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Appendix I

Definitions of the SI Base Units

Metre (m): The metre, symbol m, is the SI unit of length. It is defined by taking the fixed
numerical value of the speed of light in vacuum c to be 299792458 when expressed in
the unit ms-1, where the second is defined in terms of the caesium frequency.

Kilogram (k): The kilogram, symbol kg, is the SI unit of mass. It is defined by taking the
fixed numerical value of the planck constant hto be 6.62607015 x103* when expressed
in the unit Js, which is equal to kgm2s-1, where the metre and the second are defined
in terms of c and A Ves.

Second (s): The symbol s, is the SI unit of time. It is defined by taking the fixed numerical
value of the caesium frequency A Vcs, the unperturbed ground-state hyperfine transition
frequency of the caesium-133 atom, to be 9192631770 when expressed in the unit Hz,
which is equal to s™.

Ampere (A): The ampere, symbol A, is the SI unit of electric current. It is defined by
taking the fixed numerical value of the elementary charge e to be 1.602176634x101°when
expressed in the unit C, which is equal to A s, where the second is defined in terms of.

Kelvin (K): The Kelvin, symbol K, is the SI unit of thermodynamic temperature. It
is defined by taking the fixed numerical value of the Boltzmann constant K to be
1.380649x1072 when expressed in the unit JK!, which is equal to kgm?s2K™!, where
the kilogram, metre and second are defined in terms of h, cand A Vecs.

Mole (mol): The mole, symbol mol, is the SI unit of amount of substance. One mole
contains exactly 6.02214076%x10%° elementary entities. This number is the fixed
numerical value of the Avogadro constant, N,, when expressed in the unit mol* and
is called the Avogadro number. The amount of substance, symbol n, of a system is a
measure of the number of specified elementary entities. An elementary entity may be an
atom, a molecule, an ion, an electron, any other particle or specified group of particles.

Candela (cd): The candela, symbol cd is the SI unit of luminous intensity in a given
direction. It is defined by taking the fixed numerical value of the luminous efficacy of
monochromatic radiation of frequency 540x10'* Hz, K_,, to be 683 when expressed
in the unit Im*W!, which is equal to cd-srrW1, or cd sr kg'm—s3, where the kilogram,
metre and second are defined in terms of h, cand A Ves.

(The symbols listed here are internationally agreed and should not be changed in other
languages and scripts.
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Appendix II

Elements, their Atomic Number and Molar Mass

Element Symbol Atomic Molar Element Symbol Atomic Molar
Number mass/ Number mass/

(g mol™?) (g mol?)

Actinium Ac 89 227.03 Mercury Hg 80 200.59
Aluminium Al 13 26.98 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 144.24
Antimony Sb 51 121.75 Neon Ne 10 20.18
Argon Ar 18 39.95 Neptunium Np 93 (237.05)
Arsenic As 33 74.92 Nickel Ni 28 58.71
Astatine At 85 210 Niobium Nb 41 92.91
Barium Ba 56 137.34 Nitrogen N 7 14.0067
Berkelium Bk 97 (247) Nobelium No 102 (259)
Beryllium Be 4 9.01 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen o) 8 16.00
Bohrium Bh 107 (264) Palladium Pd 46 106.4
Boron B 5 10.81 Phosphorus P 15 30.97
Bromine Br 35 79.91 Platinum Pt 78 195.09
Cadmium cd 48 112.40 Plutonium Pu 94 (244)
Caesium Cs 55 132.91 Polonium Po 84 210
Calcium Ca 20 40.08 Potassium K 19 39.10
Californium Cf 98 251.08 Praseodymium Pr 59 140.91
Carbon C 6 12.01 Promethium Pm 61 (145)
Cerium Ce 58 140.12 Protactinium Pa 91 231.04
Chlorine Cl 17 35.45 Radium Ra 88 (226)
Chromium Cr 24 52.00 Radon Rn 86 (222)
Cobalt Co 27 58.93 Rhenium Re 75 186.2
Copper Cu 29 63.54 Rhodium Rh 45 102.91
Curium Cm 96 247.07 Rubidium Rb 37 85.47
Dubnium Db 105 (263) Ruthenium Ru 44 101.07
Dysprosium Dy 66 162.50 Rutherfordium Rf 104 (261)
Einsteinium Es 99 (252) Samarium Sm 62 150.35
Erbium Er 68 167.26 Scandium Sc 21 44.96
Europium Eu 63 151.96 Seaborgium Sg 106 (266)
Fermium Fm 100 (257.10) Selenium Se 34 78.96
Fluorine F 9 19.00 Silicon Si 14 28.08
Francium Fr 87 (223) Silver Ag a7 107.87
Gadolinium Gd 64 157.25 Sodium Na 11 22.99
Gallium Ga 31 69.72 Strontium Sr 38 87.62
Germanium Ge 32 72.61 Sulphur S 16 32.06
Gold Au 79 196.97 Tantalum Ta 73 180.95
Hafnium Hf 72 178.49 Technetium Tc 43 (98.91)
Hassium Hs 108 (269) Tellurium Te 52 127.60
Helium He 2 4.00 Terbium Tb 65 158.92
Holmium Ho 67 164.93 Thallium Tl 81 204.37
Hydrogen H 1 1.0079 Thorium Th 90 232.04
Indium In 49 114.82 Thulium Tm 69 168.93
Iodine I 53 126.90 Tin Sn 50 118.69
Iridium Ir 77 192.2 Titanium Ti 22 47.88
Iron Fe 26 55.85 Tungsten w 74 183.85
Krypton Kr 36 83.80 Ununbium Uub 112 (277)
Lanthanum La 57 138.91 Ununnilium Uun 110 (269)
Lawrencium Lr 103 (262.1) Unununium Uuu 111 (272)
Lead Pb 82 207.19 Uranium U 92 238.03
Lithium Li 3 6.94 Vanadium \ 23 50.94
Lutetium Lu 71 174.96 Xenon Xe 54 131.30
Magnesium Mg 12 24.31 Ytterbium Yb 70 173.04
Manganese Mn 25 54.94 Yttrium Y 39 88.91
Meitneium Mt 109 (268) Zinc 7n 30 65.37
Mendelevium Md 101 258.10 Zirconium 7r 40 91.22

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

Atmospheric Pressure

A. Specific and Molar Heat Capacities for Some Substances at 298 K and one

Substance Specific Heat Capacity Molar Heat Capacity
J/g (J/mol)
air 0.720 20.8
water (liquid) 4.184 75.4
ammonia (gas) 2.06 35.1
hydrogen chloride 0.797 29.1
hydrogen bromide 0.360 29.1
ammonia (liquid) 4.70 79.9
ethyl alcohol (liquid) 2.46 113.16
ethylene glycol (liquid) 2.42 152.52
water (solid) 2.06 37.08
carbon tetrachloride (liquid) 0.861 132.59
chlorofluorocarbon (CCLF,) 0.5980 72.35
ozone 0.817 39.2
neon 1.03 20.7
chlorine 0.477 33.8
bromine 0.473 75.6
iron 0.460 25.1
copper 0.385 24.7
aluminium 0.902 24.35
gold 0.128 25.2
graphite 0.720 8.65

B. Molar Heat Capacities for Some Gases (J/mol)

Gas C, C, C -C, C,/C,
Monatomic*
helium 20.9 12.8 8.28 1.63
argon 20.8 12.5 8.33 1.66
iodine 20.9 12.6 8.37 1.66
mercury 20.8 12.5 8.33 1.66
Diatomict
hydrogen 28.6 20.2 8.33 1.41
oxygen 29.1 20.8 8.33 1.39
nitrogen 29.0 20.7 8.30 1.40
hydrogen chloride 29.6 21.0 8.60 1.39
carbon monoxide 29.0 21.0 8.00 1.41
Triatomict
nitrous oxide 39.0 30.5 8.50 1.28
carbon dioxide 37.5 29.0 8.50 1.29
Polyatomict
ethane 53.2 44.6 8.60 1.19

*Translational kinetic energy only.
tTranslational, vibrational and rotational energy.
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Speed of light
(in a vacuum)

2.1799 x 10! erg

2.9979 x10°cm/s
(186,281 miles/second)

Quantity Symbol Traditional Units SI Units

Acceleration of gravity g 980.6 cm/s 9.806 m/s

Atomic mass unit (1/12 amu 1.6606 x 102%* g 1.6606 x 10?" kg

the mass of 2C atom) oru

Avogadro constant N, 6.022 x10% 6.022 x 10?3
particles/mol particles/mol

Bohr radius a, 052918 A 5.2918 x 10! m
5.2918 x 10° cm

Boltzmann constant k 1.3807 x 105 erg/K 1.3807 x 102 J/K

Charge-to-mass e/m  1.758820 x10® coulomb/g 1.7588 x10'" C/kg

ratio of electron

Electronic charge e 1.602176 x 10! coulomb 1.60219 x 10'° C
4.8033 x 10! esu

Electron rest mass m, 9.109382 x10%# g 9.10952 x103! kg
0.00054859 u

Faraday constant F 96,487 coulombs/eq 96,487 C/mol e
23.06 kcal/volt. eq 96,487 J/V.mol e

Gas constant R 0.8206 atm g.3145 KPa dm®

mol K mol K
1.087 4 8.3145 J/mol.K
mol K
Molar volume (STP) v 22.710981 L/mol 22.710981 x 10 m*®*/mol
22.710981 dm?/mol

Neutron rest mass m, 1.674927 x 102%* g 1.67495 x 10%" kg
1.008665 u

Planck constant h 6.6262 x 10?7 ergs 6.6262 x 103 J s

Proton rest mass m, 1.6726216 x102%* g 1.6726 x10%7 kg
1.007277 u

Rydberg constant R 3.289 x 10 cycles/s 1.0974 x 10" m™!

2.1799 x 108 J
2.9979 x 108 m/s

n=3.1416
e=12.71828
In X=2.303 log X
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Appendix V

Some Useful Conversion Factors

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 x 10%° atomic mass units or u
1 atomic mass unit = 1.6606 x 10* 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 x 10 quart
1 cubic foot = 28.316 litres = 29.902 quarts
= 7.475 gallons

Common Units of Energy
1 joule = 1 x 107 ergs

1 thermochemical calorie**
=4.184 joules
=4.184 x 107 ergs
=4.129 x 1072 litre-atmospheres
=2.612 x 10" electron volts
1 ergs =1x 107 joule = 2.3901 % 108 calorie
1 electron volt = 1.6022 x 107! joule
=1.6022 x 1072 erg
=96.487 kJ/molt
1 litre-atmosphere = 24.217 calories
=101.32 joules
=1.0132 x10° ergs
1 British thermal unit = 1055.06 joules
= 1.05506 x10'%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 x 10® centimetre
= 0.10 nanometre
= 1.0 x 107'° metre
= 3.937 x 10 inch

Common Units of Force* and Pressure

1 atmosphere = 760 millimetres of mercury
=1.013 x 10° pascals
= 14.70 pounds per square inch
1 bar = 10° pascals
1 torr = 1 millimetre of mercury
1 pascal = 1 kg/ms? = 1 N/m?

Temperature
SI Base Unit: Kelvin (K)

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

°C =

* Force: 1 newton (N) = 1 kg m/s? 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 14.5°C to

15.5°C.

1 Note that the other units are per particle and must be multiplied by 6.022 x102° to be strictly

comparable.
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Appendix VI

Substance Enthalpy of formation,
AH°/ (kJ mol™)

Gibbs Energy of formation,
AG°/ (kJ mol™)

Entropy,*
S°/(J K! mol?)

Aluminium

Al(s) 0 0 28.33
Al**(aq) -524.7 -481.2 -321.7
Al,O(s) -1675.7 -1582.3 50.92
Al(OH),(s) -1276 — —
AICL (s) -704.2 -628.8 110.67
Antimony
SbH,(g) 145.11 147.75 232.78
SbCl,(g) -313.8 -301.2 337.80
SbCl(g) -394.34 -334.29 401.94
Arsenic
As(s), gray 0 0 35.1
As,S,(s) -169.0 -168.6 163.6
AsOZ(aq) -888.14 -648.41 -162.8
Barium
Ba(s) 0 0 62.8
Ba?'(aq) -537.64 -560.77 9.6
BaO(s) -553.5 -525.1 70.42
BaCO,(s) -1216.3 -1137.6 112.1
BaCO,(aq) -1214.78 -1088.59 -47.3
Boron
B(s) 0 0 5.86
B,0,(s) -1272.8 -1193.7 53.97
BF,(g) -1137.0 -1120.3 254.12
Bromine
Br,(1) 0 0 152.23
Br,(g) 30.91 3.11 245.46
Br(g) 111.88 82.40 175.02
Br(aq) -121.55 -103.96 82.4
HBr(g) -36.40 -53.45 198.70
BrF,(g) -255.60 -229.43 292.53
Calcium
Ca(s) 0 0 41.42
Cal(g) 178.2 144.3 154.88
Ca?*'(aq) -542.83 -553.58 -53.1
(continued)
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Substance Enthalpy of formation, Gibbs Energy of formation, Entropy,*
AH°/ (kJ mol™) AG°/ (kJ mol™) S°/(J K mol?)

Calcium (continued)

CaO(s) -635.09 -604.03 39.75
Ca(OH),(s) -986.09 -898.49 83.39
Ca(OH),(aq) -1002.82 -868.07 -74.5
CaCO,(s), calcite -1206.92 -1128.8 92.9
CaCQ,(s), aragonite -1207.1 -1127.8 88.7
CaCO,(aq) -1219.97 -1081.39 -110.0
CaF(s) -1219.6 -1167.3 68.87
CaF,(aq) -1208.09 -1111.15 -80.8
CaCl,(s) —795.8 -748.1 104.6
CaCl,(aq) -877.1 -816.0 59.8
CaBr,(s) -682.8 -663.6 130
CaC,(s) -59.8 -64.9 69.96
CaS(s) -482.4 -477.4 56.5
CaSO,(s) -1434.11 -1321.79 106.7
CaSO,(aq) -1452.10 -1298.10 -33.1
Carbon**
C(s), graphite 0 0 5.740
C(s), diamond 1.895 2.900 2.377
C(g) 716.68 671.26 158.10
CO(g) -110.53 -137.17 197.67
CO,(g) -393.51 -394.36 213.74
COZ(aq) -677.14 -527.81 -56.9
CCL() -135.44 -65.21 216.40
Cs,() 89.70 65.27 151.34
HCN(g) 135.1 124.7 201.78
HCN()) 108.87 124.97 112.84
Cerium
Ce(s) 0 0] 72.0
Ce3'(aq) —-696.2 -672.0 -205
Ce*(aq) -537.2 -503.8 -301
Chlorine
Cl,(g) 0 0 223.07
Cl(g) 121.68 105.68 165.20
Cl(aq) -167.16 -131.23 56.5
HCl(g) -92.31 -95.30 186.91
HCl(aq) -167.16 -131.23 56.5
Copper
Cuf(s) 0] 0] 33.15
Cu*(aq) 71.67 49.98 40.6
Cu?*(aq) 64.77 65.49 -99.6
Cu,O(aq) -168.6 -146.0 93.14
CuO(s) -157.3 -129.7 42.63
CuSO,(s) —771.36 —-661.8 109
CuS0,.5H,0(s) —2279.7 -1879.7 300.4
(continued)

** For organic compounds, a separate table is provided in continuation.
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Substance Enthalpy of formation, Gibbs Energy of formation, Entropy,*
AH°/ (kJ mol™) AG°/ (kJ mol™) S°/(J K mol?)
Deuterium
D,(g) 0 0 144.96
D,O(g) -249.20 -234.54 198.34
D,O(1) -294.60 —243.44 75.94
Fluorine
F,(g) 0 0 202.78
F-(aq) -332.63 -278.79 -13.8
HF(g) -271.1 -273.2 173.78
HF(aq) -332.63 -278.79 -13.8
Hydrogen (see also Deuterium)
H,(g) 0 0 130.68
H(g) 217.97 203.25 114.71
H*(aq) 0 0 0
H,0(l) -285.83 -237.13 69.91
H,O(g) —241.82 —228.57 188.83
H,0,(1) -187.78 -120.35 109.6
H,0,(aq) -191.17 -134.03 143.9
Iodine
L(s) 0 0 116.14
L(g) 62.44 19.33 260.69
I'(aq) -55.19 -51.57 111.3
HI(g) 26.48 1.70 206.59
Iron
Fe(s) 0 0 27.28
Fe?'(aq) -89.1 —78.90 -137.7
Fe*'(aq) -48.5 -4.7 -315.9
Fe,O,(s), magnetite -1118.4 -1015.4 146.4
Fe,O,(s), haematite -824.2 -742.2 87.40
FeS(s,q) -100.0 -100.4 60.29
FeS(aq) — 6.9 —
FeS,(s) -178.2 -166.9 52.93
Lead
Pb(s) 0 0 64.81
Pb?*(aq) -1.7 -24.43 10.5
PbO,(s) 277.4 -217.33 68.6
PbSO,(s) -919.94 -813.14 148.57
PbBr,(s) -278.7 -261.92 161.5
PbBr,(aq) -244.8 -232.34 175.3
Magnesium
Mg(s) 0 0 32.68
Mg(g) 147.70 113.10 148.65
Mg*(aq) -466.85 -454.8 -138.1
MgO(s) -601.70 -569.43 26.94
MgCO,(s) -1095.8 -1012.1 65.7
MgBr,(s) -524.3 -503.8 117.2
(continued)
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Substance Enthalpy of formation, Gibbs Energy of formation, Entropy,*
AH°/ (kJ mol) AG°/ (kJ mol™) S°/(J K mol?)
Mercury
Hg(1) 0 0 76.02
Hg(g) 61.32 31.82 174.96
HgO(s) -90.83 -58.54 70.29
Hg,Cl,(s) —265.22 -210.75 192.5
Nitrogen
N,(g) 0 0 191.61
NO(g) 90.25 86.55 210.76
N,O(g) 82.05 104.20 219.85
NO,(g) 33.18 51.31 240.06
N,O,(g) 9.16 97.89 304.29
HNO,(1) -174.10 -80.71 155.60
HNO,(aq) -207.36 -111.25 146.4
NO; (aq) -205.0 -108.74 146.4
NH,(g) -46.11 -16.45 192.45
NH,(aq) -80.29 -26.50 111.3
NH*, (aq) -132.51 -79.31 113.4
NH,OH(s) -114.2 — —
HN,(g) 294.1 328.1 238.97
N,H,(1) 50.63 149.34 121.21
NH,NO,(s) -365.56 -183.87 151.08
NH,Cl(s) -314.43 -202.87 94.6
NH,CIO,(s) -295.31 -88.75 186.2
Oxygen
O,(g) 0 0 205.14
O.(g) 142.7 163.2 238.93
OH (aq) -229.99 -157.24 -10.75
Phosphorus
P(s), white 0 0 41.09
P,(g) 58.91 24.44 279.98
PH,(g) 5.4 13.4 210.23
P,0,,(s) -2984.0 -2697.0 228.86
H_PO,(aq) -964.8 — —
H,PO,(1) -1266.9 — —
H_PO,(aq) -1277.4 -1018.7 —
PCL,(1) -319.7 -272.3 217.18
PCl,(g) -287.0 -267.8 311.78
PCl (g) -374.9 -305.0 364.6
Potassium
K(s) 0 0 64.18
K(g) 89.24 60.59 160.34
K*(aq) -252.38 -283.27 102.5
KOH(s) -424.76 -379.08 78.9
KOH(aq) -482.37 -440.50 91.6
KF(s) -567.27 -537.75 66.57
(continued)
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Substance

Enthalpy of formation,
AH°/ (kJ mol™)

Gibbs Energy of formation,
AG°/ (kJ mol™)

Entropy,*

S°/(J K! mol?)

Potassium (continued)

KCl(s) -436.75 -409.14 82.59
KBr(s) -393.80 -380.66 95.90
KI(s) -327.90 -324.89 106.32
KCIO,(s) -397.73 —296.25 143.1
KCIO,(s) -432.75 -303.09 151.0
K,S(s) -380.7 -364.0 105
K,S(aq) -471.5 -480.7 190.4
Silicon
Si(s) 0 0 18.83
SiO,(s,0) -910.94 -856.64 41.84
Silver
Ag(s) 0 0 42.55
Ag'(aq) 105.58 77.11 72.68
Ag,O(s) -31.05 -11.20 121.3
AgBr(s) -100.37 -96.90 107.1
AgBr(aq) -15.98 -26.86 155.2
AgCl(s) -127.07 -109.79 96.2
AgCl(aq) -61.58 -54.12 129.3
Agl(s) -61.84 -66.19 115.5
Agl(aq) 50.38 25.52 184.1
AgNO,(s) -124.39 -33.41 140.92
Sodium
Na(s) 0] 0] 51.21
Na(g) 107.32 76.76 153.71
Na‘(aq) —240.12 -261.91 59.0
NaOH(s) -425.61 -379.49 64.46
NaOH(aq) -470.11 -419.15 48.1
NacCl(s) -411.15 -384.14 72.13
NacCl(aq) -407.3 -393.1 115.5
NaBr(s) -361.06 -348.98 86.82
Nal(s) —287.78 —286.06 98.53
NaHCO,(s) —947.7 -851.9 102.1
Na,CO,(s) -1130.9 -1047.7 136.0
Sulphur
S(s), rhombic 0 0 31.80
S(s), monoclinic 0.33 0.1 32.6
S?(aq) 33.1 85.8 -14.6
SO, (g) —296.83 -300.19 248.22
SO,(g) -395.72 -371.06 256.76
H,SO, (1) -813.99 -690.00 156.90
H,SO,(aq) -909.27 -744.53 20.1
SOZ(aq) -909.27 -744.53 20.1
H,S(g) -20.63 -33.56 205.79
H,S(aq) -39.7 -27.83 121
SF.(g) -1209 -1105.3 291.82
(continued)
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Substance Enthalpy of formation, Gibbs Energy of formation, Entropy,*
AH°/ (kJ mol™) AG°/ (kJ mol™) S°/(J K! mol?)
Tin
Sn(s), white 0 0 51.55
Sn(s), gray -2.09 0.13 44.14
SnO(s) —285.8 -256.9 56.5
SnO,(s) -580.7 -519.6 52.3
Zinc
Zn(s) 0 0 41.63
Zn?*(aq) -153.89 -147.06 -112.1
ZnO(s) -348.28 -318.30 43.64
Zn(g) +130.73 +95.14 160.93

*The entropies of individual ions in solution are determined by setting the entropy of H* in water equal to
0 and then defining the entropies of all other ions relative to this value; hence a negative entropy is one

that is lower than the entropy of H* in water.

ORGANIC COMPOUNDS

Substance Enthalpy of Enthalpy of Gibbs Energy of
combustion, formation, formation, Entropy,
A H°/ (kJ mol?) AH°/ (kJ mol?) AG°/ (kJ mol?) S°/(J K mol?)
Hydrocarbons
CH,(g), methane -890 -74.81 -50.72 186.26
C,H,(g), ethyne (acetylene) -1300 226.73 209.20 200.94
C,H,(g), ethene(ethylene) -1411 52.26 68.15 219.56
C,H,(g), ethane -1560 -84.68 -32.82 229.60
C,H,(g), propene (propylene) -2058 20.42 62.78 266.6
C,H,(g), cyclopropane -2091 53.30 104.45 237.4
C,H,(g), propane -2220 -103.85 -23.49 270.2
C,H,,(g), butane -2878 -126.15 -17.03 310.1
C,H ,(g), pentane -3537 -146.44 -8.20 349
C.H,(l), benzene -3268 49.0 124.3 173.3
CH,(g) -3302 — — —
C,H,(]), toluene -3910 12.0 113.8 221.0
C,H,(g) -3953 — — —
C.H,,(I), cyclohexane -3920 -156.4 26.7 204.4
C.H,,(g), -3953 — — —
C.H (1), octane -5471 -249.9 6.4 358
Alcohols and phenols
CH,OH(l), methanol -726 -238.86 -166.27 126.8
CH,OH(g) -764 —200.66 -161.96 239.81
C,H_,OH(l), ethanol -1368 —277.69 -174.78 160.7
C,H.,OH(g) -1409 -235.10 -168.49 282.70
C,H,OH(s), phenol -3054 -164.6 -50.42 144.0
(continued)
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Substance

Enthalpy of
combustion,
AH°/ (kJ mol?) AH°/ (kJ mol?) AG°/ (kJ mol?) S°/(J K mol?)

Enthalpy of
formation,

Gibbs Energy of
formation,

Entropy,

Carboxylic acid
HCOOH(]), formic acid
CH,COOH(l), acetic acid
CH,COOH (aq)
(COOH),(s), oxalic acid

C,H,COOH(s), benzoic acid

Aldehydes and ketones
HCHO(g), methanal
(formaldehyde)
CH,CHO(]), ethanal
(acetaldehyde)
CH,CHO(g)
CH,COCH,(l), propanone
(acetone)

Sugars

CH,,04(s), glucose
CH, ,0(aq)

C,H,,0,(s), fructose

C,,H,,0,,(s), sucrose

Nitrogen compounds
CO(NH,),(s), urea
C,H,NH, (1), aniline
NH,CH,COOH(s), glycine
CH_NH,(g), methylamine

-255
-875

-254

-3227

=571

-1166

-1192
-1790

-2808

-2810
-5645

-632
-3393
-969
-1085

-424.72
-484.5
-485.76
-827.2
-385.1

-108.57

-192.30

-166.19
-248.1

-1268

1266
-2222

-333.51
31.6
-532.9

-22.97

-361.35
-389.9
-396.64
-697.9
—245.3

-102.53

-128.12

-128.86
-155.4

-910
917

1545

-197.33
149.1
-373.4

32.16

128.95
159.8
86.6
120
167.6

218.77

160.2

250.3
200

212

360

104.60
191.3

103.51
243.41
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Appendix VII

at 298 K in electrochemical order

Reduction half-reaction E°/V Reduction half-reaction E°/V
H,XeO, + 2H" + 2¢- — XeO, + 3H,0 +3.0 Cu'+e——Cu +0.52
F, + 2e — 2F- +2.87 NiOOH + H,0 + e — Ni(OH), + OH-  +0.49
O, + 2H" + 2e— O, +H,0 +2.07 Ag,CrO, + 2e —— 2Ag + CrOf +0.45
S,0%+ 2e- — 2SO% +2.05 0, + 2H,0 + 4 — 40H" +0.40
Ag' + e — Ag’ +1.08 ClO; + H,0 + 2e— ClO, + 20H" +0.36
Co®* + e s Co2 +1.81 [Fe(CN) > + e — [Fe(CN),|* +0.36
H,0, + 2H" + 2e" —> 2H,0 +1.78 EU% *2e —Cu _ +0.34
A r e s Au +1.69 g,Cl, + 2e-— 2Hg + 2Cl +0.27
e e e e e
2HCIO + 2H" + 2e— Cl, + 2H,0 +1.63 < Np + 20— 2 ) o ro.17
Ce + e — Ce” *1.61 Cu;l+ +e —— Cu' N\ ’ +0.16
2HBrO + 2H* + 2 — Br, + 2H,0  +1.60 ¥ o S +0.15
MnO; + 8H* + 56 —— Mn** + 4H,0 +1.51 AgBr + e — Ag+ Br +0.07
Mn®* + e — Mn* 1.5 Tit + e — Ti 0.00
Audt + 3e—— Au +1.40 OH" + 2e- ——> H, 0.0 by
Cl, + 2 — 2CI +1.36 definition
Cr,07 + 14H" + 6 — 2Cr* + 7H,0 . +1.33 Fe¥* + 3e-— 5 Fe ~0.04
O, + H,0O +2e — O, + 20H" +1.24 0, # H,0 +2e — HO; + OH- -0.08
O, + 4H" + 4e—— 2H,0 +1.23 Pb%+ 2¢-— 5 Pb -0.13
ClO; + 2H* +2e-— ClO, +2H,0 +1.23 In + e — In -0.14
MnO, + 4H* + 2e — Mn* + 2H,0  +1.23 Sn2" + 2e — Sn -0.14
Pt?* + 2e-—— Pt +1.20 Agl+e——> Ag+ T -0.15
Br, + 2e- — 2Br +1.09 Ni?* + 2e-—— Ni -0.23
Pu* + e — Pu®* +0.97 V¥ + e — V -0.26
NO-, + 4H* + 3e— NO + 2H,0 +0.96 Co* +2e —— Co -0.28
2Hg* + 2" —— Hg? +0.92 In* + 3ee—— In -0.34
ClO + H,0 + 2e— CI" + 20H" +0.89 '+e—Tl -0.34
Hg2+ + e — Hg +0.86 PbSO4 +2e—— Pb + SO%’ -0.36
NO; + 2H* + e — NO, + H,0 +0.80 T + e — Ti* —0.37
Ag' + e — Ag +0.80 Cd* + 2 — Cd -0.40
Hg?2 +2¢- — 2Hg +0.79 In* + e —— In* -0.40
Fed + o — s Fe?t +0.77 Cri +e — Cr? -0.41
BrO- + H,0 + 2¢"— Br + 20H- +0.76 IFr‘; :22::: Iie :g'j:
Hg SO, +2e — 2Hg + SO +0.62 - ; '
S + 2e—> S? -0.48

MnO?2 + 2H,0 + 2e-—> MnO, + 40H~  +0.60 o )
MnO; + e —> MnO?> +0.56 "+ e ——n 049

4 4 U+ + e — U3 -0.61
L, +2e—> 20 +0.54 Cr + 3e-—— Cr ~0.74
L +2e— 3l +0.53 Zn® + 2e-— Zn ~0.76

(continued)
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Appendix continued

Reduction half-reaction E°/V Reduction half-reaction E°/V
Cd(OH), + 26— Cd + 20H" -0.81 La®* + 3e-—— La -2.52
2H,0 + 2¢c—— H, + 20H" -0.83 Na*+ e —— Na -2.71
Cr>* + 2ee—— Cr -0.91 Ca? + 2ec—— Ca -2.87
Mn?" + 2e-—— Mn -1.18 Sr?* + 2e-—— Sr -2.89
V* +2e —— V -1.19 Ba?" + 2e-—— Ba -2.91
Ti** + 2e —— Ti -1.63 Ra?" + 2e—— Ra -2.92
Al** + 3e-—— Al -1.66 Cs*+e —— Cs -2.92
U +3e—— U -1.79 Rb*+e —— Rb -2.93
Sc** + 3ee—— Sc -2.09 Kt+ee— K -2.93
Mg?" + 2e-—— Mg -2.36 Lif+e ——> Li -3.05
Ce® + 3e—— Ce -2.48
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1.17
1.18

1.20
1.21

1.22
1.23

1.24

1.26
1.27
1.30
1.31
1.32
1.33
1.34
1.35
1.36

2.1
2.2

2.3
2.4
2.5
2.6

229

Answer to Some Selected Problems

UNIT 1
~15%x10%g,1.25x 10" m
(i) 4.8x107° (ii) 2.34 x 10° (i) 8.008 x 10®>  (iv) 5.000 x 107
(v) 6.0012
i 2 (i) 3 (i) 4 (iv) 3
v) 4 (vi) 5
(i) 34.2 (i) 10.4 (ili) 0.0460 (iv) 2810
(a) law of multiple proportion (b) (i) Ans : (10°mm, 10" pm)
(ii) Ans : (10°kg, 10°ng)
(iti) Ans : (10° L, 107 dm®)
6.00 x 10" m =0.600 m
(i) B is limiting (i) A is limiting
(iii) Stoichiometric mixture —No (iv) B is limiting

(v) A is limiting

(i) 2.43x10°g (ii) “Yes
(ili) Hydrogen will remain unreacted; 5.72 x 10°g
Ten volumes

(i) 2.87 x 10 'm (i) 1.515x 10"'m (iii) 2.5365 x 10°kg
1.99265 x 107 g
i 3 (i) 4 (it) 4
39.948 g mol ™
(i) 3.131 x 10*® atoms  (ii) 13 atoms (iii) 7.8286 x 10°* atoms
Empirical formula CH, molar mass 26.0 g mol', molecular formula C,H,
0.94 g CaCO,
8.40 g HCI1
UNIT 2

(i) 1.099 x 10*" electrons (i) 5.48 x 107" kg, 9.65 x 10*C
(i) 6.022 x 10°* electrons

(ii) (a) 2.4088 x 10°' neutrons (b) 4.0347 x 107° kg

(iii) (@) 1.2044 x 10** protons (b) 2.015 x 107 kg

7,6: 8,8: 12,12: 30,26: 50, 38

(i Cl (i) U (iii) Be
5.17 x 10" s, 1.72 x 10°m™
() 1.988 x 107'%J (i) 3.98 x 10"°J
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2.7

2.8

2.9

.10
11
.12
.13
.14
15
16
17
.18
.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28

MDD NNNNN

N

2.29
2.30
2.31
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40

2.41

2.42
2.43

CHEMISTRY

6.0x 10%m, 5.0x 10°s'and 16.66 m"

2.012 x 10'® photons

(i) 4.97 x 107° J (3.10 eV); (ii) 0.97 eV (i) 5.84 x 10° ms™
494 kJ mol™

7.18 x 107"

4.41 x 10™s™, 2.91 x 10°J

486 nm

8.72 x 10°°J

15 emission lines

(i) 8.72 x 107%°J (i) 1.3225 nm

1.523 x 10°m™*

2.08 x 107" ergs, 950 A

3647A

3.55x 10 ''m

8967A

Na’, Mg2+, Ca®'; Ar, S* and K'

(i) (a) 1s® (b) 1s®2s°2p% (¢ 1s2s™2p® (d) 1s”2s2p°
n=>5

n=3;1=2;m=-2,-1,0, +1, +2 (any one value)

(i) 29 protons

1,2, 15
(i) m,
0 0
1 -1,0,+1
2 -2,-1,0,+1,+2
(i) ! =2; m;=-2,-1,0,+1,+2
(iii) 2s, 2p

(@ 1s, (b) 3p, (c) 4d and (d) 4f

(@), (c) and (e) are not possible

(@) 16 electrons (b) 2 electrons
n=2ton=1

8.72 x 107'%J per atom

1.33 x 10°

0.06 nm

(@) 1.3 %10%*pm (b) 6.15 x 10" pm
1560

8

More number of K-particles will pass as the nucleus of the lighter atoms is small,
smaller number of K-particles will be deflected as a number of positve charges is
less than on the lighter nuclei.

For a given element the number of prontons is the same for the isotopes, whereas
the mass number can be different for the given atomic number.

81
55 BT

mor
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2.44

2.45
2.46
2.47

2.48
2.49
2.50
2.51

2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60
2.61
2.62
2.63
2.64
2.65
2.66

2.67

5.1
5.2
5.3
5.4
5.5
5.6
5.7

5.8
5.9
5.10

231

Cosmic rays > X-rays > amber colour > microwave > FM

3.3x10%°J

(@) 4.87 x 10" s (b) 9.0 x 10° m (©) 32.27 x 107°°J
(d) 6.2 x 10'® quanta

10

8.28 x 107'°J

3.45x 107 J

(@) Threshold wave length (b) Threshold frequency of radiation
652.46 nm 4.598 x10'* s

(c) Kinetic energy of ejected photoelectron
9.29 x107° J, Velocity of photoelectron 4.516 x 10° ms™

530.9nm

4.48 eV

7.6 x 10° eV

infrared, 5

434 nm

455 pm

494.5 ms™

332 pm

1.516 x 10 m

Cannot be defined as the actual magnitude is smaller than uncertainity.
(v) < (ii) = (iv) < (vi) = (iii) < (i)

4p
i) 2s (i) 4d (i) 3p
Si
(a 3 (b) 2 (c) 6
(d) 4 (e) zero
16
UNIT 5
(i)
(iii)
(i)
(iii)
(i
(iv)
q=+701J
w = -394 J, since work is done by the system
AU = 307J
—743.939 kJ
1.067 kJ

AH=-7.151 kJ mol™

2024-25



232

5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18

5.19
5.20
5.21
5.22

6.2
6.3
6.5
6.6
6.8
6.9
6.10
6.11
6.12
6.14
6.15
6.16
6.17
6.18

6.19
6.20
6.21
6.22
6.23
6.24
6.27
6.30
6.31
6.33
6.34
6.35
6.36

CHEMISTRY

-314.8kJ
AH=-778 kJ
- 46.2 kJ mol!
- 239 kJ mol™
326 kJ mol™
AS >0

2000 K

AH is negative (bond energy is released) and AS is negative (There is less randomness
among the molecules than among the atoms)

0.164 kJ, the reaction is not spontaneous.
~5.744 kJ mol ™’

NO(g) is unstable, but NO,(g) is formed.
Gourr = + 286 kJ mol™’

ASuy = 959.73 J K!

UNIT 6

12.229

2.67 x 10*

(i) 4.33 x 107* (ii) 1.90

1.59 x 107"

[N,] = 0.0482 molL™", [0,] = 0.0933 molL™", [N,0] = 6.6 x 10" molL™"
0.0352mol of NO and 0.0178mol of Br,

7.47 x 10" M

4.0

Q. = 2.379 x 10°. No, reaction is not at equilibrium.
0.44

0.068 molL™ each-of H, and I,

[I,] = [CL,] = 0.167 M, [IC]] = 0.446 M

[CoHgleq = 3.62 atm

(i) [CH3;COOC,H;][H,0] / [CH;COOH][C,H;0H]

(ii) 3.92 (iii) value of Q. is less than K, therefore equilibrium is not attained.
0.02molL™" for both.

[Pco] = 1.739atm, [Pcg,] = 0.461atm.

No, the reaction proceeds to form more products.

3 x 10 molL™

0.149

a) — 35.0kJ, b) 1.365 x 10°

[Py,leq = [Phr,Jeq = 2.5 x 107bar, [Pyg,] = 10.0 bar

b) 120.48

[Hy]eq = 0.96 bar

2.86 x 107* M

5.85x107

NO,, HCN, ClO,, HF, H,0, HCO;", HS™

BF,, H, NH,"
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6.37
6.38
6.41
6.42
6.43
6.44
6.45

6.46
6.47
6.48
6.49
6.50
6.51
6.52
6.53
6.54
6.55
6.56
6.57
6.58
6.59
6.60
6.61
6.62
6.63

6.64
6.65
6.66
6.67

6.68
6.69
6.70
6.71
6.72
6.73

F, HSO, , CO,*

NH;, NH,", HCOOH

2.42

1.7x107*M

F=1.5x10"", HCOO=5.6 x 10"', CN'=2.08 x 10°°

[phenolate ion]= 2.2 x 10°°, o. = 4.47 x 10™° , & in sodium phenolate = 10°®

[HS]= 9.54 x 10, in 0.1M HCI [HS] = 9.1 x 10°M, [S*] = 1.2 x 10"°M, in 0.1M
HCI [S]=1.09 x 107°M

[Ac]= 0.00093, pH= 3.03

[AT] =7.08 x10°M, K,= 5.08 x 107, pK,= 6.29

a) 2.52 b) 11.70 ¢) 2.70 d) 11.30

a) 11.65 b) 12.21 ¢) 12.57 ¢) 1.87

pH = 1.88, pK, = 2.70

K,=1.6 x 10°, pK, = 5.8

0=6.53x%x10" K,=2.35% 10"

a) 0.0018 b) 0.00018

o = 0.0054

a) 1.48 x 10'M, b)0.063 ¢)4.17 x10°M . d) 3.98 x 107"
a) 1.5x 10'M, b)10°M, ¢)6.31x 10°M d) 6.31 x 10°M
[K'] = [OH] = 0.05M, [H'] = 2.0 x 10""°M

[Sr**] = 0.1581M, [OH | = 0.3162M, pH = 13.50

a=1.63 x 107, pH = 3.09. In presence of 0.01M HCl, a = 1.32 x 107
K, = 2.09 x 10 and degree of ionization = 0.0457

pH = 7.97. Degree of hydrolysis = 2.36 x 10°

K,=1.5x10"°

NaCl, KBr solutions are neutral, NaCN, NaNO, and KF solutions are basic and
NH,4NO; solution is acidic.

(@) pH of acid solution= 1.9 (b) pH of its salt solution= 7.9
pH=6.78

a) 12.6 b)7.00 ¢)1.3

Silver chromate S=0.65 x 10*M; Molarity of Ag" = 1.30 x 10™*M

Molarity of CrO,>" = 0.65 x 10*M; Barium Chromate S = 1.1 x 10 °M; Molarity of
Ba** and CrO42" eachis 1.1 x 10_5M; Ferric Hydroxide S = 1.39 x IO_IOM;

Molarity of Fe*" =1.39 x 107'°M; Molarity of [OH ] = 4.17 x 10'°M
Lead Chloride S = 1.59 x 10*M; Molarity of Pb** = 1.59 x 10™°M
Molarity of CI” = 3.18 x 10°M; Mercurous lodide S = 2.24 x 107'°M;
Molarity of Hg,”" = 2.24 x 107'°M and molarity of I = 4.48 x 107'°M
Silver chromate is more soluble and the ratio of their molarities = 91.9
No precipitate

Silver benzoate is 3.317 times more soluble at lower pH

The highest molarity for the solution is 2.5 x 10°M

2.43 litre of water

Precipitation will take place in cadmium chloride solution
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Logarithms

TABLE 1
N |0 |1 2 3 4 5 6 |7 8 9 1 3 |4 5 6 |7 8 9
10 | 0000[0043 | 0086 | 0128 | 0170 5 9 13| 17 21 26| 30 3438
0212 | 0253|0294 |0334 | 0374 | 4 8 12| 16 20 24| 28 3236
11 | 04140453 | 0492 | 0531 | 0569 4 8 12|16 20 23|27 3135
0607 | 0645|0682 (0719|0755 |4 7 11 | 15 18 22 | 26 2933
12 | 07920828 | 0864 | 0899 | 0934 3 7 11|14 18 21| 25 2832
0969 | 1004|1038 |1072| 1106 |3 7 10 | 14 17 20 | 24 2731
13 [ 11891173 | 1206 | 1239 | 1271 3 6 10|13 16 19| 23 2629
1303 | 1335[1367 (1399|1430 |3 7 10 | 13 16 19 | 22 2529
14 | 14611492 | 1523 | 1553 | 1584 3 6 9 |12 15 19 |22 2528
1614 | 1644(1673 (1703|1732 |3 6 9 | 12 14 17 | 20 2326
15 | 17611790 | 1818 | 1847 | 1875 3 6 9 |11 14 17| 20 2326
1903 | 1931/1959 (1987|2014 |3 6 8 | 11 14 17 [ 19 2225
16 | 20412068 | 2095 | 2122 | 2148 3 6 8 |11 14 16|19 2224
2175 | 2201|2227 (2253|2279 |3 5 8 | 10 13 16| 18 2123
17 | 23042330 | 2355 | 2380 | 2405 3 5 8 |10 13 15| 18 2023
2430 | 2455|2480 (2504|2529 |3 5 8 |10 12 15| 17 2022
18 | 255312577 | 2601 | 2625 | 2648 2 5 7 |9 12 14|17 1921
2672 | 2695|2718 |2742| 2765 |2 4 7 |9 11 14| 16 1821
19 | 27882810 | 2833 | 2856 | 2878 2 4 7 |9 11 13|16 1820
2900 | 2923|2945 (2967|2989 |2 4 6 |8 11 13|15 1719
20 | 3010[3032 | 3054 | 3075 | 3096 | 3118 | 3139[3160 3181|3201 |2 4 6 |8 11 13| 15 1719
21 |3222[3243 | 3263 | 3284 | 3304 | 3324 | 3345(3365 (3385|3404 [2 4 6 |8 10 12| 14 1618
22 | 3424[3444 | 3464 | 3483 | 3502 | 8522 | 3541|3560 [3579 8598 |2 4 6 |8 10 12| 14 1517
23 | 3617|3636 | 3655 | 3674 | 3692 | 3711 | 3729|3747 3766|3784 |2 4 6 |7 9 11|13 1517
24 | 3802[3820 | 3838 | 3856 | 3874 | 3892 | 3909(3927 (8945|3962 |2 4 5 |7 9 11|12 1416
25 | 3979[3997 | 4014 | 4031 | 4048 | 4065 | 4082[4099 (4116|4133 |2 3 5 |7 9 10|12 1415
26 | 4150|4166 | 4183 | 4200 | 4216 | 4232 | 4249[4265 |4281 4298 |2 3 5 |7 8 10| 11 1315
27 | 4314|4330 | 4346 | 4362 | 4378 | 4393 | 4409|4425 (4440|4456 |2 3 5 |6 8 9 |11 1314
28 | 4472|1487 | 4502 | 4518 | 4533 | 4548 | 4564 (4579 |4594 (4609 [2 3 5 |6 8 9 [ 11 1214
29 | 4624|4639 | 4654 | 4669 | 4683 | 4698 | 4713[4728 4742|4757 |1 3 4 |6 7 9 |10 1213
30 | 47714786 | 4800 | 4814 | 4829 | 4843 | 4857|4871 4886|4900 |1 3 4 |6 7 9 |10 1113
31 | 4914|1928 | 4942 4955 | 4969 | 4983 | 4997|5011 |5024 (5038 [1 3 4 |6 7 8 |10 1112
32 | 50515065 | 5079 | 5092 | 5105 | 5119 | 5132|5145 |5159 (5172 |1 3 4 |5 7 8 |9 1112
33 | 51855198 | 5211 | 5224 | 5237 | 5250 | 5263(5276 (5289|5302 [1 3 4 |5 6 8 |9 1012
34 |5315[5328 | 5340 | 5353 | 5366 | 5378 | 5391|5403 [5416 (5428 |1 3 4 |5 6 8 |9 1011
35 | 54415453 | 5465 | 5478 | 5490 | 5502 | 5514|5527 (5539|5551 |1 2 4 |5 6 7 |9 1011
36 | 55635575 | 5587 | 5599 | 5611 | 5623 | 5635|5647 [5658 (5670 |1 2 4 |5 6 7 |8 1011
37 | 56825694 | 5705 | 5717 | 5729 | 5740 | 5752|5763 |5775|5786 |1 2 3 |5 6 7 [8 9 10
38 | 57985809 | 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 [ 60216031 | 6042 | 6053 | 6064 | 6075 | 6085|6096 (6107|6117 |1 2 3 |4 5 6 |8 9 10
41 | 612816138 | 6149 | 6160 | 6170 | 6180 | 6191|6201 [6212[6222 |1 2 3 |4 5 6 |7 8 9
42 | 623216243 | 6253 | 6263 | 6274 | 6284 | 6294|6304 (6314|6325 |1 2 3 |4 5 6 |7 8 9
43 | 63356345 | 6355 | 6365 | 6375 | 6385 | 6395|6405 [6415(6425 |1 2 3 |4 5 6 |7 8 9
44 | 64356444 | 6454 | 6464 | 6474 | 6484 | 6493|6503 |6513 6522 |1 2 3 |4 5 6 |7 8 9
45 | 653216542 | 6551 | 6561 | 6471 | 6580 | 6590|6599 6609|6618 |1 2 3 |4 5 6 |7 8 9
46 | 66286637 | 6646 | 6656 | 6665 | 6675 | 6684|6693 [6702 (6712 |1 2 3 |4 5 6 |7 7 8
47 | 672116730 | 6739 | 6749 | 6758 | 6767 | 6776|6785 |6794 (6803 |1 2 3 |4 5 5 |6 7 8
48 | 68126821 | 6830 | 6839 | 6848 | 6857 | 6866|6875 (6884 (6893 |1 2 3 |4 4 5 |6 7 8
49 | 690216911 | 6920 | 6928 | 6937 | 6946 | 6955|6964 6972|6981 |1 2 3 |4 4 5 |6 7 8
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TABLE 1 (Continued)

Logarithms

N o 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 | 7248 (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 b
74 | 8692 (8698 | 8704 | 8710 | 8716 | 8722 | 8727|8733 | 8739 | 8745 | 1 1 2 2 3 4 4 5 b
75 | 8751|8756 | 8762 | 8768 | 8774 | 8779 | 8785|8791 [ 8797 | 8802 | 1 1 2 2 3 8 4 5 5
76 | 8808 (8814 | 8820 | 8825 | 8831 | 8837 | 8842|8848 | 8854 |8859 | 1 1 2 2 3 8 4 5 5
77 | 8865 (8871 | 8876 | 8882 | 8887 | 8893 | 8899|8904 | 8910 | 8915 | 1 1 2 2 3 8 4 4 5
78 | 8921 (8927 | 8932 | 8938 | 8943 | 8949 | 8954|8960 | 8965 | 8971 | 1 1 2 2 3 8 4 4 5
79 | 8976 (8982 | 8987 | 8993 [ 8998 | 9004 | 9009|9015 | 9020 {9025 | 1 1 2 2 3 8 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 | 91389143 | 9149 | 9154 | 9159 | 9165 | 9170|9175 (9180 | 9186 | 1 1 2 2 3 8 4 4 5
83 | 9191 (9196 | 9201 | 9206 | 9212 | 9217 | 9222|9227 (9232 | 9238 | 1 1 2 2 3 8 4 4 5
84 | 9243 (9248 | 9253 | 9258 | 9263 | 9269 | 9274|9279 (9284 | 9289 | 1 1 2 2 3 8 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 | O 1 1 2 2 38 3 4 4
88 | 9445 (9450 | 9455 | 9460 | 9465 | 9469 | 9474|9479 (9484 | 9489 | O 1 1 2 2 38 3 4 4
89 | 9494 (9499 | 9504 | 9509 | 9513 | 9518 | 9523|9528 (9533 | 9538 | O 1 1 2 2 38 3 4 4
90 | 9542 (9547 | 9552 | 9557 | 9562 | 9566 | 9571|9576 9581 | 9586 | O 1 1 2 2 3 3 4 4
91 | 9590 (9595 | 9600 | 9605 | 9609 | 9614 | 9619|9624 (9628 | 9633 | O 1 1 2 2 3 3 4 4
92 | 9638 |9643 | 9647 | 9652 | 9657 | 9661 | 9666|9671 (9675 | 9680 | O 1 1 2 2 38 3 4 4
93 | 9685 |9689 | 9694 | 9699 | 9703 | 9708 | 9713|9717 (9722 | 9727 | O 1 1 2 2 38 3 4 4
94 | 9731 | 9736| 9741 | 9745 | 9750 | 9754 | 9759|9763 (9768 | 9773 | O 1 1 2 2 38 3 4 4
95 | 9777 (9782 | 9786 | 9791 | 9795 | 9800 | 9805|9809 (9814 | 9818 | O 1 1 2 2 3 3 4 4
96 | 9823 (9827 | 9832 | 9836 | 9841 | 9845 | 9850|9854 (9859 | 9863 | O 1 1 2 2 3 3 4 4
97 | 9868 (9872 | 9877 | 9881 | 9886 | 9890 | 9894|9899 [ 9903 | 9908 | O 1 1 2 2 3 3 4 4
98 | 9912 (9917 | 9921 | 9926 | 9930 | 9934 | 9939|9943 | 9948 | 9952 | O 1 1 2 2 3 3 4 4
99 | 9956 (9961 | 9965 | 9969 | 9974 | 9978 | 9983|9987 (9997 | 9996 | O 1 1 2 2 38 3 3 4
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AntiLogarithms

TABLE II

N o 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 | O 0 1 1 1 1 2 2 2
.01 [ 1023|1026 | 1028 | 1030 | 1033 | 1035 | 1038|1040 1042 | 1045 | O 0 1 1 1 1 2 2 2
.02 [ 1047|1050 | 1052 | 1054 | 1057 | 1059 | 1062|1064 | 1067 | 1069 | O 0 1 1 1 1 2 2 2
.03 | 1072|1074 | 1076 | 1079 | 1081 | 1084 | 1086|1089 1091 | 1094 | O 0 1 1 1 1 2 2 2
.04 [ 1096|1099 | 1102 | 1104 | 1107 | 1109 | 1112|1114 (1117|1119 | O 1 1 1 1 2 2 2 2
.05 1122(1125| 1127 | 1130 | 1132 | 1135 | 1138|1140 (1143| 1146 | O 1 1 1 1 2 2 2 2
.06 | 1148|1151 | 1153 | 1156 | 1159 | 1161 | 1164|1167 [1169| 1172 | O 1 1 1 1 2 2 2 2
.07 [ 11751178 | 1180 | 1183 | 1186 | 1189 | 1191|1194 |1197| 1199 | O 1 1 1 1 2 2 2 2
.08 [ 1202|1205 | 1208 | 1211 | 1213 | 1216 | 1219|1222 (1225|1227 | O 1 1 1 1 2 2 2 8
.09 [ 1230|1233 | 1236 | 1239 | 1242 | 1245 | 1247|1250 | 1253 | 1256 | O 1 1 1 1 2 2 2 38
.10 1259|1262 | 1265 | 1268 | 1271 | 1274 | 1276|1279 |1282 | 1285 | O 1 1 1 1 2 2 2 8
.11 1288|1291 | 1294 | 1297 | 1300 | 1303 | 1306|1309 [ 1312 | 1315 | O 1 1 1 2 2 2 2 3
.12| 1318|1321 | 1324 | 1327 | 1330 | 1334 | 1337|1340 | 1343 | 1346 | O 1 1 1 2 2 2 2 3
.13 | 1349|1352 | 1355| 1358 | 1361 | 1365 | 1368|1371 (1374 | 1377 | O 1 1 1 2 2 2 3 38
.14 | 1380|1384 | 1387 | 1390 | 1393 | 1396 | 1400|1403 [ 1406 | 1409 | O 1 1 1 2 2 2 3 3
.15 1413|1416 | 1419 | 1422 | 1426 | 1429 | 1432|1435(1439| 1442 | O 1 1 1 2 2 2 3 3
.16 | 1445|1449 | 1452 | 1455 | 1459 | 1462 | 1466|1469 | 1472 | 1476 | O 1 1 1 2 2 2 3 38
.17 | 1479|1483 | 1486 | 1489 | 1493 | 1496 | 1500 1503|1507 | 1510 | O 1 1 1 2 2 2 3 3
.18 | 1514|1517 | 1521 | 1524 | 1528 | 1531 | 1535|1538 [ 1542 | 1545 | O 1 1 1 2 2 2 3 3
.19 1549|1552 | 1556 | 1560 | 1563 | 1567 | 1570(1574 | 1578 | 1581 | O 1 1 1 2 2 3 3 38
.20 | 1585|1589 | 1592 | 1596 | 1600 | 1603 | 1607|1611 | 1614 | 1618 | O 1 1 1 2 2 3 3 3
21| 1622|1626 | 1629 | 1633 | 1637 | 1641 | 1644|1648 | 1652 | 1656 | O 1 1 2 2 2 3 3 3
.22 | 1660|1663 | 1667 | 1671 | 1675 | 1679 | 1683|1687 [ 1690 | 1694 [ O 1 1 2 2 2 3 3 38
.23 | 1698|1702 | 1706 | 1710 | 1714 | 1718 | 1722|1726 (1730 | 1734 | O 1 1 2 2 2 3 3 4
.24 | 1738|1742 | 1746 | 1750 | 1754 | 1758 | 1762|1766 | 1770 | 1774 | O 1 1 2 2 2 3 3 4
.25( 1778(1782 | 1786 | 1791 | 1795 | 1799 | 1803|1807 [ 1811 | 1816 | O 1 1 2 2 2 3 3 4
.26 1820(1824 | 1828 | 1832 | 1837 | 1841 | 1845|1849 1854 | 1858 | O 1 1 2 2 3 3 3 4
.27| 1862|1866 | 1871 | 1875 | 1879 | 1884 | 1888|1892 | 1897 | 1901 | O 1 1 2 2 3 3 3 4
.28| 1905|1910 | 1914 | 1919 | 1923 | 1928 | 1932|1936 [ 1941 | 1945 | O 1 1 2 2 3 3 4 4
.29| 1950|1954 | 1959 | 1963 | 1968 | 1972 | 1977|1982 1986 | 1991 | O 1 1 2 2 3 3 4 4
.30| 1995|2000 | 2004 [ 2009 | 2014 | 2018 | 2023|2028 2032 | 2037 | O 1 1 2 2 3 3 4 4
.31| 2042|2046 | 2051 | 2056 | 2061 | 2065 | 2070|2075 | 2080 | 2084 | O 1 1 2 2 3 3 4 4
.32| 2089|2094 | 2099 | 2104 | 2109 | 2113 | 2118|2123 (2128 | 2133 | O 1 1 2 2 3 3 4 4
.33| 2138|2143 | 2148 | 2153 | 2158 | 2163 | 2168|2173 (2178 | 2183 | O 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
.87 | 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 38 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
W47 | 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
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AntiLogarithms

TABLE II (Continued)

N o 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 | 4256 | 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 | 45294539 | 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 & 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 1011
.73 | 5370|5383 | 5395 | 5408 | 5420 | 5433 | 5445|5458 (5470 | 5483 | 1 3 4 5 6 8 9 1011
.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 1112
.78 16026 | 6039 | 6053 | 6067 | 6081 | 6095 | 6109|6124 (6138 | 6152 | 1 3 4 6 7 8 10 1113
.79 | 6166|6180 | 6194 | 6209 | 6223 | 6237 | 6252|6266 (6281 | 6295 | 1 3 4 6 7 9 10 1113
.80 | 6310|6324 | 6339 | 6353 | 6368 | 6383 | 6397|6412 (6427 | 6442 | 1 3 4 6 7 9 10 1218
.81 | 6457|6471 | 6486 | 6501 | 6516 | 6531 | 6546|6561 6577 | 6592 | 2 3 5 6 8 9 11 1214
.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 13815
.85 | 7079|7096 | 7112 | 7129 | 7145 | 7161 | 7178|7194 (7211 | 7228 | 2 3 5 7 8 10| 12 13815
.86 | 7244|7261 | 7278 | 7295 | 7311 | 7328 | 7345|7362 7379 | 7396 | 2 3 5 7 8 10| 12 1315
.87 | 7413|7430 | 7447 | 7464 | 7482 | 7499 | 7516|7534 | 7551 | 7568 | 2 3 5 7 9 10| 12 1416
.88 | 7586|7603 | 7621 | 7638 | 7656 | 7674 | 7691|7709 | 7727 | 7745 | 2 4 5 7 9 11| 12 1416
.89 | 7762|7780 | 7798 | 7816 | 7834 | 7852 | 7870|7889 |7907 | 7925 | 2 4 5 7 9 11| 13 1416
.90 | 7943|7962 | 7980 | 7998 | 8017 | 8035 | 8054|8072 (8091 | 8110 | 2 4 6 7 9 11| 18 1517
.91 | 8128|8147 | 8166 | 8185 | 8204 | 8222 8241|8260 |8279| 8299 | 2 4 6 8 9 11| 13 1517
.92 | 8318|8337 | 8356 | 8375 | 8395 | 8414 | 8433|8453 (8472 | 8492 | 2 4 6 8 10 12| 14 1517
.93 | 8511|8531 | 8551 | 8570 | 8590 | 8610 | 8630|8650 | 8670 | 8690 | 2 4 6 8 10 12| 14 1618
.94 | 8710|8730 | 8750 | 8770 | 8790 | 8810 | 8831|8851 8872 | 8892 | 2 4 6 8 10 12| 14 1618
.95 | 8913|8933 | 8954 | 8974 | 8995 | 9016 | 9036|9057 [ 9078 | 9099 | 2 4 6 8 10 12| 15 1719
.96 [ 9120(9141 | 9162 | 9183 | 9204 | 9226 | 9247|9268 (9290 | 9311 | 2 4 6 8 11 13| 15 1719
.97 | 9333|9354 | 9376 | 9397 | 9419 | 9441 | 9462|9484 | 9506 | 9528 | 2 4 7 9 11 13| 15 1720
.98 | 9550|9572 | 9594 | 9616 | 9638 | 9661 | 9683| 9705|9727 | 9750 | 2 4 7 9 11 13| 16 1820
.99 | 9772|9795 | 9817 | 9840 | 9863 | 9886 | 9908|9931 | 9954 | 9977 | 2 5 7 9 11 14| 16 1820
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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 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 December 2005 Research and Training
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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 tjs
exercise. @
Contents of the textbooks have been rationalised in vi@e

following:
* Overlapping with similar contentggclu d in otl\ areas

in the same class

* Similar content 1ncluded in or hlg € s in the same
subject

 Difficulty level

e Content, which is ) acce331 udents without much
interventions from tea®hers an arned by children through
self-learniny er—learning

* Content, wi 1rreleva@the present context
is present edition, is a d version a er carrying out the changes
given above.

o~

\
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