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 all 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 1

project page.

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, some go further and tell how to
stock alab at home. Therearestill other worksthat are similar in goal tothiswork 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
referencein that series, though hopefully very comprehensive. Thereareother placesto
look for theinformation here and astudent of chemistry should not be adverseto looking




over the basics of chemistry from many different sources, after all some people learn
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 pass into 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.

Inreading thistext you will notice that some things are in bold face these are either
key pointsor are sectionsto which you can refer to for more information on therelevant
topic. Wordsinitalicsare usually shown inthismanner 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 throu%h 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 readablework, 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 as being compiled
into the index. For example, the calculation of the hydrogen ion concentration in an
aqueous solution isauseful calculationto perform for 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 complete experimentsfound elsewherein the future. But
not only doesthistext help to explainitself, but laysout strategiesf or 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 isnot normally afforded. Asl said before, thiswill not be atimeless
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

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 responsble for
any injuries/fatalities that may occur from attempting to make any of the products
that are outlined within.

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 itisnot 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
chemical scan 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 ruin it inthe
future.

1.2 Safety Precautions/Gear
Before beginning on any chemical adventure there are certain steps that should be

taken. Thefirst thing you should do before starting anew experiment isto find out the
properties of any reagentsthat are being used, along with your intended products. This
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can be accomplished in many ways, |ooking up in achemistry dictionary for example.
However the most thorough way to determinethe propertiesof acompoundistolook up
itsMaterial Safety Data Sheet (MSDS). At the bare minimum one should tie back loose
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; as are long sleeve shirts, not
loose ones though. & Lo

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™. Somesolventswill 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 available on eBay. Thisisthe choicefor personsworking
at high heat or interested in pyrotechnics dueto the high heat resistance of thisfabric.
Common cloth jump suits like the one pictured also work to a lesser degree though
posess inherent flammability. However there are other thingsto 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 hasto beissomething
that youwill 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. In case of 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
solidsbut 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 insituationswhereyou are handling large quantities of reagent or thereisareaction
that is causing extraneous conditions, e.g. splashing though boiling so you can easily
handle the reaction if need be without 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. Face shieldswill work andafford
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 achemical 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 eliminatesthe need
for additional protective eyewear. The picture above shows a half-mask which only
coversthe 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 |ook at section 4.13 on gasses.

Asof far all the considerations have been for working at what isknown 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 isagoodies 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 itissomething like apair 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 reverseis not true, most of the fabricsused in winter
gloves and such might combust if brought into contact with hot iron. Working at high
temperaturesisanother 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®. Inthat caseit is best to move away any hazardous
chemicalsyou can get to and let the fire burnitself out. Putting water on amagnesium
fire or other highly reactive metal can easily |ead to explosion.

Another good thing to have handy are neutralization chemicals. In case of an acid
spill you should have anice wide mouthed contai ner of sodium bicarbonate (baking soda)
laying around, tossing this on an acid spill will neutralize its corrosive properties and
render it somewhat safer at |east so you can clean it up. Basespillsareusually lessof a
problem but sodium bisulfate (used to adjust the pH of pools) can be conveniently |ocated
around your lab. Flushing most acids or bases with large quantities of water al so helps
the situation, however inthe case of large spills of concentrated phosphoric or sulfuric
acid extracare should be taken asthese heat up greatly on combinationwith 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 getting asevereburn
because you are too cheap to buy somelong sleeve welding 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 hasbeen 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 thetimeto 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 cor
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 confi
react even with the sand, sometimes even more vigorously then with the air, there are special mixtures a\
commercially to smother these fires which contain among other things magnesium oxide.

1.2(a) Definitionsof common medical terms

L etsassume 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 beworking with. Some of theinformation 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?’ Thiscan be astumbling block when deciding on choosing one compound over
another, not knowing the potential side effects putsyou at alarge disadvantage, although
you arestill 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 in the lungs, in serious cases this can be so bad that you
can drown in your own fluids.

Necrosis: A term used to describe the 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 thisprocedurethen | 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 (See section12.1 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
trendsinit which can allow you to predict the properties of an element in its uncombined




state. The most common grouping that peoplefall back onisfamily. Thatisthevertical
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 isdefined by the quantity called the mole
(also referred to simply as mol or amol). Thisis 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 ---> KCI
Reactions in this work will be in the same form of A+ B ---> AB

Another specific example would be 2H; + O, ----> 2H,0 Translating this from
chemical speak to common tongue is simple. Looking ata periodic table you find that
theletter H represents hydrogen, acolorless odorless gas, and that O represents oxygen,
and | would hope you are al familiar with the product H>,O. The prefix, that is the
number beforetheletter signifiesthe number of whatever itisinfront of that take partin
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. Notethedistinction between atoms and molecules, O, isamoleculecontaining 2
atoms of oxygen, H>O is a molecule 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 be taken to rectify 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 periodic table givesthe symbolsonly for
individual atoms of an element, which isnot how many of them arefound. For example,
many gasses are diatomic molecules (di meaning two in this case, so the molecules are
formed from two atoms). What this means is that two atoms of the substance have a
hond hetween them and thereforecomein anair. Hereisaatiick list of elemental nasses




that are diatomic:
Haz, N2, Oz, 5, Cly, Bry, 12

Although bromine and iodi ne are liquids and solidsrespectively, 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 toitself 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 are three 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 molecular weight of oneatomisstill 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 up that space, it is one mole of O, so actually there
would be two moles of atomic oxygen for 22.4L of space.

Going further there are other elementsthat associate so their formulasare usually
or can be expressed as different combinations of atoms, explanations are not given here
but notable examplesinclude B2, Sg, and Pa.

Exceptionsto thisrule are nonstoichiometricreactions, 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. Thisincludes awide variety or organic reactions, aspecific example being:

CesHg --(H NO3/H2804)--> CgHs5NO,

Notice how the by product, water is not included in the reaction, and that the amount
of HNOg3 (nitric acid) and H,SO,4 (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 the reaction to beread, "Benzene, in the presence of nitric
acid and sulfuric acid reactsto produce nitrobenzene". Another timethat i nformation 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
conditions are not usually included in the condensed equation and i tisnot safeto 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 look just as plausible on
paper as asimple 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 agueous 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. Most aqueous chemistry (chemistry
occurring in water) revolves extensively around cations and anionsand it isquite useful
to have aready referencelist of cations, anions, and their respective charges, and it just
so happens that there are many lists available besides the one here:

Anions.
Acetate CoH30y Hydrogen HCO3 Hydride H
Carbonate
Arsenate AsO,” Carbonate COs~ Hydroxide OH
Arsenite AsOs™ Chloride Cl Nitrate NO3
Azide N3 Hypochlorite | CIO Nitrite NOy
Bismuthate | BiOs Chlorite ClOy Nitride N
Bisulfate HSO, Chlorate ClOs Oxide o~
Sulfate S04~ Perchlorate | ClO4 Peroxide 0y~
Hydrogen HSOs" Chromite CrOs” Phosphate PO~
Sulfite
Sulfite SO5~ Chromate CrO4~ Phosphite POs™
Thiosulfate | S,03% Dichromate | Cr,O7* Metaphosphate | POs
Hydrosulfite | S,04~ Cyanide CN" Phosphide P>
Peroxy- S,08” Thiocyanate | SCN- Permanganate | MnOy
disulfate
Bisulfide HS Cyanate OCN’ lodide I
Sulfide S” Fluoride F
Borate BOs~ Formate HCOO
Bromide Br’ Oxalate Co04”
Red=Usually insolubleinwater Blue = Normally solubleinwater Black = Followsno
trend
Cations:

| Hydronium [ H30" | [ Ammonium |NH," | [ 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 | AI°* Stannous | Sn**
Stannic Sn*t 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 iscoupled with can giveyou anindication of what the oxidation state of the metal
is. Inaddition some namesare currently written out using the stock system. Thisgresily
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 +2 and
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 asthe number 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. lookina at the neriodic tahle hefindsthe atomic mass of soditim to he 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 makingal 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 with a100 ml amount of a.5
M solution.

IM 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 |abel 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 |abeling many lab
reagents. In physicsacademiaamore 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%
NaOCl 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 hehas 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 theinformation on theweb and istoo lazy
to do physical measurements, therefore he is assuming that the density of the solutioniis
close to water so 1.0 g/ml therefore 1000 ml or 1000 g would have approximately 60 g
NaOCI. 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 solution isnecessary 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% 18.7 M

Sulfuric Acid H2SO4 91% 171 M
40% 5.4 M

i . 70% 15.8 M
Nitric Acid HNO3 90% 21 M
20% 6.0 M

Hydrochloric Acid HCI 28% 8.7M

38% 12.4M

| Ammonia NH,OH | 4% | 2.3M
| Acetic Acid CH3COOH | 5% | .8M
. . 6% .85M

Sodlule—Qc/)pgchlorlte 10% 145 M
12.5% 2M

'Hydrogen Peroxide H,0 | 3% | 1.25M

1.5 Discussion of L egality/Words of Encour agement

Practicing chemistry asahobby hasfallen out of fashionin recent yearsand as such
trying to delveinto it may cause you to be 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 reactionsaretotally legal there always seemsto beaway for you to get into trouble
if someone decidesto maketroublefor you. Example, phosphorusin all of itsalotropes
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 not to break the law, many energetic
compoundsareillegal, asof coursedrug precursorsare but do not | et that discourage you
from what you can legally do. Chemistry isfunand if 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.




