
Element Symbol Atomic Molar
Number mass/

 (g mol–1)

Actinium Ac 89 227.03
Aluminium Al 13 26.98
Americium Am 95 (243)
Antimony Sb 51 121.75
Argon Ar 18 39.95
Arsenic As 33 74.92
Astatine At 85        210
Barium Ba 56 137.34
Berkelium Bk 97 (247)
Beryllium Be 4 9.01
Bismuth Bi 83 208.98
Bohrium Bh 107 (264)
Boron B 5 10.81
Bromine Br 35 79.91
Cadmium Cd 48 112.40
Caesium Cs 55 132.91
Calcium Ca 20 40.08
Californium Cf 98 251.08
Carbon C 6 12.01
Cerium Ce 58 140.12
Chlorine Cl 17 35.45
Chromium Cr 24 52.00
Cobalt Co 27 58.93
Copper Cu 29 63.54
Curium Cm 96 247.07
Dubnium Db 105 (263)
Dysprosium Dy 66 162.50
Einsteinium Es 99 (252)
Erbium Er 68 167.26
Europium Eu 63 151.96
Fermium Fm 100 (257.10)
Fluorine F 9 19.00
Francium Fr 87 (223)
Gadolinium Gd 64 157.25
Gallium Ga 31 69.72
Germanium Ge 32 72.61
Gold Au 79 196.97
Hafnium Hf 72 178.49
Hassium Hs 108 (269)
Helium He 2 4.00
Holmium Ho 67 164.93
Hydrogen H 1  1.0079
Indium In 49   114.82
Iodine I 53   126.90
Iridium Ir 77 192.2
Iron Fe 26 55.85
Krypton Kr 36 83.80
Lanthanum La 57 138.91
Lawrencium Lr 103 (262.1)
Lead Pb 82 207.19
Lithium Li 3 6.94
Lutetium Lu 71 174.96
Magnesium Mg 12 24.31
Manganese Mn 25 54.94
Meitneium Mt 109 (268)
Mendelevium Md 101 258.10

Mercury   Hg 80 200.59
Molybdenum Mo 42 95.94
Neodymium Nd 60 144.24
Neon Ne 10 20.18
Neptunium Np 93 (237.05)
Nickel Ni 28 58.71
Niobium Nb 41 92.91
Nitrogen N 7 14.0067
Nobelium No 102 (259)
Osmium Os 76 190.2
Oxygen O 8 16.00
Palladium Pd 46 106.4
Phosphorus P 15 30.97
Platinum Pt 78 195.09
Plutonium Pu 94 (244)
Polonium Po 84 210
Potassium K 19 39.10
Praseodymium Pr 59 140.91
Promethium Pm 61 (145)
Protactinium Pa 91 231.04
Radium Ra 88 (226)
Radon Rn 86 (222)
Rhenium Re 75 186.2
Rhodium Rh 45 102.91
Rubidium Rb 37 85.47
Ruthenium Ru 44 101.07
Rutherfordium Rf 104 (261)
Samarium Sm 62 150.35
Scandium Sc 21 44.96
Seaborgium Sg 106 (266)
Selenium Se 34 78.96
Silicon Si 14 28.08
Silver Ag 47 107.87
Sodium Na 11 22.99
Strontium Sr 38 87.62
Sulphur S 16 32.06
Tantalum Ta 73 180.95
Technetium Tc 43 (98.91)
Tellurium Te 52 127.60
Terbium Tb 65 158.92
Thallium Tl 81 204.37
Thorium Th 90 232.04
Thulium Tm 69 168.93
Tin Sn 50 118.69
Titanium Ti 22 47.88
Tungsten W 74 183.85
Ununbium Uub 112 (277)
Ununnilium Uun 110 (269)
Unununium Uuu 111 (272)
Uranium U 92 238.03
Vanadium V 23 50.94
Xenon Xe 54 131.30
Ytterbium Yb 70 173.04
Yttrium Y 39 88.91
Zinc Zn 30 65.37
Zirconium Zr 40 91.22

Element Symbol Atomic Molar
Number mass/

 (g mol–1)

The value given in parenthesis is the molar mass of the isotope of largest known half-life.

Elements, their Atomic Number and Molar Mass

APPENDIX I
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Common Unit of Mass and Weight
1 pound = 453.59 grams

1 pound  = 453.59 grams = 0.45359 kilogram
1 kilogram = 1000 grams = 2.205 pounds
1 gram = 10 decigrams = 100 centigrams

 =  1000 milligrams
1 gram = 6.022 ´ 1023 atomic mass units or u
1 atomic mass unit = 1.6606 ´ 10–24 gram
1 metric tonne = 1000 kilograms

           = 2205 pounds

Common Unit of Volume
1 quart = 0.9463 litre
1 litre  = 1.056 quarts

1 litre = 1 cubic decimetre = 1000 cubic
centimetres = 0.001 cubic metre
1 millilitre = 1 cubic centimetre = 0.001 litre

    = 1.056 ´ 10-3 quart
1 cubic foot = 28.316 litres = 29.902 quarts

      = 7.475 gallons

Common Units of Energy
1 joule = 1 ´́́́́ 107  ergs

1 thermochemical calorie**
=  4.184 joules
= 4.184  ́  107 ergs

= 4.129 ´ 10–2 litre-atmospheres
= 2.612 ´ 1019 electron volts
1 ergs = 1 ´ 10–7 joule = 2.3901 ´ 10–8 calorie
1 electron volt = 1.6022 ´ 10–19 joule

          = 1.6022 ´ 10–12 erg
          = 96.487 kJ/mol†

1 litre-atmosphere = 24.217 calories
   = 101.32 joules
   = 1.0132 ´109 ergs

1 British thermal unit = 1055.06  joules
= 1.05506 ´1010 ergs
= 252.2 calories

Common Units of Length
1 inch = 2.54 centimetres (exactly)

1 mile = 5280 feet = 1.609 kilometres
1 yard = 36 inches = 0.9144 metre
1 metre = 100 centimetres = 39.37 inches

= 3.281 feet
= 1.094 yards

1 kilometre = 1000 metres  = 1094 yards
= 0.6215 mile

1 Angstrom = 1.0 ´ 10–8 centimetre
       = 0.10 nanometre
       =  1.0 ´ 10–10 metre
       = 3.937 ´ 10–9 inch

Common Units of Force* and Pressure

1 atmosphere = 760 millimetres of mercury
 = 1.013 ´ 105 pascals
 =  14.70 pounds per square inch

1 bar = 105 pascals
1 torr = 1 millimetre of mercury
1 pascal = 1 kg/ms2 = 1 N/m2

Temperature
SI Base Unit: Kelvin (K)

K  = -273.15°C
K  =  °C + 273.15
°F = 1.8(°C) + 32

F 32
C

1.8

 
 

* Force: 1 newton (N) = 1 kg m/s2, i.e.,the force that, when applied for 1 second, gives a

1-kilogram mass a velocity of 1 metre per second.

** The amount of heat required to raise the temperature of one gram of water from 14.50C to 15.50C.

† Note that the other units are per particle and must be multiplied by 6.022 ´1023 to be strictly

comparable.

Some Useful Conversion Factors

APPENDIX II
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Reduction half-reaction E
o
/V

H4XeO6 + 2H+ + 2e– ¾® XeO3 + 3H2O +3.0

F2 + 2e– ¾® 2F– +2.87

O3 + 2H+ + 2e– ¾® O2 + H2O +2.07

S2O
2–
8 + 2e– ¾® 2SO

2–
4 +2.05

Ag+ + e– ¾® Ag+ +1.98

Co3+ + e– ¾® Co2+ +1.81

H2O2 + 2H+ + 2e– ¾® 2H2O +1.78

Au+ + e– ¾® Au +1.69

Pb4+ + 2e– ¾® Pb2+ +1.67

2HClO + 2H+ + 2e– ¾® Cl2 + 2H2O +1.63

Ce4+ + e– ¾® Ce3+ +1.61

2HBrO + 2H+ + 2e– ¾® Br2 + 2H2O +1.60

MnO
–
4 + 8H+ + 5e– ¾® Mn2+ + 4H2O +1.51

Mn3+ + e– ¾® Mn2+ +1.51

Au3+ + 3e– ¾® Au +1.40

Cl2 + 2e– ¾® 2Cl– +1.36

Cr2O
2–
7 + 14H+ + 6e– ¾® 2Cr3+ + 7H2O +1.33

O3 + H2O + 2e– ¾® O2 + 2OH– +1.24

O2 + 4H+ + 4e– ¾® 2H2O +1.23

ClO–
4 + 2H+ +2e– ¾® ClO–

3 + 2H2O +1.23

MnO2 + 4H+ + 2e– ¾® Mn2+ + 2H2O +1.23

Pt2+ + 2e– ¾® Pt +1.20

Br2 + 2e– ¾® 2Br– +1.09

Pu4+ + e– ¾® Pu3+ +0.97

NO–
3 + 4H+ + 3e– ¾® NO + 2H2O +0.96

2Hg2+ + 2e– ¾® Hg2+
2 +0.92

ClO– + H2O + 2e– ¾® Cl– + 2OH– +0.89

Hg2+ + 2e– ¾® Hg +0.86

NO–
3 + 2H+ + e– ¾® NO2 + H2O +0.80

Ag+ + e– ¾® Ag +0.80

Hg2+
2 +2e– ¾® 2Hg +0.79

Fe3+ + e– ¾® Fe2+ +0.77

BrO– + H2O + 2e– ¾® Br– + 2OH– +0.76

Hg2SO4 +2e– ¾® 2Hg + SO2–
4 +0.62

MnO2–
4 + 2H2O + 2e– ¾® MnO2 + 4OH– +0.60

MnO–
4 + e– ¾® MnO2–

4 +0.56

I2 + 2e– ¾® 2I– +0.54

I
–

3 + 2e– ¾® 3I– +0.53

Reduction half-reaction E
o
/V

Cu+ + e– ¾® Cu +0.52

NiOOH + H2O + e– ¾® Ni(OH)2 + OH– +0.49

Ag2CrO4 + 2e– ¾® 2Ag + CrO2–
4 +0.45

O2 + 2H2O + 4e– ¾® 4OH– +0.40

ClO–
4 + H2O + 2e– ¾® ClO–

3 + 2OH– +0.36

[Fe(CN)6]
3– + e– ¾® [Fe(CN)6]

4– +0.36

Cu2+ + 2e– ¾® Cu +0.34

Hg2Cl2 + 2e– ¾® 2Hg + 2Cl– +0.27

AgCl + e– ¾® Ag + Cl– +0.27

Bi3+ + 3e– ¾® Bi +0.20

SO4
2   – + 4H+ + 2e– ¾® H2SO3 + H2O +0.17

Cu2+ + e– ¾® Cu+ +0.16

Sn4+ + 2e– ¾® Sn2+ +0.15

AgBr + e– ¾® Ag + Br– +0.07

Ti4+ + e– ¾® Ti3+  0.00

2H+ + 2e– ¾® H2  0.0 by

definition

Fe3+ + 3e– ¾® Fe –0.04

O2 + H2O + 2e– ¾® HO–
2 + OH– –0.08

Pb2+ + 2e– ¾® Pb –0.13

In+ + e– ¾® In –0.14

Sn2+ + 2e– ¾® Sn –0.14

AgI + e– ¾® Ag + I– –0.15

Ni2+ + 2e– ¾® Ni –0.23

V3+ + e– ¾® V2+ –0.26

Co2+ + 2e– ¾® Co –0.28

In3+ + 3e– ¾® In –0.34

Tl+ + e– ¾® Tl –0.34

PbSO4 + 2e– ¾® Pb + SO2–
4 –0.36

Ti3+ + e– ¾® Ti2+ –0.37

Cd2+ + 2e– ¾® Cd –0.40

In2+ + e– ¾® In+ –0.40

Cr3+ + e– ¾® Cr2+ –0.41

Fe2+ + 2e– ¾® Fe –0.44

In3+ + 2e– ¾® In+ –0.44

S + 2e– ¾® S2– –0.48

In3+ + e– ¾® In2+ –0.49

U4+ + e– ¾® U3+ –0.61

Cr3+ + 3e– ¾® Cr –0.74

Zn2+ + 2e– ¾® Zn –0.76

(continued)

Standard potentials at 298 K in electrochemical order

APPENDIX III
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Reduction half-reaction E
o
/V

Cd(OH)2 + 2e– ¾® Cd + 2OH– –0.81

2H2O + 2e– ¾® H2 + 2OH– –0.83

Cr2+ + 2e– ¾® Cr –0.91

Mn2+ + 2e– ¾® Mn –1.18

V2+ + 2e– ¾® V –1.19

Ti2+ + 2e– ¾® Ti –1.63

Al3+ + 3e– ¾® Al –1.66

U3+ + 3e– ¾® U –1.79

Sc3+ + 3e– ¾® Sc –2.09

Mg2+ + 2e– ¾® Mg –2.36

Ce3+ + 3e– ¾® Ce –2.48

Reduction half-reaction E
o
/V

La3+ + 3e– ¾® La –2.52

Na+ + e– ¾® Na –2.71

Ca2+ + 2e– ¾® Ca –2.87

Sr2+ + 2e– ¾® Sr –2.89

Ba2+ + 2e– ¾® Ba –2.91

Ra2+ + 2e– ¾® Ra –2.92

Cs+ + e– ¾® Cs –2.92

Rb+ + e– ¾® Rb –2.93

K+ +e– ¾® K –2.93

Li+ + e– ¾® Li –3.05

APPENDIX III CONTINUED
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Sometimes, a numerical expression may involve multiplication, division or rational powers of large

numbers. For such calculations, logarithms are very useful. They help us in making difficult calculations

easy. In Chemistry, logarithm values are required in solving problems of chemical kinetics, thermodynamics,

electrochemistry, etc. We shall first introduce this concept, and discuss the laws, which will have to be

followed in working with logarithms, and then apply this technique to a number of problems to show

how it makes difficult calculations simple.

We know that

23 = 8, 32 = 9, 53 = 125, 70 = 1

In general, for a positive real number a, and a rational number m, let am = b,

where b is a real number. In other words

the mth power of base a is b.

Another way of stating the same fact is

logarithm of b to base a is m.

If for a positive real number a, a ¹ 1

am = b,

we say that m is the logarithm of b to the base a.

We write this as 
b
alog m ,

“log” being the abbreviation of the word “logarithm”.

Thus, we have

= =

= =

= =

= =

3

2

2

3

3

5

0

7

log 8 3, Since2 8

log 9 2, Since3 9

log 125 3, Since5 125

log 1 0, Since7 1

Laws of Logarithms

In the following discussion, we shall take logarithms to any base a, (a > 0 and a ¹ 1)

First Law: loga
 (mn) = logam + logan

Proof: Suppose that logam = x and logan = y

Then ax= m, ay = n

Hence mn = ax.ay = ax+y

It now follows from the definition of logarithms that

loga (mn) = x + y = loga m – loga n

Second Law: loga
 

m

n

 
 
 

= loga m – logan

Proof: Let logam = x, logan = y

Logarithms

APPENDIX IV
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Then ax = m, ay = n

Hence 

x
x y

y

am
a

n a


 

Therefore

a a a

m
log x y log m log n

n
   

 
 
 

Third Law : loga(m
n) = n logam

Proof : As before, if logam = x, then ax = m

Then   nn x nx
m a a 

giving loga(m
n) = nx = n loga m

Thus according to First Law: “the log of the product of two numbers  is equal to the sum of their logs.
Similarly, the Second Law says: the log of the ratio of two numbers is the difference of their logs. Thus,
the use of these laws converts a problem of multiplication/division into a problem of addition/subtraction,
which are far easier to perform than multiplication/division. That is why logarithms are so useful in
all numerical computations.

Logarithms to Base 10

Because number 10 is the base of writing numbers, it is very convenient to use logarithms to the base
10. Some examples are:

log10
 10 = 1, since 101 = 10

log10 100 = 2, since 102 = 100

log10 10000 = 4, since 104 = 10000

log10 0.01 = –2, since 10–2 = 0.01

log10 0.001 = –3, since 10–3
  =  0.001

and log101 = 0 since 100 = 1

The above results indicate that if n is an integral power of 10, i.e., 1 followed by several zeros or
1 preceded by several zeros immediately to the right of the decimal point, then log n can be easily found.

If n is not an integral power of 10, then it is not easy to calculate log n. But mathematicians have
made tables from which we can read off approximate value of the logarithm of any positive number
between 1 and 10. And these are sufficient for us to calculate the logarithm of any number expressed
in decimal form. For this purpose, we always express the given decimal as the product of an integral
power of 10 and a number between 1 and 10.

Standard Form of Decimal

We can express any number in decimal form, as the product of (i) an integral power of 10, and (ii)
a number between 1 and 10. Here are some examples:

(i) 25.2 lies between 10 and 100

25.2 = 
125.2

10 2.52 10
10

  

(ii) 1038.4 lies between 1000 and 10000.

3 31 0 3 8 .4
1 0 3 8 .4 10 1 .03 8 4 10

1 0 0 0
    

(iii) 0.005 lies between 0.001 and 0.01

∴  0.005 = (0.005 × 1000) × 10
–3

 = 5.0 × 10
–3

(iv) 0.00025 lies between 0.0001 and 0.001

∴  0.00025 = (0.00025 × 10000) × 10
–4

 = 2.5 × 10
–4
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In each case, we divide or multiply the decimal by a power of 10, to bring one non-zero digit to the left
of the decimal point, and do the reverse operation by the same power of 10, indicated separately.

Thus, any positive decimal can be written in the form

n = m × 10
p

where p is an integer (positive, zero or negative) and 1< m < 10. This is called the “standard form of n.”

Working Rule

1. Move the decimal point to the left, or to the right, as may be necessary, to bring one non-zero digit
to the left of decimal point.

2. (i) If you move p places to the left, multiply by 10
p
.

(ii) If you move p places to the right, multiply by 10
–p

.

(iii) If you do not move the decimal point at all, multiply by 10
0
.

(iv) Write the new decimal obtained by the power of 10 (of step 2) to obtain the standard form of
the given decimal.

Characteristic and Mantissa

Consider the standard form of n

n = m ×10
p
, where 1 < m < 10

Taking logarithms to the base 10 and using the laws of logarithms

log n = log m + log 10
p

= log m + p log 10

= p + log m

Here p is an integer and as 1 < m < 10, so 0 < log m < 1, i.e., m lies between 0 and 1. When log
n has been expressed as p + log m, where p is an integer and 0 log m < 1, we say that p is the
“characteristic” of log n and that log m is the “mantissa of log n. Note that characteristic is always an
integer – positive, negative or zero, and mantissa is never negative and is always less than 1. If we can
find the characteristics and the mantissa of log n, we have to just add them to get log n.

Thus to find log n, all we have to do is as follows:

1. Put n in the standard form, say

n = m × 10
p
, 1 <  m <10

2. Read off the characteristic p of log n from this expression (exponent of 10).

3. Look up log m from tables, which is being explained below.

4. Write log n = p + log m

If the characteristic p of a number n is say, 2 and the mantissa is .4133, then we have log n = 2
+ .4133 which we can write as 2.4133. If, however, the characteristic p of a number m is say –2 and the
mantissa is .4123, then we have log m = –2 + .4123. We cannot write this as –2.4123. (Why?) In order

to avoid this confusion we write 2  for  –2 and thus we write log m = 2.4123 .

Now let us explain how to use the table of logarithms to find mantissas. A table is appended at the
end of this Appendix.

Observe that in the table, every row starts with a two digit number, 10, 11, 12,... 97, 98, 99. Every
column is headed by a one-digit number, 0, 1, 2, ...9. On the right, we have the section called “Mean
differences” which has 9 columns headed by 1, 2...9.

1 2 3 4 5 6 7 8 9

.. . . . . . . . . . . . . . . . .

1 1 2 3 4 4 5 6 6

1 1 2 3 3 4 5 6 6

1 1 2 3 3 4 5 6 6

.. . . . . . . . . . . . . . . . .

0 1 2 3 4 5 6 7 8 9

.. . . . . . . . . . . . . . . . . . . . .

61 7853 7860 7868 7875 7882 7889 7896 7803 7810 7817

62 7924 7931 7935 7945 7954 7959 7966 7973 7980 7987

63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055

.. . . . . . . . . . . . . . . . . . . . .
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Now suppose we wish to find log (6.234). Then look into the row starting with 62. In this row, look
at the number in the column headed by 3. The number is 7945. This means that

log (6.230) = 0.7945*

But we want log (6.234). So our answer will be a little more than 0.7945. How much more? We look
this up in the section on Mean differences. Since our fourth digit is 4, look under the column headed
by 4 in the Mean difference section (in the row 62). We see the number 3 there. So add 3 to 7945. We
get 7948. So we finally have

log (6.234) = 0.7948.

Take another example. To find log (8.127), we look in the row 81 under column 2, and we find 9096.
We continue in the same row and see that the mean difference under 7 is 4. Adding this to 9096, and
we get 9100. So, log (8.127) = 0.9100.

Finding N when log N is given

We have so far discussed the procedure for finding log n when a positive number n given. We now turn
to its converse i.e., to find n when log n is given and give a method for this purpose. If log n = t, we
sometimes say n = antilog t. Therefore our task is given t, find its antilog. For this, we use the ready-
made antilog tables.

Suppose log n = 2.5372.

To find n, first take just the mantissa of log n. In this case it is .5372. (Make sure it is positive.)
Now take up antilog of this number in the antilog table which is to be used exactly like the log table.
In the antilog table, the entry under column 7 in the row .53 is 3443 and the mean difference for the
last digit 2 in that row is 2, so the table gives 3445. Hence,

antilog (.5372) = 3.445

Now since log n = 2.5372, the characteristic of log n is 2. So the standard form of n is given by

 n = 3.445 × 10
2

or n = 344.5

Illustration 1:

If log x = 1.0712, find x.

Solution: We find that the number corresponding to 0712 is 1179. Since characteristic of log x is 1, we
have

x = 1.179 × 10
1

= 11.79

Illustration 2:

If log10 x = 2.1352,  find x.

Solution: From antilog tables, we find that the number corresponding to 1352 is 1366. Since the

characteristic is 2  i.e., –2, so

x = 1.366 × 10
–2

 = 0.01366

Use of Logarithms in Numerical Calculations

Illustration 1:

Find 6.3 × 1.29

Solution: Let x = 6.3 × 1.29

Then log10 x = log (6.3 × 1.29) = log 6.3 + log 1.29

Now,

log 6.3 = 0.7993

log 1.29 = 0.1106

\ log10 x = 0.9099,

* It should, however, be noted that the values given in the table are not exact. They are only approximate values,

although we use the sign of equality which may give the impression that they are exact values. The same

convention will be followed in respect of antilogarithm of a number.
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Taking antilog

x = 8.127

Illustration 2:

Find 

1.5
(1.23)

11.2 23.5

Solution: Let x = 

3

2(1.23)

11.2 23.5

Then log x = log  

3

2(1.23)

11.2 23.5

= 
3

2
 log 1.23 – log (11.2 × 23.5)

= 
3

2
 log 1.23 – log 11.2 – 23.5

Now,

log 1.23 = 0.0899

3

2
 log 1.23 = 0.13485

log 11.2 = 1.0492

log 23.5 = 1.3711

log x = 0.13485 – 1.0492 – 1.3711

= 3.71455

\ x = 0.005183

Illustration 3:

Find 

5

7

(71.24) 56

(2.3) 21





Solution: Let x =  

5

7

(71.24) 56

(2.3) 21





Then log x = 
1

2
 log 

5

7

(71.24) 56

(2.3) 21





 
 
 

= 
1

2
 [log (71.24)

5
 + log  7

56 log  (2.3) log 21] 

= 
5 1 7 1

log  71.24 +  log 56 log  2.3  log 21
2 4 2 4

 

Now, using log tables

log 71.24 = 1.8527

log 56 = 1.7482

log 2.3 = 0.3617

log 21 = 1.3222

\ log x = 
5 1 7 1

log  (1.8527) +  (1.7482) (0.3617)  (1.3222)
2 4 2 4

 

= 3.4723

\ x = 2967
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LOGARITHMS

N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

10 0000 0043 0086 0128 0170 5 9 13 17 21 26 30 34 38

0212 0253 0294 0334 0374 4   8 12 16 2O 24 28 32 36

11 0414 0453 0492 0531 0569 4  8 12 16 20 23 27 31 35
0607 0645 0682 0719 0755 4 7 11 15 18 22 26 29 33

12 0792 0828 0864 0899 0934 3 7 11 14 18 21 25 28 32

0969 1004 1038 1072 1106 3 7 10 14 17 20 24 27 31

13 1139 1173 1206 1239 1271 3 6 10 13 16 19 23 26 29
1303 1335 1367 1399 1430 3 7 10 13 16 19 22 25 29

14 1461 1492 1523 1553 1584 3 6 9 12 15 19 22 25 28
1614 1644 1673 1703 1732 3 6 9 12 14 17 20 23 26

15 1761 1790 1818 1847 1875 3 6 9 11 14 17 20 23 26
1903 1931 1959 1987 2014 3 6 8 11 14 17 19 22 25

16 2041 2068 2095 2122 2148 3 6 8 11 14  16 19 22 24
2175 2201 2227 2253 2279 3 5 8 10  13 16 18 21 23

17 2304 2330 2355 2380 2405 3 5 8 10 13 15 18 20 23
2430 2455 2480 2504 2529 3 5 8 10 12 15 17 20 22

18 2553 2577 2601 2625 2648 2 5 7 9 12 14 17 19 21
2672 2695 2718 2742 2765 2 4 7 9  11 14 16 18 21

19 2788 2810 2833 2856 2878 2 4 7 9 11 13 16 18 20
2900 2923 2945 2967 2989 2 4 6 8 11 13 15 17 19

20 3010 3032 3054 3075 3096 3118 3139 3160 3181 3201 2 4 6 8 11 13 15 17 19

21 3222 3243 3263 3284 3304 3324 3345 3365 3385 3404 2 4 6 8 10 12 14 16 18

22 3424 3444 3464 3483 3502 3522 3541 3560 3579 3598 2 4 6 8 10 12 14 15 17

23 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 2 4 6 7 9 11 13 15 17

24 3802 3820 3838 3856 3874 3892 3909 3927 3945 3962 2 4 5 7 9 11 12 14 16

25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 2 3 5 7 9 10 12 14 15

26 4150 4166 4183 4200 4216 4232 4249 4265 4281 4298 2 3 5 7 8 10 11 13 15

27 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456 2 3 5 6 8 9 11 13 14

28 4472 4487 4502 4518 4533 4548 4564 4579 4594 4609 2 3 5 6 8 9 11 12 14

29 4624 4639 4654 4669 4683 4698 4713 4728 4742 4757 1 3 4 6 7 9 10 12 13

30 4771 4786 4800 4814 4829 4843 4857 4871 4886 4900 1 3 4 6 7 9 10 11 13

31 4914 4928  4942 4955 4969 4983 4997 5011 5024 5038 1 3  4 6 7 8 10 11 12

32 5051 5065 5079 5092 5105 5119 5132 5145 5159 5172 1 3 4 5 7 8 9 11 12

33 5185 5198 5211 5224 5237 5250 5263 5276 5289 5302 1 3 4 5 6 8 9 10 12

34 5315 5328 5340 5353 5366 5378 5391 5403 5416 5428 1 3 4 5 6 8 9 10 11

35 5441 5453 5465 5478 5490 5502 5514 5527 5539 5551 1 2 4 5 6 7 9 10 11

36 5563 5575 5587 5599 5611 5623 5635 5647 5658 5670 1 2 4 5 6 7 8 10 11

37 5682 5694 5705 5717 5729 5740 5752 5763 5775 5786 1 2 3 5 6 7 8 9 10

38 5798 5809 5821 5832 5843 5855 5866 5877 5888 5899 1 2 3 5 6 7 8 9 10

39 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010 1 2 3 4 5 7 8 9 10

40 6021 6031 6042 6053 6064 6075 6085 6096 6107 6117 1 2 3 4 5 6 8 9 10

41 6128 6138 6149 6160 6170 6180 6191 6201 6212 6222 1 2 3 4 5 6 7 8 9

42 6232 6243 6253 6263 6274 6284 6294 6304 6314 6325 1 2 3 4 5 6 7 8 9

43 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425 1 2 3 4 5 6 7 8 9

44 6435 6444 6454 6464 6474 6484 6493 6503 6513 6522 1 2 3 4 5 6 7 8 9

45 6532 6542 6551 6561 6471 6580 6590 6599 6609 6618 1 2 3 4 5 6 7 8 9

46 6628 6637 6646 6656 6665 6675 6684 6693 6702 6712 1 2 3 4 5 6 7 7 8

47 6721 6730 6739 6749 6758 6767 6776 6785 6794 6803 1 2 3 4 5 5 6 7 8

48 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893 1 2 3 4 4 5 6 7 8

49 6902 6911 6920 6928 6937 6946 6955 6964 6972 6981 1 2 3 4 4 5 6 7 8

TABLE I
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LOGARITHMS

TABLE 1 (Continued)

N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

50 6990 6998 7007 7016 7024 7033 7042 7050 7059 7067 1 2 3 3 4 5 6 7 8

51 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152 1 2 3 3 4 5 6 7 8

52 7160 7168 7177 7185 7193 7202 7210 7218 7226 7235 1 2 2 3 4 5 6 7 7

53 7243 7251 7259 7267 7275 7284 7292 7300 7308 7316 1 2 2 3 4 5 6 6 7

54 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396 1 2 2 3 4 5 6 6 7

55 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474 1 2 2 3 4 5 5 6 7

56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551 1 2 2 3 4 5 5 6 7

57 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627 1 2 2 3 4 5 5 6 7

58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 1 1 2 3 4 4 5 6 7

59 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774 1 1 2 3 4 4 5 6 7

60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846 1 1 2 3 4 4 5 6 6

61 7853 7860 7768 7875 7882 7889 7896 7903 7910 7917 1 1 2 3 4 4 5 6  6

62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 1 1 2 3 3 4 5 6 6

63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 1 1 2 3 3 4 5 5 6

64 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122 1 1 2 3 3 4 5 5 6

65 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189 1 1 2 3 3 4 5 5 6

66 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254 1 1 2 3 3 4 5 5 6

67 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319 1 1 2 3 3 4 5 5 6

68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382 1 1 2 3 3 4 4 5 6

69 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445 1 1 2 2 3 4 4 5 6

70 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506 1 1 2 2 3 4 4 5 6

71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567 1 1 2 2 3 4 4 5 5

72 8573 8579 8585  8591 8597 8603 8609 8615 8621 8627 1 1 2 2 3 4 4 5 5

73 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686 1 1 2 2 3 4 4 5 5

74 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745 1 1 2 2 3 4 4 5 5

75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 1 1 2 2 3 3 4 5 5

76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 1 1 2 2 3 3 4 5 5

77 8865 8871 8876 8882 8887 8893 8899 8904 8910 8915 1 1 2 2 3 3 4 4 5

78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971 1 1 2 2 3 3 4 4 5

79 8976 8982 8987 8993 8998 9004 9009 9015 9020 9025 1 1 2 2 3 3 4 4 5

80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 1 1 2 2 3 3 4 4 5

81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133 1 1 2 2 3 3 4 4 5

82 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186 1 1 2 2 3 3 4 4 5

83 9191 9196 9201 9206 9212 9217 9222 9227 9232 9238 1 1 2 2 3 3 4 4 5

84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289 1 1 2 2 3 3 4 4 5

85 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340 1 1 2 2 3 3 4 4 5

86 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390 1 1 2 2 3 3 4 4 5

87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 0 1 1 2 2 3 3 4 4

88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489 0 1 1 2 2 3 3 4 4

89 9494 9499 9504 9509 9513 9518 9523 9528 9533 9538 0 1 1 2 2 3 3 4 4

90 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586 0 1 1 2 2 3 3 4 4

91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633 0 1 1 2 2 3 3 4 4

92 9638 9643 9647 9652 9657 9661 9666 9671 9675 9680 0 1  1 2 2 3 3 4 4

93 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727 0 1  1 2 2 3 3 4 4

94 9731  9736 9741 9745 9750 9754 9759 9763 9768 9773 0 1 1 2 2 3 3 4 4

95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818 0 1 1 2 2 3 3 4 4

96 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863 0 1 1 2 2 3 3 4 4

97 9868 9872 9877 9881 9886 9890 9894 9899 9903 9908 0 1 1 2 2 3 3 4 4

98 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952 0 1 1 2 2 3 3 4 4

99 9956 9961 9965 9969 9974 9978 9983 9987 9997 9996 0 1 1 2 2 3 3 3 4
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N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

00 1000 1002 1005 1007 1009 1012 1014 1016 1019 1021 0 0 1 1 1 1 2 2 2

.01 1023 1026 1028 1030 1033 1035 1038 1040 1042 1045 0 0 1 1 1 1 2 2 2

.02 1047 1050 1052 1054 1057 1059 1062 1064 1067 1069 0  0 1 1 1 1 2 2 2

.03 1072 1074 1076 1079 1081 1084 1086 1089 1091 1094 0 0 1 1 1 1 2 2 2

.04 1096 1099 1102 1104 1107 1109 1112 1114 1117 1119 0 1 1 1 1 2 2 2 2

.05 1122 1125 1127 1130 1132 1135 1138 1140 1143 1146 0 1 1 1 1 2 2 2 2

.06 1148 1151 1153 1156 1159 1161 1164 1167 1169 1172 0 1 1 1 1 2 2 2 2

.07 1175 1178 1180 1183 1186 1189 1191 1194 1197 1199 0 1 1 1 1 2 2 2 2

.08 1202 1205 1208 1211 1213 1216 1219 1222 1225 1227 0 1 1 1 1 2 2 2 3

.09 1230 1233 1236 1239 1242 1245 1247 1250 1253 1256 0 1 1 1 1 2 2 2 3

.10 1259 1262 1265 1268 1271 1274 1276 1279 1282 1285 0 1 1 1 1 2 2 2 3

.11 1288 1291 1294 1297 1300 1303 1306 1309 1312 1315 0 1 1 1 2 2 2 2 3

.12 1318 1321 1324 1327 1330 1334 1337 1340 1343 1346 0 1 1 1 2 2 2 2 3

.13 1349 1352 1355 1358 1361 1365 1368 1371 1374 1377 0 1 1 1 2 2 2 3 3

.14 1380 1384 1387 1390 1393 1396 1400 1403 1406 1409 0 1 1 1 2 2 2 3 3

.15 1413 1416 1419 1422 1426 1429 1432 1435 1439 1442 0 1 1 1 2 2 2 3 3

.16 1445 1449 1452 1455 1459 1462 1466 1469 1472 1476 0 1 1 1 2 2 2 3 3

.17 1479 1483 1486 1489 1493 1496 1500 1503 1507 1510 0 1 1 1 2 2 2 3 3

.18 1514 1517 1521 1524 1528 1531 1535 1538 1542 1545 0 1 1 1 2 2 2 3 3

.19 1549 1552 1556 1560 1563 1567 1570 1574 1578 1581 0 1 1 1 2 2 3 3 3

.20 1585 1589 1592 1596 1600 1603 1607 1611 1614 1618 0 1 1 1 2 2 3 3 3

.21 1622 1626 1629 1633 1637 1641 1644 1648 1652 1656 0 1 1 2 2 2 3 3 3

.22 1660 1663 1667 1671 1675 1679 1683 1687 1690 1694 0 1 1 2 2 2 3 3 3

.23 1698 1702 1706 1710 1714 1718 1722 1726 1730 1734 0 1 1 2 2 2 3 3 4

.24 1738 1742 1746 1750 1754 1758 1762 1766 1770 1774 0 1 1 2 2 2 3 3 4

.25 1778 1782 1786 1791 1795 1799 1803 1807 1811 1816 0 1  1 2 2 2 3 3 4

.26 1820 1824 1828 1832 1837 1841 1845 1849 1854 1858 0 1 1 2 2 3 3 3 4

.27 1862 1866 1871 1875 1879 1884 1888 1892 1897 1901 0 1 1 2 2 3 3 3 4

.28 1905 1910 1914 1919 1923 1928 1932 1936 1941 1945 0 1 1 2 2 3 3 4 4

.29 1950 1954 1959 1963 1968 1972 1977 1982 1986 1991 0 1 1 2 2 3 3 4 4

.30 1995 2000 2004 2009 2014 2018 2023 2028 2032 2037 0 1 1 2 2 3 3 4 4

.31 2042 2046 2051 2056 2061 2065 2070 2075 2080 2084 0 1 1 2 2 3 3 4 4

.32 2089 2094 2099 2104 2109 2113 2118 2123 2128 2133 0 1  1 2 2 3 3 4 4

.33 2138 2143 2148 2153 2158 2163 2168 2173 2178 2183 0 1 1 2 2 3 3 4 4

.34 2188 2193 2198 2203 2208 2213 2218 2223 2228 2234 1 1 2 2 3 3 4 4 5

.35 2239 2244 2249 2254 2259 2265 2270 2275 2280 2286 1 1 2 2 3 3 4 4 5

.36 2291 2296 2301 2307 2312 2317 2323 2328 2333 2339 1 1 2 2 3 3 4 4 5

.37 2344 2350 2355 2360 2366 2371 2377 2382 2388 2393 1 1 2 2 3 3 4 4 5

.38 2399 2404 2410 2415 2421 2427 2432 2438 2443 2449 1 1 2 2 3 3 4 4 5

.39 2455 2460 2466 2472 2477 2483 2489 2495 2500 2506 1 1 2 2 3 3 4 5 5

.40 2512 2518 2523 2529 2535 2541 2547 2553 2559 2564 1  1 2 2 3 4 4 5 5

.41 2570 2576 2582 2588 2594 2600 2606 2612 2618 2624 1  1 2 2 3 4 4  5  5

.42 2630 2636 2642 2649 2655 2661 2667 2673 2679 2685 1 1 2 2 3 4  4 5 6

.43 2692 2698 2704 2710 2716 2723 2729 2735 2742 2748 1 1 2 3 3 4 4 5 6

.44 2754 2761 2767 2773 2780 2786 2793 2799 2805 2812 1 1 2 3 3 4 4 5 6

.45 2818 2825 2831 2838 2844 2851 2858 2864 2871 2877 1 1 2 3 3 4 5 5 6

.46 2884 2891 2897 2904 2911 2917 2924 2931 2938 2944 1 1 2 3 3 4 5 5 6

.47 2951 2958 2965 2972 2979 2985 2992 2999 3006 3013 1 1 2 3 3 4 5 5 6

.48 3020 3027 3034 3041 3048 3055 3062 3069 3076 3083 1 1 2 3 3 4 5 6 6

.49 3090 3097 3105 3112 3119 3126 3133 3141 3148 3155 1 1 2 3 3 4 5 6 6

ANTILOGARITHMS

TABLE II
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ANTILOGARITHMS

TABLE II (Continued)

N 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

.50 3162 3170 3177 3184 3192 3199 3206 3214 3221 3228 1 1 2 3 4 4 5 6 7

.51 3236 3243 3251 3258 3266 3273 3281 3289 3296 3304 1 2 2 3 4 5 5 6 7

.52 3311 3319 3327 3334 3342 3350 3357 3365 3373 3381 1 2 2 3 4 5 5 6 7

.53 3388 3396 3404 3412 3420 3428 3436 3443 3451 3459 1 2 2 3 4 5 6 6 7

.54 3467 3475 3483 3491 3499 3508 3516 3524 3532 3540 1 2 2 3 4 5 6 6 7

.55 3548 3556 3565 3573 3581 3589 3597 3606 3614 3622 1 2 2 3 4 5 6 7 7

.56 3631 3639 3648 3656 3664 3673 3681 3690 3698 3707 1 2 3 3 4 5 6 7 8

.57 3715 3724 3733 3741 3750 3758 3767 3776 3784 3793 1 2 3 3 4 5 6 7 8

.58 3802 3811 3819 3828 3837 3846 3855 3864 3873 3882 1 2 3 4 4 5 6 7 8

.59 3890 3899 3908 3917 3926 3936 3945 3954 3963 3972 1 2 3 4 5 5 6 7 8

.60 3981 3990 3999 4009 4018 4027 4036 4046 4055 4064 1 2 3 4 5 6 6 7 8

.61 4074 4083 4093 4102 4111 4121 4130 4140 4150 4159 1 2 3 4 5 6 7 8 9

.62 4169 4178 4188 4198 4207 4217 4227 4236 4246 42S6 1 2 3 4 5 6 7 8 9

.63 4266 4276 4285 4295 4305 4315 4325 4335 4345 4355 1 2 3 4 5 6 7 8 9

.64 4365 4375 4385 4395 4406 4416 4426 4436 4446 4457 1 2 3 4 5 6 7 8 9

.65 4467 4477 4487 4498 4508 4519 4529 4539 4550 4560 1 2 3 4 5 6 7 8 9

.66 4571 4581 4592 4603 4613 4624 4634 4645 4656 4667 1 2 3 4 5 6 7 9 10

.67 4677 4688 4699 4710 4721 4732 4742 4753 4764 4775 1 2 3 4 5 7 8 9 10

.68 4786 4797 4808 4819 4831 4842 4853 4864 4875 4887 1 2 3 4 6 7 8 9 10

.69 4898 4909 4920 4932 4943 4955 4966 4977 4989 5000 1 2 3 5 6 7 8 9 10

.70 5012 5023 5035 5047 5058 5070 5082 5093 5105 5117 1 2 4 5 6 7 8 9 11

.71 5129 5140 5152 5164 5176 5188 5200 5212 5224 5236 1 2 4 5 6 7 8 10 11

.72   5248 5260 5272 5284 5297 5309 5321 5333 5346 5358 1 2 4 5 6 7 9 10 11

.73   5370 5383 5395 5408 5420 5433 5445 5458 5470 5483 1 3 4 5 6 8 9 10 11

.74 5495 5508 5521 5534 5546 5559 5572 5585 5598 5610 1 3 4 5 6 8 9 10 12

.75 5623 5636 5649 5662 5675 5689 5702 5715 5728 5741 1 3 4 5 7 8 9 10 12

.76 5754 5768 5781 5794 5808 5821 5834 5848 5861 5875 1 3 4 5 7 8 9 11 12

.77 5888 5902 5916 5929 5943 5957 5970 5984 5998 6012 1 3 4 5 7 8 10 11 12

.78  6026 6039 6053 6067 6081 6095 6109 6124 6138 6152 1 3 4 6 7 8 10 11 13

.79 6166 6180 6194 6209 6223 6237 6252 6266 6281 6295 1 3 4 6 7 9 10 11 13

.80 6310 6324 6339 6353 6368 6383 6397 6412 6427 6442 1 3 4 6 7 9 10 12 13

.81 6457 6471 6486 6501 6516 6531 6546 6561 6577 6592 2 3 5 6 8 9 11 12 14

.82 6607 6622 6637 6653 6668 6683 6699 6714 6730 6745 2 3 5 6 8 9 11 12 14

.83 6761 6776 6792 6808 6823 6839 6855 6871 6887 6902 2 3 5 6 8 9 11  1314

.84 6918 6934 6950 6966 6982 6998 7015 7031 7047 7063 2 3 5 6 8 10 11 13 15

.85 7079 7096 7112 7129 7145 7161 7178 7194 7211 7228 2 3 5 7 8 10 12 13 15

.86 7244 7261 7278 7295 7311 7328 7345 7362 7379 7396 2 3 5 7 8 10 12 13 15

.87 7413 7430 7447 7464 7482 7499 7516 7534 7551 7568 2 3 5 7 9 10 12 14 16

.88 7586 7603 7621 7638 7656 7674 7691 7709 7727 7745 2 4 5 7 9 11 12 14 16

.89 7762 7780 7798 7816 7834 7852 7870 7889 7907 7925 2 4 5 7 9 11 13 14 16

.90 7943 7962 7980 7998 8017 8035 8054 8072 8091 8110 2 4 6 7        9 11 13 15 17

.91 8128 8147 8166 8185 8204 8222 8241 8260 8279 8299 2 4 6 8 9 11 13 15 17

.92 8318 8337 8356 8375 8395 8414 8433 8453 8472 8492 2 4 6 8 10 12 14 15 17

.93 8511 8531 8551 8570 8590 8610 8630 8650 8670 8690 2 4 6 8 10 12 14 16 18

.94 8710 8730 8750 8770 8790 8810 8831 8851 8872 8892 2 4 6 8 10 12 14 16 18

.95 8913 8933 8954 8974 8995 9016 9036 9057 9078 9099 2 4 6 8 10 12 15 17 19

.96 9120 9141 9162 9183 9204 9226 9247 9268 9290 9311 2 4 6 8 11 13 15 17 19

.97 9333 9354 9376 9397 9419 9441 9462 9484 9506 9528 2 4 7 9 11 13 15 17 20

.98 9550 9572 9594 9616 9638 9661 9683 9705 9727 9750 2 4 7 9 11 13 16 18 20

.99 9772 9795 9817 9840 9863 9886 9908 9931 9954 9977 2 5 7 9 11 14 16 18 20
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UNIT 1

1.4 16.23 M 1.5 0.617 m, 0.01 and 0.99, 0.67

1.6 157.8 mL 1.7 33.5%

1.8 17.95 m and 9.10 M 1.9 1.5×10–3 %, 1.25×10-4 m

1.15 40.907 g mol-1 1.16 73.58 kPa

1.17 12.08 kPa 1.18 10 g

1.19 23 g mol-1, 3.53 kPa 1.20 269.07 K

1.21 A = 25.58 u and B = 42.64 u 1.22 0.061 M

1.24 KCl, CH
3
OH, CH

3
CN, Cyclohexane

1.25 Toluene, chloroform; Phenol, Pentanol;
Formic acid, ethylelne glycol

1.26 5 m 1.27 2.45x10-8 M

1.28 1.424% 1.29 3.2 g of water

1.30 4.575 g 1.32 0.650

1.33 i = 1.0753, K
a
 = 3.07×10-3

1.34 17.44 mm Hg

1.35 178×10-5
1.36 280.7 torr, 32 torr

1.38 0.6 and 0.4 1.39 x (O
2
) 4.6x10-5, x (N

2
) 9.22×10-5

1.40 0.03 mol of CaCl
2

1.41 5.27x10-3 atm.

UNIT 2

2.4 (i) Eo = 0.34V, D
r
Go = – 196.86 kJ mol–1, K = 3.124 × 1034

(ii) Eo = 0.03V, D
r
Go = – 2.895 kJ mol–1, K = 3.2

2.5 (i) 2.68 V,  (ii) 0.53 V,  (iii) 0.08 V,  (iv) –1.298 V

2.6 1.56 V

2.8 124.0 S cm2 mol–1

2.9 0.219 cm–1

2.11 1.85 × 10–5

2.12 3F, 2F, 5F

2.13 1F, 4.44F

2.14 2F, 1F

2.15 1.8258g

2.16 14.40 min, Copper 0.427g, Zinc 0.437 g

UNIT 3

3.2 (i) 8.0 × 10
–9

 mol L
-1
 s

–1
; 3.89 × 10

–9
 mol L

-1
 s

–1

3.4 bar
–1/2

s
–1

3.6 (i) 4 times (ii) ¼ times

3.8 (i) 4.67 × 10
–3

 mol L
–1

s
–1

(ii) 1.98 × 10
–2

 s
–1

3.9 (i) rate = k[A][B]
2

(ii) 9 times

Answers to Some Questions in Exercises
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3.10 Orders with respect to A is 1.5 and order with respect to B is zero.

3.11 rate law = k[A][B]
2
; rate constant = 6.0 M

–2
min

–1

3.13 (i) 3.47 x 10
–3

 seconds (ii) 0.35 minutes (iii) 0.173 years

3.14 1845 years 3.16 4.6 × 10
–2

 s

3.17 0.7814 mg and 0.227 mg. 3.19 77.7 minutes

3.20 2.20 × 10
–3

 s
–1

3.21 2.23 × 10
–3

 s
–1

, 7.8 ×10
–4

 atm s
–1

3.23 3.9 × 10
12

 s
–1

3.24 0.135 M

3.25 0.158 M 3.26 232.79 kJ mol
–1

3.27 239.339 kJ mol
–1

3.28 24°C

3.29 Ea = 76.750 kJ mol
–1

,  k = 0.9965 × 10
–2

 s
–1

3.30 52.8 kJ mol
–1

UNIT 4

4.2 It is because Mn2+ has 3d5 configuration which has extra stability.

4.5 Stable oxidation states.

3d3 (Vanadium): (+2), +3, +4, and +5

3d5 (Chromium): +3, +4, +6

3d5 (Manganese): +2, +4, +6, +7

3d8 (Nickel): +2, +3 (in complexes)

3d4 There is no d4 configuration in the ground state.

4.6 Vanadate ,
3

VO


 chromate 2

4
,CrO

 permanganate 
4

MnO


4.10 +3 is the common oxidation state of the lanthanoids

In addition to +3, oxidation states +2 and +4 are also exhibited by some of the lanthanoids.

4.13 In transition elements the oxidation states vary from +1 to any highest oxidation state by one

For example, for manganese it may vary as +2, +3, +4, +5, +6, +7. In the nontransition elements the
variation is selective, always differing by 2, e.g. +2, +4, or +3, +5 or +4, +6 etc.

4.18 Except Sc3+, all others will be coloured in aqueous solution because of incompletely filled
3d-orbitals, will give rise to d-d transitions.

4.21 (i) Cr2+ is reducing as it involves change from d4 to d3, the latter is more stable configuration

(
3

)
2g

t  Mn(III) to Mn(II) is from 3d4 to 3d5  again 3d5 is an extra stable configuration.

(ii) Due to CFSE, which more than compensates the 3rd IE.

(iii) The hydration or lattice energy more than compensates the ionisation enthalpy involved in re-
moving electron from d1.

4.23 Copper, because with +1 oxidation state an extra stable configuration, 3d10  results.

4.24 Unpaired electrons Mn3+ = 4, Cr3+ = 3, V3+ = 2, Ti3+ = 1. Most stable Cr3+

4.28 Second part 59, 95, 102.

4.30 Lawrencium, 103, +3

4.36 Ti2+ = 2, V2+ = 3, Cr3+ = 3, Mn2+ = 5, Fe2+ = 6, Fe3+ = 5, CO2+ = 7, Ni2+ = 8, Cu2+ = 9

4.38 n(n 2)M  = 2.2, n » 1, d2 sp3, CN– strong ligand

= 5.3, n » 4, sp3, d2, H
2
O weak ligand

= 5.9, n » 5, sp3, Cl– weak ligand.

Reprint 2024-25



156Chemistry

UNIT 5

5.5 (i) + 3 (ii) +3 (iii) +2 (iv) +3 (v) +3

5.6 (i) [Zn(OH)
4
]2- (ii) K

2
[PdCl

4
] (iii) [Pt(NH

3
)
2
Cl

2
] (iv) K

2
[Ni(CN)

4
]

(v) [Co(NH
3
)
5
(ONO)]2+ (vi) [Co(NH

3
)
6
]
2
(SO

4
)
3

(vii) K
3
[Cr(C

2
O

4
)
3
] (viii) [Pt(NH

3
)
6
]4+

(ix) [CuBr
4
]2– (x) [Co(NH

3
)
5
(NO

2
)]2+

5.9 (i) [Cr(C
2
O

4
)
3
]3" ¯ Nil

(ii) [Co(NH
3
)
3
Cl

3
] ¯ Two (fac- and mer-)

5.12 Three (two cis and one trans)

5.13 Aqueous CuSO
4
 solution exists as [Cu(H

2
O)

4
]SO

4
 which has blue colour due to [Cu(H

2
O)

4
]2+ ions.

(i) When KF is added, the weak H
2
O ligands are replaced by F¯ ligands, forming  [CuF

4
]2" ions

which is a green precipitate.

[Cu(H
2
O)

4
]2+  + 4F– ®  [CuF

4
]2–  + 4H

2
O

(ii) When KCl is added, Cl¯  ligands replace the weak H
2
O ligands  forming  [CuCl

4
)2– ions which has

bright green colour.

[Cu(H
2
O)

4
]2+ + 4Cl–   ®   [CuCl

4
]2– + 4H

2
O

5.14 [Cu(H
2
O)

4
]2+ + 4 CN–  ®  [Cu(CN)

4
]2- + 4H

2
O

As CN¯ is a strong ligand, it forms a highly stable complex with Cu2+ ion. On passing H
2
S, free Cu2+

ions are not available to form the precipitate of CuS.

5.23 (i) OS = +3, CN = 6, d-orbital occupation is t
2g

6 e
g
0,

(ii) OS = +3, CN = 6, d3 (t
2g

3),

(iii) OS = +2, CN = 4, d7 ( t
2g

5 e
g
2),

(iv) OS = +2, CN = 6, d5 (t
2g

3 e
g
2).

5.28 (iii)

5.29 (ii)

5.30 (iii)

5.31 (iii)

5.32 (i) The order of the ligand in the spectrochemical series :

H
2
O < NH

3
 < NO

2
–

Hence the energy of the observed light will be in the order :

[Ni(H
2
O)

6
]2+ < [Ni(NH

3
)
6
]2+ < [Ni(NO

2
)
6
]4–

Thus, wavelengths absorbed (E = hc/l) will be in the opposite order.
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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that

children’s life at school must be linked to their life outside the school.

This principle marks a departure from the legacy of bookish learning

which continues to shape our system and causes a gap between the

school, home and community. The syllabi and textbooks developed on

the basis of NCF signify an attempt to implement this basic idea. They

also attempt to discourage rote learning and the maintenance of sharp

boundaries between different subject areas. We hope these measures

will take us significantly further in the direction of a child-centred system

of education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals

and teachers will take to encourage children to reflect on their own

learning and to pursue imaginative activities and questions. We must

recognise that, given space, time and freedom, children generate new

knowledge by engaging with the information passed on to them by adults.

Treating the prescribed textbook as the sole basis of examination is one

of the key reasons why other resources and sites of learning are ignored.

Inculcating creativity and initiative is possible if we perceive and treat

children as participants in learning, not as receivers of a fixed body of

knowledge.

These aims imply considerable change in school routines and mode

of functioning. Flexibility in the daily time-table is as necessary as

rigour in implementing the annual calender so that the required number

of teaching days are actually devoted to teaching. The methods used for

teaching and evaluation will also determine how effective this textbook

proves for making children’s life at school a happy experience, rather

than a source of stress or boredom. Syllabus designers have tried to

address the problem of curricular burden by restructuring and

reorienting knowledge at different stages with greater consideration for

child psychology and the time available for teaching. The textbook

attempts to enhance this endeavour by giving higher priority and space

to opportunities for contemplation and wondering, discussion in small

groups, and activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT)

appreciates the hard work done by the textbook development committee
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iv

responsible for this book. We wish to thank the Chairperson of the

advisory group in science and mathematics, Professor J.V. Narlikar and

the Chief Advisor for this book, Professor B. L. Khandelwal for guiding

the work of this committee. Several teachers contributed to the

development of this textbook; we are grateful to their principals for

making this possible. We are indebted to the institutions and

organisations which have generously permitted us to draw upon their

resources, material and personnel. As an organisation committed to systemic

reform and continuous improvement in the quality of its products, NCERT

welcomes comments and suggestions which will enable us to undertake further

revision and refinement.

Director

New Delhi National Council of Educational

20 November 2006 Research and Training
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v

RATIONALISATION OF CONTENT IN THE TEXTBOOKS

In view of the COVID-19 pandemic, it is imperative to reduce content
load on students. The National Education Policy 2020, also emphasises
reducing the content load and providing opportunities for experiential
learning with creative mindset. In this background, the NCERT has
undertaken the exercise to rationalise the textbooks across all classes.
Learning Outcomes already developed by the NCERT across classes
have been taken into consideration in this exercise.

Contents of the textbooks have been rationalised in view of the following:

• Overlapping with similar content included in other subject areas in
the same class

• Similar content included in the lower or higher class in the same
subject

• Difficulty level

• Content, which is easily accessible to students without much
interventions from teachers and can be learned by children through
self-learning or peer-learning

• Content, which is irrelevant in the present context

This present edition, is a reformatted version after carrying out the
changes given above.

Reprint 2024-25



vi

Reprint 2024-25



vii

PREFACE

Chemistry has made a profound impact on the society. It is intimately linked

to the well-being of human kind. The rate of advancements in chemistry is so

high that curriculum developers continuously look for strategies to cope with

these advancements. Also, the students have to be inspired to be the future

leaders who would make fundamental contributions. The present textbook is

a sincere effort in this direction.

The structure of the textbook, presented in two parts, comprises of sixteen

Units. Although the titles of various Units indicate a sort of

compartmentalisation into physical, inorganic and organic chemistry, readers

will find that these sub-disciplines have been intermingled, at least to a certain

extent, to have a unified approach to the subject.  The approach of presentation

of the subject matter discourages students from rote memorisation. The subject

has in fact, been organised around the laws and principles of chemistry. As

students master these laws and principles, they will soon get to the point

where they can predict much of what will come.

Efforts have been directed towards making the subject stimulating and

exciting by references to the historical developments and its usefulness to our

lives, wherever appropriate. The text is well illustrated with examples from

surrounding environment to facilitate grasping of the qualitative and

quantitative aspects of the concept easily. Physical data are given in SI units

throughout the book to make comparison of various properties easier. IUPAC

system of nomenclature has been followed along with the common system.

Structural formulae of chemical compounds showing functional/coordinating

groups in different colours are drawn using electronic system. Each Unit has

a good number of examples, as illustrations, with their solutions and some

intext questions, the answers of some of which are given at the end of the Unit.

The end of Unit exercises are designed to apply important principles and

provoke thinking process to solve them.  Answers of some of these exercises

are given at the end of the book.

A variety of materials, e.g., biographical sketches of some scientists,

additional information related to a particular topic, etc., is given in boxes with

a deep yellow coloured bar. This boxed material with a 'deep yellow bar' is to

bring additional life to the topic. However, it is  non-evaluative. The structures

of some of the more complex compounds incorporated in the book are for

understanding their chemistry. As their reproduction would lead to

memorisation, it is also a non-evaluative portion of the text.

The information part has been significantly reduced and, wherever possible,

it has been substantiated with facts.  However, it is necessary for students to
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be aware of commercially important chemicals, their process of manufacture

and sources of raw materials.  This leads to descriptive material in the book.

Attempts have been made to make descriptions of such compounds interesting

by considering their structures and reactivity.  Thermodynamics, kinetics and

electrochemical aspects have been applied to chemical reactions which should

be beneficial to students for understanding why a particular reaction happened

and why a particular property is exhibited by the product. There is currently

great awareness of environmental and energy issues which are directly related

to chemistry.  Such issues have been highlighted and dealt with at appropriate

places in the book.

A team of experts constituted by the NCERT has developed the manuscript

of the book.  It gives me great pleasure to acknowledge the valuable contribution

of all the members of this team. I also acknowledge the valuable and relentless

contribution of the editors in bringing the book to the present shape. I also

acknowledge with thanks the dedicated efforts and valuable contribution of

Professor Brahm Parkash, who not only coordinated the entire programme

but also actively involved in writing and editing of this book. Thanks are also

due to the participating teachers and subject experts of the review workshop

for their contribution, which has helped us to make the book learner friendly.

Also, I thank the technical and administrative staff of the NCERT for their

support in the entire process.

The team of this textbook development programme hopes that the book

stimulates its readers and makes them feel the excitement and fascination for

this subject.  Efforts have been made to bring out this book error-free.

Nevertheless, it is recognised that in such a book of complexity, there could

inevitably be occasional errors.  It will always be a pleasure to hear about

them from readers to take necessary steps to rectify them.

B.L. KHANDELWAL
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After studying this Unit, you will be
able to

· describe the formation of different
types of solutions;

· express concentration of solution
in different units;

· state and explain Henry’s law and
Raoult’s law;

· distinguish between ideal and
non-ideal solutions;

· explain deviations of real solutions
from Raoult’s law;

· describe colligative properties of
solutions and correlate these with
molar masses of the solutes;

· explain abnormal colligative
properties exhibited by some
solutes in solutions.

In normal life we rarely come across pure substances.

Most of these are mixtures containing two or more pure

substances. Their utility or importance in life depends

on their composition. For example, the properties of

brass (mixture of copper and zinc) are quite different

from those of German silver (mixture of copper, zinc

and nickel) or bronze (mixture of copper and tin);

1 part per million (ppm) of fluoride ions in water

prevents tooth decay, while 1.5 ppm causes the tooth

to become mottled and high concentrations of fluoride

ions can be poisonous (for example, sodium fluoride is

used in rat poison); intravenous injections are always

dissolved in water containing salts at particular ionic

concentrations that match with blood plasma

concentrations and so on.

In this Unit, we will consider mostly liquid

solutions and their formation. This will be followed by

studying the properties of the solutions, like vapour

pressure and colligative properties. We will begin with

types of solutions and then various alternatives in

which concentrations of a solute can be expressed in

liquid solution.

SolutionsSolutions

Almost all processes in body occur in some kind of liquid solutions.

Objectives

1 . 11 . 11 . 11 . 11 . 1 Types ofTypes ofTypes ofTypes ofTypes of
SolutionsSolutionsSolutionsSolutionsSolutions

1
UnitUnitUnitUnitUnit

1

Solutions are homogeneous mixtures of two or more than two
components. By homogenous mixture we mean that its composition
and properties are uniform throughout the mixture. Generally, the
component that is present in the largest quantity is known as solvent.
Solvent determines the physical state in which solution exists. One or
more components present in the  solution other than solvent are called
solutes. In this Unit we shall consider only binary solutions (i.e.,
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2Chemistry

Type of Solution Solute Solvent Common Examples

Gaseous Solutions Gas Gas Mixture of oxygen and nitrogen gases

Liquid Gas Chloroform mixed with nitrogen gas

Solid Gas Camphor in nitrogen gas

Liquid Solutions Gas Liquid Oxygen dissolved in water

Liquid Liquid Ethanol dissolved in water

Solid Liquid Glucose dissolved in water

Solid Solutions Gas Solid Solution of hydrogen in palladium

Liquid Solid Amalgam of mercury with sodium

Solid Solid Copper dissolved in gold

Table 1.1: Types of Solutions

consisting of two components). Here each component may be
solid, liquid or in gaseous state and are summarised in Table 1.1.

Composition of a solution can be described by expressing its
concentration. The latter can be expressed either qualitatively
or quantitatively. For example, qualitatively we can say that the
solution is dilute (i.e., relatively very small quantity of solute)
or it is concentrated (i.e., relatively very large quantity of
solute). But in real life these kinds of description can add to
lot of confusion and thus the need for a quantitative description
of the solution.

There are several ways by which we can describe the concentration
of the solution quantitatively.

(i) Mass percentage (w/w): The mass percentage of a component of a
solution is defined as:

Mass % of a component

= 
Mass of the component in the solution 

100
Total mass of the solution

(1.1)

For example, if a solution is described by 10% glucose in water by
mass, it means that 10 g of glucose is dissolved in 90 g of water
resulting in a 100 g solution. Concentration described by mass
percentage is commonly used in industrial chemical applications.
For example, commercial bleaching solution contains 3.62 mass
percentage of sodium hypochlorite in water.

(ii) Volume percentage (V/V): The volume percentage is defined as:

Volume % of a component = 
Volume of  the component

100
Total volume of  solution

(1.2)

1 .21 .21 .21 .21 .2 ExpressingExpressingExpressingExpressingExpressing
ConcentrationConcentrationConcentrationConcentrationConcentration
of Solutionsof Solutionsof Solutionsof Solutionsof Solutions
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3 Solutions

For example, 10% ethanol solution in water means that 10 mL
of ethanol is dissolved in water such that the total volume of
the solution is 100 mL. Solutions containing liquids are commonly
expressed in this unit. For example, a 35% (v/v) solution of
ethylene glycol, an antifreeze, is used in cars for cooling the
engine. At this concentration the antifreeze lowers the freezing
point of water to 255.4K (–17.6°C).

(iii) Mass by volume percentage (w/V): Another unit which is
commonly used in medicine and pharmacy is mass by
volume percentage. It is the mass of solute dissolved in
100 mL of the solution.

(iv) Parts per million: When a solute is present in trace quantities, it
is convenient to express concentration in parts per million (ppm)
and is defined as:

Parts per million =

 
6Number of  parts of  the component

×10
Total number of parts of  all components of the solution

(1.3)

As in the case of percentage, concentration in parts per million can
also be expressed as mass to mass, volume to volume and mass to
volume. A litre of sea water (which weighs 1030 g) contains about
6 × 10

–3
 g of dissolved oxygen (O2). Such a small concentration is

also expressed as 5.8 g per 10
6
 g (5.8 ppm) of sea water. The

concentration of pollutants in water or atmosphere is often expressed
in terms of mg mL

–1
 or ppm.

(v) Mole fraction: Commonly used symbol for mole fraction is x and
subscript used on the right hand side of x denotes the component.
It is defined as:

Mole fraction of a component =

Number of  moles of  the component

Total number of  moles of  all the components
(1.4)

For example, in a binary mixture, if the number of moles of A and B are
nA and nB respectively, the mole fraction of A will be

xA =


A

A B 

n

n n
(1.5)

For a solution containing i number of components, we have:

xi = 
  

i

1 2 i

  

  .......

n

n n n
 = 


i

i

n

n
(1.6)

It can be shown that in a given solution sum of all the mole
fractions is unity, i.e.

x1 + x2 + .................. + xi = 1 (1.7)

Mole fraction unit is very useful in relating some physical properties
of solutions, say vapour pressure with the concentration of the
solution and quite useful in describing the calculations involving
gas mixtures.
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Calculate the mole fraction of ethylene glycol (C
2
H

6
O

2
) in a solution

containing 20% of C
2
H

6
O

2
 by mass.

Assume that we have 100 g of solution (one can start with any amount of
solution because the results obtained will be the same). Solution will
contain 20 g of ethylene glycol and 80 g of water.

Molar mass of C
2
H

6
O

2
 = 12 × 2 + 1 × 6 + 16 × 2 = 62 g mol–1.

Moles of C
2
H

6
O

2
 = 1

20 g

62 g mol
= 0.322 mol

Moles of water = -1

80 g

18 g mol
 = 4.444 mol




2 6 2
glycol

2 6 2 2

moles of C H O
x

moles of C H O moles of H O

          


0.322mol

0.322mol 4.444 mol
 =  0.068

Similarly,  
water

4.444 mol 
0.932

0.322 mol  4.444 mol
x

Mole fraction of water can also be calculated as: 1 – 0.068 = 0.932

Example 1.1Example 1.1Example 1.1Example 1.1Example 1.1

(vi) Molarity: Molarity (M) is defined as number of moles of solute dissolved
in one litre (or one cubic decimetre) of solution,


Moles of solute

Molarity
Volume of solution in litre

(1.8)

For example, 0.25 mol L–1 (or 0.25 M) solution of NaOH means that
0.25 mol of NaOH has been dissolved in one litre (or one cubic decimetre).

Example 1.2Example 1.2Example 1.2Example 1.2Example 1.2 Calculate the molarity of a solution containing 5 g of NaOH in 450 mL
solution.

Moles of NaOH = 
-1

5 g

40 g mol
 = 0.125 mol

Volume of the solution in litres = 450 mL / 1000 mL L-1

Using equation (2.8),

Molarity = 
–10.125 mol × 1000 mL L

450 mL
 = 0.278 M

= 0.278 mol L–1

= 0.278 mol dm–3

SolutionSolutionSolutionSolutionSolution

SolutionSolutionSolutionSolutionSolution
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5 Solutions

Example 1.3Example 1.3Example 1.3Example 1.3Example 1.3

SolutionSolutionSolutionSolutionSolution

(vii) Molality: Molality (m) is defined as the number of moles of the solute
per kilogram (kg) of the solvent and is expressed as:

Molality (m) =
Moles of solute

Mass of solvent in kg
(1.9)

For example, 1.00 mol kg
–1

 (or 1.00 m) solution of KCl means that
1 mol (74.5 g) of KCl is dissolved in 1 kg of water.

Each method of expressing concentration of the solutions has its
own merits and demerits. Mass %, ppm, mole fraction and molality
are independent of temperature, whereas molarity is a function of
temperature. This is because volume depends on temperature
and the mass does not.

Solubility of a substance is its maximum amount that can be dissolved
in a specified amount of solvent at a specified temperature. It depends
upon the nature of solute and solvent as well as temperature and
pressure. Let us consider the effect of these factors in solution of a solid
or a gas in a liquid.

1.3 Solubility1.3 Solubility1.3 Solubility1.3 Solubility1.3 Solubility

Calculate molality of 2.5 g of ethanoic acid (CH
3
COOH) in 75 g of benzene.

Molar mass of C
2
H

4
O

2
: 12 × 2 + 1 × 4 + 16 × 2 = 60 g mol–1

Moles of C
2
H

4
O

2
 = 

1

2.5 g

60 g mol−  =  0.0417 mol

Mass of benzene in kg = 75 g/1000 g kg–1 = 75 × 10–3 kg

Molality of C
2
H

4
O

2 
= 

2 4 2Moles of C H O

kg of benzene
 = 

10.0417 mol 1000 g kg  

75 g 

−×

                            = 0.556 mol kg–1

Intext QuestionsIntext QuestionsIntext QuestionsIntext QuestionsIntext Questions

1.1 Calculate the mass percentage of benzene (C6H6) and carbon
tetrachloride (CCl4) if 22 g of benzene is dissolved in 122 g of
carbon tetrachloride.

1.2 Calculate the mole fraction of benzene in solution containing 30%
by mass in carbon tetrachloride.

1.3 Calculate the molarity of each of the following solutions: (a) 30 g of
Co(NO3)2. 6H2O in 4.3 L of solution (b) 30 mL of 0.5 M H2SO4 diluted to
500 mL.

1.4 Calculate the mass of urea (NH2CONH2) required in making 2.5 kg of
0.25 molal aqueous solution.

1.5 Calculate (a) molality (b) molarity and (c) mole fraction of KI if the density
of 20% (mass/mass) aqueous KI is 1.202 g mL-1.
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6Chemistry

Every solid does not dissolve in a given liquid. While sodium chloride
and sugar dissolve readily in water, naphthalene and anthracene do
not. On the other hand, naphthalene and anthracene dissolve readily in
benzene but sodium chloride and sugar do not. It is observed that
polar solutes dissolve in polar solvents and non polar solutes in non-
polar solvents. In general, a solute dissolves in a solvent if the
intermolecular interactions are similar in the two or we may say like
dissolves like.

When a solid solute is added to the solvent, some solute dissolves
and its concentration increases in solution. This process is known as
dissolution. Some solute particles in solution collide with the solid solute
particles and get separated out of solution. This process is known as
crystallisation. A stage is reached when the two processes occur at the
same rate. Under such conditions, number of solute particles going
into solution  will be equal to the solute particles separating out and
a state of dynamic equilibrium is reached.

Solute + Solvent ⇌  Solution (1.10)

At this stage the concentration of solute in solution will remain
constant under the given conditions, i.e., temperature and pressure.
Similar process is followed when gases are dissolved in liquid solvents.
Such a solution in which no more solute can be dissolved at the same
temperature and pressure is called a saturated solution. An
unsaturated solution is one in which more solute can be dissolved at
the same temperature. The solution which is in dynamic equilibrium
with undissolved solute is the saturated solution and contains the
maximum amount of solute dissolved in a given amount of solvent.
Thus, the concentration of solute in such a solution is its solubility.

Earlier we have observed that solubility of one substance into
another depends on the nature of the substances. In addition to these
variables, two other parameters, i.e., temperature and pressure also
control this phenomenon.

Effect of temperature

The solubility of a solid in a liquid is significantly affected by temperature
changes. Consider the equilibrium represented by equation 1.10. This,
being dynamic equilibrium, must follow Le Chateliers Principle. In
general, if in a nearly saturated solution, the dissolution process is
endothermic (Dsol H > 0), the solubility should increase with rise in
temperature and if it is exothermic (Dsol H < 0) the solubility should
decrease. These trends are also observed experimentally.

Effect of pressure

Pressure does not have any significant effect on solubility of solids in
liquids. It is so because solids and liquids are highly incompressible
and practically remain unaffected by changes in pressure.

Many gases dissolve in water. Oxygen dissolves only to a small extent
in water. It is this dissolved oxygen which sustains all aquatic life. On
the other hand, hydrogen chloride gas (HCl) is highly soluble in water.
Solubility of gases in liquids is greatly affected by pressure and

1.3.1 Solubility of
a Solid in a
Liquid

1.3.2 Solubility of
a Gas in a
Liquid
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7 Solutions

temperature. The solubility of gases increase with increase of pressure.
For solution of gases in a solvent, consider a system as shown in
Fig. 1.1 (a). The lower part is solution and the upper part is gaseous
system at pressure p and temperature T. Assume this system to be in
a state of dynamic equilibrium, i.e., under these conditions rate of
gaseous particles entering and leaving the solution phase is the same.
Now increase the pressure over the solution phase by compressing the
gas to a smaller volume [Fig. 1.1 (b)]. This will increase the number of
gaseous particles per unit volume over the solution and also the rate
at which the gaseous particles are striking the surface of solution to
enter it. The solubility of the gas will increase until a new equilibrium
is reached resulting in an increase in the pressure of a gas above the
solution and thus its solubility increases.

Henry was the first to give a
quantitative relation between
pressure and solubility of a gas in
a solvent which is known as
Henry’s law. The law states that
at a constant temperature, the
solubility of a gas in a liquid is
directly proportional to the
partial pressure of the gas
present above the surface of
liquid or solution. Dalton, a
contemporary of Henry, also
concluded independently that the
solubility of a gas in a liquid
solution is a function of partial

pressure of the gas. If we use the mole fraction of a gas in
the solution as a measure of its solubility, then it can be
said that the mole fraction of gas in the solution is
proportional to the partial pressure of the gas over
the solution. The most commonly used form of Henry’s
law states that “the partial pressure of the gas in
vapour phase (p) is proportional to the mole fraction
of the gas (x) in the solution” and is expressed as:

p = KH x (1.11)

Here K
H
 is the Henry’s law constant. If we draw a

graph between partial pressure of the gas versus mole
fraction of the gas in solution, then we should get a plot
of the type as shown in Fig. 1.2.

Different gases have different K
H
 values at the same

temperature (Table 1.2). This suggests that K
H
 is a

function of the nature of the gas.

It is obvious from equation (1.11) that higher the
value of K

H
 at a given pressure, the lower is the solubility

of the gas in the liquid. It can be seen from Table 1.2
that K

H
 values for both N

2
 and O

2
 increase with increase

of temperature indicating that the solubility of gases

Fig. 1.1: Effect of pressure on the solubility of a gas. The

concentration of dissolved gas is proportional to the

pressure on the gas above the solution.

Fig. 1.2: Experimental results for

the solubility of HCl gas in

cyclohexane at 293 K. The

slope of the line is the

Henry’s Law constant, K
H
.
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8Chemistry

increases with decrease of temperature. It is due to this reason that
aquatic species are more comfortable in cold waters rather than in
warm waters.

Henry’s law finds several applications in industry and explains some
biological phenomena. Notable among these are:

· To increase the solubility of CO
2
 in soft drinks and soda water, the

bottle is sealed under high pressure.

· Scuba divers must cope with high concentrations of dissolved gases
while breathing air at high pressure underwater. Increased pressure
increases the solubility of atmospheric gases in blood. When the
divers come towards surface, the pressure gradually decreases. This
releases the dissolved gases and leads to the formation of bubbles
of nitrogen in the blood. This blocks capillaries and creates a medical
condition known as bends, which are painful and dangerous to life.

If N
2
 gas is bubbled through water at 293 K, how many millimoles of N

2

gas would dissolve in 1 litre of water? Assume that N
2
 exerts a partial

pressure of 0.987 bar. Given that Henry’s law constant for N
2
 at 293 K is

76.48 kbar.

The solubility of gas is related to the mole fraction in aqueous solution.
The mole fraction of the gas in the solution is calculated by applying
Henry’s law. Thus:

x (Nitrogen)  =  
H

 (nitrogen)p

K
 = 

0.987bar

76,480 bar
 = 1.29 × 10–5

As 1 litre of water contains 55.5 mol of it, therefore if n represents
number of moles of N

2
 in solution,

x (Nitrogen) = 
 mol 

 mol 55.5 mol +
n

n
 = 

 55.5

n 
 = 1.29 × 10–5

(n in denominator is neglected as it is < < 55.5)

Thus n = 1.29 × 10–5 × 55.5 mol = 7.16 × 10–4 mol

= 
47.16×10  mol × 1000 mmol

1 mol
 = 0.716 mmol

Example 1.4Example 1.4Example 1.4Example 1.4Example 1.4

SolutionSolutionSolutionSolutionSolution

Gas Temperature/K K
H
 /kbar Gas Temperature/K K

H
/kbar

He 293 144.97

H
2

293 69.16

N
2

293 76.48

N
2

303 88.84

O
2

293 34.86

O
2

303 46.82

Table 1.2: Values of Henry's Law Constant for Some Selected Gases in Water

Argon 298 40.3

CO
2

298 1.67

Formaldehyde 298 1.83×10-5

Methane 298 0.413

Vinyl chloride 298 0.611
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9 Solutions

To avoid bends, as well as, the toxic effects of high concentrations
of nitrogen in the blood, the tanks used by scuba divers are filled
with air diluted with helium (11.7% helium, 56.2% nitrogen and
32.1% oxygen).

· At high altitudes the partial pressure of oxygen is less than that at
the ground level. This leads to low concentrations of oxygen in the
blood and tissues of people living at high altitudes or climbers. Low
blood oxygen causes climbers to become weak and unable to think
clearly, symptoms of a condition known as anoxia.

Effect of Temperature

Solubility of gases in liquids decreases with rise in temperature. When
dissolved, the gas molecules are present in liquid phase and the process
of dissolution can be considered similar to condensation and heat
is evolved in this process. We have learnt in the last Section that
dissolution process involves dynamic equilibrium and thus must
follow Le Chatelier’s Principle. As dissolution is an exothermic
process, the solubility should decrease with increase of
temperature.

Liquid solutions are formed when solvent is a liquid. The solute can be
a gas, a liquid or a solid. Solutions of gases in liquids have already
been discussed in Section 1.3.2. In this Section, we shall discuss the
solutions of liquids and solids in a liquid. Such solutions may contain
one or more volatile components. Generally, the liquid solvent is volatile.
The solute may or may not be volatile. We shall discuss the properties
of only binary solutions, that is, the solutions containing two
components, namely, the solutions of (i) liquids in liquids and (ii) solids
in liquids.

Let us consider a binary solution of two volatile liquids and denote the
two components as 1 and 2. When taken in a closed vessel, both the
components would evaporate and eventually an equilibrium would be
established between vapour phase and the liquid phase. Let the total
vapour pressure at this stage be p

total 
and p

1
 and p

2
 be the partial

vapour pressures of the two components 1 and 2 respectively. These
partial pressures are related to the mole fractions x

1
 and x

2
 of the two

components 1 and 2 respectively.

The French chemist, Francois Marte Raoult (1886) gave the
quantitative relationship between them. The relationship is known as
the Raoult’s law which states that for a solution of volatile liquids,

1 .41 .41 .41 .41 .4 VapourVapourVapourVapourVapour
Pressure ofPressure ofPressure ofPressure ofPressure of
LiquidLiquidLiquidLiquidLiquid
SolutionsSolutionsSolutionsSolutionsSolutions

Intext QuestionsIntext QuestionsIntext QuestionsIntext QuestionsIntext Questions

1.6 H
2
S, a toxic gas with rotten egg like smell, is used for the qualitative analysis. If

the solubility of H
2
S in water at STP is 0.195 m, calculate Henry’s law constant.

1.7 Henry’s law constant for CO
2
 in water is 1.67×108 Pa at 298 K. Calculate

the quantity of CO
2
 in 500 mL of soda water when packed under 2.5 atm

CO
2
 pressure at 298 K.

1.4.1 Vapour
Pressure of
Liquid-
Liquid
Solutions

Reprint 2024-25



10Chemistry

the partial vapour pressure of each component of the solution
is directly proportional to its mole fraction present in solution.

Thus, for component 1
p

1
 µ x

1

and      p
1 
=  0

1
p  x

1
(1.12)

where 0

1
p  is the vapour pressure of pure component 1 at the same

temperature.

Similarly, for component 2

p
2
 = p

2
0 x

2
(1.13)

where p2
0
 represents the vapour pressure of the pure component 2.

According to Dalton’s law of partial pressures, the total pressure

( totalp ) over the solution phase in the container will be the sum of the

partial pressures of the components of the solution and is given as:
 p

total
= p

1
 + p

2
(1.14)

Substituting the values of p1 and p2, we get

p
total

= x
1
 p

1

0 + x
2
 p

2

0

= (1 – x
2
) p

1
0 + x

2
 p

2
0 (1.15)

= p
1

0 + (p
2

0 – p
1

0) x
2

(1.16)

Following conclusions can be drawn from equation (1.16).

(i) Total vapour pressure over the solution can be related to the mole
fraction of any one component.

(ii) Total vapour pressure over the solution varies linearly with the
mole fraction of component 2.

(iii) Depending on the vapour pressures
of the pure components 1 and 2,
total vapour pressure over the
solution decreases or increases with
the increase of the mole fraction of
component 1.

A plot of p1 or p2 versus the mole
fractions x1 and x2 for a solution gives a

linear plot as shown in Fig. 1.3. These
lines (I and II) pass through the points for
which x1 and x2 are equal to unity.

Similarly the plot (line III) of ptotal versus
x2 is also linear (Fig. 1.3). The minimum
value of ptotal is p1

0
 and the maximum value

is p2
0
, assuming that component 1 is less

volatile than component 2,  i.e., p1
0 
< p2

0
.

The composition of vapour phase in

equilibrium with the solution is determined
by the partial pressures of the components.
If y

1
 and y

2
 are the mole fractions of the

Fig. 1.3: The plot of  vapour pressure and mole

fraction of an ideal solution at constant

temperature. The dashed lines I and II

represent the partial pressure of the

components. (It can be seen from the plot

that p1 and p2 are directly proportional to x1

and x2, respectively). The total vapour

pressure is given by line marked III in the

figure.

Reprint 2024-25
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components 1 and 2 respectively in the vapour phase then, using Dalton’s
law of partial pressures:

p1 = y1 ptotal (1.17)

p2 = y2 ptotal (1.18)

In general

pi = yi  ptotal (1.19)

Vapour pressure of chloroform (CHCl
3
) and dichloromethane (CH

2
Cl

2
)

at 298 K are 200 mm Hg and 415 mm Hg respectively. (i) Calculate
the vapour pressure of the solution prepared by mixing 25.5 g of
CHCl

3
 and 40 g of CH

2
Cl

2
 at 298 K and, (ii) mole fractions of each

component in vapour phase.

(i) Molar mass of CH
2
Cl

2
= 12 × 1 + 1 × 2 + 35.5 × 2 = 85 g mol–1

Molar mass of CHCl
3

= 12 × 1 + 1 × 1 + 35.5 × 3 = 119.5 g mol-1

Moles of CH
2
Cl

2
= 1

40 g

85 g mol  = 0.47 mol

Moles of CHCl
3

= 1

25.5 g

119.5 g mol  = 0.213 mol

Total number of moles = 0.47 + 0.213 = 0.683 mol

2 2CH Clx  = 
0.47 mol

0.683 mol
= 0.688

3CHClx  = 1.00 – 0.688 = 0.312

Using equation (2.16),

totalp = p
1
0 + (p

2
0 – p

1
0) x

2
 = 200 + (415 – 200) × 0.688

= 200 + 147.9 = 347.9 mm Hg

(ii) Using the relation (2.19), yi = pi/ptotal, we can calculate the mole
fraction of the components in gas phase (yi).

2 2CH Clp = 0.688 × 415 mm Hg = 285.5 mm Hg

3CHClp = 0.312 × 200 mm Hg = 62.4 mm Hg

2 2CH Cly = 285.5 mm Hg/347.9 mm Hg = 0.82

3CHCly = 62.4 mm Hg/347.9 mm Hg = 0.18

Note: Since, CH
2
Cl

2
 is a more volatile component than CHCl

3
, [

2 2CH Cl
0p =

415 mm Hg and 
3CHCl

0p = 200 mm Hg] and the vapour phase is also richer

in CH
2
Cl

2
 [

2 2CH Cly = 0.82 and 
3CHCly = 0.18], it may thus be concluded

that at equilibrium, vapour phase will be always rich in the component

which is more volatile.

Example 1.5Example 1.5Example 1.5Example 1.5Example 1.5

SolutionSolutionSolutionSolutionSolution
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According to Raoult’s law, the vapour pressure of a volatile component
in a given solution is given by p i = xi p i

0. In the solution of a gas in a
liquid, one of the components is so volatile that it exists as a gas and
we have already seen that its solubility is given by Henry’s law which
states that

p = KH x.
If we compare the equations for Raoult’s law and Henry’s law, it

can be seen that the partial pressure of the volatile component or gas
is directly proportional to its mole fraction in solution. Only the
proportionality constant KH differs from p1

0. Thus, Raoult’s law becomes
a special case of Henry’s law in which KH becomes equal to p1

0.

Another important class of solutions consists of solids dissolved in
liquid, for example, sodium chloride, glucose, urea and cane sugar in
water and iodine and sulphur dissolved in carbon disulphide. Some
physical properties of these solutions are quite different from those of
pure solvents. For example, vapour pressure. Liquids at a given

temperature vapourise and under
equilibrium conditions the pressure exerted
by the vapours of the liquid over the liquid
phase is called vapour pressure [Fig. 1.4 (a)].
In a pure liquid the entire surface is
occupied by the molecules of the liquid. If a
non-volatile solute is added to a solvent to
give a solution [Fig. 1.4.(b)], the vapour
pressure of the solution is solely from the
solvent alone. This vapour pressure of the
solution at a given temperature is found to
be lower than the vapour pressure of the
pure solvent at the same temperature. In
the solution, the surface has both solute and
solvent molecules; thereby the fraction of the
surface covered by the solvent molecules gets
reduced. Consequently, the number of
solvent molecules escaping from the surface
is correspondingly reduced, thus, the vapour
pressure is also reduced.

The decrease in the vapour pressure of solvent depends on the
quantity of non-volatile solute present in the solution, irrespective of
its nature. For example, decrease in the vapour pressure of water by
adding 1.0 mol of sucrose to one kg of water is nearly similar to that
produced by adding 1.0 mol of urea to the same quantity of water at
the same temperature.

Raoult’s law in its general form can be stated as, for any solution
the partial vapour pressure of each volatile component in the
solution is directly proportional to its mole fraction .

In a binary solution, let us denote the solvent by 1 and solute by
2. When the solute is non-volatile, only the solvent molecules are
present in vapour phase and contribute to vapour pressure. Let p1 be

1.4.2 Raoult’s
Law as a
special case
of Henry’s
Law

1.4.3 Vapour
Pressure of
Solutions of
Solids in
Liquids

Fig. 1.4: Decrease in the vapour pressure of the
solvent on account of the  presence of
solute in the solvent (a) evaporation of the
molecules of the solvent from its surface
is denoted by , (b) in a solution, solute
particles have been denoted by  and they
also occupy part of the surface area.
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the vapour pressure of the solvent, x1 be
its mole fraction, pi

0 be its vapour pressure
in the pure state. Then according to
Raoult’s law

p1 µ  x1

and p1 = x1 
0
1

p (1.20)

The proportionality constant is equal
to the vapour pressure of pure solvent, 0

1
p .

A plot between the vapour pressure and
the mole fraction of the solvent is linear
(Fig. 1.5).

Liquid-liquid solutions can be classified into ideal and non-ideal
solutions on the basis of Raoult’s law.

The solutions which obey Raoult’s law over the entire range of
concentration are known as ideal solutions . The ideal solutions have
two other important properties. The enthalpy of mixing of the
pure components to form the solution is zero and the volume
of mixing is also zero, i.e.,

Dmix H = 0, Dmix V = 0 (1.21)

It means that no heat is absorbed or evolved when the components
are mixed. Also, the volume of solution would be equal to the sum of
volumes of the two components. At molecular level, ideal behaviour of
the solutions can be explained by considering two components A and
B. In pure components, the intermolecular attractive interactions will
be of types A-A and B-B, whereas in the binary solutions in addition
to these two interactions, A-B type of interactions will also be present.
If the intermolecular attractive forces between the A-A and B-B are
nearly equal to those between A-B, this leads to the formation of ideal
solution. A perfectly ideal solution is rare but some solutions are nearly
ideal in behaviour . Solution of n-hexane and n-heptane, br omoethane
and chloroethane, benzene and toluene, etc. fall into this category.

When a solution does not obey Raoult’s law over the entire range of
concentration, then it is called non-ideal solution . The vapour pressure
of such a solution is either higher or lower than that predicted by
Raoult’s law (equation 1.16). If it is higher , the solution exhibits positive
deviation  and if it is lower , it exhibits negative deviation  fr om Raoult’s
law. The plots of vapour pressure as a function of mole fractions
for such solutions are shown in Fig. 1.6.

The cause for these deviations lie in the nature of interactions at the
molecular level. In case of positive deviation from Raoult’s law, A-B
interactions are weaker than those between A-A or B-B, i.e., in this case
the intermolecular attractive forces between the solute-solvent molecules
are weaker than  those between the solute-solute and solvent-solvent
molecules. This means that in such solutions, molecules of A (or B) will
find it easier to escape than in pure state. This will increase the vapour

Fig. 1.5
If a solution obeys
Raoult's law for all
concentrations, its
vapour pressure
would vary linearly
from zero to the
vapour pressure of
the pure solvent.

1.51.51.51.51.5Ideal and Non-Ideal and Non-Ideal and Non-Ideal and Non-Ideal and Non-
ideal Solutionsideal Solutionsideal Solutionsideal Solutionsideal Solutions

1.5.1 Ideal
Solutions

1.5.2 Non-ideal
Solutions
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pressure and result in positive deviation. Mixtures of ethanol and acetone
behave in this manner. In pure ethanol, molecules are hydrogen bonded.
On adding acetone, its molecules get in between the host molecules and
break some of the hydrogen bonds between them. Due to weakening of
interactions, the solution shows positive deviation from Raoult’s law
[Fig. 1.6 (a)]. In a solution formed by adding carbon disulphide to
acetone, the dipolar interactions between solute-solvent molecules are
weaker than the respective interactions among the solute-solute and
solvent-solvent molecules. This solution also shows positive deviation.

In case of negative deviations from Raoult’s law, the intermolecular
attractive forces between A-A and B-B are weaker than those between
A-B and leads to decrease in vapour pressure resulting in negative
deviations. An example of this type is a mixture of phenol and aniline.
In this case the intermolecular hydrogen bonding between phenolic
proton and lone pair on nitrogen atom of aniline is stronger than the
respective intermolecular hydrogen bonding between similar
molecules. Similarly, a mixture of chloroform and acetone
forms a solution with negative deviation from Raoult’s law.
This is because chloroform molecule is able to form hydrogen
bond with acetone molecule as shown.

This decreases the escaping tendency of molecules for each
component and consequently the vapour pressure decreases resulting
in negative deviation from Raoult’s law [Fig. 1.6. (b)].

Some liquids on mixing, form azeotropes which are binary mixtures
having the same composition in liquid and vapour phase and boil at
a constant temperature. In such cases, it is not possible to separate the
components by fractional distillation. There are two types of azeotropes
called minimum boiling azeotrope and maximum boiling
azeotrope. The solutions which show a large positive deviation from
Raoult’s law form minimum boiling azeotrope at a specific composition.

Fig.1.6
The vapour

pressures of two

component systems

as a function of

composition (a) a

solution that shows

positive deviation

from Raoult's law

and (b) a solution

that shows negative

deviation from

Raoult's law.
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15 Solutions

For example, ethanol-water mixture (obtained by fermentation of sugars)
on fractional distillation gives a solution containing approximately 95%
by volume of ethanol. Once this composition, known as azeotrope
composition, has been achieved, the liquid and vapour have the same
composition, and no further separation occurs.

The solutions that show large negative deviation from Raoult’s law
form maximum boiling azeotrope at a specific composition. Nitric acid
and water is an example of this class of azeotrope. This azeotrope has
the approximate composition, 68% nitric acid and 32% water by mass,
with a boiling point of 393.5 K.

1 .61 .61 .61 .61 .6 ColligativeColligativeColligativeColligativeColligative

Properties andProperties andProperties andProperties andProperties and

DeterminationDeterminationDeterminationDeterminationDetermination

of Molar Massof Molar Massof Molar Massof Molar Massof Molar Mass

We have learnt in Section 1.4.3 that the vapour pressure of solution
decreases when a non-volatile solute is added to a volatile solvent.
There are many properties of solutions which are connected with this
decrease of vapour pressure. These are: (1) relative lowering of vapour
pressure of the solvent (2) depression of freezing point of the solvent
(3) elevation of boiling point of the solvent and (4) osmotic pressure of
the solution. All these properties depend on the number of solute
particles irrespective of their nature relative to the total number
of particles present in the solution. Such properties are called
colligative properties (colligative: from Latin: co means together, ligare
means to bind). In the following Sections we will discuss these
properties one by one.

We have learnt in Section 1.4.3 that the vapour pressure of a solvent in
solution is less than that of the pure solvent. Raoult established that the
lowering of vapour pressure depends only on the concentration of the
solute particles and it is independent of their identity. The equation (1.20)
given in Section 1.4.3 establishes a relation between vapour pressure of
the solution, mole fraction and vapour pressure of the solvent, i.e.,

p
1

= x
1
 p

1
0 (1.22)

The reduction in the vapour pressure of solvent (Dp
1
) is given as:

Dp
1

= p
1

0 – p
1
 = p

1

0 – p
1

0 x
1

= p
1

0 (1 – x
1
) (1.23)

Knowing that x
2
 = 1 – x

1
, equation (1.23) reduces to

Dp
1

= x
2
 p

1

0 (1.24)

In a solution containing several non-volatile solutes, the lowering of the
vapour pressure depends on the sum of the mole fraction of different solutes.

Equation (1.24) can be written as

1

0
1

p

p
= 

0
1 1

0
1

p p

p
 = x

2
(1.25)

Intext QuestionIntext QuestionIntext QuestionIntext QuestionIntext Question

1.8 The vapour pressure of pure liquids A and B are 450 and 700 mm Hg
respectively, at 350 K . Find out the composition of the liquid mixture if total
vapour pressure is 600 mm Hg. Also find the composition of the vapour phase.

1.6.1 Relative
Lowering of
Vapour
Pressure
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16Chemistry

The expression on the left hand side of the equation as mentioned
earlier is called relative lowering of vapour pressure and is equal to
the mole fraction of the solute . The above equation can be written as:

0
1 1

0
1

  p – p

p
 = 2

1 2

  
�
n

n n
 

2
2

1 2

since � ��� ��� �

n
x

n n (1.26)

Here n1 and n2 are the number of moles of solvent and solute
respectively present in the solution. For dilute solutions n2 < < n1,
hence neglecting n2 in the denominator we have

0
1 1

0
1

p p

p

	 = 2

1

n
n

(1.27)

or
0
1 1

0
1

 -   p p

p
= 2 1

2 1

w  × 
 × w

M
M

(1.28)

Here w 1 and w 2 are the masses and M1 and M2 are the molar masses
of the solvent and solute respectively.

From this equation (1.28), knowing all other quantities, the molar
mass of solute ( M2) can be calculated.

Example 1.6Example 1.6Example 1.6Example 1.6Example 1.6The vapour pressure of pure benzene at a certain temperature is 0.850
bar. A non-volatile, non-electr olyte solid weighing 0.5 g when added to
39.0 g of benzene (molar mass 78 g mol -1). Vapour pr essur e of the solution,
then, is 0.845 bar . What is the molar mass of the solid substance?

The various quantities known to us are as follows:

p1
0 = 0.850 bar;  p  = 0.845 bar;  M1 = 78 g mol –1;  w 2 = 0.5 g;  w 1 = 39 g

Substituting these values in equation (2.28), we get

0.850 bar – 0.845 bar 
0.850 bar

= 
–1

2

0.5 g × 78 g mol  
 × 39 gM

Therefore, M2 = 170 g mol –1

The vapour pressure of a liquid increases with increase of
temperature. It boils at the temperature at which its vapour pressure
is equal to the atmospheric pressure. For example, water boils at
373.15 K (100° C) because at this temperature the vapour pressure
of water is 1.013 bar (1 atmospher e). We have also lear nt in the last
section that vapour pressure of the solvent decreases in the presence
of non-volatile solute. Fig. 1 .7 depicts the variation of vapour pressure
of the pure solvent and solution as a function of temperature. For
example, the vapour pressure of an aqueous solution of sucrose is
less than 1.013 bar at 373.15 K. In order to make this solution
boil, its vapour pressure must be increased to 1.013 bar by
raising the temperature above the boil ing temperature of
the pure solvent (water). Thus, the boiling point of a solution is

1.6.2  Elevation of
Boiling Point

SolutionSolutionSolutionSolutionSolution
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