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Appendices Gumm

Appendix 1
Common prefixes used in the Metric Systems
Prefix Multiple Symbol
Deci 107! d
centi 107 c
milli 10~ m
micro 107 L
nano 107 M
pico 107" p
deca 10 da
hecto 10° h
kilo 10° k
mega 10° M
giga 10° G
Tera 10" T
Appendix 2
Physical Constants
Speed of light = 2.997x 10° ms™

Boltzmann constant k =

1.380 x 1072 JK !

Planck's constant (h) =

60625 x 10 Js

Avogadro constant (N) =

6.022 x 10* mol™

Gas constant (R) =

8.314 HI™! mol™

1.987 cal K™ mol™

82.053 ¢cm’ atm K~ mol™

-161 -




lLangstrom(A) = 10"m=10%cm= 10_4um=10_1nm

1litre (1)=10" = 1dm’=10°cm’
3

m

Inx 2.303 log 19x

Bohr's radius ag

0.52918 (A)

Appendix 3
Activity coefficient y or fof ions at different ionic
strengths
Ionic strength| Charge of ion’Z
Of solution +1 +2 +3
0.001 0.98 0.78 0.73
0.002 0.97 0.74 0.66
0.005 0.95 0.66 0.55
0.01 0.92 0.60 0.47
0.02 0.90 0.53 0.37
0.05 0.84 0.50 0.2]
0.1 0.8] 0.44 0.16
0.2 0.80 041 0.14
0.3 0.81 0.42 0.14
0.4 0.82 0.45 0.17
0.5 0.84 0.50 0.21
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Appendix 4
Solubility product K, of sparingly soluble electrolytes at
25°C

AgCl 1.8x 107"
Ag,CrO, 40x 1077
Ag,S0, 2x 107
PbCl, 2x 107
PbBr; 9.1x 10°
Pbl, 8.0x 10~
PbCrO, 1.8x 107"
Cu(OH), 22x 107
Cd(OH), 2x 107"
Fe(OH), 1x107"
Fe(OH), 3.8x 107"
Appendix 5
SI base units SI derived units
Meter m Newton N| kg m/sec’
Kilogram Kg Pascal Pa N/m’
Second s (sec) Joule J | kg m/sec’
Ampere A Watt W| J/sec
Kelvin K (°K)|  Coulomb C| Ascc
Mole mol Volt V| JA sec”
Ohm Q| V/A
Siemens S| Q'
Faraday F | Asec/V
Hertz H| sec™
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Other units

Angstrom A 107

Atmosphere atm 101.325 N/m’

Bar bar 10> N/m’

Calorie cal 4.184 ]

Dyne dyn 10°N

Erg erg 107]

Inch n 2.54 cm

Millimeter of mmHg 13.5951 x 980.665 x
Mercury (Torr) 107 N/m’

Pound Ib 0.4535025 kg
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Appendix 6

Conversion Factors for Electromagnetic Radiation,
(To convert data in units of x shown in the first column to the units
indicated in the remaining columns, multiply or divide as shown).

Units Frequency Wave Wave-length.
of x Hz -number Energy cm
cm!
kcal/mol erg eV
300% 10"
Hy LO0x  334x 107Mx 954x 1074y 6.63x 1075 414x 1075y oV
L%
100
em! 3.00 x 10710 ¢ 1.00 x 286x 107y 1.99x 10710y 124 % 10y T
X 286x107"
kealmol  1.05x 10%x  350x 10°x  [00x  695x 1074y 43ax 102y =o0x19
X
: 1.99x107%
erg 15Ix 108y 504x10%x 144 x 107y 100 x 624 x 10 ZET
X
124x107
v 24104y 807x10°x  231x10'x 160x102x  joox X0
X
300 10" 100 286x107  199x107  124x10”
cm _— — 1.00 x
X X X X X
300x10" 100x10"  286x10*  199x10” 124x10°
mn X x10 X - - 1.00x 107 x
X X X X X
Appendix 7

Summary of Mathematical Concepts used in chemistry.:

In this appendix a list of most widely used mathematical refations are given which are used at different
places in the text of physical chemistry.
Logarithms :

Ina
log mn
logim/n

log m"

1l

2.303 log a or log,a = 2303 log,a

log m + log n + ...
logm - logn

nlog m

Use of logarithms in chemistry : A few examples

I Arrhenius Equation k = Ae 58T
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o

It can be written as:

logk =log A - Ef2.303 RT

The cnergy of activation £ can be obtained by plotting log K versus T The slope of the
straight line would yield £/2.303 R and thus, the energy of activation E can be calculated.
pH of the solution can be obtained by using the logarithmic relation
pH = -log [H*]
Rate laws in chemical kinelics
First order chemical reaction is given by

2.303 a
logyo

k=
a—X

Entropy calculations for ideal gases
For an isothermal change, the entropy change AS for a reversible proccss is cxpressed as,

v,
AS =nRIn—
v

AS:annfL

2

Stirling’s OIS g
Cooalnnng s approximativi

For large values of N, the Stirling’s approximation may be represented as

mN!=nlnN-N

6. Presentation of entropy (S) in terms of partition function (Z)

E
S=—+klnz
T

Some other Mathematical Relations :

Exponentials :

+i0 .
e = cosh +isinB
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Taylor’s expansions

Differentiation :

d
d_( ¢) = O [Differentiation of a constant is zero]
X

—;—i—(u +v)= :;Tix—(u) + -;;—i;(v)

d dv du
—(uv)=u—+v
dx d.
du _ dv
d(u dx _ Cdx
_‘Zx_ ; = > when v 0

d , .
—_ = cos
o (sin x) x
d .
—(cos x) = —sin
ax (05X *
2

d
—(tan x) = sec” x
dx

%(cot x) = —cosec?x

If ¢ = f(x, y) and ¢ is an exact differential, then

o%¢ _ o%¢
Oxdy Oyox
It u=f(x,y),
then du = (-‘?fi) dx + (@) dx
ox /], Oox J,
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Ir G=f(T.P.n,my, ...)

. 0 0 0G 0
then dG = [E_Q) (/T+(9—q) dr+ @« din + i
or Pongony op Tom.m a”l T.P.u 0

dE=TdS - PdvV
dH =TdS + VdP
dA = -~8dT - PdV
dF = -8dT + VdP

oo o2

SERE
ar), \ar),

Integration

Nt

X )
Jx"dxz Jsm xdx=-cosx

i+l

cosxdx=sinx

cosecy cot x dx = ~cosec x

Jcoscczxdx =-cotx

J.X”L’_."'r(!)f =n !/au+l
0 -
-
Integral calculus in chemistry :
Integral calculus is widely used in chemistry
A few examples are

(i) In thermodynamics :

2
Jscc xdx=tlanx

J'secx tanx dy=secx

The work done (i) by the surroundings on the system is given by the integration of the factor

Pdvie.

W= | PdV

—
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=P(v-v))
W= PAV
(2) In chemical kinetics

dx
Deduction of rate laws: A mathematical expression which gives the rate 7w functio

concentration of reactants is called the rate law,
For a first order chemical reactions

A —— Products

dx
— =k (a-x)
dt
which on integration gives,
2303 a
ke = log
t a-x

The solution of Quadratic Equations

Any quadratic equation can be cxpressed in the following form

2
av +bx+c=0

In order o solve a quadratic equation, the following formula is used

.- ~b+vb* - dac

"
LU

Example: Solve the quadratic equation

3t +13x-10=0

In lh!ix case, =3 h=13 r=-10

. CBE-as(0) T -

= -
XD

-13217

The two roots are therefore,

-13+17 -13-17
Xr=— and x=—
6 6
=0.67 =-5
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Appendix 8

Eutectic Mixtures
The eutectic temperature Oy is the lowest temperature at which both the solid components of a mixture
are in equilibrium with the liquid phase. O, denotes the melting temperature.

Components Mclting Composition of Eutectic
temperatures O, eutectic mixture % temperature O
by mass
Sn 232 63.0 183
Pb 327 370
17 at
Sn 232 210 198
Zn 420 9.0
Bi 271 55.5 124
Pb ‘327 445
Bi 271 60.0 146
Cd 321 40.0
Cd 321 84.0 270
Zn 420 170
Sn 232 99.2 297
Cu 1083 08

Appendix 9

Composition of the Atmosphere

Gas, . Volume percent in dry air
N, - 78.09

0, 2095

Ar 0.93
€0, 0.03

Ne 0.0018
He 0.00052
Kr 0.00011
H, 0.00005
Xe 0.000009
Rn 6x 1078




Table of atomic weights

Eleinent Symbol Atomic number Atomic weight —
Actinium Ac 89 2n
Aluminium Al 13 27.0
Americium Am 95 (243)
Antimony Sb )| 121.8
Argon Ar 18 40.0
Arsenic As 33 74.9
Astaiine At 835 (210)
Barium Ba 56 137.3
Berkelium Bk 97 (247)
Beryllium Be 4 90
Bismuth Bi 83 209.0
Boron B 5 10.8
Bromine Br 35 79.9
Cadmium Cd 48 1124
Calcium Ca 20 40.1
Californium Cf 98 40.1
Carbon C 6 120
Cerium Ce 58 40.1
Cesiuimn . Cs 55 132.9
Chlorine : Ci 17 355
Chromium . Cr 24 52.0
Cobalt . Co 27 589
Copper ) Cu ) 29 63.5
Curium 3 Cm - 96 - (247)
Dysprosium Dy 66 162.5
Mercury Hg 80 200.6
Molybdenum Mo 42 95.9
Neodymium Nd 60 1442
Neon Ne 10 20.2
Neptunium Np 93 (237)
Nickel Ni 28 587
Niobium Nb 41 9.29
Nitrogen N 7 14.0
Nobelium No 102 (259)




Element Symbol  Atomic number _ Atomic weight
Osmium o R R Y A
Oxygen 0 I T 16.0
Palladium  ~ P 46 106.4
Phosphorus P15 T
Platinum Pt Y S . 7
Plutontum Pu _ o4 A
Polanium Po = = — % — 21—
Potassium K - - - W8 %t
Praseodymium Pr S T sy T T T Ty
Prometiiium e 1 Y ('L ) S
Protactinium Pa 9 230)
Radium R\ 88 26
Radon Rn K D ¢/}
Rhenium Re . _ a5 1862 — —
Rhodium Rh - - — 45 12—
Rubidium R - - - — 33— —— 85—
Einsteinium Es e VA
Erbium Er Y S 1 K I
Europium Eu o 63 s
Fermium Fm 71@ :: (252)
Fluorine F : : : : 9 /e
Francium Fr 87 D % ) B
Gadolinium Gd S . S 157.3
Gallium Ga . S 2.t A
Germanium Ge - - - =R 72—
Gold - el (e A L7
Hafnium Hf - - - — ]2 1185
Helium He o 2 4.0
Holmiumn Ho K 164.9
Hydrogen H : : : : Eii/mg
Indium In 49 1148 000000
Todine I . « S b,
Iridium Ir S, . I 192.9
fron Fo - - - =~ —2% — 558
Kiypton Ki 36 83.8




Element Symbol Atomic number Atomic weight

Lanthanum La } 57 138.9
Lawrencium Lr 103 (260)
Lead Pb 82 207.2
Lithium Li 3 6.9
Lutetium Lu 7t 175.0
Magnesium Mg 12 243
Manganese Mn 25 549
Mendelevium Md 101 (256)
Ruthenium Ru 44 101.1
Samarium Sm 62 150.4
Scandium Sc 21 45.0
Selenium Se 34 79.0
Silicon Si 14 28.1
Silver Ag 47 107.9
Sodium Na I 23.0
Strontium Sr 38 87.6
Sulfur S 16 32.1
Tantalum Ta 73 180.9
Technetium Tc 43 99)
Tellurium Te 52 127.6
Terbium Tb . 65 158.9
Thallium Tl 81 2044
Thorium Th. 90 2320
Thulium [ Tm 69 168.9
Tin Sn 50 - 118.7
Titanium n Ti .22 479
Uranium U 92 238.0
Vanadium \Y 23 509
Wolfram (Tungsten) w 74 183.9
Xenon Xe 54 131.3
Ytterbium Yb 70 173.0
Yttrium Y 39 88.9
Zinc Zn 30 65.4
Zirconium Zr 40 91.2

Note: The atomic weight for each element is based on the carbon-12 scale. Parantheses denote atomic weight for

maost stable for bagt known icotone,

oSt slabie oest 1gotope.

fdkkdhn
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