is
comprised of heavy metals directly bonded to carbon, organo-metiallic compounds, |
cannot stress enough the danger involved, these will give heavy metals the most direct
path into your body and straight to your brain. Wear glovesand don’t cause thesolution
to foam, avoid heating of solutionsthat contain liquid poisonsunlessthey are completely
enclosed within a glassware setup.

My poisonous substance is a solid:

Aslong asthe substanceistotally dry, if it gets on your skin it can be gingerly wiped
off and the area afterward washed with copious amounts of water. Always be careful of
handling poisonous solids like cyanides in windy areas or using heavily powdered
derivatives which may take flight even without the presence of wind. Keep track of
weighing paper and such that comesinto contact with your substance and be sure to use
powder funnelsfor the transfer to keep it off the lips of containers.

My poisonous substance is a gas:

The most dangerous form of a poisonous substance. A gas mask isrecommended
should you have access to cartridges that effectively filter out the gas. Look to the
section on gasses (4.10) for further information. Remember that evenif your mask filters
the dangerous component your neighborswill have tolivewithout amask and are at risk
aswell. Always consider your environment in these reactions. Notethat not all gasses
have smellstoindicatetheir presence and they can be generated in large amounts should
aliquid solution containing them is heated.

4.8 Solvents

Common Solvents:




Specific Solvents. (Red = Flammable; Blue = Non-Flammable; Green = Burnswith difficulty)

Density of the solvent is listed immediately following the solvent formula.

Oxogenated Solvents

Acetone Ethyl Ether

Water H20: [1.0 gml] Thisisit, your acein the hole. Water is by far the most useful,
cheap, and widely available solvent you have. Known as the universal solvent, water
also has the very convenient liquid range from 0 °C to 100 °C, it has a few somewhat
painful points that become apparent when trying to remove waters of hydration or
working with hygroscopic materials but the good definitely outweighs the bad. Water
will solvate most ionic compounds, asthe saying goes, like dissolveslike. Other solvents
with properties similar to water include hydrazine and DMF but these are somewhat |ess
available and considerably more dangerous.

Water also hasthe advantage of being non-flammable, and noticeably inert to attack. The
preparation of water in alaboratory settingissimpleand if it were not so widely avalabdle
it would be a easy task, the combustion of hydrogen in oxygen, some acid base
combinationsreact to produce a quantity of water, and thermal decomposition of weak
hydroxides. Water isalso relatively easy to purify from general inorganic contaminates,
simply by distillation. However when it comes to organics a number of solventsform
azeotropes with water that must be broken before the two solvents can be effectively
separated.

Tap water can work for most reactions but it is better to used distilled water, it is
available at most grocery stores and pharmacies for a reasonable price.

Diethyl Ether CH3CH20CH2CH3: [0.71 gml] The good: Ether isfairly inert, solvates
anice variety of compounds, has alow boiling point (34.5 °C) and avery low freezing
point (-116.2 °C) soyou candriveit off completed reactions, ether was used extensively
in chemistry until recently so reactionsusing it can be copied exactly, plusit can be made




withrelativeease. Thebad: Ether ishighly flammable, it can form unstable peroxidesin
contact with oxygen and if the ether is boiled down containing a high peroxide
concentration it can explode. Diethyl ether iscommonly referred to simply asether or
ethyl ether, if something mentions using ether thisisthe ether it means[Notethereisalso
asolvent referred to as petroleum ether, thisis not the samething.]. The preparation of
ether fallsinto the advanced chemistry category, not in principle, but in practice:

CH3CH20H =[H 2S04 (concentrated)|P  CH3CH,OCH,>CH3 + H,0

So, ethanol heated with concentrated sulfuric acid gives ether and water. The sulfuric
acidisnecessary, not just acatalyst, itsaffinity for water isone of thedriving forces of
thisreaction, the ethanol isadded to the hot acid, which iswell beyond the boiling point
of the ethanol, the ether being distilled asitisformed. The manufacture of ether at home
is atradeoff with safety and privacy, ether is a somewhat watched chemical in many
places and ordering it form a supplier (assuming you find a chemical supplier that is
willing to sell it) may set up red flags which could lead authorities to assume you are
manufacturingillicit chemicalsat your home, but on the saf ety aspect, lacking the proper
glasswarethis procedureisexceptionally dangerous, even with the proper glasswarethere
isadegreeof danger. Luckily thereisusually asubstitutable solvent for ether depending
on thereaction, still, it isauseful solvent.

Acetone CH3COCH3: [0.79 gmi] One good use for acetone is the cleani ng of labware.
It acts as an in-between solvent, grease that may not come off with water can be
pretreated with acetone to removethe bulk of the grease, then washed clean with water,
acetone being solublein water and abl e to solvate many non-polar molecules. Itisalso
good for this purpose for the reason that it has a high vapor pressure, once a piece of
glassware is washed with acetone the film left dries out quickly and the glassware is
ready for use. Acetone also finds a place as a reactant, and solvent mediumwith alow
melting point of -94.3 °C and a boiling point of 56.2 °C it is more reactive then many
other solventsthough. Itisflammable and subject to chlorination, polymerization, and
the hal of orm reaction among others. Preparation of acetone on ahome scalecan bedone
from the pyrolysis of calcium acetate, but is not necessary, it isavailable in many over
the counter productsfor removing paint from fingernails and additionally asasolvent in
hardware stores, most of these products labeled pure or 100% acetone. Methyl-Ethyl
ketone sold under the acronym MEK is another ketone available on the market, it's
propertiesaresimilar to acetoneand it will also undergo the haloform reaction. Itissold
for stripping paint.

Methanol CH30H: [0.79 gml] If something issolubleinwater, itisalso usually soluble,
to alesser extent, in methanol. From methanol formaldehyde and formic acid can be
made, and there are other reactionsin which it can readily participate. Methanol is
flammable but not incredibly so and is somewhat widely available for a number of
purposes, gas line defroster, hardware store solvent, and windshield washer fluid. Asa
reaction medium it suffices for some reactions, it has a boiling point of 64.5°Cand a
freezing point of -97.8 °C, for many reactions though there are better mediums to
conduct them. The addition of methanol or ethanol to saturated inorganic solutionsin




water usually results in the precipitation of some or nearly all of the solvated salt.
Overall thoughitisagood reagent to havelaying around. Consumption of methanol can
result in blindness and should be avoided. Itisnot particularly hazardous asan inhalation
hazard or contact hazard but precautions should still be taken.

Ethanol CH3CH20H: [0.82 gmI] The properties of ethanol are similar to those of
methanol, the boiling point and freezing point are shifted further up scale but other then
that they behave closely to one another. Ethanol and methanol arevery difficult to make
anhydrous, ethanol forms an azeotrope with water that contains a somewhat high
percentage alcohol. But to go beyond that drying agents/ dehydrating agents start to
become necessary. The prolonged action of anhydrous copper sulfate on concentrated
ethanol is one way to make a nearly anhydrous product. Ethanol is available over the
counter for consumption in percentages up to 95% but it can be expensive from this
source, but the purity issomewhat guaranteed, it isadditionally available over the counter
denatured as apai nting supply, however the denaturants can vary, ketones, methanol and
other things can be added and other impurities can be present sinceit isnot intended for
human consumption after all.

Halogenated Solvents

Methylene Chloride Chloroform Trichloroethylene

Tetrachloroethylene

Chloroform CHCI3: [1.5 gml| While technically not acommon solvent as it is not
usually commercially available over the counter, the preparation of chloroformiseasy
enough for the amateur chemist and the reagents are easily acquired, a preparation is
included inthistext (Under section 5). Chloroform istoxic enoughtowhereyou should
avoid unnecessary inhalation of the vapors and any skin contact but isrelatively safe
overall. Chloroform was used for years asthe common solvent for organic material, the
extraction of everything from albuminto zein. Chloroformissdlightly solubleinwater to
the extent of about 8g/L but it still forms nice layers when added to water.
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Improperly stored chloroform, noticethe layer between the water and the bottom chloroform layer.

When stored usually 1% by volume ethyl or methyl alcohol is added to retard its
decomposition. Chloroform normally decomposesto phosgene (COCI2, section 4.12),
the addition of these alcoholsleadsto the formation of the carbonate ester which helpsto
slow decomposition. Chloroform can be stored under water but doing so canresultin
additional decomposition, even the oxygen from air can cause the decomposition of
chloroform, but not at arapid rate. Chloroform hasaliquid range of nearly 100°C, from
—63.5°C t0 61.2 °C, it was at one time used as an anesthetic but that use was
discontinued dueto thetoxic effects of chloroform. Itisrelatively inert inreactions, but
contact with solid hydroxides and strong oxidizing solutions should be avoided.

Methylene Chloride CH2CI2: [1.3 gmi] A surprisingly useful solvent for extracting
desired compounds in the liquid phase, it possesses some unique solvent properties.
Chlorinate hydrocarbons are somewhat toxic though not excessively so, still methylene
chloride should betreated with respect. Methylene chlorideisnon-flammable, boiling
point of 40.1°C and afreezing point of 97 °C. The preparation of methylenechloridein
ahome environment isonly feasible by the chlorination of methyl chloride or methane
whichisaquitedangerous, it istherefore fortunate that with some searching methylene
chloride can be procured from over the counter sources specifically in paint thinnersand
removers, careful distillation from these mediums can provide aproduct of suitable purity
for most reactions.

Tetrachloroethylene CCI2CCI2: [1.60 g/ml] Available as a component of some paint
strippers tetrachloroethylene is a somewhat limited solvent. It also findsuse as a
reactant, it has a boiling point of 121 °C and a freezing point of —22.4°C. Aswith all
chlorinated hydrocarbonsthereisadegree of toxicity to thiscompound and likemostitis
non-flammable.

Trichloroethylene CCI2CCIH: [1.46 g/ml] It isimperative the one never mix
trichloroethylene with a strong base, doing so will likely result in the formation of
dichloroacetylene, a carcinogenic compound that causes nerve damage.
Trichloroethylene is available over the counter in can form in auto part stores, under
pressure, for cleaning auto parts.




Aromatic Hydrocarbons

Toluene

Toluene C6H5CH3: [0.87 gml] An aromatic hydrocarbon, good all around non-polar

solvent, that until recently had awide availability asasolvent for tough to remove paint.
Reactive to halogens and other instances it is far from inert, but suffices for reactions
nonetheless. Tolune has a boiling point of 110.7 °C and a freezing point of -94.5 °C.

Xylene C6H4(CH3)2: [0.86 g/ml] Properties similar to toluene but has a wider
availability still. Xyleneisalso more reactive, the duel methyl groups activating it
further then the one on toluene. Itisamixtureof isomers, ortho, meta, and paraxylene,
and cannot be bought as purely one component as xylenewill exchangeits methyl groups
and within afew days or weeks form a mixture of xylenes again.

Misc. Hydrocarbons: There are literally hundreds of hydrocarbons available on the
market to the amateur chemist. They are used in many everyday applications most
notably in nearly all combustible fuels, gasoline, kerosene, diesel, and all other sort of
combustible. Pure hydrocarbons are decent for removing organicsfrom an inorganic
phase, but take special note of the additivesthat may be added to these hydrocarbonsto
make their combustion more manageable, especially in mixtures intended for the
combustion engine.

Solubility Table:
M = Miscible (solublein all proportions) - = Slightly Soluble/ Somewhat Soluble
Is=Insoluble
----- H>0 | CH30H | Acetone | Ether | Ethanol | CHCI3 | CH,Cl, | CCI,CCl, | CCI,CCIH | Toluene | Xyleng

HO | ----- M M M Is Is Is
CH3;OH M | ----- M M M
Acetone M M| ----- M M M
Ether M| - M M M M
Ethanol M M M M | ----- M
CHCl3 M M M| ----- M M
CH.Cl, M M M -
CCI,CCl, | Is M M Mo -
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Purifying Solvents:

Not anecessary step if your solvents are purchased from alab supply. However if
you purchase your solvent over the counter and it was not being marketed with a purity
somewhere on the bottle you can not trust it entirely. Asamatter of fact thereisa
suspicion that should be associated with many of the chemicalsyour purchase over the
counter unlessit is something that explicitly states the purity or is meant for human
consumption asapure product (e.g. citricacid). Evenif you make asolvent onyour own
additional purification isusually necessary, for instance, chloroform produced viathe
hal of orm reaction is often contaminated with water, insolubles, and acetone for starters.
Ether produced from ethanol and sulfuric acid often contai ns unreacted ethanol, water,
and sulfuric acid/sulfur dioxide contamination. So in these cases there also exists a
degree of contamination that must be accounted for.

The normal first line of defense for a solvent isto shakewith adrying agent, decant,
and distill. Non-volatile products such as anything dissolved in your solvent will not
carry over and by using afractioning column and paying careful attention to the
temperature of thedistillate purity can bei ncreased significantly inonerun. Thereisone
danger here though, aside from the inherent flammability of most solvents, peroxides
may be present in your solvent, either fromimpuritiesor inthe case of ethers, the sol vent
itself. Thereforeit ishelpful to shake with some kind of reducing agent initially or to
simply discontinue distillation with a noticeable amount of liquid left in the distilling
flask (due to your intention to separate impurities one should not distill to dryness
anyway, not that distilling to dryness should be done in any other situation).

Mixing Solvents:

Mixing solventsof different propertiesto give asolvent system of adesired property
isto some extent hit and missto the amateur chemist. But mixed solvents do havetheir
definite advantages. They can cause the precipitation of an undesirable compound while
keeping your desired compound in solution and vice versa. Additionally they can
simultaneously put two compounds in solution to react that might otherwise bein
different phases. Some solvents also have catalytic properties on a reaction and their
inclusion in the reaction medium might speed things up greatly. Despite these great
positive aspects mixed solvents are often overlooked because despite some solvent
system looking good on paper (and other solvent systems having nearly impossible to
predict properties) many of them just don’t give the expected results upon actually trying
the experiment. Which results in wasted solvent, wasted time, and wasted reagents.
None the less they do come into play on occasion, the following are some examples.

49 Transition Metals

- Dissolving (Somewhat) Nobel Metals:




Although many metalswill simply dissolve, given enough timein hydrochloric acid
or sulfuric acid or even acetic acid, there are some, which won’t care in the slightest
about being put into these environments. Although not strictly limited to the following,
here are some exampl es of metalsthat may require abit of special treatment to put into
solution: @ Silver; @ Copper; @ Bismuth; ¥ Nickel; ® Mercury

Although we are focusing on metals like those just listed, there are many other
metal swith which you would find difficulty putting into solution, like tungsten, tantalum,
and intheir own category gold and the platinum metal s (platinum, iridium, rhodium, and
afew others.), which have their own difficulty, associated with their dissolution. Here
though are presented afew methodsthat may aid in dissolving the metal of your choiceto
form a solution of suitable cations.

Displacement- The principle hereis simple, you find areadily available salt
containing ametal cation that has a high reduction potential such as copper sulfate
(Cu?* @y + 26 P Cu V=.52) and add to it solid pieces of the metal whose salt you
desire, such aslead (Pbg P Pb* () + 2€ V=.13) The net reaction, lead going into
solutionisfavored by thedifferencein voltage between thetwo. Thisparticular reaction
iscomplicated by the formation of lead sul fate on the surface of thelead reacting which
only hasalimited solubility, to rectify thisafish aquarium bubbler could beled into the
areawherethelead isreacting, the agitating action of the bubbles continually removing
the sulfate layer and deposited copper from the lead allowing it to react further. Of
coursethisisnot good for putting metalsinto solution with very high potentials such as

Electrolysis- Aselectrolysis of a solution proceeds reduction occurs at the
cathode and oxidation atthe anode. Inasolution containing only alittle electrolyte such
as NaCl with nickel electrodes the usual reaction is the formation of hydrogen and
oxygen, if the concentration of NaCl isincreased some chlorine my form in place of
oxygen, however if inplace of water astrong acid solution is used, such as HCl ;) and
the electrolysis preformed with sufficient current and voltage asignificant portion of your
cathode may be quickly reduced and put into solution, in this experiment the relevant
equation being:

Ni(s) p Ni2+(aq) + 2¢€

Products at the anode include oxygen and chlorine gas, hydrogen is also produced at
the cathode from reaction with finely divided nickel and such, but the overall effect in
this case would be the quick production of nickel chloride, and by coiling your cathodeto
increase the cathode surface in the electrolyte and decreasing the surface area of your
anode in the solution you can very efficiently make a concentrated solution of many
cations, evaporation in the case of hydrochloric acid would volatize off remaining acid
leaving a somewhat pure product.

Mixtures of acids with oxidizing agents-

Fusion with hydroxides-




Specialty acid combinations-
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4.10 Halogens

Pictured at left isawonderful example of one of
the trends followed by the halogens. Asyou move
down the group the oxidizing power of each element
decreases. So it stands that the halogen preceeding
each halogen should have the oxidizing power to
oxidize the element beneath it and in thisway replace
it. Inthisinstance chlorineisbeing generated in the
flask on the left and goes up through a piece of glass
tubing and into a gas washing bottle. The bottle
contains a concentrated solution of sodium bromide
and as the chlorine goes through it asimplereaction
takes place:

Clyg + 2NaBr(x) P 2NaCl ) + Brogag)

The bromine thus generated being slightly soluble
in water and coloring the solution red to indicate its
presence. It follows that chlorine would be able to
easily do thisto iodide in solution and that bromine
would also be able to do thisto iodine but no to
chlorine. These three halogens also have other
predictable trends, they tend to form soluble
compoundswith t he exception of their silver saltsand
their copper (I) salts and they each have a series of
oxoacids which are similar to one another. Because
of these similarities in some reactions halogens are
generically represented with an X, for example CH3zX
would stand for either methyl chloride, methyl iodide,
methyl bromide, or lesslikely methyl fluoride. When
written in reactions and such the halogens are written
F2, Cly, Bry, and I, the term for this being diatomic,
which means the halogens do not go around as free
atoms but rather each halogen is bonded to a
neighbor, inthiscase by asinglebond, e.g., CI-Cl the
bonds however are somewhat weak and UV light will

. == usua ly dothetrick to rupturethese bondsand leave a
reactiveradical containing an unpaired electron, the strength of thisbond isweakest with
fluorine and strongest with iodine. Each of these halogens also have awhole series of
oxidation states although they are not the same for each halogen they include—1, +1, +3,

+5, and +7 oxidation states.

| HX | HOX

| HOXO | HOXO, | HOXO3 |




Fluorine | Hydrofluoric | Hypofluoric | DNE DNE DNE
Acid Acid

Chlorine | Hydrochloric | Hypochloric | Hypochlorous | Chloric | Perchloric
Acid Acid Acid Acid Acid

Bromine | Hydrobromic | Hypobromic | Hypobromous | Bromic | Perbromic
Acid Acid Acid Acid Acid

lodine | Hydroiodic | Hypoiodic | Hypoiodous | lodic Periodic
Acid Acid Acid Acid Acid

But what about fluorine? Fluorineisthe odd element out, it does notfollow these
trends. Fluorine has one major oxidation state—1 there are few compounds where this
comes into question but those instances are few and far between. Fluorineisthe most
electronegative element in the periodic table and will react with most elements at room
temperature. Whereas the other elements have series of oxoacids of the form HOX,
HOXO, HOX 02, and HOXO3 where X isthe halogen in question fluorine only displays
hypofluoric acid fleetingly by passing flurorine over moist glass at low temperatures.
Abovethisfluorine would bein ahigher oxidation state and asfar as modern chemistry
can show these forms do not exist.

Really though chlorineisthe best example of thisseries, all of the oxoacids having a
‘simple’ method of preparation, chlorites (salts of hypochlorousacid) and hypochlorites
(saltsof hypochloric acid) being the most unstabl e of the series. Whereas perbromic acid
isonly prepared with great difficulty by passing fluorine through a basified bromate
solution and iodine compounds of the form HOI and HOIO being preparable only in
dilute solutions, periodic acid al so displaying some deviance from the remainder of the
family by having a formula of HslOg, two water molecules having found their way into
the molecule and sticking there pretty good.

Aside from being the basis of many of the most prevalent acids in chemistry the
halogens al so serveto offer adiverse group of oxidizing agentswith fluorineand iodine
at the extremes and the oxoacids forming an even larger middle. Many halogen saltsare
fairly solublein agueousinviorments and are somewhat stable to oxidation and reduction.
Another shining point of the halogenscomesin their organic reactivity, reacting directly
with alkanes to give hydrogen halides and substituted alkanes (hal ogenated
hydrocarbons) which are great starting pointsin organic synthesis. Really the halogens
comprisethe most utilitarian family in the periodic table and their usein the lab should
not be underestimated.

Fluorine
Chlorine

Molecular Weight 35.45




Slightly soluble in water, solublein non-polar solvents
Green/Ydlow dense gas

-1, +1, +3, +5, +7 Oxidation States

Chlorineissomewhat simpleto prepare and there are anumber of methodsto do so,
even from over the counter products. Just aswith bromine the pool industry is agreat
help inthe preparation of chlorine, simple acidification of many pool chlorinatorssuch as
sodium hypochlorite (aliquid chlorinator that is also the active ingredient in bleach),
calcium hypochlorite (a powder sold in packs often under the name “ Shock”) and
trichloroisocyanuric acid and trichlorotriazinetrione (yet more pool chlorinators) can be
instant sources of thishighly noxiousgas. Additionally it can be prepared by electrolysis
of concentrated agueous salt solutionswith relatively high current densities, aswell asby
the oxidation of chlorine in the—1 state such asin hydrochloric acid, usually with
permanganate. These methodswill all give‘wet’ chlorine of some purity oranother that
should bedried before use, chlorine being usually dried by passing through concentrated
sulfuric acid.

Bromine Brs;
Molecular Weight 79.904 gl

Slightly soluble in water, solublein non-
polar solvents.

Red vapor, liquid can be nearly black when
present in large amounts.

-1, +1, +3, +5, +7° Oxidation States (* = very
~ difficult to prepare)

One of bromine’s claim to fame is of course that it is only one of two common
elementsthat are liquids at room temperature and pressure. Becauseitisaliquiditis
also somewhat easily storable by the amateur chemist, making it the strongest of the
readily storable halogens. Brominefindsawide variety of usesinthe homelab. It can
create alarge number of bromides by direct reaction with elements, pictured below isthe
reaction between bromine and aluminum turnings:

2A|(5) + BBr2(|) b 2AIBr3(s)




Inthiscasethereaction hasaspecial utility, whereas aluminum bromide could also
be prepared from hydrobromic acid and aluminum, the hydrateisformed and the product
isnearly impossibleto dehydrate. Theanhydrousformisnearly the only good form of
aluminum bromide to use in organic chemistry, and as such straight bromine dried by
shaking with sulfuric acid isone viable way to produce thisuseful compound. Thereare
many waysto produce bromine, but the most reasonabl e methods of course use the most
readily available materials. Thankfully bromine compounds have found some utility in
the pool and spaindustry and as such the most readily accessible sources of bromine
involve either sodium bromide or in the form of complex organic compounds that
hydrolyzein water to give hypobromous acid (HOBT) such astribromo-s-triazinetrione,
treatment with acid will convert these readily to the bromide anion and put you in the
same predicament as you would have been had you used NaBr from the beginning.

When going from sodium bromide to free bromine there isreally only one key
ingredient, an oxidizing agent under acidic conditions. If thereaction were under basic
conditions then the bromine would react immediately to from hyprobromite and
bromates. The acidic environment also helpsthe oxidizing agent doitsjob. Nearly any
oxidizing agent will work, peroxide, manganese dioxide, hypochlorite, permanganate,
even oxygen bubbled through an acidic solution of bromine can work wereit not for the
bubbling of gasses going though the liquid sweeping away the bromine asit were formed.
Note however bromines low boiling point of 59°C. But even well below thisbromine
will readily volatize off and fill an areawithits choking fumes. Assuch preparations of
bromine should have ice added, and take place as cold as feasible to prevent it from
filling the area and reducing yields.

Disposing of bromine either
dissolve in water or onitsownis
simple. Just adding thesolutiontoan |
agueous solution of abasewill dothe §
job readily (see picture at right).
However the base must be completely
dissolved, if you attempt to add
bromine water to a hydroxide
producing agent recently tossed into
some water you will not get nearly
the same reactivity. Always wear
gloveswhen working with bromine as
its contact with skin will discolor it




and leave painful lingering soreswhich areslow to heal. A reducing agent such ascitric
acid solutions or sodium thiosulfate solutions can be used to treat recent areas of contact
with bromine.

Bromine attacks most every metal including many from the platinum group. Butdry
bromine can have ahard time of attacking some other metals, notably some metal s that
would seem quite reactive such as magnesium, lead, iron, zinc, and even sodium. Aside
from these metal compounds bromine will attack non-metals such as sulfur and also
forms alarge series of interhalogen compounds, interesting examples being bromine
triflouride and bromine pentaflouride, the pentafl ouride exploding on contact with water.
Bromine chloridefinds more use asachemical intermediate oxidizing agent. Bromine
itself is agood oxidizing agent, in inorganic preparations it has powerful oxidizing
properties by adding to hot solutions of hydroxide, in thismanner ferrates and bismuthate
can be produced. In organic preparations bromineislessreactivethen chlorineandis
thus more selective in brominations. Brominated organic compounds being of great
utility in synthesis operations.

On distillation from an aqueous solution bromine carries over roughly 2% of its
weight in water. Thisisnot areal azeotrope but it is something to be noted. Normally
bromine can be generated whereupon it sinks to the bottom of the solution it was
generated in whereit can be pipetted off from. Thiscan be used directly for somethings
but further purification can be achieved through non-distilative measures. Normally by
first washing with asmall amount of water, then shaking with concentrated sulfuric acid
and finally by filtering though glass wool and storing under water or sulfuric acid.

lodine
411 Alkali Metals

Not only arethe alkali metalsinteresting for their reactivates and unusual properties,
they exhibit definite trends as you move down the period which are easy to memorize.

Lithiumisthe hardest alkali metal, but it can still be cut withaknife, asyou move
down the period from lithium to cesium the metal s get softer and their melting
pointsgo down aswell, cesiumisaliquid only slightly aboveroom temperature.
Lithium isthe least reactive of the metals, cesium the most, francium isonly
present on the earth in gram amountsat any timebut it likely continuesthistrend.
All alkali metals exhibit the +1 oxidation state as their main and only common
oxidation state.

Atomic radiusincreases as you move down the period, cesium, the largest stable
element in the periodic table can stabilize the triodide anion 13- duetoitssize.
Theincreasing reactivity of thealkali metals can be seenintheir oxideformation,
lithium forms predominately the normal oxide Li20, sodium mainly the peroxide
Na202, potassium mainly the superoxide KO2, and rubidium and cesium form
almost entirely the superoxide. Additionally they form somewhat stable ozides




Cs03 by passing ozone over their hydroxide and separating the formed ozide
from remaining hydroxide by solubility differencesin liquid ammonia.

All are soluble in liquid ammonia or hydrazine yielding brilliant blue solutions
that contain 'solvated electrons’. These are powerful reducing agents.

The alkali metals react with water along the linesof M(s) + H20(l) --->
MOH(aq) + 1/2 H2(g) Lithium is somewhat manageable, sodium will usually
igniteand canignite clouds of hydrogen aboveit |eading to explosion, by thetime
you get to cesium it will detonate.

Lithiumistheleast dense metal of the period, it will float on most any oil youtry
to protect it under, cesium is the most dense.

Distinguishing between the different alkali metals in solution can be incredibly
difficult chemically asthey all behavevery similarly and most sdtsarevery soluble. The
easiest test to distinguish between the alkali metal cationsin solutionisthe simpleflame
test. A circle of wire, preferably inert, e.g. platinum, is dipped into a concentrated
solution of the salt. Itisthen putinto ahigh flame and the color of the flame observed.

Lithium = Red
Sodium = Orange/Y ellow
Potassium = Purple
Rubidium = Red - Violet

Cesium = Blue

However the tests can be easily false, the colors can be over-run by other colors
generated, and sodium, the most common contaminate of the other alkali metal saltsdue
to most of them being produced from it, can easily over-shadow the other more sensitive
colors of potassium and the like, leading to a fal se positive for sodium.

Lithium

Lithium isvery light, it will actually float in ail.

Like other elements that start off their group lithium shows some properties that
differ from the normal properties of therest of the table. When exposed to air lithium
will form ablack coating of nitride Li3N whi ch reacts with water to produce ammonia.




One of the only other metalsthat will do thisis magnesium metal appropriately heated,
which similarly formsthe nitride. Nearly all lithium saltsare hydrated and removing the
waters of hydration are nearly impossible on some of them, particularly the chlorate and
perchlorate that decompose before amajority of the water has beenremoved. Lithium
perchlorate actually contains more oxygen, on a volume-to-volume basis, then liquid
oxygen. The hydroxide of lithium forms a stable hydrate LiOH* 8H,0 and does not
dissolveinwater if left exposed to the atmosphere, but it will form the carbonate like the
other alkali metal's, reacting with atmospheric CO,. Thecarbonate of lithiumistheleast
stable carbonate of the alkali metals and decomposes around 1000C.

Lithium metal hasahigh electrode potential and thereforeit isbecoming popular in
some batteries (this also means that it can be very reactive in the liquid state, it will
destroy glassware when liquid). Lithium isone of only a handful of metals that have
actually become more expensive over thelast 20 years. Lithiumisusually stored ontop
of oil under an argon atmosphere.

Sodium

Thisisthe most common alkali metal that we run across.
Sodium carbonate, sodium chloride, sodium vapor lights, sodium
hydroxide, sodium bicarbonate, the list goes on. Sodiumisthe
most abundant of the alkali metalsin the earths crust and it shows
in our preference to it, that and the fact that we need sodium
chloridein our daily dietary intake.

Potassium

Potassium follows the trend set up between sodium and
lithium in that it is more reactive then either of them, being
further down the group. Therefore when it burnsin air, shown
left (Noticethe purpleflamethat isalso indicative of potassium
ionsin aflametest), it produces not only the oxide and peroxide,
but predominately the superoxide. KO2 is avery powerful
oxidizing agent and it proves to be a nuisance when storing
potassium. When ablock of potassium is stored under mineral




oil or another inert substance unlessitisinan air tight container and the liquid has been
degassed the potassium can pick up oxygen and form the superoxide. Thisleavesa
yellow-orange coating on the surfaceof the pieces of potassium. Thisinand of itself is
usually no problem however upon cutting into a piece of potassium covered in this
coating it can force the superoxideinto the unreacted potassium and in worst casesthis
can cause an explosion, sending flaming bits of potassium everywhere and causing severe
damage to the individual performing the manipulation.

Potassium superoxide and the superoxides of other higher alkali metalsreact with water
along the following equation:

2K02(s) + 2H20(l) ---> 2KOH(aq) + H202(aq) + O2(g)

Potassium superoxide is also used in space capsules for the duel purpose of

sequestering CO2 from the astronauts breath and to generate additional oxygen. Itis;

also used in some self contained breathing apparatuses:
4K02(s) + 2C02(g) ---> 2K2CO3(s) + 302(9g)

Sequestering an additional water molecule and CO2 molecule by the following:

K2CO03(s) + CO2(g) + H20(g) ---> 2KHCO3(s)

Another interesting property of potassium isthat it forms a carbonyl compound
K(CO)6 however it is not the most stable of carbonyl compounds by along shot. It can
explode for no reason at all at STP therefore any reaction that generates elemental
potassium, or uses elemental potassium, in the presence of carbon monoxide (i.e.
reduction of the carbonate with charcoal) should be treated with caution asthein situ
preparation of potassium carbonyl may cause explosions.

Potassium-sodium alloys are liquids at STP and more reactive then either metal
individually. Industrially potassiumisprepared by distilling it from amixture of sodium
metal and potassium chloride. Thereplacement of potassium with sodiuminthereaction
is not immediately sensible due to potassium being the more reactive, however the
reaction works due to the potassium formed having a significantly lower boiling point
then the sodium therefore the reaction is pushed foreword asthe potassium boils off. The
Castner cell also works with potassium hydroxide in place of sodium hydroxide and
actually gives better yields and alower melting solid. However potassium is more
flammable and reactive therefore thisreaction islessfavored. The electrolysisof the
chlorideisalso lessfavored dueto higher working temperatures of the eutectic. Thermite
type reactions also work for the production of potassium, reducing potassium oxide or
hydroxide with magnesium works, but aluminum forms aluminatesthat decrease yields
significantly. The most common potassium salt available to the amateur chemist is
potassium chloride, itiswidely availablefor usein water softenersand asasalt substitute
in health food areas.
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4.12 Functional Groups of Organic Chemistry

4.13 Gasses

Working with gasses can be quite important to a chemist.
They not only posses agreat variety of reactivity, but many of
them are also easy to make. Dealing with gassesis of course
different then working with liquids or solids but the change
over iseasy aslong as you take it step by step. Your main
concern is actually probably going to be how the flow of
gasses though your system is going to affect fluidsin your
system, and how thosefluidswill respond if pressureisapplied
in the opposite direction if for some reason gas generation
slacks off or stops. By nature gasses can be everywhere
around you, and unlike a solid or liquid which has to first act
on the skin before causing ill effects gasses can go straight
from the air into the blood stream. Therefore gasses possess
and added degree of possible danger. All gasses are
asphyxiants in large amounts (except oxygen) but many
possess additional hazards. The author of this text
recommends against working with several gasses based on the
extremetoxicity of those compounds. However therearestill a

T~ = number of other gassesthat can be safely worked with and
handled. PI easetreat all gasseswith respect and plan out your reactions and apparatuses
before hand and you will be rewarded with safety.

A gas bubbler, as show on the left can be quite the useful tool for an at home lab.
However the construction of such adevice is exceedingly simple and therefore
purchasing a piece of equipment likethe one shown can beavoided. Thebasic principle
issimple, gasses comein through the tube o n theleft, bubble though a sol ution contained
in the body of it, going though a glass frit on the way to disperse them better thereby
creating more surface area causing the gasses to be absorbed/washed better, and finally
exit though the tube on the right which comes nowhere near the water thereby preventing
the liquid in the container from being transferred to the next container.

If you expect to be working with gasses alot you might want to ask yourself if you
want to create afume hood. Working in afume hood islike working in abox made of
glass with only one exit for any gasses, though a tube away from you. Usually drawn
though the tube with afan and treated to neutralize them, fume hoods are indispensable
for some, but not many, applications.

Gas generation and handling setups:
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Aboveisavery simple gas generation apparatus. However since it lacks atrap
(which would prevent fluid from coming back into the flask) it would only be good for
low temperature generations, which would prevent a dangerous suckback. Something
where the addition of the liquid in the sepretory funnel would reliably keep the gas
coming along and where your intention isto dissolve your gasin aliquidin whichitis
fairly soluble (because anything that doesn’t dissolveisjust going to get into the air
around you).

Exit Gasses
Jreneratioy Clas \ v
Final
Absorbant 4 Gas
Flask Scrub

This apparatus goes two steps further, one, it incorporates atrap to prevent liquid
from flowing back into the possibly hot flask that may or may not react with water, and
two, it has afinal gas scrub which may possess a different liquid then the original
absorbent flask to make sure to destroy harmful vapors.

Sepretory Funnel

Exat gas

'ash | Trap sorh| ferub




Even one step further, this setup hasan initial trap, then awash to take out impurities
that may hurt the reaction, followed by another trap and finally the absorbance and the
scrubbing step. Alsothereisaseparatory funnel for the addition of another liquid to the
reaction flask to keep the reaction going.

Tips for working with gasses:

When working with flammable gassesit is necessary to heat any part of your
vessel with a non-flame, non-sparking heat source. The smallest spark can
trigger an explosion and special care should be taken to remove sources of
ignition from your work area.

In the case of gasses that are highly unstable (arsine, diborane, phosphine,
silane, hydrazine) and can decompose exothermically when heat is applied
andif itisacase wherethat gas must be disposed of by incineration, it may be
necessary to run the gasinto acontainer containing damp sand, up though the
bottom and though a tube at the top, this will negate the possibility of a
sudden explosion of gasses flashing back and detonating your wholereaction
setup.

If working with a gas of very high toxicity (most of them on the list) and
inhalation occurs, do not delay, get medical help immediately, gasses are
absorbed fast and adelay of afew minutes could mean your life, call apoison
control, or the local emergency services.

Make sureyour reaction apparatusisair tight beforehand, and keep someduct
tape around for emergency fixes (real emergenciesonly, if some of these start
to leak you might just evacuate before it gets to the duct tape)

Flammabl e/Expl osive gasses should never be generated in the same reaction
asonethat also produces oxygen or nitrous oxide, the possibility of explosion
istoo great.

Gas M asks:

Gas Filter Properties

Filtersdesigned specifically to protect against hydrogen sulfide
canonly do sofor very limited periods of time and are designated
rescuefilters. Beingthat they havealife of lessthen 10 minutes,
are not designed for excessive concentrations, and are expensive,
they are not economically feasible. Hydrogensulfideisextremely
toxic and has killed many individuals working in amateur labs
because it quickly deadens the sense of smell. Common logic
would dictate that you just not work with this foul smelling gas.

Hydrogen Sulfide H2S

Therearefiltersspecifically designed to block out VOC (Volatile
Organic Carbons) these work fairly well and are the most
Organic Solvents commonly available filtersin my experience as they are used
widely in painting. They last for an extended period of time and
aredesigned for constant use. Good for working with solvents of




all kinds but especially carcinogenic solvents such as hal ogenated
hydrocarbons and benzene derivatives. (Methanol isnotoriously
difficult to filter out, however it does not present much of an
inhalation hazard.)

Hydrogen Chloride

Chlorine Acid Gasses

Thereisaspecificfilter known asan acid gasfilter. It will block
out hydrogen halides (except fluorides) and elemental halogens
along with other acidic gasses such as SO2, although they cannot
reliably block out nitrogen oxides.

Hydrogen Cyanide
HCN

Regular carbon filters can block out HCN, however one exposure
can ruinthefilter and therefore make you susceptibleto anything
else you attempt to protect yourself from. Aswith H2S, itis
better not to use this gas/liquid in your experimentation, asit is
highly toxic.

To put on agas mask you placeit over your face, straps behind your head, the exact

techniqueisnot asimportant asthetestsyou do beforegivingittheall clear. Firstisthe
positive pressure test, find the exit hold for the air, usually right in the middle of the
mask, cover it with your hand and breath out, if the air only 'farts' out from around the
edges of themask you aregood. Nextisthenegative pressuretest, cover theintakeson
your cylinders with your hands and inhale, no air should come in, the mask should
attempt to deform inward to compensate for the uptake of air. If you pass both of these
testsyour mask is correctly positioned on your face. If either one of these tests prove
negative, reposition your mask and try again.

Dealing with exit gasses.

In all instances read the below information and thoroughly acquaint yoursdf with a
gas before working with it. You are responsble for your own actions and therefore
should take extra precautions, gasses are inherently dangerous so use them with
care, extra information regarding the scrubbing of gasses is in the information of

the main text regarding specific gasses.

Name of Gas: Disposal by incineration: Disposal by scrubbing
Acetylene Yes Possible (Oxidizing Agents)
Air NA (Vent) NA (Vent)
Ammonia Yes Yes (Acids)

Arsine Not Recommended Y es (Oxidizing Agents)
Butane Yes No

Carbon Dioxide NA (Vent) Possible (Bases)
Carbon Monoxide Yes No

Carbonyl Chloride No Y es (Hot Aqueous Bases)
Chlorine No Y es (Bases)
Chlorine Dioxide Could Cause Explosion Y es (Bases)
Boranes Yes Y es (Basic Oxidizing Agents)
Ethylene Yes Y es (Oxidizing Agents)




Fluorine No Y es (Anything)
Hydrogen Yes No
Hydrogen Cyanide Not Recommended Y es (Bases)
Hydrogen No Y es (Bases)
Fluoride

Hydrogen Halides No Y es (Bases)
Hydrogen Sulfide | Yes(But Generates SO5) Y es (Bases/Oxidizing Agents)
Methane Yes No

Nitric Oxide Not Recommended Y es (Bases)
Nitrogen NA (Vent) NA (Vent)
Nitrogen No Y es (Strong Bases)
Monoxide

Nitrous Oxide Yes No

Nobel Gasses NA (Vent) NA (Vent)
Oxygen NA (Vent) NA (Vent)
Ozone Not Recommended Y es (Reducing Agents)
Phosphine Yes Y es (Oxidizing Agents)
Propane Yes No

Silane Yes Y es (Oxidizing Agents)
Solvent Vapors Yes No

Sulfur Dioxide No Y es (Bases)

Scrubbing Exit Gasses: When scrubbing exit gasses care should be taken to ensure
complete neutralization of thetoxic effects. The greater thetoxic effect themoredrastic
measures should be taken. Severely toxic chemicals should go though no lessthen two
scrubbing solutions, but preferably three or more. The concentration of the solution
should not be incredibly high or low but will depend on the gas to be neutralized. If it
will help the addition of an acid base indicator may tell when some acidic or basic gasses
have used up the neutralization power of a given solution.

Igniting/I ncinerating exit gasses. When igniting exit gassesit is good to flush the
system with an inert gas first (carbon dioxide, butane, propane, methane, argon, etc.)
even steamwill work for thispurpose. Thisisso once flammablevaporscomeover and
they areignited the vessel does not contain any oxygen gas which may flash back into the
system and blow up your glassware. If flushing the system is not feasible, let the
apparatusrun and generate gas, then from adistance blow away the gasseswith afan and
ignite after the vessel isfull of the gasin question (this method is not advised).
Sometimesthe gasses will escape the vessel at a speed sufficient to maintain aconstant
flame. However it isbest to run the gasses though atube that connectsto a pipette and
run them straight into aflame or into the intake of aflame. Inthisway if the gas
evolution slacks off and the escaping gasses stop combusting but start exiting again
afterwards they will still be burning as they exit. Also even spontaneously flammable
gasses are not spontaneously flammablein all concentrations, without external burning
some will make it all the way to the inside of your lungs and wreak havoc.




Specific Gasses. (Green =Water Solution Basic Red = Water Solution Acidic) WS = Water
Soluble

AcetyleneHCCH: The most common source of acetylene for the home chemist is by
the action of water on calcium carbide.

2H,0() + CaC2(s) P HCCHg) + Ca(OH)2(gag)

Acetyleneisquitethe unsaturated molecule, being that it contains atriple bond between
the carbons. Thiscan be acted on by anumber of reagents, most of the hal o acids adding
across it forming vinyl halides and it is easily oxidized or polymerized. Acetyleneis
ridiculously explosiveif allowed to accumulatein one area. If liquefied it can undergo
hazardous polymerization and as such cylinders of acetylene sold for welding actually
contain acetylene dissolved in acetone. The cylinders of MAPP gas available from
hardware stores contain an derivative of acetylene among other things. Acetylenehasthe
normal asphyxiation hazard that many of the gasses here have. It ismorereactive then
your average hydrocarbon and isreadily produced as stated before, calcium carbide still
being somewhat easily available specifically for the purpose of making acetylene,
especially over the internet. Acetylene should not be lead into basified solutions or
acidified, doing so can make explosive acetylides or carcinogenic vinyl halides.
Acetylene can only really be disposed of by incineration and then the vessel from which
the acetylene comesfrom must be purged of oxygen otherwisethe flame could flash back
inside and detonate the vessel

Air: Airisamixture of gasses of approximate composition by volume; (78%) Nitrogen,
(21%) Oxygen, (1%) Argon, (<1%) Other gasses, CO2, Ne, He, etc. [Exact composition
of the air around you varies with your elevation and your surroundings, however these
numbers are relatively constant] Unless you take steps to the contrary, you will be
workinginair. Most reactions can be carried out with exposure to the atmosphere, there
are many that cannot be though, be sure to take into consideration the properties of the
atmosphere you make for your reaction, and how it will react with your reaction before
beginning any involved chemical reaction. Never forget that the water content varies
daily and that it can impact many reactions to a great extent.

Ammonia (NHz) ws: Ammoniais not only afoul smelling gas, but also alow
temperature reaction solvent. It doesthe most interesting trick often referred to asthe
“Solvated Electron” trick in which it will dissolve the alkali metals which turns the
ammoniaabeautiful blue color and upon concentration makesthe ammonialook golden
likeliquid metal. Still though, thesereactionstake placein|iquidammonia, so below —
33 °C. Ammoniacan be liquefied at home but it isahassle. Ammoniagasin the
presence of water attacks a number of metals but most notably copper with which it
forms a dark blue complex, note that ammoniais flammable and can be explosive if
initiated like the lighter hydrocarbons. Ammoniagasis poisonous and its basicity does
not combinewell with oneseyesand it causesterrible burning and tearing and eventually
blindness. Commercial ammonia solutions available from grocery stores and such




contain roughly 4% ammonia by volume. Solutions of ammoniain water are also
referred to as ammonium hydroxide due to the equilibrium:

NH3(x) + H203) U NH4OH o)

However thisis an equilibrium reaction and the equilibrium actually lies to the left.
Ammonium hydroxide itself is not isolatable in the pure state, it is known through its
salts and in solution. Ammoniaisavery useful reagent to have around. It forms
numerous complexes and hasawide variety of reactionsto exploit. Strong solutions of
ammoniacan be made with the hel p of an ammoniasalt, in this case ammonium sulfate:

(NH4)2804(aq) + 2NaOH(aq) b 2N Hg(g) + NaQSO4(aq) + 2H20(|)

The combination of a solution of ammonium sulfate and sodium hydroxide giving off
noticeableammoniagasreadily. Thisreaction can also bedonein the solid phase but it
can become violent. The gasses being produced in both instances being channeled
through water to dissol ve as much as possibl e then scrubbed with asol ution of nearly any
acid, but the stronger the better.

Arsine(AsHs3) ws: Arsinehasagarlic-like odor similar to phosphine. Stibine (SbH3) is
similar to arsine and thismay be used asaguidefor it aswell. Initial exposureto arsine
producesfew symptoms, headache, nausea, nothing to make aperson worry too severely.
However several hoursor so after what somewould call amild exposure, abreath or two,
vomiting and cramping set in and depending on the dose kidney failure, CNS depression,
and death. Arsineisthe most toxicway for the body to comeinto contact with arsenic.
Because of its severe toxicity arsine should be avoided. To destroy arsine from exit
gassesit isprudent to run the gasses though at | east two washes of sodium hypochlorite,
calcium hypochlorite, potassium permanganate, bromine water, or sodium hypobromite
solutions. Besuretheir volumeissufficient to provide excessive decomposition ability
for more arsine then you can think might be produced. Do not run arsine into any
incineration, fine As;O3 will be produced creating aterrible wide spread inhalation
hazard. Arsineisreally terrible, it will cause long-term reproductive damage, and cancer
concerns, do not tinker withit. It will decomposeto itselemental constituentsat around
400°C providing thereis not oxygen present to support itscombustion. Electrolysisof
solutionsthat contain arsenic cations under acid conditions can produce arsine, thisisnot
meant to be a preparation however, it isawarning.

Boranes: Boron-hydrogen compound chemistry is extensive, although difficult to

facilitate at home. Most of the boranes can be broken down in someway to the building
block molecul e borane (BH3), which hasnever been isolated onitsown, diborane (B2He)
for example isthe dimmer of borane. Diboraneislikeall thevolatile boranesistoxic,
inhalation of boranesresultsin headache, dizziness, unconsciousness, fluid inthelungs,
and finally death. Mixesof borane are spontaneously flammablein moist air, which can
cause manipulationsinvolving it toresultin explosions. Boranesburnwith agreenflame
producing powdery B,O3 that lays a fine dust on all surroundings. The main use of




di borane|s in the preparation of sodium borohydride, amoderately strong reducing agent
. that can be safely recrysatalized fromwater.

The preparation for boranesis similar to
the preparation of silane or of hydrogen
sulfide. Acidisslowly dripped over solid
magnesium boride (MgB>) resulting in the
formation of this spontaneously flammable
gas (Note, many boranes are produced,
diborane produced is almost instantly
= hydrolyzed to boric oxide, picture at left

- shows amilliliter of HCI being dripped onto
some magnesium boride). Concentrated phosphoric acid has been shown to give better
resultsin the preparation of boranes. One boranein specific, B4H10, being producedin
the largest amounts, this can be converted to diborane by careful distillation at liquid air
temperature, under which conditions it dissociates and gives a distillate of diborane.

Being that some boranes are pyrophoric it is easy to assume they might be easily
oxidized, that isinthiscasevery true. Atmospheric oxygen and even water will oxidize
many of the boranes (though some of the higher anaolges are resistant to oxidation).
Thereforeall handling vessels must be free of moisture and especially oxygen (however
it would beimpossibleto exclude moisturefromtheinitial flask asit isnecessary for the
reaction and a part of most acids). Note that diborane was once considered for useasa
rocket fuel but the produced boric oxide wastoo abrasive on therocket cones, to say this
another way, itsoxidation isvery exothermic and such an exothermic reaction anywhere
near you would bedisastrous. Theindustrial processfor producing diboraneinvolvesthe
following reaction.

BFg(g) + 6NaH(5) b BzHe(g) + 6NaF(5)

Additionally the reaction between sodium borohydride and elemental iodinein THF
or other ethers produces diborane. Although simpler both of these reactions are
complicated by the use of two somewhat difficult to obtain chemicals, whereas the
magnesium boride used inthefirst reaction can betheoretically obtained quitereadily by
athermite reaction (Note, unless fine reactants are used this reaction is hard to
initiate/maintain due to the excess magnesium):

4Mgg + B2Og P 3MgO(y + MgBy(y

Boric oxide and magnesium shavings being more avail able then the boron triflouride
and sodium hydride used in the industrial process.

Being that boranes are very toxic gases, any emissions from systems that may
contain boranes should be appropriately dealt with asto reduce their danger. Although
these substances can be pyrophoric, one cannot assume that boranes leaking from a
reaction vessel will oxidize before it has a chance to do any damage to their person.




Therefore one should do either or both of thefollowing; 1) Lower boraneswill react with
water to produce boric acid and hydrogen gas readily, bubbling diborane though a atall
column of NaOH/H»0,, using an efficient bubbling mechanism (e.g., aglassfrit) should
greatly diminish the concentration of diborane. 2) Running the exit gasses of asystem
intotheair intake of aburner. Much care should be taken with boranes, as many of them
aretoxic, and potentially explosive, and spontaneously flammable, thisisyet another gas
that poses such adanger asto make the author of thiswork suggest against working with
it.

Butane CH3(CH2).CH3;: Butaneisrelatively uncreative to may chemical conditions. It
makes aworkableinert gasfor some situations but the actual production of butaneon a
lab scale from other chemicalsis needlessly complicated as it can be purchased for

refilling lightersand some camping supplieseasily. Butane containing exit gasses should
beruninto theintake of atorch to prevent butane vaporsfrom accumulating around your
work areaand causing an explosion hazard. Although butane does not prevent as specific
inhalation hazard it can act as an asphyxiant gas, especially if used inan enclosed area.

Carbon Dioxide CO; ws: Carbon dioxide has no detectable smell. Y ou breath out
carbon dioxide and plantstakeit in and as such it does not possess someterribletoxicity.
But in concentrated form it is hazardousfor your health. Therefore when working with
dry iceor acarbon dioxide cylinder or another source that could provide alarge amount
of carbon dioxide quickly into asmall space one should take care and have adequate
ventilation. Aside from commercially available dry ice (solid carbon dioxide) and
cylindersthat are available for the soft drink industry, it is also marketed as a water
solution seltzer. Production of carbon dioxide in the home lab isvery simple. The
addition of a markedly acid solution to a carbonate or bicarbonate, either solvated in
water or simply as a powder will generate copious volumes of carbon dioxide, the
production of which is controlled by the rate of acid addition:

CO32_(aq) + 2H+(aq) P COyg + H20q

Carbon dioxide produced in thisway will contain significant quantities of water
vapor that must be removed using adesiccant and additionally if your acid hasavolatile
component (e.g., HCI, HNO3) aportion of the acid may carry over aswell and need its
own separate scrubbing. The use of carbon dioxide asan inert atmosphereiscoveredin
section 8.4 an exampl e of apreparation of carbon dioxidefor |ab purposeswould entail a
setup consisting of asepretory funnel on the gas generation flask for the addition of acid
at will. Theexit gassesfor thisvessel would be scrubbed for volatile acid components
such as HCI and HNO3 by passing though a carbonate solution which will in turn make
more CO2 and passing those gasses though strong H2SO4 to remove any water that may
be present. A minimum of onetrap is required between the volatile acid scrubbing
chamber and the sulfuric acid chamber as suck back of H2SO4 into saturated carbonate
would not be favorable. Additional traps could be placed though out but the controlled
addition of acid to the solution should ensure that gas continuously flows away from the
reaction flask. Carbon dioxide is also the product of complete combustion but the
carbonate method works better for areasonable supply. Carbon dioxideisagasslightly




heavier then air, it possesses no oxidative properties except with strong reducing agents
under heat and it does not act as a reducing agent, upon dissolution in water it makes a
slightly acid solution of carbonic acid.

Carbon Monoxide CO: A colorless, odorless, poisonous gas. It’stoxic actionis
produced by its strong bonding with the oxygen carrying constituent of human blood,
hemoglobin. Carbon monoxideinhalationistreated with oxygen, however sinceit hasno
odor, and the usual warning signs of poisoning are lethargy and headache, which can
easily be overlooked cases of carbon monoxide poisoning usually go untreated resulting
in chronic poisoning or fatal poisoning. The most common reason for carbon monoxide
poisoning is from afaulty furnace in the home.

Carbon monoxide is the product of incomplete combustion of carbon containing
molecules. It’susein chemistry isactually quite extensive, however for the beginning
chemistitisreally not agasof interest. It doeshowever act asadecent reducing agent,
and in environmentswhere carbon isthe reducing agent under extreme conditions carbon
monoxXide can be the main product, therefore taking precautionsto removethegasisan
important measure. Other then generating insanely toxic carbonyls of the transition
metal s though it does not have the wide variety of uses that would render it highly
important. 1t’spreparationissimple, the addition of concentrated sulfuric acid toformic
acid resultsin its dehydration and subsequent generation of carbon monoxide gas.

HCOOH(aq) + H2804(|) b HzSO4*XH20(3q) + CO(g)

Gas generated in thisway issuitable directly for anumber of applications provided
the addition of thereagentsiscontrolled. Theexit gasses of apparatusesthat use carbon
monoxide or produce carbon monoxide should alwaysbelead into the entry of aflameto
burn the gas away entirely. Carbonyl compounds can also be pacified in this manner.
However allow meto reiterate the main fact here, carbon monoxideis highly poisonous
and gives no warning to its presence, apparatuses using it should be checked and
rechecked to ensurethey areair tight and exit gasses are properly incinerated, the author
of this work recommends against intentionally using carbon monoxide in any
preparations.

Chlorine Cly: (See Section 4.9)

Chlorine Dioxide ClIO, ws: Chlorine dioxideis surprisingly soluble in water, making a
green solution. Itsactual reaction with water isslow and solutions of CIO; in water are
stablefor sometime. Chlorine dioxideisvery toxic and destroyslung tissue, eyetissue,
and skin wholesal e upon contact when concentrated. It isused industrially for
disinfecting and bleaching of paper and aslong asthe gasisheavily diluted with an inert
gas, usually CO2, it is somewhat safe to handle, it is usually produced at the point of
consumption for thisreason though. When concentrated as a gas chlorine dioxide can
explodefor no apparent reason or in the presence of traces of organic material. Theusual
process to make ClO2 on the spot involves the reaction between sodium chlorite and
sulfuric acid:




5H2804(|) + 5NaOCI2(aq) ) 4C|Oz(g) + 2H20(|) + NaCl () T 2N 8QSO4(aq)

Sodium chlorite being the salt of the unstableacid HOCI2. Thisprocessisnowhere near
freefrom danger, the previous method of manufacture of CIO2 wasto heat amixture of
sodium chlorate and oxalic acid, this produces CO2 gas simultaneously which dilutesthe
ClO2 produced, but even with this advantage there have been numerous reports of this
preparation going awry and exploding without ascertainable reason. The hydrolysis of
ClO2 in water yields a number of products depending on the temperature and time of
reaction but the products include chlorate, chlorite, hypochlorite, chloride, and
perchlorate. Scrubbing of exit gasses containing ClO2 should be done with strong
NaOH, reducing agents should be avoided due to danger of explosion, and apparatuses
venting this gasses should be wrapped in screen and shielded from light to lessen the
possibility of exploding, exit gasses containing it should never be burned asit may flash
back into the system and cause a massive explosion. CIO2 isavery dangerous gas to
work with and preparations involving its use and isolation should be avoided.

Ethylene CH2CH2: A colorless gas with aslightly sweet odor. Once used for
anesthesiait is exceedingly flammable and explosive under theright conditions. It also
has a unique property of acting to ripen fruit despite it being such a simple molecule.
Althoughit can act as an asphyxiant isdoes not possess any excessivetoxic effectson the
human body. Unlike acetylene hazardous polymerizationislesslikely however thisgas
is quite reactive toward oxidizing agents. Here are afew examples:

CH2CHy(g) + Bra@ag P CH2BrCH2Bry)
CH2CHy(g) --(KMNO4/NaOH (a))--> CH,OHCH20H ()

That double bond that ethylene hasis quite prone to addition and it is likewise
reactive asillustrated above. It hassome usein synthesisfor such reasons but no use as
an inert atmosphere. The production of ethyleneisone step further then the production
of diethyl ether. Inthe case of ether two molecul es of ethanol are condensed and awater
moleculeislost, ethylene goes one step further, another water molecule pulled out of
diethy! ether so to speak according to the following reaction:

2CH3CH20H(y --(High Heat/Excess H2SO4())--> 2CH2CHy(g)

High temperatures (>140 °C) and asignificant excess of sulfuric acid (at |east a 4x
molar excess) to ethanol produce favorable conditionsfor ethylene formation. Itis
recommended that you add some fine sand to the reaction mixture to make aslurry that
prevents some of the bumping associated with thisreaction. Aswith working with other
highly flammabl e gasses heating should be accomplished by an oil bath held on an
el ectric/non-sparking heating source. The ethylenethus produced after being put though
aweak basic wash is suitable for most any purpose.

To scrub ethylene from the exit gasses from areaction either significant bubbling
though an alkaline permanaganate solution or leading the exit gassesinto theintakeon a




flame will work. Although highly flammable, ethylene is less dangerous then some of
the gasses mentioned here and can be used with a measure of safety.

Fluorine F» WS (reacts): (See Section 4.9)

Hydrogen H,: Hydrogen gasis highly flammable although otherwise not terribly
reactive. With heating it will form hydrides with some metalsand it isagood reducing
agent at high temperatures but the kind of run-away r eactionsthat can be expected from
some reactions are simply in the lacking with hydrogen (except that whole highly
flammablething). Hydrogenisavery light gasthat clearsthereaction areavery quickly
owing to its ability to take flight. The simplicity of making hydrogen gasin the
laboratory isonly matched by the simplicity of making carbon dioxide. Section 4.2 on
acids covers the hydrogen activity series, anything in the list above hydrogen will
displace hydrogen from an acid and will therefore produce hydrogen gas asthe metal is
solvated. If theonly acidsyou have are weak acidsyou need asomewhat reactive metal,
aluminum or magnesium will displace hydrogen from acetic acid (it works with the other
metal stoo but dueto dilution the reactionisslow), but usually somewhat stronger acids
areavailable. A great reaction to produce hydrogen gasisto drip hydrochloric acid onto
magnesium scrap, the reaction isfast but it istherefore over fast and allowsfor amore
precise control over the speed of hydrogen generation, other good choices might be
common steel wool, aluminum foil, or zinc in any form (Do not use nails, you do not
want to make a shrapnel bomb!).

Mgy + 2HCl(a) P MgClaag) + Hz(g)

The gas thus produced would have to be scrubbed for two things, volatile acid
components (HCL () and for water that vaporizes, it depends on how pure you want this
gas as to how much scrubbing you are going to do on it. Running the gas though a
sodium hydroxide mixturewill eliminate acidic componentsand running it though afinal
sulfuric acid wash will remove gas and make the hydrogen suitable for most any
application. Exit gasses containing hydrogen are best disposed of by incineration.

Hydrogen Cyanide HCN ws: Thisis actually aborderline gag/liquid, approx. Bp is
26C so slightly above room temperature, it hasthe odor of bitter almonds, however only
1/3 of the population can smell it dueto agenetic defect. But that isnot important, what
isimportant isthat thisis one of the top four most toxic gasseslisted in this countdown.
Not only isittoxic, butitisproneto explosive polymerization if not properly stabilized
and itisalso flammable/explosive onitsown. Hydrogen cyanideis more often then not
accidentally made when a chemist dabbling in cyanides decidesto acidify the solution,
big mistake:

NaCN(a) + H20@) U NaOHx) + HCN ()
| say big mistake because that equilibrium lies too far to the right for my own

comfort to begin with owing to the weakness of hydrocyanicacid and when acid isadded
separately it forces the equilibrium to the right by taking up the sodium hydroxide and




therefore hydrogen cyanide is formed, although very soluble in water the acid
continuously comes acidified solutions, and if significantly acidified a significant
eruption of HCN can occur. Hydrogen cyanide has incredible knockdown power, one
whiff can instantly put a person on the floor unconscious with no hope of recovery and
death following within two or three minutes. Scrubbing hydrogen cyanide from exit
gassesisasimpleaffair asitisso easily oxidized bubbling though asodium hypochlorite
solution or other mild to strong oxidizing agent will easily oxidize the cyanide anion to
cyanate OCN" aless toxic version. Hydrogen cyanideredly isachemical that |
recommend others not even work with, as such theinformation hereismore of awarning
then anything amy! nitrate (inhalation) and sodium thiosulfate (ingestion) are somewhat
of folklore medicines to help combat cyanide poisoning.

Hydrogen Fluoride HF ws: Another borderline gas/liquid, approximate Bp is 19C,
slightly below room temperature. Aswith all soluble fluorides hydrogen fluoridewould
be considered toxic to start out with, however it goes one step beyond, if you get asplash
of hydrogen fluoride on your arm the accepted scenario involvesyour flesh dissolving to
the bone, then your bone dissolving, followed by several minutes of pain asyou get
terrible fluoride poisoning, finally ending with your heart stopping. But that’s liquid
hydrogen fluoride, nasty stuff anhydrous.

In dilute solutions (<3%) it isfairly safe to work with, concentrations of this
magnitude are available in over the counter products. They are still toxic but not to the
samedegree. Asagasanhydroushydrogen fluorideisamost just asbad, eating away at
lung tissue and poisoning your body. At leastit’ snot flammable. Hydrogen fluoride of
all concentrations will attack glass show in the following equation:

Si 02(5) + 6H F(aq) b Si FeHz(aq) + 2H20(|)

The ability of hydrofluoric acid to attack glass increases steadily with concentration
to about 99.9%, supposedly totally anhydrous hydrogen fluoride will not attack glass,
however notice that water is created in the attack on glass, therefore even a stray water
molecule could catalyzethereaction. It will eat glassto asignificant extent eliminating
the ability to use glass vessel swhen handling hydrogen fluoride, either asasolution or as
agas.

CaFys) + H2SO4) P CaSOyg) + 2HF(g)

The formation of hydrogen fluoride by heating cal cium fluoride with concentrated
sulfuric acid is favored by the volatility of the hydrogen fluoride thus formed and
continued heating to keep driving it off. Additionally hydrogen fluoride could be hadby
removing the water from over the counter solutions, either by distillation (be sure to
check for azeotropes) or by dehydration via a strong desi ccant.

Asan agueous solution hydrogen fluorideisaweak acid, thisisto be expected if you
look at thetrend setup by the other hydrogen halides, but it isactually much weaker then
could bepredicted. Thisisbecausethe bond between hydrogen and fluorineisincredibly




strong and thereforeionization happensto aconsiderably |essened extent. It will dissolve
many metal sthough and asit is doing so the heat of the reaction is probably vaporizing
HF out of the solution and into your air.

Please, hydrogen fluorideis not only aterrible contact poison but cumulative poison,
please consider thisinformation awarning as to its dangers.

Hydrogen Halides except Fluoride HCI, HBr, HI ws: These are all noxious smelling
gasses at room temperature and pressure. Their solution in water form the recognized
acids hydrochloric acid, hydrobromic acid, and hydroiodic acid. Inhalation of these
gasses can cause damage to the lungs and mucus membranes. Skin contact with
concentrated vaporswill result in discoloration and possibly necrosis. Hydrogen bromide
presents aproblem different from the other two in that bromineisnot normally utilized
by the body, hydrogen bromide inhalation, resulting in the increase of bromide in the
body results in increase lethargy and in extreme instances, death. Although not
exceedingly toxic these gasses all cause damage on the physical level, whichif enough
could cause death.

All of these gasses are solublein water to significant extents, hydrogen chloride the
least soluble and hydrogen iodide the most. Their acid solutions provide the most
effectivewaysto generatethe gasses. Dehydration of the solutions, especially if they are
initially concentrated will result in the formation of the free halogen halide.

Aboveis an apparatus ideal for the formation of a hydrogen halide gas from a
hydrogen halic acid. Insuch an apparatusthe acid to be dehydrated isput into 1 whichis
afunnel closed off from therest of the system by the stopcock 2. Thisfunnel extends
downward with astem that hasavery small opening, almost like capillary tubing 3. This
extends down to the bottom of the vessel and deep under the concentrated dehydrating
acid (sulfuricfor hydrogen chloride, phosphoric for bromideor iodide) 4. Thegasupon
formation bubblesthough the sulfuric acid and out of thegastube 5. Theopeninginthe
tubing is small enough that it draws down more acid until the stopcock isclosed. This
apparatus will generate large quantities of water-free hydrogen halide. The simplified
versionisjust acontainer full of sulfuric acidinto whichyour hydrohalic acidisdripped
in with a sepretory funnel. The disadvantage of thisversion is the water spray and
evaporation which calls for an additional wash of the exit gasses.




The hydrogen halides can also be generated from a chemical reaction. Hydrogen
chloride can be generated (although not controllably) by the reaction between sodium
chloride and concentrated sulfuric acid:

NaClg + H2SO40) P NaHSOys) + HCl g

Although for hydrogen bromide and hydrogen iodide this reaction is notasfeasible.
Some of the hydrogen bromide formed will be oxidized by the sulfuric acid to free
bromine and for the reaction between sodium iodide and sulfuric acid most if not all of
the hydrogen iodide produced is oxidized to iodine. However distillation of weaker
solutions of sulfuric acid with these salts can result in aqueous azeotropes of the acids.
The hydrogen halides of these salts can be generated by the reaction of asodium salt with
concentrated phosphoric acid, which lacks the oxidizing power to release the free
elements.

HBr and HCI can also be generated as side products from organic hal ogenations.
Usually ¥of theinitial halogen isconsumed in thereaction and the other half isrel eased
asthe hydrogen halide, iodine however does not posses the power necessary to perform
most organic halogenations and therefore this is not a good way to make hydrogen
iodide.

Exit gasses containing these acidic gasses can easily be scrubbed by bubbling them
though concentrated sodium hydroxide solution. Subjecting these gasses to high heat
will dissociate them to some extent and oxidizes some of them part way but resultsina
multitude of products.

Hydrogen Sulfide H,Sws: Y et another incredibly toxic gas, this one more so then
hydrogen cyanide. It hasit’sown unique smell, which everyone has probably smelled at
onetimeor another, the smell of rotten eggs. However, although the smell of hydrogen
sulfide becomes prominate at level sbelow lethal levelsit hasone major trick, it deadens
the sense of smell quickly so the smell goesaway and you think you’ re okay, but actually
you might just be about ready to die. Many beginning chemists have died from hydrogen
sulfide thinking that because they could not smell it they were okay. Smell isonly away
of detecting hydrogen sulfideif it is generated unexpectedly, if that happens leave the
area. You do not want to mess around with this chemical.

Thetreatment of many sulfides with acid isthe cause of hydrogen sulfide production
usually. Aswith hydrogen cyanide, hydrogen sulfide dissolvesin water forming aweak
acid solution, and adding acid to asalt of hydrogen sulfide drives the equilibrium to the
production of hydrogen sulfide gas. Sulfides can easily be made by the direct
combination of an active metal with elemental sulfur followed by heat. They canalso be
the product of high temperature reductions of sulfates.

CaSO4 + H2(g) P CaSy + H20(g

S¥ (@ + 2H200) U HS (o) + OH (e +H20() U H2S(ag) + 20H (g




Inthefirst equation calcium sulfateistreated with hydrogen at ahigh temperaturein
the absence of oxygen, the products are gaseous water and calcium sulfide. The second
equation showsthe equilibrium that existsin aneutral solution of hydrogen asulfidesdt
of of hydrogen sulfide. Addition of a base adds hydroxide, which appears on the far
right, thisdrivesthe equation to theleft, and aslong as plenty of baseis present sulfides
arerelatively safe. However if acid is added that will destroy the base and it will
protonate the sulfide anion floating around it the solution, both of these will drive the
equation to the right and produce hydrogen sulfide gas.

The allure of hydrogen sulfide isthere though. It isuseful inthe laboratory, asan
agent to detect certain metal compounds, as areducing agent and al so to generate some
interesting acids.

Bragy + H2Sg P 2HBr () + Sg

If thisreaction wereto be carried out under alayer of water and stirring were applied
it would not stop there, the sulfur formed would react with the bromine formatting S;Br»
which would react with thewater resulting in the oxidation of sulfur convertingit to SO»
and making two more molecul es of hydrogen bromide, most of whichwould dissolvein
the upper | ayer of water making a concentrated hydrobromic acid solution. Solutions of
formic, acetic, and other acids can be made in this manner. Exit gasses containing H,S
can be burned or scrubbed with two washes of concentrated basic solutions or alkali
oxidizing agents such asKMnQO,. But thedanger of carrying out such operationsusually
render thisunfeasible, hydrogen sulfidekills, the author of thiswork recommends agai nst
not working with this toxic chemical.

Methane CH,4: A common gas with which most people are familiar, methaneis a
simple asphyxiant gas with the side pitfall of being an explosion hazard. It has no
uncommon reactivitiesand behavesfairly inertly. Natural gas piped to homesismostly
methane with other agents added for smell and asmal | percentage of other hydrocarbons.
Methane in home synthesis is somewhat of an extreme measure do to its lack of
reactivity. Chlorinating methane should yield carbon tetrachloride, chloroform,
methylene chloride, and methyl chloride. However the careful control of temperatureand
necessary supply of chlorine gasare usually outside of the normal working scope of the
homelab. It isinteresting to note the simple procedure by which methane can be
generated in the home lab:

CH3COONa(s) + NaOH(s) p CH4(g) + NBQCOQ,(S)

By simply heating anhydrous sodium acetate with sodium hydroxide the reaction
commences generating methane gas and sodium carbonate. M ethane can beformed asa
product of the electrolysis of some mixtures containing organic components or by the
action of water or acid on aluminum or beryllium carbide. If areactionisruninwhich
methane providesan ‘inert’ atmosphere or areaction that involvesthe production or use
of methane is run, the exit gasses should be lead into the intake of a burner and
incinerated to prevent and explosion hazard.




Nitogen dioxide NO, WS (reacts): This compound reacts with water to form nitric acid
and nitric oxidegas. Duetothisfact itisincredibly toxic, think about it, it goesinto your
lungs and makes nitric acid which in turn causes your lungsto secrete fluid which causes
pulmonary edemawhich meansyou’ re going to die. Nitrogen dioxide has abiting odor
caused by its hydrolysis upon contact with fluids within your nose, also due to its
hydrolysis you can tasteit. It has ahigh boiling point and can be easily condensed at
home, asaliquid/soliditiscolorlessintheory dueto the formation of thedimmer N204,
however it is actually more often then not brown-red asisthe gas.

4HN03(aq) + CU(S) b ZNOZ(Q) + CU(NO3)2(aq) + 2H20(|)

The easiest production of NO; involvesthe action of concentrated nitric acid upon
copper metal. However if the reason you seek thistoxic gasisfor the production of nitric
acid then that really does not seem like a feasible method of production. Alternative
methods of production include the moderate temperature decomposition of heavy metal
nitrates (although complicated by the formation of oxygen), or by the action of astrong
electrical discharge on amixture of oxygen and nitrogen to produce amixture of nitrogen
oxides followed by a means of separation such as condensation.

BNOz(g) + 3H20() U 3HNO3(g) + 3HNO2(a U 4HNOg3(q) + 2NO(g + H20)

Asyou can see nitrogen dioxide disproportionatesin water to form nitrous acid and
nitric acid, however the nitrous acid thusformed is unstable and decomposesresulting in
theformation of yet another molecule of nitric acid and atwo molecules of nitric oxide.
Giving the overall equation showing that six molecules of nitrogen dioxide will react
with two molecul es of water to form four moleculesof nitric acid. It should be noted that
nitric oxideiseasily oxidized to nitrogen dioxide by the action of atmospheric oxygen
with no other stimulus. Solutions of high concentration nitric acid with excess NO,
dissolved within are known as red fuming nitric acid. Incineration of exit gasses
containing nitrogen dioxide should be avoided in combination with any flammable gasses
as nitrogen dioxide can support combustion and cause a flash back of fire into your
reaction regardless of alack of oxygen.

Exit gasses containing nitrogen dioxide should be appropriately scrubbed using a
strong sodium hydroxide solution. Theformed sodium nitrate and sodium nitrite may be
recovered for future uses by evaporation of the scrubbing solution afterwards. Nitrogen
dioxideisavery poisonousgas, if it isto be used saf ety measures should be planned out
inadvance and it should be used entirely in aclosed reaction system, the operator of such
asystem should wear arespirator of some sort and exit gasses shoul d be double washed
in concentrated sodium hydroxide solutions, thisis not a gas to take lightly.

Nitrogen N»: Approximately 78 % of the air you breath is, by volume, nitrogen gas.
Nitrogen is a diatomic molecule that has a very strong triple bond connecting the two
nitrogen atoms. Itisinert to awide variety of common applications except el ectrostatic
discharges. Itispurifiedfromair by liquefaction of air followed by fractional distillation.
It isawidely available gasin the chemistry industry and can be found for welding




applications. Laboratory preparation of nitrogen is very complicated on average, one
method being by the action of a strong oxidant on an agueous ammonia solution, or by
the careful heating of ammonium nitrite, or by the careful decomposition of an azide.
Other methods al so exi st but the best isgoing to be simply removing other components
fromair. Running normal air into ametal tubefull of copper wool and heated externally
very hot with atorch will remove the oxygen present if the tube is significantly long
enough. You areleft with nearly 98% nitrogen content with 1% or so of argon. Nitrogen
formsagood inert atmospherefor many reactions. It isan asphyxiant gaslike any other,
however there is no need to take extra precautions with exit gasses that may contain
nitrogen only worry about other things that may be there.

Nitric Oxide (Nitrogen Monoxide) NO: Some references refer to this as nitrogen
monoxide, othersrefer to nitrous oxide as nitrogen monoxide, check the context in older
text to be surewhich iswhich. The nitrogen of this molecul e has one unpaired electron,
which should cause it to at least dimerise forming N202, however it does not have a
tendency to do this greatly until alow temperature. Asagas nitrogen monoxideis
colorless, and somewhat reactive. It will react almost instantly with air forming brown
nitrogen dioxide (seeabove). Nitricoxideisonly very slightly solubleinwater forming a
very small amount of nitrousacid. Nitrogen monoxide can act as either areducing agent
or an oxidizing agent, resulting in the formation of the nitrate anion or nitrogen dioxide
respectively.

Nitric oxide is usually formed by the action of dilute nitric acid on copper metal.
However it can al so be formed by reacting sodium nitrate, ferrous sulfate, and sulfuric
acid, whichisaconvenient laboratory preparation. Inall casesthe gasmust be washed to
remove traces of other nitrogen oxides that may be present:

2NaNOy(s) + 2FeS04(ag) + 3H2SO04) P 2NO(g) + Fex(S04) 3(ag) + 2NaHSO4(aq) + 2H:0)

Solutions of nitrous acid formed by the acidification of anitrite saltin general will
decompose somewhat rapidly to a solution of nitrate and nitrogen monoxide gas:

3N02_(aq) + 3H+(aq) 8] 3HN02(aq) P HNO3(aq) + ZNO(g) + H20(|)

Thelast step being somewhat irreversible dueto thelow solubility of NO gasand that it
isleaving the solution, therefore driving the reaction to that step. That isone of the
reasons why HNOz () ismadein situ as needed and not an item to be laying around on a
stock shelf. The addition of acid to anitrite isthe way to go, the addition of dilute
sulfuric acid to asolution of barium nitrite followed by filtration |eading to a somewhat
pure solution.

Nitrogen monoxidewill support combustion and will attack rubber and possibly lead to
an explosion if mixed with potentially oxidizeable gasses. Being that nitrogen monoxide
convertsto highly poisonous nitrogen dioxide on exposure to atmospheric oxygen your
main concern upon venting from a reaction mixture will be the probable inhalation of
nitrogen dioxide. However nitrogen monoxide can be scrubbed by passage though a




concentrated sodium hydroxide solution, and passing though an open flame may help
destroy this molecule, although passage though two or three vats of hydroxideis
recommended. Aslongasyou are careful initsuse and clean up nitrogen monoxideonly
poses a hazard to those who disrespect it, if you are working in an area and sudden
circumstances cause the evol ution of nitrogen monoxide/dioxide gasoccur just |leave the
area, no sense in risking your life.

Nitrous Oxide NoO: Nitrous oxide will readily support the combustion of any of a
number of possibly combustible molecules, nearly anything that will burninair will burn
readily in nitrous oxide:

Hag) + N2Og P H20(g) + N2

Theformation of exceedingly stable dinitrogen being one of the motivating factorsinits
oxidizing ability. Nitrous oxide has the famous synonym “laughing gas’ and is
somewhat widely used in the dental profession. It isalso used as afoaming
agent/propellant for whipped cream dueto its high solubility inlipids. Nitrousoxideon
its own poses no real danger except the usual asphyxiation hazard, however as stated
beforeitisapotent oxidizing agent thereforeits presencein thelaboratory should still be
monitored and general venting of the gas should be avoided (also in view of its sedative
properties).

The classic method of preparation of nitrous oxide isthe controlled thermal
decomposition of ammonium nitrate:

NH4NO3z P N2O( + H20(g

During the decomposition extra care must be taken to prevent water from condensing
around the top of aflask generating the nitrous oxide and dripping back in, this can
increase the production of other nitrogen oxides or may crack aflask. Large amounts of
ammonium nitrate should be avoided (>509) or else the ability of the massto transfer
thermal energy may become inhibited which could result inlocalized super heating and
possibly arun away deflagration. Other safer methods, such as the reaction between
hydroxyl amine and sodium nitratein solution or reacting ammonium nitrate with asmall
amount of sodium chloride and dilute nitric acid in solution, either one of these reactions
requires external heating in a water bath to achieve decent N,O production.

Nitrous oxide should never be produced for human consumption. Asanexit gasit should
be subjected to thermal decomposition or possibly passed though a bath containing a
strong reducing agent.

Nobe Gasses, Hdium He/Neon Ne/Argon Ar/Krypton Kr: Helium isreadily
available mixed with air though party supplies, neon is available though companies
catering to neon light production, argonisavailableto welders, and krypton isaspecialty
gas. All these gassesare nearly totally unreactive and are good for blanketing areaction
environment. The latter two of them are heavier then air and subsequently do a better




blanketing job. Asexit gassesthese possestheregular asphyxiation hazard but nothing
more unless they are carrying with them other potentially hazardous substances which
require additional treatment.

Oxygen O,: Making up roughly 20% of the air we breath oxygenisall around us. It's
reactions are numerous but its most noted reaction isacombustion reaction, usually the
definitive case between oxygen an a hydrocarbon such as butane:

2CH3(CH2)2CH3(g) + 1302 P 8COyg) + 10H20(g)

The combustion of such hydrocarbons at least requiring a spark to initiate but once
started continuing almost instantly in the case of gasses mixed with oxygen and
somewhat more manageably at theliquid gasinterface or liquid/gas/solid interfacewith
other forms. If oxygen had been deficient in the above reaction mainly carbon monoxide
would have formed in preference to carbon dioxide but only because oxygen had been
deficient, carbon monoxide itself will burnif it is mixed with oxygen and the proper
spark of activation energy is applied.

Oxygenisavery good and cheap oxidizing agent. Bubbling air though hydrochloric acid
with nickel metal immersed in it for example will lead to the dissolution of the nickel
somewhat rapidly. At elevated temperatures oxygen attacks many metals, magnesium
will readily burn in oxygen as will many finely divided/powdered metals (nickel, iron,
zirconium, zinc, etc.). Zirconium powder burning in pure oxygen can achieve
temperaturesin excess of 4500°C! Oxygen can also bring out an even higher oxidation
state in some elementsthen even elemental fluorine can. For example, combination of
oxygen and osmium metal at room temperature leadsto the slow formation of osmium
tetroxide which gives osmium a +8 charge, by contrast the reaction of osmium at high
temperature with fluorine can only yield the somewhat unstable compound OsF; (osmium
heptafluoride) which decomposes to the more stable osmium hexafluoride.

Dioxygen serves many important oxidizing rolesin thelab. But it can also be anuisance,
some materials are so easily oxidized that even a moments exposure to oxygen can
contaminate them. A container containing nickel carbonyl most clearly shows this,
opening and closing the opening of it for amoment almost immediately causes solid
nickel particlesto form on the surface of the previously clear solution. Oxygen also|leads
to explosion hazards and flammability concerns. Liquid oxygen increasestheserisks, for
example, acharcoal briquette soaked in liquid oxygen and then ignited supposedly
explodes with the force of astick of dynamite. However explosives of thistype are
unpredictable and not commonly used in industry.

Although air contains arelatively decent oxygen percentage it may become necessary to
produce oxygenonalab scale. Purificationfromair isout of the question for most any
amateur chemist due to oxygen being the most reactive component of it, however
industrially oxygen is prepared from air by condensing it to aliquid and fractionally
distilling off the oxygen (-183 °C). On a home scal e oxygen can be prepared by
numerous methods, the simplest is the catal ytic decomposition of hydrogen peroxide.




Adding many different things to hydrogen peroxide will decompose it to oxygen and
water. With dilute solutions (<30%) and with monitoring of the temperature (Keeping it
less then 70°C using anice bath asnecessary) thispreparationisfree of danger. Thegas
must first be bubbled though concentrated sulfuric acid or another dehydrating agent to
remove any water that may be present but afterwards it is of sufficient purity to use. A
great catalyst for thisisproduced by mixing manganese dioxide with sodium silicate until
the solution becomesthick then slowly add dilute acid with stirring. The resultant chunks
of silicawith manganese dioxideimbedded in them are put onto astrainer and washed to
remove fine particulates and the granular precipitate is excellent for decomposing
peroxide and is fully recoverable.

Theclassical procedure of making oxygen isthe controlled decomposition of achlorate
or perchlorate at medium (150 — 150 °C) temperatures:

2KC|03(5) b KCI 04(5) + Oz(g) + KC|(5) b 2KC|(S) + 302(9)

The decomposition can be stopped at the middl e stage producing perchlorate and chloride
and oxygen gas or additional or prolonged heating will result in total chloride conversion
and maximum production of oxygen gas. The addition of asmall amount of manganese
dioxide also helps to make the reaction run smoother. However working with nearly
molten chlorates/perchloratesis not anice experience and thereis always a chance that
thereaction could run out of control. Therefore this method ismentioned for curiosities
sake. And also because it isthe methodology behind many pyrotechnic mixtures.

Oxygen gas can be safely vented only if there are no additional potentially flammable
gasses being released in thevicinity, however if alarge quantity of oxygen gasisvented
continuously or all at once there is always additional danger associated with it. Exit
gasses contai ning oxygen can be lead into the intake of aburner and will only add to the
combustion of the hydrocarbons therein.

Ozone Os: A step up from oxygen in terms of oxidizing ability, ozone will attack may
organic compoundswith vigor if it comesinto contact with them. Invery small amounts
ozone actually has a pleasant smell, it can be smelt around power lines or when running
electrical equipment that can spark such as electric drills. However in higher
concentrations the pleasant smell goes away and you are left with a nauseating biting
smell. Ozoneiscapable of innumerabl e oxidizations, many of which are at least difficult
with oxygen and near impossibl e under the same reaction conditions. For example,
ozone will oxidize sulfur dioxide to sulfur trioxide at STP, where as for substantial
conversion with oxygen at a minimum an efficient catalyst and somewhat elevated
temperatures should be used.

The formation of ozone by chemical meansis difficult, especially under controlled
circumstancesin reliable yields. A number of reactions will produce ozone in small
amounts, two such reactions being the oxidation of which phosphoruswith oxygen, or the
decomposition of manganese heptoxide. However the amounts generated from partial




oxidation of phosphorus are small and manganese heptoxide is an unstable explosive
liquid.

Electrolysis is another way of making ozone. The electrolysis of perchlorates under
alkaline conditions can yield ozone. However the most time tested and reliable way to
make ozone is to run oxygen gas though an electric discharge. If nitrogen is present
nitrogen oxides may beformed. But agood electric discharge system with aslow steady
supply of oxygen flowing though it can yield mixtures of oxygen and ozone containing
up to 20% ozone. Ozoneisamost always made on sitewhereit isneeded and therefore
it would be almost impossible to purchase it.

Ozone hasits place in chemistry, ozides of the alkali metals can be made with it and
extensive oxidations can be carried out with it. It will only bein your exit gasin all
likelihood if you put it in your reaction to begin with. If that isthe case ozone can be
destroyed by bubbling the exit gasses though aqueous sol utions of alcohols or reducing
agents. High temperatures can destroy ozone but leading it into the intake of a burner
will destroy it though combustion. Ozoneis highly toxic and as such should be treated
with care.

Phosgene COCI;, (Carbonyl Chloride)ws (reacts): Y et another gas who once found use
asawar gas, phosgeneis produced industrially from carbon monoxide and chlorine gas
by the simple reaction:

CO(g) + C|2(g) ) COC|2(g)

Carbony! chloride finds use industrially in the production of polycarbonates. It has a
somewhat high boiling point of 8.7°C and therefore could beliquefied very easily if that
wasyour intention. However it isvery toxic to human beings, upon entering the human
body it hydrolyzes to hydrochloric acid and carbon dioxide, the hydrochloric acid
attacking the lungs and eyes causing blindness and pulmonary edema. Its danger should
not be underestimated and any undertaking that could produce phosgene should be
treated with the utmost care and caution. Phosgene can be produced from the oxidation
of chloroform or carbon tetrachloride. Containers of chloroform should have ethyl or
methyl alcohol added, their presence destroys phosgene by converting it to hydrochloric
acid and ethyl or methyl carbonate (non-toxic). These chemicalsshould be present tothe
extent of about 1% the total volume, additionally chloroform should be stored in dark
bottles dry and without opening often to limit the supply of air in the containers.

Exit gassesthat contain phosgene should be run through at least two washes of strongly
basified water. Turningitinto chloride and carbon dioxide. Additionally phosgene could
be burned but its combustion woul d rel ease hydrogen chloride. Addition of an oxidizing
agent to the basic wash is not known to have any additional positive effect.

PhosphinePH3: Unlike ammonia phosphine only actsas abasein the presence of fairly
strong concentrated acids. Phosphineisonly very slightly water-solubleand asolution of
phosphinein water isnotappreciably basic. Phosphine hasaparticular smell similar to




molded garlic or rancid fish depending on the individual. The odor is not avery good
indicator asitistoxic below the odor threshold. Phosphineisactually incredibly toxic,
and causesterrible delayed damageto the kidneysand liver. Similar to arsine poisoning,
aperson subject to phosphineinhalation may feel nauseousor ill for afew hoursbut the
symptoms may clear up, only to have the person struck down in bed again afew days
later, with death possibly following shortly thereafter.

Similar to the production of hydrogen sulfide by the action of acid on an appropriate
sulfide, the action of acid on many phosphides (of which only zinc phosphineis
commonly found) will usually yield phosphine. An older demonstration for the
properties of phosphine wasto take aretort and put some white phosphorus, water, and
sodium hydroxideinto it and seal it. Placeit on ahot surface and put the beak of the
retort so it dipped just under water. Phosphine would be produced and bubble up, and as
it brokethe surfaceit would spontaneously ignite and create perfect smoke ringsthat rose
up one after another. But, just like hydrogen sulfide, although phosphineis a useful
chemical as areducing agent and for other reasons, due to itstoxicity the author must
advise against using phosphine for any purpose.

The scrubbing of exit gasses containing phosphine can be accomplished by nearly any
oxidizing agent, hypochlorites, permanganate, ferric salts, even nickel salts will be
reduced by phosphine. The most though method though to dispose of phosphineistorun
it into an open flame, thiswill create a fine dispersion of phosphorus pentoxide and
thereforeit isadvisableto remain adistance away from the flame, because although not
poisonous it may cause damage to the throat and lungs.

Propane CH3CH>CHs;: Propanefollows along the same lines as the other hydrocarbons
inthislist (Butane and Methane) in that it isrelatively unreactive to many conditions
except oxidation once acertain activation energy isachieved. Itiswidely availableat a
decent purity and can be used as an inert gasin some situations. It isan asphyxiant gas
and is flammable so should not be allowed to accumulate. Therefore care should be
taken to ignite the exit gasses as they pass though otherwise they may accumul ate.

SilaneSiH,: Y et another spontaneously flammable gasat STP when exposed to oxygen:
Si H4(g) + 202(9) P S OZ(s) + 2H20(g)

Described ashaving a‘ repulsive odor’ silane hasfew if any common usesin chemistry.
Industrially it is used to produce amorphous silica. Of course that means that when it
ignitesonitsownit will makeacloud of very finesilicawhichif inhaled will do damage
to thelungs, inhalation of fine silicacan cause cancer actually. Silaneishighly reactive,
there are methods in which a chemist could utilize it, for example, reacting it with
chlorinewould producesilicon tetrachloride, aninteresting chemical with awidevariety
of uses. But who would want to use such atoxic spontaneously flammable chemical ?
The normal method of producing silaneis to react magnesium silide with acid:

M gZSi 9t 4HCI(aq) P 2M gC|2(aq) + SiH4(g)




Mg,Si could in theory be made by direct combination of the elements followed by
heating. However itiseasiest to produceit in situ by athermite type reaction between an
excess of magnesium and silicon dioxide:

3M de + 2Si 02(5) P 2M gO(s) + S ©® + Mgzsi ©

It is not recommended to use a great excess of magnesium in this mixture, the above

equation showing slightly morethenisusedin practice. 1f too much magnesiumisused,

the already difficult to ignite mixture may becomeimpossibleto initiate. The mixture
thus obtained could be used directly to produce silane.

When present in the exit gasses of areaction silane can easily be destroyed by running
though water, however somewhat basic solutionswork even better. The exit gasses may
also be destroyed by burning,

Solvent Vapors. Ingeneral solvent vapors should not be vented as most every solventis
highly flammable with the usual exception of water. As such the usual method of
disposal of solvent vaporsisby incineration. The problem withincineration occurswith
hal ogenated hydrocarbons. Their incineration entailsthe production of hydrogen halides
which are one of the gasses specifically described in thistest to dispose of initsown way,
incineration not being one of them. If your exit gasses do contain hydrogen halides it
may be good toattempt to take them out by running them into abeaker full of ice, tore-
liquefy them and therefore not haveto deal with their gasses. They can be burned, but as
stated the production of another nuisance gasisusually not agood reason to burn them.
Many of the more halogenated hydrocarbons will not burn easily though (Chloroform,
carbontetrachloride). Although against environmental regul ations one may beforced to
vent them. However the author of thistexts highly recommendsfinding another method
of dealing with the exit gasses of these.

Sulfur Dioxide SO, ws: Sulfur dioxideis auseful easily condensed gas with aboiling
point of =10 °C. There are anumber of preparatory methods for this gasincluding the
most obvious of burning sulfur:

S+ Oyg P SOz

However thismethod isdifficult to control for aconstant source of the gas, as such the
addition of oxidizing materials may be necessary to provide areliable burn rate, in the
olden days ' sulfur candles’ were designed to accomplish thereliable burning of sulfur to
sulfur dioxide. In someinstancesit has been proposed to use some brands of road flares
for the preparation of sulfur dioxide but the gasses thus produced usually include some
water and carbon dioxideaswell. Additionally sul fur dioxide can be prepared from non-
combustive methods, notably the reaction between hot concentrated sulfuric acid with
copper metal which gives sulfur dioxide and water as the exit gasses. Another notable
method involvesthe reaction between abisulfite salt (-HSOs) and an acid such assulfuric
or hydrochloric. What this reaction actually doesisto drive an equilibrium in the

solution toward sulfurous acid which cannot exist in solution in concentrated form, dueto




this when the concentration increases it leaves the solution as sulfur dioxide. This
method is one of the easiest for small amounts of sulfur dioxideto be prepared. Sulfur
dioxideis also found in some high-end batteries condensed to aliquid.

Sulfur dioxideisagood reducing agent bothin aqueous solution and in other conditions.
In aqueous solution sulfurous acid is first formed:

SOz + H20() P H2SO3(x)

Thisacid is easily oxidized to sulfuric acid and in the process reduces a number of
compounds, for asimple example, copper salts are reduced to elemental copper.
Additionally sulfur dioxide is used in the preparation of sulfuric acid by the contact
process, it is passed over heated vanadium pentoxide on a material with a high surface
areaand sulfur trioxide passesout. Thisprocessisdifficult to duplicateonahomescale
though efforts have been made, additionally sometransition metals serve ascatalystsin
thereaction of sulfur dioxidewith water to form sulfuric acid, notably manganese salts
though they can only achieve concentrations of ~40% before acid production comesto a
stand still.

In addition to being used as areducing agent and in the production of sulfuric acid, sulfur
dioxide can also be used as areagent for the preparation of other reagents, for example,
the reaction of sulfur dioxide with carbonyl chloride at 200 °C (which, may | noteisa
very dangerous reaction) can be used for the preparation of thionyl chloride, avery
selective and powerful chlorinating reagent in organic synthesis. There are anumber of
applications for sulfur dioxide in the lab, however it is very irritating to the eyes and
throat. EXit gasses containing sulfur dioxide should be lead through basified water to
remove traces of the gas.

Xenon Xe: The heaviest stable noble gas. Xenon has a place of itsown dueto its
incredible reactivity. It will react with anumber of very powerful oxidizing agents
directly. Although of no consequence to many chemists at home it will react with
elemental fluorine, oxides of fluorine, complexes of platinum with oxygen and fluorine,
and afew others. But for most everything elseit isagreat inert gas. For additional
properties see the other inert gasses. Xenon is available from specialty gas suppliers.

5.0 Simple Reactions

Types of reactions:
1) SingleDisplacement: A +BCbP AC+B
Example 2HCI(aq) + 2Zn(s) P H2(g) + ZnClI2

2) Double Displacement: AB+CD P AC+BD




Example: 2KBrO3(aq) + BaCloag) P Ba(BrO3)zs) + 2K Clag)
3) Combination Reaction: A+B P AB

Example: 8Fe() + Sgis) P 8FeSs)

4) Combustion Reaction:

Example: CsH1206(s) + 602 P 6COy(g) + 6H20(q)

5) Decompostion: ABbP A+B

Example: (COO)Fei P 2COyq) + Fegs)

6) Acid-Base Reaction:

Example: HC|(aq) + NaOH(aq) b NaCI(aq) + H20(|)

5.1 Shifting the equilibrium, a basic reaction technique, and an essential one: Le
Chatdlier's Principle

A very large percentage, if not all the reactionsthat you will run acrossinvolve some
sort of equilibrium. Since | stated that nearly every reaction involves an equilibrium
many of thereactionsthat are considered productive havethe equilibriumlieto oneside
of the arrow though some mechanism. Here are a few examples, which will help to
explain this concept:

NaClg + H20q) U NaOH g + HCl (o
NH4OH ) U NHggg + H20y)

Ca(NOz)a(ag) + H2S04() U CaSOxg + 2ZHNOz(a)
Na(s) + KC|(5) U N&Cl(s) + K(g)

HwnN P

The examples aboveillustrate different reactions, which can occur and are shifted
though some process, some of which can be shifted back afterwards. Let meexplainthe
reasoning behind each reaction now.

1. Sodium chloride, common table salt when dissolved in water undergoes an
equilibrium reaction, although avast majority of the sodium chloride dissolves
forming sodium cations and chloride anions, a small percentage reacts with the
water forming sodium hydroxide and hydrochloric acid. The reason for this
actually relates to the individual components NaOH and HCI.

NaOH(s) -H20~> Na+(aq) + OH-(aq)




HCI(g) —-H20-> H+(aqg) + Cl-(aq)
5.2 Basic Chemigtry Experiments[With Step By Step Explanations]
5.3 Basic Chemidtry reactions[Simplified Explanations]
5.3a Preparation of Sodium Acetate
CH3COOH (aq) + NaOH aq) P CH3COONaag) + H20()

Onehundred milliliters, over the counter 5% acetic acid (.8 M vinegar) isplaced into
abeaker. After this3.0 g of solid sodium hydroxidein prill formisweighed out and put
directly into the beaker with the acetic acid [Note: 6.5 g of sodium bicarbonate may be
substituted for the sodium hydroxide] , the mixtureis stirred occasionally until all the
sodium hydroxide has dissol ved and then the mixtureis placed on ahotplate and heating
iscommenced on amedium setting. Thewater isboiled off at amedium pace until the
solutionislessthen 10 ml in volume and the heat turned down even further, the solution
isobserved carefully until it appearsthereisno further changeinvolume, itisremoved
from heat and allowed to cool. Shortly after removal of heat the solution should beginto
solidify (however sodium acetate has atendency to super saturate, meaning that scraping
the sides of the beaker may be necessary to induce crystallization), the solid isallowed to
stand until it comesto room temperature and then it isremoved with the aid of scraping
and placed into a storage container, yield is roughly 9 g or 100% of the trihydrate
CH3COONa* 3H,0 and issomewhat impure, it can be purified by recrystalization from a
minimum amount of hot ethanol or methanol.

5.3b Preparation of Zinc Hyposulfite
SOz(g) + Zn(s) --(H20)--> ZnS;O4(aq)

Zinc hyposulfiteisan interesting and powerful reducing agent who’ spreparationis
somewhat simple. Begin by putting together one of the setupslistedin section4.11 for
the collection of asoluble gas and fill the gas collection areawith 100 ml of distilled
water to dissolvethegas. Asseen abovethegasto besolvatedisSO2, pleaselook to the
section on the preparation of SO, to setup this part of the apparatus. Pleasepressurizethe
apparatusinitially with CO2 by the addtion of acid to bicarbonate or asimilar procedure
to make surethe apparatusisair tight except the exit lines. Sulfur dioxide although not
lethaly toxic has a strong physical destructive potential to the eyes, nose, and lungs.
Please be careful in the generation of gas and the scrubbing of exit vapors to protect
yourself. Finally once you are ready to begin and have your 100 ml of water ready to
collect your gas slowly start SO2 evolution. The gas dissolvesin the water somewhat
rapidly, keeping your solution cool externally helpsand at OC your water should dissolve
nearly 23 g of SO2 when it is saturated making a solution of sulfurous acid H2SO3.

Upon saturation allow your vessel tostand beforetaking it apart. To avoidthe pain
of SO2 gasyou can have alarge bucket of water prepared, and providing your glassware




is cool your whole apparatus, minus your SO2 collection water can be slowly lowered
into the water and taken apart under water. Finally after you are able to pay your
sulfurous acid solution the attention it deserves put it into an ice bath to keep it cool for
the next step. Take roughly 25 ml of your cold solution and add it to a small flask to
which you have alid. Add 8 gramsof zincintheform of powder and shake the solution
stoppered until the solution obtains a uniform clear color again. Quickly filter this
mixtureand placethefiltratein adarkened bottleto prevent decomposition, repeat thisin
25 ml portions for the remaining volumes. Y ou are now left with a solution of usable
zinc hyposulfite, use within afew weeks for the best results.

5.3c Preparation of Chloroform
CH3COCH3 + 3HOCI + NaOH b CH3COONa + CHCI3 + 3H20

Chloroform is a useful solvent that isrelatively safe and can be easily made from
readily availablereagents. It also found wide usein chemistry in older daysand as such
many ol der preparations call for the use of chloroform and with thisreagent they can be
followed as they were intended to be. You'll notice that the reagent in thisreaction is
actually HOCI, hypochlorous acid, thisisthe result of hypochlorous acid being such a
weak acid that when sodium hypochlorite is in solution, the equilibrium favors the
formation of HOCI and NaOH rather then NaOCI. Regardless, the reaction constitutes
the reaction between 3 mols of sodium hypochlorite and 1 mol of acetone.

.75 mol of NaOCI (880 ml 6% NaOCI, 510 ml 10% NaOCl, 375 ml 12.5% NaOCl)
isplaced into areaction vessel capabl e of holding it’svolume plus 100 ml, the vessel if
plastic will most likely suffer some attack, therefore glassispreferred. If possiblethe
NaOCI ischilled prior to reaction to 0 °C or ice cubes are added, not many though as
chloroformisslightly solubleinwater and extraicewill decreaseyield. Tothischilled
NaOCl isadded 11 ml (slightly lessthen .25 mol) of acetone if possible the reaction
mixtureiskept cool inanicebath, without theinitial chilling and continued cooling the
formed chloroform and reacting acetone will volatize off due to the increasing
temperature although you will still get aproduct. Thereactionisallowed to proceed for
25 —50 minutes with agitation during the addition and at | east once during the reaction.
Theinduction period is 1-3 minutesif the mixtureispre-cooled but if itiswarmit can
beasshort as5 seconds. Finally after thereaction hasbeen allowed to run to completion
thetop layer of thereaction liquid is poured off, this contains amixture of sodium acetate
which isbenign, sodium hydroxide which al so poses no hazard, but it does contain some
partially chlorinated acetone and dissolved chloroform, do not dispose of inamanner that
would allow it to run into rivers or into the water supply. The chloroform will have
settled to the bottom in ablob that ismore or lessinsolubleinwater. Thiscan be sucked
out with apipette or poured into atall thin vessel where the water layer and chloroform
layer become more distinct and separated. Y our i mpure chloroform contains traces of
carbon tetrachloride, water, and acetone. It can be purified further by shaking with a
small quantity of water saturated with NaCl, dried in contact with H2SO4, and distilled.
Yieldwill be based on the concentration of hypochlorite used and the temperature of the
reaction mixture but should always be greater then 55%. In aseriesof trialsusing 10%




hypochlorite the average yield of chloroform was consistently around 70% (9 ml),
accounting for solvation of chloroform (.8 g/ 100 ml) yields approached 100% [98.5
being the highest].

5.3d Preparation of Benzoic Acid
C6H5COONg(aq) + HCl(ag) P CEH5COOH ) + NaCl aq)

As of writing this, sodium benzoate is a product currently available over the
counter and even easier to find over the internet. It isused infood preservation and
canning. And it hasits own uses, notably in the preparation of benzene. However the
conversion of sodium benzoate to benzoic acid has its own advantages, benzoic acid
being useful for the preparation of other benzoates. Never thelessthissimple procedure
is useful for the beginner in the methods of filtering and the difficulty in scaling up.

230 grams (~1.60 mol) of sodium benzoate was weighed out and placed in a
beaker with 375 ml of distilled water. After stirring and a time of approximately 30
minutes the solution was considered saturated and a very small amount of undissolved
solidswas left. The solution wasfilteredintoal L Erlenmeyer flask and subjected to
magnetic stirring. [Note that the solubility of sodium benzoate in water is approx. 66
9/100 ml] While stirring 250 ml of a 7.8M solution of HCI was measured out. This
equates to approximately 1.9 molsof hydrochloric acid. One half of thishydrochloric
acid isadded rapidly asthe mixture stirsand it quickly becomestoo thick for astir bar to
handle. Itisstirred manually for minute more and the resulting thick solutionisfiltered
through a Buckner funnel with the solid portion washed each time with a portion of
water, use about 100 ml of water towashintotal. [Notethat thereisenough product here
to fill several Buckner funnels unlessthey are very large in size.]




Thesolidisremoved from the Buckner funnel and placed on apaper towel to dry.
Once all the solid has been filtered from the liquid it isagain placed in the 1 L flask.
Again under stirring the remainder of the HCI is added and the mixture again quickly
becomesthick form theformation of the benzoic acid. After stirring afew more minutes
to ensure a complete reaction the solid is again filtered from the liquid. Be sureto
thoroughly wash the product this time as some NaCl will be in the solid product and
water will efficiently removeit. [Note, the solubility of NaCl in water is about 35.7
g/100ml and the reaction will generate about 94 grams of sodium chloride soitiswell
within the solubility range, however once the excessHCI isin solution it depressesthe

=\ solubility and

.. = some NaCl will

come out.]

The
resulting benzoic
acid is placed onto
a paper towel with
thefirst batchto let
itdry. It takes
about three days at
room temperature
in anormal
humidity to dry the
product. It must be checked on daily and efforts must be taken to crush the pieces of
benzoic acid into smaller pieces to make sure they dry entirely. It should be apparent
when the product isdry becauseit will ceaseto stick together. [Note, onceit becomes
fairly dryitisquick totaketotheair, the powder isfairly irritating to the nose and throat
so care should be taken and a dust mask should be considered.] Inonesuchtrial of this
reaction 175 grams of product were obtained resulting in ayield of 91%. The product
must be stored inaglassor plastic container as, over time, it can attack metals. Also note
that the drying can be sped up by heating but benzoic acid does have alow melting point.

6.0 Practical Concernsfor running an amateur lab

Althoughitisnot aniceissueto bring up, it remainstruethat in most places around
the world, especially industrially advanced, chemistry at home is frowned upon. For
example, in aplacelike the United States chemistry was awidely practiced hobby until
the 70’ swhere environmental concerns and saf ety considerations made chemistry seem
forbidden and dangerous. Saying that you are performing achemistry experiment may
shock people in your area and might force them to call the authorities.

The legality of the procedures that you perform usually will fall into questionable
territory. Outside of using common over the counter reagentsfor their intended over the
counter purposeyou arewalking athinline. Theuse of sulfuric acidintheform of drain




cleaner to act as a catalyst might not seem like abreach of the law but some chemicals
will flatly state on the back of them that it isillegal to use that chemical for anything
other then the instructions listed on the opposite side. Thereforeit may be prudent to
move all obtained chemicalsto new containers, and if possible between the move, purify
them.

Aside form these legality issues of chemical possession and use, you come to the
disposal issue. Youwill not be ableto recover every bit of product from every reaction,
you won'’t be able to continuously run any series of reaction without generating waste
along the line somewhere. Y ou will have to dispose of this waste you create, and
although the disposal iscompletely up to you, you should always dispose of chemicalsin
the most environmentally friendly way possible, disposing of certain chemicds, by
dumping on the ground, flushing down atoilet, or throwing inthetrashisamajor crime
that can bring about jail time, and or extraneous fines.

Alsotheillegal dumping of chemicals can causeimmediate destruction to your local
ecosystem. Your grass and trees may die, accidental releases are also a problem. The
unintended rel ease of |arge quantities of noxious gasses can alsokill grassand makeyour
neighborslifemiserable. Increasing their likelihood on calling the authorities. Although
you shouldn’t haveto sneak around in the middle of the night, which would make others
more suspicious you shouldn’t perform your reactionsin the public eye. Doing so just
increases that chance that someonewill seeyou and object to what you aredoing. Andif
that happens disastrous consequences can result, peoplewith small children are oftenthe
most objective over chemicals, but, it is areasonable response on their part.

Considering all of these aspectsit isusually agood thing to not flash around the fact
that you have achemistry hobby. Y our chemicals should be kept under lock and key just
in case anyone wantsto get to them just for the fun of mixing something up. Thiswhole
situation is a sad one in some respects but it is the way that you should follow your
hobby, carefully disposing of waste, not willingly divulging more information then you
have to, and working out of the public eye.

6.1 Starting up and Stocking your Lab Space (The essentials)

Hereis atable of some of the basic items that should be in any laboratory, those

highlighted in areindispensable, you can do chemistry without them, but nothing
that would be considered quantitative or productive. Thosein arevery useful and
should be purchased at first convenience, and finally thosein arequiteuseful, you

will want to own these after awhile.

Item Description Sour ce
Test Tubes Roughly 20—-30 ml in volume, | Chemistry Supply
borosilicate is best.
Beakers A variety isbest, small (100 ml), | Chemistry Supply
large (500 ml), medium (250 ml)
are most used.




Test Tube Holder

Holding morethen onetest tube,
allows for viewing of reactions
and hands free manipulation.

Can be made at home or
purchased.

Graduated Cylinder

A 100 ml cylinder is the staple
for precise measurements of
liquid.

Chemistry Supply

Watch Glass

A concave circle of glass, for
covering beakers or evaporating
liquids to obtain crystals.

Chemistry Supply (Many
objects can suffice as watch
glasses)

Thermometer (glass)

The normal rangeisfrom-10C
to 150C the higher and lower the
better.

Grocery store (Candy
Thermometer), Chemistry

Supply

Pipette / Eye Dropper

For dispensing small quantities
of liquid or sucking up different
layers of liquid.

Pharmacy, Chemistry
Supply Store, Grocery
Store

Funnel (glass)

For pouring liquid and for
filtration.

High end cooking stores,
chemistry supply

Scale

Digital or balance, should be
able to measure to the gram.

Office supply stores for
weighing mail, internet

V acuum Source

To create suction for filtration or
distillation.

Hand: Auto store (for
break lines), | nternet
Mechanical: Salvaged
Compressor or
Medical/Chemical

Supply

Heating Source

Torch, coil heater, hot plate,
alcohol lamp, etc.

Most any place

Stirring Rods Glassisthe best Chemical Supply, can be
improvised easily.
Scoops Toremovereagentsfromjarsfor | Long plastic spoons can

weighing or use.

be readily purchased at
grocery stores.

Reagent Bottles

To keep thethingsyou make and
acquire

Keep your eye out.

Theseitems are all useful asyou will find out in your experiments. But the
necessary chemicals to do reactions are really non-existent. This is because each
chemical usually opens many possibilitiesfor experimentation. To start out thoughitis
good to have one acid, any acid will do, even vinegar, and one base, sodium bicarbonate
for cooking worksfor this. That isalready agood start. With acetic acid you can create
acetates, which areluckily one of the classes of compoundsthat are widely soluble. With
it you can dissol ve aluminum, magnesium, iron, zinc and some other metalsand you can
also add hydrogen peroxide, even the concentration availablefor cleansing woundsand it
will attack even more metals. Form here you can evaporate solutionsof metal saltsand
collect them for later use. Each chemical created opening more possibilitiesto make still

more chemicals.




6.2 Legality
6.3 Storage of chemicals, Separation of reagents

6.4 Disposal of waste materials generated

Treating wastes containing hydrazinewith excess sodium hypochlorite convertsthe hydrazineto
harmless nitrogen gas.

When it comes to disposal the home chemist must do what they can to ensure their
chemicalsare disposed of in the most heath conscientious and environmentally friendly
manner possible. Though there are usually some compromises to be had that is the
overall goal inthedisposal of hazardousreagents. To get straight to the point let us start
by taking at look at inorganic chemicals. Believeit or not some metal cations are
themselves hazardous, for exampl e barium wastes can cause sickness readily upon skin
contact if they are appropriately soluble, so the solution isto render them insoluble,
treating asoluble barium salt with sulfuric acid or asulfate | eads to the precipitation of
highly insoluble barium sulfate, a chemical so insolublethat it isactually intentially
consumed prior to X -raysof the gastrointestinal tract to outlinethe details. Therearealso
anions that are inherently hazardous, the most famous being the cyanide anion (CN"),
cyanide can be converted to the considerably lesstoxic cyanate anion by simply treating a
soluble cyanide solution with excess bleach. | therefore present these tables, remember
to consider both your cation and anion in the method of disposal. These are no where
near perfect solutionsto the problem of waste management, however they arethe best us
chemists can often do, attempting to turn the chemical sto the | east soluble compounds
where they can do no harm orinto the naturally occurring form of the compound. [Note:
For those of you with septic systemstake extracare, you do not want to kill the bacteria
involved in destroying your organic wastes, be careful with what you flush.]

Cation disposal options:

Cation Disposal Cation Disposal
Aluminum Although aluminum salts are | Antimony (Sb®") | Conversion to the sulfide* .
(AI*h implicated in the cause of




Alzheimer’s, they are usually
safe for disposal.

Arsenic (As®") | Conversion to the sulfide*. Barium (Ba™) Conversion to the sulfate,
carbonate**, or sulfide*.

Beryllium Bismuth (Bi*")

(Be”)

Boron (B~

Boron salts are not inherently
toxic, thoughit doesn’t follow
as set of atrend as some of the
other elements.

Cadmium (Cd*")

Calcium (Ca’™) | Calcium salts do not pose any | Chromium

inherent danger due to the
cation.

Cobalt (Co“" Copper (Cu) Though copper salts are somewhat
toxic, it isacceptableto dispose of
them in the municipal sewer
system, as evidenced by over the
counter CuSO4 root killer.
Conversion to the sulfideis another
possibility.

Gold (Au®) Iron (Fe")

Iron (Fe>") Lead (Pb*")

Lead (Pb™) Lithium (Li") Soluble lithium salts are
neutrotoxic, reaction with steric
acid gives insoluble soaps.

Magnesium Magnesium salts do not pose | Manganese

(Mg?h any inherent danger due to the

cation.

Mercury (Hg") | Conversion to the sulfide. Mercury (Hg°") | Conversionto thesulfide, reduction
may be necessary.

Molybdenum Nickel (Ni<") Reduction to the base metal,
alternately conversion to the
carbonate** or phosphate.

Silver (Ag") Reaction with a soluble Sodium (Na") Sodium salts do not pose any

chloride, bromide, or idodie. inherent danger due to the cation.

Strontium Tantalum

(Sr*9)

Thallium (T1™) Tin (Sn°")

Tungsten Zinc (Zn<") Zinc salts do not pose any inherent

danger due to the cation.

* = |nthe case of asoluble salt, the solution containing the cations my be treated with a
soluble sulfide (such as sodium sulfide) or with hydrogen sulfide gas ( Dangerous, see
section 4.13 Gassesfor the entry on hydrogen sulfide), usually in the case of the sulfideit
ispreferred asthe disposableform of the cation asit is both highly insoluble (exceptin
highly basic or oxidizing environments) and that it isthe naturally occurring mineral in




whichthe element isfound. Inall instanceswherethe sulfideisthe preferredfinal form
it will precipitate from the solution whereupon filtration is possible to removeit.

**=Conversion to the carbonate is accomplished by first making the solution neutral or
slightly basic and then adding a sol ution of asoluble carbonate such as sodium carbonate.
Also the solution can be made fairly basic with hydroxide (assuming the hydroxideis
soluble) and then carbon dioxide can be bubbled into the solution to precipitate the

carbonate.

Anion Disposal Options:

Acetate Acetate poses no unusual hazard for | Azide (N3) Azides can be unpredictably

(C2H302) humans. explosive, in solution they can be
treated with sodium hypochloriteto
convert them to nitrogen.

Bisulfate Although acid in nature it poses no | Sulfate (SO4) Sulfates are fairly benign.

(HSOy) unusual hazard.

Sulfite (SOs“) | A weak reducing agent, sulfites can | Thiosulfite
usually be disposed of with no (S,03%)
further treatment.

Sulfide (S7) Sulfides should not be treated with | Borate (BOs™) Borates can be mildly basic but
acid as hydrogen sulfide may be nothing of major concern.
evolved, many sulfidesareinsoluble
enough to be safely disposed of,
sulfides of the alkali metals should
be treated with a solution of cation
that will form an insoluble sulfide,
such as copper.

Bromide (Br’) | The bromide anion can have a Hydrogen Only the alkali metals and afew
sedative effect on the human body | Carbonate others can form the hydrogen
but that isonly in large (HCO») carbonate salt, this salt is safe
concentration, overall bromideis enough to be disposed of in nearly
safe for disposal. any manner.

Carbonate Aside form the alkali metals and Chloride (CI") Thechloride anion is non-hazardous

(CO5%) some of the alkali earths the and can be disposed of in nearly any

carbonates are fairly insoluble, the
carbonate anion is non-hazardous.

manner.

Hypochlorite
(ClO)

Hypochlorite is a good oxidizing
agent but can safely be dumped
down drains in normal amounts.

Chlorite (ClO2)

Chlorate
(ClO3)

Perchlorate
(ClOys)

The perchlorate anion is suspect as
having a long term enviormental
Impact, excess perchlorate can be
disposed of by heating to
decomposition with charcoal (Note,
some perchlorates are violently




explosive on their own, take
caution!)

Chromate Dichromate

(CrO4%) (Cr,07%)

Cyanide (CN") | Soluble cyanide solutions can be | Cyanate (OCN") | Can be disposed of aslong asitis
treated with excess hypochlorite not in any area where it may be
solutions to oxidize them to the consumed by animals and humans.
considerably |ess toxic cyanate.

Fluoride (F) | Soluble fluoride compounds are Formate (HCOQ) | Formate is toxic however provided
toxic, treatment of fluoride solutions the amounts are not excessive it
with calcium cations is may be flushed down the drain as
recommended to precipitate the productsthat containit are disposed
fairly safe CaF». of inthisway.

Oxalate Conversion of soluble oxalatesto | Hydroxide (OH") | Aside from basicity the

(C204%) calcium oxalate (insoluble) is one hydrodroxide anion has no terrible

method, all oxalates are subject to
thermal decomposition so just
heating to ~250 °C should do the
trick, be warned CO may be
produced.

toxicity and can safely be flushed,
even concentrated solutions can be
dumped providing there are no
hazardous cationsassociated withit.

Nitrate (NO3)

Nitrates are good for the grass, you
can dump them outside in some
situations though concentrated
solutionswill kill thegrass. Do not
dump where it can go into rivers or
streams, destroy by heating to
dryness and mixing with carbon and
igniting.

Nitrite (NO)

Addition of acid will destroy nitrite
in solution but convertsit to toxic
NO., heating to dryness and mixing
with carbon and igniting is another
option. Nitrite should not be
dumped.

Peroxide (0,%)

Strong peroxide solutions can get
out of hand during destruction
procedures. Strongly basifying a
peroxide solutionwill destroy itina
few hours, adding MnO,, iron salts
and some other catalysts (such as
iodine) will also destroy inorganic
peroxide as can reducing agents.

Phosphate ( PO,%)

Do not dispose of in massive
amounts in waters that may lead to
rivers, phosphate can lead to
bacterial bloomsin waterways.
Other then that phosphate isfairly
environmentally benign, it helps
flowers bloom brighter, assuming
the pH isproperly adjustedit can be
dumped.

Permanganate
(M nO4')

Initial reduction of permanganate
can be accomplished by just
allowing asolution of it to stand for
several daysor with reducing agents.
After reduction you are left with
soluble manganese salts and
manganese dioxide which can easily
be disposed of.

lodide (I")

Toxic in large amounts but safe to
dump.




When in doubt, organic materials can be readily destroyed by the addition of Feonton’s
Reagent, which isamixture of strong (>20%) hydrogen peroxidewith asolubleiron +2
compound. Itisbelieved that the power of this solution to oxidize nearly anything
organic (benzenerings and chlorinated hydrocarbonsreadily succumb to thistreatment)
isthe result of the formation of the hydroxyl radical HO* in solution which is highly
reactive.

6.5 Considering your neighbors/neighborhood in every reaction

Usually when considering areaction you will consider your own safety, agas mask,
gloves, and you might weigh the possibility of catastrophic error against your life and
decidethat thereactionisfeasible. But before doing any reaction think about how these
things relate to your neighbors. Y ou can’'t have afaulty distillation apparatus spewing
out ammonia gas just because you are wearing agas mask. Y our neighbors do not have
that luxury. Maybe your reaction could run away and explode, you might be willing to
risk that, but you cannot assume your neighbors would. However thereis alinear
relationship with what kind of risksyou can take and how far away from you your nearest
neighbor is, it stands to reason that if you live in aremote area you can get away with
doing nearly any chemical adventure you can fathom for yourself, likewise if your
neighbor isonly adozen metersaway then what you do becomes more dependent on how
it will affect them.

Not really something to be covered in detail here, it is more of ageneral awareness
that you are not alone in your endeavors, your waste disposal, privacy, and your major
risksshould all be contemplated with your neighborsin mind. Not only for your sake, for
fear of an errant call to the police, but for theirsaswell. If you are comfortablewith your
neighborsyou might tell them that chemistry isyour hobby, it will make them feel safer
then looking in their backyard and seeing you stroll around in a hazmat suit with a self-
contained breathing apparatus strapped to your back and assuming the government has
sent an agent to probe around the neighborhood.

6.6 Privacy & Security

7.0 Choosing your own experiments

A good way to figure out what experiments you want to do on your own isto keep
track of what experiments you see. Whenever you're reading a book or surfing the
internet and you comeacross an interesting reaction, onewhereyou have all the reagents
or they arereadily available, an experiment where you could make a product that could
be useful in creating another product down the road, or maybe just something that




changes color injust theright way to catch your fancy, copy it down into abook. Besure
to writedown whatever important reaction detailsit gives (temperature, pressure, stirring,
etc.) and acomplete chemical reaction if it isavailable. Also be sureto include some
bibliographical information asto whereyou found thissource soif you ever haveto cite
it or go back to it you won't have any difficulties.

7.1 Resear ching

As has been said time and time again, you do not want to re-invent the wheel. If
someone has already gone before you and discovered the best way to a compound or
already tried a modification you have on your mind it is very helpful to find this
information before actually digging into something. The internet is a great guide but
books are the best resource, try to find alocal library, even college libraries do not
usually require you to be a student to use their resources.

7.1a Internet

The internet is agood starting point for nearly any chemical research to be done.
Theonething it isgreat for is giving an overview of the current knowledge available.
However asmany people here are aware thereisno policy against posting complete and
utter garbage on theinternet and passing it off for the gospel truth. Thereare no checks
and balances on the internet to prove that the information that you have is correct.
However it isusually easy to get afeel for asite and determine weather it seems
legitimate. On top of superficial looks, most good information that you find onlineis
either backed up with direct experimental evidence by theindividual posting it, or better
yet, references to written works. Now, both of these can be faked aswell, they simply
add credence to whatever information you are reading. Further research can be done
from here, looking up anything you can find on the individual posting thisinformation
and determine their credibility and also looking up referencesin paper form, which is
something you should probably do anyway if theinformation that you arelooking for has
any true importance to you.

Finding good information on the internet requires that you use search engines with
very large databases, at the time of writing this google.com and yahoo.com being some of
the largest in the English speaking world. However the more languages you know the
better, thisallowsyou to use other search enginesin different languages, not to mention
the obvious fact that you are capable of reading those languages.

Whole books can be found online if you only search, *.pdf files being the most
common format for them, however *.djvuisalso an up and coming format. Some of the
more advanced search engines allow you to specifically search for file types under the
advanced search options, abutton for which isalways|ocated somewhere near the actual
search button. Thisshould not be something done consistently though, asthereismuch
good information to befound in normal html filesonline. The normal methodsto refine
asearch still hold true when searching for chemistry information:




| Problem:

| Solution:

Too Many Results

Results should be narrowed by taking advantage of quotation
marks around phrases that are unique to your subject or multi
word chemical names, i.e., “ Potassium Cyanide” vs. Potassium
Cyanide. Some of the more common chemicals can also show
up frequently on pages that are hardly related to chemistry, a
little hard chemistry can help sort them out. For example, lead
chromate isachemical that isoften found in paintsasayellow
pigment, however by searching for PbCrO4 many results
(although some useful results) will be filtered out. Other key
wordsthat help to give chemistry specific resultsincludeyield,
precipitate, solvent, cation, anion, oxidized, reduced, and
innumerable other words, trying different combinations can
always help to reduce the amount of irrelevant information you
come across.

Too Few or no
Results

Determine synonymsfor your name or reaction of interest. For
example mercuric chloride can also be known as mercury (I1)
chloride. Try chemical formulas and if using quotation marks
remove them. Check your spellings and try to trace your steps
backward by looking at pages that mention the processes|eading
up to the process of interest or pages that mentionthingsrelating
to your compound of interest to best determine changesin your
search that you may have to make to increase results, always
give adifferent search engine atry if you are having trouble
finding anything.

Really though there are many sites onlinethat can teach you to search for documents
of all kind using search engines. Just remember these key things:

1) Many compounds have more then one name to describe them, especially
organic compounds, but al so inorganics such as FeSO,4 (Ferrous Sulfate vs. Iron
(I Sulfate vs. Iron (11) Sulphate vs. Ferrous Sul phate).

2) Chemical formulas can hurt or help your searches, be sure to try both, also
they can be helpful for finding the names of unknown compounds.

3) Usingwordsthat aredirectly related to the reaction you are wondering about
or products or precursors to a product in your search can help to find more
pinpoint results.

7.1b Library

7.1b1 Following up on footnotes

7.1c CAS




7.2 Scaling up and Scaling Down
7.3 Being through

7.4 Thelmportance of KeepingaLog

When | first started doing experiments| would figure out how much of A to mix with B,
write it down on alittle scrap of paper, then read off that when | did the experiment.
Later though | would wonder, “Did | mix 25 ml of A with 15 ml B, or wasit 15ml A
with 25 ml B?” Or | would try to explain to someone exactly what | did different then
them, only to find that whatever | didn’t different wasn’t something important enough to
stick inmy mind. It took nearly two years of running experimentsfor meto cometothe
conclusion that | needed some permanently bound book to write nearly everything that
crossed my mindin, onereferencework by methat | could add to, alter, and make notes
in, and come back to again and again. And once realized it for myself | made sureto
stick towritinginit, even whenit waslesscontinent todrag it out thenit wasto just grab
ascrap of paper and make a note.

7.5 Trouble Shooting
7.6 Words of encouragement, storiesof “Try Try Again”

7.7 Lengthy Story about procedure with details

8.0 Advanced Techniques

8.1 Working at high temperatures
8.1a Advanced Heating techniques
8.1b Fud

1) Charcoal/Coal:

Charcoal and coal arethesimplest andinitially least expensive fuelsto usefor a
furnace. All oneneedsisablower toforceair into thefurnace, and charcoal to putinthe
furnace. Although a hair dryer will work, it will not work as well as more powerful
blowers, such astheblower from adryer. Charcoal iseasier to obtain than coal, and can
easily be made from wood, but becauseit ismuch lighter, small glowing fragments shoot
continually into the air from the furnace, reaching heights of several meters. Both
charcoal and coal provide enough heat for practically any furnace use, from melting
metals to forging iron. The main problem with both is the mess; charcoal will land in
crucibles full of molten metal, and can be skimmed out, but is still a hassle.




2) Wood:

Wood can be used instead of charcoal and coal if they are unavailable, and works
very well asafuel if split into small chunks. Wood has been used for centuriesto fire
pottery to aglowing yellow-white heat, and if used correctly can easily get that hot. The
problem isthat it burns so rapidly that more must continually be added, which is
awkward, and it tends to land on top of crucibles and other apparati in the furnace, and
burns above them, meaning that they don’t receive much of the heat. Thiscan be solved
by making afurnace or kiln with achamber below or to the side of the main chamber into
which thewood isadded and through which the air blows on itsway to the main chamber
so that all of the heat reaches the furnace charge.

3) Oil:

Oil may be the cheapest fuel in the long run because it can be obtained from
restaurantsfor free, but it takes special equipment to burn. Oil will not easily igniteasa
liquid because of itsvery small surfacearea. Thiscan be solvedintwo ways; either the
oil isatomized into small drops or it isvaporized by heat. The oil can be atomized by
stretching it into athin film, whichisthen broken up. Thisisaccomplished by injecting
the oil through a special nozzle into the furnace under pressure, which isthe approach
that most commercial oil burnersuse, by stretching the oil asathin film over a sphere
with aminiscule hole out of which high pressureair isblown (babbington burner), or by
rotating the oil in acup; asit isflung off of the walls of the cup, an air blast breaksit up
into aspray. (rotary cup atomizer) The problem with this approach is the special
equipment required. The other approach is much simpler. A smaller chamber or the
furnaceitself ispreheated using wood or other f uels, and oil isthen dripped or injected
into the chamber along with air from a blower. The oil hits the walls of the chamber,
vaporizes, and combusts; the processis self-sustaining. The problem with vaporizing oil
isthat there are almost always cracks through which the partially burnt vapor leaks,
causing avery unpleasant and probably unhealthy stench. Also, this method takes
several minutes of preheating, and is difficult to get running smoothly. Thereisa
commercial product called the Isomax Blue Flame Burner ® which isatubewith aside
passage used to recircul ate preheated air. Propaneisused to preheat the system, and then
oil isinjected into the side tube; it vaporizes, creating a blue flame as it returns to the
main tube, and then is shot into the furnace. Part of the flameisrecirculated into the
secondary tube, and used to vaporize more oil.

8.1c Refectories
1) Binders and aggregates.

Refractory compositions have two essential parts; binders, which are the glue
used to hold the composition together, and aggregates, which are the main bulk of the
composition. One could make acomposition composed solely of abinder, of course, but
as binders are usually more expensive than aggregates, and aggregates add desirable
properties such as thermal insulation they are almost always used. Certain aggregates




work best with certain other aggregates and binders; large amounts of both acidic and
basic components should not both be used in the same refractory composition, as the
composition may melt. A small percentage of components, which arefluxed and melt are
sometimes actually beneficial because they form aglass gluing therest of the particles
together (perlite for example).

2) Commercial refractory compositions:

Commercial refractories mainly use binders based on three categories of anions;
aluminates, phosphates, and silicates. Calcium aluminate, or ciment fondue, iscreated by
the heating of calcia and alumina by charcoal in ablast furnace; the two components
melt, are poured into ingots, crushed, mixed dry with the aggregate, and later cured by
the addition of water. Calcium or aluminum phosphate binders are created by adding
reactive alumina, or calciato therefractory aggregate, and then adding orthophosphoric
acid solution, forming ametal phosphate and water. Some compositions using alumina
and phosphoric acid remain puttylike and unhardened until being fired. Furnace cements
sometimes use alkaline silicates (eg sodium silicate) as abinder. Other refractory
compositions, such asareusedin arc furnacesfor steelmaking, use phenolic resinswhich
decomposeto glassy carbon asabinder. There are many different commercial refractory
aggregates; most are neutral compounds because of their greater compatibility, such as
alumina, silicon carbide, etc. Wherethe binding agentisnot ceramic (such asphenolic
resins) the acidity or basicity of the aggregateisnot important, and thus basic oxideswith
very high melting points such as CaO or MgO can be used.

3) Homemade refractory composition:

Obviously one simply duplicate acommercial refractory composition, butitis
usually morefeasibleto useinexpensive compounds, such asclay. Variousrecipeshave
been made which use Portland cement, which contains a high percentage of calcium
silicates. The calcium oxidein Portland cement isobviously aflux at high temperatures,
and thus lowers the melting point of the composition, but cement does allow the
composition to cure at room temperature, whereas pure clay only reachesitsfull strength
after being fired to itsmaturing point. The outer parts of aclay based refractory furnace
will never reach full strength, but thisis usually not aproblem. Essentially the recipe
consists of approximately 15-30% clay; ball clay, kaolin, or fireclay work, but not
bentonite, which loosesitsstrength at high temperatures. Therest of the compositionis
composed of aggregates such as sand, whose main advantageisitslow cost, and perlite,
which decreasesthe strength of the compositi on because of itsporous nature, but greatly
increases the insulation value. Paper, wood chips, sawdust, or other combustibles can
also be added to increase the insulation value as they burn out. Obviously the
composition used will be based on what is available; if one can obtain aluminaor other
higher quality refractory materials, they should of course be utilized.

Crucibles;

1) Commercial crucibles:




Commercial cruciblecomein many different formulationsand sizes. The most
common are small porcelain, fused silica, fused magnesia, or graphite crucibleswhich
used for chemical analysis, and mostly larger clay/graphite or silicon carbide crucibles
which are used for metalcasting. Porcelainisamix of kaolin, flint (a natural form of
silicon dioxide), and feldspar, and when fired creates amix which matures around 1300-
1450 deg. C, forming a clay body with alarge amount of glass. Fused silicaand fused
magnesia crucibles are fused from almost pure silicaor magnesiapowdersat very high
temperatures. Graphite crucibles are almost pure graphite, and are assumably created
from graphite and carbon forming resins such as pitch or phenolicresins. Clay graphite
crucibles are formed of acomplex mixture of chemicals, obviously including clay and
graphite, but also silicon carbide and more silicathan clay alone has. It isnot known by
the author whether or not the silicon carbide is created in situ from silica and carbon
when the crucibleisfired, or ismerely added asa powder. There are many varieties of
silicon carbide crucibles, but many are created by bonding silicon carbide particleswith
phenolicresins. Cruciblesareformed into their shape by processesincluding pressesor
dlip casting.

2) Homemade crucibles:

Since the average mad scientist does not have accessto the materials needed to
create fused silicaor fused magnesiacrucibles, they arelimited to creating clay bonded
crucibles or resin bonded crucibles. Although crucibles can be made using a potter’s
wheel, slip-casting isamuch easier, more reproducible, and much more accurate process.
In order to slip-cast acrucible, aslipismade. Thisconsists usually of clay, towhichis
added 0.25-0.5% (by weight) deflocculant, which prevents the clay particles from
adhering to one another. Sodium silicateiscommonly used as adeflocculant. When 20%
(by weight) water is added, the clay actually forms aliquid slurry (for formulas which
involve other material s besides clay, these numbers may need to be adjusted), whichis
then stirred very thoroughly to eliminate dry pocketsand voids. Theslipispouredintoa
simple one piece or multi-piece plaster of paris mold with a cavity in the shape of the
ceramic object desired. The plaster of Paris, because of itsporous structure, dehydrates
the slip, causing the parts of the slip touching the plaster of Paristo become solid again.
After several minutes, the plaster moldisinverted, and while most of the slip poursand
drips out, the slip adjacent to the plaster remains. After waiting approximately 20
minutesto allow the clay slip to dry out more, the plaster mold isthen removed and the
clay object dried further.

For an experimental study of refractory compositions see section 13.2

8.1d Furnaces (Intro by VooDooMan)

Well then | seeyou have ventured into therealm of HIGH TEMPERATURES- EH!
Yesitisdefinitely agreat thing to learn about and perhaps even put to use some day!
Never the less on we go onto our wonderful trip...............Thereason | par took in this




particular section isbecausel my self have extensive knowledge onthisarea. | have my
own Forge/ Foundry that | almost every day to smelt bronze, brass, aluminum, and other
interesting metal s that melt under the melting point of my refractory (approximately
1800C).

Well then, on we go, the basic idea of aforge/smelter/foundry and related, isto
produce massive amounts of heat faster then it can dissipate to the surroundings to
accomplish productivework. There are several typesof furnaces, thefirst being (Which
believeisthe one most used throughout the steel industry) the gas-fueled furnace. The
other important typeisthe coiled el ectrical unit, more often then not, running on 220V
for some serious power. Last but not least is the good old charcoal furnace, although
outdated, it isthe easiest furnace to get into the high temperature realm with.

When speaking strictly of the gas furnace, the way the flame from a gas burner is
injected into theforgeisof acritical interest to us. It isprojected slightly higher thenthe
bottom of the actual crucible and at an angle (not straight on but sideways so that the heat
spiralsup and around the cruciblefor uniform heating of itemsinside. Theelectrical unit
does much the same thing but sinceit doesn’t spot heat, it isabetter choicefor pottery
uses, the resistance elements are imbedded into the refractory / firebrick in acircular
pattern all the way to the top of the forge.

Now then onto the actual guts of what makes aforge or foundry have a special zing
toit. Any retard can heat acrucibleto hot temperaturesin atin can and say ook mommy
| melted aluminum. Stop there, that is exactly the wrong idea. The whole idea of the
forgeisto keep hot temperaturesin and only in with minimal heatescape when needed.
That iswhy in most cases the refractory is several inchesthick lining more then %of a
forge and only letting the crucible sit into it and alittle room for air to be heated.

The composition of firebrick and refractory (pour able type of firebrick) are all-
similar yet each hasits own unique characteristic. They are morethen often several types
of sand mixed inwith special customer wanted materialsfor special jobs. Also insulators
like perlite or vermiculite are added.

There has been new talk of using recycled oilslike from your car to heat the crucible
of agasforge, | am unable to comment on this part but | am sure with some good PSI
being pumped into the oil and squeezing it out alarge flareit is more then possible to
create such a burner with very low cost!

Although most of thistalk wasfrom ametal casting point of view, there are several
ways these processes can come into hand wile working with chemicals. For example, to
create mangallium the metal that is used in go-getters or fountains or strobe pots and
related. Itisamix of magnesium and aluminum melted together at high temperaturesto
essentially fuse together to form the material.

Tosumit all up, of coursetheworld isendless and there will be new advancements
for our fuels and burner designs with new and improved refractory to keep an insane




amount of temperaturesinside. But for now the use of ordinary gasses | believeisour
best bet. It isthe easiest to setup and make and the fuelsare extraordinarily cheap to buy.

Theremost simple and versatile furnace designisabucket lined with refractory,
with aholein the side near the bottom for an air blast (tuyere) and alid also lined with
refractory, with a hole in the center for exhaust gasses. This can be used for metal
casting, calcining of various materials, and for conducting experimentsin closed retorts,
which can be hung through the holein thelid and piped off to the side. Other designsare
better for other things, which may be discussed |ater.

8.2 Fractional Didtillation

Distilling hydrobromic acid (HBr) seemed to be simple enough so the amateur chemist
thought that they would giveit ashot. After mixingtogether the reagentsin the prescribed
manner themix wasputintoal L flat bottom flask connected to astill head, thento alebig
condenser and in turn to avacuum adaptor and then a 500 ml round bottom receiving flask.
A quick look in a book revealed that the Bp of the azeotrope would be 122.5 C. Heating
was begun with magnetic stirring to keep the mix agitated. Sometimelater the mix began
to boil. Thefirst of the vapor to touch the thermometer bulb at the top of the still head only
brought the temperature up in the mid 90's. The liquid condensed and dripped into the
receiving flask and over the course of the next hour the temperature continued to climb,
when it reached 118 C the chemist removed their current receiving flask and replaced it
with a new once, they then set aside the forerun for future analysis and watched as the
temperature continued to climb to 122 C whereit held steady for over an hour, during this
time over 100 ml of distillate came over. Shortly thereafter though the temperaturebeganto
drop as vapors no longer reached the bulb, signaling that the HBr azeotrope had finally
finished distilling over and distillation could be discontinued.

8.3 Catalyst Tubes

The purpose of a catalyst tube is simply to increase therate at which areaction
happens. They are used widely inindustry, most notably in the production of sulfuric
acid using a vanadium pentoxide catalyst. But the different chemicals coated onto the
catalyst themselves along with the sheer number of materialsthat can be coated onto are
aslimitlessasthe possibilitiesthat using acatalyst can open. But there are alwaysthings
to consider, contact timewith the catalyst, approximate surface area of the catalyst, most
effective temperature and how to keep it there, not to mention renewing the catalyst,
keepingit clean, finding atubeto holdit all in, running the gassesor liquidsthrough it at
acertain flow, etc. Asyou can seethereisquiteabit to thislittle aspect of chemistry,
despite this, catalyst tubes are something that a chemist should familiarize themselves
with regardless of if they intend to utilize the information or not.

8.4 Inert Atmospheres




There are some reactions out there where you just don't want the air coming into
contact with your product or your reactants. The solution for thisistheremoval of the
componentsyou don't want mixing with your solution. That iswhereinert gasses come
into play. By beinginert that does not necessarily mean that the gasitself it inert under
nearly all conditions. Just that it isnot going to precipitatein thereaction going on. Two
extreme examples of thiswould be argon, whichisfor all intents and purposes, totally
inert, and propane, which is not considered inert to most due to its high flammability,
however hydrocarbons are fairly inert, just not with respect to oxygen and an ignition
source, propane therefore provides a cheap and readily available inert gas, however it
does have its problems.

When working with an inert gasthe standard procedureisto runit through aclosed
system for alength of timeto flush out any previous gasses, then introduce your reagents
quickly, preferably under theinert gasto prevent recontamination of the environment.
Then sealing the system back off except for an exit and slowly letting the gas continue
running though it. Thereisthe concern of what to do with the exit gasses, which will
depend on your reagents and your 'inert' gas but that isaspecific problem. Althoughless
useful inert gasses can al so be used outside of aclosed environment. All inert gasesare
by nature asphyxiants and therefore the gasses should not be vented into an enclosed
area. They can aid evaporation if slowly run over a hot solution and they can also be
used just being sprayed into abeaker to provide some protection, argon which isheavier
then air is especially suited for this.

Argon : Argonisagood blanketing gas approximately 38% heavier then air and
will sink into the nooks and crannies of adistillation apparatus. Itisnot knownto
combinewith anything at STP, although it doesform HArF when irradiated with
hydrogen fluoride at-255C but it decomposes about - 245C so you shouldn't have
to worry about extraneous reactions. Couple that with thefact that it iswidely
available for welding applications (although there is a bit of a startup fee
including acylinder, which you can rent, and aregulator) argon iswell suited for
most applications. Asan exit gasyou only haveto worry about any contaminates
init, argon itself can be vented to the environment with no ill effects.

Butane/ Propane : Butane, commonly available asarefill gasfor lighters, and
propane, commonly available for just about everything are both gasses at STP,
both are easily liquefied under pressure and vaporsfrom either of these gassesare
heavier then the surrounding air. Assuch they collect inlow spots, unlike argon
both of these gasses are highly flammable in the presence of oxygen, as such
systems using them should be thoroughly flushed first and should not contain
oxidizing agents or compoundsthat canyield free oxygen/halogens. Inaddition
care must be taken with exit gasses containing these flammabl e products, they
should be lead directly into a burner of some sort where they can be burned
without hassle.

Carbon Dioxide : Availablein cylindersfor the carbonation of beverages or as
'dry ice' relatively pure carbon dioxide hasits sources outside of the lab setting.
Thisgasisalso denser then air, however i t ismorereactive then the others. Itwill
ruin Grignard reactions, react with hydroxides and strong bases of all sorts and




more, but it does haveitsuses, just be extrawary of reactivity. CO2, athough not
incredibly toxi,c can cause damageif inhaled in aconcentrated form, but aslong
asitisused in vented conditionsit isrelatively safe.

Freon : Freonisatempting source for aninert atmosphere. First becauseitis
widely available and second because the regul ating equipment issold right along
sideit. But that is where the benefits end, freon is flammable, and somewhat
more reactive then these other inert gasses, it hasoilsinit and asfor purity, well,
it'sagrab bag. Useit at your own risk.

Helium : Helium isthe most widely available of the noble gasses and can be
picked up from many placesfor the purpose of filing balloons, it even comeswith
itsown cylinder. However the purity of such formsisquestionable, unlessitisin
thelargeindustrial containersitisusually mixed with acertain percentageof air.
Beyond this helium is an extremely light gas that will not blanket a majority of
your vessel, however extended flushing can help to overcome this, the price of
commercial helium does not make it economically feasible in light of itslight
nature.

Nitrogen : Hasalimited availability asawelding gas. Also availablein the
liquid form, but be wary of frost bite. Nitrogen isthe staple inert gasfor the
organic chemist, usually ontap in fumehoods. Itisfairly non-reactive, chegpand
easy to transport. Nitrogen isroughly equal to air in terms of density dueto it
making up about 80% of our atmosphere. There is no need to worry about
venting nitrogen gas.

Neon / Krypton / Xenon : Availability of these nobel gassesis considerably
morelimited. They possespropertiesnearly identical to argonfor reference. The
exception to this being Xenon, which is the most reactive of this group, it will
react with fluorine and some other high oxidizing molecul es, but not to any extent
that the amateur chemist should have to worry about.

Sulfur Hexafluoride : Fairly inert gas used in blanketing the setup used for the
electrochemical production of magnesium metal. Not widely available, dense
gas, not exceedingly toxic, TLV 1,000 PPM.

Taking care of exit gasses depends on what exactly is contaminating them.
Disposing of radioactive chemicalsby incineration of exit gassesisnot advisable but the
decomposition of organic material by |eading exit gassesthrough aflameworksinmost
cases. If thereisaspecific component in the gas that you expect to survive the flame
then take the extra step to bubble the exit gasses through an appropriate solution to
neutralize the offending contaminate. Occasionally areaction will be called for to run
under aspecific gasthat does not seemto beinert, it may well not be. If somethingisrun
under achlorine atmosphere you can bethat it is probably necessary for the reaction to
commence.

When discontinuing use of the inert atmosphere the vessel must become slowly
accustomed to regular atmosphere again, unlessthe apparatusisto be disassembled under
an inert atmospherein afume hood and cleaned there. Unlessthereaction productsare
explosive (boranes, phosphines, etc.), or exceedingly pyrophoric, simply removing the
tube for the exit gas and turning off the flow of inert gaswill suffice to bring the vessel




back into atmospheric conditions asthe gassesinside diffuse out and the gassesfrom the
outside slowly work their way in. Explosive mixtures between the air and flammable
gasses may form so it is necessary to allow the apparatusto cool to room temperature
before hand.

8.5 Solvent/Solvent extraction systems
8.6 Vacuum Pumps and working under Vacuum

Vacuum distillation is necessary when your compound decomposes when being
boiled at STP. The premise of boiling is that the vapor pressure of your substance
increases as it heats and when it gets to the boiling point, the vapor pressure of your
substanceisequal to the atmospheric pressure, by reducing the pressure you reduce the
atmospheric pressure and therefore reduce the temperature needed to boil theliquid. It
simply is distilling under reduced pressure and for the most part the techniques
mentioned earlier regarding distillation can be safely applied here as well. There are
however afew important observations. Boiling points of different components don’t
necessarily changein alinear way when the pressureis altered. Simply said, it could
mean t hat whilst the differencein vapor pressureis200mbar at STP, it could be 50mbar
or 400mbar under reduced pressure. Note that there are a number of units with which
pressure is measured:

mm Hg/Torr | Atmospheres | Pascal’s | PSI in
Hg/mbar
Atmospheric Pressure | 760 torr 1 atm 101325pa | 14.69 ~1001

Usually thereissomeindication, asto which pressure unit abook or text isusing,
and conversion between pressure unitsisasimpletask involving just aconstant, however
these constantswill not belisted here asthey are many in number, however finding them
onlineis asimple matter.




Using the above table called anomograph one can figure out around where aliquid
would boil. To useit you can copy it to your favorite paint program and on the right
hand side you find the pressure at which you plan on distilling (in torr) and draw aline
from that point through the line in the middle at the point of your boiling point at
standard pressure and the intersection point on the left isin the region of your new
boiling point. Simpleand easy and it can give you an ideaof how powerful your vacuum
pump is.

The main considerations when distilling under reduced pressureisthequality of your
glassware and pumps. Y our lab glass needs to be borosilicate glass and it should bein
prime condition. Cracksor even scratches severely compromisethe strength of your glass
under vacuum. Only round-bottomed flasks can be used during vacuum distillation, no
flat bottom flasks or Erlenmeyer’ sl What could possibly happen you think? Well,
imagineaflask filled with boiling ethanol imploding. It suddenly comesinto contact with
asurge of fresh air and whooosh...flaming inferno all over and you being sprayed with
glass pieces. That’s why. Not to mention what would happen with acids, poisonous or
otherwise hazardous substances.

So your glasswareisin perfect shape. On to the other problems, boiling stones don’t
work under vacuum and boiling under vacuum can be very aggressive, so aggressivethat
the bumping can crack your glass, after which it implodes. Again, there aretwo solutions
tothisproblem. A Claisen adapter (picture?) with acapillary tubethat isimmersedinthe
liquid and then provides bubblesisaway to go, or magnetic stirring, the authors personal
preference.




Bumping

Bumping is the ominous word used to describe a sudden ‘bump’ in the distilling flask.
This can physically cause the flask to jump up and usually results in liquid being
projected from the liquid surface, occasionally all the way into the still head and over
into your receiving flask, ruining a distillation. Bumping is caused by a number of
factors in these situations but it comes down to a large bubble of gas forming and
violently making its way to the surface of your liquid. If bumping occurs (and it will
occasionally) the boiling flask should be removed from the heat for afew moments until
the bumping is passed and then placed back on the heat, hopefully at areduced level. If
it occurs again, repeat. There are a few things that can be done to reduce/eliminate
bumping:

Thedistilling flask should be heated slowly and if possible the wholeflask should
be heated, not just heat from the bottom but form the sides too, asin a heating
bath or heating mantle.

Stirring should be constantly applied, usually thefaster the better, beit magnetic
or by an overhead stirring unit.

A capillary tube can be immersed in the liquid to the bottom which can lead
bubbles up and away before they become large and destructive.

If your liquidisvery dense small amounts should bedistilled at one time, denser
liquids have a greater tendency to bump.

It goes without saying that your joints should be sealed well. This can be
accomplished by grease or commercially available teflon tape or specially designed
teflonjoint fitters, which are expensive. Don’t neglect this aspect, because aj ointwhich
fails after awhile is another possible doom for you and your set up.

Special care should also betaken in the way you fix your apparatus. Y ou must avoid
any stressor strain caused by hanging flasks, flask that are being pushed up becausethey
float in the water bath, etc. Carefully balance your apparatus before applying your
vacuum.

Heating is not an easy task when using vacuum. Flames or any other forms of
localized heating areaNO GO. A water or oil bath ispreferable. Y oumust also realize
that your set ups heat conductanceis much lower because of theinsulating factor of the
vacuum. That’ swhy the author al so recommends magnetic stirring of your bath, because
thisdramatically increases heat transfer. Otherwise you risk a bath, whichisat 90C while
theinside of your flask isat 30C, which causes a huge amount of stressandisgenerally
energy consuming.

Finally, wrapping your glass with awire mesh or laminating it with heat resistant
plastic protects you from flying glass should something go wrong.

When first starting a procedure involving distillation using vacuum thereis a
sequence of events that one should follow:




Applying vacuum should be done FIRST, before heating starts. If you start heating
first and then apply vacuum, thereisasevere hazard that your liquid will flash boil when
the pressure drops. Flash boiling usually comes with a pressure spike, insane bumping
and alot of frothing. Short & sweet, it means death to your setup and possibly to you.
Y ou also should start up your stirring or bubbling at the same time your heating starts,
because if you do it too late, there is again arisk of flash boiling.

When you're done distilling, allow the apparatus to cool down first, then al low air to
enter. If doneotherwise, hot solvent vapor can comeinto contact with fresh air and reach
the explosive range...which again means flaming inferno all over and flying glass.

Vacuum is being applied to thisflask to remove ammonia asit isformed to drivethereaction
foreword, the product remainsin the flask.

9.0 When things go wrong




A mixture of barium chloride and potassium bromate explodesfrom the beaker creating a
hazardous situation.

Accidents happen, you live long enough and you realize this, not just about
chemistry but in every situation there is a probability for failure that people must live
with. Y ou hopefor the best and take measuresto prevent foreseeabl e catastrophes, but
you cannot prepare for every occurrence, you' d never get anything done because you
would always be worrying and planning, you don’t want to over-worry about the details
but you want to remain far from reckless.

Since preventing every accident might well drive you batty, cost large sums of
money, and requireyou to work at asnails pace, lucky for most people, agood balance of
hazard prevention coupled with sometips on managing a possibledisaster will helpto get
you though most reactions.

9.1 Contingency Plans

In any reaction that has an abnormal risk it is always good to have a contingency
plan. How can you determine if areaction has an abnormal risk? Inmy opinionif you
have to worry about areaction then it has an abnormal risk, however you shouldn't have
to plan for every possible screw up. Hereisan example, you add apiece of sodium metal
to some ethanol with the intent to make sodium ethoxide. However you find that your
ethanol must be contaminated with alarge water percentage, too bad you found this out
when you added your Nato your ethanol. It'sboiling and bubbling and H2 is coming off
it like there's no tomorrow. If that H2 builds up the the reaction keeps up the Na will
igniteit, possibly detonating your reaction vessel and thus spraying flammable liquid
everywhere, most likely on fireitself, what are you going to do? Y our normal plan to
dump the offending reaction on the ground and spray it with water seemsto be bad but
it's always been your backup before. So you tossyour reaction solution on the ground
and spray it with your hose, the H20 hits the sodium and ** Boom** not only does the
sodium explode and spray the surrounding area with little chunks, but the ethanol was
scattered too and is now burning merrily all over your grass and house and, wait, your
arm'sonfire.....

Don't tell meyou didn't see this coming, Nacan be quite nasty when removed from
itsanhydrous environment that it stays so comfortablein. Y oudidn't haveaback up plan
and from here things could get even nastier. So, the obvioussolutionisto comeupwith
abackup plan. Sowhat could you have donein retrospect.... Sand isgood for metal fires,
that could have been a decent idea, maybe instead of water you could have tossed it in
ice, that might have been glightly better but not alot, how about having some real
anhydrous ethanol on hand to dissolve excess sodium in, you know, like they do in
professional labs. Regardless, it'salwaysgood to figure out what might go wrong before
hand then to figure out why things went wrong after the fact. MSDS sheets can give a
good indication of what to do incase a reagent gets out of control. In addition just
knowing a chemicals properties can help.




9.2Don’'t Mix ....or....
9.2a Explosive mixtures involving oxidizing agents
9.2b Unstable Peroxides

Peroxides by definition are chemicals that contain an oxygen-oxygen bond which
puts oxygen in the—1 oxidation state, overall -2 as usual though since peroxides are by
virtue of their nature diatomic. Most inorganic peroxides possess at |east moderate
stability, and if they do indeed prove to be unstable, they usually decompose without
fanfare. For example, sodium peroxide Na&O; has a defined melting point of several
hundred degrees Cel sius and does not decomposetill far after that. Common hydrogen
peroxide will break down with time but is comparatively stable except in highly
concentrated from. Organic compounds however tend to form somewhat dangerous
peroxides. Note thatnot every organic peroxideisdangerously unstable, however many
of them are and it is best not to make them by accident or desire.

Thefigurehead of unstable organic peroxides that form spontaneously would haveto
be the peroxide of diethyl ether, or just ethersin general. A container of ether isopened,
ether vapor escapes and air enters the vessel, it is once again closed and left to sit for
awhile. Intheabsence of inhibiting agents most of the oxygen that entered the container
will, in time, react with the ether creating the peroxide compound. A small amount of
peroxide in this may go unnoticed asit is soluble and of such alow concentration.
However over time it will accumulate, and may be mechanically accumulated
unintentially, for example when evaporating ether from areaction mixture. Peroxides
can exist in many solvents that are available over the counter, because they were never
intended for chemistry, so peroxide formation isnever amajor issuefor suppliers. But
you will notice, if you’'reboiling off alarge quantity of acetone which usually possesses
almost no hazard, there may be sufficient impurities that may have led to peroxide
formation, and after alarge amount if boiled off these impurities may be of such ahigh
concentrationinyour flask to represent areal explosive danger, thereforein caseswhere
boiling down solvents of unknown purity and where you are working with ethersit isbest
to never evaporate to dryness.

Additionally organic compounds should never be mixed with peroxides, inorganic
peroxides such as sodium peroxidefor certain, but even hydrogen peroxide can possessa
great degree of danger if it issufficiently concentrated (>30%) when mixed with organic
liquids. Asidefrom theradical reactions that cause the formation of peroxidesin ethers
peroxides may be unintentially created by the action of hydrogen peroxide on some
compoundsinthe presence of acidsor bases. Bewary of such complications, especially
with ketones.

9.3 Flammability Concerns

Many of the reagents, particularly the solvents used in chemistry are quite
flammable. However some posses specific flammability concerns. Highly flammable




solventsinclude ether, which isknown to creep along the ground for anignition source,
and carbon disulfide which can ignite from boiling water and a whole world of
flammable hydrocarbons|like propane and butane. Itisgoodto know if you keep thesein
an enclosed environment without oxygen they will not spontaneously ignite, however
they do get out. So asacommon practice flammable liquids should not be heated with an
open flame unless you are quite familiar with what might happen.

Someone Should be going for the Fire Extinguisher about Now (or at least turning off the gas!)

Flammability isalwaysaugmented if theword pyrophoricisinvolved. Some metal
powdersare pyrophoric (zirconium powder being agood example), some other solidsare
too (white phosphorus), as are some gasses (diphosphine), and liquids. After just ashort
contact with the atmosphere, either from reacting with ambient moisture or oxygen these
may igniteon their own. These are extreme examplesthough, normally you need a spark
toinitiate aflammableair mixture (el ectric apparatusesfor chemistry go to great | engths
to avoid sparks whenever possible) or at the most an open flame. No smoking near any
running reaction that contai ns anything flammabl e and note that fumes can travel along
way, just think of peoplewho use paint stripper in one part of their house and the fumes
creep along the ground till they come to afurnace or water heater and *BOOM* the
doors go flying off the house.

9.4 When to abandon Ship

Although it’ s best to avoid potentially dangerous reactions that could lead to
situations where you may haveto ‘run for your life’ or possibly do whatever isin your
power to bring areaction to ahalt at that moment, there are occasions, where, with proper
preparations you believethat you can succeed in areaction with little possibility of things
going wrong. Too bad that things have apropensity to go wrong in chemistry. Knowing
what could go wrong beforehand and mentally going over what you could do is athing
you should do for every reaction, big or small, inthe simpiliest situation achemist may




be planning on dissolving a metal in a non-oxidizing acid, what are the possible things
that could go wrong here?

A) The acid could spill what would you do? Solution: Sodium bicarbonate is
good for acid spills keep some on hand.

B) If you have avery active metal and strong acid the reaction mixture may heat
up and boil releasing acid fumes of making a breakage hazard. Solution: Adding water
will dilute the reactants and cool the reaction, adding the mixture to alarge bucket of
water may halt it almost entirely. Bases may cause additional heat but could be used to
halt thereaction if necessary and if possible removing the remaining metal could rectify
the situation.

C) Asidefromthe acidity of asolution, what about the metal that you are putting
into solution, are the cations toxic? Solution: Wear gloves, have water near by to
quickly wash any contaminated area.

Now, this situation does not justify ‘abandoning ship’ just what could result in a
minor spill or acid burn possibly some broken glassware. The major areain chemistry
that hasthe greatest potential for harm would have to be energetic materials, although not
within the scope of this text, these dangers can be moderated by strict adherence to
procedures set out, attention to temperature and the ability to quickly cool areaction
mixture down if necessary. Although they possess a great possibility for mishap,
energetics are not the only area of chemistry that could result in a serious situation.
Organic oxidations can get out of hand, proceduresinvolving very high temperatures can
cause mechanical explosions, and of course aside from the possibility of explosions, there
is always the poison gas aspect. But what should you do? What should you do if you
decideto dissolve matchesin hydrochloric acid and suddenly gas above the beaker starts
to explode or if your airtight reaction vessel suddenly implodes releasing hydrogen
cyanide? Drastictimescall for drastic measuresand each situation isdifferent, hereare
somethingsto consider, but everything isaways up to the best judgment of the person
involved in the situation, but the number one guiding rule should always beto stay calm.

There are four maj or school s of catastrophicfailure; 1) Poisonousgasesarerapidly
being evolved and rel eased into your atmosphere. 2) Itisaliquid mixturewithrelatively
little water containing an oxidizing agent and something that is being oxidized and is
rapidly heating. 3) A closed vessel containing areactant or system of reactants suddenly
beginsreacting much faster, evident by incredibly increased gas evol ution or noises. 4)
A product from your reactionisonfire, isspontaneously flammable, or isexploding as
formed. And of thesetypesthere are those that can be solved by quenching with large
amounts of water, and those that may react faster or cause other extreme circumstances.

If you suddenly find your reaction falling into one of these categoriesasstated above
guenching with large amounts of water may help, in the event of poisonous gasses,
dropping thewholereaction vessel into abucket of water could bring aquick end to any
mishap. In the authors own experience he has found it necessary to dig a hole and




physically bury areaction vessel that was producing a pyrophoric toxic substance and the
reaction vessel was on fire belching out explosions. Riskingyour lifeisnot something
you want to do, if at all possiblein any situation thatthreatensyour life from which you
see no immediate solution you should leave the area. But thisis not always an option,
consider those around you, if you werein the middle of aforest with no one around for
quite adistance fleeing is always a good option, but for the majority of us backyard
chemists we have neighbors and family close by, the luxury of fleeing from some
mishapsisnot an option. A small explosion, maybeyou could leavethat, asmall fire, as
long asit’ snot near anything, but anything that threatens alarge explosion or rel ease of
poison gasisnot someminor event. Call the police, call poison control, do what you can,
it’seasier to never get into thissituation but if it comes down toiit, it isyour mess, and
your responsibility to take care of. Consider those around you, you canrisk your ownlife
if you so choose, but never theirs. Please take care, keep a bucket of water handy, do
what you have to, to make sure you keep yourself and those around you safe, and if
things do go wrong in abig way, it isyour duty to do whatever it takes to make sure no
oneis hurt, do whatever isin your power.

But then again, if there is no danger unless you are in the immediate vicinity, go
ahead and run if you are endangering yourself. If you get that feeling that somethingis
going to go wrong, you become uncomfortablewith asituation and it affectsyour ability
towork though it and your possibility of failure goesup. Just remember, safety first, and
more important then glassware and expensive chemicalsis human life.

10.0 Finding things locally

To some extent people have achemical stockpileintheir housesevenif they are not
practicing chemists. For example many househol ds have acetic acid, sodium chloride,
sodium bicarbonate, sodium hypochlorite solutions, and more. But that isnot the extent
of thechemicalsavailable at your local hardware store or super market, or if you want to
go even further specialty stores like hydroponics stores can be a uranium mine for the
amateur chemist. When ever you visit these placesjust keep an eyeonthe shelvesand if
something catchesyour eyelook over thelabel for information relating to the compounds
contained within. This can give you the best idea of what you have available in your
area.

The second best alternative isthe internet. Not only are there sites dedicated to
chemicals found at home, you can search compounds on google or other places and
attempt to find them in some household use. Some are pure some are notand some are
easily separated.

10.1 Pure compounds

10.2 Making Vs. Buying




Themost logical way to determineif it would be better to buy achemical rather then
produceit yourself isto think about how much of achemical you want, and how much it
would cost to buy in the quantity that you want, now compare this with how much it
would cost interms of materials, danger, AND timeto produce the same chemical. If it
costsnoticeably lessto buy it then buying isagood option. But assaid before theremost
of us neglect the time aspect, thinking that if we were to make it then any savingsin
terms of materials and money would be worth it, not true. The reaction might require
refluxing for hours, hot filtrations, pressurized reactions, extensive drying, low yields,
and decomposition of products. There areanumber of reasonsyou might chooseto buy
achemical rather then buy it. However if you have easy accessto the beginning reagents
itisusually cheaper to make achemical yourself dueto prohibitively high pricesonlab
grade chemicals.

An example being the manufacture of barium chloride, barium carbonate is readily
availablefrom ceramicsstoresfor low prices, thiscan easily bereacted with hydrochloric
acidto form the desired barium c hloride and the mixture evaporated to drynessresulting
inarelatively pure product. Whereas to buy barium chloride from an online source
might cost 5x as much. Thiswould definitely be an example of making a chemical
versusbuyingit. Onthe other side of the coin one could think of making something like
methyl carbonate, which may requireyou to first produce phosgene which was once used
asawar gas, followed by reaction with alcohol which will produce hydrogen chloride,
reaction would have to be under pressure, in terms of reagents, it might prove cheaper
then to buy a specialty chemical, but in terms of time, safety, and glassware, opting to
buy it would seem to be the smart choice.

There are some chemicalsthat are almost impossibleto buy, or if they are available
they charge exorbant amountsto ship them. There are also other externalities, you never
want to attract more attention then you have to and if you happen to want achemical that
might have some major illicit uses and might be watched by your local governmental
agencies it might be better to makeit. What it all comes down to is, there are some
thingsthat are cheaper and easier to make, and there are some thingsthat are much better
bought. Chemists should not limit themselves to one or the other, making essential
reagents can allow you to develop your lab skills better, but others are cheaper to buy
then make. Each reagent should be evaluated on an individual basis, but remember that
most assortments of chemicals found in a home lab were accumulated there though
necessity and great sales along with boredom.

10.3 Extracting compounds
10.3a Basic Principles (Comparing Properties)
10.4 Mail Order

10.5 Notes about purity




11.0 Advanced Experiments (Name Reactions)

12.0 Index (Linksthroughout will be highlighted and click ableto bring you to the
specificindex entry, e.g. H2SO4 will be highlighted and clicking on it will bring you
to a pagelisting its properties, High temp oxidizing agent, dehydrating agent,
different concentrations available.)

12.1 The Elements (See Section 1.3 for a depiction of the periodic table)

Actinium Atomic Symbol: Ac Atomic Number: 89 Atomic
Weight: 227.0 g¢/mol Known oxidation state(s): +3

Hazard information: Highly radioactive, most stableisotope hasahalf-life of 22 years.

Aluminum  Atomic Symbal: Al Atomic Number: 13 Atomic
Weight: 27.0 g/mol Known oxidation state(s): +3

Hazard information: The presence of aluminum cations in soft drinks is a the suspect
to some cases of Alzheimer’s. Aluminum dust poses two hazards, it can provide an

environment that could possibly |ead to an explosive mixturewith the air and secondly it
can causeirritation to therespiratory system and disorientation. Alwayswear glovesand
adust mask when working with aluminum in the powder form. Bulk aluminum is safe.

Additional information on Aluminum: Aluminum as a bulk metal is widely used in the
building industry. It iseasily spotted in ascrap yard for afew reasons, it isrelatively
light, and forms an oxide coating which is easily scraped off with aknife to reveal the
clean metal underneath. Carry asmall bottle of vinegar with you if you are hunting for
aluminum in ascrap yard to test samples, scrape the surface of the aluminum clean and
apply alittle of theacid, it will react with aluminum forming bubblesif it isthereal deal.
Aluminum turnings are also available at some scrap yards. Aluminum powder is
available from pyrotechnic suppliers. There are also guides online for turning bulk
aluminum to powder. Aluminum powder cannot be made by the decomposition of
aluminum formate or oxylate as the finely divided aluminum can react readily with the
carbon dioxide produced to form aluminum oxide as the majority product.




Aluminum powder, turnings, and fail.

Industrially aluminum is produced by the Hall process, electrolysis of aluminum oxide
held in amolten cryolite [NaAlFg] bath. On a home scale such a process would be
demanding at best. On a side interesting note one of the first uses of sodium was as a
reductant for producing aluminum from the oxide. This processhas since been replaced
by the Hall process noted above.

Aluminum is a highly reactive metal, it reacts readily with atmospheric oxygen and
would simply rust to apileif the oxide coating thus produced did not adhere so well. If
for example asmall amount of mercury isplaced on ablock of aluminum it continuously
alloys with the aluminum rendering the oxide coating ineffective and will allow the
oxygen inthe air to rapidly oxidize large amounts of aluminum. Aluminum will react
with nearly any acid and many bases readily (it will pacify [the surface will become
coated in oxide and not react further] in strong concentrated oxidizing acids). Many
aluminum salts are soluble and therefore are agood source of choice anionsin solution.

Americium  Atomic Symbol: Am Atomic Number: 95 Atomic
Weight: 241.1 g/mol Known oxidation state(s): +3

Hazard information: Radioactive element, treat with care.
Additional information on Americium: Americium oxide is the source of ionization

energy inthevast majority of smoke detectors. Itisavery small piece of thisradioactive
element.

Antimony Atomic Symbol: Sb Atomic Number: 51 Atomic
Weight: 121.76 g/mol Known oxidation state(s): +3, +4, +5 (least
common)

Hazard information: Excessive handling of antimony metal should be avoided as many
of the saltsformed even those on contact with air coul d be hazardous. Antimony and its
salts have been linked to reproductive damage and cancer.

Additional information on Antimony: Used in alloying, with lead in solder and in other
applications, ahardening agent. Antimony istoxic and forms someinteresting salts, the
pentafluorideisacomponent of superacids but obtai ning thismetal in an over the counter




way isdifficult. Antimony sulfideisused in pyrotechnics. Somewhat of a weak metal
antimony has a few interesting allotropes including the exploding antimony allotrope
which has yet to be confirmed in recent years.

Argon Atomic Symbol: Ar Atomic Number: 18 Atomic
Weight: 40.0 g/mal Known oxidation state(s): No common
oxidation states

Hazard information: Argon is an asphyxiant gas, use with ventilation. Argon directly
exiting from cylinders may be cold enough to induce frost bite.

Additional information on Argon: (See section on inert atmospheres 8.4)

Arsenic Atomic Symbol: As Atomic Number: 33 Atomic
Weight: 74.9 g/mol Known oxidation state(s): +2, +3, +5 (least
common)

Hazard information: Excessive handling of arsenic metal should be avoided as many of
the saltsformed even those on contact with air could be hazardous. Arsenic and itssalts
have been linked to reproductive damage and cancer. Arsenic can show progressive
physical and neurological damage, the progressive signs of arsenic poisoning are well
covered. Arsenic trioxide was once known as “Inheritance powder” .

Additional information on Arsenic: The only widely available compound containing
arsenicisarsenictrioxide, | have seenit marketed for the purpose of killing avariety of
insects, in ant traps and less commonly to kill mice. It’s use has been phased out since
the beginning of the 201 century though. Itisalso foundin some specialty soldersandin
semiconductors. From itstrioxide it could be reduced with an active metal such as
magnesium to form the metal. Another available form of arsenic comesin theform of
some herbicides and pesticides which contain arsenic organic molecules. Arsenicisa
chemically reactive metal with interesting propertiesespecially evident in the covalency
of its high oxidation state compounds.

Adtatine Atomic Symbol: At Atomic Number: 85 Atomic
Weight: 210.0 g/mol Known oxidation state(s): NA

Hazard information: Highly radioactive, most stable isotope has a half-life of 8 hours.

Barium Atomic Symbol: Ba Atomic Number: 56 Atomic
Weight: 137.3 g/mal Known oxidation state(s): +2

Hazard information: Barium salts are highly toxic, a small amount of a soluble barium
salt that makesitsway into your body will make you have avery bad day, diarrhea, blood
in stool, headache, stomach pains, etc. The metal itself ishighly reactivetowardswater
along the lines of sodium and can cause minor explosions and presents aflammability




hazard on itsown. The free metal will burn the skin if it comes into contact with it.
Should be stored under oil, most reactive of the common alkali earth metals.

Additional information on Barium: When exposed to air barium will from an
appreciable percentage of the peroxide. Very few barium salts are available to the
general public, the few that | know of are barium sulfate which is obtainable from
medical clearances (it isused to maketheintestines more visible with though xray, itis
oneof thevery few safe barium salts), and barium ferrate, which ispresent in the coating
on VHStapes. Intheory alarge quantity of VHS tape could be ashed (heated till it
turned to ash) then reduced with an active metal (aluminum or magnesium) then
dissolved in water, the barium oxide thus formed would react with the water and convert
to the somewhat soluble barium hydroxide which could be extracted by evaporation and
crystallization.

Furthermore barium is available in both the hobby of pyrotechnics (carbonate, nitrate,
perchlorate, sulfate) and pottery (carbonate) for colorization. These can be scrounged up
from local sources or from online sources. Barium metal could be produced by
aluminothermic reduction of the oxide or carbonate or hydroxide and subsequent
distillation under high vacuum. Reaction of barium oxide and aluminum metal at high
heat furnishesan alloy of high barium percentage >50% on cooling. Barium can also be
procured though electrolysis of an eutectic mixture of barium saltsin the molten state.

Berkelium  Atomic Symbol: Bk Atomic Number: 97 Atomic
Weight: 249 g/mol Known oxidation state(s): +3, +4

Hazard information: Highly radioactive, half life sufficiently short to render amateur
experimentation futile.

Beryllium Atomic Symbol: Be Atomic Number: 4 Atomic
Weight: 9.0 g/mol Known oxidation state(s): +2

Hazard information: Beryllium salts and beryllium metal dust are highly toxic and
carcinogenic.

Additional information on Beryllium: Some aircraft parts, specifically gyroscopes are
occasionally made of almost entirely beryllium, easily differentiated by their unearthly
lightness. Machining beryllium is dangerous as shavings and powder can cause ‘ metal
fumefever’ andterrible pain. Berylliumisareactive metal that formsan oxide coating
that preventsfurther atmospheric attack. Itishardto find on the civilian market though
except as the aforementioned use and in avery few copper alloys. Because of the
berylliumionssmall size and high charge density it forms unique cations when dissolved
in water involving several water molecules.

Bismuth Atomic Symbol: Bi Atomic Number: 83 Atomic
Weight: 209.0 g/mol Known oxidation state(s): +3, +5 (rare)




Hazard information: Bismuth isfairly benign and safe to handle, thetoxicity of bismuth
saltsis amost entirely dependent upon the anion to which it is coupled.

Additional information on Bismuth: Bismuth is available as environmentally friendly
buck shot for re-loading gunsin areas where guns are permitted, but by thisrouteit is
fairly expensive. Also it can befound in some areas that sell minerals and collectable
rocks, bismuth formsbeautiful crystalswhen solidified from aproperly formed melt and
are sold as a pure material, again, the price can be exhorbant. The internet is aways
another choice for bismuth metal if all else fails.

Bismuth trioxide has found use in pyrotechnics and this could be reduced with an

appropriate aluminothermic reduction. Also bismuth subsilicateisavailable asan over
the counter stomach soothing remedy, it may be possible, although economically

disastrousto extract this small quantity of bismuth. Some bismuth salts, especially those
where bismuth isin the +3 state and attached to three different molecules are prone to
decomposition in water due to theformation of the stable oxy compound. For example, a
solution of bismuth trichloride left to stand may decompose in the following manner:

BiC|3(aq) + H20(|) =] OBiCl(s) + 2HC|(aq)

Many compounds will do the same hydrolysisreaction if left in solution too long,
bismuth nitrate may form bismuth subnitrate, bismuth chloride may precipitate as
bismuth oxychloride and there are many more. Dissolving bismuth isadifficult chore
although it comes ahead of hydrogen in the activity series and should theoretically
dissolveinacidit does so sluggishly at best, it is necessary to add an oxidizing agent to
get adecent rate of solvation of thenativemetal. And as| just mentioned it isnecessary
torecover your bismuth salt quickly lest it hydrolyze, the hydroxideisagood choiceasit
will allow conversion to other appropriate salts at alater date. The bismuthate anion
BiOs inwhich bismuth hasa +5 chargeis an excellent oxidizing agent prepared by the
reaction of dry bismuth trioxide with sodium peroxide or by the action of molten
NaNO3z/NaOH on bismuth trioxide, it will oxidize manganate to permanganate.

Boron Atomic Symbol: B Atomic Number: 5 Atomic
Weight: 10.9 g/moal Known oxidation state(s): +3

Hazard information: Elemental boron istoxic, dust should be avoided, boron
compounds differ widely in their toxicity, for example, the chlorideis astrong
irritant/corrosive liquid, whereas the acid is the only acid that is actually good for the
eyes.

Additional information on Boron: Boron has two widely available salts,

borates/metaborates are avail able to some extant asborax in the cleaning industry. Borax
asfoundin cleaning productsusually hasthe formulaNa:B,0O7* 5H,0 solutionsof borax
can betreated with astrong acid such as HCI to precipitate out boric acid. Boric acid can
also be bought as a somewhat pure substance from pharmacies and also from grocery




storesfor the purpose of pest control. From boric acid heat can be applied to dehydrateit
to boric oxide. And from the oxide elemental boron can be had.

NaB4O7ag + 2HCl () + 5H200 P 2NaCl s + 4B(OH)3
2B(OH)s3( --(Heat)--> B203(9 + 3H20(g)
B2O3) + 3Mg(g --(Heat)--> 2B + MgOy + X[MgB2]s
B(S)/MgO(s)/MgBx(s) --(HCl(a))--> By + MgClag) + B2Heg(g)

In the above reactions we start from the commonly available borax with aprecipitation
reaction to get to our boric acid. Of if you have boric acid start from step 2. From here
the acid isdehydrated and easily goesto boric oxide. Theoxideisthen pulverizedwitha
hammer or other suitabl e object and mixed with either magnesium powder or turningsin
a stoichiometric amount. The mix isignited and a thermite reaction ensues, this
generates|otsof heat but the reaction must be covered loosely immediately to prevent the
oxidation of the boron thus formed, at the same time a small amount of magnesium
boride isformed as aside reaction. Finally after the reaction cake has cooled and is
powdered, it isdigested in hydrochloric acid, the magnesium oxide being abasic oxideis
readily dissolved in the HCI and the magnesium boride reacts with the HCI to produce
diborane. Thediboraneisaspontaneously flammable gasand therefore small explosions
may result, it is therefore advisable to cover the cake first with water then add acid in
small amountsto prevent excessive sudden gas evolution. The magnesium chloride stays
in solution, the borideis decomposed and what you are left with isboron asaprecipitate
at the bottom of the reaction vessel.

Product from aluminum reacting with B203, how are you going to separate that?

The first question that comes to many peoples mind when they see this thermite type
reaction isweather they can substitute aluminum for themagnesium asa uminum powder
ismore readily made/acquired. Yes, it could be substituted in theory, but thereis one
drawback, see step 3 wherethe magnesium borideisformed asasidereaction. It could




be assumed, and in this case correctly that aluminum boride [AIB12] would be formed
analogously in thisreaction. But the problem comesinreaction 4, aluminum borideis
very inert, it will not react with the HCI and therefore you end up with very impure boron
as you are unable to separate the aluminum boride (in addition the aluminum oxideis
very hard to dissolve out). Sowhat you areleft withisaneighinsoluble mass of boron,
aluminum oxide, and aluminum boride from which the boron isvery difficult to remove.
One possible removal method would beto run chlorine gas over the heated mass to
produce boron trichlroide and run that over heated zinc powder to facilitate the reaction
along thelines of :

B(g + Clzg P BClsg
25C|3(g) + 3Zn(s) b ZB(S) + 3ZnCl 2(9)

Although this method facilitates boron powder it makesthe reaction considerably more
difficult in the manipulation of chlorine gasand boron trichloride. However one could
make boron trichloride directly from boric oxide and sodium chloride and run that over
the zinc therefore skipping the active metal reduction with magnesium and replacing it
with this zinc step.

Boron will form an additional bond at its lone pair making it a negative cation, an
excellent exampl e of thisis sodium borohydride [NaBH,] inwhich theboron atom hasa
negative one charge due to the extra bond to hydrogen.

Boronisan elemental color emitter, its combustion produces abeautiful green color and
its esters produce the same.

Bromine Atomic Symboal: Br Atomic Number: 35
Atomic Weight: 79.9 g/mal Known oxidation state(s): -1, +3,
+5,+7 (rare)

Hazard information: Bromineisahighly corrosivered liquid. It will attack rubber,
your lungs (causing pulmonary edema), your eyes (causing blindness), and your skin
(causing painful ulcerations). Skinexposure should betreated with areducing agent such
as sodium thiosulfate which will help to destroy the bromine beforeit destroysany more
of you. Although it isnot highly toxic it does have
sedative effectsthat can result in death dueto depression
of the central nervous system.

Additional information on Bromine: (See section 4.9

for further information) Bromine is a diatomic
molecule and normally appearsat Br, in formulas, in the
gaseous state i t maintai ns these bromine-bromine bonds.
Free bromineisfound asthe diatomic molecule Br; that
iswhenever bromineisfreeit isaways coupled with
another bromine molecule. Y our best bet to finding




commercially available bromine sources is going to be from pool/spa suppliers.
Bromination sources include sodium bromide but more often you may find acomplex
organic compound that actually acts as the brominating agent. If possible the sodium
bromide providesthe much easier compound from which to extract brominealthoughthe
organic compound could yield acombination of bromine and bromine chloride (although
this decomposes above 10C, the chlorine gasthat makesitsway though and comesinto
contact with your condensed brominein areceiving flask could react with the bromine
there). Thatisif itissufficiently gassed with chlorinein powder form at atemperature
sufficient to distill off the bromine [>59C].

As for bromine production from sodium bromide. 1) Running chlorine gas though a
solution of warm sodium bromide will cause the chlorineto replace the brominein the
compound resulting infreebromine. Thisreactionreally iscomplicated by working with
chlorinegas. 2) Reacting aqueous sodium bromide with an oxidizing agent under acidic
conditions can result in the formation of free bromine which can be distilled off:

2NaBr(aq) + HzSO4(|) + Hzoz(aq) b NaQSO4(aq) + 2H20(|) + Bl'z(|)

In the above reaction it is the hydrogen peroxide that acts as the oxidizing agent, other
oxidizing substances; potassium permanagnate, potassium bromate; etc. could beusedin
itsplace. Additionally different acids could be substituted, hydrochloric acid could be
substituted but thereisthe possibility that it could be oxidized resulting in free chlorine
contaminating thereaction. Anadditional benefit to the addition of concentrated H,SO,
isthe heat of hydration which allowsthe mixtureto obtain atemperatureto distill off the
Br, formed without the need for significant, if any, additional heating.

Cadmium Atomic Symbol: Cd Atomic Number: 48
Atomic Weight: 112.4 g/mol Known oxidation state(s): +2

Hazard information: Highly toxic, carcinogenic, poisoning from cadmium compounds
israre though due to their ability to induce vomiting rapidly.

Additional information on Cadmium: Cadmium serves very few purposesin the life

of the general populous. One of the only sources of any form of cadmium, aside from
meager alloysand coatings, isfound inside of household rechargeable batteries. Thisis
intheform of acadmium oxide electrode. Another source of cadmiumisintheform of
pigments, cadmium sulfide (yellow-brown) and selenide (red) being the main ones.
Cadmium sulfide could be dissolved in dilute HCI and the mixture heated to reflux,
hydrogen sulfide would be evolved though which is highly toxic. The resulting CdCl,
could be re-dissolved in neutral water and the solution electrolyzed to yield the metal.
Cadmium isresistant to alkalis but readily attacked by acids.

Calcium Atomic Symbal: Ca Atomic Number: 20
Atomic Weight: 40.1 g/mol Known oxidation state(s): +2




Hazard information: Flammable as a bulk solid, spontaneously flammablein
powder/fine turnings. Calcium is non-toxic but it can cause skin damage if handled
without glovesfrom the basicity of the hydrolyzed metal and the dehydrating action on
the skin. Reactsreadily with water forming hydrogen gas, which can ignite and explode.

Additional information on Calcium: Calcium isproduced most often by the electrolysis
of straight molten CaCl2, in this processthe cathode must either be barely touching the
surface of the melt and slowly raised up or, constantly rotated to provide acohesive non-
porous mass of calcium metal. The addition of up to 15% K CI can depressthe melting
point of the mixture without noticeable potassium formation at the cathode but at
percentages beyond this potassium formation becomes evident. Additionally mixing
calcium chloridewith chlorides of other alkali earth metal s can form eutecticswhich may
prove useful, but despite finding patents on such mixtures, they have found no usein
industry. During electrolysis of the molten chloride thereis avery small range over
which electrolysis can progress successfully, between 780 and 800 C, during thissmall
frame calcium produced will be asolid and the melt will be molten, lower then thisand
the melt solidifies, higher and the already highly reactive calcium will be molten and
almost guaranteed to catch fire. Remember, chlorine gaswould be produced at the anode
to complicate matters even further.

Chemical reduction of calcium oxideisanother routeto calcium metal production. When
calcium iodide and sodium metal are heated together in ametal vessel at high heat and
themixture allowed to cool, calcium metal crystallizesout. Aluminothermic reduction of
calcium oxide with aluminum metal over high heat under high vacuum has been used to
isolate calcium metal, however it does not work as well as similar reductions of other
heavier alkali earths.

Calciumitself isagreat reducing agent dueto thelow volatility of itsoxide and chloride.
Heating cesium/rubidium/potassium chlorides with calcium metal under high vacuum
will distill over the free metals. Calcium carbide, a somewhat available chemical can
also act as a potent reducing agent.

Californium Atomic Symbol: Cf Atomic Number: 94
Atomic Weight: 251.1 g/mol Known oxidation state(s): +3,
+4

Hazard information: Highly radioactive element. However the half-lifeislong enough
to work with the element in macroscopic quantities. Cf?°? isthe most widely available
isotopeandisfor salein milligram quantities. Theisotopewiththelongest half-lifeis
Cf?*! with ahalf-life of nearly 900 years.

Carbon Atomic Symboal: C Atomic Number: 6
Atomic Weight: 12.01 g/mol Known oxidation state(s): -4,
+4 (Carbon can form hybrid orbitals resulting in unique states)




Hazard information: Small particles of carbon in the form of diamond can prove to be
an inhalation/ingestion hazard, in addition finely divided carbon in any of itsmany forms,
such as carbon black, charcoal, coal, etc. can prove detrimental to the lungs of an
individual.

Additional Information on Carbon: It is beyond the scope of this work to attempt to
describe the entirety of organic chemistry, which would be necessary to somewhat
describethe many reactions of carbon containing compounds. Thereforefocusing strictly
on the elemental, it is available in many different allotropes, the familiar diamond,
amorphous such as coal, the spheroid bucky balls (Csp), nanotubes, graphite, and afew
other minor modifications. All of theseformsexcept bucky balls, arefairly inert to many
chemical actions except at high temperatures, at which point they become excellent
reducing agents. Finely divided carbon can reduce many oxidesto their free elemental
state at high temperature. Reaction of carbon at high temperatures with metals can also
result in theformation of carbides, whose reaction with water yieldsthe metal hydroxide
and acetylene gas, with the exception of beryllium carbide and aluminum carbide, which
form true carbides and react with water to form the metal hydroxide and methane gas.
Activated charcoal and other high surface area carbon formsare excellent catalyst for a
number of operationsin chemistry, carbon is oxidized in the presence of oxygen to
carbon dioxide and in a deficient oxygen system to carbon monoxide, it can also be
oxidized by elemental sulfur at high temperature to carbon disulfide.

Activated Char coal, Graphite Rods, and Carbon Powder

Usually the preparation of carbon is unnecessary, however amorphous carbon can be
made by the reaction between concentrated sulfuric acid and sugar. Additionally it can
be made the ol d-fashioned way by heating wood without accessto oxygen in acontainer
to high temperatures and holding it there, both forms contain impurities. Graphite, the
only common conductive from of carbon can be salvaged aselectrodesin larger batteries,
diamonds find little use in chemistry. However bucky balls are starting to be more
widely produced, gram quantities are currently available. Bucky balls will actually
dissolvein organic solventsyielding brightly colored solutions depending on the exact
bucky composition used, (several different spherical structuresof carbon have now been
made available).




Cerium Atomic Symboal: Ce Atomic Number: 58
Atomic Weight: 140.1 g/mol Known oxidation state(s): +3,
+4

Hazard information: Metal isfairly reactive, reducing water and burning readily in the
air when pure. Cerium salts are not particularly toxic enough to warrant additional
caution during normal use.

Additional information on Cerium: The decomposition of cerium oxalate by heat
results in the formation of cerium dioxide, which is available for polishing lenses,
especially those to do with telescopes. Cerium compounds are also used within self
cleaning ovens and cerium itself makes up a notable percentage of mish metal, which
contains many other rare earths, mish metal isused in lighter flintsand other placesthat
need an easy source of sparks. Cerium-iron alloys can be prepared in such away asto
make them pyrophoric, they find use in ignition devices. The +4 oxidation state of
cerium isnot strongly oxidizing despite cerium being one of the few lanthanideswith a
+4 state. Cerium metal can be made by the electrolysis of molten cerous chloride (mp
848 °C).

Cesium Atomic Symboal: Cs Atomic Number: 55
Atomic Weight: 132.9 g/mol Known oxidation state(s): +1

Hazard information: Cesium metal isincredibly reactive and can explode from
prolonged contact with the atmosphere andwill explodein contact with water, reaction
withicerapidly even below —100 °C. Itisthe most reactive of thealkali metalsand will
easily liquefy slightly above room temperature (28 °C). Cesium salts are moderately
toxic.

Additional information on Cesum: Cesium metal can be made by chemical methods
such asdistillation from amixture of cesium chloride and calcium metal under avacuum,
or by electrolytic methods with the chloride, bromide, or iodide. Supposedly cesium
when viewed in person has aslight gold color to it. Cesium hydroxide is the most
powerful of the alkali metal hydroxides, it will readily attack glass. Sourcesof cesium
and its salts over the counter arerare to find. Atomic clocks use a small amount of
cesium metal and these ampoules can occasionally be purchased, in biology cesium
chloride is used to add to centrifuge tubes and create a density gradient to separate
specific components of amixture. Inall of itssourcescesiumisexpensive, it doesnot
find any common use in home chemistry.

Chlorine Atomic Symbol: ClI Atomic Number: 17
Atomic Weight: 35.5 g/mol Known oxidation state(s): -1, +1,
+3 (rare), +4, +5, +7

Hazard information: Chlorine gasistoxic, oninhalation it damagesthe lungsandif the
damageis severe enough the throat may close suffocating theindividual or thelungs may




fill with fluid drowning the individual. Chlorine also attacks the eyes and skin.
Chlorides do not possess any noticeabletoxicity.

Additional information on Chlorine (See section 4.9 for further information):
Chlorineisadiatomic gasand therefore appearsin formulasas Cl,, 22.4L of chlorinegas
at STPisactually two molsof chlorine because of thisassociation between molecules.
Chlorine forms a series of oxoacids: Hypochlorous acid (HOCI), Chlorous acid
(HOCIQ), Chloric acid (HOCIO2), and Perchloric acid (HOCIOS3). Of these acids
perchloricisthe most stable and chlorousacid isthe most unstable although salts of it can
beisolated. Chlorine hasalargeareaof useinthelaboratory, although alternativesto the
use of free chlorine should always be investigated due to the danger of working withiit.
Chlorineisauseful oxidizing agent and is one of the simplest ways to make anhydrous
metal chlorides (AICI3, ZnCl2, etc.). Chlorine can be madein many ways, electrolysis of
concentrated chloride solutions, el ectrolysis of molten metal chlorides, acidification of
hypochlorites, and other ways as well.

Chromium Atomic Symbol: Cr Atomic Number: 24
Atomic Weight: 52.0 g/maol Known oxidation state(s): +2,
+3, +6

Hazard information: Salts of chromium in the lower oxidation states and the free metal
are not noteably hazardous, however chromium in the +6 oxidation state, commonly
dichromate, is acarcinogenic form of chromium, +6 chromium compounds should be
reacted with a reducing agent prior to disposal.

Additional information on Chromium: Finding sources of pure chromium over the
counter isadifficult endeavor, alloys of chromium and nickel find use in resistance
heating elements and chromium metal isthe main constituent (~98%) of the chrome that
coverssome of the shinier partsof cars. A few chromium compounds are available over
the counter, mostly in the form of pigments and glazes for pottery. Chromate and
dichromate are useful oxidizing reagents, dichromate can be made from elemental
chromium by heating the solid chromium with potassium hydroxide and potassium
nitrate while molten over high heat, the procedure is somewhat dangerous.

Cobalt Atomic Symbol: Co Atomic Number: 27
Atomic Weight: 58.9 g/mol Known oxidation state(s): +2, +3

Hazard information: Soluble cobalt compounds are toxic, the freemetal isnot notably
so unless ingested.

Additional information on Cobalt: Originally found in nickel ores cobalt was
considered anuisanceto nickel production. Cobalt compoundsfind limited usein home
chemistry, they find use industrially in dyes, inks, and catalysts. The oxide CoO can be
found with some searching as a pigment and component in ceramics, this could be
reduced to the element by a simplethermite type reaction or asoluble cobalt salt can be
electrolyzed, plating out the desired cobalt on the cathode.




Copper Atomic Symbol: Cu Atomic Number: 29
Atomic Weight: 63.5 g/mol Known oxidation state(s): +1, +2

Hazard information: Soluble copper salts are toxic.

Additional information on Copper: Copper (I1) salts are mild oxidizing agents and
most copper (1) saltsaresignificantly less solublethen their comparative copper (I1) salt.
Copper iswidely available, inwires, currency, electronics, etc. It can befound nativein
some areas of the world but for the most part it is extracted from ore. Copper is
somewhat inert, reacting very slowly with hydrochloric or room temperature sulfuric but
readily with nitric acid. Boiling copper with sulfuric acid is one good way to produce
sulfur dioxide. Copper (I1) sulfateisavaliblewidely for killing treerootsthat endupin
sewer lines and this can be the jumping point for making other copper salts or for
electrolytic production of copper, sufficiently heated copper sulfate will yield sulfur
trioxide which could then be solvated (with difficulty) to form sulfuric acid, leaving
behind CuO.

Curium Atomic Symbol: Cm Atomic Number: 96
Atomic Weight: 247.1 g/mol Known oxidation state(s): +3,
+4

Hazard information: Curium is aradioactive bone-seeking element. Itisavailablein
gram quantities but is quite expensive and outside the price range of the average at home
chemist.

Dysprosum Atomic Symbol: Dy Atomic Number: 66
Atomic Weight: 162.5 g/mal Known oxidation state(s): +3

Hazard information: Spontaneously flammable in powder form, reacts slowly with
water and halogens.

Additional information on Dysprosum: Formed by the reduction of its fluoride with
calcium metal, dysprosium isarare element with which you havelittle probability to run
across. It finds limited use to alter the optic properties of mirrors and glass.

Einsteinium Atomic Symbol: Es Atomic Number: 99
Atomic Weight: 253 g/mal Known oxidation state(s): +2

Hazard information: Rare and radioactive, aman-made element. Found in the green
glassleft over after an atomic explosion and named after the ever-famousAlbert Eingtein.

Erbium Atomic Symboal: Er Atomic Number: 68
Atomic Weight: 167.3 g/mal Known oxidation state(s): +3

Hazard information: Flammable in powder form but otherwise less reactive then it’s
rare earth cousins, salts are toxic.




Europium Atomic Symbal: Eu Atomic Number: 63
Atomic Weight: 152.0 g/mal Known oxidation state(s): +2,
+3

Hazard information: Highly reactive, spontaneously flammable and reactive with
water.

Additional information on Europium: Used in the pigments on the inside of
televisions and as a neutron absorber in nuclear reactors. One of the more useful rare
earths but still quite uncommon.

Fermium Atomic Symbol: Fm Atomic Number: 100
Atomic Weight: 254 g/mol Known oxidation state(s): +3

Hazard information: Highly radioactive, most stable isotope only has a half-life of 3
hours.

Fluorine Atomic Symbal: F Atomic Number: 9
Atomic Weight: 19.0 g/mol Known oxidation state(s): -1

Hazard information: Incredibly reactive with nearly anything it will come across,
asbestoswill glow in astream of fluorine, water can catch onfire, and soluble fluorides
are fairly toxic, hydrofluoric acid is insanely powerful with respect to it’s ability to
decimate the human body.

Additional information on Fluorine (See section 4.9 for further information):
Fluorineisadiatomic moleculeso usually it will appear inaformulaasF,, therefore at
STP22.4L of fluorinegasisreally 2 mol of Finstead of one. Chemical production of
fluorine was only recently achieved, the first methods to produce fluorine were
electrolyitcally from amixture of anhydrous hydrofluoric acid and potassium fluoride.
Fluorine and oxygen both have atendency to bring out the highest oxidation state of
elements with whichthey combine. If it were safer fluorine would be the friend of the
armature chemist, but thisistruly acase wherethe element isso dangerousasto preclude
it from most any effort of use. Fluorides areinteresting in that they behave differently
then most of the other halogens, for example, silver fluorideissolublein water, whereas
the other silver halidesareaall incredibly insoluble, by contrast calcium fluorideisvery
insoluble but the other calcium halides show good solubility. Solutionsof f luoridesare
basic by the equilibrium existing:

Fap + H20() U HF () + OH ()

The equilibrium shifting to the left due to the weakness of hydrofluoric acid. Weak
solutions of hydrogen fluoride are available over the counter for cleaning carrims, and
ammonium hydrogen fluoride finds limited use in the arts and crafts areafor etching
glass. Calciumfluorideisawidely available mineral, itsreaction with sulfuric acid being
the basis for the production of hydrofluoric acid.




Francium Atomic Symbal: Fr Atomic Number: 87
Atomic Weight: 223.0 g/mol Known oxidation state(s): +1

Hazard information: Highly radioactive, most stable isotope only has a half-life of 3
hours. Lessthen 25 g on Earth at any given time.

Gadolinium Atomic Symbol: Gd Atomic Number: 64
Atomic Weight: 157.3 g/mal Known oxidation state(s): +3

Hazard information: Salts are toxic, free metal reacts slowly with water forming
hydrogen, do not mix gadolinium powder with oxidizing agents.

Gallium Atomic Symbol: Ga Atomic Number: 31
Atomic Weight: 70.0 g/mol Known oxidation state(s): +2, +3

Hazard information: NA

Additional information on Gallium: The free metal serves no commercial purpose
other then ameansto an end, to make semi-conducting materials such asgallium arside.
Most gallium found online for sale and other sourcesis of avery high purity dueto it
being used so exclusively in the semiconductor industry. Assuchit can be somewhat
expensive. Gallium melts slightly above room temperature (29 °C) but is reactive so
unlike mercury it will become sticky and form afilm of oxide on it, gallium metal
expands as it freezes like water, gallium has an incredibly long liquid range so it finds
somelimited usein high temperature thermometers. Gallium and itscompoundsfind no
use other then curiosity in the home lab.

Germanium Atomic Symbol: Ge Atomic Number: 32
Atomic Weight: 72.9 g/mal Known oxidation state(s): +2, +4

Hazard information: Germanium salts are slightly toxic.

Additional information on Germanium: Used almost exclusively in the electronics
industry, germanium will not react with water but dissolvesreadily in acids. Germanium
itself isasemi conducting material.

Gold Atomic Symbol: Au Atomic Number: 79
Atomic Weight: 197.0 g/mol Known oxidation state(s): +1,
+3 (auric)

Hazard Information: Gold salts are toxic but not incredibly so.

Additional information on Gold: Gold isrelatively inert, it will not oxidize notably on
exposure to moist air and to dissolve it requires aquaregia or other somewhat harsh

techniques. Wereit not for priceit would make adecent electrode in many applications.
Gold has amodest melting point slightly over 1000°C but can bereadily fabricated due




toitsmalleability, it can be pounded into sheets so thin that light isvisible through them.
Most gold saltsin solution are unstable with respect to reduction. If for example a
solution of gold chlorideis allowed to stand in sunlight the gold will precipitate from
solution asfine particles. Asfor the chemical applications of gold for the at home
chemist its main role would be probably in apparatus manufactureif it were not for the
price. Assuchitfindslittleuseinthe homelab asidefrom curioso mixturewithwhichto
deposit alayer of gold onto glassware for aesthetic purposes.

Hafnium Atomic Symbol: Hf Atomic Number: 72
Atomic Weight: 178.5 g/mal Known oxidation state(s): +2,
+3, +4, +6

Hazard information: Hafnium and its compounds are all fairly toxic.

Additional information on Hafnium: Resistant to oxidation and corrosion in general it
also findsusein electrodes and ismost known for itsroleasacontrol rod material inthe
nuclear industry. Of importancerelatingtoitsroleinthenuclear industry isthedifficulty
in separating hafnium from zirconium (which possesses the opposite properties then

those that make hafnium desirable). Hafniumisadense metal with amelting point over
2000 °C, however itisfairly reactive and the free metal asapowder can spontaneously
ignite and possibly explode from exposure to the atmosphere.

Helium Atomic Symbol: He Atomic Number: 2
Atomic Weight: 4.0 g/mol Known oxidation state(s): No
common oxidation states

Hazard information on Helium: Helium is an asphyxiant gas, use with adequate
ventilation.

Additional information on Helium: Up until the 1940’ s helium was a very expensive
commodity, being that it isanoble gasit has no compounds from which it could bewon
and dueto its low molecular weight there is very little in the atmosphere. The price
however dropped to less then 3% of its previous price after it was discovered helium
could be obtained in high quantities from the gasses escaping certain oil deposits, the
source, the natural decay of radio active nuclei in the surrounding bedrock, since then
different cavernous areas and such have been tapped and the exit gasses condensed to
obtain this useful gas. Helium is quite unreacitve although in the plasma state certain
‘compounds’ have been identified, particularly with hydrogen. Liquid helium also shows
somevery interesting properties, even when cooledto 0K heliumremainsaliquid, and it
must be put under pressureto solidify, another very interesting thing to note hereisthat
the melting of solid helium is exothermic. There are a number of other incredible
thermodynamic properties of helium at this state such as thegtransition, which marksits
changefrom a‘superfluid’ having zero viscosity to anormal fluid. Helium being so light
isnowhere near an ideal choicefor aninert atmospherebut it isdiscussed in section 8.4
on inert atmospheres.




Holmium Atomic Symbol: Ho Atomic Number: 67
Atomic Weight: 164.3 g/mol Known oxidation state(s): +3

Hazard Information: Radioactive element, compounds are toxic.

Additional information on Holmium: Reacts slowly with water this metal is set apart
slightly from the other rare earth metals due to some of its magnetic and electrical
properties.

Hydrogen Atomic Symbol: H Atomic Number: 1
Atomic Weight: 1.0 g/mol Known oxidation state(s): -1, +1

Hazard Information: Highly flammable asphyxiant gas.

Additional information on Hydrogen: Hydrogen is a colorless diatomic gas so it
normally appearsin equationsH 2, which meansthat at STPamol of hydrogen ~22.4L is
actually 2 mol of H. The normal oxidation state of hydrogen is +1, some examples of
which include HCI, CH4, H»0, and others, hydrogen exhibits the—1 state in metallic
hydridesfor the most part such asNaH and LiAlH, (lithium aluminum hydride), metallic
hydrides are strong reducing agents and are often more reactive then the free metals.
Hydrogenisincredibly commoninthe universe and isextremely easy to make either by
electrolysisor chemical methods (see section 4.13 gasses). There areanumber of uses
for hydrogen in the amateur laboratory, for the preparation of strong reducing agents
(e.q., the preparation of asodium hydride dispersion by melting sodium under mineral oil
with magnetic stirring and bubbling hydrogen through it) or asadirect reducing agent, it
can also be areactant for the final product such asmaking HBr from H, and Bro. Some
extra precautions should be taken with hydrogen dueto its high degree of flammablility
andif ignitionisthe key somewherein an apparatus oxygen must be precluded from the
areas you do not want to explode otherwise the fire will flash back through the vessel.

Hydrogenation reactions, where hydrogen adds to a molecule, usually across a double
bond, involve the reaction of hydrogen under pressure (thisis a necessity) with your
molecule in the presence of a catalyst (usually transition metal such as a platinum or
palladium compound). When dealing with these pressure reactionsthereisan inherent
danger and hence some of the contraptionsin which they are performed are called
‘bombs’.

Indium Atomic Symbol: In Atomic Number: 49
Atomic Weight: 114.8 g/mol Known oxidation state(s): +1,
+3

Hazard information: 1ndium powder and compounds of indium are toxic.
Additional information on indium: Indium is ashiny silvery metal, reactive enough to

dissolvein most acids, indiumisused as an alloying agent in anumber of applications. It
also isthe ingredient in a number of low melting alloys/eutectics. Indiumisafairly




expensive compound, and there are no commonly available indium compounds on the
market.

lodine Atomic Symboal: | Atomic Number: 53
Atomic Weight: 126.9 g/mol Known oxidation state(s): -1,
+1, +3, +5, +7

Hazard information: lodineisaskin irritant and if consumed can be fatal, the fatal
dose being about two grams, iodine anion isan essential component of the human body.

Additional information on iodine (See section 4.9 for further information): Like the
other halogensiodine is diatomic and as such appearsin formulasas|,. lodineisa
readily sublimed solid, purplishin appearance, its color more apparent when dissolved in
non-polar solvents or when vaporized. The reactivity of iodine follows the trend
established and as such it is less reactive then bromine. It can be readily won from
compounds using an oxidizing agent as simple asacidic H,0, or NaOCIl, however inthe
latter case it can dissolve again dueto the basicity of the environment. lodineformsa
series of oxoacids analogous to chlorine, the periodate showing evidence of
polymerization in solution.

Iridium Atomic Symbal: Ir Atomic Number: 77

Atomic Weight: 192.2 g/mol Known oxidation state(s): +1,
+2, +3, +4, +6
Iron Atomic Symbal: Fe Atomic Number: 26

Atomic Weight: 55.9 g/mol Known oxidation state(s): +2,
+3, +4 (rare), +5 (unstable), +6 (rare), +7 (rare)
Krypton Atomic Symbol: Kr Atomic Number: 36

Atomic Weight: 83.8 g/mol Known oxidation state(s): +2
(rare)
Lanthanum Atomic Symbal: La Atomic Number: 57

Atomic Weight: 138.9 g/mal Known oxidation state(s): +3
Lawrencium Atomic Symbal: Lr Atomic Number: 103

Atomic Weight: 262.1 g/mol Known oxidation state(s): NA

Hazard information: Would be highly radioactive as the most abundant isotope only
has a half-life of 8 seconds.

L ead Atomic Symbal: Pb Atomic Number: 82
Atomic Weight: 207.2 g/mol Known oxidation state(s): +2,
+4




Lithium Atomic Symbol: Li
Atomic Weight: 6.94 g/mol

Lutetium Atomic Symbal: Lu
Atomic Weight: 175.0 g/mol

Magnesium Atomic Symbol: Mg
Atomic Weight: 24.3 g/mal

M anganese Atomic Symbol: Mn
Atomic Weight: 54.9 g/mol
+3, +4, 46, +7

Atomic Number: 3
Known oxidation state(s): +1

Atomic Number: 71
Known oxidation state(s): +3

Atomic Number: 12
Known oxidation state(s): +2

Atomic Number: 25
Known oxidation state(s): +2,




Mendelevium Atomic Symbol: Md Atomic Number: 101
Atomic Weight: 258.1 g/mol Known oxidation state(s): +2,
+3

Hazard information: Longest half-life of a mendelevium isotope is just shy of two
months. This highly radioactive element is not something you will likely run across.

Mercury Atomic Symbol: Hg Atomic Number: 80

Atomic Weight: 200.6 g/mal Known oxidation state(s): +1
(diatomic), +2
Molybdenum Atomic Symbol: Mo Atomic Number: 42

Atomic Weight: 95.5 g/mol Known oxidation state(s): +2, +3
Neodymium Atomic Symbol: Nd Atomic Number: 60

Atomic Weight: 144.2 g/mol Known oxidation state(s): +3
Neon Atomic Symbol: Ne Atomic Number: 10

Atomic Weight: 20.2 g/mol Known oxidation state(s): No
Common Oxidation States
Neptunium Atomic Symbol: Np Atomic Number: 93

Atomic Weight: 237.1 g/mal Known oxidation state(s): +5
Nickel Atomic Symbol: Ni Atomic Number: 28 Atomic

Weight: 58.7 g/mol Known oxidation state(s): +2, +3




Hazard information: Many nickel salts have been shown to have carcinogenic
properties, care should be exercised with them due to these concerns.

Additional information on nickel: Known to some as “Poor Man’s Platinum” nickel
finds much use in the amateur laboratory. In reference to the aforementioned saying,
nickel isuseful for the catalysis of a number of reactions in which platinumis
traditionally used; it isan excellent hydrogenation catalyst. 1nadditionto thisnickel also
has favorable physical propertiesincluding a high melting point and resistance to
oxidation. Also nickel has apremium resistance to bases and good resistance to non-
oxidizing acids.

Nickel powder can be formed in a
number of ways, most notably by the
reduction of asoluble nickel saltinan
aqueous medium by zinc powder or
citric acid. Additionally it can be
formed asis shown at left by the
decomposition of nickel oxalate
formed by the displacement reaction
between sodium oxalate and a soluble
nickel salt.

Due to the favorable chemical
L resistance a number of lab items are

: Sele available coated in nickel such asthe
ever-present nickel spatula. Nickel dishesand crucibles are also somewhat common.
Nickel alsoisamajor component of the alloys used for handling the hal ogensincluding
fluorine. The most common oxidation state of nickel is+2 and in solution nickel cations
usually appear green. Higher oxidationsthen +2 are possible, +4 has been documented
and higher oxidations have been rumored.

Niobium Atomic Symboal: Nb Atomic Number: 41

Atomic Weight: 92.9 g/mol Known oxidation state(s): +2,
+3, +4, +5
Nitrogen Atomic Symbol: N Atomic Number: 7

Atomic Weight: 14.0 g¢/mal Known oxidation state(s): -3, +5
Nobeium Atomic Symbol: No Atomic Number: 102

Atomic Weight: 259.1 g/mol Known oxidation state(s): NA

Hazard information: Although nobelium has nine known isotopes, none of them have a
long enough existence to determine any of the physical or chemical properties of this
element.




Osmium Atomic Symbol: Os Atomic Number: 76

Atomic Weight: 190.2 g/mol Known oxidation state(s): +2,
+3, +4, +6, +8
Oxygen Atomic Symbol: O Atomic Number: 8
Atomic Weight: 16.0 g/mal Known oxidation state(s): -2, +2
(rare)
Palladium Atomic Symbal: Pd Atomic Number: 46
Atomic Weight: 106.4 g/mol Known oxidation state(s): +2,
+4
Phosphorus Atomic Symbol: P Atomic
Number: 15 Atomic Weight: 31.0 g/mal

Known oxidation state(s): -3, +3, +5

Hazard information: White phosphorus is spontaneously
flammable in contact with atmospheric oxygen and burns to
form the acidic oxide P205, phosphorusis soluble in many
organic solvents and as such it is usually stored under water.
In addition to this white phosphorus is highly toxic by
ingestion or skin contact, areas of contact with the skin of
white phosphorus should be treated immediately with a
- solution of copper sulfate and medical attention should follow.
Thered allotropeisfairly benign and possesses no extensive toxicological properties,
phosphates are an essential part of our daily diet. Phosphorus should never be heated
with agueous base or the generation of phosphine may result.

Additional information on Phosphorus. Phosphorusis one of the ancient elementsin
that it was discovered well before the modern era, sometimeinthelate 1500’'s. It was
originally obtained by distillation to dryness of putrefied urine and wasinstantly coveted
for the ability to glow in the dark. The next step in phosphorus production came when
people realized that phosphorus was in bones, from then bones were the raw material,
first being treated with concentrated sulfuric acid to create a solution of calcium super
phosphate, which was then filtered and heated to drive off water. Theresulting impure
super phosphate was treated with coal and heated in clay retortsto liberate phosphorus.
Later improvements utilized a mixture of silicon dioxide and coal as the reducing
mixture. In modern times the use of bones have been replaced by phosphate rock, and
the heating isnow donewith resistance heating, involving temperaturesin excess of 1200
°C. Lower temperature reduction of phosphates can be facilitated however using easily
reduced phosphates such as sodium hexametaphosphate and strong reducing agentssuch
as aluminum or magnesi um.

White phosphorusisthe ‘mother’ allotrope of all phosphorus, all other allotropes
convert to white phosphorus on distillation at standard pressure. It consists of individual
P4 moleculesand isvery soft, easily cut with aknife, when pureit lookslike nearly clear




wax. Phosphorusalso hasalow melting point (44°C) and areasonably low boiling point
(280 °C). Asmentioned previously phosphorus occursin several allotropes, ared
allotrope being the most common, itisutilized asacatalyst in the striker pad of match
books, it isapolymeric form of phosphorus and is made by dissolving phosphorusin
molten lead and keeping it at itsmelting point for five days or so beforeremoving from
the lead in any of a number of waysincluding electrolysis of the resulting lead. Red
phosphorus can also be prepared from white phosphrous simply by the action of light on
white phosphorus, as shown in the picture above. It also occurs as a black allotrope
which isthe most stable, thisis formed with difficulty under several hundred times
atmospheric pressure and with heating, and occasionally in the presence of a mercury
catalyst. Both allotropes sublime under heating and condense as the white allotrope.

Phosphorus finds use in organic synthesis mostly in the form of itsinorganic
compounds such as PCI3, PCI5, POCI3, and PBr3. The halides being easily formed by
direct reaction of phosphoruswith the halogenin question. These compoundsarefuming
highly reactive chemicals, reacting with water to form phosphoric acid and the hydrogen
halidefor themost part. Inthe United States phosphorusisacontrolled substanceand it
isillegal for anindividual to ownin nearly any quantity. Thisisduemainly toitsusein
the production of substances of abuse and to a much lesser extent the possibility of
producing precursors to nerve gasses.

Platinum Atomic Symbol: Pt Atomic Number: 78

Atomic Weight: 195.1 g/mol Known oxidation state(s): +2,
+4
Plutonium Atomic Symbol: Pu Atomic Number: 94

Atomic Weight: 239.1 g/mol Known oxidation state(s): +3,
+4, +5, +6
Polonium Atomic Symbol: Po Atomic Number: 84

Atomic Weight: 210.0 g/mal Known oxidation state(s): +2,
+4
Potassium Atomic Symbol: K Atomic Number: 19

Atomic Weight: 39.1 g/mol Known oxidation state(s): +1
Praseodymium Atomic Symbal: Pr Atomic Number: 59

Atomic Weight: 141.0 g/mal Known oxidation state(s): +3
Promethium Atomic Symbol: Pm Atomic Number: 61

Atomic Weight: 146.9 g/mol Known oxidation state(s): +3
Protactinium Atomic Symbol: Pa Atomic Number: 91

Atomic Weight: 231.0 g/mal Known oxidation state(s): +5




Radium
Atomic Weight: 226.0 g/mol

Radon
Atomic Weight: 222.2 g/mol
+4,+6 (rare)

Rhenium
Atomic Weight: 186.2 g/mol

+2, +3, +4 (stable), +5, +6 (stable), +7 (stable)

Rhodium
Atomic Weight: 102.9 g/mol

Rubidium
Atomic Weight: 85.5 g/mol

Ruthenium
Atomic Weight: 101.1 g/mol
+4, +5, +6, +8

Samarium Atomic Symbol:
Atomic Weight: 150.4 g/mol

Scandium Atomic Symbol:
Atomic Weight: 45.0 g/mol

Selenium Atomic Symbol:
Atomic Weight: 79.0 g/mol

+4, +6

Silicon Atomic Symbol:

Atomic Weight: 28.1 g/mol

Atomic Symbol:

Atomic Symbol:

Atomic Symbol:

Atomic Symboal:

Atomic Symboal:

Atomic Symboal:

Ra

Rn

Re

Rh

Rb

Ru

Atomic Number: 88
Known oxidation state(s): +2

Atomic Number: 86

Common oxidation statse: +2,

Atomic Number: 75
Known oxidation state(s): +1,

Atomic Number: 45
Known oxidation state(s): +3

Atomic Number: 37
Known oxidation state(s): +1

Atomic Number: 44
Known oxidation state(s): +3,
Atomic Number: 62

Known oxidation state(s): +3

Atomic Number: 21
Known oxidation state(s): +3

Atomic Number: 34
Known oxidation state(s): -2, +2,

Atomic Number: 14
Known oxidation state(s): -4, +4




Silver Atomic Symbol:
Atomic Weight: 107.9 g/mol

+2 (rare)

Sodium
Atomic Weight: 23.0 g/mal

Strontium Atomic Symbal:

Atomic Weight: 87.6 g/mal
Sulfur Atomic Symboal:
Atomic Weight: 32.1 g/mol
+4, +6

Tantalum Atomic Symboal:
Atomic Weight: 181.0 g/mol
+3, +5

Technetium Atomic Symboal:
Atomic Weight: 99.0 g/mal
+5, +6, +7

Tdlurium Atomic Symboal:
Atomic Weight: 127.6 g/madl
+2, +4, +6

Terbium Atomic Symbol:
Atomic Weight: 158.9 g/mol
+4

Thallium Atomic Symbol:
Atomic Weight: 204.4 g/mol
+3

Thorium Atomic Symboal:
Atomic Weight: 232.0 g/mol

Thulium Atomic Symbol:
Atomic Weight: 168.9 g/mol

Tin Atomic Symbol:

Atomic Weight: 118.7 g/mol
+4

Titanium Atomic Symboal:
Atomic Weight: 47.9 g/mal

Atomic Symbol:

Ag

Na

Ta

Tc

Te

Tb

Tl

Th

Tm

Ti

Atomic Number: 47
Known oxidation state(s): +1,

Atomic Number: 11
Known oxidation state(s): +1

Atomic Number: 38
Known oxidation state(s): +2

Atomic Number: 16
Known oxidation state(s): -2, +2,

Atomic Number: 73
Known oxidation state(s): +2,

Atomic Number: 43
Known oxidation state(s): +4,

Atomic Number: 52
Known oxidation state(s):

2,

Atomic Number: 65
Known oxidation state(s): +3,

Atomic Number: 81
Known oxidation state(s): +1,

Atomic Number: 90
Known oxidation state(s): +4

Atomic Number: 69
Known oxidation state(s): +3

Atomic Number: 50
Known oxidation state(s): +2,

Atomic Number: 22
Known oxidation state(s): +3, +4




Tungsten
Atomic Weight: 183.9 g/mol
+4, +5, +6

Uranium
Atomic Weight: 238.0 g/mal
+4, +6

Vanadium
Atomic Weight: 50.9 g/mol
+3, +4, +5

Xenon
Atomic Weight: 131.3 g/mol
+4, +6, +8

Atomic Symbol:

Atomic Symbal:

Atomic Symbol:

Atomic Symbol:

Xe

Yb

Zn

Atomic Number: 74
Known oxidation state(s): +2,

Atomic Number: 92
Known oxidation state(s): +3,

Atomic Number: 23
Known oxidation state(s): +2,

Atomic Number: 54
Known oxidation state(s): +2,

Atomic Number: 70
Known oxidation state(s): +2,

Atomic Number: 39
Known oxidation state(s): +3

Atomic Number: 30
Known oxidation state(s): +2

ik
T p
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A ball of Zinc and turnings produced from it.

Ytterbium Atomic Symbol:
Atomic Weight: 173.0 g/mol
+3
Yttrium Atomic Symboal:
Atomic Weight: 88.9 g/mal
Zinc Atomic Symbol:
Atomic Weight: 65.4 g/mol
PT
Zirconium Atomic Symboal:

Atomic Weight: 91.2 g/mol
+3, +4

Compounds
Technical Terms

Decantation

Zr

Atomic Number: 40
Known oxidation state(s): +2,




A method of separation based upon insolubility of asubstancein aparticular solvent (for
instance Fe203 in water). Theinsoluble substanceisleft to sink to thelower portion of
the solvent where after the upper portion of the solvent is poured off.

Destructive Distillation

A processof distillation wherein an organic material (such aswood) isstrongly heatedin
the absence of oxygen. It will decompose into several useful substances which are
separated from each other by the distillation process. (E.g. Wood will decompose into
volatilegasesand charcoal.) Thismethod of distillation differsfrom “normal” distillation
asitismeant to obtain several substancesfrom asingle source. Rather than distilling a
mix of those substances a single compound is thermolysed to yield several new
substances. The original substance is destroyed in the process. Hence; “destructive”
distillation.

Suction Filtration

When filtration isnot proceeding quick enough it may be sped up by applying avacuum.
Theliquidisthen "sucked' through thefilter (technically it ispushed through thefilter by
the positive pressure on top of theliquid). Suctionfiltrationisparticularly useful when a
suspension is being filtered as suspensions tend to hold liquids rather well.

Precipitate
When an insoluble chemical is created in areaction it will form avery fine powder in

suspension. This powder isreferred to as a precipitate. Depending on the speed of the
precipitation the size of the grains of the powder may vary from extremely small tovery
large. Artificial diamonds are precipitated carbon crystals; they are precipitated from
saturated solutions of carbonin liquidiron. By keeping the speed of precipitationlow a
single crystal can be grown.

Supernatant
When analysing a system that contains aliquid which is not the desired product and a

desired precipitate which has sunk to the bottom, the supernatant isthe liquid above the
precipitate, the supernatant is usually removed by careful decantation from the solid
precipitate until the precipitate remains at the bottom with only a small amount of
supernatant which can then be allowed to carefully evaporate or the precipitate can then
be filtered.

Cation
lons with a positive charge (e.g. Fe*, Cu?** AlI** etc.)

Anion
lons with a negative charge (e.g. halides such as CI", Br and | but also P>, O% etc.)

Pyrophoric
Substances that spontaneously ignitein air are called "pyrophoric”. (E.g. K(s), Na(s),

extremely fine metal powders are also pyrophoric. So are boranes, phosphines, silanes
and certain metallo-organic chemicals.)




Flash Point
The lowest temperature at which a substance can form an ignitable mixturein air. The
lower the flash point the easier a substance can ignitein air.

Explosive Limit

Every substance has 2 explosivelimits, an upper- and alower-explosivelimit. When the
saturation of the substance has not yet reached the lower-explosivelimit it cannot ignite
because of alack of fuel. When the saturation level of the substancein air isexceeded it
will not be abletoignite either because thereistoo much fuel (and thustoo little oxygen)
for successful (self propagating) combustion. Some substances can have narrow
explosive limits such asammonia 16-25% by volume or very large ranges of explosive
concentrations such as hydrazine 3-99% by volume.

Supersaturated

When a solution is"supersaturated” it contains more of a certain chemical in solution
than it should be able to contain. Supersaturated solutions are stable aslong asthey are
left undisturbed. As soon as an uneven surface, sufficient motion, or additional
components are introduced the excess dissolved chemical will come out of solutionin
crystalline form.

Supercooled
Some liquids can be cooled below their freezing point without solidifying. They are

stable as long as they are left undisturbed. As soon as an uneven surface or sufficient
motion isintroduced the liquid will solidify.

Anode
A positive electrode (usually thered wire), thisiswhere oxidation occursin electrolysis.
F82+(aq) p Fe3+(aq)

Cathode

A negative electrode (usually the black wire), thisiswhere reduction occursin
electrolysis.

Cu*'a P Cug

Filtrate
Theliquid that isleft after afiltration. (E.g. Coffee after hot water is poured upon the
ground coffee beans in the filter)

Scrub (gas)

When a gas consists of multiple mixed gases one or more of those gasses may be

removed by scrubbing the gaseous mixture. This may be accomplished by |eading the gas
through areagent (-solution) that will react with o nly some of the constituents of the mix.
(E.g. leading air containing H2S through aNaOH or KOH solution will removethe H2S
gasfromtheair.) Scrubbers are often used to remove potentially harmful gasses from
effluent gases. They are also used to removegasesfrom air beforetheairisleadinto a




reaction chamber if these gases might unduly influencethe desired reaction. (E.g. water is
removed from air beforeit islead into achamber whereit will be used to react with SO,
to form SOs to prevent premature formation of sulphuric acid.)

Wash (precipitate)

A precipitate can be “washed” by adding the solvent that it will not dissolvein and
decanting or filteringit. Every timethe precipitateis“washed” it will become more pure
asthe pollutions it contained are dissolved and flushed away.

Superheating
Superheating occurs when aliquid is heated past its boiling point without actually

boiling. This can happen by rapidly heating a homogenous liquid in the absence of
nucleation sites where bubbles may form. (A nice exampleis boiling water in a clean
glassinamicrowave. It will appear asif not boiling (no bubbles are formed) but as soon
as ateabag isintroduced explosive boiling may occur [see Flash Boiling].)

Flash Boiling
Anexplosive form of boiling where all of aliquid boilsinstantaneously. (Rather than

nucleated boiling aswould normally occur where bubbles are formed) May occur when a
superheated liquid issuddenly violently shaken or subjected to a huge amount of boiling-
nuclei such as a spoonful of sugar of finely ground teain the case of micro waved tea
water. Flash boiling can also occur if anew clean beaker or test tubeisheated containing
aliquid un disturbed, theliquid can then attain atemperature above itsboiling point [see
Superheating] and upon any outside mechanical action can flash boil which may resultin
hot liquid going everywhere, the addition of boiling stones, or pieces of glass, or
mechanical stirring from the start can avoid this problem.

Catalyst
A substance that accelerates a reaction (by lowering the activation energy of that

reaction) without being used up that does not influence the equilibrium of that reaction.
An example being manganese dioxide and hydrogen peroxide mixing together and
resulting in the decomposition of the peroxide to oxygen and water.

Stoichiometry

Stoichiometry isaquantitative approach to chemistry. Inastoichiometric calculation the
mols of one substance is equated to another factor, for example the mols of another
substance or to the volume of apureliquid required to give acertain concentration. If a
reactionisreferredto asa‘stoichiometric’ reaction it usually insinuates that equimolar
ratios are used, i.e., the exact amounts of reactants are used as predi cted by theory ina
reaction and it isusually assumed the reaction goesto completion. Hereisan example
stoichiometric calculation:

AgN03(aq) + HCI (a0) b HNOg(aq) + AgC|(5)

Above is the reaction that we wish to follow, let’sassumewe have 100 ml of a1.70 M
HCI solution and we want to convert it all to HNO3, how much AgNO3 do we need to




make the reaction stoichiometric?
0.1 L HCI x 1.70 mol/k = 0.17 mol HCI

Noticethat theliterscancel inthe above reaction, hencethe strike through, they cancel
because onisinthe numerator and the other in the denominator, they divide away. Now
that we have the number of mols of HCI that are in solution we can carry out the more
difficult stoichiometric calculation.

0.17 mol HCI] I mol AgNO; |169.ST grams
I mol HCI | 1 mol AgNO:s |

Thisishow amajority of American textswill teach stoichiometry. Starting from theleft
we seethe0.17 mol of HCI we had cal cul ated before, now we need the number of grams
that will give us the same number of mols of silver nitrate. So, the next step is the
conversion, one mole of hydrochloric acid requires one mole of silver nitrate. Soyou
divide by 1 mol HCI to cancel HCI and that equatesto one mol AgNO3 which appearsin
the numerator. Now, one mole of AgNO3isequal to 168.87 grams, so divide by 1 mol

AgNO3to cancel it because wewant our answer in gramsand multiply by the number of
grams per mol. Sointhe above equation everything cancels but the grams, whichisthe
answer you want, in thiscaseit is 28.88 grams that are necessary. Note that there are
easier less elaborate systems to get the same number but they are all considered

stoichiometric.

Allotrope
A particular form of an element. (E.g. Phosphorous can exist as white and red

phosphorous; oxygen can exist as O2 and O3; carbon can exist as graphite, diamond,
fullerenes, nanotubes and many more forms.) Specific allotropes of elements may be
denoted by stating the element and its allotropic form as follows "Element (allotropic
form)". E.g. Diamond may be denoted as C(giamond) @nd graphite may be denoted as
Cigraphite)- Phosphorous is often denoted as either Preq) OF Pwhite).

Phase (liquid

In thistest the term phase is used to discern between two immiscible liquids. In most
cases there is an aqueous phase and an organic phase. Usually the aqueous phaseisthe
bottom phase, and the organic isthe top, the determination of which istop and whichis
bottom made by the density of thetwo liquids. However there are organics more dense
then water, chloroform being agood example (d. 1.5 g/ml) which would form the bottom
phase in a strictly water/chloroform mixture. Three phase mixtures can exist but are
unstable and can mix together with agitation. Two phase mixtures can often beforced to
mix together using strong shaking, at least for short periods of time forming emulsions
which can separate back into their two components, although some emulsions are stable.
The concept of these different liquid phases comes into use when washing aliquid
compound or solution and keeping track of which is your product and which is your
waste phase. A good way to differentiateisto simply add adrop of water to your phases
and see which phase it ends up in if you are having trouble discerning organic form
agueous phases.




Azeotrope
Anazeotropeisa liquid mixture of two or more componentswhich has a unique constant

boiling point. This azeotrope may boil at a higher, lower, or intermediate temperature,
relative to the constituent liquids, and the liquid retains the same composition asit is
boiled. Asaconsequence, the vapour hasthe same composition astheliquid and simple
distillation will not separate the constituents as it would with most liquid mixtures.

The word azeotrope comes from the Greek "zein tropos", or "constant boiling”. An
azeotropeissaidto be positiveif the constant boiling point isat atemperature maximum,
and negative when the boiling point is at atemperature minimum. The vast majority of
azeotropes are minimum boiling. All liquid mixtures which are immiscible and which
form azeotropes are minimum boiling.

Examples of azeotropes:

* Nitric acid (68.4%) / water, boils at 122°C

* Perchloric acid (28.4%) / water, boils at 203°C (negative azeotrope)

* Hydrofluoric acid (35.6%) / water, boilsat 111.35°C (negative azeotrope)

* Ethanol (95%) / water, boils at

* Sulphuric acid (98.3%) /water, boils at 330°C

* Acetone / methanol / chloroform form an intermediate boiling azeotrope
(Source: http://en.wikipedia.org/wiki/Azeotrope)

Electrolyte

A substance that may dissociate into ions when dissolved in a solvent. Salts, acids and
basesare all by definition electrolytes. Inaqueous solutionselectrolytesallow for the
conduction of electric current.

Eutectic

A eutecticisamixtureof 2 or more elementsthat has alower melting point than any of
its constituents and usually the lowest melting point between the two substances possible.
(E.g. A solution of NaCl in water will freeze at-21.2 °C whichisalower melting point
than that of any of its constituents.) An eutectic mixture can be thought of loosely as
somewhat of an azeotrope of freezing. If for example asolution has more of component
A then B to form the lowest melting eutectic, the component A will crystallize out or
otherwise separate first and then the solution further cooled until the eutectic mixture
crystallizesout. Other notable eutecticsinclude the eutectic formed between potassium
(78% by wt.) and sodium (22% by wt) metals(fp  —12.6 °C) and the common eutectics
taken advantage of in over the counter solders.

Polar (liquid)

A liquid that consists of polar molecules. A moleculeispolar when the electron density is
unevenly spread acrossthe molecule. For instancewater isapolar liquid becausetheOis
more negatively charged than the 2H's (which are relatively positively charged). Polar
liquids may dissolve (some) saltsinto their constituent ions and are referred to as




hydrophilic (water loving) liquids. Becausethey will mix with water. Generally speaking
polar substances will dissolve into polar solvents and not into non-polar solvents.

Non-Polar (liquid)

A non-polar liquidisaliquid that is made up of nonpolar molecules. Non-polar liquids
generally have lower boiling pointsthan polar liquids because they are not held together
by molecular bonds astightly as polar molecules. (Think of apolar liquid as many many
tiny magnets flowing through each other. They attract each other. A non-polar liquid
would belikealot atiny tiny plastic barsflowing through each other. They do not attract
each other very much at all). They referred to as hydrophobic (water fearing) liquids
because they will not mix with polar liquidsvery well at all. They will not dissociate salts
into their constituent ions. Generally speaking non-polar substanceswill dissolveinto
non-polar solvents and not into polar solvents.

Supercritical water

At STD water will boil at 100°C (or 212°F or 373,16K) but when the pressureisraised
its boiling point will rise with it. The pressure can be raised until a certain pressureis
reached at which thewater will nolonger boil at al. Instead it will reach anext “phase”,
the so-called “ supercritical” phase. Thisis not really a phase asit is more of a hybrid
between a gaseous and aliquid state. It is considered such because it has properties of
both these phases. It has excellent solvent propertieslikealiquid (supercritical water can
dissolve puregold!) but also possesses excellent diffusability (It can quickly fill up any
hole) like a gas. It also has some unique capabilities of itsown. Itsvolume can vary to a
great extent in acontinuous manner when the pressure and temperature are varied. Water
becomes supercritical at a pressure of 22,1MPa and a temperature of 374°C. Carbon
dioxide (CO,) can also become supercritical but at 7,38MPaand 31.1°C. All liquidscan
become supercritical at theright pressure and temperature. Supercritical liquids/gasesare
used intheindustry as high-efficiency solvents. E.g. Supercritical CO, isusedto extract
caffeine from coffee beans to make de-caf coffee (the leftover caffeine is used for
medicinal applications).

13.0 Appendix (Specific Procedures/Additional Experiments)

13.1 Salts(Nearly)Insolublein cold neutral water:

Calcium Oxylate | Ca(COO), | 6.7 x 10™ Calcium Sulfate | CaSO, or 241
(AS) g/100ml CaSO, * g/100ml
2H,0

Barium Sulfate BaSO, 2.22 x Silver Chloride | AgCl 8.9x 107
104 g/100ml
g/100m|

Silver Bromide | AgBr 8.4x10°| | Silver lodide Agl 3x 10"
g/100ml g/100ml

Magnesium Mg(OH), |[9.0x10*| [ Aluminum AlF3 or

Hydroxide (AS) g/100ml Fluoride AlF3* 3H,0

Barium Carbonate| BaCOs 2.0x10°| | Barium BaCrO, 3.4x10"




(AS) g/100m| Chromate (AS) g/100ml
Barium Citrate Bag 4.06 x Barium Oxylate | Ba(COO), 9.3x10°
(CsH507), | 1072 (AS) g/100ml
*7H,0 g/100ml
Barium Phosphate | Bag(POj)2 | ------ Barium Sulfite | BaSO3 2.0x10°
(AS) g/100ml
Bismuth Bi(OH); |1.4x10"| | Cadmium CdCO; | -----
Hydroxide (AS) g/100ml Carbonate (AS)
Camium Cd(OH), |2.6x10™"| | Cadmium Cd(CO0), 3.3x10°
Hydroxide (AS) g/100m| Oxalate (AS) g/100ml
Calcium CaCOs 1.45 X Calcium Fluoride | CaF, 1.6x 107
Carbonate (AS) 107 g/100ml
g/100m|
Calcium Ca(OH), [1.8x10"| | Calcium Cag(POs)2 2.5x10°
Hydroxide (AS) g/100ml Phosphate (AS) g/100ml
Calcium CaSiO3 9.5x10°| | Cesium CsAl(SO4), * | 3.4x10™
Metasilicate (AS) g/100ml Aluminum 12H,0 g/100ml
Sulfate
Cobalt (I1) CoCOz | ----- Cobalt (11) CoCrO4 | -----
Carbonate (AS) Chromate (AS)
(OxA)
Cobalt (I1) and Co(OH)2& | ----- Copper (1) & (I11) | Cu,CO3 & | -----
(1) hydroxide Co(OH)3 Carbonate (AS) | CuCOs
(AS) (Am)
Copper (1) Halides| Cux | ----- Copper (1) & (II) | CWUOH & | -----
(AS) (Am) Hydroxide (Am) | Cu(OH),
Lead Phosphate | Pbs(POs)2 | 1.4x 10| [ Mercury (1) Hg.Cl> 2.1x10™
(AS) (BS) (OxA) g/100m| Chloride g/100ml
Lead (I1) Chloride| PbCl; 6.73 X Mercury (I1) HgS 1.0x10°
101 Sulfide g/100ml
g/100m|
Lead (Il) Sulfide | PbS 1.2x10°° Copper (1) Cu,S
(OxA) (AS) g/100ml Sulfide (OxA)
(Am)
Copper (I1) CuS 3.3x107”| | Cadmium (II) cds 0 | -----
Sulfide (OxA) g/100ml Sulfide (OxA)
(Am)
Arsenic Sulfide ASSSs | ----- Antimony ShS 0 | -
(OxA) Sulfide (OxA)
Tin(1V) Sulfide | Sns, | ----- Aluminum AI(OH)s | -----
(OxA) Hydroxide (AS)
(BS)
Iron (11) Sulfide FeS | ----- Manganese (I1) | MnS | -----
(OxA) Sulfide
Zinc Sulfide zns | ----- Nickel (I1) NiS |-

(OxA)

Sulfide (OxA)




Cobalt (Il) Sulfide| CoS | ----- Strontium Sr3(POy)2 | -----
(OxA) Phosphate
Zinc Hydroxide | Zn(OH), | ----- Chromium (I11) | Cr(OH); | -----
(AS) (BS) Hydroxide (AS)
(BS)
[ron (111) Fe(OH)z | ----- Copper (I1) Cu(CO0)» 2.5x10°
Hydroxide Oxylate (Am) g/100ml
Bismuth (I11) Bi,Ss | ----- Gold Sulfide AuS | -----
Sulfide (OxA) (OxA)
Iron Ferricyanide | Fes | ----- Lead (I1) PbBr» 45x10"
[Fe(CN)s)2 Bromide (AS) g/100ml
Lead (I1) PbCrO, 5.8x10°| | Lead (I PbCO3 1.1x 10"
Chromate (BS) /100 ml Carbonate (BS) g/100ml
(AS) (AS)
Lead (I1) Pb(OH), |1.5x10° Lead (IV) Oxide | PO, | -----
Hydroxide (BS) g/100ml (AS)
(AS)
Lead (1) Oxylate | Pb(COO), | 1.6x 10™ Lead (I1) Sulfate | PbSO4 4.25 x
g/100ml 1073
g/100ml
Magnesium MgCO3 | ----- Magnesium MgF- 7.6x10°
Carbonate (AS) Fluoride (OxA) g/100ml
Magnesium Mg(CO0), | 7.0x10°| | Magnesium Mgs(POs)2 2.0x10°
Oxylate (BS) (AS) g/100ml Phosphate (AS) g/100ml
Manganese (1) MnF, | ----- Manganese (I1) | Mn(OH), 2.0x10°
Fluoride (AS) Hydroxide (AS) g/100ml
Manganese (1) Mn(COOQO); | ----- Mercury (1) (AS) | Hg:Bro & | ------
Oxylate (AS) and (I1) Bromide | HgBr»
Mercury (1) and Hg.COs3 & | ----- Mercury (11) Hgs(POy4)2 | ------
(IT) Carbonate HgCO3 Phosphate (AS)
(AS)
Molybdenum (I1) | MoBr; & | ----- Molybdenum (11) | MoCl, & | -----
and (111) Bromide | MoBr3 and (111) Chloride | MoCl 3
Molybdenum Mo,Sz and | ----- Nickel (11) NiCOs3 9.3x10°
Sulfides MoS, Carbonate (AS) g/100ml
Nickel (1) NiF, 2.0x10“| | Nickel (11) Ni(OH), 1.3x 107
Fluoride g/100ml Hydroxide (AS) g/100ml
(Am)
Nickel (I1) Ni(COO);, | ----- Nickel (I1) Niz(POs)2 | -----
Oxylate (AS) Phosphate (AS)
Potassium KClO,4 7.5x10"| | Silver Carbonate | Ag2COs 3.2x10°
Perchlorate (Am) g/100ml
Silver Oxide (AS) | Ag.O 1.3x 10| | Silver Phosphate | AgsPO4 6.5x 10"
g/100ml (Am) (AS) g/100ml
Silver Sulfate AQg2SO4 5.7x10™" Tin Phosphate Sn3(POs)2 | -----
(Am) (AS) g/100m|




Zinc Carbonate | ZnCOs 1.0x 10| | Zinc Cyanide Zn(CN)3 5.0x 10™

(AS) (BS) g/200ml | | (BS) g/200ml

(AS) = Increased solubility inacids(BS) = Increased solubility in bases(OxA) = Soluble
in oxidizing acidic conditions (Am) = Can be rendered soluble in the presence of
ammonia

13.2 A study of various additives on kaolin based ceramics by Cyrus:
Hypotheses:

The rate of shrinkage upon firing decreaseslinearly asthe percentage of kaolin
decreases. The green strength (unfired
strength) and fired strength of the rods decreases linearly as the percentage of kaolin
decreased. The strongest and most suitable formulation for cruciblesiscomposed of clay
and graphite.0

Experimental Procedure:

Powder Mixing:
~Various ceramic powders were weighed out using an Ohaus dial -o-gram scale and
placed in acup. (for example 6.00 g kaolin, 4.00 g silica; 10.00 gramstotal material was
used for most formulations)
~The contentswere stirred for several minutes, placed in another cup, combined with
enough water to make the mixture very plastic but not enough to make the mixturefluid,
and then mixed using a painter’s spatula for several more minutes.

Extrusion
~Using the spatul a, the ceramic mixture was placed inside of asyringewith a0.476
cm inside diameter extrusion orifice.
~The slurry was then extruded onto paper towels by gently pressing down on the
syringe piston as the syringe was slowly drawn back toward the body at alow angle
relativeto the paper towel. The bead diameter waskept ascloseto 0.476 cm as possible.
~The ceramic rods (approximately 5 per formula) were dried and organized.

Pre-firing measur ements
~The lengths of 2 rods of each formula were measured in centimeters using a
standard ruler accurate to the nearest millimeter, and estimating to the nearest tenth of a
millimeter.
~Several rods of each formulawere placed on the 3 point flexural strength apparatus
and the pressure on the rods was increased gradually until the rod cracked. The force
required to crack each rod was recorded.

Firing




~Each ceramic rod was | abel ed using aglaze composed of black iron oxide, talc, and
kaolin, placed in slip cast kaolin/aluminacrucibles, and preheated in the oven to 550 deg.
F. Thisdrivesoff any water remaining, preventing the rods from exploding from steam.

~Thecrucibleswerethen placed in afurnace, and fired for approximately 1 hr using
an oil burner on alow setting, not going above approximately 900 deg. F.

~Wood kindling was then added to the furnace as air was blown through the oil
burner for approximately 1.5 hrs. The ceramic rodsreached approximately an orangeto
yellow heat.

Post-firing measur ements
~The previously measured rods (M 1) were measured again (M 2), and the shrinkage
was determined by 100* (M 1- M2)/M 1.
~Several remaining rods of each formulawere then placed on the flexural strength
apparatus, and the force required to break each was recorded.

Variables
~The independent variables were the percentage of aggregate or additives and the
composition of those additives.
~The dependent variables were the percentage of shrinkage of the clay rods when
fired, the green or unfired strength of the rods, and the fired strength of the rods.
~The constants were the thickness of the rods, the methods of mixing, extruding,
drying, and firing the rods.

Conclusions:

Thefirst hypothesis, that asthe percentage of kaolin decreased the percentage of
shrinkage would al so decrease linearly, was found to be approximately correct. Thisis
dueto the behavior of ceramic compoundsat different temperatures. Kaoliniscomposed
of many small flake-like particles; when heated to high temperatures the molecules
within these particles vibrate so rapidly that they begin to diffuse across the particles,
fusing the particlestogether. Asthetemperature further increasesthe moleculesvibrate
more rapidly and the particles behave more like a liquid; surface tension draws the
particlesof kaolin together, causing the ceramic to shrink asawhole. If thetemperature
increases even further, the kaolin will actually shrink into apuddle and become aliquid.
Shrinkage depends greatly on the mobility of molecules, and their ability to contract,
which isdetermined mostly by temperature. Also, once clay hasbeenfired to amaturing
temperature, it will not shrink nearly as much when fired to that temperature again; the
particles have already fused into amostly solid mass (matured) and cannot shrink much
more. Thisiswhy grog decreases the shrinkage of kaolin. While the kaolin in
kaolin/grog ceramics does shrink when fired, the grog does not shrink, reducing the total
amount of shrinkage. Other additives such as alumina and graphite al so decrease the
shrinkage of ceramics because they do not shrink significantly when fired. Their
molecules are bound tightly together, asindicated by very high melting points, and thus
cannot fuse together and shrink as easily as kaolin does. Finally, the larger grained
powders, grog and silica, caused the ceramics to shrink less than the smaller grained
powders, talc and alumina.




The second hypothesis was that the green and fired strengths of kaolin based
ceramicswould decrease linearly asthe percentage of kaolin decreased. Onthewhole,
the strength did decrease as the percentage of kaolin decreased, but not in alinear
fashion. Thereason for the reduction of strengthissimplein green or unfired ceramics.
Kaolin has the unique property that when wet and dried, the particles adhere to one
another significantly. Other powders such as aluminaand silicawill not adhere to one
another when wet and dried. Thus, asthe percentage of kaolin decreases, the percentage
of particles that actually bind to other particles also decreases, causing areduction in
strength. All formulations showed a marked increase in strength at 60% kaolin/ 40%
additive. Sinceno chemical processesaretaking place, thisincreasein strengthispurely
mechanical; kaolin’ smostly flat particles have the most mechanical strength when mixed
with 40% of other mostly rounded particles. A variationin sizesand shapes of particles
allowsthe particlestointerlock more effectively, making them noticeably stronger. The
fired strength of kaolin based ceramics al so decreases smoothly, except in the case of
kaolin/talc and kaolin/alumina. For example, 50% kaolin/ 50% tal c is much stronger than
would be expected (see graph). It could bethat these rods were extruded improperly and
werethicker than normal. Inthiscase, though, the green strength would al so probably be
noticeably higher, whichitisnot. It also could bethat thisratio of kaolin andtalcisnear
aeutectic point, the ratio of 2 chemicals at which their melting point islowest. This
would al so cause the ceramic to shrink more; the shrinkage graph showsthat 50% kaolin/
50% tal c shrinks more than would be expected. In the case of alumina, it isnot known
what caused the peak in strength at 30% kaolin/ 70% alumina. It is probably not a
eutectic, because all combinations of kaolin/aluminahave very high melting points, and
so could merely be an error.

The third hypothesis, that kaolin/graphite formulations would be the best, was
completely incorrect. The graphite was burned away by oxygen in the furnace, leaving
the ceramicsvery porous and weak, the green strength was bel ow average, the shrinkage
was merely average, and graphiteisone of the harder to obtain chemicalsused, making it
theleast practical. Thisresearch indicatesthat the best formulation for mechanical green
strength was determined to be 60% kaolin/ 40% additive, but the green strength of a
ceramicisnot assignificant asitsfired strength; crucibles would only be used in their
fired state. Thebest formulation for fired strength was determined to be 80% kaolin/ 20%
aluminaor talc. Fired strength, though, must be balanced with low shrinkage. Several
tests haveindicated that crucibleswith high rates of shrinkage will crack whenfired. The
best additive to reduce shrinkageis about 70% kaolin/30% grog, and itsfired strengths
are not much lower than alumina. A solution that may meet all of these requirements
would beto fire pieces made of 80% kaolin/ 20% alumina, crush and powder them for
use as grog, and then mix that with kaolin and aluminain order to obtain a ceramic
crucible with the formula 80% kaolin, 20% alumina, which is the strongest, but also
comprised of 70% unfired kaolin and alumina/ 30% fired kaolin and aluminagrog, which
would have low shrinkage.

This study had several errors, which could easily be fixed in future research.
First, using only asimple syringeit wasimpossibleto extrude rods of the same diameter
every time, causing some variation. This could be solved by using a proper clay




extrusion device, and extruding square cross section rods, instead of round cross section
rods, which could be tested for flexural strength more accurately. Second, different
amounts of water were added to each formulain order to make the formula easily
mixable; this may have affected the green strengths, and could be solved by using a
pipette to accurately deliver water. Third, the firing of the ceramic rods was inexact.
Neither the exact length nor the exact temperature reached was measured, and different
parts of thefurnace may have been at different temperatures. Using alarge pottery kiln
and pyrometric conesto measure the temperature would solvethis problem. Although
the methods used in this experiment were not always precise, the dataitself showsthat
there are significant and quantifiable differences between the effects of various additives
on kaolin based ceramics.

Green strength of Kaolin based ceramics
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