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acetate CH:COO- | _TABLE OF POLYATOMIC IONS _| oxalate G0
arsenate  AsOg™ dihydrogen phosphate H,PO,~ | perchlorate  ClO4~ PERIODIC TABLE OF IONS
arsenite  AsO3> hydrogen carbonate HCO;™ | periodate 104~
benzoate C¢HsCOO~ | hydrogenoxalate ~ HC:O047|  permanganate Mn0.- atoriic KEY _ ion
borate BO* hydrogen sulfate HSO.™ | peroxide 0, number™>|26  pg3+T charge
1 bromate  BrOs- hydrogen sulfide HS | phosphate PO iron (|||)'===Jr?a“m . 7 18
1 carbonate CO: hydrogen sulfite I(‘)IISIOs pyrophosphate PZO;_“" symbol——s Fa2+ | (uPAC) & 3
i i iron (Il : -
H* chlorate  ClOs5~ :Vdm);:ld e_t Cl0- su:?\te S.04,,_ L H He
hydrogen] 2 chiorite  CIO;~ nypocniortte Lo gue S 13 14 15 1e ;Mydride| hefium
2 iodate 105 thiocyanate  SCN
3 4 chromate CrOy 2 ) . 5 6 7 8 9 10
i+ | ge2t — =4 monohydrogen phosphate HPOy4 thiosulfate S,0s B C N3- | o - N
Li p cyanate  LNU nitrate NO:~ POSITIVE POLYATOMIC IONS F .
lithium | beryllium cvanide CN- o o - = boron carbon | nitride | oxide |fluoride | neon
: . nitrite NO; ammonium  NHs
1 12 , dichromate Cr,0- orthosilicate Si0* T Hi0' 13 14 . 15 16 17 18
Na*|Mg?* AB* | si P | s&| c | Ar
sodium | magnesium 4 5 6 7 8 9 10 1 12 aluminum | sificon |phosphide| sulfide |chloride| argon
19 20 21 2 Lad|B B2 i3 P M2l Fe3t|? co?t[? Nizt|? cuz ™ 31 32 33 34 35 36
K+ | Ca2t| sc3+ [titanium (V)| vanadium(ll)|chromium ()| manganese(l){ iron () | cobalt (I} | nickel (I} | copper {I)| Zp2* Ga3*t | Get As3™ | se?| Br Kr
potassium| calcium | scandium | it Vot cr2t n*l  Fe?* o3t N3t * | zinc gallium |germanium| arsenide |selenide|bromide | krypton
titanium (If) lvanadium (V)|chromium (Il)| manganese(IV)| iron (Il} | cobalt (Ill) | nickel (Ill) | copper (1)
37 38 39 40 T p5H 2 43 4 o 3+] % 4% g2+ |7 48 49 50 g+ 5T gp3+ |52 53 54
Rb*| sr2+ | Y3+ Zr3+ [niobium (V) ME®Y Tt |ruthenium(i)] Rp3+ [paladium(l) Ag* Cd2*| In3* | tin(Vv) [antimony(l)] Te2-| |- | Xe
rubidium |strontium| yttrium | zirconium Nb3+ molybdenum| technitium Ru4+ rhodium Pd4+ silver cadmium | indium Sn2+ Sb5+ telluride| iodide | xenon
niobium(lll) ruthenium(IV) paladium(lV) tin () |antimony(V)
55 56 57 72 73 74 75 76 77 78 pea+ |79 A3+ 80 He2t BT 11+ |52 pp2t| B Bid+ [3po2d® 86
Cst | BaZ+| La3* Hf* Tas+ wet Re7*| Os# Ie?t  [platinum(V)| gold (Ill) |mercury (il){thallium (1) | tead (Il) |bismuth(ll)|poloniumil] At~ | Rn
cesium | barium | ianthanum| hafnium | tantalum | tungsten | rhenium | osmium | iridium pPt2t + ngz*‘ T3+ 4+ Bij>* | Po?*|astatide| radon
platinum(ll)] gold (I) |mercury ()|thallium(lll)| lead (IV) |bismuth(V}|polonium(lV)
87 88 89
Frt | Ra2*| A
francium| radium | actinium 58 59 60 61 62 m3+ 63 Eu3"' 64 65 66 67 68 69 70 Yb3+ 71
ce3t| Pr3+ Nd3*| Pm3* [samariumijevropiom ()|  Gd3*| Tb3* | Dy3*| Ho3*| Er3* | Tm3*|yterbium{i) Lu3*
cerium  |praseodymium|neodymium|promethium 2+ 2+ | gadolinium| terbium |dysprosium| holmium | erbium | thufium Yb2+| lutetium
samarium(ll) {europium (1) ytterbium(ll)
90 91 5+ (92 6+ |93 94 4+|95 3+ 96 97 3+(98 99 100 101 2+ 102 2+ 103
Pa U Pu Am Bk md No
Tha* |protactinum{uranium ()| NIp>™* | putoniumV) [americiumqi)| €3+ [berieluomq)|  CF3* | Es3* | Fm3* | mendelevun ()| nobeliumit)| ~ Lr3*
thorium pa4+ .U4+ neptunium Pub*| Am?ét curium BkA+ | californium|einsteinium| fermium d3Y No3* |lawrencium
protactinium([V)| uranium (IV) plutonium{} | americium(IV) berkelium({IV) mendelevium (I} | nobelium(lil)
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ATOMIC MASSES OF THE ELEMENTS

Based on mass of C'2 at 12.00.
Values in parentheses are the mass number of the most stable or best
known isotopes for elements that do not occur naturally.

Element Symbol li?l:g?ll)lecr Al\t:;;;c Element Symbol 1(?&312‘;_ Ant/;):;;c
Actinium Ac 89 (227) Mercury Hg 80 200.6
Aluminum Al 13 27.0 Molybdenum Mo 42 95.9
Americium Am 95 (243) Neodymium Nd 60 144.2
Antimony Sb 51 121.8 Neon Ne 10 20.2
Argon Ar 18 39.9 Neptunium Np 93 (237)
Arsenic As 33 74,9 Nickel Ni 28 58.7
Aslatine At 85 (210) Niobium Nb 41 929
Barium Ba 56 137.3 Nitrogen N 7 14.0
Berkelium Bk 97 247 _ Nobelium No 102 (259)
Beryllium Be 4 9.0 Osmium Os - 76 190.2
Bismuth Bi 83 209.0 Oxygen O 8 16.0
Boron B 5 10.8 Palladium Pd 46 106.4
Bromine Br 35 79.9 Phosphorus p 15 31.0
Cadmium Cd 48 112.4 Platinum Pt 78 195.1
Calcium Ca 20 40.1 Plutonium Pu 94 (244)
Californium Cf 98 (251) Polonium Po 84 (209)
Carbon C 6 12.0 Potassium K 19 39.1
Cerium Ce 58 140.1 Praseodymium  Pr 59 140.9
Cesium ~Cs 55 132.9 Promethium Pm 61 (145)
Chlorine Cl 17 35.5 Protactinium Pa 91 231.0

~ Chromium Cr 24 52.0 Radium Ra 88 (226)
Cobalt Co 27 58.9 Radon Rn 86 (222
Copper Cu 29 63.5 Rhenium Re 75 186.2
Curium Cm 96 (247) Rhodium Rh 45 102.9
Dubnium Db 105 (262) Rubidium Rb 37 85.5
Dysprosium Dy 66 162.5 Ruthenium Ru 44 101.1
Einsteinium Es 99 (252) Rutherfordium  Rf 104 (261)
Erbium Er 68 167.3 Samarium Sm 62 150.4
Europium Eu 63 152.0 Scandium Sc 21 45.0
Fermium Fin 100 (257) _Selenjum Se 34 79.0
Fluorine F 9 19.0 Silicon Si 14 28.1
Francium Fr 87 (223) Silver Ag 47 107.9
Gadolinium Gd ] 64 157.3 Sodium Na 11 230
Gallium Ga 31 69.7 Strontium Sr 38 87.6
Germanium Ge 32 72.6 Sulphur S 16 32.1
Gold Au 79 197.0 Tantalum Ta 73 180.9
Hafnium Hf 72 178.5 Technetium Tc 43 (98)
Helium He 2 4.0 Tellurium Te 52 127.6
Holmium Ho 67 1649 Terbium Th 65 158.9
Hydrogen H 1 1.0 ~ Thallium Tl 81 204.4
Indium In 49 114.8 Thorium Th 90 232.0
Iodine I 53 126.9 Thulium Tm 69 168.9
Tridium Ir 77 1922 Tin Sn 50 118.7
Iron Fe 26 55.8 Titanium Ti 22 47.9
Krypton Kr 36 83.8 Tungsten W 74 183.8
Lanthanum La 57 1389 Uranium U 92 238.0
Lawrencium Lr 103 (262) Vanadium Vv 23 50.9
Lead Pb 82 2072 Xenon Xe 34 131.3
Lithium Li 3 6.9 Ytterbium Yb 70 173.0
Lutetium Lu 71 175.0 Yttrium Y 39 88.9
Magnesium Mg 12 24.3 Zinc Zn 30 65.4
Manganese Mn 25 54.9 Zirconium Zr 40 91.2
Mendelevium Md 101 (258)
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NAMES, FORMULAE, AND CHARGES OF SOME COMMON IONS

* Aqueous solutions are readily oxidized by air.
** Not stable in aqueous solutions.

Positive Ions

(Cations)
AP* Aluminum Pb"  Leadqv), plumbic
NH,”  Ammonium Li"  Lithium
Ba* Barium Mg2+ Magnesium
Ca** Calcium Mn?* Manganese(il), manganous
cr?t Chromium(I, chromous Mn* Manganese(V)
crt Chromium(ll), chromic ng2+ Mercury)*, mercurous
Cu® Copper(*, cuprous ngJr Mercury(ll), mercuric
Cu®*  Copperan, cupric K* Potassium
H Hydrogen Ag' Silver
H30+ Hydronium Na* Sodium
Fe®* Ironan*, ferrous Sn** Tindn*, stannous
Fet Tronqin, ferric snt* Tin(v), stannic
Pb2 Leadn, plumbous Zn** Zinc
Negative Ions
(Anions)
Br Bromide OH™ Hydroxide
COSZ_ Carbonate ClO™ Hypochlorite
10, Chlorate I Todide
cr Chloride HPO 42_ Monohydrogen phosphate
Clo, Chlorite NO, Nitrate
CrO 42_ Chromate NO, Nitrite
CN™  Cyanide C,0,7  Oxalate
Cr2072* Dichromate o Oxide**
H,PO, Dihydrogen phosphate Clo, Perchlorate
CH,COO0" Ethanoate, acetate MnO, Permanganate
F Fluoride PO, = Phosphate
HCO, Hydrogen carbonate, bicarbonate SO 42_ Sulphate .
HC,O, Hydrogen oxalate, binoxalate s% Sulphide
HSO, Hydrogen sulphate, bisulphate SO327 Sulphite
HS™ Hydrogen sulphide, bisulphide SCN™ Thiocyanate
HSO," Hydrogen sulphite, bisulphite

Chemistry 12

Data Page 3




Positive lons (Cations)

Ammonium

Chromium (1), *chromous

Chromium (III), chromis
Copper (I), *cuprous
Copper (1), cupric
Cobalt (II), cobaltous
Cobalt (II), cobaltic
Gold (1), aurous
Gold (III), auric
Hydronium

Iron (II), ferrous
Iron (III), ferric
Lead (IT), plumbous
Lead (IV), plumbic

Manganese (II), manganous
Manganese (III), manganous

Mercury (I), *mercurous
Mercury (II), mercuric
Nickel (II), nickelous
Tin (IT), *stannous

Tin (I'V), stannic

"
cr*
+
Cu™®?
Co™?
Co®
Au’
Au®

Negative lons (Anions)

Acetate
Aluminate
Amide
Arxsenite
Arsenate
Azide
Benzoate
Borate
Bromite
Bromate
Carbide
Carbonate
Chlorate
Chlorite
Chromate
Chromite
Citrate
Cyanate
Cyanide
Dichromate
Dihydrogen phosphate
Dihydrogen Phosphite
Disulfide

Polyatomic Ions

C2H302- or CH3COO )

AlO; "
NH,~
ASO3 s
ASO4 2
N3~

CeHsCOO ~

BO;

Hexacyanoferrate (II)
Hexafluorosilicate
Hexacyanoferrate (III)

Hydrogen Carbonate, Bicarbonate

Hydrogen Oxalate
Hydrogen Phosphite
Hydrogen Phosphate

Hydrogen Sulfate, Bisulfate
Hydrogen Sulfide, Bisulfide

Hydrogen Sulfite, Bisulfite
Hydrophosphite
Hydroxide
Hydride
Hypobromite
Hypochlorite
Hypoiodite
Iodate

Todite
Manganate
Molybdate
Monohydrogen phosphate
Nitrate

Nitrite

Nitride

Oxide

Oxalate
Perbromate
Perchlorate
Periodate
Permanganate
Peroxide
Phosphate
Phosphide
Phosphite
Pyrophosphate
Silicate
Sulphate
Sulphide
Sulphite
Superoxide
Thiocyanate
Thiosulfate
Tetraborate
Selenate
Tartrate

Simmer Down Inc. In Association with V. Shum productions (Aug 2009)

HCO;~
HC0,
HPO;
HPO,

HSO,"

HS -

HSO;"

PO,

OH "
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H
BrO -
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SOLUBILITY OF COMMON COMPOUNDS IN WATER

The term soluble here means > 0.1 mol/L at 25°C.

Negative Ions Positive Ions Solubility of
(Anions) (Cations) Compounds
All Alkali jons: Li*, Na®, K*, Rb*, Cs", Fr* Soluble
All Hydrogen ion: H" Soluble
All Ammonium ion: NH4+ Soluble
Nitrate, NO3' All Soluble

Chloride, CI” All others Soluble
or

Bromide, Br
or

Todide, I

Sulphate, SO 42_

Sulphide, $*

All others Low Solubility
Alkali fons, HY, NH,", sr** Seleble
Hydroxide, OH | ssm—smeiissn camsesamsrsasmmssssmns somssnormme sens s s nn s as o2 SR e sm s sy n 2 mmanaeemer
All others Low Solubility
Phosphate, PO,
- Fosphite. BO, Alkali ions, H, NH,* Soluble
Carbonate, COBZ_ ---------------------------------------------------------------------------------------
or .
Sulphite, 5032‘ All others Low Solubility

Data Page 4 Chemistry 12




Chemistry 12

SOLUBILITY PRODUCT CONSTANTS AT 25°C

Name Formula K,
Barium carbonate BaCO, 2,610~
Barium chromate BaCrO, 1.2x10740
Barium sulphate BaSO, 1.1x107'°
Calcium carbonate CaCO, 50%10°°
Calcium oxalate CaC,0, 2.3%107°
Calcium sulphate CaSO, 71x10°°
Copper(l) iodide - Cul 1.3x1072
Copper(in) iodate Cu(10,), 6.9%10°
Copper(1l) sulphide CuS 6.0%10™
Iron(1) hydroxide Fe(OH), 49x107
Iron(In) sulphide FeS 6.0x107"°
Iron) hydroxide Fe(OH)3 26%1073°
Leadrn bromide PbBr, 6.6x10°°
Leadqn chloride PbCl, 1.2x10°
Lead) iodate Pb(10,), 3 7% 107"
Lead(in) iodide : Pbl, 8.5%107°
Lead( sulphate PbSO, 1.8x107
Magnesium carbonate MgCO, 6.8%107
Magnesium hydroxide Mg(OH), 5.6x107"2
Silver bromate AgBrO, 53x10°°
Silver bromide AgBr 54x107"3
Silver carbonate Ag,CO, 35%107"2
Silver chloride AgCl 1.8x107'°
Silver chromate Ag,CrO, 11107
Silver iodate AglO, 39%107 )
Silver iodide Agl 8 5x107"
Strontium carbonate SrCO, 56x107"°
Strontium fluoride StF, 4.3%107
Strontium sulphate SrSO, 3.4x107
Zinc sulphide ZnS 2.0%107%

Data Page 5




RELATIVE STRENGTHS OF BR@NSTED-LOWRY ACIDS AND BASES

in aqueous solution at room temperature.

Name of Acid Acid Base K

g LT T AL VOl S (o el B o 2=t | 01 0 H* + ClO40 Jliissabuiaseveryllarge
) Hydriodichs. = simatars i Ui, | ahlin s sssensm L I g S o vaiewensy eyl a0 c
E Hydrobromic R e R R SN HBr HY 4 BI7 oo VETY large
Ml HydrochlOric «omimmemiee i, LV HC] )% (Al g) R R o very large
INTERC o e bt b b SHINO H" +NO; ™ .o, VeI large
SUIPRUIIC sttt SR 1 i il H,S0, H* 4+ HSO,™ oo very large
Hydronium 1on ... e S H,0" H* + H,0 s 1.0
HIO, HY 41057 i 1.7 x 107
Oxalic H,C,0, 15 WD ; (01N o J—— 59 x 1072
Sulphurous (SO, + H;O0) sssmmie-smsmmos s H,S0, HY + HSO3 7 s 1.5 %1072
Hydrogen sulphale 100 i HSO, ™ H* 480,77 12 x 107%
PhOSPROIC e L 'H,PO, 13T S 1N o e — 7.5 %107
Hexaaquoiron ion, iron(r) i00 ... Fe(H,0), " H* + Fe(H,0)5(OH)** ... 6.0 x 107
CitTIC e H,C(H,0, H* + H,CgHsO7 ™ s 711074

Nitrous ... T ——C., HNO,
Hy droflU0riC s s s mmam.: .. HF
Methanoic, formic .. T HCOOH

Hexaaquochromium ion, chromiumIil) ion ... Cr(HzO)() i
B OIZO00 Cstiecnitiniiicassmioss s ohs s AR e C,H,COOH
Hydrogen 0Xalale 100w i .HC,0, ™
E(RANOIC, ACCUC i ssssssscsssmsisesssesssssseesessnioso CH,COOH

o
]
<
'8
©
T
=
o
Z
w
@
-
("

Dihydrogen Citrate 10M i H,C¢H;0,

Hexaaquoaluminum ion, aluminum ion
Carbonic (CO, + H,0)
Monohydrogen Citrate ion .. HCgH5O4 N

/]
-
)
m
<
o
-
E
(-}
m
]
>
(7]
m

Hydrogen sulphite ion ... IR - HSO,; ™~
Hydrogen Sulphide ... e Hg S

Dihydrogen phosphate ion ... A H,PO, "~

ATTIOMIUM FOM sttt st NH, *
Hydrocyanic . S HCN
o130 SRR AP —— C¢H;0H

Hydrogen carbonate 10N i HCO,~
Hydrogen peroXide ... ey H,0,
Monohydrogen phosphate 100 ... HPO42"
Water e T G i S H,0
ooy dite S le Pl | e ST SN R SRS TR 0) 5 ()

A T O 1) Q) s oo oo L e S TS i NH;

. very small

S S ST R YA ST WA SN A A AN WA R A A A N AN N R U O O RO RO R 2 O R K20 2 O O O 2 A A

ONOHLS

very small
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Chemistry 12

Indicator

ACID-BASE INDICATORS

pH Range in Which Colour Change
Colour Change Occurs as pH Increases

Methyl violet 00 - 16 yellow to blue
Thymol blue 12 - 2.8 red to yellow
Orange IV 14 - 28 red to yellow
Methyl_c;ange 32 - 44 red to yelIow
Bromeresol green 38 -54 yellow to blue
Mcthyl red 48 - 6.0 red to yellow
Chlorophenol red 52 - 68 _ yellow to red
Bromthymol blue 60 - 7.6 yellow to blue
Phenol red 6.6 — 8.0 yellow to red
Neutral red 6.8 — 8.0 red _to amber
Thymol blue 8.0 - 9.6 yellow to blue
Phenolphthalein 82 - 10.0 colourless to pink
Thymolpht;alein 94 — 10.6 colourless to blue
Alizarin yellow 10.1 - 12.0 yellow to red
Indigo carmine 114 - 13.0 blue to yellow

Data Page 7




STANDARD REDUCTION POTENTIALS OF HALF-CELLS

Tonic concentrations are at 1M in water at 25°C.

Oxidizing Agents Reducing Agents E° (Volts)

F(p+2e” & 2F ..

$,04% +2¢7 2 280,

H,0, +2H +2¢” 2 2H,0 e
MnO,” +8H* +5¢” 2 Mn® +4H,0
AWM 4367 2 AUG)

BrO,” +6H" +5¢~ & 4B (H+3H,0
ClO,” +8H* +8¢” & CI"+4H,0 _. ...
Cly@+2¢” 2 2017 e
Cr,0,"” +14H* +6e~ 2 2Cr™ +7H,0
L0, +2H +2¢7 T Hy0 i
MnO,(®+4H" +2¢~ 2 Mn®* +2H,0

STRONG

10,7 +6H" +5¢™ 2 1L, +3H,0 oo +1.20 .
. B gl 2 Overpotential
Br,(6+2¢” g 2Br —— Effect

AuCl,” +3¢™ 28 AU +4C1T s

NO,” +4H* +3¢ 22 NO(g)+2H,0

Hg* +2e” 2 Hg) ..,
+0,(@)+2H* (107" M)+2e~ @ H,0
2NO,” +4H" +2¢~ £ N,0,+2H,0

AR +ET T ARG s

2+ - =
THg, " +e” 2

Fe**+e~ 2 ‘_’:
'z' 0,()+2H' +2¢- 2 2
w MnO,” +2H,0+3~ 2? :
g I +2e” 2 0
o CutHe™ T CUS) iiiisisiisiiao s +0.52 -
2 H,80,+4H" +4¢~ & =
N Cu* +2¢” & -|°-|
a SO, +4H +2¢7 2 W
= Cu™+e” 2 m
X Snit " —F o
o n""+2e e for
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