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 wi th 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
productsor 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 1f

project page.

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 isit 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 H3O"(aq). The
hydronium ion is theion that gives acidic solutions their acidic nature. The direct
opposite of the hydroniumionisthe hydroxideion (denoted as OH") which makeswater
alkaline. Water always contains HsO" ions and OH" ions (hydroxide ions) but in pure
water they arein equilibrium which meansthey cancel each other out for asthe acidity of
the water isconcerned. When an acid is added to the water the equilibrium shiftsto the
acidic end of the spectrum which means more H30" ions are present in the sol utionthan
OH" ions. When abaseis added the equilibrium shiftsto the alkaline end of the spectrum
which means more OH" ionsthan H3O" ionsare present inthe solution. A pH fromOto 7
means the solution is acidic (so more hydronium ions than hydroxide ions); apH of 7
meansthe water isneutral (there are asmany hydroxideionsasthere are hydroniumions
present in the solution) and a pH 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 equilibriumsinwater 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) HsO"(aqg) + Cl'(aq)

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)

HsO"(aq) + Br (aq)

| Weak acids

| In solution




Ethanoic acid (Acetic acid) C,H300H (ag)

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

H3BOs (Boric acid, aka B(OH)3) H3BOgz(aq)
HF (Hydrofluoric acid) HF(aq)
H3PO, (Phosphoric acid) H3PO4(aq)

The first difference that 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 In solution

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

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

Ca(OH); (calcium hydroxide) Ca’*(aq) + OH (aqg)

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

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

Weak base In solution

K 2SO0, (potassium sulfate) 2K™(aq) + OH (ag) + HSO4 (ag) €=>
2K*(aq) + SO4* (aq)

K2COj3 (potassium carbonate) 2K™(aq) + OH'Saq) + HCO3'(aq) €=>
2K*(aq) + COs* (a0)

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

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

NH3 (ammonia) NH4'(ag) + OH (aq) €=> NHz(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 asolution can be calculated 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 negativelogarithm 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* 101, Which not only means the solution would berather acidic
but also immediately showsthat the pH of asolution might berealistically expected to be
between ~ -1,5 and ~ 15,5 rather than between the limitsthat are predicted by therule.
Don’'t worry it really 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 dissociate in water is denoted by means of itsKa. The
Kais basically 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.

HOEX]
Ka=—mq
pKa=-log(Ka)

These formul ae can be used to cal culate the amount of hydrogen cations and the and the
pH of asolution of acertain strong acid. The calculationsfor abase can be performed in
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 acertain solution at STP must always equal 14,00. Also
the Ka of a base can be calculated 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:




[HO]

Ka= ——r——
[HAHA ]

Thisisbecause only asmall portion of the weak acid will dissociate. Y ou can calculate

by calling [X"] and [H30"] 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 becauseit 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/Inorganic)

The most loose definition of acidsthat most people are familiar with definesan acid
asachemical that isableto donate ahydrogen cation to water. Indoingthisit 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 aqueous 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 asasolution in water of HCI gas, hydrochloric acid
isastrong mineral acid. Thecommonly available forms
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
how useful it is. Nitrates of metals are all soluble so it
Nitric Acid HNOs provides agood ability to solvate a cation of your choice.
Itisastrong oxidizing acid, ableto oxidize metalsreadily
at room temperature evolving nitrogen oxides.




Sulfuric Acid H>SOq4

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 notabl e exceptions (CaSO,, BaSO,, and
PbSO,). Concentrations vary widely form common
battery acid (~30%) to additional acid anhydride dissolve
in 100% H2S04. Weakly oxidizing.

Sulfamic Acid NH>SO3H

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 availablein the
cleaningindustry, dehydrateseasily to boric oxide. Boric
acid readily forms boric esters, which burn to give
beautiful colors.

Hydrofluoric Acid HF

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

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

Somewhat weak acid available for adjusting the pH of
pools.

Phosphoric Acid H3POq4

Concentrated phosphoric acid isafairly strong acid. It
readily attacks metal s 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 loose
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 moretotheleft 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.
Thisisastandard 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’'re looking 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 remain inert in
all respects. Thereisaway around thisinertness, the addition
of anoxidizing 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 oxidizing 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 alwaysfunctions
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, theformation of the oxide formsaprotectivelayer pacifying the metal
to further attack, a good example is aluminum in concentrated HNO3, also tin can be
pacified in this way 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) + Mgy P Mg(NOz)a(ag) + Hag)
Rarely occurs, only happensinitially with magnesium or even more reactive metals
[Na, K, Li, etc.], not important.

3CU(S) + 8HN03(aq) b 3CU(N03)2(3q) + 4H20(|) + 2N O(g)
Thisisan example of nitric acid acting as an oxidizing agent when dilute.

CU(S) + 4H NOg(aq) b CU(NOg)z(aq) + 2H20(|) + 2N02(g)
Thisis an example of nitric acid acting as an oxidizing agent when concentrated.
Noticetheratio of nitric acid molectilesreactina with conner comnared to thedilite




reaction above. [Note, a picture of thisreaction is shown in the picturein the
preceding section]

P4(5) + 20HN03(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) =] 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 toaconsiderably |essened extent in the laboratory, 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 the silver chloridethusformedistotally i nsoluble. Even apieceof barium metal
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 solutionis also attacking a
similar amount of aluminum. Hydroxides can attack anumber of metals, 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

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

Sodium carbonate i s available as “Washing soda” it is
usually the decahydrate (* 10H20) but that does not
interfere with calculations aslong asit is accounted for.
Sodium Carbonate N&CO3; | 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.

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

Sodium Bicarbonate NaHCO3

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

Ammonia NH,OH




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 thingswhen 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 soluble in 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 remarkabl e oxidizing
capabilities, lower concentrations available over the
counter for hydroponics.

Hydrogen Peroxide H»0;

Clear liquid, available in various concentrations from
2% to 99% solutions 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 onceone
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 itundergoes
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 tube isfull of nickel (I1) sulfate crystals. The mix of H202 with
H2S04 also looksentirely different from just H2SO4 acting al one, seeninthe second to
left picture, a cloudy 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 aqueous phase and would be considerably less stable if
formedinthat way aswell. The actual 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 KN O3 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,
and silver are best. Glassisout of the question, asthe strong bases present will attack it.
However for the roughest oxidations, disposable vessels 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. Here are 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, ferrateswill 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 aqueous 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 thesefour thisisthe second most commercially available oxidizer listed. 1t 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 Fe®*.

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 isuseful 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 is not 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 meltscanNEVER 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 desireto 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.

Asidefrom 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 dissolution and acidification of some
of these mixtures can also lead to nitrogen oxidereleaseif thereactionyielded alarge
amount of nitrites as can often be the case. Not to mention that the oxidation reactions
also havethe possibility of going awry, if excessive frothing or sparks start 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 can yield explosive quantities of chlorine dioxide and additiondly thereaction
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 aqueous reactants. Additionally therearea
number of organic reducing agents which are most popular in the field of organic
chemicstry. Both organic and strictly inorganic reducing agentsare 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 el ectrolysisin 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 always remember 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% aqueous HCI. The nitrotoluene was mixed well
with the Fe powder and alittle distilled water in a500ml erlenmeyer flask. | was first
going to use amagnetic stirrer to efficiently keep the iron powder suspended but
remembered that iron is magnetic, 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
minutesor so. That was big mistake. Soon thetemp started to risefast. | 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 theflask asit was so hot and then the reaction got so vigorous that it shot all the
remaining liquid out in ageyser like fashion on thefloor. I quickly took abottle of water
and poureditinand 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 a lesson 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 anhydrouslump, and the green solution on the left being the same amount
solvated inwater. Thisisjust oneexample 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 hydrate is 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 desiccantsistoremovewater, usually from aliquid or gasto render
that liquid or gas largely free of water in reactions where water might inhibit a desired
reaction, interfere with areaction, or cause extraneous byproducts. Drying agents can
formvery strong bonds to water, strong enough to take water from achemical bond, such
asthereaction between concentrated sulfuric acid and sugar, where the 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 this list 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, dehydrating 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 the 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 Perchlorate
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 there is 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 apoison whose presence inthe body is not immediately
eliminated and it accumulatesinthe 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 poisonsarelead 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 from inhal ation 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 carieswithit 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 harm will 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 agueous solution and add it drop wise
slowly to avoid excess spattering. The next day you wake up from arestful sleeptofind
that your arms are covered with tiny black dots, and so isyour face. Invisible drops of




silver chloridesolution werethrown from the beaker, carried by thewind, 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. The best waysto deal with a
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 hazardthen
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 metalsthe most direct
pathinto your body and straight to your brain. Wear glovesand don’t cause the solution
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 getson 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 heavi ly 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 substanceis a gas:

The most dangerous form of a poisonous substance. A gas mask is recommended
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 haveto live without 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 islisted immediately following the solvent formula.

Oxogenated Solvents

Acetone Ethyl Ether

Water H20: [1.0 gml] Thisisit, your ace in 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 afew 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, likedissolveslike. 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 available
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 isalsorelatively 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 soreactionsusing it can be copied exactly, plusit can be made




withrelativeease. Thebad: Etherishighly flammable, it can form unstable peroxidesin
contact with oxygen and if the ether is boiled down containing a high peroxide
concentration it canexplode. Diethyl ether iscommonly referred to simply asether or
ethyl ether, if something mentionsusing 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, its affinity for water is one of the driving 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 procedureis exceptionally 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 cleaning 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 areactant, and solvent medium with 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 scale can be done
from the pyrolysis of calcium acetate, but is not necessary, it isavailable in many over
the counter productsfor removing paint from fingernailsand 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
propertiesare similar to acetoneand it will also undergo the haloformreaction. Itissold
for stripping paint.

Methanol CH30OH: [0.79gmI] 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 have laying around. Consumption of methanol can
result in blindness and should be avoided. Itisnot particularly hazardousasaninhalation
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 a painting 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 a common 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
includedinthistext (Under section 5). Chloroform istoxic enough to whereyou 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. Chloroformisslightly 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, section4.12),
the addition of these alcoholsleadsto the formation of the carbonate ester which helpsto
slow decomposition. Chloroform can be stored under water but doing so can result in
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 inertinreactions, 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, itisthereforefortunate that with some searching methylene
chl oride 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 thiscompoundandlikemostitis
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 aboiling 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 oneontoluene. Itisamixture of 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 organics from an inorganic
phase, but take special note of t he 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
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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 -
(e peel R . Y T Y e




=

'oluene

fls{ 1 1 1 0 | =

N

(ylene

Is M

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
oxidizethe 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 asimple reaction
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 chlorinewould 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 the 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 not follow 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
el ectronegative 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 |ow temperatures.
Above thisfluorinewould 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 (saltsof hypochlorous acid) 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 theform 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 isagreat
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 aqueous 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 or another t hat
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 lar ge 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 hydrate isformed 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 is one 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 spa industry 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 the reaction 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 this bromine
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
gloves when working with bromine -
asitscontact with skinwill discolor it FE====




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. But dry
bromine can have ahardtime of attacking some other metals, notably some metal sthat
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 bromineislessreactive then 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
4.11 Alkali Metals

Not only arethe al kali 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 with aknife, 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 is only
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 theperiod, 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 behave very similarly and most salts arevery 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 put into ahigh flameand 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 which reactswith 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 o n 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 (Notice the 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 a block 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 surface of 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.




Rubidium / Cesum

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 on t heleft, 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 inafume 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 dissolve isjust 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 a final 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 a container 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 sure your 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 al so producesoxygen or nitrous oxide, the possibility of explosion
istoo great.

Gas M asks:

Gas Filter Properties

Filters designed 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. Hydrogen sulfide isextremely
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

There arefilters specifically 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. Next isthe negative 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 the toxiceffect 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 gasto 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 nciner ating exit gasses. When igniting exit gasses it 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 gaswhich may flash back intothe
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 exposureto 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, these reactionstake placein liquid ammonia, 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 ammoniaisflammable 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
noticeable ammoniagasreadily. Thisreaction can also be donein the solid phase but it
can become violent. The gasses being produced in both instances being channeled
through water to dissolve as much as possi bl e then scrubbed with a sol 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 a person 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. Arsine isthe most toxic way 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 decomposetoitselemental constituentsat around
400°C providing thereisnot 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 exampleisthe 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 manipulationsinvolvingit to result in 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 apart of most acids). Notethat diboranewas 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 thisreaction 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 ofthem
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(CH>2).CH3;: Butaneisrelatively uncreative to may chemicd conditions. It
makes aworkableinert gas for some situations but the actual production of butaneon a
lab scale from other chemicalsis needlessly complicated as it can be purchased for

refilling lighters and some camping supplieseasily. Butane containingexit gassesshould
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 in an 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 hazardous for 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 amarkedly 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 this way 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 flowsaway 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. The exit gassesof apparatusesthat use carbon
monoxide or produce carbon monoxide should always belead 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. Chlorinedioxideisvery 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 aninert
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. Theusud
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 unstable acid HOCI2. Thisprocessisnowherenear
freefrom danger, the previous method of manufacture of CIO2 wasto heat a mixture of
sodium chlorate and oxalic acid, this produces CO2 gas simultaneously which dilutesthe
ClO2 produced, but even with this advantage there have been numerousreports 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, chl oride, 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 a slightly 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 asan 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
aninert 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
diethyl 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 a4x
molar excess) to ethanol produce favorable conditions for 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. Aswithworking 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, ethyl eneisless dangerousthen 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 hydrideswith some metalsand it isagood reducing
agent at high temperatures but the kind of run-away reactionsthat 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 gasasthe metal is
solvated. If theonly acidsyou have are weak acidsyou need asomewhat reactive metal,
aluminum or magnesium will displace hydrogen from acetic acid (it workswith the other
metal stoo but dueto dilution thereactionis slow), but usually somewhat stronger acids
areavailable. A great reaction to produce hydrogen gasisto drip hydrochloric acid onto
magnesium scrap, thereaction 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 a borderline gas/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 gasses|isted in this countdown.
Not only isittoxic, butitisproneto explosive polymerization if not properly stabilized
and itisalso flammable/explosive onitsown. Hydrogen cyanideismore 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 hydrocyanic acid 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 f loor 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 alesstoxic version. Hydrogen cyanidereally isachemical that |
recommend others not even work with, as such theinformation hereismore of awarning
then anything amyl nitrate (inhal ation) 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 as you 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 availablein over the counter products. They are still toxic but not to the
same degree. Asagasanhydroushydrogen fluorideisalmost 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 glassincreases steadily with concentration
to about 99.9%, supposedly totally anhydrous hydrogen fluoride will not attack glass,
however noticethat water is created in the attack on glass, therefore even astray 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 had by
removing the water from over the counter solutions, either by distillation (be sureto
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 metalsthough 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, which if enough
could cause death.

All of these gasses aresolubleinwater to significant extents, hydrogen chloridethe
least soluble and hydrogen iodide the most. Their acid solutions provide the most
effectivewaysto generate the 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 the rest 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 (sulfuric for hydrogen chloride, phosphoric for bromideor iodide) 4. Thegasupon
formation bubblesthough the sulfuric acid and out of the gastube 5. The openinginthe
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 acid into which your hydrohalic acid isdripped
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 thisreaction is not asfeasible.
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 agueous 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 halogenisconsumed in the reaction and the other half isreleased
asthe hydrogen halide, iodine however does not posses the power necessary to perform
most organic halogenations and therefore thisis 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
sulfidethinking that because they could not smell it they were okay. Smell isonly away
of detecting hydrogen sulfide if it is generated unexpectedly, if that happens|eave 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 dissolvesinwater 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 canaso 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




In thefirst equation calcium sulfate istreated 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 asulfide sat
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 is there though. It isuseful inthelaboratory, 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 layer 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 as KMnQO,. 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 asmall 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) + NaQCO;z,(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 isrun, 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 makesnitric 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
hydrolysisyou 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 2N02(g) + 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 a mixture 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)

As you 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
inadvanceand 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. Itispurified fromair 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 isvery 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. Y ou 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). Nitric oxideisonly 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 |aboratory preparation. Inall casesthe gas must 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 salt in 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 is the 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 t hat 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 arecareful initsuseand 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
methy! 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 would rel ease hydrogen chloride. Addition of anoxidizing
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-sol ubleand asolution of
phosphineinwater isnot appreciably basic. Phosphine hasa particular smell similar to




molded garlic or rancid fish depending on the individual. The odor is not avery good
indicator asit istoxic below the odor threshold. Phosphineisactually incredibly toxic,
and causesterrible delayed damageto thekidneysand 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 phosphine is
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. Place it 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 phosphine is a useful
chemical as areducing agent and for other reasons, due to its toxicity 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 saltswill 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>CH3;: 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 gas in some situations. It isan asphyxiant gas
and is flammabl e 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 gas at 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
ignitesonitsown it will makeacloud of very finesilicawhich if inhaled will do damage
tothelungs, 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, an interesting 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 + ZSiOZ(s) P 2M gO(s) + S ©® + Mngi(s)

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 becomeimpossibletoinitiate. 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. Theexit gassesmay
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 with incineration occurswith
hal ogenated hydrocarbons. Their incineration entail sthe 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 to attempt 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 theproduction of another nuisance gasisusually not agood reason to burn them.
Many of the more halogenated hydrocarbonswill not burn easily though (Chloroform,
carbontetrachloride). Although against environmental regul ations one may beforced to
vent them. However the author of thistexts highly recommends finding 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 a number 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 burnrate, 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 sulfur 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 invol vesthe 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 |eaves 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 both in aqueous sol ution 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 a simple 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 ahigh surface
areaand sulfur trioxide passesout. Thisprocessisdifficult to duplicate onahomescale
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.

I n 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 areanumber 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 its own 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, complexesof 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 isavailable from specialty gas suppliers.




