OK-J;-.{LO)T PE L5“'°‘~’~‘ 9 J\S dj-«,a‘ L;‘;’)j-‘T atfle

S5 Olm 3l Ol pled 5 g g 5 (S IS Ol e ezl oS LI5

T D JJAJ\)'T;QMJ:S; EPEY

ﬂjﬁ aKJ:.J\; c&j)}us o ISES]S ‘u‘i\‘)‘" @L«.»p 9 f}l& o‘gj_fj‘.:.i.;‘s



LS o e | S

&

<

POISON




oRioleyl 53 gl b ool 3 LIS o gou
Q‘ﬁ .JJ‘J\.; Jj?j ”OK.:;.&LAJ.’" B Lf..q..i‘ L.’. OK.&.&LAJ"’ P )[S o‘}>;;“ Q\j...x.a LSJ.?-‘} ‘_j"‘"JJ

cL)TJ:.Q céTqu Sl 03,5 3 iy odes Oleso 90 55 (g3late QUL 5 ol

w‘}sﬁ})b C—wo‘ oJu.z U'*.’.)J'S CJLF}«&‘}O w!)\:SJ; 4.3&\?' Q)M o&w/“&\.ojijb ‘52.0.3.‘
OF sl o sy Jdo oy 258 (a3 (A5 g L) el sel 5o CIB1 LGS 5 Ol 5
.JM 4:.5;}2.;)3

ol e 3 s Js Sl el o ae oSCLe5T 3 el el ;a;»’&“vw\ﬁ}\ Lol
| wji.) J‘j‘g o@bj‘JJJSjw)ﬂ



T S5 5k 1, Kiabeyl s owul LL I >

S oles 4 s o s eles VJLN islesl s alul gl 1

'q 31 58 6 50 slgn e Ll
L2 Gl Olsie oS (gl s a0 el 35l (ool au s 4 5L Cdel SBlat el o)
el 3 "o besl s el 0L Pl sl S Golpe 5 Sl

JB Ll 4 sa a5 1S o o 5 e bl 4 el (Dl 51 (S e s 0L WL
'WULSJU\M;-

C)JM L@JT@J\}@W J‘jﬁ QJ/SoJu.Lw‘ 4_"‘}{}; U.'I.M.a\b w’)@w‘.}au})b C,«.;jjiw,o

.WL:.A

sl 3o 35 s Sl (Sl 5 s B s

PP Rig ol 43 g i, I8 S 4l gl 5 1,§i;(..€.o4;.<s



J
"

Safety glagaés

Safety goggles



el 035l sl BT sl 03,55 eslital o g Labloes

Clile Sl a8 5 Sl eslitul Lsls S S



OK.«.:'.}.LO‘)-“ BE o.L:«fivﬁ: J'L.és )‘ oslail



Suction bulb

Automatic
pipet

Mouth pipetting



Lab coats, smocks, and aprons will all protect the operator's skin and
clothes from chemical spills. However, the operator should be aware
that these articles of clothing are permeable. If a spill occurs, the

apron, coat, or smock should be removed promptly to ensure that
the chemical does not soak through to the operator's skin



Latex gloves are the thin, disposable gloves often
found in boxes in the laboratory. They will protect
your hands from aqueous solutions of acids, alkalis,
salts, and from biological hazards. Latex gloves have
the added advantage of great flexibility. Latex has a
large pore size which allows many chemicals to
permeate the glove and reach your skin. Many

people have also been found to be allergic to latex
gloves.

Mitrile

Butyl rubber MNeoprene

Nitrile gloves are more protective than latex gloves, but are still thin enough. Many nitrile
gloves are disposable and can be found in boxes within the lab. They will protect the operator
from many chemicals but, as with latex gloves, nitrile gloves are not appropriate for
submersion of the hands in chemicals. If chemicals contact the gloves, the operator should

remove his gloves and wash his hands.

Neoprene and butyl rubber - are more protective, but are also heavier. Although these
gloves will protect your hands for a longer period of time, they are still not meant for
immersion in any chemicals. Butyl rubber gloves will protect the operator from the
widest range of chemicals, specifically including nitric acid, sulfuric acid, hydrofluoric

acid, and peroxide, but will not protect the operator from all chemicals. Neoprene
gloves deal well with heat and resist some acids and alcohols, among other chemicals.



Corrosive



Insulated

you should exercise care when handling hot glassware or
equipment. Always use tongs, insulated gloves, or other suitable

tools. You should avoid using paper towels or rags since these
items will tend to slip, making you drop and break the hot item.



Macrospatula

Chemicals must always be handled with care and should never be
touched with bare hands. Always wear the proper personal safety

equipment, especially gloves. Use a spoon or spatula to transfer dry
chemicals from one container to another.



Use a glass rod or magnetic stirrer for mixing chemical solutions.

Finally, always add acid to water unless the procedure specifically
requires the reverse.
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The photograph was taken from a laboratory at the University of Ottawa, in December
2000. This was the result of a chemical reaction between two acids.

Dilute solutions of Hydrochloric Acid and Nitric Acid were discarded into a waste
container for acids. Sometime during the night, the two acids reacted together,
creating pressure from the gases generated.

The pressure was strong enough to destroy the 1 liter glass waste container stored in a
corrosive storage cabinet under a fume hood. It also blew off the doors to the cabinet,
and upset equipment above the cabinet. Fortunately, nobody was standing in front of the
cabinet when the pressure release occurred.

Before mixing or discarding any chemicals into a common container, check for
incompatibilities






RAMP

Recognize hazards

1

Assess the risks of those hazards

1

Minimize, manage, or control those hazards

1

Prepare to respond to emergencies
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“Green chemistry is the design and use of methods that eliminate health and
environmental hazards in the manufacture and use of chemicals.”
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Vapor pressure

Vapor pressure
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Chemical Normal boiling point (°C) Vapor pressure (mm Hg) at 25°C

Boiling point
Dichloromethane 39 423
Acetone 56 200
Isopropanol 82 41
Water 100 24
Toluene 111 32
Dimethylsulfoxide 189 0.6

Temperature
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“Safety is everyone’s responsibility.”
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Over 100 gallons of highly flammable materials, including ethers, acetone, and mixed wastes
were found within six feet of where the fire occurred. Many of the containers were exposed to
heat and flames, and were close to failure and adding more fuel to the fire. Highly toxic
chemicals and reactive metals were also exposed to heat and flame.
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Storage of chemicals in fume hoods is an improper storage practice
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Hazard category Hazard description Signal word Flash point (°C) Boiling point (°C)
HC 1 Extremely flammable Deanger < 23 =35

HC 2 Highly flammable Deanger < 23 =35

HC 3 Flammable Warning >23t0 <60 —

HC 4 Combustible Warning >060t0 <93 —
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Chemical Boiling Vapor pressure Lower and upper Autoignition Flash point GHS
name—~formula point (°C) (mm Hg at 20 °C) flammability (°C) (°C) rating
Acetic acid—CH;CO,H 118 Lil 4-16 463 39 3
Acetone—CH;COCH; 56 180 3-13 465 —18 2
Acetonitrile—CH3CN 82 73 4-16 524 6 2
1-Butanol —C4HgOH 118 6 1.4-11 365 29 5
2-Butanone (methyl ethyl 80 71 2-10 515 —6.1 2
ketone)—CH3;COC;,Hs
Carbon disulfide—CS; 46.1 300 1-44 20 —30.0 2
Chloroform—CHCl; 61 160 None None None  No rating
Dichloromethane —CHzCl» 40 440 356 None  No rating
Diethyl ether—(C; Hs)20 35 442 1.85-48 160 —45.0
Dimethylformamide— 153 26 2.2-15 445 58 ;\
(CH3);NCHO
Ethanol—CzHsOH 78.3 43 3.3-19 365 12.8 2
Ethyl 7 76 2.18-9 427 —4 2
acetate —CH;CO,C; Hs
Hexane—CgHy4 68.9 124 1.1-7.5 225 —21.7 2
Methanol—CH3;OH 64.9 06 6.7-36 385 1. 2
1-Propanol 97 15 2.1-13.5 433 25 3
(n-propanol)—C3;H;OH
2-Propanol 82.8 33 23-127 308 11.7 2
(isopropanol)—C;H7yOH
Tetrahydrofuran—C,HgO 66 132 2-11.8 52l —14 2
Tolnene—CgH5CH; 110.6 22 1.4-6.7 480 4.4 2
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Globally Harmonized System for Classification and Labeling
of Chemicals (GHS)

Explsive Flammable Oxidizer

&

Corrosive Compressed Gas Poison/Toxic

<

Health Hazard Alert Environmental Hazard




L@..’&JSU B &w b‘y )| ol

Olan D3 s 5l Fo solndl A5l R - T Nt -’w’h}é‘ VNPT
L;:%LU‘ CK*-“)>4S~L~L€}1M w)f)\u\u.x&l.ﬁ L;ELGS‘ ‘Sﬁ‘ O 9l > ¢ o <=L>u\ U‘:"’S‘j

31 ESly ol s el ol vl 0355 IS 5 90 0 eslazad pH 03 5 YU 6l Sialasl
das OLas [ pH 2als b s S eslinal G as

)‘ oslaiul J.:.;J QK»‘ ) 92 JJ}OJL&.:.M:‘ )‘.)\.S.AjJ?-‘JA cui.'S\j (=L>u‘ J‘J"E
B9 2500 Gty DLeMb Ol gtoe 3l 51 oy et | e 5 50
oy oty S5y (8o gt sl g ke B Ll o5 0 el



I B . o@bﬂ BE

L sl 0355 Sl ey sl day 5 sy b el o LesT alisls 0

253 bl s o, 52 (gl Ol 52 a8 LS8 S5 s S LB 55 5 S el
DS 2 bl 3500, 5 Gl Olid Chal oS ey 5 Sl A a8 55 LU
Sl e slp e O 51O, 51 (S o Wl axgie A oy 2 g 9050 B

S g ok eslaal hade O s A Aol 5 mSUL iy 5l 6 S o (gl s g 3 S ealind



Acid Formula Molarity Percentage,

by weight
Acetic (glacial) HC;H;0; 17.4 99%
Hydrochloric ~ HCI 11.6 36% sl o bad) au Y 4
Nitric HNO3 15.8 T0% &\M:J | o 33 9 L_:Lg
Phosphoric HzPO4 14.7 85%
Sulfuric H; S04 17.6 95%
Base Formula Molarity Percentage,
by weight
Sodium hydroxide NaOH 19.4 30%
Potassium hydroxide  KOH 11.7 45%

Ammonium hydroxide NH4OH 14.2 56% as NH40H,
28% as NH;
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Substance Gas Liquid Solid sSolution Acid base Oxidant Reductant Water reactive

HCl X
H180),

HNO; X
HF
HC ,H;0, X

I1 P04 X

NaOH X
KOH X
NH,;OH
F

Cl >

Br ; X

12 X

H20- X
KMnO, X
Na
NaH
LiAlH 4
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P> 05
CaD

e

X

i

Sl Kl sl B K

Sl Kl Kl Kal Kal Rsl Ks

W |

i

e
s

Sl Rl sl sl

v | R e
b
pa!

SRS
g




Sy kb gy Aol u\cmﬂh%uﬂsupkméw,;uw\fu i S|
A o5 L OF 51 zio b Ve o)/ s HF Jglos il SU Lt aslal 34

0 Ll 4235 V0 o o JSJ\J.eHFu.aJM):JS\ S bl L WL HE sl dos
Mubﬁjlfb(wjbj)fy}g\ J‘JJ'LSbLQf°JJJQL°JJ‘JJ3JM‘LM@J
.J\.:ML.’OJLO\ %LL«&-D;M‘?‘)SHFL Kw.ll.o‘) )J;‘J‘}J(ibu‘

J5s o U e 55 Al el 5y S 5 e Sl O
‘5.—\.;.\.& 3,3 ‘JS?"-" JJU :bﬁ" c( @JMJ_}JSJ )J'Sg{“'b.?"’us"”c}”"j C;woﬁ:
iSn g8 Sy sl K ) il kS e sl A0 e 4
g oo oy 1) SIS (gl Xy o S 3 5k Ol ys S




,Lf;L.e\.s o boods 3 g0

L) =0 senlonST ($LeiiST5 b Sl el sleiSTy dinen 13l S oS sland leiSTy S|
NS VO

5315 55 30lse Al ol bl 5 a8 Lad 1 SESLAL slend 5l 50 4as 45 ol L
:ﬁﬂfa.)bi

Conl (§ 58 Aol _oliars o3bo L]

Sl 553 5L alooed o3be L]

€3 pine IenST Sl 4 gl o3l Ll

€3 pie sbml Sl 4 sl osle U]

bolsee aa L1y j¥ae VY o 2 eV er 5 V0 VY SGoL IS il 1) L Ve B
dal g ol Ll am 53 V04 b o e sles b ol el a9 e (JH) by 8 S

il Jes B e g s et (BShg Ul oS 5
58 251y Wlie o o ol b (555 5 b Cions 5L L 655 sl o el Sl

}gdjlaLosﬁ;ij;\);:J.ka?dbl_{;i\wtﬂuLg\u,.:ﬁig_éj});ﬁ\y.xs;t?%\
ASis L g




s skl g ba

Acid Formula Molarity of concentrated acid Concentration (%)
Hydrochloric acid HCl 12 36%
Nitric acid HNO; 16 70%
Sulfuric acid H;S50,4 36 08%
Perchloric acid HC104 12 T0%
Hydrobromic acid HBr 8.9 48% (azeotrope)
14 69%
Hydroiodic acid HI 7.l 48
8.8 57% (azeotrope)
Base Formula Molarity of Concentration (%) Solubility in
concentrated base /100 mL (°C)
Sodium hydroxide NaOH 19.4 50.5 42 (0°C)
Potassium hydroxide KOH 11.7 45.0 107 (15°C)
Calcium hydroxide Ca(OH), Partially soluble Partially soluble 0.185 (0°C)
Kp=8x 10-6
Lithium hydroxide LiOH Not readily available Not readily available 13 (20°C)
Rubidium hydroxide RbOH Not readily available Not readily available 180 (15°C)
Cesium hydroxide CsOH Not readily available Not readily available 395 (15°C)
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Class

Types of incompatibles

Examples of incompatibles

Acid incompatibles:
substances listed to the right
react violently with acids

Base (strong) incompatibles:

substances listed to the right
react violently with bases

Water-reactives : substances
listed to the right react with
wdater

Hydroxides

Inorganic azides

Chlorates

Cyanides

Carbides

Hydrides

Oxides

Perchlorates

Sulfides

Organic peroxides

Acids

Inorganic cyanides

Organic acyl halides
Organic anhydrides
Organic nitro compounds
Alkali/alkaline earth metals
Metal carbides

Metal hydrides

Nonmetal hydrides
Alkali/alkaline earth metals oxides

NaOH, KOH
Sodium azide (produces toxic HN3)

Potassium chlorate

Potassium cyanide (produces HCN gas)
Calcium carbide (produces flammable C;H»)
Sodium hydride (produces flammable H3)
Calcium oxide

Potassium perchlorate

Sodium sulfide (produces H;S)
Benzoylperoxide, CsHsCOO—0O0OCCgH;5
HCl, H2S04, CH3COOH

Sodium cyanide

Acetyl chloride

Acetic anhydride

Nitrobenzene

Sodium, potassium
Calcium carbide

Sodium hydride, lithium aluminum hydride
Boranes, silanes
Calcium oxide



Pyrophorics :
substances listed to the right
react in air

Oxidizing agents: substances
listed to the right are easily
oxidized

Reducing agents: substances
listed to the right are easily
reduced

,\f,'uts o boods 3 g0

Some finely divided metals

Alloys of reactive metals
Alkylmetals

Selected main group elements
Metal hydrides

Nonmetal hydrides

Iron sulfides

Alkylphosphines

Some organometallics

Organic compounds
Metals

Metal hydrides
Main group elements
Main group compounds with hydrogen

Chlorates, perchlorates
Chromates

Halogens
Nitrates
Peroxides
Persulfates

Permanganates

Magnesium, zinc
Potassium—sodium alloy
t-Butyllithium, trimethylaluminum
White phosphorus

Potassium hydride

Diborane, phosphine

FeS (moist), FeS; (powdered)
Diethylphosphine
Bis(cylclopentadienyl)manganese
Acetic acid, aniline

Sodium, magnesium

Sodium hydride

Phosphorus, sulfur, carbon
Ammonia

ClO;~, ClO,~
Cr0,*~, CrO;
Fa, Clz

NO,"

Na;O», H2O-
$20.%

MnO,~
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Ethers, acetals with a hydrogens

Alkenes, alkylacetylenes with allylic hydrogens

Vinyl halides, vinyl esters, vinyl ethers

Dienes, vinylacetylenes

Alkylarenes, alkanes, cycloalkanes with tertiary hydrogens
Acrylates, methacrylates

Secondary alcohols

Aldehydes

Ketones with « hydrogen on a secondary carbon

Ureas, amides, lactams with a hydrogen—carbon—nitrogen linkage
Alkali metals

Metal amides

Metal alkoxides

Organometallics with metal—carbon bonds
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Chemical class

General groups in a class

Examples

Acetylenic compounds:
—C=C—
Azides: —N3

Azo compounds:
C—N=N—C

Diazo compounds: —N3

Fulminates: —C=N — O
Nitrides: —N3—

Aci-nitro;: —C=N(0)O™

Organic nitro compounds:
C—NO,

Nitroso compounds:
C—NO;:N—NO

Organic nitrites:
C—0—NO

Organic nitrates:
C—0—NO,

Alkynes; haloacetylenes; metal acetylides;
acetylenic peroxides; other acetylides

Acyl azides; metal azides; nonmetal azides;
organic azides; other compounds
containing azide moieties

Selected azo compounds

Organic diazo compounds; metal diazo
compounds

Metal fuminates
Metal and nonmetal nitrides

Aci -nitro salts

Nitroalkyls; polynitro-aromatic or alkyl
compounds

Organic nitroso compounds; N-nitroso
compounds; inorganic nitrosyl compounds

Acyl or alkyl nitrites

Acyl or alkyl nitrates

Acetylene; chloroacetylene; cupric
acetylide; acetylenedicarboxaldehyde

Acetyl azide; lead azide; ammonium

azide; benzyl azide; azido-2-propanone

Dimethyl azoformate; methyldiazene;
azoisobutyronitrile

Diazomethane; diazoacetonitrile; lithium

diazomethanide

Mercury fulminate; sodium fulminate

Lead nitride; silver nitride; disulfur
dinitride; pentasulfur hexanitride

Ammonium aci-nitromethanide;
potassium phenyldinitromethanide

Nitromethane; tetranitromethane;
trinitroresorcinol;
1,3,6,8-tetranitronaphthalene

2-Nitrosophenol; N -nitrosoacetanilide;
nitrosylcyanide

Acetyl nitrite; trifluoroacetyl nitrite;
methyl nitrite

Acetyl nitrate; benzoyl nitrate; methyl
nitrate; glycerol ftrinitrate
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Chemical class

General groups in a class

Examples

Some nitrogen-containing
compounds

Organic peroxides:
C—00—C

Organic hydroperoxides:
—C—0O0H

Chlorites: —C10,
Chlorates: —ClO3

Perchlorates: —Cl10y4

Oximes; isoxazoles; triazenes; nitrogen
halides; N-metallics

Acyl or alkyl peroxides; peroxyacids;
peroxyesters

Alkyl hydroperoxides

Chlorite salts

Metal chlorates

Alkyl perchlorates; aminemetal perchlorate

salts; diazonium perchlorates; metal
perchlorates; nonmetal perchlorates;
perchlorates of nitrogenous bases;
perchloryl compounds

2-butanone oxime;
3-methyl-5-aminoisoxazole;
1,2-diphenyltriazene; nitrogen
trichloride; hexamminechromium (III)
nitrate

Diacetyl peroxide; bis(trifluoroacetyl)
peroxide; dimethyl peroxide; peracetic
acid; tert-butylperoxybenzoate

Allyl hydroperoxide;
bis(2-hydroperoxy-4-methyl-2-pentyl)
peroxide

Lead chlorite; silver chlorite;
tetramethylammonium chlorite

Silver chlorate; potassium chlorate;
sodium chlorate

Methyl perchlorate; hexaamminenickel
perchlorate; benzenediazonium
perchlorate; mercuric perchlorate;
nitronium perchlorate
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Prudent Practices in the Laboratory. Handling and Disposal of Chemicals, New edition in
June 2010, National Research Council National Academy Press, Washington, DC 2010,
New edition in early 2010

Bretherick’s Handbook of Reactive Chemical Hazards, 7th edition, Vols. 1 and 2 P. Urben
(editor) Elsevier, New York 2006

The Merck Index, 14th edition M.J. O’Neil (editor), Merck & Co., Inc., Whitehouse
Station, NJ, 2006

NIOSH Pocket Guide to Chemical Hazards, National Institute for
Occupational Safety and Health, U.S. Government Printing Office, Washington, DC 20035,
available online at http://www.cdc.gov/niosh/npg/

Handbook of Chemical Health and Safety R. J. Alaimo (editor) Oxford University Press,
New York; ACS, Washington, DC, 2001

Sittig’s Handbook of Toxic and Hazardous Chemicals and Carcinogens, 5th edition, Vols. 1
and 2 R. P. Pohanish William Andrew, Norwich, NY, 2008, John Wiley & Sons, Hoboken,
NJ, 1998

Patty’s Toxicology, 5th edition, Vols. 1-9 E. Bingham, B. Cohrssen, and C. H. Powell
(editors), John Wiley & Sons, Hoboken, NJ, 2001



