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COMMON SYSTEMS OF MEASUREMENTS

There are two common systems of measurement.

(1) Metric System

This is a decimal system of weights and measures originally based on the meter as the unit of
length and the kilogram as the unit of mass.

(2) SI  System

The International system of units was adopted by the 11th General Conference of Weights and
Measures in 1960. The SI units are widely used but they have not been fully accepted by the scientific
community.

In fact, metric system is still used in most countries. The American textbooks make use of the
metric system freely. May be that America reverts to the metric system over the years.

In this book we have used the metric units throughout. However, at several places the SI units
have also been used as we feel that in the present state of confusion the student should be conversant
with both types of units. Here, we will discuss the metric and the SI units as also the conversion
factors.

TABLE 1. SI BASE UNITS

Physical Quantity Unit Symbol

Length meter m
Mass kilogram kg
Time second s
Temperature kelvin K
Electric current ampere A
Number of particles mole mol

SI  UNITS OF LENGTH

The SI unit of length is the meter (m). Fractions and multiples of SI units are named by adding
appropriate prefixes. The commonly used metric length units are listed in Table 2.

TABLE 2.  COMMON METRIC LENGTH UNITS

    Unit Symbol      Relation

meter m
kilometer km 1 km = 103 m
decimeter dm 1 dm = 10–1 m
centimeter cm 1 cm = 10–2 m
millimeter mm 1 mm = 10–3 m
micrometer mm 1 μm = 10–6 m
nanometer nm 1 nm = 10–9 m
picometer pm 1 pm = 10–12 m
angstrom Å 1Å = 10–8 cm = 10–10 m

SI Units
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Even though the unit angstrom (Å) is not part of the SI system, it is still used for distances
between atoms. Currently, the interatomic distances are sometimes reported in units of nanometers

(nm) or picometer (pm).

1 nm = 10 Å

1 pm = 10–2 Å

1 nm = 10–3 pm

It may be noted that the metric symbols are not changed into plurals. Thus five centimeters of
length is written as

Correct Incorrect
5 cm 5 cm.     5 c.m.     5 cms

SI  UNITS OF VOLUME

The derived SI unit of volume is

Cubic meter m3

This is the volume of a cube that is 1 meter on each edge. The related units of volume which are

also used are :

Cubic centimeter  cm3

Cubic decimeter  dm3

Another common measure of volume is the litre (a non-SI unit) which is denoted by L (� or l).

A liter is the volume occupied by a cube 10 cm on edge. That is,

1 L = (10 cm)3 = 1000 cm3

Also 1 L = 1000  mL

10 cm

20 cm

20 cm 10 cm

1 m3

10 cm

20 cm

Relationship between length and volume.
Figure 1

1 dm3  = 1000 cm  = 1 L3

1 cm3 = 1mL

1000 ml  =  1 L
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Therefore 1000 mL = 1000  cm3

1  mL = 1 cm3 (cc)

Hence the volume units millilitre (mL) and cubic centimeter (cc) can be used interchangeably.
It may again be stated that metric symbols are not changed into plurals. Thus,

Correct Incorrect

mL (or ml) mLs (mls), m.l., ml.

SI  UNIT OF TEMPERATURE

The series of markings on a thermometer which read temperature is called a temperature scale.

A temperature scale in which 0º is assigned to the freezing point of pure water and 100º to the
boiling-point is known as the Celsius scale. The temperatures are expressed in degrees Celsius (ºC).
Room temperature on the celsius scale is taken to be 25° C. The celsius scale is not a part of the SI
system. Since it is widely used in scientific literature, it is difficult to abandon it.

The SI system uses the Kelvin scale. A degree on the Kelvin scale has the same magnitude as a
degree on the celsius scale but zero on the Kelvin scale equals – 273.15ºC. Thus the temperature (0 K)
is often referred to as the absolute zero. Celsius and Kelvin temperature are related as

K  =  °C + 273.15

   °C  =  K – 273.15

It may be noted that the unit for temperature on the Kelvin scale is K and not °K. This notation
has been approved by IUPAC and is now used by chemists all over the world. Thus it may be noted
that a degree sign (°) is not used with the Kelvin scale.

On the Fahrenheit scale pure water freezes at 32º and boils at 212º. Thus 100º celsius equals
212 – 32 = 180 Fahrenheit degrees. Celsius and Kelvin temperatures are related by the following equations.

Fahrenheit

212°

98.6°

68°

32°

0°

–40°

180°

Kelvin

373

310

293

273

100°

Boiling point of water

Normal body temperature

Average room temperature

Freezing point of water

Same reading on Fahrenheit
and Celsius scales

Celsius

100°

37°

20°

0°

–40°

100°

A comparison of Kelvin, Celsius, and Fahrenheit scales.
Figure 2
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( )5
ºC ºF 32

9
= −

9
ºF ºC 32

5
= +

Using these relations it is easy to convert a temperature reading from Fahrenheit to Celsius and vice
versa.

UNITS OF MASS AND WEIGHT

A beginner is apt to confuse mass with weight. The two quantities are related but are not equal.
The mass (m) of an object is the amount of matter contained in that object. Mass is an invariant
property of an object. It is the same on the surface of the earth as on the surface of the moon.

The weight (w), on the other hand, is force and not mass. It can be calculated by multiplying
mass with the gravitational acceleration (g). That is,

w = m × g
The gravitational pull on an object decreases as the object is moved farther from the centre of the
earth. Thus astronauts lose weight as they move higher and higher from earth. It follows, therefore,
that even though the weight of an object can vary at different places, its mass stays the same.

Although mass and weight are not the same, the two terms are used interchangeably even by
the scientific community. This is so because an object of a certain mass weigh with virtually the same
anywhere on the earth. Known masses, for example, are measured by a process termed ‘weighing’
with a balance.

The basic unit of mass in the metric system (or SI system) is gram. The commonly used units
based on the gram are listed in Table 3.

TABLE 3.  COMMONLY USED METRIC WEIGHT AND MASS UNITS

Unit Symbol In terms of grams

gram g

Kilogram kg 1 kg = 103 g

milligram mg 1 mg = 10–3 g

microgram μg 1 μg = 10–6 g

The British system of metric weights is also used by chemists in which

ounce (1 1b = 16 oz) 1 lb = 453.6 g

pound 1 lb 2.205 lb = 1kg

ton (1 ton = 2000 lb)

It may be noted that metric units are not pluralised. Thus,

Correct Incorrect
2 g 2gs, 2gms, 2g.m.

UNITS OF FORCE

Force (F) is defined as the product of mass (m) and acceleration (a).
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F = m × a

Acceleration is the change in velocity (v) per unit time (t). Velocity is the change in distance (l)
per unit time. Using SI base units, we can derive the unit for acceleration.

UNIT
distance l m

velocity distance

time
⎛ ⎞
⎜ ⎟
⎝ ⎠

v
m

s

acceleration change in velocity
.

time
⎛ ⎞
⎜ ⎟
⎝ ⎠

a
2

m

s

The derived SI unit for force, then, is kg ms–2. The unit is called newton and has the symbol N.
Thus,

1 N = 1 kg ms–2

UNITS OF WORK AND HEAT ENERGY

Work has been defined as the product of the force and the distance through which it operates

w = f × d

Because force is expressed in newtons and distance in meters, the SI units of work and energy
is the newton-meter. It is also called Joule (J).

1J = 1 Nm

Heat is energy that flows from one object to another because of a temperature difference between
the objects. The quantity of heat transferred is best expressed in joules. But it is often given in
calories (cal). One calorie is defined as exactly 4.184 joules. Thus,

1 cal = 4.184 J

One calorie of energy will raise the temperature of 1 g of liquid water by 1°C. The calorie is a non-SI
unit, but like the joule it can be used for any form of energy. The calorie written with a capital C is
equal to one kilocalorie, 1000 calories. Thus,

1 C = 1000 cal

UNITS OF PRESSURE

Pressure is defined as the force per unit area exerted on a surface. That is,

F
P

A
=

Thus we can determine the SI unit for pressure as :

UNIT
Force F kg ms–2 or N

Area A m2

Pressure 
P

A
kg m–1 s–2 or Nm–2

The SI unit Nm–2 is named pascal and given the symbol Pa.
Three other units which have been traditionally used are :

atmosphere, symbol atm, is defined as the pressure exerted by a column of mercury 760 mm in
height at 0ºC.
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torr, symbol Torr, is defined as the pressure exerted by a 1 mm column of mercury at 0ºC.

millimeter of mercury or mm Hg, which is the height in millimeters of mercury that the pressure
can support.

The various units of pressure are related as

1 atm = 760 Torr = 76 mm Hg = 1.013 × 105 Pa
The three non-SI units viz., Torr and mm Hg are still commonly used in current practice and

it will take quite some time before the scientific community adopts the SI unit Pa.

UNITS OF DENSITY

One of the physical properties of a solid, a liquid, or a gas is its density (d). Density is defined as
mass per unit volume. This may be expressed mathematically as

m
d

V
=

By using the base SI units and remembering that the unit for volume is m3, we can derive the SI
unit for density.

–3
3

kg
or kg m

m
The other units of density commonly used are

g cm–3 or g ml–1 for liquid or solid densities

g L–1 or g dm–3 for gas densities

The term specific gravity is the ratio of the density of a substance to the density of a reference
substance. The reference substance for solids and liquids is usually water.

density of a substance
sp gr =

density of reference substance

Specific gravity, being the ratio of two densities has no units.
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    Physical Constants

Quantity Symbol Traditional units SI units

Atomic mass unit ( 1
12

th amu  1.6606 × 10–2 g 1.6606 × 10–27 kg
 mass of 12C atom)

Avogadro’s number N 6.022 × 1023 6.022 × 1023

particles/mol particles/mol

Bohr radius a0 0.52918 Å 5.2918 × 10–13 m

Boltzmann constant k 1.3807  × 10–16 erg/K 1.3807 × 10–23 J/K

Charge-to-mass ratio e/m 1.7588 × 108 Coulomb/g 1.7588 × 1011 C/kg
of electron

Electron rest mass me 9.1095 × 10–28 g 9.1095 × 10–31 kg
0.00054859 amu

Faraday constant F 96,487 coulombs/mole–1 96,487 J/V mol–1

Gas constant R 0.08206
L atm

mol K
8.3145

3Pa dm

mol K

Gravitational acceleration g 980.6 cm/s 9.906 m/s

Molar volume (STP) Vm 22.414 L/mol 22.414 × 10–3 m3/mol

Neutron rest mass mn 1.67495 × 10–24 g 1.67495 × 10–27 kg

1.008665 amu

Planck’s constant h 6.6262 × 10–27 erg sec 6.6262 × 10–27

Proton rest mass mp 1.6726 × 10–27 erg sec 1.6726 × 10–27 kg

1.0077277 amu

Velocity of ligh c 2.9979 × 1010 cm/s 2.9979 × 108 m/s
(in vaccum) 186,281 miles/s

Rydberg constant Rz 3.289 × 1015 cycles/s 1.0974 × 107 m–1

2.1799 × 10–11 erg 2.1799 × 10–18 J

386
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cm in 1 in
2.54 cm

cm3 in3 1 in3

2.54 cm3

cm in ft
1 in

2.54 cm
1 ft

12 in

in cm
2.54 cm

1 in

in2 cm2 (2.54 cm)2

(1 in)2

km2 m2 (1000)2

(1 km)2

km mi
0.6214 m

1 km

km mi laps
0.6214 mi

1 km
1 lap

0.250 mi

m mm
1 mm

0.001 m

ft in m
12 in
1ft

1 m
39.37 in

in cm
2.54 cm

1 in

dm3 m3 cm3

(0.1 m)3

(1 dm)3
(1 cm)3

(0.01 m)3

in3

(1 in)3

(2.54 cm)3

387

    Conversion Factors



388

388

g mL L
1 mL
0.84 g

1 L
1000 mL

K °C K  =  °C   +  273

1000 g
1 kg

1 cm3

0.789g
1 mL
1cm3

L qt cu
1.057 qt

1 L
4 cu
1 qt

g cm3 mL
1 cm3

1.32 g
1 mL
1 cm3

kg g cm3

1000 g
1 kg

1 cm3

0.752

kg g cm3 mL
1 L

100 mL

L

°C K K  =  °C   +  273

°F °C [°F  –  32]
1.8

°C  =

°C °F
[°F  –  32]

1.8°C  =

K °C °F

K  =  °C   +  273
[°F  –  32]

1.8
°C  =

m, V d
m
vd  =

Cal cal J
1000 cal

1 Cal
4.184J
1 cal
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Index

Absolute zero, 119

Acids, 326

Activation energy, 276

Adsorption isotherms, 285

Adsorption, 285

Amorphous solid, 155

Ampere, 288

Anionic hydrolysis, 339

Anisotropy, 156

Anti-bonding molecular orbital, 65

Arrhenius concepts, 326

Arrhenius equation, 257, 277

Arrhenius theory, 305

Atomic number, 1

Atomic orbital theory, 64

Aufbau principle, 17

Avogadro’s law, 120

Azimuthal quantum number, 16

Bases, 326

Binding energy, 35

Bohr’s theory, 1

Boiling point constant, 183

Boiling point elevation, 182

Boiling point, 143

Bond energy, 83

Bond order, 65

Bonding molecular orbital, 65

Boyle’s law, 119

Bragg’s equation, 159

Bronsted-Lowry concept, 326

Buffer solution, 327

Capillary rise method, 144

Carnot cycle, 99

Catalysis, 276

Catalyst, 276

Cationic hydrolysis, 339

Cell constant, 290

Celsius, 118

Charle’slaw,119

Chemical bond, 58

Chemical bonding, 64

Chemical Equilibrium, 216

Chemical kinetics, 254

Clausius clapeyron equation, 102

Colligative properties, 182

Collision frequency, 122

Collision properties, 122

Colloidal solutions, 281

Colloids, 281

Common ion effect, 316

Concentration cell, 353

Conductance of electrolytes, 289

Co-ordinate compounds, 59

Co-ordinate covalent bond, 59

Coulomb, 288

Covalent bond, 58

Covalent network solid, 155

Criterion for spontaneity, 101

Critical pressure, 124

Critical temperature, 124

Critical volume, 124

Crystal lattice, 156

Crystalline solid, 155

Cubic unit cells, 157

Dalton’slaw, 121

de Brogile equation, 15

Degree of dissociation, 290, 306

Degree of freedom, 250

Degree of hydrolysis, 340

Determination of pH, 353

Diamagnetic substances, 166

Dipole moment, 165
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Distribution law, 234

Drop-number method, 144

Drop-weight method, 144

Heat of neutralisation, 81

Heat of reaction, 81

Heat of solution, 81

Heat of sublimation, 82

Heat of transition, 82

Heat of vaporisation, 82

Heisenberg’s principle, 15

Henry’s constant, 234

Henry’s law, 171,233

Hess’s law, 82

Heterogeneous catalysis, 276

Heterogeneous equilibria, 217

Hittorf s method, 305

Homogeneous catalysis, 276

Hund’srule, 18

Hybridisation, 64

Hydrogen bonding, 59

Hydrolysis constant, 339

Hydrolysis, 339

Ideal gas equation, 120

Internal energy, 69

Ionic bond, 58

Ionic solid, 155

Isobars, 30 Isotones, 30

Isotonic solutions, 204

Isotopes, 29

Isotropy, 156

Kelvin, 118

Kohlrausch’s law, 306

Lambert-Beer law, 364

Lambert law, 364

Langmuir adsorption isotherm, 285

Law of mass action, 216

Lewis concept, 326

Lyophillic sols, 281

Lyophobic sols, 281

Macromolecules, 281

Magnetic quantum number, 16

Mass defect, 35

Mass number, 1

Mean free path, 122

Metallic solid, 155

Molal depression constant, 184

Molal elevation constant, 183

Molality, 170

Molar conductance, 290

Molar gas volume, 121

Molar heat capacities, 69

Molar heat capacity, 123

Molar refraction, 145, 166

Molarity, 170

Mole fraction, 170

Molecular mass, 182

Molecular orbital theory, 65

Molecular solid, 155

Molecularity of a reaction, 255

Moving boundary method, 305

Nernst equation, 352

Nerst’s distribution law, 233

Neutrons, 1

Normality, 171

Nuclear chemistry, 33

Nuclear equations, 35

Nuclear fission reactions, 35

Nuclear fusion reactions, 35

Nuclear reactions, 34

Nucleons, 1

Octet rule, 58

Optical activity, 145, 146

Order of reaction, 254, 256

Osmosis, 202

Osmotic pressure, 202

Ostwald’s dilution law, 316

Ostwald’s method, 145

Paramagnetic substances, 166

Pauli’s exclusion principle, 17
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Phase rule, 250

Photochemical reaction, 364

Photochemistry, 364

Photoelectric effect, 1

Pi bond, 64

Planck’s quantum theory, 1

Pressure, 118

Principal quantum number, 16

Protons, 1

Quantum efficiency, 365

Quantum numbers, 16

Quantum yield, 365

Radioactive decay, 33

Radioactive equilibrium, 34

Radioactive isotope, 34

Radioactivity, 33

Raoult’slaw, 182,203

Rate equation, 254, 255

Rate laws, 254

Rate of diffusion, 30

Rate of reaction, 254

Real gases, 123

Redox reaction, 352

Refractive index, 145

Salt hydrolysis, 339

Schrodinger’s equation, 15

Second law of thermodynamics, 99

Sigma bond, 64

Solid state, 155

Solute, 170

Solutions, 170

Solvent, 170

Specific conductance, 289

Specific heat ratio, 123

Specific heat, 123

Specific refraction, 145

Specific rotation, 145

Spin quantum number, 16

Stark Einstein law, 365

Surface tension, 144, 165

Temperature, 118 .

Thermochemicf.l equations, 81

Thermochemistry, 80

Thermodynamics, 68

Third law of thermodynamics, 100

Threshold energy, 1

Transport number, 305

Unit cell, 156

Units of radioactivity, 34

Valence, 58

Van’t Hoff equation, 202

Van’tHoffs isotherm, 102

Van der Waals equation, 123

Vapour pressure, 143

Viscosity, 144,165

VSEPR theory, 60

Wave mechanics, 15
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