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 degr ee 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 1
documents, however directly linking to the html document is possible, still though | would prefer links be to the m:

project page.

9.0 When things go wrong




A mixture of barium chloride and potassum 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 driveyou 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 apossi ble disaster will help to 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 planfor every possible screw up. Hereisan example, you add a piece 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 Nawill
ignite it, 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 toss your 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. Youdidn't haveaback up plan
and from herethings could get even nastier. So, the obvioussolutionisto comeup with
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 slightly 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 areagent gets out of control. In addition just
knowing a chemicals properties can help.

9.2Don’t Mix .... or....
9.2a Explosive mixturesinvolving 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 NaO, 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. Notethat not every organic peroxideisdangerously unstable, however many
of them are and it is best not to make them by accident or desire.

The figurehead of unstable organic peroxidesthat 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' re boiling 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 explosivedanger, thereforein caseswhere
boiling down solvents of unknown purity and where you areworking with ethersit is best
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. Asidefromtheradical reactionsthat cause theformation of peroxidesin ethers
peroxides may be unintentially created by the action of hydrogen peroxide on some
compoundsin the 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 an ignition 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 practiceflammableliquidsshould 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 the word 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
toinitiateaflammableair mixture (electric 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 contains 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 a furnace 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
preparationsyou believe that 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, in the 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 a very 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) Asidefrom the 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 temperaturescan
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 measures and each situationisdifferent, hereare
some things to consider, but everything isalways up to the best judgment of the person
involved in the situation, but the number one guiding rule should alwaysbeto stay calm.




There are four major schools of catastrophic failure; 1) Poisonous gasesarerapidly
being evolved and released 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 reactantssuddenly
beginsreacting much faster, evident by incredibly increased gas evol ution or noises. 4)
A product from your reactionisonfire, is spontaneously flammable, or isexploding as
formed. And of these typesthere 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 categories as stated 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 apyrophoric 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 that threatensyour life from which you
see no immediate solution you should leave the area. But thisisnot always an option,
consider those around you, if youwerein 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 neighborsand 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 thepolice, 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 careof. 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 is not theextent
of the chemicalsavailable at your local hardware store or super market, or if youwant to
go even further specialty storeslike hydroponics stores can be a uranium mine for the
amateur chemist. When ever you visit these placesjust keep an eye ontheshelvesandif




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 not and 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 muchiit
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 beforethere most
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 t he manufacture of barium chloride, barium carbonate isreadily
availablefrom ceramicsstoresfor low prices, thiscan easily bereacted with hydrochloric
acidtoform the desired barium chloride 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. Thereare 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 ahome 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




