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Used with Units)

Prefix

Mega

KllO

Hecto

Df?ca

Deci

Cent1

Ml111

Micro

Number Power of 10

1,000,000 1 x lo6

1,000 1 x lo3

100 1 x lo*

10 1 x lo1

0.1 1 10
- 1

x
- 2

0.01 1 x 10
- 3

0.001 1 x 10
-60.000001 1 x 1 0

L metre = 1000 mm wztre

1 cm = 10 mm Centlmetre

2.54 cm = 1 In. Millimetre

453.6 gram = 1 l b Litre

1 gram = 1000 mg Millilltre

1 lltre = 1000 ml Kilogram

1 ml. = 1 cm3 Gram

0.946 lltre = lyt Milligram

m

cm

mm

1

ml

kg

9

w

fl. $'?l~nl~bfl~end?$W;?i  (Temperature Conversion  Formula)

Oc z <OF - 32)
1.8

OF zz 1.8 OC + 32
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Factors)

Weight

1 pound = 454 grams
2.2 pounds = 1 kilogram

1 ounce = 28.35 grams

Length

1 inch = 2.54 centimeters
1 yard = 0.914 meters

39.4 inches = 1 meter
0.62 miles = 1 kilometer

Volume

1 quart = 946 milliliters
1 pint = 473 milliliters
1 cup = 236 milliliters

1.06 quarts = 1 liter
1 cubic foot = 28.3 liters

Metals)

Metals

Most active metals ;
prepared by electrolysis

Liberate H2
from water

Oxides  reduced by
aluminum or carbon

Liberate H
from acl.ss
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C)(Atomic  Masses (relative

t0l2 c = 12.0000))

TABLE OF ATOMIC MASSES (relative to 12c = 12.0000)

Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
.Astatine
Barium
Berkellum
Beryllium
Bismuth
B0r0n

Rromine

Cadmium
Calcium
Califormium
Carbon
Cerium
Ceslum

Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Elnstelnium
Erblum
Europium
Fermium
Fluorine
Francium
Gadolimum
Gallium

SpbOl

AC
Al
Am
Sb
Ar
As
At
Ba
Bk
Be
B1
B
Br
Cd
Ca
Cf
C
Ce
CS

Cl
Cr
co
co
Cm
DY
ES

Er
Eu
Fm
F
Fr
Gd
Ga

Atomic Atomic
Number Mass

89 227.0278*
13 26.98154
95 (243)
51 121.75
18 39.948
33 74.9216
85 (210)
56 137.33
97 (247)
4 9.01218

83 208 -9804
5 10.81

35 79 -904
48 112.41
20 40.08
98 (251:
6 12.011

58 140.12
55 132.9054
17 35.453
24 51.996
27 58 -9332
29 63.546
96 (247)
66 162.50
99 (252)
68 167.26
63 151.96

100 (257)
9 18.998403

87 (223)
64 157.25
31 69.72

Numbers in parentheses are mass numbers of the most stable isotope.
* Most commonly available long-lived  Isotope.
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Atomic Atomic
Symbol Number Mass

Praseodylnium Pr 5 9 140.9077
Promethium Fm 6 1 (145)
Protactinium Pa 9 1 231.0359
Radium Ra 8 8 226.0254*

Radon Rn 8 6 (222)
Rhenium Re 75 186.207
Phodium Rh 45 102.9055
Rubidium Rb 37 8 5 . 4 6 7 8
Ruthenium Ru 4 4 101.07
S a m a r i u m S m 62 1 5 0 . 3 6
Scandium SC 21 4 4 . 9 5 5 9
Selenium Se 34 78.96
Silicon S i 1 4 28.0855
Silver Ag 47 107.868
Sodium Na 11 2% -98977
Strontium Sr 3 8 87.62
Sulfur s 16 3 2 . 0 6
Tantalum Ta 73 180.9479

Technetium TC 43 (98)
Tellurium Te 52 127.60
Terbium Tb 65 158.9254
Thallium Tl 81 704.383

Thorlurrt Th 9 0 232.0381*
Thulium Tm 6 9 168.9342
Tin Sn 50 118.69
Trtanium Ti 22 47.88
Tungsten w 14 183.85
Uranium u 9 2 238.0289
Vanadium V 23 50.9415
X e n o n Xe 54 131.29
Ytterbium Yb 70 173.04
Yttrium Y 39 88.9059
Zinc Zn 30 65.38
Zirconium Ze 40 91.22

Numbers In parentheses are mass numbers of the most stable lsot
* Most commonly available long-lived  Isotope.
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Symbol

Atomic

Number

Atomic

Mass

Germanium Ge 3 2 72.59
Gold AU 79 196.9665
Hafnium H f 7 2 178.49
Helium He 2 4.00260
Holmium H O 6 7 164.9304
Hydrogen H 1 1.0079
Iridium I N 49 114.82
Lodine I 5 3 126.9045
Iridium I r 7 7 192.22
Iron Fe 26 55.847
Krypton Kr 3 6 83.80
Lanthanum La 57 138.9055
Lawrencium Lr 103 (260)
Lead Pb 82 207.2
Lithium Li 3 6.941
Lutetium Lu 71 174.967
Magnesium Mg 1 2 24.305
Manganese Mn 2 5 54.9380
Mendelevium Md 101 (258)
Mercury Hg 8 0 200.59
Molybdenum H o 4 2 95.94
Neodymium Nd 6 0 144.24
Neon Ne 1 0 20.179
Neptunium NP 93 237.0482*
Nickel Ni 28 58.69
Niobium Nb 4 1 92.9064
Nitrogen N 7 14.0067
Nobelium No 102 (259)
Osmium OS 7 6 190.2
Owwn 0 8 15.9994
Palladium Pd 46 106.42
Phosphorus P 1 5 30.97376
Platinum Pt 7 8 195.08
Plutonium Fu 9 4 (244)
Polonium PO a4 (209)
Potassium K 19 39.0983

Nur,k>er:.  in parentheses are mass numbers of the most stable isotope.
* Most commonly available long-lived isotope.
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36

37

3 8

39

41)

41

42

4 3

44

4 5

48

4 1

4 8

49

50

81

5 2

5 3

54

5 5

56

5 7

56

5 8

M

61

F2

63

G-l

65

cJ3

G 7

GH

69

70
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H
2 . 1

LI

1 0

Na

0 . 9

K

08

R b

08

cs

0.7

FC

0 7

Be

1 5

MQ

1 2

Ca

10

Sr

10

5.3

0 9

fla

0 9

SC
13

Y
1 2

La-L11

1  l-l 2

A C

1 1

8
2 0

Al

15

Tt V Cr Mn Fe Co NI Cu  Zn Ga

15 16 1 6 1 . 5 18 18 1.8 1 . 9 16 16

Zr Nb MO  Tc Ru Rh  Pd Ag Cd In

14 16 18 1 9 2 2 2 2 2 2 19 1 7 1.7

Hf Ta W Re  OS  lr Pt  Au fig  TI

1 3 1 . 5 1 .7 1 9 2 2 2 2 2 2 2 4 19 18

Th Pa CI Np-Lw

1 3 1 5 17 1 3

N 0

3 0 3 5

P S

2.1 2 5

As Se

2.0 2 4

Sb Ts
19 21

81 P O

1 9 2 0

F
4 0

C l

3 0

sr

2 8

I

2 5

At

2 2
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Element

Aluminum
Antimony
Argon
AWZiC

Bartllm
Bismuth
BOVXl
Bromine
Cadmium
Calcium
Carbon
Chlorine
Chromium
Cobalt
Copper
FlUXilE
Gold
Helium
Hydrogen
Iodine
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Nitrogen
OYXygell
Phosphorus
Platinum
Potassium
Radium
Slllcon
Silver
Sodium
Strontium
Sulfur
Tin
TUngSten
ZiIlC

Symbol

Al
Sb
Ar
As
Ba
B i
B
BK
Cd
CC3
C
Cl
C:
C O
c u
F
AU
He
H
I
Fe
Pb

h
Sin

Hg
!“to
Ni
N
0
P
Pt
K
Ra
Si
AZ
Na
3
S
Sn
W
zu

A,om,c
Weight

2 6 . 9 8

121.75
3 9 9 4 8

7 4 . 9 2

137.34
2 0 8 . 9 8

!0.81
-990

112.4
LO.08
12.01 I

35.45
52.0
58.93
ir j j s

18.9’)s
196.97

4 0025

1  00s
1 2 6 9

5 5 8 5
2 0 7  2

1431
X935

‘ 0 0 5 9
9 5 9 4
5 8 7 1

14.0
1 5 9 9 9 4
!0.974

1 9 5 0 9

39 102
226  IO

28086

1 0 7 5 7
2299

37.62

3 2 . 0 6
118 69
183 8 5

6 5 . 3 7

1 3

51
18

33

56
93

5

35

48
20

6

1 7
14
27

29

9
79

2

I
53

26

82
I2
25

30
12
78

7

8
15

i s
1 9

18
I.4

47

I I
38

i6

‘ 0
74

30

3

3-5

0
3-5

-

2 . 7 0

4 . 1 5

3

3

1-S

2
2

A.2

l - 3 - 5 - 7
2-3-6-7

2-3

l - 2

-

5 . 7 3
3.51
9 . 8 0

2 . 3 4
2 . 9 3

8 . 6 4
1 . 5 4
3.51

3.21
7 70

8 9
8 . 9 2

1-3

0
I

1-5-7

2-3
2-a

7

2-3.4.6-7

!-2

2-4-6
2-3

3-s

2
3-s

2-4

1
2
:

1

1
2

2-4-6
2-4

2-1-6
2

-

19.3
-

-

4.93
7 8 6

1 1 . 3 4

1 . 7 4
7 2 0

13 59

10 2

8 90

6 6 0

631
-1189

8 1 7

725
271

2 3 0 0
- 7.2

321
842

> 3 5 5 0

- 101
:89O
1195
!083

- 2 2 0
1063

- 2 7 2

-2259

1 1 4
153,

128

651
!244

-
-

-

2 1 . 4 5

0 . 8 6
-

2 . 3 3
10.5

0 . 9 7

2.6

2 . 0 7
7 2 8

19.35

7 . 1 4

- j8.9
ZhiO

!-153
- 210

-218

44.1
1769

63.7

7m?
1410

961
97.8

769

119

2 3 2
3110

419

2 4 6 7

1380
- 1 8 6

613

1140
1560
2 5 5 0

59

7 6 5
1487

4 8 2 7

- 34 .6
2 4 8 2
2 9 0 0
2595

- 188

2 9 6 6
- 2 6 9

- 2 5 3

184
3 0 0 0
1744

1107
1097

3 5 7

5S60

2 7 3 2
- 196
- !83

‘SO

3817

774

< 1 7 3 7
2 3 5 5
1212

992
!381

145
2 2 i 0

S927
9 0 7
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I

mil9~ 11 qnrAa"aa4GMdn22arn"ui?4  7

(Boiling Point of Water versus Pressure)

Pressure (mm) Boiling point (OC)

700 97.714
705 97.910
710 98.106
715 98.300
720 98.493
725 98.686
730 98.877
735 99.067
740 99.255
745 99.443
750 99.630
755 99.815
760 100.000
765 100.184
770 100.366
775 100.548
780 100.728
785 100.908
790 101.087
795 101.264
800 101.441
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63 0.976361
7 3 IO.077793
71 ~0.3iiL15
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Liquid

Acetone

Carbon disulfide

Boiling Point

OC

56.5

46.3

Carbon tetrachloride 76.8

Chloroform 61.3

Ethanol 78.5

Ether

Methanol

,34.6

64.6

Water 100.0
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Water)

TEMPER-
ATURE
PC)

- -

0
5

10
1 5
1 6

1 7

18

1 9

20

21

22

2 3

24

25

2 6

27

28

2 9

30

31

T

-

F'RESSUREa

torr atm
- - - -

4.6 0.0061

6.5 0.0086

9.2 0.0121
12.13 0.0168
13.6  0.0179
14.15  0.0191

15.5 0.0204

16.5 0.0217

17.5 0.0231

18.6 0.0245

19.8 0.0261

21.1 0.0277

22.4 0.0294

23.8 0.0313

25.2 0.0332

26.7 0.0352

28.3 0.0373

30.0 0.0395

31,E 0.0419

33..7  0.0443

- -

Pa

610

872

1227

1705

1 8 1 8

1 9 3 7

2063

2 1 9 7

2338

2 4 8 6

2 6 4 3

2 8 0 9

2983

3167

3360

3564

3 7 7 9

4 0 0 5

4 2 4 2

4 4 9 2

EMPER-
I'URE
(OC)

32

33

34

35

36

37

38

39

40

45

50

55

60

65

70

75

80

85

90

95

100

r
L

PRESSUREa

atm

iE&i.
37:7;0.0496

39.9 0.0525

42.2,0.0555

4 4 . 6 ' 0 . 0 5 8 6

47.1 0.0619

49.7 0.0654

52.4 0.0690

55.3 0.0728

71.9 0.0946

92.5.0.1227

!18.0,0.1553

149.410.1965

187.5 0.2468

233.7 0.3075

289.1 0.3804

355.1 0.4672

433.6 0.5705

525.8 O.G918

633.9 0.8341

760.0 1.0000

Pa

4755

5030

5319

5622

5941

6275

6625

6992

7 3 7 6

YSR3

12 , .3  3.3

15,737

19,915

25,002

31,157

38,543

47,342

5 7 , 8 0 8

70,094

'4.512

100,325

a
Unl-ts in torr to nearest tenth ; atmospheres to nearest
ten-thousandth ; pascals  to nearest unit.
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(Equilibium  Constants for the dissociation of
Complex ions and Salts)

C o m p o u n d Dissociation reaction K PK

AMMINE  (AMMONIA) COMPLEX IONS

Tetraamminecadmium(ll)
Tetraamminecopper(ll)
Diamminesifver(l)

Tetraamminezinc(ll)

Cd(NH,),‘+ = Cd’+ + 4N& 2 x lo-’ 6 .7

Cu(NH,),”  = Cu”  + 4NH, 8  x lo - - 12.1

Ag(NH,),+  = Ag’ + 2NH 3 6 x 10-1 7.2
Zn(NH>),‘+  = Z;l*+  + 4NH, 1 x 10-q 9.0

HYDROXIDE COMPLEX IONS-AMPHOTERIC HYDROXIDES

Tetrahydroxoaluminate AI(O  = AI(  + OH- 3 x 10-t 1 . 5
Tetrahydroxochromate(lll) Cr(OH),-  = Cr(OH),(s)  + OH- 2.5 -040
Trlhydroxoplumbate(ll)  ion Pb(OH);  = Pb(OH),(s)  + OH- 2x 10’ - 1 3
Trihydroxostannate(ll) Sn(OH),- = Sn(OH),(s)  + OH- 2.6 -0.41
Tetrahydroxozincate Zn(OH).*-  = Zn(OH),(s)  + ZOH- 4x 10’ -16

CHLORIDE COMPLEX IONS AND WEAK SALTS

Dichlorocadmium
Tetrachloroaurate(lll)  ion

Trichloroiron(lll)
Dichloroiron(lll)  ion

Chloroiron(lll)  IO”

Mercury(ll)  chloride

Chloromerculy(ll)  ion
Tetrachloromercurate(lf)
Tin(ll)  chloride
Tetrachlorosiannaie(ll)  (on

Hexachlorostannate(lV)  ion

Dichloroargentate(l)  (on

CdCI,(aq)  = Cd’+ + ZCI-
AuCI;  = Au’+  + 4CI-

FeCl,(aq) = Fe’+  + 3CI-

FeCI,+[aq)  = Fe’+ + ZCI-
FeCI”  = Fe’+ + CI-

HgCI,  (aq)  = tigcv  + cl-

HgCI’=  Hg’+  + CI-

HgCI,*- = Hg”  + 4Ci-
SnCI,  fag)  = sn*+  + x-

SnCI,‘-  = Sn”  + JW

SnCI,‘-  = Sri”  + 6W
AgCI;  = Ag’ + 2CI-

2.5 x 10.’
5 x 10-22
8 x 10-z

ai  1 0 ’

3 5 x 10-z

K , :  3 3 x  I O - ’

KS:  1.6 x IO-’

2.60
21.3

1 . 9
2 .9

1 46

6.46

6.74
1 5 0 7
2.24

1.48

4
5.3

OTHER COMPLEX IONS AND WEAK SALTS

Tetracyanocadmate(ll)  !on Cd(CN),‘-  = Cd*+ + 4CN-
Thlocyanatoiron(lll)  ~on FeSCN’+  = Fe”  t SCN-
Lead(U)  acetate Pb(C,H,O,),(aq)  = Pb’+  + ZC,H,O;
Trlacetatoplumbate(lI)  ion Pb(C,H,O,),-  = Pb”  + 3C,H,O,-
Dicyanoargentate(l)  ion Ag(CN),-  = Ag’ + 2CN-
DithiosuIfatoargentate(1)  ion Ag(S,O&-  = Ag-  i ZS,O,‘-

5.7 x 10-1

3.3 x 10-z
? 10.’

5 x lo-*

8  x lo-”
1 x 10-a

1 x 10-4

2.5 x 10-7
1 x 10-m

4 x 10.”

17.1

3.0
4.0

6.60

2 0  0
13.4
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Acid

Acetic

ARsenic

Aluminum ion

Carbonic

Ferric  ion

F'opmic

Hydrocyanlc

Hydrofluorx

Hydrogen peroxide

Hvdrosulfurlc

Formula

“ZH3’2

H3ASOq
H2AsOq

HAS0
2-
4Al!H2O);+

H2C03

HCO;
Fe(H20j6  3+

HI"H0 2

HCN

HF

H2°2

H2S
HS-

HClo

HNO 2
H2C204

nc  o -
2 4

H3p04

ii?ytHP0
4

Ka(25%

1.75 x 10 -5

5 . 0  x 1o-3
9.3 x 10 -8

3 . 0  x lo-l2
1.2 x 10 -5

4 . 2  x 10
-1

4 . 8  x lo-l1
4.0 x 10 -3

1.8 x lo-4

4 . 0  x lo-lo

7.0 x 1 0
-4

2.4 x 1 0 -12

1 . 0  x 1o-7

1.0 x lo-l5

3 .2  x 1 0
-8

-4
4 . 5  x 10

4.5 x 1 0
-2

-5
5.5 x 1 0

7.5 x 1 0
-3

6.2 x

-8

1.7 x
10 -12
10

Sulfuric H2S04 very large
HSO; 1.2 10 -2

Zinc lOI7 2tZn(H2014 2.5 10 -10

Formula ‘h (25OC)

Ammonia NH3 1.80 x 1O-5
-

CH 11:3(H) 377



Substance K
=P Substance K

sP
'
BaCO3
BaS04

BaF2

Ca(OHJ2

CaCO 3

CaC204

CaF2

CaS04
Cu(OHj2

cus
Fe(OH)3

Mg(OHj2

Pbs
Pbso4
Pb(Io3j2

2.0 x 10
-9

9.7 x 10 -11

1.7 x 10 -6

10-67.9 x

4.8 x 10
-9

2.3 x lo-'

1.7 x lo-lo

2.6 x 1O-5
1.6 x 10-l'

1.0 x 10-36
5.3 x 10 -38

9.6 x lo-l2

1.3 x 10-28

1.4 x 10-8

2.6 x lo-l3

PbC12 1.7 x 10-5

Ag2 SO4 1.2 x 10 -5

Ag,O(Ag++ OH-) 2.0 x 10 -8

AgBr03 5.2 x lo -5

AgCl 1.6 x lO-1o

AgBr 5.2 x lo-l3

-%I 9.5 x lo-l7

Ag2S 9.5 x 10-50

8.2 x lo-l2Ag2C03

Ag2Cr0  4 1.9 x lo-l2

La(I03j3 6.2 x lo-l2

FeS 1.4 x lo-l8

4.8 x lo-l7Zn(OHJ2

Zns 1.2 x 10-23

cos 1.0 x 10 -21

378
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Name of ~nd~cat’sr pH  interval Color cnange Solvent

Methyl violet

Thymol t’lue

Orange IV jtrcpeoim  00;

Benroputpur’rl  48

Methyl orange

Brompbenol  blue

cmgo  red

Bromcresol  green

Methyl red

Chlorphenol  red

Bromcresol purple

Lltmus

Bromlhymol  blue

Phenol red

Thymol blue

Phenolphthaleln

Thymolphthaiem

Atlzar~n  yellow A

lndlgo carmine

Trimtrobenzene

02-  3d

12-  28

13-  3 0

IZ-  4 0

31-  4 4

30-  46

30-  5 0

38-  5 4

4.4-  6 2

4.a-  6 a
5s 68
4% 83
60-  7 6

68-  a 2

a o -  9 6

83-100

9 3-10 5

100-120

11 4-13.0

12.0-140

Yellow, blue. violet

Red to yellow

iied  io  yeilow

v1oiet  tc, red

Red  ?o  orange !o yellow

Yellow ta  blue violet

Blue to red

Yellow  ! O clue

Red :o  yellcw

Yellow to red

Yellow  to purple

Red to blue

Yellow lo  blue

Yellow to  ,e*

Yellow to blue

Colorless to red

Yellow ! O blue

YdiOW  to  red

Blue to yellow

Coiorless  :o  orange

‘water

‘Water (t NaOH)

Wd:Br

20%  arcohol

wNa:er

$J/a:~r  (7 NaOH)

70% dlCOnOi

‘water (T NuaOH)

Water (r NaOH)
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Logarithms of Numbers (conr )
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