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T JI hT Gl 376 39 a1d W R 2 foh Thadl o g i s1eAraeh Sl sl houAnia
Tfdferfirel ok werel i 7eg ¥ HieH qer Ed o SR 0 e W e i s STEE <4
g1 &8 =% ueA B T Afk S, 9 SR STl S, | s Sl N Wit T gee-wmi
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TRfdTe 1

T ST, W T % T w5

HreT : HieY, {99kt Tohd m €, < 1 SI U 21 THET g, Fafq & weher o =
c o Fd eI AF i 299792458 W, T8 ms ! W W e fRar S €, Sl
Yo ®1 Hifeem emafa A/, & T& § ufenfyd faman s 2, & E 2

fereiuma : ferctium, fSTgeht Gehd kg €, SA9H 1 SI A 81 $8eh! IR, wiis Fadis
h &1 f71a G@Ies: UH 6.62607015%10-% We 5 Js AR o =Fad fohan i €, i kg
m?s! o GHF Fa1 § el el iR Yohe H ¢ 3N AV, o wai § gRefid fRan S R, &
T 2

Yhg : Tohe, fomet Wopd s B, THA 1 SI W S| THHT IR, Hiswm smafa 4,
S HfSrH-133 TRAT] T STee Tol STawen SAfdgen Gshav eTgfa 7, 1 o gears 9
9192631770 WY TS Hz AGehI, St s o SRR Bldl 8, § oo fehern o €, €t 8?1

Ut : Ufer frgent dohd A ®, faa- o &1 SI Ak €1 59! R, Tt 3Te9 ekl foa
T HH 1.602176634x1071° Wk, TS@ C #Th Sl As & oeR €l €, W8l Uehe i
NV, o W& | ofemfaq fean s @, # e feen S @, & Sl €

ohfea : Shfcar et ehd K &, SOANIGe 19 1 SI A 21 ! TR, Sieg@aH
fradi®, k&1 a0 9&m® 7H 1.380649%102 &, 5 JK! 915 H, S kg m2s2k-
| % SR B ? SRl fehet, e 3R Wehe &l h, ¢ SR AV, o T W gRefud fRa
ST €, oA TR S ®, T 2

'&lﬁztﬁﬁ(mole)ﬁlﬂwmﬁa(mol) %,Wﬁaﬁmm&m%%ﬁaﬁaﬂiﬁ
6.02214076x10% & AT HV1 &1 ¢ | T8 T, STAMTS fEerish, N, 1 F1ad T 7
Bl © 519 3H mol! HES H e fohdl Sl € 31X 38 SISl S et S §1 ot frehra
o g1l T W, Gehd n, fafiTe 9ol N 1 @ 1 AW Al B1 3 G w1 T WA,
0], M, AR, HIE 3T HU1 A1 FI k1 fafere a9e e g B

HIEAT : HE FSEH Thd cd T, T T few # SAfa-iord w1 SI AEE T TR AR,
540% 102 Hz S dred Qeharoi fafertor shi <iw geierehal, K, =1 190 SeAes qH 683
TR IE IH Im-W-! ok Al H e fohdl S S ed-sr-W-!, AT ed sr kg ' m2s® o aeR
< 31 Wl fohaim, MeX oiR wehe B h, ¢ SR A, T § oRwfed fn s g, @
T 2

(71T U T Wefieh Sfauredia wr=ran Wi @, fohet gudt s = fpre o 3 uftafda =& e
=feul)
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v, STeh! UTHTI-HEAT 3T WeR-geqde

W fogm
gy 11

T e Ty e T Hordl TRHTIY e
(g mol™) (g mol)
AP Ac 89 227.03 T Hg 80 200.59
fafe Al 15 26.98 HiferseTq Mo 42 95.94
ot Am 95 (243) raifeam Nd 60 144.24
T Sb 51 121.75 frerma Ne 10 20.18
e Ar 18 39.95 JefrEm Np 93 (237.05)
Y S As 33 74.99 forehet Ni 28 58.71
s A 85 210 IRRIERE] Nb 41 92.91
afem Ba 56 137.34 IS N 7 14.0067
ErChet Bk 97 (247) e go 17062 1(3392)
Affeem Be 4 9.01 ST S .
foremer Bi 83 208.98 SIS o 8 16.00
St B 5 10.81 TRIERIY P 15 30.97
S Br 35 79.91 wifeT™ Pt 78 195.09
Frefrm cd 48 112.40 R CUREL Pu 94 (244)
e Cs 55 132.91 RURIEEL] Po 84 210
feam Ca 20 40.08 Hreferm K 19 39.10
e ot 98 251.08 sfeeifefm Pr 59 140.91
Fr c 6 12.01 wrferm Pm 61 (145)
Sifea Ce 58 140.12 greferefem Pa 91 231.04
Fer cl 17 35.45 feam Ra 88 (226)
Hifwm cr 24 52.00 [ Rn 86 (222)
Flaree Co 27 58.93 Gfram Re 75 186.2
FIR Cu 29 63.54 RUERE) Rh 45 102.91
Ffem Cm 96 247.07 wfafean Rb 37 85.47
gEtEm Db 105 (263) wefifem Ru 44 101.07
fewifaas Dy 66 162.50 TIHIfEan Rf 104 (261)
aTEAfEm Es 99 (252) e Sm 62 150.35
srfaam Er 68 167.26 whfeam Sc 21 44.96
Ukt Eu 63 151.96 wratfrem Sg 106 (266)
Wiy Fm 100 (257.10) foaefifran Se 34 78.96
TR F 9 19.00 fafas Si 14 28.08
pEatp Fr 87 (223) faeer Ag 47 107.87
Treifafem Gad 64 157.25 wifeay Na 11 22.99
Tiferm Ga 31 69.72 it Sr 38 87.62
sefEm Ge 32 72.61 HoHT S 16 32.06
Tieg Au 79 196.97 e Ta 73 180.95
xatect Hf 72 178.49 EcaiiNpE] Te 43 (98.91)
2 Hs 108 (269) efem Te 52 127.60
2iferam He 2 4.00 feremg Tb 65 158.92
gifemam Ho 67 164.93 Sferay Tl 81 204.37
BT H 1 1.0079 Cliten) Th 90 232.04
ESpE In 49 114.82 PIGRE Tm 69 168.93
TS I 53 126.90 foa Sn 50 118.69
it Ir 77 192.2 <z Ti 22 47.88
SRS Fe 26 55.85 A w 74 183.85
e Kr 36 83.80 EESEICRr Uub 112 277)
i La 57 138.91 sreTferE Uun 110 (269)
Rt Lr 103 (262.1) EEELE LD Uuu 111 (272)
KK Pb 82 207.19 e U 92 238.03
wifer Li 3 6.94 Tfeam v 23 50.94
wiferam Lu 71 174.96 IEEIE] Xe 54 131.30
Hrefifer Mg 12 24.31 zefirm Yb 70 173.04
a’ﬁﬁ Mn 25 54.94 g'[;c:q'q Y 39 88.91
fafrem Mt 109 (268) o Zn 30 65.37
Heefifam Md 101 258.10 EEaiE e 7r 40 91.99

Fie T o T A Ga S 1 orel-shrorarel FEe 1 Aok SeUHH B

Reprint 2026-27



215

gfRifyree m

%. 298 K 3T Ueh IS 16 W 3 utel o fafyre ud dier serenfar
uaret fafore swrenfar HieW HEATTREr
J/g) (J/mol)

g 0.720 20.8
5 (59) 4.184 75.4
st (1) 2.06 35.1
TSN FANES 0.797 29.1
TIESH SHIES 0.360 29.1
T (54) 4.70 79.9
ot Tehteia (59) 2.46 113.16
WA TeEhia (59) 2.42 152.52
5 (39) 2.06 37.08
FHTE IFANEE (5) 0.861 132.59
FARFAR T (CCL F ) 0.5980 72.35
CISIE| 22 0.817 39.2
IREIE 1.03 20.7
FARA 0.477 33.8
S 0.473 75.6
AT 0.460 25.1
AL 0.385 24.7
TgtaftEm 0.902 24.35
ikl 0.128 25.2
THTEE 0.720 8.65
@ HD Ml i ATC SEATTRAT (J/mol)
Gas c, C, C,-C C,/C,
Teh UTHIOh*

Biferm 20.9 12.8 8.28 1.63

T 20.8 12.5 8.33 1.66

S 20.9 12.6 8.37 1.66

EECni| 20.8 12.5 8.33 1.66
Tguamore f

HEESH 28.6 20.2 8.33 1.41

SAferds 29.1 20.8 8.33 1.39

RIECEE] 29.0 20.7 8.30 1.40

TSN FARES 29.6 21.0 8.60 1.39

e HHAISATFIES 29.0 21.0 8.00 1.41
Frozamre f

e S 39.0 30.5 8.50 1.28

HTE SRS 37.5 29.0 8.50 1.29
FEAHTIT

LOE] 53.2 44.6 8.60 1.19
*ehael LML TSl it

FEIMIaE, 9 3R ol S
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R IV

ifaer ferier

R IE I CRIE

TEETRYU HT @] g 980.6 cm/s 9.806 m/s
T SoFHH JEeR (1/12 amu 1.6606 x 1024 g 1.6606 x 1027 kg
SSIHE Rl 1/12) or u
CICIIRESNED N,  6.022 x10%3 6.022 x 1023
particles/mol particles/mol
RSeS| a,  0.52918 A 5.2918 x 10! m
5.2918 x 10° cm
SieesHM feeris k 1.3807 x 10716 erg/K 1.3807 x 1023 J/K
TR ok SAeRT T 1.758820 x10® coulomb/g 1.7588 x 101! C/kg
THHM Rl ST e/m
SRR ST e 1.602176 x 1079 coulomb 1.60219 x 10719 C
4.8033 x 10719 esu
fosmm-atereen o m,  9.109382 x102%8 g 9.109382 x103! kg
AR T SAIH 0.00054859 u
wre-Fredis F 96,487 coulombs/eq 96,487 C/mol e
23.06 kcal/volt. eq 96,487 J/V.mol e
. L atm kPa dm3
-t R 0.8206 83145—————
mol K mol K
cal
1.987 8.3145 J/mol.K
mol K
Ao~ T V.~ 22.710981 L/mol 22.710981 x 103 m3/mol
22.710981 dm3/mol
fasmm-atereen o m,  1.674927 x 102 g 1.674927 x 1027 kg
[ HT THAA 1.008665 u
iR ferieh h 6.6262 x 1027 ergs 6.6262 x 103*J s
fagm-sraen m,  1.6726216 x102* g 1.6726216 x1027 kg
e 1 S 1.007277 u
Rear femis R,  3.289 x 10'5 cycles/s 1.0974 x 107 m'!
2.1799 x 10°!! erg 2.1799 x 10718 J
YT 1 T c 2.9979 x 10%cm/s 2.9979 x 108 m/s
(Frafa #) (186,281 Hia/d.)
n=3.1416 2.303 R = 4.576 cal/mol K = 19.15 J/mol K
e=2.71828 2.303 RT (at 25°C) = 1364 cal/mol = 5709 J/mol

In X =2.303 log X
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qRIYT v

HP AHYS TUIGUT-T[UTIh

T T | & G HIHh
1 diT = 453.59 U

1 9fe = 453.59 UM = 0.45359 feHamm™
1 feetm = 1000 T = 2.205 Ui
1 T = 10 SHUM = 100 H3u™
= 1000 fhefumy
1 T = 6.022 x 1023 THY] SoHH HHh
1 THY] FeFHM = 1.6606 x 10724 TR
1 Wifet 29 = 1000 et
= 2205 die

TG hT |HT WTTh
1 TS = 0.9463 fetet
1 feex = 1.056 FaTeS

1 forex = 1 =@ i = 1000 ¥H
HIHR = 0.001 FFHK
1 foefiferer = 1 =9 FdH = 0.001 &
= 1.056 x 103 FIS
1 ¥HE = 28.316 foleX = 29.902 FMES
= 7.475 T

STt Rl |THTA |THh
19 =1 x 107 ergs

1 S5 TEETER Sheai
= 4.184 9@
=4.184 x 107 ergs
=4.129 x 102 fareX agHSA
=2.612 x 1019 TR e
1 ergs =1 x 107 S[d = 2.3901 x 108 el
1 SO diee = 1.6022 x 107195«

=1.6022 x 10712 erg
96.487 kJ/molt

1 foret-amgHed = 24.217 ARt
=101.32 5@
=1.0132 x10° ergs
1 fofeer o1 w1 @57 = 1055.06 S[A
= 1.05506 x10'° ergs
= 252.2 HAR
TETS Rl WA |
1 $91 = 2.54 WHeT (Afew)

1 Hel = 5280 feet = 1.609 fHaHIX
1 T = 36 inches = 0.9144 HX
1 "X = 100 centimetres = 39.37 39
= 3.281 W
= 1.094 T
1 fel™iex = 1000 TR = 1094 T
=0.6215 Hid
1 M = 1.0 x 108 HIHX
= 0.10 "R
= 1.0 x 10710 TR
=3.937 x 10239

T+ AT IMT F WA HIHF

1 9gAEd = 760 fheiier Tl &1
= 1.013 x 105 UT&hdl
= 14.70 dis ufq =few

1 SR = 105 YT&hd

1 2R = 1 fhefidrer 7wt &1

1 9% = 1 kg/ms? = 1 N/m?

AT SI 3T A ohiead (K)
K =-273.15C

K = °C +273.15

°F = 1.8(°C) + 32

_°F-32

T 1.8

°C

* Tt 1727 (N) = 1 kg m/s?, | =27 98 91 2, Sl Th Yohs @ R | fhetimg sequm &1 1 et

yfd Wehe *1 A Y Hl Bl

* oA 1 o W, S | UH STl 1 @9 14.5°C ¥ 15.5°C @ SgH o fo a2l
+ oM ® T o A wfaee €, = 6.022 <1023 @ TN %A1 e, difeh GEl-El ge €l wehl
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298 K W FWNqehid 3TThs

W fogm
TRy VI

AT eh gared
e HeaT e, firem gwem s, T, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K! mol™)
y 3
Al(s) 0 0 28.33
Al**(aq) -524.7 -481.2 -321.7
Al,O4(s) -1675.7 -1582.3 50.92
Al(OH),4(s) -1276 — —
AlCly(s) -704.2 -628.8 110.67
Tt
SbH,(g) 145.11 147.75 232.78
SbCl,(g) -313.8 -301.2 337.80
SbCly(g) -394.34 -334.29 401.94
THfF
As(s), gray 0 0 35.1
As,S,(s) -169.0 -168.6 163.6
AsO} (aq) -888.14 -648.41 -162.8
IR
Ba(s) 0 0 62.8
Ba®(aq) -537.64 -560.77 9.6
BaO(s) -553.5 -525.1 70.42
BaCOy(s) -1216.3 -1137.6 112.1
BaCO,(aq) -1214.78 -1088.59 -47.3
TR
B(s) 0 0 5.86
B,05(s) -1272.8 -1193.7 53.97
BF5(g) -1137.0 -1120.3 254.12
I
Br,(l) 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
Fleaaq
Ca(s) 0 0 41.42
Cal(g) 178.2 144.3 154.88
Ca*'(aq) -542.83 -553.58 -53.1
(ST)
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Tated Heorem T, fitsq wwe o, iy, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K mol™)

Fleaaq
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
CaCOy(s), shedrEe -1206.92 -1128.8 92.9
CaCOy(s), 3FTHREE -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
CaCly(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
CaS0,(s) -1434.11 -1321.79 106.7
CaSO0,(aq) -1452.10 -1298.10 -33.1
HIe T
C(s), UFTEE 0 0 5.740
C(s), SHHE 1.895 2.900 2.377
Clg) 716.68 671.26 158.10
CO(g) -110.53 -137.17 197.67
CO,(g) -393.51 -394.36 213.74
CO3 (aq) -677.14 -527.81 -56.9
CCl,() -135.44 -65.21 216.40
CS,(1) 89.70 65.27 151.34
HCN(g) 135.1 124.7 201.78
HCN(1) 108.87 124.97 112.84
iRag
Ce(s) 0 0 72.0
Ce**(aq) -696.2 -672.0 -205
Ce*(aq) -537.2 -503.8 -301
FARN
Cly(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
HITT
Cu(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
CuS0,(s) -771.36 -661.8 109
CuS0,.5H,0(s) -2279.7 -1879.7 300.4

* gpTdfieh AR o T ofem grof gt Fiaa o om & w2
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220 WA faae
waTe Twram T, fires dwam s, T, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K mol™)
Na
D,(g) 0 0 144.96
D,O(g) -249.20 -234.54 198.34
D,O0(1) -294.60 -243.44 75.94
q@, \7
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
gIeere (SFeiRam it 3@)
H,(g) 0 0 130.68
H(g) 217.97 203.25 114.71
H(aq) 0 0 0
H,O(1) -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
-
I,(s) 0 0 116.14
I,(g) 62.44 19.33 260.69
I'(aq) -55.19 -51.57 111.3
HI(g) 26.48 1.70 206.59
STTIRA
Fe(s) 0 0 27.28
Fe?*(aq) -89.1 -78.90 -137.7
Fe’*(aq) -48.5 -4.7 -315.9
Fe,0,(s), T e -1118.4 -1015.4 146.4
Fe,0,(s), EHeEe -824.2 —742.2 87.40
FeS(s,a) -100.0 -100.4 60.29
FeS(aq) — 6.9 —
FeS,(s) -178.2 -166.9 52.93
ae
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
HriferH
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
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qfifee 221
Taret HeaT e, fitest wwerd S, i, *
AH®/ (kJ mol™) A:G®/ (kJ mol™) S°/(J K mol™)
TR
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
.
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,C1O,(s) -295.31 -88.75 186.2
ST
0,(g) 0 0 205.14
O4(g) 142.7 163.2 238.93
OH (aq) -229.99 -157.24 -10.75
BICHERT
P(s), white 0 0 41.09
P,(@ 58.91 24.44 279.98
PH,(g) 5.4 13.4 210.23
P,O,0(s) -2984.0 -2697.0 228.86
H4PO,(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
~\ g\ %
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
(ST)



222 ECIREICEIE]
Tated e T, fiss deram S, i, *
AH®/ (kJ mol™) AG®/ (kJ mol™) S°/(J K* mol™)
KClI(s) -436.75 -409.14 82.59
KBr(s) -393.80 -380.66 95.90
KI(s) -327.90 -324.89 106.32
KClO4(s) -397.73 -296.25 143.1
KCI1O,(s) -432.75 -303.09 151.0
K,S(s) -380.7 -364.0 105
K,S(aq) -471.5 -480.7 190.4
faferep1
Si(s) 0 0 18.83
Si0,(s,a) -910.94 -856.64 41.84
faear
Ag(s) 0 0 42.55
Ag'laq) 105.58 77.11 72.68
Ag,0(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
aifsam
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,CO4(s) -1130.9 -1047.7 136.0
G
S(s), Wik 0 0 31.80
S(s), THIfRATTR 0.33 0.1 32.6
S*(aq) 33.1 85.8 -14.6
S0,(g) -296.83 -300.19 248.22
S0,(g) -395.72 -371.06 256.76
H,SO0,(1) -813.99 -690.00 156.90
H,S0,(aq) -909.27 —744.53 20.1
SO} (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
()
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Taret Head e, fitest wwerd S, i, *
AH°/ (kJ mol™) A:G®/ (kJ mol™) S°/(J K™! mol™)

feT
Sn(s), T 0 0 51.55
Sn(s), Y& -2.09 0.13 44.14
SnO(s) -285.8 -256.9 56.5
SnO,(s) -580.7 -519.6 52.3
ECa
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

*AfFTa Al o foau ek foera i o T 1 7 S § H o fau 3 ame feifa fean s @ iR a9 gas st
1 Ui THer Wue YR w1 S 1 SHfOTY SEUTCHs Ugrdt @ ®, i Sl § H w1 o7ien %W W & 2l

R AR

Tared qTA HaaT et e
AH°/ (kJ mol™") AH®°/ (kJ mol™) A;G°/ (kJ mol™") S°/(J K™ mol™)

gTSSIahTa T
CH,(g), A& -890 —74.81 -50.72 186.26
C,H,(g), T (uHieedr) -1300 226.73 209.20 200.94
C,H,(g), wefF (uemsef) -1411 52.26 68.15 219.56
C,Hy(g), A -1560 -84.68 -32.82 229.60
C4Hy(g), IdH (rdTse) -2058 20.42 62.78 266.6
CsHy(g), T —2091 53.30 104.45 237.4
CsHglg), WIoA -2220 -103.85 -23.49 270.2
C,H,(g), =LA -2878 -126.15 -17.03 310.1
C.H,,(@), T=A -3537 -146.44 -8.20 349
CHgll), S=f= -3268 49.0 124.3 173.3
CeHglg) -3302 — — _
C,Hgll), A -3910 12.0 113.8 221.0
C,Hg(g) -3953 — _ _
CeH o (1), TR -3920 -156.4 26.7 204.4
CeH,5(8), -3953 — _ _
CeH (), T -5471 -249.9 6.4 358
Teehigier SR el
CH,OH(l), #ra -726 -238.86 -166.27 126.8
CH,OH(g) 764 -200.66 -161.96 239.81
C,HOH(l), T -1368 -277.69 -174.78 160.7
C,HOH(g) -1409 -235.10 -168.49 282.70
CH5OH(s), W -3054 -164.6 -50.42 144.0
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224 ECIREICEIE]
uaref EEa] RG] firsst wyvem
T, T, T, TETT,
AH°/ (kJ mol™) AH®°/ (kJ mol™?) AG°/ (kJ mol™) S°/(J K™ mol™)
HIal AT 37T

HCOOH()), Wi 3/
CH,COOH(l), THifesw 31
CH,COOH (aq)
(COOH),(s), 3ifufas o
CcH;COOH(s), ajgs 3

doeteree ik #iaH
HCHO(g), Hga
(formaldehyde)
CH,CHO(l), e
(THReERREe)
CH,CHO(g)
CH,;COCH,(l), Wra=H
Qicied!

BT

CeH;504(s), W
CeH1,0¢(aq)

CeH ,,04(s), RIS
C12Hp014(8), W
CO(NHy),(s), Ffea

C H NH, (1), tfefd
NH,CH,COOH(s), Taedi=
CH,NH,(g), T =

-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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Tffere 225
ity viI
SEA TETEfe RH W 298 K W UM fawa
rerEE ot stfufsrar E°/V g a1l srfirferan E°/V
H,XeO, + 2H" + 2¢ — XeO, + 3H,0 +3.0 Cu"+e — Cu +0.52
F, + 2 —> 2F- +2.87 NiOOH + H,0 + e — Ni(OH), + OH  +0.49
O, + 2H" + 2¢ > 0, +H,0 +2.07 Ag,CrO, +2e — 2Ag + CI‘O? +0.45
SZO§_+ 2¢ — zsoi’ +2.05 02 + ZHZO +4e —— 40H +0.40
Ag+ +e N Ag+ +1.98 CIO:1 + HZO + 2 —— ClO; + 20H" +0.36
Co™ + e Co?* +1.81 [Fe(CN)|> + " — [Fe(CN)gl* +0.36
2+ —
H,0, + 2H" + 2¢" —> 2H,0 +1.78 Cu™ +2¢ — Cu ) +0.34
AU 4 e Au +1.69 igéflz +2e —A> 2Hcgl_+ 2Cl1 +8.§;
+ + +
Pb* +2¢”—» Pb** +1.67 B% y 36__> B% 000
2HCIO + 2H" + 26 — > Cl, + 2H,0  +1.63 AN ‘
- o SO + 4H" + 2¢° —> H,S0, + H,0 +0.17
Ce" +e —— Ce +1.61 . _ .
2HBrO + 2H" + 2¢" — Br, + 2H,0 +1.60 V Cu +0.16
T e e 2T ey ' Sn* + 2 —» Sn* +0.15
Mn30+4 + _8H + 5e 2+—> Mn™ + 4H,0 +1.51 AgBr+ e Ag + Br +0.07
Mn3+ +e _—)Mn +1.51 Ti% + e Ti3* 0.00
AuT+ 3¢ — Au +1.40 2H" + 2e- — H, 0.0 by
C12 +2_26 —+) 2Cl1 i o +1.36 'qﬁ(qlw
Cr,07 + 14H" + 66— 2Cr*" + 7H,0  +1.33 Fe®* + 36— Fe _0.04
Oy + H,0 + 2¢ — O, + 20H +1.24 0, + H,0 + 2¢- — HO, + OH -0.08
O, +4H" + 4¢’ — 2H,0 +1.23 Pb** +2¢ — > Pb -0.13
ClO, + 2H" +2¢” — CIO; + 2H,0 +1.23 Int+e —> In -0.14
MnO, + 4H' + 2¢' —> Mn*" + 2H,0  +1.23 Sn* + 26— Sn -0.14
Pt> + 2e" —— Pt +1.20 Agl+e —>Ag+ 1T -0.15
Br, + 2¢- — 2Br° +1.09 Ni** + 2" —— Ni -0.23
Pu* +e — Pu® +0.97 V¥ +e — VvV -0.26
NOj; + 4H" + 3¢ — NO + 2H,0 +0.96 Co* +2¢"— Co -0.28
2Hg* + 2¢ —> Hg? +0.92 In* +3¢ — In -0.34
CIO™ + H,0 + 2¢" —> CI" + 20H +0.89 T +e — Tl -0.34
Hg® + 2¢ > Hg +0.86 PbSO, + 26— Pb + SO% -0.36
NO; + 2H' + & —» NO, + H,0 +0.80 Ti + e — Ti* -0.37
Ag+ +e > Ag +0.80 Cd* +2¢ — Cd -0.40
Hg22++26_ 2Hg +0.79 In2+ +e — In+ —040
3+ - 2+
Fed + ¢ Fe2' +0.77 Crr+e — Cr -0.41
2+ —
BrO™ + H,0 + 2¢"—> Br + 20H +0.76 f‘; +226_ ’IFf :;ii
+
Hg,SO, +2e” — > 2Hg + SO +0.62 noree—mn :
> N S+2 —>S? -0.48
MnO; + 2H,0 + 2¢" — MnO, + 40H" +0.60 I + e 2 0.49
~+ e 2 + )
?42024 re ;) MnO; +8'22 U +e — U™ ~0.61
27 e ) : Cr* + 3¢ —> Cr -0.74
I, +2e — 31 +0.53 70 + 26 7n 076
(ST)



226 WA fagm
aTuerae atef srffeman E°/V o= ared srifeRan E°/V
Cd(OH), + 2 —— Cd + 20H" -0.81 La%" +3e —— La -2.52
2H,0 + 2e" — H, + 20H" -0.83 Na*+e — Na 2.71
Cr’*+2e —> Cr -0.91 Ca?" +2¢— Ca -2.87
Mn?* + 26— Mn -1.18 Sr?* + 2¢"— Sr -2.89
V' + 26—V -1.19 Ba’* + 2e"—— Ba -2.91
Ti®* + 26 —> Ti -1.63 Ra?" + 26— Ra -2.92
AIP" + 3¢ —— Al -1.66 Cs"+e ——>Cs -2.92
U +38¢e —> U -1.79 Rb*+ e —— Rb -2.93
Sc3" + 3¢ — Sc -2.09 K" +e— K -2.93
Mg?* + 2 —— Mg -2.36 Li*+e —> Li -3.05
Ce3* + 3¢ —— Ce -2.48
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w1

N o 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 3438
0212 | 0253|0294 [ 0334 | 0374 | 4 8 12 16 20 24 | 28 3236

11 [0414 [ 0453 | 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 10792 | 0828 | 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 1139 (1173 | 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 | 1461 | 1492 | 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 (1761 1790 | 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 |2041 |2068 | 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 |2304 | 2330 | 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 |2553 | 2577 | 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 |2788 |2810 | 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 | 3522 | 3541|3560 | 3579 | 3598 | 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 | 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 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|4487 | 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 12138
30 |4771 |4786| 4800 | 4814 | 4829 | 4843 | 4857|4871 |4886| 4900 | 1 3 4 6 7 9 10 11138
31 |4914 | 4928 | 4942| 4955 | 4969 | 4983 | 4997|5011 | 5024 | 5038 | 1 3 4 6 7 8 10 1112
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 1011
35 | 5441 | 5453 | 5465 | 5478 | 5490 | 5502 | 5514|5527 | 5539 | 5551 | 1 2 4 5 6 7 9 1011
36 |5563 |5575| 5587 | 5599 | 5611 | 5623 | 5635|5647 | 5658 | 5670 | 1 2 4 5 6 7 8 1011
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 16232 | 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
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9
RO I (hEDT: )
N (1] 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 53 5 6
64 8062 |8069 | 8075 | 8082 | 8089 | 8096 | 8102|8109 | 8116 |8122 1 1 2 & 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 18 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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i)
| 11
N (1] 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 11121114 (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 8,
.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
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i)
RO II ( SRETT: )
N (1] 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 1011
.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 8 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 1112
.77 | 5888|5902 | 5916 | 5929 | 5943 | 5957 | 5970|5984 | 5998 | 6012 1 3 4 5 7 8 10 1112
.78 6026 | 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 1213
.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 1315
.85 | 7079|7096 | 7112 | 7129 | 7145 | 7161 | 7178|7194 | 7211 | 7228 2 3 5 7 8 10 12 1315
.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 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 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 17 20
.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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1.17
1.18
1.19

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

SAHTAT

FT I U Ul o I

~15x10%g, 1.25 x 10* m

T 1

(i) 4.8x10° (i) 2.34 x 10°  (iii) 8.008 x 10®>  (iv) 5.000 x 10?
i 2 (i) 3 (ii)) 4 (iv) 3

(vi) 5

(i) 34.2 (i) 10.4 (iii) 0.0460 (iv) 2810

(%) o™ S 1
(i) (10°kg, 10°ng)
(iii) (10°L, 10°dm?®)

6.00 x 10" m =0.600 m

() B a2l (ii) A 9Ha 2
(iii) e &Y (iv) B g 2
(v) A€ 2l

(i) 2.43 x 10°g (i) @

@) () (10°mm, 10" pm)

(iii) TTESeM sTfafshan &1 &aM; 5.72 x 10°g

TH S
(i) 2.87 x 10"''m

(i) 1.515x 10"'m

(iii) 2.5365 x 10°kg

1.99265 x 10%%g

G 3 (ii) 4

(iii)) 4

39.948 g mol™

(i) 3.131 x 10*° 9] (i)

YA g5 CH, Al 398 26.0 g mol ', 319 I3 C,H,

0.94 g CaCO,
8.40 g HC1

() 1.099 x 1027 g/
(i) 5.48 x 107 kg, 9.65 x 10*C

(i) 6.022 x 1024 oM

13 W]

Tehth 2
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(it) 7.8286 x 10>* TTHI]

(v) 6.0012
v) 4
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2.3
2.4
2.5
2.6

2.7

2.8
2.9
10
11
12
13
14
15
16
17
18

N
—
©

2.20
2.21

2.22

2.23
2.24

2.25

2.26
2.27
2.28

2.29
2.30

2.31
2.33

(ii) () 2.4088 x 102! =JgH
(@) 4.0347 x 10 kg

(iii) () 1.2044 x 1022 e[
(@ 2.015 x 10° kg

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

@ Ci (@ U (iii) Be
5.17 x 10 s71, 1.72 x 10%m™!
(i) 1.988 x 10718 g (i) 3.98 x 10°15J

6.0 x 102 m, 5.0 x 10°s!Td 16.66 m™!
2.012 x 1016 ®eA
(i) 4.97 x 10719 J (3.10 eV); (ii) 0.97 eV (iii)
494 kJ mol!
7.18 x 10191
4.41 x 10s7!, 2.91 x 10718J
486 nm
8.72 x 10720J
15 IS @M
(i) 8.72 x 1020J (i) 1.3225 nm
1.523 x 106 m!
2.08 x 107! ergs, 950 A
36478
3.55 x 10-!!m
8967A
Na*, Mg?*, Ca?*; Ar, S> @ K*
(@) =) 1s2 (@ 1s? 2s? 2pS; (M 1s22s22pb
n=>5
n=3;1=2m,=-2-1,0, +1, +2 (¥ TF M)
(i) 29 =M
1,2, 15
G 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, (@ 3p, (M 4d T4 (=) 4f
(), (M 91 () Foa T 2

(F) 16 THRM (@) 2 TRMA

n=2dn=1
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WA fagm

5.84 x 105 m s™!

(=)

1s22s22p°



2.34

2.35
2.36

2.37

2.38
2.39

2.40

2.41

2.42
2.43

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

233

8.72 x 107187 Hfd TTHI[

1.33 x 109

0.06 nm

(%) 1.3 x 102 pm (@ 6.15 x 107 pm

1560

8

ToIeh TWHIT] o DI A B o HRU1 SAEH ¢ HU UK B &, 91 Teioh A9k W HH He e
% TN HH ¢ H0 Toefid e

foreht feu U a<a o TEeenfieRl ® Wield St e THH qe 9HH WHTY] $HiE o fu seram g
=1 81 gehdt 2l

81
35

mer

Br

56 3+
ke

Hif® TRl > X-fHTol > FEf (amber) T > AEHIGRT > TH.TH.

3.3x 106 J

(#) 4.87 x 10 g1 (@) 9.0 x 109 m (7) 32.27 x 1020 J =) 6.2 x 1018
10

8.28 x 10710 J

3.45 x 1022 J

(&) 2@elt o 2ef 652.46 nm (@) fafHor #1 el 9 4.598 x1014 571

(M) el T Wi & TS el 9.29 x 1020J, HERcERH M o 4.516 x 105 ms™!
530.9 nm

4.48 eV

7.6 x 103 eV

3T, 5

434 nm

455 pm

494.5 ms!

332 pm

1.516 x 103¥m

gftsqfg & foman S Sehan TR TEt wH SAff=ad 9 wH 2

(V) < (i) = (iv) < (vi) = (iii) < (i)

4p

i) 2s (i) 4d (iii) 3p

Si

(=) 3 @ 2 (T 6 (=N 4 (&) zero
16

Reprint 2026-27



234

5.1
5.2
5.3
5.4
5.5
5.6
5.7

5.8

5.9
5.10
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

Tehh 5
(ii)
(iii)
(ii)
(iii)
@)
(iv)
q=+701d
w = -394 J, Fiifer Fhm g0 wE fohan T 2
AU = 307 J
- 743.939 kJ
1.067 kJ
AH = -7.151 kJ mol™*!
- 314.8 kJ
AH=-778 kJ
- 46.2 kJ mol™!
- 239 kJ mol!
326 kJ mol!
AS >0
2000 K

WA fame

AH 0T (3T Soll Gt 2t §1) A1 AH 0 21 (370pef § e ) qorl o %8

e Bl ©1)

0.164 kJ, ¥l Ta: yafdd &l 2
-5.744 kJ mol!

NO(g) 3/l €, fhg NO, (g) S

4., = * 286 kJ mol™!
AS,  =959.73J K!

T 6

12.229

2.67 x 10*

(i) 4.33 x 10™* (i) 1.90
1.59 x 107%®

[N,] = 0.0482 molL", [O,] = 0.0933 molL"', [N,O] = 6.6 x 10! molL™

NO 3 0.0352 mol d®f Br, s 0.0178 mol
7.47 X 10" M"!
4.0

Q, = 2.397 x 10°. &I, afufshan wrrewen | & 2
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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
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
7.58

0.44

H, A7 I, Y& T 0.068 mol L'!

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

[Csz]eq = 3.62 atm

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

(i) 3.92 (i) @, T WM K_¥ ¥ T, 3Td: Wr=awen T&l wenfad s

M % AT 0.02molL!

[P.] = 1.739atm, [P_,] = 0.461atm.

&1, sifafsran gru stfersh Scars |

3 X 10 molL™!

0.149

(%h) — 35.0kdJ, (@) 1.365 x 10°¢

[pHZ]eq = [pBrzleq = 2.5 x 10?Dar, [Pyl = 10.0 bar
(@) 120.48

[H2]eq = 0.96 bar

2.86 x 1022 M

5.85%1072

NO,", HCN, CIO,, HF, H,0, HCO,", HS

BF,, H*, NH,"

F-, HSO,, CO>

NH,, NH,", HCOOH

2.42

1.7 X 10*M

F=15x 10", HCOO= 5.6 x 10!!, CN= 2.08 x 10°°

[l 3TF]= 2.2 X 106, oc = 4.47 x 105, Qifgaq HiAcRe foe=™ d o = 108

[HS']= 9.54 X 105, in 0.1M HCI [HS] = 9.1 X 103M, [S*]= 1.2 X 107**M, in 0.1M
1.09 x 10-'°M

[Ac’]= 0.00093, pH= 3.03

[A7] = 7.08 x10°M, K =5.08 x 107, pK = 6.29

(sp) 2.52 (@) 11.70 (1) 2.70 (&) 11.30

() 11.65 (@) 12.21 (M 12.57 (&) 1.87

pH =1.88, pK, = 2.70

K =1.6x%x10° pK =5.8

a=6.53 x10% K, =2.35x 107

(sk) 0.0018 b) 0.00018

o = 0.0054

(k) 1.48 x 10"M, (@) 0.063 (1) 4.17 X 10M  (¥) 3.98 x 10~
(k) 1.5 x 10"M, (@ 10°M, (1) 6.31 X 10°M  (¥) 6.31 X 103M
[K'] = [OH] = 0.05M, [H*] =2.0 x 10*M

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

o =1.63 x 102, pH = 3.09. %! 3Ufd § 0.01M HCI, a = 1.32 x 102

K, = 2.09 X 10~ 1 & &1 HEl = 0.0457

pH = 7.97. 5id fadS &1 AR = 2.36 x 10°

K =1.5x10°

NaCl, KBr foef@M 33 NaCN, NaNO, 791 KF faeio & NH,NO, faee i 2
(@) T fae@[ pH=1.9 (@) @@0 foe@d &1 pH 7.9

pH = 6.78
(%) 12.6 (@ 7.00 () 1.3

faTeR %HS S= 0.65 x 10*M; Ag* &l HIeRdl = 1.30 x 10“M

R IE I CRIE

CrO,> ! HIeRdl = 0.65 X 10~M; SFH HHS S = 1.1 x 10-°M; Ba2* T CrO,> Y& i HeRdl =

1.1 x 10°M; i TESEARE S = 1.39 x 1071°M:;

Fe* 1 HIGRdl = 1.39 x 10-1°M; [OH] Tl HIGRdl = 4.17 x 1071°M;
TE FANEES S = 1.59 x 102M; Pb?* &l HIGRAl = 1.59 x 102M

Cl- %1 HIGRA = 3.18 x 102M; AERIH 3AEEE S = 2.24 x 1071°M;
Hg,> ! HIeIdl = 2.24 X 10-1°M T 1 1 HIeHdl = 4.48 X 101°M
faeer wwe stfus foea € qen HieRdl =1 31 = 91.9

g rFaT &

feer deiue 3.317 T s foed B

oot &t SAfushary HieRdl 2.5 x 10°M

2.43 WX =t

FHeHEY geee foead § gavur g
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e T &t 8 Io aUnuT

SOME BASIC CONCEPTS OF CHEMISTRY

11084CHO1

ELE

TH Toheh o 14T o 15 377 -

o WA faaM ¥ WRd & ANEH
el o Tehil IR Sfter o faf=
&l o e foage o "e il 99e
Hehl;

e TH I i TSt oF STRTARTUl hi
AT hT Fohl;

o TRl F qEl, AT SR fason o
g1 %a%—{@@?ﬁ;

o JHIFTH-Goha 1 TANT T T 3R
e 31 fAuifa = g

o URgEal N Femefar H o T
Wﬂéﬁﬁ;

e SI3THR HIAh! oh! IR T Feh!
FiR fifaw TRl & e T
Ut § SHE YUl § ®9idid Y

o THEfTE T o fafa= faai &t
R F A

o Wﬂmmaﬁmmmﬁ
U] THHM ST YH SHTH hT Hielehdl
WETQFJBI;

o Tiel 3R HieR SEAHM-TRI 1 o0
Wﬂéﬁﬁ;

o et Hifitr & weew awdl Wi
S -gfaera afterferd & Teh;

o mmmm@wm
o g et g SR -
Truifia s ohi;

o TIEfRAMHIET TUHTT T Tl

T AT 3797ei 3T Sek WUIARUT &7 317 &1 I8 T et Tk
Gt ael @7 A &, 3ifug 379 i g1 aret sTae gan o SIupeil
&7 4t faFr 2

e giEaT

o i We G T i HHEH 3T SEHT o0 HH o fag =
1 Al T o T W o &9 § @1 S Gehl €1 S0 3q
el wemell ® <1 fof &0 gfafer ypfa & Sufeern fafa= qaref ik
39 ftedql 1 3@ €1 g9 | 8T 91, A WA q% T o W
WA W 3T ot a1 iR @R | <7 o uRedl & % ™
I € TSR eW Wgd 9R <@ ©| glaen o fau fomm wi fafi=
v S R, difdent, Ste o, g-fome ok § efiera R
T 2| fome w6 or v o et o gverr geed, e SR
srfafemaneti o1 etere feman ST @ TWEA wEe 2l

A faam™ ar fasmra

TEEA, 991 31 €9 38 e ©, ogd Q1 faee 'l 21 WA
31 Shael 39k M oF T 81 feparn T 21t 918 &1 Ueieh gt
FI @IS o HROT I, I off —

(i) YRY Weer S oAl SR die SEt Uigen il W o o5 Hehdl

Bl

(i) oq, S99 FReE W @l S|

A 9IRA § AT i e foam & 39 9 9gd 9o |
3Tl o qeA T SIMRI off| I8 39 I &1 STAN Sfad ok
fafy= &= § &% o1 WA o1 fae® ygEa: 1300 § 1600 CE H
it (Tfewtt) IR eivy W o ®9 | g3l enyfieh WA |
STEREE YAl H U9 H 9 Uleshl T0ae o 99 SR 9
e St ZR9 A ot g1 o e eff
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T genfa, fagivey =i iR ardE o, eroH
e Ufesntt Wod ot T et weRe iR
ThIeh i SRR 374 off

AT R H THEA I THEA WM, A,
kA A¥@ET WoRn w8l @ A1l TIH U-FH,
o, shifqeredes, shiw, (o0 gearts didfera o fig
o Hiedsigrel 3R S o e § hi T ASHES
e 9 fag e @ fF wa o WA o g i
FHEM Sgd R 81 [aifcash IOl § vaT werdr @
fop frofor o faw werrt €ei o1 SUANT B em 3R
izt o6 el 1 SR STk AN fopan S e
0 YEGE A WhH WA ST Hehdl © o
A O W o A geret i e g
AR AT g1 T T ST el Hieasieel § o
foh gu gl o ST o 3teiy Wi gu €1 Fowfor 6w
o T e s swEm faen e @ e =, W@
SR gaH " H CaCO, faemn w2 | ggo o @
HTH T 9 S T YR HT hid Bl € TSR]
S Syuon | fepan Swar o 9% i, =i, 9@
3R e SiEt wrget ol freetrent 3R wisH R fafe=
TR 1 TG T 9 e o @i edfre fen X
foreq o % e A T e AT 91 <
ARd ® 7=RT (1000 — 900 BCE) Tell 3T 9Rd |
BT 3R qerf¥ren (1000 — 200 BCE) ® wiw
F IEU U g €1 Hid SR T H TH % fog
IgeT o SAfess e S o)

qd § die o Tg-FH 1 IR STAETEY § a5
I o IRA | B Y& o T A1 3Tk i JHIT
& 59 39 wa 1 =t fierar @ T e iR @ &
freehto &1 qohieh 9Rd | & fosfaa g8 o

FMAE & AR 1000 — 400 BCE ® =d
HEhT0T AR U i UM o1 S Bl o1l ST 9
& el T AT T % A A e e
TR &l S Heh1 N T 3 W Teh TS
21 T S W Tl Joar @ o oafza @ am e
<eral © et feman Sman em hifeed o srefvmen
FE W 0 U HE 1 0 2

T A W W At s T s
FUA ek T *1 @isil @ 9ot @ &) dfd ok

R IE I CRIE

T, ier, |iA1, =<t o STeuu SR Sehter qvatat
qern fesreprdt fhu gu fHgT o weldl adv, ST 9Ra
o ogd ¥ A el ¥ Wi g €1 ga digar o
&Teh! 1 Hecd TUEEl T 7| =¥ Gfedr o Qe
HTA o S WRAE H Sead € e werie
T, St TR 3R diel, T oIk S o atferres;
i, S iR e % Gohe Td Hi qen «ie &
FHIEHE AT Al ol

@ o SIS o4 1 faeror 21 afret aifec
T off Tueh, TR WeedeX (TR AEee) , U’
3R R o STAN U TSR T hT ToeR0 B

ANTS ok HEH HRATE o=k §U ¢ 98 Th
foema s, toohfie qen «rdfamrt 91 Se!
Tl O IR o Alfiehl @ Fefed €1 Swei
aTgs, S W, S o S A e #
o= T €1 800 CE o SI18-919 Ush Joieh WA,
o) o fafir= wehR 1 9z al, st oIk spfaee
o S-S 329l oF foTT SU=mN i faa=r &t T8
21 7w = faferat =1 foeron fean @ fm@ saren & @
Y ¥1g & FEAM1 Sl ol

HRUMT - FR[Rh TCHES i @ISl il A
1 A T 3 TR T A
o foIu ol 1 9 IR % &R ST faru) aRdrEr
7 STz Ed! Tt CE H 919 a1 YR & f&=m o)
A aH o fau eRe w1 9 Hgsl o e 3R
Shiedam HTEle 1 STFNT fehan S o)

ST 3R TRt ol | a8 T o, i
3! ad a1g off ¢ S et €, QA 9Ra o foee
1 T e R e fag wd €1 awefafe w1 g8
Hfgar 5 Bt waET CE # @ T of T 9&hR
1 fovaer 21 398 O, B, W R A W
MY S =Tt AEER 51 1 T H1 TR 21 38
sheret G, well, sisil 3T oTell o T W SHE S
ol 9= 39T X MG HA oh 918 370 Hhs YhR ok
o foame S o1 @ w1 SR ol 9
T T o TTAT SR STANIT h1 SR HEAl
=ik B
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WA fagm #1 $8 qa STauRemg

#dag (1000 BCE) S &2 gfafisa el o
FHTS AR A A &1 TH o 07 oI 7S I
e S ST W o o 9% O keI, UTd,
ST SBTHGT i J8d diedl H 331 a1 Fif-<aaieh!
1 ff Sooi@ B1 Y TH 1 T 596 o fog dren, S
et den WSt S wie Jul, wren wel a1 LA qen
aEe o @ I 1 AR Fcd STAN fohan S
ol Tfh W $F, §@ gadd & o 59, T8 °h
WSS, Y TS Toohd Teel 1 Ieoid 2

IRA H 39 STIHRIN 1 ST o 527 sifaarss
0l ¥ & g1 8, BCE 1 aif<d ot # qffren
fa< o TH 9 ®I W®E g3 600 BCE | S
3T MR ST Ao A Hyad off,  qXATfves
fagid’ o ysaek 9| I oifd qad sAfassa &ol
o Tagia o1 gfqures fRan 39 o1 i I T
(Ven o Taqed) M f&an 3= ‘ Auferht 9’ g
gt SToh STgER Tl vared B sohEAl B 9 €
518 WA (W) F'd €1 T SIE-31=, e,
TeATRR, 3Ad-TORIET qen Te 31aen o Tfaeiiet 2 71
IR T foRa foh S0 eTeRcll TS 1 el HISA hi
TRt +ff I g1 7T BN OTR A F% i Faren foh
] 3k YRR ok B € iR urel o fafa= it
o SER T off foa Bt €1 S we R e
A & efafe & a1 I Ty oft weifed @
Thd €1 S=IH TH fagid &1 EURen S e
(1766 — 1844) | T 2500 99 qd < I off|

Rk Gfed 9 1 Gl AT SIS BT T 2|
Y T ok SR 1 Tqewon f&a 21 Fonf o AR H
BT HH HT HeheddT i fae=1 =R Gfear § T
®9 W I TE 1 HUN oh SAHR I SFeAfh B2l HH
1 AT Hed €1 TR Giedr o ergetl o
1 STAN AT o STIR | TR T S 1 90 2| 31 T
fag & g1 € T ol § urgei & S %1 2 2

Ufentt o &ffor 81 S ok uvEr, Sy e
freR oteen ® wgw AT W el YA o qwE
fafercaremet o 3T 3R ST TeoH BH 9 Fg ot
o B T TH WIaiEe dd § o STgeR W
e Sw-SE 1 A 1 @I, Wq 98 ot

3

fit-+fiY &ftor grar e =R e died i ST
T Ol 100 — 150 99 FT 99T I 3H 99T
TEd SR I H YO HY MW YROTHETET 331
IRYf dhieh HR-R F9 Bl T IRAT 92 |
sMYfieh fomm I=iwal sraeal o Sifam 9rm | 39
Il Al o Heq deh UG o qRd |
3 o qAT Mk WA *1 fashrd g o

I FUH § O ST TR e %eA ok
o, HTEAT, OEE qel e e 9 Hefua 2
ueref ok Hifereh STerei-TCATIST qe STufe & e
Y =Sl YRR W HH S Hehdl B FE SO B
WA foae aAmpet qen STust w1 faum’ wear
21 R TH T FHUI (WA T 30]) H 2@ T €,
ST 9R A9 Hehd § 3R SRt Suftfd &1 egeE
F "Wehd &7 o Tedl uged w1 ffved wen o
T SR SOy 1 WS I FR Thd € S F
BH ST HUN i HEA T 37oh XA oh HEA AR
Telel I Y Tohdl 22 39 Tk § B0 UH & F T
% IW SE| 3ok Afafiad 89 7'l W 78 ot 9ol
F fop Tt aqref o Gifies ol 1 SUgE sehTEAl
F1 HeEd ¥ TS €9 9 fEE yeR <uiar o
Gehell B

1.1 A faam@ awr ag<a

o & e foem & Aewt gftw 7, s g=:
o= =1 o= wrEeti & e = w9 9 9E € R

P T o fagidl o1 eI Suan fafie=
T Al ISR, &R, ST, 0T, TN, Igetehl,
TS, WA, STaHSiRl, orgstl, Ay wgew emfs
gfed FdF AR o oo § o qEEfie e
H g 2

WA fae T i Aefegazen § off Aeaql
fgert fAerar @1 A oS-l Hi S SoH
?q o, T — glaen &1 awqd 3 o=
1 eeRIE@e 1 I0 FH ° St 3HET Hewyw
Jftrent 1 fafer= Saiten!, ShamupTert qer shiemment
F1 ITH fFeAl 1 =9 TR W SURA 3HHR 6D
3T &1 WA fa9E wrepfas @il ¥ SfemRersh
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el o Treentor w1 fafersl samn @ 31K SHeh Fyeivon
1 G9E S 21 UE Sl oSSl €, Sheel i
Fafereen ® womel AT (S — fagrenfen qen doie)
3R Tgd ¥ T U o ST=R Bq SYAN § e
Ay wiserenéfafes (Azn)

WA foam U o fow o siafues areH
<1 B | TR THgidl i sga SRR BH o §1g
a9 fafyre gawta, foed™ iR yehmeia g
et Wyt 3 Hud @ T 2, e hoeeey
sifaare  fRfaes, garaes a9gash, YR Hge
(dq) ¥ werel Hyeiftd fore ST wehd €1 T o
T ST aEE S T, 8N, I8, Iged g
T e SR T S W WEAd i 81 98 SE
T 1 Sreferaeen # Hew@qul AEH 3d § IR ISR
I HC 2

e g o | A I i Ferda 9 TR
TGOVl § Hard e THR st Fi wrht i a9
fefa fea 1 9 B SIEREET—gHAIHS
(stratosphere) i Sﬁ»_vﬁ"f 3T (Ozone depletion)
I H AME TH TARU-YT0R FANFART h1a,
1 FOEH. (CFC) T Fe1eif o faehed Hharargeish
Tyt o2 ford e €, g ereft off waferr S o
Tt WEEfas] & fog iR A S gg ©) U
& TH GHEN T WH-TsE TG, S9-HeH, e
TRATFAES MR T oo | TRl i et difeat
o o Se-tEmEte gfwaet &1 wne, WEE o
I TR R SARA &q T T ST 3R T
Hieh qa1el 1 ST T W & fau Fuw difsw
<Al &) el gt s | e o fer gER g9
den o= faemasiicl 39 i AurEl iR YT
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T 94g o T, IR SWH SHHM SwfGE gl o

9.4213g | STl & o S9eifieh gl © HIar T S

Y= TS, § 7Y T 5 9 9 i ST o1:

YT A0S § W SHH o6 7 H S¥Here o 918 ol

3k 4 W arffYEar B1 W qRomE Hed uRys R

Tenefuteh B wfew) Se ot € W9 i o1 hid €, qe

ufgrgan iR Fend i ot g o @ S 2
AT A1 UResfad Al § SAHTY=dan i aiefe

3] 1 & ok WY Tk ART=d AF e =

fopan St €1 WefeR ofek o iyl ok B €, W

fafvaa w9 @ 7 g1 siffyedar &t = w3 & fag

el ffyea ofer for@ o € e eifiyem oish !
sffem o7k o &9 o foran siran €, ereifq Ak eq fomdh
oMy &t 11.2 mL o &9 § fad, @ &7 7% 99ed

& fom 11 ffyem oiik 2 sifafvea @ qon sifom of o

+1 &1 srffyeaar grft afg o 3R T s @ e,

aﬁa@nmﬁﬁaﬂﬁwﬁﬁaﬁmﬁ%ﬁﬁ

St 2l
el 3kl 1 Feifd w o o w21 S,

Tef feu o1 @ € -

(1) Tl R-I 37k i B 21 S0 o feau—
285 cm | dF @efe 3w 3R 0.25 mL A T
el 3 B

(2) oM Y % U Ted A At I qredh
T Bl TH ¥ had 9Had i fufa
A &1 27d: 0.03 | heel b Wik 3 IR
0.0052 & 31 Grefer ik B

(3) Y Akl o HeA feo I WefF B T
3 2.005 § =R Wl 3h 2

4) TFEt @i =+ TE AR A fd § N S I
e B ®, W ST fow wd 9E ¢ R 9
[ H1 € AR fed 7 3| & fog
0.200 H < @redfer ot €, WY 9w faEH
gemstl o I8 AR o I Wedeh e Bid| SRR
o fTT 100 o <helel Tk |eleh ek 21T 100.
o i Teieh 3 € 991 100.0 § =R T 3fh
2| U Heet i e Gehad W WERid e
IUFE BId1 €1 8H Ueh Wik 3k o forg 100 i
1x10%, 3 ek 3fehi o T 1.0x 10° Td A
refeh 3Rl & faIT 1.00 x 10% fer@ wevd 2
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(5) &gt i firdl, 33w o forw 2 7= 41 20 31k
o weler 3Rl i TEA 34 €, s 4 A €
Tenefueer G € $IR 5% Seer foraeht SUeh
o Fd g for@et oreR TRl S wehdl €,
SE— 2 =2.000000 7 20 = 20.000000 ek
Fopae o ford! gemst § w9l i e i 2
3d: 4.01 X10° ® o9 3 8.256 X10™° &
TN e 3 2
R R W T % R A %

e 1 o Hdl 21 WG qemefueRar fend

fafsre yreifites 7 o ardfas 99 9 el W@ i

e HAT 81 SR o feru— afx fere aftomm w6

& | 2.00 g € 3R weh fereneff ‘o6’ < HOw

2,39 1.95 g 31X 1.93 g IR0 W e €1 Th-g@

% Wgd UE B °h ®RU I UM URYMg €, W

Fenefmisr €t 21 qEw famnef ‘@’ 5= S A %

fau 1.94 g 3R 2.05 g AROMH 9 L@t €1 A <A

oo 7 df Rl € SR T & Fenefuten| Ry feremedt

‘1’ 1 1 AT o T 2.01 g 3R 1.99 g IRomE e

B Bl A A aigs off € SR Tendwen ot 59 diferht

1.4 ¥ 3R 9 § 96 ST Hha ¢
Arfetent 1.4 3ifehel ot URYIGAT IR Terdar e Fregor
9/ g
1 2 3 (g)
BE &® 1.95 1.93 1.940
EICEC] 1.94 2.05 1.995
B 2.01 1.99 2.000

Hrefehr 3fehl Rl SIST 31T ST
Sie a1 e % A% W gRomH H SeHerd it qE
3R SIS a1 ST arelt fRet off 9= 9 At ofw
T g =T S -

12.11

18.0

1.012
31.122

TR fFU MU 3[R A 18.0 H WM *F AR

ehael Teh 3ok §, 37d: qRom ot <eHerd & 9% Th

g 3% qh, A 31.1 o TI H & T HTA AU

R IE I CRIE

ek 3Tehl Rl UM AT WRT SHTAT

39 YAl o URom § Wiefd ST i e Al &l

B =ifen, 5o =gAan el i ol den o

Bl 21 S —
2.5X1.25=3.125
ek 2.5 | heret <1 Weden e €, e gRomy

T oft § Tefe i (3.1) B =fel
e o Tiford e fsen o feman e @, uRtomm

! YIS L AF| qh AFd HH o fou gemsti

o fereaq (rounding ofﬂﬁﬁﬁmwaﬂ &

@A A8y —

1. aft Ted <€ R aren 3 (S99 g 8l) 59
ifges =1, O ITW e arel 3ih @l AF Uh
arferen T T S @1 S - Afg 1.386 | 6
TSM1 &, @ &9 feheam & =g 1.39 fere

2. A Ga9 T SR T g™ S dren AF 5 9
FH B, A SUH TES oA A% Kl agen el
ST S¥— 4.334 | =g eif<m 4 1 g2 @,
ql 9o w1 4.33 oF ®9 | feran smom)

3. 9fc a9 T SR 1 g™ W el 3 5 @,
q 3TY Ugel i 99 g i frufq § agen T
ST, g fove gF W e 9er f&an s @)
SH— A 6.35 i 5 BT Fehean wET B, Al
BY 3 ! 9GIRT 4 HEA BN 3R 36 YehR IROmH
6.4 = foran ST, W A 6.25 A1 Fehedd
HE L @ 3 6.2 forar s

1.4.3 farir fagamor

IRee hid §HT HH-h TH Al hl Th ISid
T gl ugfa o i w1 ved B1 UE A
foq RNED waa fafy (factor label method), EEOE
RINED faf¥r (unit factor method) 1 faH= forgerom
(dimensional analysis) T ELRIURCTIRS N %\'I 3’@[
e 3RO W THAA T 2

BEXIT
%WWWSﬁ(inch)W%I cm o
THHT TAeTs FAT B2

'

%‘?Tvlﬂﬁ%\lcm" 1 inch = 2.54 cm
TG G101 o SMYR T &H fore Hehd © foF
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WA foam #1 F9 ga stEuromt

linch _1_2.54cm
2.54cm  linch

linch 2.54cm
i 2.54cme']ﬁT linch A 1 TR
&1 39 ST I geRTS TUTeR HEd 2| AR FeRel
T H1 0T 7 TS ORI (HAT 1) § R
ST, 1 8 aRafdd @l 8| 7 St foh X
U T 3 71 TJoN ST T A feman ST B) e

2.54cm
linc

3in=3inX =3X2.54cm =7.62cm

Tl IW THE 0 W 0 fRA S ¥ (FW

251‘1*;““ S e ) s q A

S Uk o I H I8 WS B AT, S
o § ured

IR T T ST F AT @ T ¢
I o W ot FEAsT &t e wM fRar S
Tkl 81 S Il ST Tehall & 1R 9T, 7o, o
e fepan < Heral 21 TR, $ IR S
<d|
EEIEEL ]
Tk S H 2L g9 Bl 3 K FAT m? H
qRehferd it

T
H S ® fF 1L = 1000 cm?®
EﬂﬁT 1m =100cm

Im . 100cm

orere =1=
100cm 1m BIT‘?T@HT%I

T THE O § m® W FH & AU Tew
T U 1 S O TSl @

( lm ):(1)3:1:1L33

100cm 10°cm

9 2L =2 1000cm?
TH THE U Y 0N FE W EH U

13

3 3
2X1000cm® X 2 =2M _5x10%m?
10° cm 10
IETETUT
2 fet o foran Sohs (s) B9 &2
k)
T WA © foF 1 f&A (day) = 24 512 (h)
l1day 24h
a0 24h lday 3ﬁT 1h = 60 min
1h 60 min
q"‘ :1:
60 min 1h

31 ﬁﬁﬁaﬁmﬁwﬁaﬁiﬂw&m
2fd -
Wégmaﬁaﬁ@ﬁwﬁ%ﬂﬂwwﬁ
TH YhT O fHA1 ST Hehell B
24h _60min _ 60s

2day X X X
lday 1h 1min

=2X24X60X60s =172800s

1.5 AT AR AT o Ham
Al o G o ATt w1 S Frefafed ot g
a9t o Sfariq giar 8-
1.5.1 TSHUT-EILIUT kT F=w|
3 o & o AR g T @
SEET A Gehel 8, 317 7 & T
foram < weRaT 21

39 99 &1 e7dA aEfeT
4 1 1789 ® & oM 3= &
sifaferenetl &1 uifiter etem :

AT AT

- Tk WT?:ﬁ'{ﬁ}T{W (1743-1794)
fu U ey W wgd f fohdt
Aifaer e TEEtTR URedT | ool gorHE | i
IRedA FET Bl T T 1 oI5 1 g Heheaad
T W neiiia € aredel § SAfeRHen! X Scael o
Sl & FenefiRer IOl SR AgfaT gR AR
AMYah i oh HRU THT 9a g3l
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1.5.2 T¥X arqura o1 Fram

I5 frm wrEE W S
TSR A fo en SR HIgER,
ferdit @iifirer o awail & el
T 3T FSd FHH giar 2l

YRE A Ffyh FHEH & T
T o ey fwen, A 9
Tk WIpfdeh 3R TE0 Geelfoa o
I2H 9 TR 9 T T H a1 HEed 9 o,
St et e T 2

TEF WS
(1754-1826)

AT Al hT | ST AT | ST <Al
yfaga | wfaga gy
UTehiden 51.35 9.74 38.91
RESIEG 51.35 9.74 3891

R IE I CRIE

Tl AfarfisT o SoomM (31Uiq 16 g SR 32 g),
S eRgeH o ffYed seIuE (2g) % WY WYE e
€, Toh T SO 16:32 771 1:2H B B
1.5.4 T-oTHes a1 T smEat ar Few

7% from T-qd% 510 99 1808 | = mam =i wrn
fop S warfe sfufwmanet & 19 gy adt © W
ST €, 1 Sk A Wil 9| | B €, &9
gl T T 99 SR " W

3d: BEESH o 100 mL ARASH % 50 mL %
T YK FHL 100 mL A-a19 4

eEgeH  + SATRSH - v

100 mL 50 mL 100 mL

3Td: TEgIeH 3R 3frdIeH o T (S 21ag
¥ wa, #9fq 100 mL 3R 50 mL 7 §) g §

37d: =i frery ferten o &ia W fAdk 9+
B ot Aifiren o Sufterd qed & oM T0H 31U
o T S &1 39 M 1 g gE g wentyd R
S g 81 39 weft-apedt ‘Tfvem daes @ fem’
off el ST B

1.5.3 TfuTa rqura ekt frrem

5 f7am STeed g 91 1803 H fam
T 39 fEw % eER, afe &t
T WA BT Tk | STfaeh
ifiTeR ST &, T Ueh o~ o |1

% e

qufeht ;%TEH_E‘I%%I e w———
STTeReToT oh 1T FgT BT <l EEESIFEER]
IHFAEE) T 2
qEESA  + SESH E|
2g 16 g 18¢g
TEESA  + SHESH s TRENH WeARIES
2g 32¢g 34g

e U 2:1 H e €

N-o[deh o T Gael o quifer STuTal i
QIS areqd | e o d9gd | feeRr o1guma w1 fraw’
21 T s T e e 1 FEd germE %
g # B1 g% & wd H uRgel w9 1811 H
SRS o §RT i TS|

1.5.5 TERMEr <t aw
99 1811 H STEMME  J Wed
foran o =HA 99 IR @ W g
T o HEE Tl W STuEt i
@ 9uH B el STEms |
AR SR STUEH o diE SR
RS i, Sl 3T ST o 99 o
I B A & BT 3R SHerdieH
i ST I i AR HT IR @, T8 FHE Fehd
T ToF erEeiS o < 3T 3R SRS 1 T STEH
TG T TR TR ST o & I < € 3R Ao
e o 2 st 21 o 1.9 § e s R oy

TS
(1776-1856)

. | 3
o ¢o¢ A
HESEREE BIZGISTT <hl TR T ST o
1 3IaA 1 AT 1 A=A 2 A

T 1.9 gIEgioT o &1 ST Al & T FaT @& QY AR Fh 5 & & AT T E
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WA foam #1 F9 ga stEuromt

fesd o arusti %1 e guE 8| 9 o STEg |
T IR St S AU i TGRS HFRT |

e BTEgIS 3T SfRISH i fg—TwH a
S StEn ereft 7, a S Ry T aferat s gEe
HTHRT AEH 21 TR ST THT Tleed IR g 31 aAnll
1 98 Ha o Toh T SI9 TWAI] TE W WY e 8
Tehd SR BISSISH A1 SRS o < JRATIET ot 370
Iufkerd & B TWehd| STERNS! 1 TEAE Wi |
(Journal de Physique ™) YT g3 W&l EH oh
9% off 39 U & 9gd dgen Tel fHel

TN 50 T ok WK (T 1860 W) SHA
(FeEEE) § WA faa W gom A aw e
e T, Ik S Hal 1 Yol S Hoh| SEH
TFEenstl SRl 3 -3 R fa=m wwqd &
YU GRS o 1 o Hewd W o &

1.6 STee ohl aHTIT fagia
TR 57 oh SIS AT ol
5= Qﬁtﬁ‘a (atomos) 31%TfFL
‘Afgaa’ el S o, g aH
gH o faur =1 safw e
ST fefshed (460-370 BO)
o W g, T s TR ST
(foreit Swera fomi =t st feam)
F THeraEy 39 W R ¥ faur
foran S @

T 1808 H Teed 1 TREH-SUARIGA &l T T8
Ygfd (A New System of Chemical Philosophy)
IR, e s fAfafad aer yeafaa feu—
(%) Foa Afa9md ARt 9 o4 2
(@) foet f<u gu o< o Ift THEvpE o T 969H

a9 dfed Tk TuE o e € fafie

Tl o ] e fa w €l
(1) U ¥ Al aal oh TEpS o Hfv=a o

o wAeH o Aifien s d 2
(%) qEEfe Afafsmaet o T gAetaterd g

g1 TEEt sifafEmst § 9 @ 3= adEn S

Gehal €, 7 T feha S Hehel B

Tleed o 39 fagia 9 T 9asH o fadi
1 A HI ST Hehl| TUq sHE TG A=A o

S Eleed
(1776-1884)

15

frm &1 =ren @ &S Gl | I8 THES ok
TASH o RO i &l o1 Gehl| fSaent 918 § o1
ERIRET e ce el

1.7 UTATU] geIUT 31T 3Mfuaeh

TIHTA
wEmEt 3R erupsti W ufifed g & e o 4
g Sfad =M fe wan] gemE iR snfvasw
FIUE 9 g9 9 9He €

1.7.1 QAT gHHATT

T FHM, A fohet T 1 S2ME aaa o
9gd A Tl B, FFifh TWHTY] 3Td B e €1 ST
TE-TE THY] FATH FA HI Rl 98A dehAleh
(SH— oM TegAfafd) AR T SUes §1 W
S YES TG T 2, I=ge e § A U
TRHTY] h1 SAHM 38X oF 9 TR w9 9 fuiia
FX Thd A1 TEGISM AT Hi HIY okl €H h
FNU Wed €9 H 1 FoaaH (fo fodt 9@k oh)
&2 T R Rt Wl qxdl o TS o geAuH
39k W U MU, WY THN] SHAAE hI FdHH
TG HEA-12 THE W eid B 38 T 1961 H
Teltepd fohan T Tl hra-12 1 Toh HHEenfTe €,
58 120 @ Frefta faran Sman @ 59 12 RA-SomH
U (atomic mass unit-amu) 49 < &0 %I
SR [l Tl o TLATV[AT oh SATH 9 | AT
THeh He XU Sd 21 Teh AT SeFHE WS 1 Th

FHEF-12 T F FHAH K éé’ﬂméamﬁ'

uftefirg feman S 21 31K 1 amu = 1.66056 X10-%4g
BEgSH o Teh IXATY] 1 FHHH

= 1.6736 X102%g
HAd: amu@ﬁﬁ@ﬁmmw

1.6736 X10**g
~1.66056 X10*g

=1.0078u
=1.0080 u
Tl YRR, SATHRISH ~16(1°0) TTHY] T FHHH
15.995 amu I
ASTRel amu o I T u &1 T TR S €,
9 ‘Tt g&WM’ (unified mass) 8T STl 2
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9 & OIS o Tt IXAI] Sl Rl TAN
F €, @ aread | eH SEd WRETY] SeAAE 61 ST
Fxd 7, et i = foman < @ 2

1.7.2 3fEd UTHIU] geIuE

Yfd H T I Ush O e gueentiehi o 9 |
U S B1 S B9 3 GEEen] i Surefd 3R
IhT STUfeTR ageddl (Ufaea-Sucedd) i & |
@A €, @ Tordll a1 STEd TCHTY] S| aiiehiord
fFa S Tehar @1 SR o fAU A o

T GRON § Soh WA S T E -
AT aferen TIHTUY
g (%) T (u)
120 98.892 %)
Bo 1.108 13.00335
E¥e 2x10-1° 14.00317

TR f&u 7Y stfemei @ e 1 SfHd TH
S 39 YRR U SR

A IRHTY] ST

= (0.98892) (12 u) +(0.01108) X(13.00335 u)

+ (2 X109 (14.003.17 u) = 12.011 u

T YR, 3 awdl o faw off Sia W
ST qehferd fRT ST Sehd €1 deell w1 eTrard Aot
H fafs= 9@l o fau T ¢ 9w ] sevm 39 awl
o 3 TRATY] S99 B 2
1.7.3 o1fuaes goau™

frel e10) 1 enfvaes geadH SEH Sufterd fafy=
Al % TCATY] SAHAT T AN Bl 21 39 Yol o
o TR FeHH IR Sufted WEe i @ o
TOMFE o I GRT T TR ST Fehdl 1 ST
faw - wem (S T e T 3R =R eEgieH
TH] SUMErd BId €) T SAfUesh SoTHH 3 WK
HTe oA ST Heh -
U9 (CH,) o1 eMfvaeh §oomM

=(12.011u) + 4 (1.008 u) = 16.043 u
Tl YR, S (H,0) o1 AfUesh FHHH =

2 X TEGISH 1 TV FHAH + 1 X s

T AT ST

=2(1.008u) + 16 u=18.02u

R IE I CRIE

ST 1.1
ThE  (CH,0,) 31U &1 STfUash A
qRerfera sifsul

A

ThE (CH,,0,) 1 3MUash A =

6 (12.011u) + 12 (1.008 u) + 6 (16.00 u)

=(72.066 u) *+ (12.096 u) * (96.00 u)
=180.162 u

1.7.4 9I-gIq=

9 Tl (S9 - WifeTH FANES) H TR uIh
THEA o T H ] I § Sufterd & el U9
Afireni TR (Hifeam 3TeM) IR o (FANEe
3A) 1 FafaHia S 99 1.10 3 78R =arerm
wd €1 I8 =M <1 A ? T difegn Fanee §
Ty A ©: FNEe S @ B Ed SR
FANES A Wt T: WieTw AFA § o @ 2

“LQ-

fag 1.10 gifegq Fge 4 Na® @ik CI sl &1
Sraee

< <

79 YR, G (S — NaCl) 1 T30 TI-5e7qH
uferferd & & fau fean S €, 9 fF enfvasw
$AYE o URehed o faq, Fife 39 oTewen H
difedy saige § o) 3ufted & 7€l el om:
Hifead FAREE &1 T FATH =
Hifead 1 TAY] THAH + FART 1 THTT] FHHH

=23.0ut+35.5u=585u
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WA foam #1 F9 ga stEuromt

1.8 WA-HeheU™ T 3R e g =
THI] SR U] SHR § Ted B e §, Wy R
Te1ef i 9gd hH AN H o TR &A1 9gd TR
Bl 21 o aST HEMst o WU HH FH o T
Glerersier TR0 o Teh WIS hi SAEaehdl Bl 2|

59 7R &7 12 Twget & fau ‘uw <=4, 20
aEgetl o foIu ‘U TR’ (Score, @H®) R 144
aﬁaﬁﬁm‘wm’ (gross)aﬂWTaﬂﬁ%,Sﬁ
TR Afaged T W HON (8- R, st
FUT, gl X)) 1 fre o forw w61 STam
fopann e 21

SI Akl H Hiel (Hehd— mol) i fRet agred
HI WA Fad HE ok AU TA STER TREN A
wftmferd feram = o

Hid (mole) TSERT Hehd HIA (mol) %\, e
1 T 1 SI AR B T Hiet 8 Sieh 6.02214076X10%
& g &0 T 21 T WEAl, A feriw, N,
1 f7aq geds 9 g1 € S 38 mol! AEH H
e TRl ST @ $IR 39 STENTS] e el Sl 2l
forelt fopm & 9=l &1 9, dohd n, faftme 9@
HU kT HEAT T ST BT B1 3 ol HOT Teh TRATY],
3T0], 3, TOIH, hls 3T U1 91 UM ol fardme
TE B Thd §| Tl I8 &AM 31 H1 9 ¢ T et
u<1el o Tk Aiel W HON s WA wed A BT,
ad & 98wz off e § 3§ wen o uel
fAuftor & fau ®EF -12 WAV &1 FHAM,
SHAM THRTAM R Fd R T, 9w 91
1.992648 X1023g YTwd 3TNl a4 o 1 Hid &1
TEM 12 g Bl ®, 31: wEd o | HiA H
AT I T 3 YRR BT -

12g /mol** C

1.992648 10 #*g /> C

=6.0221367 X10* 9] 9fd A
| Ot & N %I H@ o ey € R 38w
T AT 3R Hohd fean o, fg (s sanmsy
& THE H) ‘emanTgr femis’ sterar ‘stanmgt
W&’ #ed € ¢ N, ¥ o A g

9 O o 9 URHANT Hl ST HE o6 fag
TH W I A H1 ITAN foRT fom o1 aret weft g
% WY 39 YHR fag -

6 022 136 700 00 00 00 00 00 00 00

17

aa: frdt ol & 1 A § & T yaied @@ &
TS HUT (TRTY], 3TU] AT IS T HIT) B 3Td: g
7€ e Thd B T

1 HId TIESSH WY = 6.022 X102 TIEgS AT
1 Hid S@-317] = 6.022 X102 S[dA-377]
| Aie Gifeay FARNES = Aifsdd FANEE i
6.022 X 10?3 g THTeal
fa 1.11 9 fafa= w=rel & 1 w1 @it

T 2

ferg 1.11 fafs= ggrel &1 & @7

A &l IRWId e o o) fRdT aied A
IGeh HSHI oF Tk Al oh A i EHT 9 M
foren s weha @1 forelt vt o ww e & I
A FEH Rl SHAT Wil FTHH’ Fgd 2

UM H e Al SHHM S €9 9 T
FoHA/3AaE ST/ S o SXe Bl €l

37d: S 1 HIeR &AM = 18.02 g mol!

Hifeam FANES *1 AR $FHM = 58.5 g mol'!

1.9 wfagra-w=ed

vl 9 =W foRelt T o 3ufer@ &Nl ®T e o
TR = R @ 9, g AR e A A
forgio axel o Wrd sl STeh shi STTEgshal Bil 2|
M A o AT9eht hiE 3Taa =1 =21 Atk fean T
21 3T Tl € T YT TR ST T 9 € A1 THoR
Th HH-HH U € R 9 fohg orqua ¥ sufterd &2
4 AR o faw of 39 S § 98 gd o o
e foedt @ fF 9o fau T T o a1 9@
wiaer &, S 5 A | g wifeu g vl 6 3
stfnel o fovaivo & 78 WA o werE ferd © fw
fean T T s © A A
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Y, ST (H,0) hT IITET TR 38 Heh| ek
el ¥ BRSeH SR SRS Sufkerd Bt €, 37 37 awel
1 FiGTd-Hee T8 FehR GRehTerd fehan ST Hehdl 8-
forelt a3 w1 gemME gfderd

_ ifT § 39 qW 1 FHE x 100

JifiTeh 1 HieR SHHM
Sl 1 HIeR SHH =18.02¢

92X1.008
STRGISTT T % AR = 1802

=11.18

5 _16.00
SIS R FoAHE HIAd = 570

=88.79
S, TH IR ST | WA H HIaH,
BIESIST 3 SATRITSH o1 SeqdM Fiaer fehae 872
WA 1 3fvesk ¥ = C,H,OH
AT T HIeR M = (2X12.01+
6X1.008+16.00)g =46.068g

X100

X100

- _ ig.gig x100 = 52.14%
BTEGIST il ST Ffererd
= 60488 »100=13.13%
46.068g
SFHSH T FTqM Hfwrd
~15:99948 1 6= 34.728%
46.068g

TAIH-a9d o GReherl ol THSH o 915 376
'Y I8 <@ T Wiava-eeq sfidel 9 9 SHahr
YT ST S Hh 7

1.9.1 GeATUTdt g T ofuaess g
AT G ferat difites # Suftera fafir aamogsit
% Telad qul HEA-IquTT sl oe sl
WafeR mfuash g foRet difiten o 31Uy & Sufeea
fafe= y&R o wuUreht W WET "en @i
FTiaT B

Ife fepelt 2frer o Sufter @t qeell 1 5oHH-
gfaeTd S1d 1, @ 3Geh Ferngardt 3 FuiRka feran sn
okl &1 A% AR FeaWH A 81, gad 9 9
anfuareh G 1 feRaT S Gkl ©1 3 <Rl i ST
1.2 ® g0 g W g

R IE I CRIE

IETEITT 1.2

T Afes T 4.07% BESSH, 24.27% Hia
3R 71.65% FAX B SHehT Hiek Fo7HH 98.968
21 3T YU G5 SR Sfvesh g 4 2
&

TUT-1 geEuH-Hfava &t um o uRafda
T Hfh TAR UM SeAHM-UeE STaed €,
3: 100 g AfTh 1 AHHL GRhe T
faursie M 39 R, TR KT 7 Gifiw &
100 g 9fasel ® 4.07 g TRSISH, 24.27 g HIaA
71.65 g AR Sufeerd 21

TRUT-2 Yedeh dvd i Wil i &M o
yftafda ser

TR T qcdl o FSATMI Rl AW 381 dl oh
wA-FerTH 9 fawfea wifw s s §
IURESd S[gehi o Hiell 1 HE& I & Sl 2

4.07
e e e =1_008gg=4-04
, . 2427g
I o HEl B e _12.01g_2'021
) . 71.65g
a@ﬂﬂﬁnﬁaﬁaﬁw—%!}%g—z-()ﬂ
TRUT-3 ST YT Yedieh Hiet €T &l 36 9
A Bt wE ¥ fawfaa e

JfF 2.021 9o Bl UF 7, 31: 2.021
fasA FE RH: C:Cle fau 2:1: 1 319d
TS 2T 2

Ifg 3 U gul Hea | ®, @ 3R Suge
UM | 7O ek qui west ¥ aiafda foma
S ekl 2

=RUT-4 [t a7l o Gohd Te@eRt wHET:
FW U el @ SHeh WY g9TieRt
SIS ERElCL

a: W fRw M oA w1 gEEE g
CH,Cl @

=RUT-5 3nfuaes 97 foran
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(%) Hergart ¥ semn i w3 & fag
eard! 3 § Iufeerd gt wHrpst o qeE]
SAM! 1 AN SIS
CH, Cl & foTu, Hergurdt g5 §H M
= 12.01 + (2 X1.008) + 35.453 = 49.48 g
(@) HieR S 1 JeA{urd g3 Seq9H 9
oS wifs)
Al SHA

_ 98.96¢
SUESLE R L BTy
(37) JATIATH 3 1 SR I n § TOM FH T
g T W B T
A 9 CH,Cl 3R n=2 2l
37d: STfoas g C,H,Cl, 2

=2=(n)

1.10 Eigfemarder 3T
Eigferaifear ufitehe
‘wiefrael’ W T WE ISR - wifwa’
(stoicheion), o/t 39 ‘aa’ % Gﬁ'{ﬁ@? (metron),
g @t ‘me’ @, @ faes o 21 e
RIS o Sidd TEEte sifufshen o stfufsherent
AN IARl oF FEEEl (A -t )
IRehe S €1 T€ THEH 4 Ued T frd qEmfien
sfafeen o fedt eifafras &t feadt amn &t
STETAhA BRT AT foha T ITE U BT, I8 STH o Tk
frdt & T vt afufea & dqfaa Tt
TR ¥ I SRR W Bt ¢l STy, WA o
Ted W faar &1 38 sifafshan o fore wgfera st

T YRR © -
CH, (8) + 20, (8) > CO, (g) + 2H,0(g)

el WO 3R SRS &l eAfufmas’ =
AR el STl € SR e SEAES qo1 Sial
1 'SR’ HEd 1 oA S foh Sue sttt
¥ eft srfuferas ok e 19 € SR 38 3ok gl
o 9% hISH H g AR hi fer@ey =aa fean S
21 SH YR, Gl 37 gal o fery HHe: (s) SR (1)
fore < 21

19

0, 3R H,0 o feIu Tumten 2 o ‘wislepaiifess
TR’ el STl €1 39 kR CH, 3R CO, 3Hi & forg
I 0k 1 21 A Tk SAAfeRa 9 W ® A S Al
BT I T (A e T Gl i e W

3: TR G M fafeRan % SR
e CH,(g) & T& T O,(g) o 2 Al o ™

Afufshan ot Th HiE CO,(g) 3R 2 "

H,0(g) < T
e CH,(g) &1 T& 31 O, (g) U] & U[3A oh

A SAET FF CO, (@ F TF I R

H,O (g) & & 317 31 2l
e 22.7LCH,(g), 45.4L O, (g) = =il fHfshan

3R 22.7L CO, (g) 3R 45.4L H,0 (g) 3 21
e 16 gCH,(g), 2 x32g 0, (g) o T Afufsran

FTh 44g CO, (9) 3R 2X18g H,0(g) =

? T Gaui o MR W fRu MU sfesl

Th-TWR W 39 YehR UREfda feran ST Fehell © —

SHAM == Hicl 1 T& == 9 H1 T&

S

—— =¥d
I

IR0 1.3
16 g A9F o T@d § W S hI HET H
qRehe IW | Sifaq)

&

HIF o @A 1 Fqferd TRl 39 TR T -
CH,(g)+20,(g) — CO,(g)+2H,0(g)

() 16gCH, TH Hiel o aeT 2|

(i) S ST U wHRwor 9 1 A CH,(g) ¥
H,0(g) & 2 Hidl 9« 8 &

2 Wi H,0=2x(2+16)g =2x18g = 36g
18g H,0O

1 9@ H,0

18g H,O
: H,0 x —5-22_ = 9 x18g H,0
W 2 He LOX TR &%

1 -;ﬁa HQO = 18gH20 =

=36g H,0
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ISR 1.4
TeA o foha Hiel oh <87 § 22gCO,(g) I
CARSICIA
&
TEEIE THHI o SFATAR -
CH, (g) + 20,(g) — CO,(g) + 2H,0(g)
16gCH, (g) ¥ 44gCO,(g) W< @il B
(-+ 19 CH,(g) ¥ 1 8 CO,(g) T e §)
CO,(g) o Al &1 F&A

19 CO, (g)

=22
g CO,(g) x 44g CO, (g)
=0.5 Hi@ CO,(g)

3W: 0.5 W@ CH,(g) o T84 § 0.5 Al
CO,(g) W@ BN &M 0.5 Al CH,(g) ¥
22g CO,(g) < BN

1.10.1 HHTa 37T TRAh

#E O erfafwmell § wqfed HHIRl % SIER
3Mavasd Afufewaei 1 AEd Sufea & gl Tt
feorfoail o we sifafsraes g &6t stden sifuepan o
Iufkerd eiar 81 S tfufeparen &9 w1 o Sufterd g
2, 98 P9 W 9% GAG Bl Sl &1 SHoh 15 37K 37A
sifafsran 1 =rdll, 9ol & SR sfafshas i foReHt
21 T Sufkerd €1 ord: st eifufewrees Teet Tt gt
¢, 9% SR I HEN 1 WG H 1 ¢ gHAT 9
‘dimia sifyeRde’ (limiting reagent) #gd gl
WigferAHifeer T i T I8 a1 A | W@l

=T |

3T 1.5

50.00 kg N,(g) 31k 10.00 kg H,(g) %! NH,(g)
I o e fafya fean ST @1 9 NH, (g)
FI AET w1 GReed wifew) 39 frafaet o
NH, 3cUed & fau dma sAfafsas &t
g

R IE I CRIE

&

SR 3 e AR o for Hqfera a9
TR © — N, (g)+ 3H,(g) = 2NH,(g)

el 1 afiee

N,(g) o Hiell i HeM

1000gN, 1 99 N,

=50.0kgN,, x
ke, lkgN, = 28.0gN,

=17.86x10> HId

H,(g) o Hicll ol He

1000gH, 1 T H,
lkgH, = 2.016gH,
=4.96x10° A/
TR U T TR o AER, Afufea & 1
A N,(g) o T 3 | H,y(g) 1 STaedehdl
Bl 1 o7: 17.86 X10°Hiel o foIu stevaeh
H,(g) 3 Hidl &I ¥ = 17.86 X10° A A

3 HId H,(g)

1 T N, (g)
= 5.36 X10° W& H,(g)

g A 4.96 X10°HA H,(g) ST 2l

3Td: TRl H,(g) Hwia st €1 o

NH,(g) Faal 3UeTsd H,(g) &1 A

(4.96 X10°Hi@) & & 9ra ghM

<feh 3 Hid H,(g) § 2 "l NH,(g) ST

eIt B, o1: 4.96 X10° Hiet

o 2 I NH, (2)
3 HI N,(g)

$H TR 3.30 X10° Al NH,(g) < B1ft| afg
T T (g) H URafdd wT &, @ 39 UHR R
STQM - 1 Hie NH, (@) = 17.0 g NH, (g)

17.0 gNH,(g)

1 et NH, (g)
=3.30 X10° X17(g)NH,(g)

=5.61x 0,8 NH,
= 56.1kg NH,(g)

=10.00kgH, x

9 X

H,(g) =3.30 X 10° Hic NH, (g)

3.30 X10° Al NH,(g) X
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WA foam #1 F9 ga stEuromt 21

TrEEfeh FHeRToT Fferd e

FHH TXEI0T o TOMER, Sqfad THmafes THIehor o JH1 SR Ji®h awd oh JXATU[S ohi Hed 99 Bt
21 g TEETTR FHRTOT SiE SR qoi-Tsia 9 qferd fhT S Tehd €1 ST, €W 5o el IR STHget
AN T TS o WY ARSI L i AfTfeRansti | fa=am #X -
4Fe(s) + 30, (g) — 2Fe,0,4(s)  (F) Hdfera FHiehRo
2Mg(s) + O, (g) — 2MgO(s) (@) Hgfad e
P,(s) + O,(g) — P,0,,(s) (1) sTEgfed FHiRTo

THIFTT (F) SR (W) Fferd €, Fifer aeieon § 9 % 21 SR Heiftr o 3R siefer % aeamgs
1 T THH €, T GHIHOT (1) Ffer el €, Fifh SoH hIehRY o TRAT] Al Hqferd §, WRq Sfeis
o TRATET T W@ TR & I SR WA TEl ¢1 39 Hgferd i o for weiwtor # a1 SR siterds & e
H 5 | N HE W E HHIHW HT IR SR AR o THS i HEA Ffed g —
P,(s)+50,(8) — P,0,(s) Hqferd eI
3TN, 376 W WA, C,H, o S8 W forR i1 g8 Wit i Frefafad wa o wqfera famen s weha € -
ug 1. sAfufRashl SR el o wet g fafeu) 7= 9iie ud stiediee sifafwass & iR Fie SesiemEs qen
WW%
C,H,(g) + 0,(g) — CO,(g) + H,0(l) STHfeTd FHishIur
g 2. C WHIRT #T e Hqfed X din afufwrasw ¥ 9 ¢ W €, safae < ok i co, srogei
1 T AT 2
C,H,(8) +0,(9) — 3CO,(g) + H,0()
U 3. H WS 1 e Hqferd w1 : o8 S ATkl § 318 H WA ¥, STl % & A9 § § H WA
% saferT < 3R H o 8 WA o feu Wot % =R 379] e =y —
C,H,(g) + 0,(g) — 3CO,(g)+4H,0 (1)
Ug 4, O WA 1 H&A FJfed H : TE T T9 SFSH ] (3x2=6,CO, H T 4x1=4 A H)
37q: TH SifeRiS WEEt o faw 9te O, T[S i STewaehdr ghi
C,H,(g) +50,(g) — 3CO,(g) +4H,0(1)
U 5. Sita Y ok sifam Gl § g qxa % EIE w1 HEen Hqfed € : GHiehtor § g 3R 3 e
A, 8 BTEGISH CATY] SR 10 ATRdisH TRET] B

T geft TR, ford el stfufsrasht qon Searel o fore W'Y HA 1 SuE g e, Sqferd fRar ST Hehdr 21 g Hem
I W o gt Ggfed w6 & forg ifafeashl @ik Sal & & § 9 (subscript) TEl 9%t ST TR |

1.10.2 fae=mt & ariafemame T, 379 T R § IR ¥ 9|
AT | SRty ifufsrard faereH o S €1 1. gemmr-utave

;AT 1 Few o B 5@ I 9 6 oyt gy g 9@ feen Sm E-
% ®Y § UMY BidT 8, 99 SUHR! AEN fRE YR

e o e ;ﬁé“wxloo

TG S S el A et = oA

= H W TEA T - 2, WA-3A9T

1. SoHH - Yfaerd a1 TR-UeE (w/wo%) Tg fordt fodiw wrees & Aet @t | ol faera
2. Tid-aw o Hiell i et WEAT ot ITUE BT §1 AR B
; m el At T B e ¥ @i s A
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T A ¢ n, 3R n, B, T 3TF A N 39 THER
e TRy Sd -
A T T30

AT HE@ ® EEl  n,

foe & Hiell 1 & n, +n,
B &1 Hic-379

_ B AHG ® A n,
~ fge@a & Hiddl ®1 @@ n, +ng
3qEIUT 1.6

forelt a1el A SF 2g FT 18g i H AR T
foreram Wi feren wman ®1 Tt (A) 1 gerEH
JaRTd IRehferd shifrg|

TA
A 1 SoE gfae = . AP % X 100
[FdATT hl KSTHA
- 22 x100=-22 x100=10%
28 A+18g Sl 20g
3. Hiedar

T% T AU T AEE 21 T8 M gRI oI R
Sa1 21 a8 feret faera &t 1L oo o suftem
Orell & |& Bt 2 o

fae@@ & Hrel & 9en

T (M) = faem &1 eI (L ®)

oM ifee fe gar e fed uee (S -
NaOH) @1 1M foe@ € iR g9 S6¥ 0.2 M el
foreraa 9 T = 2

1 M NaOH @1 1ef 8 for faerm o5 1L A
1 9T NaOH 39Teerd ©1 0.2 M faera o faw &4 IL
fae= ® 0.2 9t NaOH &1 STE¥Iehdl BTl 7d:
NaOH & 1M fae@™ ¥ NaOH &1 0.2 M faerA
T % fT g9 1M NaOH oM &1 a8 omaaq
w1 B fSEE 0.2 M NaOH Sufeerd &l 31X 38 sl
BN TIH0T Heh 1 L oo aamn grm s| |ig
1M NaOH &1 a1 s faen <, fSed 0.2
TIel NaOH 3Ufeerd g1, 381 IRehe eHifdfad &9
o fra <1 " © -

R IE I CRIE

FfE 1 LA 1000 mL 3@ | 1 Hiel SUreerd 2,
9 0.2 T Iufeerd grm—
1000 mL
1 A
37d: 1 M NaOH 3 200 mL @& 3TH 3a1
S THeman S ©, difeh SEad 1L o ae) 8@l

Sy

X 0.2 A = 200 mL 3A¥aT o

Tl UM | "EE g M, XV = M, XV, 6
oft WRART feRe S ®, SRl M A V ShEe: Herd a2
ST 21 Rl M,=0.2; V,=1000 mL T2 M,=1.0; &
et w1 G H W@ V, 39 YR @ fma S
T &

0.2 M X1000 mL = 1.0 M XV,

., _0.2MX1000 mL
B 1.0M

=200 mL

2 ST ff 200 mL ¥ Fo1 (NaOH) o Hiall
FT G 0.2 oft 3R 98 99 HH W (1000 mL) H it
3a &, @1eiiq (0.2) W 7, FHifeh T ket faomas
(STet) =1 AE 9REfdd w1 ®, 9 % NaOH &1l wifeh
fae@m &1 |ixar &4 8 " F

4, HATAT
W 1 kg faemaes o Suftem faorm & el ot
HEn & ®u § uftarfua fear sar 8138 mgm
= TR S 7

3d: HieAdd (m) = ferett < el 1 Hew

faemaes &1 soq8H kg o

30T 1.7

NaOH o U¥ foerod =1 HieRkal &1 9Rehe
Hifsre, T8 4 g NaOH &l Se1 ! 9T 7T |
e ura feen T @, aife faeem &
250 mL U< & |

'
facla o @ &1 T@mn
faeraa &1 e (L )

_ NaOH &1 S5 / NaOH &l HioR SeHH
- 0.250L

ek Hewar (M) =
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_4g/40g O1FR o oo
0.250L _ 0.250L

(iR ¥ = 1.25 gmL ™)

23

fao ¥ 9@ &1 §HE = 1250- 175.5
=04 mol L' =04 M =1074.5g
MR b b .
fa , AT a9 W 7R L 2l 39 Hicterdl T kg P e
SETEIOT 1.8
3 M NaCl foe/@q %1 o9 1.25 g ml' € 39 __3mol _,79m

1.0745kg
faeraa =1 Aicterar &1 9fehed ifsa) _
] T FERTTensTi § difed Tigdr 1 foeraT S

Afereh Tig forera o AIeh0T U S Sl 31 St
g aret faerem i i foeem’ (Stock solution)

m=3mol L

1 Lf9e@™ § NaCl &1 §&9H = 3 X58.5 .
ot Fed 2
=1755¢g
[ — 1000X1.25g e ® e foo=m &1 Aad a99 = % 91
' wfEfda Tel eidt, i gerdm qraaE @ srgsred
= 12508 &l 2
QRIIT

T TR &1 1e7g ogd Tewyel €, it 78 Siod o quft veqe 1 yfad s 81 e
wrell ST G, el SR aRedH o SR H StemEd e 1 qeft uered g1 g 9 e R 9 A sifas
e~ 29, 59 3R 19 oF ®9 | UIT S €1 37 qi rareensii § sesh-shvll i oraeen = gl 21 3
sfereenaf o safreerfuren Tqurerd B 1 5o i el ARt 3R fasoll o w9 § off effea feran ST HeRar
2| fordh a7 & % @ YHR o FU1 T €, S URATOT A1 10T B Tohd! 1 5 <1 A1 SAfueh el o W
e e & Hged e ®, ql Afies 9w B €1 M e wnn § 9y Wi © S R SrEu sufer
3k Tt fagon §)

e Tt gered o Toredt 1 steFE TR ST R, 9l IO SA9wde € Sl €1 UL Sl AR
et T ok fAT AT 1 Tgfd S AR Y Savaehan eidt @, T afvr st e feRan S weh )| woe
Ft FE vgfaal , o s wgfa iR ied ugfa #1 swam fomr & foran S @1 g ofeRt 4 R
fava & wh St gsfa 9, ‘S1ugfd’ wed €, #1 gdur gA 3 F1 Geatd I )

<ffep W9l W AfeRe] i Rerle e uedl & IR 300 Hed e 7 Fo ATvedd o+ @l 8, gHfey
gl o1 FANT 3ok Y HLAT agd Hewqul | e foe § aferi o A7 § 10909 102 S gead
et 21 ST 32 e A ok foIu SeAThTeR Wehae w1 SUA foRan Sar 21 YN o wrefen afent
T ! TAH A=A 1 A @1 o Gehal 21 feiia faveraor @ ardt 7 afyE w5 Ak w1
T Tsfd ¥ 3 usfa  ufafdd fean st gt 21 ord: 9o R Tk Tsfa o AEe § g gsfa
o Rl W uREfdd fRan S HeRar €1

Reprint 2026-27



24

R IE I CRIE

fafe= et 61 GAsH Tt GEeE o FeE o SHER g 21 3w € - geme s
= fram, feer e w1 fram, o e @ fraw, ol @ i emaent @ fEm SR
a1 e 37 Tt femi o uftomieey ‘gteet t ueHTe] fagia’ Tea gel, SR eTER
T 554 % TAHE TS B 21 fRE a7 1 URHIe] geau Fied o 2c gueenfie (R S 12u
o feran T ) o |rie oe feRan S @1 STHdR R Rt aedl o fotw wE e S S W] s
€ A FoAHM el €, T8 gl geeenten o1 wiepfash sTgeadietl i ea o TRt qrw oA S Gkl
B forght @10] o Sufter fafem=T TAEAT o UTHIOl-SemET o @M §R1 SMfvesh SoqM i fohal ST Fehel
1 ferelt <ifiren 1 Srur-g Tud Sufterd faf= avei o geauM-wiaerd 1 SR snfvesh geaHE i fuiia
H<eh qeRferd e ST ehell 2

et ferma o Sufterd AR, T[T a1 o1 HUN *1 GEA HI ATENET Fee’ieh (6.022 x 10%9)
o &9 | = fohan S Gehel €1 39 G& 1 T HUN k1 ‘1 et HEl @ 2

fafe=1 qeail IR =il & et aRedd ® TEEtes sfafmet % w9 o o e S 2l
TS Hfera A eh G ¥ FIh! TSR W et 31 et foei sifafsran  om o © il & srua
3T Ol 1 He SATAfHAT o THIHTT o TUhT W Wt 1 S Fehdll B ST ATHHIHT 3 a4 Sl
1 TS A EETSTRATHIE’ e 2| WRiElhamics Timha ¥ fadl Sc &1 fafime ann 1
W o fAu sevass sifufswmae 1w a1 uek faqda fuifa fran st gemar 21 e o foere o
e | Sufeerd el 1 W i fafe wehR @ wefdia foran S 1 S<reons - werd wfae, - o,
AT a2 e

AH

11 frefafed o fo der seme 1 afemer shifs—
() H,0 (ii) CO, (iii) CH,
12 wifesm "ehe (Na,S0,) W Sufterd fafa=1 awal o geomm gfommd &1 afteher sifs)

13 ST o 39 SAHHES I At ¥ 9 Fwitse, S 5o 510 69.9% 3R
3R 30.1% AR T

14 U< e SESTFHES &1 A1 H1 IRehe Hitwl 5&
(i) 1 et e HT g B FerEr S g iR
(ii) 1 HicT STaF 1 16 g SIS o ST S 2|

15 Hifszd TEike (CH,COONa) &1 500 mL, 0.375 HieR Seita e oM o foag 5o
Tohd SeAm 1 STTEvaehal eiil? |ifeas THIde &1 Hiek So™ M 82.0245 g mol™ B

1.6 WE i o7 o 39 Uiaast w1 Hiel Ufd foex § Higar 1 ufeher sifoe, s 39
T WA 69% € 3R TSEeht ¥ 1.41 g mL @l

17 100 g HIM Fehe (CuSO,) ¥ fohae HIW Wt fohan <1 weha 22

1.8 S o SAHEEES 1 SAvah I A R, [HH SToRT a0 SRS 1 SeqqH
Wi HHW: 69.9 g T 30.1 g B

19  frefefea sieel o ¥R R S o 3AEd THY] o0 1 URehe HiTeu-
% YThfdeh aged A~ FA A
8] 75.77 34.9 689
571 24.23 36.9659
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1.10

1.12

1.13

1.14
1.15

1.16
1.17

1.18

1.19

1.20

1.21

WA (C,H,) & oI Hial W frefafad w1 afteen -

(i) TEA TAET(S oF Hid S &

(ii) SIS WS o Hidl S HE

(iii) TSF o T[T i He

g 20g = (C,, H,, O, )l T &I FAT AT H el W ITHT 3TIGH 2L 7 ST,

12 22 11

v =i oF 39 facrad i gigar s ei?

IS HEATA 1 ¥ 0.793 kg L 81, 1 $9eh 0.25 M o 2.5 L faeem &t a-m o fag
foRde I w1 STavdehdr grft?

a1 i TR ST W FH 916 9 o ®9 H gReifyd R S 81 €@ T SI
ek Ikl e T e 8-

1Pa=1Nm?
IS TYRae T T A1 FFAM 1034 g cm? B, T TEha § @ 1 IR HISQ
SSIUM 1 SI A 1 22 39 fohg R ufenfyd ffan s @2
frefafeafea qa-emi =1 9ok onel o @t fHemgy—

g & RALED
(i) WIgH 10°
(if) ST 10°
(iii) =M 10
(iv) frm 105
v) &= 10

Tiefeh SRl W A F THI €2

U et o AU W FARIGI, S SheRe €, ¥ ercafush |gitd o T Hgul i T
15 ppm (5&9H & &9 H) ol

(i) =T FouH wiawad | @)

(i) o1 % T B FARIGY BT Hiererdl Ad i

foreAfefaa i S Hehaa § ferfan—

(i) 0.0048 (i) 234,000 (iii) 8008
frAfafeaa § wefe il &t T aarEt—

(iv) 500.0 (v) 6.0012

(i) 0.0025 (i) 208 (iii) 5005 (iv) 126,000

(v) 500.00 (vi) 2.0034

frfafaa &1 &= wefe i o Fefe wifge—

(i) 34.216 (i) 10.4107 (i) 0.04597  (iv) 2808

() & SEAEeSH AR SrtisT sfafwan g fa= Aifie aard €, @ frefafed
ffehe W el B
AEISH hT FTEH SATFIISH HT FHAA

(i) 14 g 16 g
(ii) 14 g 32¢g
(iii) 28¢g 32¢g
(iv) 28¢g 80g

3 it 3ffhe TEERTR HaeH o R fam o eged €2 e
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1.22
1.23

1.24

1.25
1.26

1.27

1.28

1.29

1.30
1.31

(@) frfafed 9 e wom #1 9ie-

(i) l1km = ... mm = pm
(i) 1mg = ... kg = ng
(i) 1mL = ... L = dm?®

qﬁwwaﬂsoomomsl%ﬁﬁzoOnsﬁwmﬁﬁmW?

et sifufsrn A+ B, — AB, ¥ frefafaa sifufseen fagon # wwia sifwedss, (afk

S B, q) @ HfeL—

(i) ATH 300 TRHY + B 200 377

(i) 2 W A+ 3H@B

(iii) AZF 100 TRHIY] + B3 100 377

(iv) ATh5HA + B 2.5 Hd

(v) ATh 2.5Hd +B% 5HA

SRS SR SReEeeH HEfaiad TEEen e o SFTHR SR T ¢ —

N, (g) + 3H,(g) —» 2NH,(g)

() A 2.00 x 10° g SEAELSH 1.00 X 10° g SEETSISH o T AR Ll 2,
T 9T STHIMAT oF M 1 TReherd sl

(i) A H W A Afulmgw 9 s=m?

(iii) =M €, qf HIT-T1 SHeRT S| T B2

0.5 mol Na,CO, 3R 0.50 M Na,CO, | T &R 27

I SEerEeIST 19 o 10 S0 SISt 19 o 5 Al o aiel Afafeman <,
T STty o fehde STEIaH W il 2

foreiferfad @1 o W § uRafda Hir—

(i) 28.7pm (i) 15.15 pm (iii) 25365 mg
frferfad § @ foes A F HEn T afE an

(i) 1gAul(s)

(ii) 1 gNa(s)
(i) 1 gLi(s)
(v) 1gcCl, (g
WAt oUW Seltg faerem 1 Hierd T i, e wHie o1 @ie-39 0.040 21
(9 o foF STt &1 = 1 R1)
T 12C HTe AV HT TH (g) § FHHH FT SN2
frafafea aferemi o SR H e @nedfw i gH =few?
0.02856 x298.15x0.112
0.5785

(i)
(i) 5x5.364
(iii) 0.0125+0.7864 +0.0215
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WEE faH # 9 99 EyRomd

1.32

1.33

1.34

1.35

1.36

Thfa | SYTS S o HieR FeAEM i TUMT ok fore fmfafad arfert o fxu mu siwe
T TN HIFSTT—

et HAXATR W G| o))
36Ar 35.96755 mol! 0.337%
3BAr 37.96272 g mol! 0.063%
0Ar 39.9624 g mol™! 99.600%
frafafed & @ v o wampst wt S | wifae—
(i) 52 WA Ar (ii) 52 u He (iii) 52 g He

T AfeeT $u T | Sheret e 3TN SIS SURYd B Uk T i $9 A e
U T W 3.38 g e SRATHES, 0.690 g el o e 3R HiZ ScqR &l st
79 719 % 10.0L (STP W HIfd) 3T 1 YR 11.69 g T 71 6ok —

() T

(i) 319 FFUE R

(iii) STU[YA ohl ITUMT HifSTT

CaCO, e HCl % | frefafed sifafean #2 cacl, 3R co, 5w 2l

CaCO;, (s)+2HCI(g) — CaCl, (aq) + CO,(g) + H,0()

0.75M HC1 & 25 mL & ®19 ia: if9fa & & fag caco, ®1 fhat e =1
S| CRRETI RN

TR H FAE 1 foRem HS SReeEe (MnO,) i Sl HCl faerem & @
sttt grn frfeiaa weiesto o SEr faan s 2—

4HCl(aq) + MnO, (s) — 2H,0(l) + MnCl,(aq) + CL,(g)5.0g HTS SEaiiwEs & Y
HCl & foham am stfafewan w2
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TTAIU] <l ETAT

STRUCTURE OF ATOM

ELE

39 Thdh o 319 o oI5 M-

goiae, WIS qel =2 i @Sl 1§
Ioh facreror | yRfad & 9o
ATHEA, WCIHIE T dR oh T

qisell &1 UM T Tehil;

T o FdleH A Aled o6
TETYUl AL HI THH TR
foga-gesta faferwor =1 gefa
Td ek o Faiey fagia =1 9ud
Tohl;

geRTel faE[q-JTa qe TRA
TYFZH] o AN BT AU X Fohl;
< St GefT e BTgSier ST
fagia & sAfyere &Y Teh;
THI] &k ! FeH TS o
Wﬁqﬁﬂﬁﬁaﬂw,
AThars TaGId, TI=Sell 1 3TaesH
Togid den g =1 SAftrehad agehdl
o =1 9uiF X g

TH[S o Selaeie fo=ard foa

Tk

11084CH02

fafy= el o TaTafih FAER W U (Afaerar, 37a GRarosi’ &t
Tafter Geer ¥ ffga fafagar @ gerfad gidt 81

IR TS AT SRIR R 9gd 98 | & (400 £.9.) TWESH
e i YwdIfad fohan T ol 3k fo=m o fof o] 57 o
ol GTEAIAS 91 B 21 S0k 3THER qa1ed & R fasrsy 9@
Ifqd: T T e 8, T e fawifea = e s weRan
‘T’ (atom) Ve Wek A W Seq= §37 §, T atomio w1 31
‘J &1 I aTelt (uncutable) 31 ‘ ATIRT’ (non-divisible) %ﬁT%I
el 3 fouR Sheet shoul W MG & 3R g1 Wi alerr
I I G9E TR o1l 9gd 99d e 4 foem fRdt gmmn o foe t
& =od @, W 18 vrarsdt § SRt 7 3 W R 9 9t < g
T T

T 1808 H S Sleed e Teh fofew] That STeATIeh o galt
AR A=ATeh SMUR W %4 o1 W] fogia weqa foman s+t fagi,
S “gTeet o1 uRmTY] faegia’ e S 8, WA i u<ied 1 g
FT (Thh-1) T

eeed o T fagid 9 geaH o ' o frm, fer
Heed o a9 a0 Tfora-3Turd o 99 i Ahaeidrgas e &
ST Teh!| AR a8 T FAT o IRl i aftg wE | fawd @il
IR o feu— i LA TAATES (ebonite) i TTH 3T&ET W
(fur) o T for W fergq e +1 Safq =it 2l

TH Teheh 1 BHH S YRR Yeroli @ 1R femen €, S 19
ISt o Sfd qe 20 o IS o SIRY | SR g feRw T 9
oY I wRnfud gaT foh mm] B HON (STTwRAfvEs HON) W A
TolFE, Tie qe =g ¥ 9 B &1 I8 RO Teed i uRom ¥
faopa et ot
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TIA] HT G

2.1 STAUTHATIUGER ShHUN skl GIST
i forg-forair s e S RoTE @ v
1 AT o SR A 3N e 9 gg1 g qRomdi
S e e A T S e
W IE Ha o = @ e f wme eew
Th-THR I it e foada sTast -3 &l
R Ta w4 B
2.1.1 TAGE ht @ISl
T 1830 ® uEeha e 7 <uiar fF afx fed
faorea # fagq waifed 1 St 2, A1 soiegiel W
R e 1 fagsa ﬁ?ﬁ&iw (deposition) %ﬁ?ﬂél
3T s Frem aar, fomes fawa | omg 12e wen |
T2 | 7 IR ¥ foRq 1 ol Yepfd oF 9 o wa
<erdl €1

1850 & HeA § 3fHeh dafiieh, foroent Hhae 3
e w9 § faffaa afeereti, i< heire faor
AfeTehTE e S 7, W forga-foms o1 stema oy
foranl 58 fo= 2.1 () o <ifen @ B heig femeom
Ao Fra T A A 2, P u & A v
T fagq-faasH =1 faw 79 3@ @ 3= fava =
Uferd foran S ehar 21 shiw @ Afeshie § fafa=
i o e o Tata g et foman @ 59 R
9 Toleeiel W 3=4 dieedl 1] & TE, @ Afctenl §
HUI H UN o §N RBOTHS SoieRE (hUg) 9
YIS Seraelie (UAIE) i T T 1 JaTe 3TRY
Bl TN Th! heire Taut ereren hers feRtor ot
Fed

frafa 97 =i
Sheig © Il ® e
_% E_

T 2.1 (&) TF Sole for fags o

29

helle @ UHIE q% TRy & yamg =1 sifdfi
S o fau THie ¥ fox 9 THie & 99 Tl W
T el (Y7 "ewEe) &1 o R S 2l
Sa 3 Rl tHre o o § 9 ToRa S gowise
1 WA T TR 8 q1 TE1 Teh FHeb el T & Sl
g [fa 2.1 (@)]1 39 W& & 9RO 1 9RE
Frreferfed 8-

frafa wq <
i 1l m‘“f\“\
il ,
e ®

Ford 2.1 (@ ) G5 TSy T helie- 170 fagst i

(1) el TRl (cathode rays) Fele 9 IRy
BIhY UATS 1 S T Ll B

(i) 3 fortol T fe@rg 7t <cff, W 3ok AR Wl
T don o ffved wwR & ugel (TpEa
an wiadie) 1 Suftefa o <@ <1 Wk 21 A
Teref 27 ToRToll o Zohie ©§ =Hehd §1 Sefteis
fes Afetent Shefts ferzor Aferest et 21 e, el
T we fadied qeref o iftd e € o W
o wfadi B ?

(i) ToRpq TR gaanra & 1 erufarfa o 3 frol
et fgom o T w2

(v) fagd ok gewia &= =+ suftafs & e
fortoll &1 =EER HUMERT HUT oh  STufed
HIER & THM el €, S 7 fag w2 fw
whefie feol  smomafa o Bd B, o
TR e €|

(v) cheie-fReonl (soiee) & el helie oo
Afetent o Teloeiel o Yaie Wd SEH SUTked 19
&t hfa W R &+
SWed IRomml @ e frepd faoa @ fw

TR Gl TRETEt % 9ol S B B

Reprint 2026-27



30

2.1.2 SHSE R STAYT FSIWE U
fafeer difaer fomrt AL afedq 3 99 1897 ¥ e
fepeur IfeTeRt o1 SYFNT ek 3R SRl o 9Y W
g @ik gata &, S T g o oeed o, @
HTh TG o I ST (e) IR FHHM (m) T
o= ST &t " (e 2.2) 1 e fog &= &t
Iuftefd ® soaR oTR Y ¥ faufad gt fag A

(fet 2.2) W kel fertor feie § ehd B 3H

YR ohdcl Gk & i Sufeafd ® soee g

C W helie ool @ 2o 81 fagq ek

JIHRE &F HI JEad o FEgHges dged 9

AR i ST T T SH 9Y W A9H AR

ST Hehel B1 59 W 98 3 & i eruteata o e

e Ig U W fag B ¥ o €| UiEHA 7 98 ok

S el A A el e A

Iufeafa H solael o 3T Uy 9 foge™ &1 A@mn

frefafea ol w fe e 8-

(i) U IR HOTER 1 HH AfHE T W fagq o
e & o WY S TR 9 Sl @ 56
R feraer atfues g 2

(i) U H FEAF-HU ok Tokl dH 9 faEem
ffures g 2l

(iii) TIgA TN JawA & HT JIAd sARE] TN
Jieedl 1Al FFIhE & HI Yaadl d@H |
TSR 1 gl Ud Y oo 98 S )

R IE I CRIE

forq &1 1 Yeord a1 g &5 1 Yoot §
o fordt T 1 3uftafa o el o fa=em &1 A
1 TE-TE WY Hich 3N IEh YHU W e,
e/m o HH %1 FERo T Foh—

e

= 1.758820 x 10'! C kg (2.1)

W& m_ TR B A kg § OIR 39 W
&9 Ferd (C) | 21 Hfeh seia HUmEfE B €,
3A: ST W ATEdfersh (SRUT) 3TEY —e @

2.1.3 TAGRET U ATAIT

R, Tl (1868-1953) F Soiaei W T&9 o
feicor o forg s fafy dam #1, S 9 9e w=@n
(1906-14) Heaw 2|

=M T 5 SeeR W e -1.6 X 10-19C,
fagq 3Teer 1 Fa9 TH 1.602176 X10°19C #1
ATHHA o e/m_ STUIA o A ¥ 37 qROmH i 9
ek gAF ®1 geadd (m) fAeifa feam

e  1.602176 x 10 '°C
"~ 1.758820 x 10''C kg

m =
€ e/ mg

=9.1094%10% kg 2.2)

fer 2.2 soiagia o Y1 3R SAHA o re U W 60T X T STHIT
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TIA] HT G

fafore =1 ¥ w43 fafa

39 fafy § =9 (atomizer) §W 3 FBE
w9 § qd *I 9 * foaEq ¥9fF (condenser) o
IR H = § sufeyd SR @ fox 9§ TR S
T 9 & e HT AR TG R AIGHIHGHT A ok
B @M T E SR) ok R T ST hi ARy faferehe
TS I 3T o FSAHM H AU Th| Fah ok L I
g H X-forgs wenfed wven smaf@ foman
et 3T qon dt dai o woug W Ao 5]l W TRy
AR I TN dA HI T g1 W R smem
Xt g1 3cq SATURITOT Al A G ST
TN 3 STAfIG I i &l T fRAT AT S TR
%, @i fhan 1 wewar 7 stean feor foan ST ook
213 I3 W AEY IR e W AN dicedl hl YIom
T georan W R FwE T 9 w1 IR F# I W
TRl &9 YaeIa o S W1 e " T fHfesh
A 7 ke frepren fo 98 W fagq e (q)
TR THeN o @, () T O Bl €, i
q=ne, & n=1,2,3...

ferg 2.3 syraer ‘e’ @97 & forw fafers @1 da &1 g5
SRV Fegh H MEE T FT 55 T BIARRT
T TecaR Y, T &7 o HROT AgqEfa

T I TAH I FeT

2.1.4 WEM agqT < &l @it

ufafda shefe fem Afasr o few U fagq
foqsit 9 yaft +o w1 @ g, N e
et oft a1 St 21 39 ey w ol o stfirererr
aferfiad € -

31

() <heire foReon o faud, vAmafiT o 1 gemm
whefre fertor Fferen o Sufeer 19 &1 yfd ™
freft s B1 A WeRe eEEfe T emE
B

(i) HON o AN IR FHTE T STIE 3H T R
el ot €, TS 3 3= B 2

(iii) F© YAERE FH1 fo AE I T THE oK
T B T

(iv) Feshra den fagq &= ¥ 39 Ful *1 HRBR
TR 1E helle Yol g Uferd SRR %
fauda 21
G Bl 3R ekl € EA TS d Ww

B A1 T W ®ed B 3@ YENE HU

TRl 3R THoh SeTul 1 gfte T 1919 A & o

% U] W Uk ogd SIEH U1 ki SR

Tegd &1 TE| 39 0T 1 @ T 1932 H Jefask 3

SATTTH T oc UM o6 TR | Fi| 9 YlEH o R 9

T Afeh qR Al fogd SIEE w0 fitha gw

IR T HUN ! S a1l T Yol HUIl oh Hewequl

o7 wRof 2.1 ® faw g 2

2.2 UIHATUT HISSA

Td AT § SAC T YA | U Yaon | 98 919 gl

o eTeed o Afa™a W] § M a1 U

e AT HI-YHY] (sub-atomic) W%ﬁ%l
STATHIUEe O Y WIS o o1g ARl oh

g Freafatad ger g of -

() TXEI] o T T TIRT;

() e o O A Hifder @ WAl TeeR i
g

(i) fafs= s o SaeE 9 fafvs ger &
TSl o S i AT q°l,

(iv) TRETORT gRI SAAvNfud steran Scdferd fafdme
o gota fafweor &t 3cafa don w&fa =i
T
T ST HN o T[S | foaeor i S

FE o fau fafa= o] died gwarfaa few T

Ty 371 ¥ B HISH g U o T sl s

TE HT I WHI TAH W UH Aled Sl ATHEA §N

AR O SR WIS g T fohar @ e

foraror aTmt e T 2 -
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R IE I CRIE

WROT 2,1 A HUN ok 00

2.2.1 UIHTU] kT LHEAT HISHA

T 1898 H SI.S1. oA 7 it foRan foh owemo] T
T e e (e eFeT 10-°m) g R,
e eree w9 w9 9 faafia @ 21 38 W
TR 39 TR o B € foF SHE Tl feer S
el W €l St € (Forst 2.4) | 39 wieet i fafi=
TR & T T T T SIeRomei— W YRET (plum
pudding)] LSk e (raisin pudding) 318 S
(watermelon) Hied| 39 Higd i LA o e
1 e el WS % GWH WA T €, fee
TR HH: WIH Al oS H1 @ Iufterd g1 39
Hisd %1 Th Hewqul a0 7% 7 o 3oH WA &
AT QU RA] R GHAF &9 F S g3 A T 2
T I8 Hied WA FHi foagd STEAA Hl T
X o, forg I8 wfosy o6 YAFT o 9RomHl oh 9
TEf qrE T ot 1 H 1906 H Hifawt § T4 w1
foregq wrerhar R dgifaew ©d yEifes St & fog
o R | TEIa foRar 1@

eI ERI 1)

N\

<— T

feard 2.4 THET] &1 91997 Hed

195 §t o TR erefw § fafe= g &1 foRton
%1 @ gl faeed U= (Wilhem Roentgen,
1845-1923) = T 1895 W T3 o eheiig fervor
Toit d Sufterd Ui ¥ ThUH W Soleed Ut
U0l S Y ®, S hefie fohtor eft o Wt
@ gfasra (fluorescent) &Y ¥ wfasifa sca=
F FHA 21 ik Teod &I T fHRn w ufa
W1 qa1 T8l A, T: 3B/ 3% X- foRIoN 1AM
fe, St eome ot yefed 1 W@ @ T R
TRl oh SifU® BMd daid U1 UAE dsd |
TH % HRO gAE X-fRl S Bt ?1 X-
ool fagq den gasia &= 9 fasfia (deflect)
T B € T TRl % uwd # erfa S
el (penetrating power) et ®1 F@l
FNU ? for aegell o onidlter etemed ® 1 feRvon
FOIWA B F o OfETON w; w-3eA
(wavelength) sgd %H Bt ® (0.1 nm) 3R
JEA-FIHIT FIRR W § (TS 2.3.1)]

&1 g% (Henri Becqueral 1852 —1908)
3 <@ for o o fafwon w1 S W w2
IEH 30 fEeT i eaufaeaar (radioactivity)
FE qel ga fF W@ @ HeAnfea o
FEAW 21 TH &4F H W g, R g e
qel weler et 4 fasfaa fean s99 T TR
F RN, o, B dA ¢ H IESH I@T T
TIHRE 3 I T o fFon & QIR oA
AAY R TR THE WA FAHH T 3o Sl
FU1 e &1 S Te frewd freen &R oo %
Aferem Tifvss B €, i & o & ™
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et o U1 e @ 9= ww@ TP R
TRl o TWHM RUMCHS 69 el %0 B 2l
y TRl X-feoll & gum 3=a o1 fafeeor gidt
g, fo et gpfa Saeia et @ eIk foreht ig
HUT TE BN WS &HAT HaW wH o RN a6,
3Geh A% B fRTon (o0 HOM H 100 T AfueR)
o g SAfusk y ROl & (o FO " 1000
T SAfR) e 2l

2.2.2 TEIHIE ShT ATTHERIT U] HigeA

TS 3R Uk ot 4 (39 1R ek e
AEeA) 7 9gd dell @ &1 9= (gold foil) W
O~ TN &1 SIBR | TIHRIE & FTEG o-H01 THT0
N i foe 2.5 ° @ @ R

M 1 qaelt =1 (100 nm HI2E) T 3T e
ek Teh ASAUfFd B 9 3=d el arel T HUT
H OGS TN TH UACH U= I BRA U FATHL
gfaifasital (fluorescent) S gowEe 9 99 ThiA
T TN NS RS ST 0T 59 ShiT W TR B, Al
TR 1 TRREIE (flash) Sea=1 gt 21

YehIv STYART o URomy HTRT eFuferd ol
AT oF THY] Hied o IJUR Tt H Sufked am
o Ueh TLATY] 1 SHM T T T Teh THH €9
Y < g3 BT e T HON | Sl 3a-1 i
2t © Toh o goqu o UH wHE faaw &1 ot @y ar
Y S| S 37U off foh Uxit | T o 1% Ol
1 TIfa efiedt 81 Sl 31k SRt e wgd % v 9
] ST 3= H 3@ fh—
() STeRTY ST & 9F i Tt 9 faafia gu

IERIREET R

e

SSEfcol el

(h) TIGBIE HT FHI9T F9T

33

(i) g HT H FHU B FHv ¥ fa&ifu gu)

(i) =&d & @IS 1 (20000 § & 1) S 1 AR e
ST TR 180° o h10T H 3T Ta&d0T g3l
T Y& o TR T TEIHIS + WA T A

& IR o Freafafea s ferme—

(i) ORE] ok e SAfureRiyr T e eian €, it
AT STEHT 1 HH 1 Tl ol TR HT S B

() P & wERE o o fGef@ g g 9.
g st g STty wfaendor a9 (repulsive
force)é]?W%ﬁTﬂlsﬂ'@ﬂ%’WW%ﬁF
oAfrge o foem o faudia oaT] o 31eR eHae
TAA €9 U de1 gl & T EFe F9gd A
S oh S Hehfsd 21 =1fet, Te™ g
3T U o1 Fidertor AR faeivor gan el

(ii)  TEIHIE 7 TUMAT ek @@ fop AR w1 ST,
TR oF el SR i gorll | 3Td THH (T0)
B 21 TE] Y B e 10°m B R,
Safes e 1 BRA SR 105 m Bl
3TMHR o TH AR Hl 3 3H a1 § T S
Gehe € fop A =ifes =1 fopehe =1 i e =
S, O TXATY] Y BT S 5 km 2R

faafa -

(@) 94 i 9= 1 TS o

T 2.5 WG & TF19 G9NT &7 @i 991 519 G &1 T gaeit 96 T 76T (o) 01 #1 dI8R (shot) FT
St 8, at SgH @ ST FUT JUIfAT §U o TH H R X W &, Tl Fo H1 [Feiqr g s 2
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IUeRT GeTuT S IO o SHR W IR
= URHTY] HT AIRT Al UK fhA1l 39 Aled
h STIE-

(i) TIAIY] ST G qoAl ST SHHAM Teh 3Tfd
3T & § Shisd a1 €1 T ok 39 31 eTeu
AN & TIRE F i’ Fall

(i) IF &% IR AR TolaeH Farwr v, o=
THET (orbit) F8 w1 8, | agd dsil ¥ IA B
Iq: WIHIE 1 WA Aied GRASA @
foretan-S[eran &, fores g =i o g9 g @
AR TE AHH SeeRi o §HH B 2

(i) TR IR TR oG ¥ eAehT0 % frer e
Tl % g oY TEd €

2.2.3 UTHTI] H§&AT qUT FIATT HE&AT

E T HAEET IWeh FISAl % RN Bl 1 S

TE TfUd B YT €, WA W A& SoAa{ ok

O o aeR, ifer faqdia fag w1 eiar 81 g8eh

a1 71g © o ifyer o Sufter dieiAl 1 g wEg

T& (2) o TR BRI € AU WMl wT HEn

TSN AMWE H 1 SR Hifegw § 11 B §, o:

STRT TXATT] ShHeh ShHST: 1 QT 11 BT URHT] <

IEEH I T % foy SEH SRl 1w,

el ® TEn (WHN] &N Z) o el gl

IIEON— BTG q Tifead W] § Seiaeiql o

@ HEY: 1 qel 11 Bt B
TTHI] AT (Z) = UNHTU] ok AT W

W &l §&w
= 3ITEH Ty o
& (2.3)

MR 1 HAERT SHH WA o SR B €,
TR AR 1 FAAM T2l a9 FB 3T IHH ol
(S99 u@® 1 SHEE Wi o SHH o TRl
e Bl €) o RO Bl g1 T SIE Rl h
R (n) Fed 1 AR | Sufeerd WAl iR =gt
6lﬁ7*-‘;(%!63—1‘77\':[(nucleons)7>|%ﬁ%l ?{W\%ﬁaﬁ
Tl AT i TR 1 FFAM GE (A) FEA T
FEHN W& (A) = W o9& (2)+

e[ ht @& (n) (2.4)

R IE I CRIE

2.2.4 QUEATH TH QUATRH

foret ft TE] & TEeA @ dW@ o Wik (X) g
eI < R 7, ford a1 iR uek qd-or famn
S ®, S A S WEAl (A) Bt €1 o S A
SFIATE kT A A Hen (z) ferelt g,
HU 4 X FAWTRe: TAF SoME Hel, W 9=
TRHTY] HEA o TCATY] BiHT; IEEONA— 14 C qe N |
eI R o WA Bd &, et T ge (2)
TAM T S e (A) T gt 81 g vl ),
THIHI 2.4 % AR, Ig W ¢ fF goeenfiel ®
3T HT RO AHE | Iufked f9=-fa= =i &t
T €1 3TN0 o foru foh & BEgie 9] i ©|
99.985% BTESISH WHIIST § ohefel Weh i &Il 8,
o Wifeam ('H) Fed 21 99 eEgeH T ¥ |
e B B gEiad (2D,0.015% ), foraw
1 T T 1 =52 B § iR rgfeam (Tritium,°T),
SR 1 Wiei qen 2 =g B 21 greferm gedt o @
A A A S B | GEefenl o e o Sl o
&; S— e, fEd 6 el o ateren 6,7 @ 8
=2 (2¢,9C,"40) T ¥; FARM WA, T 17
WAl o T 18 [N 20 =g (B¢l ¥7Cl) B &

TrEenteni o foma § sifaw Hewyel @ =% @
o TTATOLEl o TEEfE O SeRMl Rl W@ 5N
et e €, s e | el w1 wen gr it
Bt 21 s o Tt o W e w1 ge &
YIS §gd hH Bl €| 3Fd: TEEeh eifutmenst o
Tl gHEeneR Tk | S¥Eer <uId 2

ISR 2.1
SOBr H WA, Il 1 SeiaRHl hl Gl I
qfehetd i)

&'A

78 ¥Br, Z = 35, A = 80, TS I T
JIHl S G&A = ToiaRHl &1 9= = Z = 35
Il i T&AT = 80 — 35 = 45 (FHIHI 2.4)
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SETRIUT 2.2
TRt wielT o sorae, WM qen =52l i S
FEI: 18, 16 A 16 Bl THHI YIS Udlh
fafeu)

'
TH] G&A-HISH i T& = 16
IE q7d GeHL (S) 7
T SHATH G&A = YieHl i &

+ 2l I "E

=16+ 16 =32
TR H &N % W T 2l T TH
RO (SRUTETT) €, TSrent et soseii o
MY o SIeR € = (18 - 16 = 2) THehT Telh
2SRl

e : AX Hopd & TN wE ¥ Ted I8 T
R o fr I wiefis SSEH o) & st
T A KU ©| A I8 ST WA §, A
TR (2.3) W= €, foraw

Tl i T = SeaRHl ol T&T = YA T
B Bl A winie o ®, @ g8 i
FHife foF Wl &1 T&N SolaeHl o e 9
feres © 1 8 9 31 ® q sherd (&FRM)
IR T T, T TR (FHUEE) TR = ht e
TN A-Z 9§ 9 2, 9 Tl Sqde @
37 3T &I

2.2.5 IS{0hIs HISA o T

S fF ST S geh ¥ WIS 1 ARTRE Hied
YrHee %1 Tk B2 ®9 o, forqw s 1 9 g
1 e IR Tl ! Booh el i a¥e el T4 o
e GRAEe TR TerEra Fitent* i on] feren s €
A g wea ® 7' g % =R iR fafvea swee

35

% g fean S wehdl 81 ST m, 31K my, TN, 137
ATl o |9 w3 G ey feerien g
21 39 fagia O el *1 waneil o 9N o Tel-T&l T
1 S Gehdl ©, S YR W9 9@ Hel @il 2l

grHee R A oied | guEda 9 e
gera foeran © f selaeiq ifas o =)l @ik ffv=a
wHenet § q FwA T, THR oifafem soleRH SR
WWQFWWW kq,q,/1°) @W%,Gﬁql
3ﬁ'{q2 W,rﬁmﬁ%qwaﬁaﬁﬁ?k
ST Rl €1 el et TR &9 § Tecrehyor
o1 % TUM Bl 81 TRy 5 hiE fug e wman o Tifq
W%ﬁ%ﬂﬁw (acceleration)%ﬁ'*lTﬂTl%‘Ql RIS
g fret e o feer 3 9 ifa &2 @1 &, o off faun
TRE oF RO ITH @01 BT =IfeU| 37d: At
Hied | wensti ¥ IAd Y& HT WE sl w1 ot
R BT 1feu) Hedee o fagq deskia fagid &
STIER, @Rd STEfT &l i fora-gaswa fafeo
HT IS HT MM (T o W @ swie T
BT, TR o ST F&T BId) | sHfere fonedt e o
Iufeerd gotae 9 fafeor scafsa & z@ fafeo
o foTg et Setaeieh TIfd O 9T BTl 39 YRR hedl
(orbit) Bl Brdl ST | TOHTET § =18 TaT werd ¢ o
séagﬁﬁﬂﬁaw (spiral)@?lf%ﬁqgﬂﬁﬁ
108s o, fohg ora o U@ Y Ear 21 39 YRR
IS ST ohi I SRl FoRewd ekt qen faeq-ges ™
g1 o SITER 9 fhan ST, @ Il 1 T
Tigd fRelt TXAT] o T S AT @l &Y T
21 3T I8 YD Tehd € Toh AR hemafl § gerael i
T & TR SRR B S €, @ o e 6 gt
1 A o TR SR feer 9 o 82 %R e © fe
g gl 1 for 7MW ©, @ Tfus e
I TR 3R et o s feer deq srRdor o
T SoaeHl ! AfE w1 AR Giw o, feg aiee
THIY] Hied 1 Tk o5 €9 U &0

TIHIE o W] Hied H Th a0 TR I
7% ? o o wAEh #1 selaeiien 9ieE o SR W
Fo ot gui &l wdr, ST SEE F% Ul el e
o Tore e o =R IR ford YR faemm & 3l

mlmZ j

H ¥rd €1 T2l o o= TRy §el i (G- 2

SR Sll T 272

*Ferceerd e Agifaes faam 2, i =12 & ‘i & frei’ W enuiid 21 98 Toe asga & ‘T & e’ =1 guerd 2
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2.3 9 oF UIHIU] Hise o faehmd
= gesfa
ifaeifas €9 H 53 o Wy fafwo &1 ==
forametl o ST W U URomH W e ud
T[Sl 1 WCEl oh HaY H STAMH o W gal
Hi R 7 34 RO w1 ST Lk CIES GR
giqared Aied ® uR fhan aR o6 W] died o
o & < fagedt =1 een yftew W R
() fogd-gaer fafeo &1 g =eaer e, g
o 77 B for fafercor o0 den o1 <M o T
TR Y T
(i) ORETY] WEH W HafHd YA 9oy
e g fagd gasa fafeo o §d Faer &1 ==
FHN| TH] WFH ok YEfTE qRomd S == e
2.4 § Y S
2.3.1 Taera-gaasta faferor st &=
Wehfa
IEel Wt o wem o sifenifesl 3 TRA oege o
STERNTT TS Icdfsid 8 arel fafertor &1 dferaa &
s fhan &7 fafeon ot et fafewor wer s
21 S TE W 1 I w1 fom Foia fafeo
fohed o Bid €1 o1 98 well — wifq 3 € foh s
JIHTE T G T B E TE SAH M SFeRomaR
W MG ® S foh S=iaelt 9t & 9o a9 e
off| Foita fafexor o fomi @1 gduem wfsraa o
FEIT 1850 | g 1870 °h IR H STH Tl
Hagae + ge fagia fasfaa fran for faga gewm
T AR HON g S et &1 39 THgia W
TR e A% H g 729 3 foRam wet 7 fomgq.
Jasa fafwwon o fawa & o qeai & ST S
Hagdel (T 1870) = o Teet Maferd et o o=
=11 femamatl iR Toel Wk R foreqq qen ekl &
o FOER i AT Hil 381 I8 gaa fg &
farge A ol w1 S wifid foran s €, at TR
fagd @ gt &7 S B €, 78 &7 fagq
ﬂﬁﬁﬂ'ﬂﬁ@ﬁ(waves)%@ﬁﬂ?ﬁﬁ@ﬁ%,ﬁ%
?ﬁg@aﬁwaﬁmﬁm—wm
|

R IE I CRIE

TehTe it fafertor =61 s w9 2, fSraen! Senrt
oot o A % S e e A e g g A
TS I R *T T g H (RJA) THTT HI HI
(forRTd, corpuscles) T ST g WA ST T
199 TTTeal H YehTRT Wi TRT-Uh{d Afqariad gEl

Bl IR Hegael = S o wehrer a e
ferga e g9 =aer § Gt gt € (fost 2.6),
eIy SEA-gae T T HI T B GH Sted e 2,
dAfer g9 el 2 Fm T W faEr S

z
N

&3
fagﬂl/m
Y/ T
JahI & TH I e
fad 2.6  fagq-ga=ig @7 & fagq a1 gawi &7

| 4 e GHA FI-554, 3ghd, T a9
A a1t Bid €, fbg 9 Tk gER @ olead
adl 4 ey Fd Bl
() <OEEE AR wUl §N Ica fagd ae
<ehlg & T SHL o ofsed B 21 3 SHI aw
o GeROT 1 e o off oiere 2R 2 fea- g
T 1 Uk WA ®9 o 2.6 H @ v
(i) =AM el SA-am o fouda faga-gas
T I FRE HIEm 1 SAeTehal TEl el 3K
3 frafa o 7fa 2 Tt €

(ili) 379 T T T e T & g1 ¢ o faege-
oo 9 TeIfehTol g WehR o €I €, TSTeht aar-gead
T e Tk T A f B 23 T Ay
e faeq-gaia Teen s € (fet 2.7)1
TerzA o For-fre & o fom-fa= 9m 1 g
I & %i‘@?ﬁ—a@ﬁ[ (radiofrequency) &,
(10°Hz o TT9) , TSrEeRt SUART JERoT § fopan
STl %; H&H T (microwave) &7, 102Hz &
), et swm R H few S €
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3TeX (infrared) &3, (10'3Hz o TR1S) , et
IUGN TRH T B 94 W (ultraviolet)
&, 106 Hz o ST+, it T ot fafezor 1 wah
AT Bl 1 T 10'5 Hz o 9ig 9 &%
YR S99 (visible) T Hed €1 heel e
¢ &7 T, T8 Tt offe <@ (Hgfaa oY) Tkt
€, 315Y9 & 1 YEEr o fou fawi WehR o
I3 T SERTHA Bl 2

fore ST fafro ) <9 % forn faf
YHN oF WEeh! 1 IUENM TR S g1
fafereoll w1 emgfa (v) den @<= () g0
wIReE fran sman €1 emgfa (v) 1 SI 9
A e<d & W W Tl € (Hz.s)| THH
TN 1 39 T&N o ®9 ° qRfya fean S
2, St forelt fog @ wfd dehe ToRdT B

TO-<E o U oelE o U g =Ieu)
T ST 19 HeR (m) H St 81 <k foregg-gaehia
fafertor o B W-354 1 a0 Bl &1 Theh Ty B
k! 1 STEeaehdl gl & ora: fast 2.7 & fafv=
-l e srghel Al - g Wt
forga-gamta fafwo =1 fe@mn = ?)

frafa § |t whR o fagd-gaswig fafeo,
R ST q-3o pw ot , Tk wuE T, e

(iv)

37

3.0%10°m s (2.997925 x 108 m s™') ¥ =eid 21 36
T Sl WeRTST &kt 7T (speed of light) &d g3 ¢
g 4 <uiid €1 e (v) Ta-S=d (L) 941 TRl ok
AT (c) i Fr=farfaa TR (2.5) R Hafyd i
F
c=VA (2.5)
T 1 adH o e T gl i, qer-gen
(V) &1 STam fwan S @1 ufd g o o,
?1'{."'[—%93? H & i GT-GE&AT (wave number)
FEd F| THHR HEF TT-94 o HEH HT Ik
AU m! BT 7, AR Q= TART B STl JEs
em (SI 9 &) 2l

2.3.2 faRIa-—Sasma fafeur &t woita
Uehfd : Wileh oAl daied Tdgia
IEERR (diffraction) 921 SAfdHITT ** (interference)
St o g ufteeiet i faeq-geaenta fafnor
1 T ThTa g HEAE S Gehdl €, Alh HO
Teont ki 19 It o wdifqew famm (S CuRufes
ifdeh!’ FEard €) & fTRq-gawa fagid w1 g
Y oft aftra F&¥ feran s wehen| 3 Yeyor freforfad € -
() ™\ fic ¥ fafeor =1 IeH  (Hitoren
fafertul black body radiation);

16 1
L(Hz)
Y —femeot X-frwt | UV IR G T FM | AM|  gro e aa
Ffear @i
T T T T T . T T T T T T A(m)
10" 10" 10” 10 10° {:{10° 10" 10 10° 10° 10" 10 10
................... W W
l l l l l |
400 500 600 700 750

TR A (FFHR)

o 2.7 (% ) fogq-gaep1a (6o &1 Tagw (@) 599 T9gH| | Tagq 1 T o 91 971 998 8idl &

* fopdlt o1em o ST T oF g i faedw wed €l

** T TAM SMgfa arelt < a6 faert Tk T @ It 2, fmen ffem o yoe fig w fasiy, v @@ & 39 fag W
faetis =1 sfsforda =1 |feer = giar 81 N 1 39 YR 1 GASH SAfqeuT HEdl Bl
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3ISTEITT 2.3
sita sfean ear (fieett) o1 fafay 9Rdt =
1,368 KHz (fohell B<si) i eTgfd W JER0
FId 21 TORE (transmitter) ER ScETSd
for SR e 1w T
Ig Torgga-gereh i Wegd o fohd & o Haifud 272

&'A
-3, A =%

et e ¥ foreg-ger fafwor 1 3 sk
v gl g1 T T W o gfaeenfua e W

A=

S

1%
_3.00x10°ms™
1368 kHz
_3.00x10°ms™!
1368 x 10%s™!
=219.3m

g el a1 Afenafies - 2

IS 2.4
99 TFH o qUT-<54 1 W ST (400 nm)
Y ol (750 nm) T €1 37 T-<=AT b g
(Hz) § 9%e ST (Inm = 10" m)!

&

TR 2.5 o STER, ST THTeT H1 TG
c _3.00x10°ms™"

V =—
A 400 x 10°m

=7.50 x 10'* Hz
A GehRTRT <hi 3Tgfd

R
V=S=3'OOX108mS =4.00 % 10" Hz

A 750x10°m
39 W 1 W Tgfd & €9 | 4.0x 10"
¥ 7.0x 10" Hz d% 2|

3T 2.5

5800 A° TI-3ed orel el fefereor i ()
T-HEA SR (@) Mg 1 T SHhife

W fogm
T
(%) TE-F&A (V) i TOM
A=5800A=5800 x 10°® cm

= 5800 X 107 m

1_ 1
A 5800x10°m

T/:
=1.724x10°m™!
=1.724x10* cm™

(@) smgfda (v) &1 T

3x108ms!

5800)(10710 =5.172x1014 871
m

V:E:
A
(i) ®Tq ! Tag ¥ fafehior o TR T serael
TR (geRTer-fogd 9+me) ;
(iii) S H qIEE oF B oh ®Y H SO Bl
e
(iv) foRIveR BTEEIeM o §]H # T[S H <@ T
& WeH|
3 qfieeaT 3 ot © f e ohoer fret
fogiw o | € el o "ehar €1 @i wefa Heid
TR YAl IAfSid &l i Sl Hehdil

g &AM A dielt o © fF T 1900 ® e
ik g a9 Ugel U Soeiiad HioehT foento
1 s 3F AT hi Te| T eH Teat 39 TR
1 TUH 1 T B T A fee e 2

T ¢ feregd T W ferge ki a-SeAt
o fafetor ScafSa et &1 S=a am W fafwor
ST WM A o g¥9 AN W B © Se aid Ser
ST € o @ <= (Hven gemrer) e wen o
I Bl €| SEET o fory St feonell fie 1 5 i
T2 | TH FXA €, T THHT T Teet goohl ol il
21 SH-SI9 a9 TGdl Sl 7, oH-od =8 A o
Bl S €1 9E 39 SR TR fRan S @, 99 3o
e aell fafertor =1 1 9% 8 S © SR S
A9 W M Bl B, q9 T Aiell B Sl 81 SRl
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o 7% ? o ot fafewo fordht faom @ = eifen
g e € qen g foRdt a9 R A fafewr sifuw
e e B ererfq T aegent grn SedfSia fafae
et o Taferton =t dierar sreqeti o ara W e
211850 o 3id 7% I€ T & o1 o Tk fafa= st
g fffa squ afg fafs= araf = &t & @t ot fafa=
e | fefertor Scafsia st 81 3Heh tfafie 78 ot
for @ et o #1 9de W v (foga goe
faferzon) faferfia feran stran 2 at fafenfa e &1 9o
AT Q& Wi gl 8, o W0 i e €
T 9T U B ST €1 STqUl TSSO 1 HRT
7g ¢ o Fremeer R gl fafso w5t st
CEN LTI

T TE Ry fie S e WhR i omgfa o

39

faferzor 1 ol 1 T35 o W o €9 H T
FH & 3R T T

TR o T FAGIa oF STUR W I TROTH i
TS SN el ki ST Tkl Hed ik 4 T
A o STER T Harse aRom o fohan f
fafeneor o1 sraioer IR Scas Sferl (Hfooepr i
ARl & WA ¥ T BN T T8 AR T
Jaaia faferwon o el o @ e w1 ARH-UH
F wd € w3 g A fr fafer el o
fafaer (discrete) 9T | sier ST Gehdl B Hod whidh
J A o aE) iR 219 Sheret fafaeR (discrete)
ene § Sl SedfSa (A1 sfewifa) i ©, 7 fh
3eRd &9 H| faga-gaea o & &9 1 Fe1 &t
TSR e A 1SS (3 SR B §, 9

faferTon =hl Tk THH IcAfSTa aen SreEiia e
FORT (black body) FE@M ¢ del W fig @
I ferfertor i wHftorent faferor wed € araa
H UH h1E e T il shiei with SRR Hitwrsht o
ogd GHM Bl 81 HO0TehT 1 Tk 71 ek dfehe
e 3% g9 U T B ¢ [fee 2.8 ()] o T
5% o STaen 3T &5 gR el 81l /T | g | et
B I e e
Bl el € 3R o1 W 7T shi SeR gr Sferiia e St
1 pfoorent, faferzolt St
T oTey TR oF Bt
| g Afdfe ShioenT
7Y IRAYT oF WY A
e ¥ 2t ¥ T fi Y
g 4 Ufd 3 awel
I ol (o L ©

ferd 28 (&) P oot 39+ 9fEw @
STERNG S offl Hitoehl & IHfSd Ul i A
(faferzor =t <forr) qen 3T Taed ¥ famor shad
ITeh a9 R TR e 21 RE T aeE W, St
fafertor ot o qi-<ed o we o WY wedl ¢ TR
T -8 W e Afhan Bl 2, I a1 aul-oe
% 3R FgH W e T Y Bl ¢, S o 2.8 (W)
T fe@mn T 1 sEeh Affe S-S 1 wedl € oeh
1 SFeS (maxima) oY TUT-<54 1 IR TFARA 8
S €1 fafeor 6t diskr %1 qaigEE o % ferg

Tk N gy (quantum)HTqﬁ'alTTl'qu fafertor =
T FdieH i Fell (E) STh! G (v ) o FHdwT
Bt 21 39 G (2.6) EN oF fRA STl -

E=hv (2.6)

T,>T,

draar

1000 2000
— s F-=om)

ferT 2.8 (@) T1-3=4 diggar qa

STUIfaeRdl feerish, h, i wiieh fXeRier el
S @ SR SHRT UH 6.626x10°% Js BIdl B

FATIH0T T T Hifedl | TS T & &l T
2 HE o = difedl o frdt ot 9rRE W Ee
Bl Wehdl & W SHoh oI Wl o < UEREl o |
o wel B w9a el @1 Sl b1 we e
T W 9 1S off 8 Tehdl @ W 37 WEl % o
o wHIE 9H T8I 8 Gkl
E = 0, hv, 2hv, 3hv, ... nhv...

3000
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39 fagid & oI uR, wiise Hfwek ¥ fafvy=
i W Idfoa fafetor & daa-faaon #t smgfa
1S U5 % WM o €I T AR L Goh|

o0 &
(1858-1947)

R el Tk S SifceRT SRR
g1 I\ T 1879 H Hf@
favafaeme @ Sgifasw Gfawt o
W.TAEL. T UMY TS0 il F T
1888 H wfer fovafommem &
sfeage e ferifesa fRfSe (Institute of
theoretical Physics) ® e fga foe mu
3ok g XU TN Faren fagia o fo 3% 51 1918
o ofifqent § oo R ¥ FEIa e T
I ST SR Afqewt ok o &= § oft
el e A

LEINEEECREIC]

T 1887 H TH. T2H 7 Uk 9gd &l foraed T foa,

o o angetl (S8 weferem, wdfeay, difsem,

TAIR) T Tae W IYI MG ATl YT ST W

St fot 2.9 o fem@mn T €, seleel feer 21 39

e 1 WenteT T wumE #Ed 21 39 wEm 9

I AR 39 YRR E—

(i) ®Tq ! Fde ¥ RIS oh T &f 39 Hag |
TR feherd €, e1eiiq g ) Iag @ selaeq
FTeehTE T2 e W YhTRIYS| o Thi oh o
FIE THI-HAA (time lag) & BIal

(i) TrRIfaa Solaeil &1 & YTl i diear o
G et

(iif) IR ©1g o foI Tk stfenerfires =Fad strefa
2t 2, 8 <meft &9 (threshold frequency)
FEd € IR 58 w4 e19fa R wehmer-farg v
TR T B 21 v>v 3Taf R e see
1 FS TS Hetl Bl 21 Tt ol TR TehTeT
1 G o T o WYl Fedl 2l
I GR TR 1 o1 IRYe Hifdeht o

el o STaR W 2 1 ST ekt | 39 1wl & SR,

TehT¥T ohi TRT0T ST ST T HIET TR i diodl W

R IE I CRIE

EEJR
BECR] 41q T
forep /)

‘Tr‘ﬁ(P ﬁﬁﬁﬁﬁﬁ?ﬂ
II|||

%2.9Wﬁgq—yw$wwwakmm/w
frafq #& & T 41q Ht GF Ga§ W TH [A=q
g arell g HT 0 ewvdt 1 4ig @
gl (i &l &1 3 U g grRT fird St
g S 3t AT Sl w1 AT Fl @

foref et 1 IR vl W, T seeRAl w1 e
AR T8 Helferd TS Sl shl oA FehTel 1 dieral
T o1 S Gehdl 71 FEfa wEr <@ T € T et
TRl o1 HEA Yol 1 Aol T 79 et €, eifer
T SRl T TSt Sl dterar T s e e 2
I o Torw, Wefrem o T W Al fepedt off e
1 TG T 1 ThT9T [v= (4.3 ¥ 4.6) x 1014 Hz] F3 Hel
Toh STeTl ST, <t SfF I Geh1ITeh SerargiHl ol FTehTas
&l il 8, W 9 & diel 11 1 HH el S Tl
v=>5.195.2x 10" Hz Tef@Ed W el S 2, d
TehT9T-foreggd e fR@r ar ?1 dieferm uig o forg
Tgeft 3T (v ) 5.0x10% Hz B

foeq-gaTa fafeior o e o Faen fagid
%1 TN i g R (1905) TehRI-Torq g+
I THSH | %A gul

g 1 Fdg W YHF S F THIA hl HN
(BISAT) o YT o1 ST THS ST Fehell €1 579 IS
T Fell ATl WIS U oh UETY] ok Solded o
THAA 7, il I TAF hI WA F X e R
<1 21 B i ol Torel SAfeen B, Sat € Sl
T SeigR i S 3R Fehifad Seieei= w1 Tiast it
3t & siferer BT S vl o, FsRIfad sereei i
TSt Sotl Torefq-gaehia fafertor st sTgia o g
EiH| wffeh T Al I i Sl hy® IR geee
1 k1 e o foTu sfareares =<ad st hy, (59
HEwE, W, ff F8d ) e | TR (hv - hv,)
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aeae MR
(1879-1955)

SR & a1 gu smafeR! sifaet
IR STead S favd o
e ifderT SRRt o ¥ TH AH
W Tl (SER AR 0 =g
)1 ¥ 1905 W, 5d 9 91 § TH
T 9o oftre o dehiel WerEs o, 99 fow
STTeTeh e, STSHT i 3R yehrer-fagg w9 o =Y
7ok A S 3 it o forehrd w1 g gufe
e 38 99 1921 H YeRme1-fogyq ue & S o

fau ifqent o Aiee ERR ¥ wetE femar T

PR I TS el TFEIARd 8 St g1 il
o &I (conservation of energy) & = &
SO0 ¥ U FTshifad solae@ @i Tifast St
TR 2.7 B & A 2

hv = hv, + émev2 2.7)

W&l m_ TTER BT FHHM § ST v SEeRT o g
3iq o, sifues daar ol YT | Il St G
sferer B &R aRommeesy e seeel i
e off 39 JA & qer § At ennt, e g
el oF WehTel T STEM TRA T B
faea-waera fafetor o ga sgaEr
WhTST 1 U1 THH Fehfd 3 SAThT o WA STTHH
1 Tearfa a1 Y <71 Tk T o 5@ HioorehT ferferton
3R YehTI-foeq 99Td 1 oSS ARAT i, W
HAfTHIOT 3 GREAS HT SRS HI S Fehall off,
o T FfRETd T8l oAl 59 S i 5 h F Th
& S o foh 9 WM feran sy o wenmet o o 3R
T LA S U B © - i WehTe W gd SHeeR
B &1 WA o6 SMER T 89 U € foh Wehtel @ A
01 & GHM IR Hdl 8| e 54 ok @1t fafenon

41

1 I B el €, 99 T wu S e e
A B ST TafehTor o1 H=or g1 7, 99 g T S
o1 (SAfqeRTor R faeda) <eriar 21 %o @R fafeon
1 Fafad URIST &l <@d g I8 Heheddl Thad T8
off| ST h1 3 THR HH § HIBT GHI | ST
AT M W, F GeH w1 (S -golaq) off
TR Il 8 R FEE F ©

IS 2.6

5 x10" Hz 3Tgfd ame fafeor o T A
RIS 1 o1l 1 UM SIS

&

T I &1 e () FeAfafad aeteon g/
S 2

E =hy

h =6.626 x10°*J s

v =5x10" s (fam 7=

E = (6.626 x10°* J s) x (5 x10'* s
=3.313x10"°4J

Teh A Il bl Soll

=(8.313 x107'? J) x (6.022 x 10*®* mol™)
=199.51 kJ mol™

ISR 2.7
100 afe &1 TF ed 400 nm T T-25 T
THIU YehTel ST HIdl &1 ded g U
Tehg IS HISHl sl F&AT i TUMT hifeTd|
'

dod 1 forRpd-wfek = 100 @ = 100 Js™
Teh HieH &l Sl = E = hv = he/A

_6.626x10* Jsx3x10° ms™
400x10°m

AW 2.2 FT At o AU wEwEEE & WA

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

2826 3.7 4.8 4.3
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=4.969x107°J
IS HIAl i T&

100 J s™

Zoeoxio=g 2lL2x10ts
. X

ITTEI 2.8

S 300 nm aT-<= = fafeor wifeaw Og
%1 a8 T ZHAA 7, @ 1.68 x10°J mol et
TS ol TR ScAfSd B4 Bl Hifedd o
AR o T o fau w9 @ w9 fha
Foll AEvAE BN? fRE yeifetn soiee o
IS o foau siftreran a-<=d @ Bh?

BA
300 nm FREH FT el (E) 39 TR 3 STt 2—
hv =hec /)
_6.626x10°** Jsx3.0x10°m s
300x10°m

=6.626 x 10'°J
Teh A Bl i Soll
=6.626 x10° J x 6.022 x10?° mol’
=3.99 x 10° J mol "

Hifesm ¥ T A soiaeHl o sk o foag
STERIH =LAAH Hol
=(3.99-1.68) 10° J mol
=2.31 x 10° J mol*
Teh oo o foalg STaedeh =[daq el
_ 2.31x10°J mol!
"~ 6.022x10% electrons mol™
=3.84x10"°J
THHT GG TIT-354 39 TR Sfi—
ke
E
_ 6.626x10J sx3.0x10°m s~
- 3.84x107°J

= 517nm (I8 B T o Y 4 Hafed 21)

A fagm

IS 2.9

forelt g 1 <eelt oMM v, 7.0x10 s 21 A
v=1.0 x10" 7" agfa aren faferzor &g =t
Gde ¥ THUA ¢, Al ScArid Seiai{ i s
il 1 TUMET FHifST|

&
SR oh FHIHIU o TTAR TSt SHeil

=1 meV2=h(v— v,)
= (6.626 x10°* J s)
(1.0 x 10®° s'=7.0 x10" s™)
= (6.626 x10°* J s)
(10.0 x10"s"'= 7.0 x10"*s™)
= (6.626 x10°*J s) x (3.0 x10"*s™)
=1.988 x10°J

2.3.3 gdifea™ gAaii-ieh el &Rl ok
T gmrer ;. wrHTiiaes WeRT

RSl T T SE HEAH i Wehfd W AR et ®
R =18 ToRd! 21 Tk A1 ¥ g d 9H W TR
#t FRT0T ST g U9 W g Wt © el sTudfdd
(refract) SN %I

S s P e T e g e
2@ T foh HH G-S8 1 X el qUT-oE w1 A
#1 ol | eIfuss g S €, Fifen w9t
T H 99 WE H gl q-<s ol a9 et 2l
TS YehTel 1 Tehor T wfeali ot U Sfa@en o el
Trﬂ'cﬁ% ﬁlﬁ!ﬁaa:n (spectrum)ﬁﬁ %I e,
et T2 gag sk Bl ©, 1 foaeer ged
FU IR oY HH W< a1 T e
o Afueh BT €1 WhS T o Yeh1yl, S 84 fE@rg <
2, o W& 1 WE 7.50 x10"Hz & ST 1 ¥
AT 4 x10"*Hz o ol T T Bidl | 36 TeH &
Hdd @E@TI (continuous spectrum) HEd %— Hdd
gEfT, wRifer ST 41 el O H SR e @ 8w o
foreran €1 o= 1 o Wy oft wE € B B S ST
H SRey ol ©, e off U € e e a1 81 A
Fau foh 3va gehmen fagd-gahia fafeton 1w =ga

* ferelt Tored o faw fafes (discreat) @i o Gidsy @i SO HEd €
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TIA] HT G

e wmt g € (o 2.7)1 @ fegq-garhia fafemo
T4 o WY AR TR el 7, df T 1R ST 3
Froll shT STEIITOT T Tehd & TS So Soll T W TG
A 1 S Sl TR OW Y STl srEeen § g g1 A
e T Sl Al tfuen Tl ey e ¥ eled
g, @ o fogq-gaa ez & fafu= &5 & fafeo
I e
IS qUT STAINTUT WeaT
ot w1l © Sl STARI0T oh 918 Scaford fafeTor st
TargH  Seg T’ el 1 TLHTI] ST0] AT ST
fafertor & sEwive W Sufed @ S 2 SesH
TR W i o fau fmel gfaeet 1 /e wh
tore faferfora ek Sott <t St & SR < gfaget
ST So1l bl FToehiier shdar €, d Scafera fafentor
1 T-<=d (A ) i Repie T femn s 2l
STORINEU] ST ST WaH o HIeUThE
frifea =t T i1 €1 <14 ek Faa fafeior i giagst

43

W STl Sl ®, 98 fafhir # g aw-as &
STIIOT R AT §1 oA G STeifoa fafshaor 1 wma
@ T-<5f =T Had e § et T i e
& &7 ¥ 7 e 2l

IS AT TR0 TS o STEF hl TarrHa!
(spectroscopy) F&d &1 S IR F@q= W%\'W
ThTST k1 TIFH HAqd Bl 7, i SqH 39T YR
H ol ¥ O qen qeft qe-ded sufterd gt )
THeh Todia T erereen ® TRATOIST 1 Scasi Wed
A W T qT-3eA | T ®9 9 9 6l
2, Wq 379 Shae gty a-3=af aren geRreT Scafe
B €, fSieh ot o ehTel T ed €)1 UE eRH i
Icfo fafetor Teen § aqsict W@iel & &9 §
Wi & € (F 2.10)1

TolRITeh TTET oF STEF H {E1-3cs ST
1 eIy Hew BIdl 81 Yok el 1 ST Tk fawiy

T 2.10 (&) GTHTUENT ST : BESIS WATSH (1 4l iR aw) @ SHferd Ghieel R ScafSTT JHT H1 T
o8 @ TR fafed @n-35 &1 3@ 7 gerdk B Sh &1 37d: Seqsid TIagH, S e ai-ae]
GBI Gg= 8T &, %1 ‘3@ Wazq’ el Sl 1 et Ffver SR & qfaqel  agd ik e @ wEr
gid &1 greiife HIE T WA (%9 Uh GHg W T & 9o e 9 g ekl €, fohg wArpsi & gqg o
guft Gora ST ST gt €, S 4 QEI] e Seif-wR WS €, d Scaford T 9 Wagd I g 2
(@) THTNT ETNT: 5 TS JHT Hl SFalord gEgie WA @ fahdt d@nfes (slit) ik ey fisw
T TIRT SIAT 8, @ 91 gl § e @-a=a (5 o 2,10 % F Scafid g off) @t diegar &1 s g S
21 78 ggfua wagq 4 uh 3@ Wagy Bl @ iR e Wagd &1 BIerEd ifed glar &
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@1~ Scs T Bl 21 TEEte fageron o qrem)
TFeH Y SARTATEAITR [T ST WA BT e
o fory S&ft YR S o W@ W ®, TN geR
S o e A= &l 9earH o fog s |
AT S €1 A a7 o WA o Scasi Tagh i
el w1 gened faem o ufasel i Eed 9
Tl &l TEaH oF fow Ja g9 (1811-1899)
gagem R

wdlfean (Rb), §ifam (Cs), dfermm (11), Feam
(In), TIfer@m (Ga), 3R whfgaw (Sc) 3nfx a1
TS 79 gg off, S 37eh @Sl a1 TareH! faveryor
e e ol @ H S (He) 0 &1 Sufterfa o
werzH! fafyr g w@ &1 T ef

BIESISH oAl 1@ WagH

< gregre T H farg fast yenfed foran < 2, @@
H, 1] foiifor it 3= Ssll arel BTeg ST WA <
&, S ferferer et aren forga-geenta faferwor seafsa
F 2| TS Teaed § et & wE St e §,
S8 SToh SMTThIeh! o 19 & ST STl &1 &R A T
1885 H WM YeToli oF STER R aarn o 3 wegdt
{@sTl & WT-HE (v) o €9 H H A fRA1 T,
3 TEE T F T T ) et

T G T ST Hhal E—
v =109,677 [z—lz—n—lz) S 2.9)

Sl n ek quifr €, et 94 3 =1 3 @ arfren
e ®, AUfd n=3,4,5... €l &

wtﬁrmaﬁm%@ﬁaﬁ‘w oy’ (Balmer
senes)amw%w@m@ﬁmﬁmsﬁévﬁ
1 Y@ form-gae Taed & 5w &5 § wd et
2| e & Th SagH deitieh wierd gt |
Farn o TRgeH Weaed & |edt gt & @

frfafad 3= gr < s gedt 8-
v=100.677 L _L o
= ) n12 ng (2.9)

G|%an1=1,2 ........ %\'Gﬁ'{n2=n1+l,nl+2 ......

109,677 cn! o A Wi TEgeH &1 Rgant
Terien (Rydberg constant)%ﬁ % n=1234

R IE I CRIE

AR 5 arelt Yenst w1 Wi Sl www wEda
(Lyman), 9THY (Balmer), 919 (Pashen), She
(Bracket) 92 %€ (Fund) STl seard 21

ROt 2.3 | eSS WaeH wi 3 S @
€ E1 fo 2.11 o STESISH WA 1 wAEH, 9 R
IR S o HeRHo w1 femrn T R

HRUT 2,3 UTHTU] BTSN aht Wee 3@l

Sroft n, n, WeHr a7
AEHA 1 2.3....| W
AT 2 3,4.... e
RINE 3 45.... ST
Ahe 4 5,6.... S CRC|
TS 5 6,7.... ST
OE====—"WI——N-—=-------—— nzZy
n=>5
n=4
*VV TR S0t |( STeRe)
n=3
TR AT ()
n=2
EREE
AEHA S (TR
YYVVY n=1

ferT 2.11 gI3gieT WA § 392 & GHAI (TeT
GFEA F EEH, S SN 9 A
fraré 7F &
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TIA] HT G

TISSISH o1 ET ey gft awall oF @ ey
FI gor H Fed Tl el €1 TR e 1 3@
Ty A wfed giar €, g it Y@ Waedt
FT AA THH B 1 - (i) Tk axd 1 @l
Tegn foei™ YR 1 BT 1 (i) Y% ad o @l
Teen o frafad gt 21
39 T8 U 31 © Toh Uk S T A0 BT A
HROT B Tehdl 87 1 ST Gaiel 3 el o TRAroetf
1 Selaifeh G W BT €2 39 YN o YAl oh
IW A TG 81 8 A W R 37 e & I
Y gH 3 qwl o WATet i Soldeitieh dXEl i
qaeH o gfaen gl
2.4 TSI UH] o feu |) \ise
TIESISH TXHTY] i G191 9ok TaH o HH=I
AN T TEEA HHTHS AT el 9 3 99 1913
T 1| S ik oh ol oh IR0 i STALIT
F1 3TN fean gafy aR fagia sy FEien
FifAeht TET o, TN RATY] TLE qen Tl H HE
TTAl 1 TEhETd ©9 § THH H ST SUANT fohan ST
Tehell 81 9k o1 Aisw Frefafed Sl ® e
T
() TEENE WA § SoaeH, Ae o 9’ W
fafeara fooan IR il ot JarRR weli H S| Heh
21 T IR T hl W HET A1 T ST
T AT Sl TR Fed &1 A FHed AfaE
IR SR Gehea &9 H Hafed el B
(ii) el o Soiae i el THA ok WY TR gRafad
Bt 7, qenfa i sotde e Toml T 9 5=
TR TR R T S, S 98 SATa9Ieh Shell hl
STARIYUT KM AT TF o Iod TR TR
H 19 T W A1 & 918 sl 1 Scds el
(THIRTT 2.16) | Hl-9REd Faq alieh § Tal
g /1
(i) AEF A TTC & TR STeensti & HehRAU
& THY ITERNNd S1ger Scafed fafwwer
frefefea w9 o f&an s " 2-

_AE _E,-E
h h

(2.10)

45

RUSHCIEY

(1885-1962)

2w ofifert SeifTk e a) F
T 1911 H iUTei foeaforme™
Y diU= S, T I T&0 | SEH
% I N ARG N I
TEIHIE o WY TH 9 foaqman 99 1913 H o ST
oie, et o Sfewd @1 7=t 1920 H sfe=ge iw
ForERfeha fhisTed o fRwes o1 wod favegs
€ IR A TEAY FeA o AUl A o fag
Wﬁ'ﬁﬁﬁ Frd foraTl 3% ¥ 1957 ¥ 'Atoms for
Peace' THM I 371 T 1922 § 9K 1 wifqent o
e AR | FHEIG fohan

Wl E, 79 E, %A f7e 3R 3= o7gma St
e 1 39 YR S ST SRl AT Rl
T e S 2

(iv) TR W1 HIUNT Gam Faifed g €, € g
Tl ofeEen H 39 f=fatad aHiet o gN
<1 ST ekl -

nh
myvr=— n=1,23.... 2.11)
27

Sl ‘m,’ SR H SemE, v A qen
39 Feql &1 e 7 e solee gHa )
3Td: Uh Soiae haiel S-&1 hell § A Tehal €,

S I Haw 1 7F h/2n 1 Ul 0T BRI
TheH A § HIUNT HAT Feifed el 21 S s
vl T o el T Faifed T hi B T
M W shial € dl fafehTon sl STariiooy S1efe Sedsid

RV HaT

59 YR $o7| M (m) SR W@ 37 (v) T [UHw
Yaes Ha Bl ®, SH YR hivid Ta (angular
momentum) ST TE (1) 3R FHI0HT T () T
TUFEE BT 81 m, TN a1 e o fa, S
ek o = 3R (r) B 1 gareR Fan ° 5|
@ R

IV GAT = Ix o
?Rﬁﬁh‘1=mer2 3ﬁ?w=v/r3ﬁvi’f@iﬁaﬂ%\

3d: HIvT HeTl = mr?xv/r=myvr
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Bl 81 31 Heree o1 Torga Skt fogid @i @

Tl e T€ wRU ® TR P ffvea wer & emma

B 81 9 T T st 1 St ok foreer o

faoa & < T faegd SRR ST! Sfee @1 3Td: SH

ST Y heqeT | HHeAr S| 9R fagid o $TER

TEgIST WA < fefe—

(%) Soie o foru womft sterensti &1 n=1,2.3...
o SN T fRA T R T YUl i qE
Fdied W& (principal quantum number)
FE A 7 (TS 2.6.2)1

(@) Tt staeened i st & fr=fafed €9 4§
wefiTa e S 2-

r. =n’aq (2.12)
Sl a,=52.9 pm 9 YHR gl TRl sewe,

S “9IR e’ el Sl 2, 1 B 52.9 pm @ 21

YR BRGNS WA § Serareid 6 el (n= 1)

o U1 S Bl n S 9G4 o G r ol A aedl 21 T

sl W, g A ¥ X suferd B B

(1) TS W Fefed Tod Heweyul oT TRt stae
1 Sl 21 38 FreAfoad g gry fean s 8-

1
i)
n

Eidl R, w1 Reart feerien, (Rydberg constant)
#ed €| TERI WM 2.18 x 10-18J Bl 81 faw
STTET, S ‘Jorer eteren’ (ground state) ot hed

e n=1,2.3.... (2.13)

. 1
2, % S E,=-2.18x1078 ({37) =-2.18 X10"5J &
n=2 al TE sEe o fau Ssi E, =-2.18 x

1 .
107 (57 )=-0.545 x 10718 J. gl fes 2,11

TISgIST WY i fafe=1 Tt srerenat | Sefl-wll
F1 Seitell i fE@mE T 71 gEh! (e wR)osma’
FEl T

e TR E o YuE 4 Yo Bl 2, qd
Foit 1 A I forn S @1 uE feafa | seiee
& W& n = co 1 TR 3fereen § Hafad il ©
TN AT ETEGIS UTHIU] FHEAdl | 5ol Seiaeia
s G SATeRfid eI © A9, el § Suikerd e

R IE I CRIE

2, T9 Soll 1 SeES Bl © 3R hh! el e
S &1 TR (2.13) W 3R fag 6 Rl e @
SR THRT I o w1 TR SR FA n=o0 h
ey § gEeh T i wiin B

TESS WA & fIU RUTee getagiieh
it (E,) a1 o ot 272
BRSSO | B H9d el | ol o AH o
v Tog Bl 8 (T 2.13) | 7€ k01 g &=
Turten 2 38 H0 foag #1 oref 7w ? fom Ay
TAGL 1 SHoll (LR T H Toda Soiaed ° Y
21 TR (rest) 1o § @G TR 98 SeRH
eIl ®, S TR W od g0 W el SEeRT S i
¥ W o S 21 i § sgent o1 9w © R
THHT (2.13) H n = W 9, 599 E_= 0
T el 21 S & geleeiq e o ure ST @
(SF— n ¥ 2), 98 & E, &1 FRua w9 aga
Sl ® SR Fg 3Afeeh oAk Bl STl 81 W n
=1 B, q9 Sl ! HH a9 31 FHOMHS BIar
2 @R % wen wag atfuw w@rf e 21 eW 3o

‘qeTey STEEl’ wed B

(%) TTEISH WAT] H SURd Toh el o HAH,
3 AT, T oheel Teh gl Bl B, W At
R < Tagid 1 @] feman ST Hehdr 71 Sreonsd -
He* Li?*, Be®* S| 39 YR o 3T (BTESSH
o T TN wedd €) W HelHd T
sraenstl i Heid frefetea g g
WW%:

18 z?

E,=-2.18x10 [F]J 2.14)

e 1 Frefafed g gr fean s 8—
52.9(n?)

a Z (2.15)
Sl 7z wEv] gen ?1 dferm ik ofifm
TRAET o foIT SR A HHW: 2 S 3?1 ST
iRt o I fafsa ® & Z & sig & W Sl B
M 31fush e el Sl @ qen B &9 &1 S
21 58 @1l 7% ¢ fon soieeia iy 9 ggdrgde s
g /1

pPm
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QAT i HCEH

() 2 FHenstl § i Fd g geiaei o o ohi 0T
#E f w9 ®, T e foy T w9l
TR0 =1l el fean e {1 oncHes &9 9 s
T ORI o S o 1Y el 1 AT adl ©
A YA FeH WAl o 9 o WY I8 el 8

2.4.1 EISEINA ok I@T e shi ST

TR o Hisel 1 SYAN $hich @ 2.3.3 | Fd T
TIEGISH A ok 1@T TeeH &1 AT S &4
T 1 S Tehell 81 S o 1R (ii) o SR, e
Y 3= A @A & & Hal § T i W
fafepzor (=) o1 SrEeivo g €, Sefeh fafenor
(SST1) T IS SR o Sed | T e & 2R
TSR 1 T T W Il €| ] hensd o |ie oh
Sl o A TH HHIHOT gRI A1 S Wehal B

AE=E, -E (2.16)
FHIHTOT 2.13 3T 2.16 w1 SAgd W

R R .
AE{—H—?] —[—n—‘;j (STl n, T n, SHET: STRAER
: ,

1

3R sifem wam =1 TREE FW@ §)

1 1
AE=R,|— - —
H[? n?

1

A
A

. 1
J: 2.18x10 ISJ[ﬁ— ](2.17)

THISHT (2.18) T TN shich HIEH o TR0l
T ScHs W Wafed g (v) o qeieh foh S
TR B

~218x10"J (1 1 (2.18)
6.626x10**Js(n? n;
=3.29x10" (%—%)Hz
LS (2.19)
TG qE-HEA () T8
Sov_Ra(1 1)

- 3.20x10%s' (1 1
3x10°ms™ \n? n?

1

47

1 1} »
5~ 5 (M
oy oy (2.21)

Wmﬁnpqﬁmﬁﬁﬁ
MG ¥R il © al Sl 1 STETOT Bl €
T AR IS TaeH § > n 861 R, AE HUTHS
B B q1 Soll g Bl 2l

Tefiertor 2.17 Rgert gefiewtor 2.9 & S €,
59 ST 99 W Suas YA Sieel gN Wi
foRar T o1 ek STl BISgIS URHTT] o STERIyol
qq IS WY B YIS TWaeHl W@ TH fou
GHUU & WA T B hE BRGNS AR %
T 7R H e G9e GHAT 3@ o THd § 31
I8 T e W@l W et € et weHt
H1 o 39 ad W AR w7 R T wEe
T3 I g o fehad Wie Steifd =
IS B 2l

IEEITT 2,10
BEESSH T H n=5 ERA T n=2 3aeq

o HHHU oh SN ST hieH i S

3R <=4 M EAl?

=1.09677 x107 (

'
Hifh ni=53ﬁ'{ n.=2,

37d: 39 GHHU 9 9FR AU B Teh TIH W@
I Bt 2

TR (2.17) @

AE = 2.18><1018J[5i2—2i2}
=_4.58x107°J

T2 IS el 2

TISH i ST (el &I IRATT & &9 9 o
BU) 39 YR & ST Fehell B—

AE
V=—
h
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_ 4.58x107°J
6.626x10 Js

=6.91x10'* Hz

IETEIOT 2,11
He™ &l 999 el 9 Gafed ol bl 0T
FIT) IR =T 5 59 han o1 Bean = ghft?

BA
2.18x10'8J)z>
E, L 5 ) atom”'
n
He'svfauw, n=1,2=2
-18 2
g, =-218x10 J2)_ g 755102

12
HHiRLOT 2.15 9§ e w1 B < S 2
r - (0.0529 nm)n?

" Z

Jfh n=1 3R z=2

r - (0.0529 nm)1?

" 5 =0.02645 nm

2.4.2 9 AleA ot GG

30 IS Gig Tl o BESeH WA &1 SR Hied

TIHIE o AR Aled W dgaX ol SRS AT

T THh W I Sl (SE— He', Li2*, Be®*

TAME) o W@ Teed 3R wfde & e 9

Hehdl o, Wfeh 9R &1 Afed f=fafaa fagst &t

AT T8l HL Hh

() Rehd Tieedl el g W BIEg ST SeRH
T & G [f5F (doublet), e IE-9H
feora <1 @d] 1 AN w4 ° fawe w©IoTE
TiEd BIEgIe oh STaal 3T THIV[S o Tiaed
F A HH H ATHY @I SR & o,

R IE I CRIE

Biferem weamy, fSraw oheet 31 gefee@ e §, 4R
o1 fagid gashia & o Tagdt T & faaeq
(S worE) @1 fagq e st sufefd o
TegHt @t o faured (Weh-9ae) &l T
wE H O fawa @
(i) T ®, I8 TV & THETH STE g ST
TAM HT AT B RS Tl HL Gh|
TR I H, ST AR st v e o @
HI G o G AN Bl AT HL k|

2.5 UTHIU] o Felieq At Aise aht 3T
AR Hied Hi HFAl Dl A H WW@d gL WA K
fau eifuss Sugs iR GeRY Afed o fak &
g fRT MUl 39 YRR % Hiewd o i # 5 3
Hewaqul qedt o1 stferss aneH @1, o fefafea g

(F) &4 1 g HTER
(@) BTESer &1 STfe=aar &1 fagra

2,51 g T gd HTAER

i fifden S 2 sl 3 O 1924 H gfaifd
foran for fafertor &1 @e o 1 ot g0 Feer T
FHET Y, 1A 54 § H0T I T— I W& h
07 BH =fey)| s 1 7e B TR S| @ wie &

o 2 st
(1892-1987)

TR i SRR e < il
4 ¥ 1910 o IE § H@H N
R 3fae™ venl yem favaas o
A ed-TaRo & forg Skt
g g1 ST 9. faam &
9fd IT! ¥fa SFA 8 Tl 91
1924 ¥ 311 URE foreafoame™
q SLug-H. & 3wy 9 H
T 1932 © AT STEhRR W § T 1962 T o
IR favafaemea # o =r R

T 1929 ¥ 3% wifqent § eel [EHR Y HL ok
Frrfa TR =
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TIA] HT G

o Ue q-<ed B €, SHY aWe geleid il W WA
3R -2 g =R ivelt 4 39 deh o MU’ W
fopredt wsref o o1 ok forw - (1) dem W (p)
o o= fefafaa g9y Far—

po v _h

mv p

SRl m U H SEEM, v SEHT AT R p SHHI
T 1 2 ittt o 3 fa=mi 1 gt y@n g7 ad g8,
e T @1 T TR geie[l o S o faeda g €,
S @ T weror 81 39 TEgid o SMUR W SoieeH
el T A TR S e
W IE YRR S 7, FoRT Jeahi Tremor gewset shi
T TR KT T UG R oM@ #1 emyf
IR Wiy | golae geHeEl Tk Hewgul
SR 7, Hife 399 R aifagen w%g # 150
ARG T TS HIh @1 S ekl T

Tg &AF 31 arg o1 ¢ R < el % TER
Yedeh Tasiiel oRg W @ o @0 8§ HER
TEgeNl w1 U AU BH °h HRU 3T Hatdd
-2 gt H el € Toh ok o S Tl 1 el
TE =t T, WY el 3R T STAIHTLh N,
fSTeRT So7AM o5 w2l €, T Feiferd @r-<eaf 1
AN gRI YEe S @1 g9 H Ky T afen 59
ToTeeR ®9 9 fHg i B

(2.22)

ITEIOT 2,12
0.1 kg SoT9H 3R 10 ms™' o1 | T Y &
T WS FT G-I F e

&

3 el FHIRTO (2.22) o STHER

h _ (6.626 x10°*Js)

~mv  (0.1kg)(10 ms™))

=6.626 x 10°°*m (J = kg m* s™)

ISTET 2.13
Teh SoaH 1 FAEE 9.1 x 10 P°kg B AR
A TS Sl 3.0 x 100 7, A gHH
- & e

49

'
<fer Tfest Sott = émv2

v (2><777"FIFIWJ”2

m

(2x3.0x10% kg m?s> )"
9.1x10° kg

=812ms™

A=——
mv

6.626x10 Js
(9.1x10°"kg)(812ms ™)

=8967%x10°m
=896.7 nm

ISR 2.14
3.6 A° TUT-254 oo aTel U Bl o SHM
i T SIS
'
A=3.6 A=3.6x10"m
IS T AT = Y1 T o7

h 6.626x1073*Js
m=—n=

Av  (83.6x10°m)(B3x10° ms™)

—29

=6.135% 10 > kg

2.5.2 BgSEl Rt Tfyeaar fagia
3 AR Tafehur o 2e SRR o hoRa®y Tdh A
Jifaer Ik R eEsert 3 9 1927 H arffyeraar
1 Togia o sooh o1qen, fordl soiee 1 wel
feorfa 3TR &Y a1 o1 Feior W e e sEYe 2

h
AXXAp, > —
Px 4n

(2.23)
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3o AxxA(va]ZL R AX XAV, > h
4n 4ntm

W&l Ax w01 i feufd § sifafemaar iR Ap,
(Ap) AT (F1era ) H Afrefaadr €1 THF TR,
ot gotarei w1 =ene feerfa afiw gened o w1 frafo
Tk 19 HET G T TR VR H, I g w1
faoerar Tel frorfd @ 8 (Ax 9 ), d9 SoiaH o
a1 | sfHfEar (Av) s Brfl g @, afg
TF w1 9 fIegd ¥ 96 © (Av, FH ®) @
T 1 feerfa (Ax tfusk) = =it el 39 TR
IfE sotee i feorfq stuen a1 W % wifds @
o <Imd, ot 5ok aRkoTe THY F ST & e B
sTfyaam f9gid 1 T 3] oF §R agd Tos!
TE TH S Fehal 1 WA oAifoy fop wiex o foreht
HAfafed T @ fordl ®r &1 GeE 7 % fag
AITY Y Sl &1 T W GROTH el e B e
%1 WK WE-TEl WA ok o1y STeh] IS i
e ¥ ¥ THE A fafgd STRT 1 ST ATl
BT 39T YR soiae i frafa =t fuifa +6 &
T amaeR! U UH WM 1 SrEveshar e, fEen
YR ST i famreti ¥ S Wl | 81 Seiae
o1 fearfd T 3 o6 fow 34 39 vermt = foega-geehia
fafertor gRI WeTe AT BT YR WehTRT Y AR5,
SeiaeA i faHiel § &H B! 96T, T UH Yehmel oh
TISH &I Tell 9gd Y BRf| TH ThRT 1 3=

. h y y N
o [Iij AT Il SR | THhU- W SThT

ot § gfeds & < fedde 3@ ufean 9@ '™
orR A Rl A SE-gE e A
THTA T UfhAT o I¥E BH STk o o o) H a8
FH SRR B
rtfYeraar fagia =t "<

BTESia oh STffvead fam 1 T wewygul Mfeard
7 ® fop =e fram fafvea ond =1 weiw 997 (trajecto-
ries) o fEdda o1 Ged %Ll gl fre fie =1 yay
Ty fg=-fa= s W sHet frufa wd an 9 fauifa
foman Tan €1 4fg ed fdlt fowm e W e fUg @

R IE I CRIE

feafq wa o qon 39 W 3T &40 HE FI W@ daAl hi
SRR 81, 9 98 o Tehd @ fop 9= o fRell wHa
¥ firg el W e 31a: 80 98 frod freed € 6
foret fire =t frafd wa 3 @ 39T wev-uer fafved
B I B ik goee S Rt sty fig
o fou U et 3Tt ferfa ua o &1 femon fedt
&7 Frenefen o fodt aifsd &< qo dud e 81 gaferg
TR o HEU-UY o SR | o e g Tl 2

BsAar STl fagid &1 uaE o g
fiel =t 7fa o forw 2; Tya el & fou 95 9w
AT T 21 39 SV H TS UL ST Tehell T

g T el (10°kg) SHH ame fie W
siffeedar fagra @ fean e,

h

4n.m

6.626x107°%* Js
AV.AX = =
4x3.1416%107 kg

AV.AX =

~1 0—28m2s—1

W Av.Ax 1 | AH HH To 09 2|
THfT 718 el S Hehell © T foefumm e & fiet
(o 359 =2 fUel) & fou faar w3 w79 dag
ffyeaand frdl aredfaess aftom &t &t =il

TH WH selaeH o 99 Y& e & foe ara
UM 16T 3o el 81 UE SAiveadnd arsdass
ufome & B ¥l ST TH 9.11 x 10°kg
SHAM a1C] Selae oh ToTg gleser] SAffy=aan fagid
o ITIAR—

AV.AX = h
4mt.m

B 6.626x107* Js
4x3.1416%9.11x10*' kg

=10*m?2s™!

o ATgE Te § TR Afg soeeE W wel
fegfa 108m =t s1fafy=aar 9 S 1 99 S
FHIA S, O o H AMREAd Av w1 HH BRI

10" m?s™

10° ~10*ms™
m
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TIA] HT G

g sffv=ad gat aifers ® T soiee &1 AR
HefsT H T hIar gT T il FoEd STALROM hi
STYTATOTeR iferd Y Hoh| aTd: @At 31 o & foh
FTOaE i feafa Ta8 W & URYE weA @l
UIfehar sheM | Ufawernfua T R, ST U
TR TIU T T T HeT W T 2l W
THIY o FAlH A Hied § Bl 2

3AET 2,16

T TIe i 7% 1 SATH 40g T T 45m/s
21 3 T AT 206 T F ST TG S TRl
7, < feafa o sifafysaar &1 o sifsa

'A
T H 206 i AT €, St

51

T gTEsHeT (1901-1976 )
R e T frvaferarer
9 1923 ® ifdent & dros e,
T UMY YT h1| I=IH q9 Teh
o Her o o T1e =i o qen
A o ol 9 B W Hiet 9 ok

e oA & B 1927 | 1941
ek it T o sifaest o wrheR W@ fgda favegs
o SN 9 TR 99 R SET U & J9H &)
TG & 9% 5= TS | Hifdeh] o Her wiish GEIH
w1 e Tfea foran 7o 3 T SH-AF geariE
91 9 1932 § S Hifqent o el kR 98H fhan
T

ISTEAUT 2,15

Teh YA ST Wl Bl STANT hich ferdlt
] H e[ i 0.1 A g o Sidid SEhT
feorfa ST o foTq e @1 €1 39 A A
¥ siafifeq sffeaaar = €2

T

Ax. Ap=4£ or Ax. mAV=4£
T T

_ h
4. Ax.m

Av

6.626x107* Js

Av= -10 31

4x3.14%0.1x107°m x9.11x10% kg
=0.579x10' m's ' (1J = 1 kg m*s ™)
=5.79x10° m s’

45 X i=0.9ms‘1
100
TR0 2.23 T STAT Heh

h
4tm

B 6.626x107* Js
4% 3.14x40gx10 %' kg g7' (0.9ms™)
=1.46x10°m

S gEdt QY] I oh AT T ST
10'® 9 AT B1 ST YRt S S Gl § 9
ol o T sAffvedar fagia aRygs Ao &t
F1g srefqol T faeifa T war 2

AT HieA hl TaHAar oF o
379 SR Hieed &1 fawetdr o HROT i 3779 THH Tehd
g1 IR Higet ¥ Uh T i Tk AR H01 o &Y
o e o I/ IR fAfved gameer wast | gua
B T ST 8| 59 Wied H Sela= o qii-o1efol W
FE faer 7 fvan T 21 3@ g w g w/e qsft
uRkenfra fohan < Hehen €, S sola 1 wel feufa
AR W& AT— HI Tk WY A6 Bl gESeT o
Tagia o oER, o G9e T B1 36 YR BEeSH
THIY] 1 aR Higd 7 had 9 o el HagR &l
AT XA 7, Sfeeh ‘wTgeent A fagid o
fauda ot 21

T YR 1 T&S HHSNI oh HRUT IR ASH hi
3T T[S W AR T foRA S WeRTl 3T TLAI]
HEAT o 91 H UY o=l 1 stavarena of, fg g
A Higd Fod o qI-HU dfd qel R 3R
‘grgsent iy fagia’ o SI%9 Bl T Faied
IRt o6 I g 9 a1l
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2.6 UTHTUT SRl FAieH HAfAhid HigeT
ST gd G H SqetrEn T €, ged o (fd o
o TR W fowfaa faama it gr st uemeff
(S9— fRd 8T WeeR, weRt o 8¢ Uel offR),
fSTTohT STEER U1 SIGT BT §, T I 1 TheIaTgesh
Ui fan ST gt 7, fhg w9 =@ oifq gaw i
(S gerarHl, STt SR wRarEt) W ooy fwe
ST €, i 718 farthet 81 a1 §1 UHT @ Rl RO 98
2 f foRuma ! 559 T § STIREE FHU oh
e SIER i HehouHT qef ff=rdar faw =) Suan
FXA T 54 ok el FIRR Hl A H W@ faskiaa
fogm =1 Faten afrent (quantum machanics)
Fed €l
1fq ge aegett 1 faat &1 steE foman < €, S
T R FH1 A F O @A 1 AE T e w
Tt ok frrei st fafye et 81 St saieq it i
Ty gl (Feh forw qafta o erfemg B ) W
o] foan < €, qe Feraed it o wfom s9
& 9o Wi e 2l

T 1926 H o gSe SR 3T sifesw g
ST 3T FalleH AR o1 forenrd feman | =&l ™
B sifesk g/ faenfaa ‘Faien Aifaent’ w— & ==
Y, S TN R T o ol 9T e 2

Faieq AR F1 Ja THRW fESR gm
wiqafed e o suek forg 5 9 1933 ® ifqert
T oA R YSE fHa1 T g8 gHieRwn, |}
Sl g ST T U o RO SR q ATt qed
SRR H1 SF § Wl 7, FIH! SIfed S| 3ThT 7
FH o foau 3=a 7o w1 aiued I e STavas
21 39 g i fafa= fermEl ® o] 6 & 9"
< Bell oh IR H A9 3N i e H qed|

W R (SH— Tk AT A1 370, SRt Sl
Tag % o uREfdd T2 e @) o fau sifes
FHehI0 i TH YR e S 2—

Hy =Ey

el H s TE SR (operator) 2, 5@
‘it wed §1 AifesR = saman & fem #t

R IE I CRIE

oA Sl oh Aok U TH GhReh il Sy for@n o
kel 21 TRt fehma &t et Sotl, ST STaaeHIes
FHU (S SR feR) T TSt St el qen
Tifgent oF o9 STREU TE Ufdehuul fava ¥ gafud
21 39 THI0 % T © E 91 ¢ % WM WK e &

EISGIS UTHTY] q&AT TSR WHihTuT

T4 SAfESR THHRTO F TR AN o forw ga
e Sl ©, a9 SHH Soeei o H9E Sel-&R 3R
Ik WA - (y) T el 21 A Faifed Sofi-
T q1 37eh | TT-HheH HfSSR-HHIHIT o6 B
& HOEIEY W F ¢l TR dM JeieH-Hemsii—
[f&4 #EH-T& »n (principal quantum num-
ber) farett Feiey & l(azimuthal quantum num-
ber) T Jaeh1d FleH TE&A, m, (magnetic quan-
tumnumber)lmﬁﬁgﬁ?mw%,ﬁ sgifest
G0 & Wihideh 8 © W Bl | 5d Seieria
e Sl TR ° @l ¢, @ ST "I TT-Fed o
TARM o a8 H WS SRR fammE g 2l
TI-He Teh T ®er €, fget am wam) o
Telae o fdenel W fadt wwar ®1 zEe wiE
difqer eref T e 21 wEgeE iR SE% @AM
oS o T8 T g qW-hed &l I
*&&h ' (atomic orbitals]sﬂﬁ %I T YHR Teh
TR TS o - T ol (e

e Aifesr sifegan & sdifdent

o SR 91 S §1 1910

H gifoes difqt & form
fovafaerea @ @ TaEl &t

S T Y| Ak ok hed

W G 1927 H IoH dfed

fovafaere™ & wis & 9]

FEIR Fe T 1933 |

feeer 3R Asht 1 Hifear o

foiy & o HROT A BIEHT T 1936 H 99
A die Tu) e W S o ST & 9
S 3= 7= % U% 9 g A T e, 3§ el
(Safer) =t T, el 9 T Wi 9 @1 H 1933
o 5% My T fete o e wge &9 9 ifieht o
o qERR ¥ TG foRa T
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TIA] HT G

FeAd &1 T ] | fore fog W geleei™ o sIH
* Wi 38 fag W |y® % wEe e 2
TSN W] o fau Fied AfAHT g7 urw
TROTH TTEgeH THV] o Waed % gt Teqst &
FheldIgash N (predict) Y €1 $&eh Afdier
Tg 31 F qREeet w1 ff e w3 ®, S AR
Hied g T &I ki ST Hehl |

ATESR FHIHTIT ! Tg-Feloed T[S T AN
FH T U FD RIS E A 2| Tg-gelari
TS o fau Aifgsk Tt &1 Fened (exact)
A @I A S gehdl o1l $9 Hfcds &l Af-idhed
fafy o5 I9FRT g0 X fohall 7M1 S | MO HH
W Ul =o€ TR eregeT o SAfdiien v wAnget
o HEF TEGSH WA o FHEH § dgd AU
i1 et &1 57 g faera e o o s o
RO Bl €1 Theld: ek 9 B 8 W 21 Y
3TN o IUWST 2.6.4 AT 2.6.5 H UG foh ag-Sarae
THET o Hereh] i SSU n SR [ Fied e
W R Fxcdlt 7, TR RS WA o HeEhl F1
TSl hael n wEEd el W AW w2

UTAT] o FeleH AfAha IS o UHE &0

YTHTY] <1 FAIEH Ffeh1T Aieel TLHTI-HTEH1 1 98

o & S wmEt W gifest iR an) w9

W Tl €, WA % Feied AR Hied o

el demn frefated §-

| THET § Seiei H e aaied et § (St
T hael $o fae oM € 8 gehd ) | ST
o feru—sfa AT o e e ¥ &Y B €

2. SolERHI oh TR S T % RO SEfed e
Foll-TR 1 AR T IR AIfESR
eI % A B e 2l

3. Trdl W] ¥ soered St wal feerfa den 98t o
1 Tk T 1 ARl R S Hehal @ (@Tgeant
sTffeeda fagia) ora: frdt wam o soieeq &
w1 o gifem T T e s Tk 21 sEiferg
79 W] ok faf= foge W seiee & g &1
WIfaekal (probability) 1 Heheadl o aR ¥ 1
% E1 38k SR § 9 A TR

4. Torelt TXuToy ® SelERIT o AUT-Ted Y
“URHTO] ek’ hEA &1 59 Th T-Fe 5N

53

et ToeRA 1 STen # Sl 2, 9 8W g
Fed € T o9 3H werek § Sufterd ?1 i
fendit goierei o foTT wIgd © aT-Whetd & Hehd &,
3F: TATY] W S UTATY] ek B §| IRATIE
%1 SRR e, 37 T Soiae hardh auTl-
el A1 ekl TR g SMeIRd 1 Uedsh sheteh |
TS 1 SHoll v erdt 21 Rt off hereh o
2 Y 31 e el T Tehd 2 TRl ag- gt
] | el o 9ed gU %A | fafy=r weeht |
TAHRA W W F| o: 9% oA WA |
Y% SR oh (AT Uk halsh qiT-%held gidl
2, S U ek 1 fenafves el €, for
TSR SURA Bl 1 WA | SR o aR
T O TFHIE SHh heleh -held y |
3ufterd Bt € qen FeH AR & g ¥ H =9
SRR 1 WIS HA G 8 a2

5. fordlt oemm) o fopelt foig R SRl o6 Sufeerd B
%1 Wil 39 fog W F&eh T-Had o o o
FAAR Bl ¥, Srefie 39 fiig W |y?| <R wfremar
¥ (probability density) el Sidl IR
THEN AT gl ¢ ferdlt wwwmoy o fafie

fargell W |y?| o W @ Tk & W eiT
IE AT T Ul AT G9e &, &l U Sela
& UIT W St WA 3tfeeh g

2.6.1 haTeh 3T FGeq H&AT

et wam] ¥ % etk W9 B ©| ONCHR ®9 o
T herhl | Ieh MR, Ml IR rfafa=mg &
YR T 3T a1 S Wbl €1 BIS AR o hafh
%1 21¢f I8 ® fop ek oF UMY SoieRi o U1 ST
ifehen 21fer €1 SEl YR, eMehia 3R arfafa=ra
Ig I 2 T Sl are ST ki wifgeRar et gadt
feam Y erven ws foen o etfies €1 Faien wEmet g
AT Shereh] T SR TRl S Hehdl 81 eieh heteh i
T Sren @St n, 1SR m, GRI ST S €
& e W& 'n', Toh A Ulieh Bl 2|
TR T 12 3...... M B Teohell T G Faleq &
Y heeh oh R 3 HIH! 88 qh SHb! ol o &
T 91 werl 21 BRSNS 3R 39 S e (He, Li
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a7fE) o foTu I8 31ehe B et oF SR a2 Sl hi
fefifia an &1 g Fdic G& | H (shell) 1 o
Tl STl Bl n T HH dGH o WY ST Herhl whi
e off Sedt 71 38 'n? gR & St €1 n o fAfeed
T T A o faw @it Fwaeh ] 1 TH R S
&1 3% frefofaa sreri grr <witan s 8-

n =1 2 3 4

M=K L M N

& F1eH WeA ft g+ o T e T HR
Tl 81 T YR H, seied i ¥ ¥ feord 7 €
<t T RO TeiaeA wI FERE AR ¥ R
B o foTT Sl 1 STEvdehal Bidl €, 31d: n o g
H Hesh I Soll agil

Tty sraien W& ‘1 F FHeTh FeH GE&,
THeTeh HIvNE o (orbital angular momentum) a1
g Faieq wE& (subsidiary quantum number)
off ed €| 98 herh o Hfeid fehR 1 R
FA R n o T AR & fAC 1 F 0 W n— 1 d%
n OF 8 "ehd 71 FAfq n % KT T I ok forw 1
A 0,1,2,...(n—1) B Tohd Bl

ISR 51 =1 Bl €, A 1 1 b Tk OH
0B 8 n=2 % faq | & Gwa AH O q
| 1 Ehd € n =2 o foIu [ o H9e 7 0,1 3N 2 Bl

YAF HIY H Uk A fYEw IURNT (sub-
shells) 1 Y- (sub-levels) B 2| THdl q&
I W STRIN H1 G ;o SR Bl 1 SEELoned—
e HI (n=1) § el TH IU-H B 2, N 1
=0 % 9T TN T TH YRR (n=2) W F q
IT-&T (1=0, )n=3 H 449 34-F (1=0, 1, 2)
B Bl p o 3 HA oh fa off G formn S genan
21 Tl 11 o SU-shiwil 1 feweia seien W (1)
TN YRS i €1 1 ok fafer= Al o | Su-shiel
1 frefafed fagl g swofan s 8-

1% 9M : 0 1

IU-FHE % g

HehaH (notation) s p df g h...

greft 2.4 B < TE g F9ien g o fau [
Huel W 3 G 3Y-HI9N oh Hehed 4T T 2

R IE I CRIE

AT, HeTh TS TRl Hg<d
‘me’ e ‘eheren’ T e WEM R €1 e (TS
AR A yfqaifed foran) Tifes o 9/l 3R T gaeR
9o B 2, T geee Tfa e 21 ‘BrEea o
siffeaaa fagia’ & ST9R, Soieed o 39 9 &
&l THeiRor T STHeE B 3d: | i hemed
H1E arEdtesh 31¢ TE 81 3ok e i et off
TART R 3T AT ST Hehall| 5k AU etk Uh
FeH FHE RN T Te WA W fRd T
TR o Q- W FUH I 21 39 A
FieH NS (n, 1, m) SR YRR fohan S wehet
B SEHT A Seler oh Tewnierl T ek e 21 o
Ay B sifae eref T g ], Wy W

o o, st |y[* B e o1ef g €, Rt ey
o fopslt fog W |y|” 39 fog W wifererdl s+ &1 79
=1 €, Wi e |y|” Wi T St wiresr
F WH A B |y R wE B e (W

AT STIId FHET I &) H [UARA AR R
IM I o UIT S 6T Gl Sl o5 L 2
(el W ST T B TF HRU 7€ T |y
H Fifem & Tk & ¥ TR 8 | eel @l €, W
T IS 3FH T99d | Uk HH 1 RKeR AqM1 7
Teha ®) | Torelt e 7 e s o soiee o
T ST Y e AR |y| SR W S st
o HE UGS i SIS WIS 1 S Fehdl &1 W
YR fordt wereh | Hefad soige™ faawor &1 aar
A e B

W'q Heh FEH HE&T (magnetic or-
bital quantum number) ‘m ¥H<ET AH EUG
werehl & fafom sfafara & R S 3 2
ferelt Su-1 o fAU m, & 20+ 1 9 F99 21 39
T T YR e S 2

m =-L-(-1),-(1-2)....0,1....(1-2), (- 1), 1

HA: (=0 ° AU m, 1 TH & W@iFd A1
0 BN ¥, FA| 2(0)+ 1= 1, Th s Hewh Bl &
1=1 % T m=-1,0,+1 B ¥&a ¢ [2[1]+1=3p
Heh]| (=2 F AT m=-2,-1,0,+1 T +2 (I
d &) B HhAl | TROE & foF om, %k AH | W@
AR | % AE o W W@ B B
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TIA] HT G
TR 2.4 SU-RIIT Hehdd

n l SR FehaT
1 0 1s
2 0] 2s
2 1 2p
S (0] 3s
3 1 3p
3 2 3d
4 0 4s
4 1 4p
4 2 4d
4 3 af

fereit o] H Yok FEF nl 3R m, T
e gRI gt femen S @1 e1a: Faien gemnst
n,=2,1=1, m=0 §N A0 FHerh TH Harh e ¢,
S TR W F p STEW F A 1w @ @
At ® Su-sh1er 3R SUH Hefed wHerehl &1 g
w1 Fery fem w3

L1 9 o1 |2 [3]4 |5
YT Gehdd s |pldlflg |n
HETh] HI TE 1 (35|79 |11

TR UeIshUT s : el TRAM shefh oF oy
fafeq <l oeien WEmel wl SR Sell, TR 3R
sfufarrg &1 TR w0 H TR R ST S €,
Tifeh Tg-Soeg TCHIBT H S 7T - Se hi e
wE H Y FieH HeATd v e € e g Y i (2
T qE-) 9 9 W B (@ @ o)
B <1 T e Tl gRI STHIT it o ST I8
T AN Fol-Tal ! SUT T Toba HLl B

G 1925 T St 3%@'—@%" (George Uhlenback)
#R @'E[?:WT e (Samuel Goudsmit) 3 Teh

55

‘TF-TRl FEleH T’ (m) e T Th
TR 310 318 W 3l 99 & TEHU il §, S
T & R IR FERL FHed THF YA 3T 3 W
TR HIA B TR VR B Toiae[ o STE iR
TAH oh AT EE| (intrinsic) 9dsh Il HIOT T
@W%IWWWE@TWWW&tOﬂT@T
21 3ok Ferel ¥ gU 3181 o et 31 sifufa
Ted €, 9 § eeku F6len W@ m % 5N 9%
foham S kel €1 m_ 1 HH +1/2 A1 -1/2 & Fehel
%I ﬁséagﬁaﬁﬁw ST (spin states) ot
FEd €1 W R RS IR 1 (S94 TR0, spin up)
3R | (Fr=rel 5=, spin down) §RT ST S B
faf=t m_ w1 a1t 3 el (T +1/2 SR gE
~1/2) faudia w=e ot Feemd § o w8
¥ aifien goee T B whd €; 3T I geraRAl
foudia =R g =)

e 4 g9 I e Hehd ¢ T =R sEeH HE

frAfafad SeEr dt 8-
@) n 9 I H G Bl S| TE HETh T HR SN
FHIHT B doh o1l T8id e =1

() n® Y H n SI-H A S| 1, HEH I i
AN €| Y& FehR o SU-hI9T | (20 +1) heTh
B €, Uiq Uk SU-hT H UH s heh (1=
0), & p e (1= 1) 3R 5d H&F (1= 2) &
Thd €1 | FD oS dF 9§~ TOF WA h
ek 1 Soll w1 o e w ?)

(i) m, FeH % A= F T=RE B L H
feu T forelt A 6 faw m, & (21+ 1) W9 B
21 Ta € W Y SU-%Iv | hee| &
Biet 21 Hen 27ef 7 B Ton herenl 1w ST
srfafa=mal o qiiehl o SR Bl 2

(iv) SR o T=IhUl o AT &l m_ s 2l

IETETTT 2.17
& Jdled 9@ (n = 3) ¥ Hafd ekl &l
el WA F et 272

B
n=3 7% fag, (o 0, 1 a1 2 AF §¥a 2l
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UL Tk 3s HeETw Bl 7, fres faw, n=3,
=0 3R m,=0) B ¥; 9 3p Fawh T 2,
fSeh felt n=3,1=1 3R m, =-1,0, + 1)
e B1 36 YR Ui 3d %eh B €, e
faun=3,1=2 3R m=-2.-1,0,+ 1, +2 &
ghdal 21 3AfAU wHewl w1 A qE=A
=1+3+5=9 T & G&A =n’, 37Aq 3
=9 WaY & ITAN Heh o TAE TF 9=
fohT w1 wehd B

SETELOT 2,18
s.p.d.f Gehd" T YAM ek =fafEd Faiey
s diet el o 9 H Sdgi—
(F) n=21=1 (|) n=41=0,
(M) n=51=3 () n=31=2
&
n l h&ch

(=) 2 1 2p

(@) 4 0 4s

(m 5 3 5f

(=) 3 2 3d

2.6.2 UTHTUL HEThI ohi STTRIaar

Topelt ITHTo] W gelaRgia oh e Aol AUl
T T SATTH i difqer 212 &l e 81 € o
sﬁaaﬁ o feeTent (coordinates) bl DGR ISE]
g 71 Fafy fafa= warei & faw o (Tifaew @ @)
% HeH o B9 § FId aU-%e e 9= g B
(a5 2.12 (F) I1sm=1,1=0)7n 2s (n=2,1=0)
Hefehl oh 3@ TN o ARG i oo Hidl 2]

S Hifqes Tt g @i 3 waren T fadt
fog W qTT-%ed &1 o (Ui y? ) 39 fag W
TAFTT o T 1 WTRehdl 1 switan @1 [fE 2.12
(@)] H 1s A1 2s HeTh oh g WQQFTTﬁa?f'*T?ﬁ
roh ®od o ®9 W <A T 7| e 9 3@ Hehd
g T 1sau 2s o o 9= | T€ <@ S Wehal @

R IE I CRIE

160
() 40
o 30
= € 2
> 80 <
s
10
40 0
0 T T T T T T '100 T T T
0 0.4 08 0.4 0.8
r(nm) rinm)
(& 5000 300
4000 240
T 3000 < 180
3] o~
> 2000 > 120
1000 60
0 0 —_—
04 08 0 0.4 0.8
r(nm) r(nm)

fag 212 (F) Fe&E WI-%ed  yY(r) & IRE
(@) 1s UF 25 Fe&Pl & (o718 r & HorT & &Y
o gierdr A i (r) H TRedq o sIRd|

% 1s e o fou wifdehar sM@ Afe W Afeehan
2, Sl AR | QT T e S 2 e R, 28
Heeh oh faw UIfFeRdl oM@ 98a oSt § ¥ T6
Tedl 8, Tt aga1 9RY Bl §1 S@-S9 r %1 °H
W%é@—éﬁww Afeehad (small maxima)
% Y 98 YA: Y o e qh Tedl €1 9 &,
el 78 Wfashdl S ¥4 B 5l €, ‘e gag’ @
‘e’ Syl B WHEIE: ns e o (n -1) S
B €, S1ufq g e & n o @I el &1
T 95 Wl 81 T IR |, 25 ek o forg et
1 GEA Tk qU1 3s ok forg <1 2t &1 317 o shefeh
o fou off 78 sl wehR "gdt 21 3 wifshar s
RedA A - 1Y o TR H gug W gehd 2 (Fo=
2.13 %) 1 37 foolf | fogett (dots) 1 =My 39 &5
o gelee Wiewdr sHe i 2

FHefhl i THfa i fafg= werl & fag
feer Wifehar o aTet HH-9ag @l (bound-
ary surface diagrams) R %! ¥l &1 9 YR
foman S wehar 21 39 fowaur | fodt e & fou
Teh Q’Fﬁ gREdHT-gag A ‘TFT‘I% (contour surface)
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) 2s
1s 2s

ford 2.13 (%) 1s UF 2s THTY H&h! & foq Fifrasar
T SIRG (o337 7 T 3T &7 7 seiaeT
UT §H @ G- & gelar g
(@) 1s TF 2s FH&Hl & [o7q TRAH-Ta8
IRG

=1 sTfEd forn st 2, o whrema ae [y|”
o feer #1 Ugifaer &9 o, forelt shern o fog 0@
% IREH-Hde STE F9e B 8, W fomet f{y 7y
FHeeh o fou feerR Wifgear =M@ o shead d
IRE-Td8 AR@ & Hed hl STHfA oh 3T
fregor A 9 7, fores g1 freifa e a1 e &
TR oF UIT S 1 WIehdl okl SAfueR (S
90%) Tt 81 15 Td 25 Herehi o forg qREm-Hae
sl i fet 2.13(@) o <9ien 7/ 81 319 U9 Hehd
g o =9 um uiys @« @ o ®, foew
TAHH UMW ST 1 WIfIhdl 100% B1?7 ST S| T8
2 for iy @ forcht fafeea g W ot soeeH o T
ST T h Wkl 19 Bl 8, 9ol & SqHT °H
9gd &H F A B gfae Mea R & ™
IRE-Hde SRl i S G5 TE ¢, fer eiee
TAHH o 9T S i WITIehdl 100% &l s HeTH oh

57

o afiean waqe 1 s@ Tield g €, e g
o s 21

< formati # 7 el Th 9 1 aE @ <
21 39 Tt 1 IR & 31T ol & qIT ST i
Il 909 Bt 2

TH YR 1s U1 25 HeTeh TeAld 3Hhid o 2
areqd § Gl s hereh Tieita gatafd o 8 § 1
off <@ T ® TR n 9@ oF WY s ek @ SR
off 9 Sl @, @1iq 45 > 35 > 25 > 1s IR &
FATH WA o 9 oh WY SAd AN ¥ R
ST B

o 2.14 5 dF 2p F&Hl 1=1) o IREH-
g oM@ feam T € 3 el | Tifew qa g
T B ® el s HerRl o foudd, IREH- Hag
@ AR TET 8 €1 SHhT T4l Yedish p- o
T 9 B €, TR ‘uiferdl’ (lobes) el S@Tl €1 3
YR T oA a1l 9 o SH1 3R feerd €)1 STt <t
el Tk S T Taef Al F, 3W qo W HigeRan
¥ ®eld Y Bl §1 Al p HeTRl &1 ST
AR Soll Tk G B 81 A Heeh chae A o
sttt o ew o =1 B €, it 3 wiferat
Xy A z A& F AR = A S Hewdr
Tl 3= 2p, 2p, A 2p, SR I W T TG
TIg SeaieHa & T m, & 9 (<1, 0 3R +1)
AU xy AR , el o o= wIE G T 21 TR
fo = == T Wi € fF SfF m, % @\
M B ®, o1d: A p etk g, fSen 21e1 aag
o TH T o oAd9d e &1 s hewhl Hi W&, p
Fehi o fou ot g=7 Faien 9@ & dagd o 91y
THeThl 1 MR SR FHofl =g &1 3r: fafq= p
Hefeh] 1 3R 3 Fsll 4p > 3p > 2p ®H U B
215Uk Nfafied s wethl o THM, p Hewhl &
WIfhdl- e el i I | ToRd g1 el &1
@ n-2 5/ § Wl 2, $1iq 3p Hesh & fag
550 91 T, 4p & AU I R o e ot s
%9 ¥ T 2

*Afe Wi e |y|” T D gE W W el 21 a3 wae W |y| oft wrh g |yt v |y| o fo uftdm-wa

TH gaH B
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forT 2.14 @7 2p F&H & IRAH-Tag STRG

1= 2 o o0 ek, d e hedl ¢ 3K g&
FeH &I (n) 1 9 3 Bl &, i [ 1 91 n
~ 1 9 sifues T 8 "ehar 21 399 m, % W HE B
T (=2,-1,0+ 1 3R +2) 3N T TR 9= d FH&h
B &1 d Herhl o qREH-gde @ T 2.15 #
feame o 2

9 d Hehl H d, . d,, d.dy T d, FE
Sl €1 TB R d HeEeh] h1 AR Tk S Bl B
R dfee d2 Wt i Bt 2, wifeR et shateRl
FSl SUaT Bd 21 n > 3 ad d e
(4d, 5d, ) 1 FHFA R Bidl €, wifeh ol qel
R 9= 2 €

=g el (1Uiq 59 wiesha-a9@ ®er I
é)@Wnp@Tnda?W$fﬂqm—W
T a9 W I B €1 T8 T U ToRd §¢ e T
s el €1 S ok Y, p Faw H xy I Aed
T 21 d, FeE | AAE § TR g N 2- 8 W
Xy e 1 95d gU & Aed ad B | 3% ‘R
e’ el Sl & 3R hIoia el 1 Hea 19 6 St
8, NG p Hereh! o foIT Tk, d merhl o forg & e
31 o foy 56t Wb i g B &1 St el et
& (n -1), 3toiq wvig g 1 i1 e 9
(n-1-1) =T AT BT

R IE I CRIE

faT 2.15 99 3d F&H & TRAH-GIE IRG

2.6.3 hHaThl eht ST

FESS W] H Selaid &1 el had & Fdied
e g Teifia eidt ©1 31a: eTggiet WA § shefehi
H1 el fEfatEd w § Sed 8-

1s < 2s =2p < 3s = 3p = 3d < 4s = 4p
=4d=4f< ..., (2.24)

3R 5= fot 2.16 o <wifan 0 B) Bl 25 R 2p
SHeTeh| i SThiaa f9= it , TR oft 57 Sl hereh!
2s A1 2p H Suftufd goiaeld &1 ol SR B
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3w sa | [4s =
_55
3s
2s 2p “2p
_25
_ls _1s
(%) (9)

o7 2.16 (%) BRSIST WA 3R (@) Tg-FerH WA
& FT T BV & FHil-TR STRG| S Y
o @TEgisTT WA % foTg FHIT G FIeH-HEA
8q fr=1-fy=7 fgmreft Fareq 9@ &g W 9t 3961
Sl GH gidt 81 wg-gelaeia WIS J Ta 5T
FIeH G T F&HI 1 Hoil 197 157790 Fareq
& a1t Fewl & oy =1 gt 21

THH o1l ol heTeh] ol THEIT (degenerate) chgl
ST &1 S U8 S T 7, BESe WA | 1s
etk Tad TRl feufq o 9 B 81 U8 dereer
3T (ground state)WFﬁ%l 3T Hheh § Suer
SIS e g Helifesh Yereral | AreRfid @dl @
BIEgISF WY H 25, 2p A1 3=d Hethl § UM
3@3@77[ 1 IATST STET (excited state) 4 wel
S 2

BIESIST WA o Tooid Teh oI geiereiA AT
% IAFE HI Tl ohodl U HEA Fied HeEAl
(IT) W& T, dfceh Hereh FoeH 9= (ST-HIT)
W off fasft St 21 ereiq § T gEa Feien wen o
Ws,p,d,f...aﬁwﬁﬁ?:f%ﬁ?ﬁ%lfm”@ﬁw
T JdIcH &A1 | Heehl bl sl 1 H s> p>d> f
Bl &1 So9 Tl Tl | I8 R 31fush Bl ¢ heteh

59

F H H TE HH dSES] hdl © I B
45 < 3d 3R 6s<5d=4f<6p M| SU-H &
T STietl 1 HRUT Tg-Seioe TCHTYET § Seiaeil
o 9 H Uit Y SUCfd 71 wTegeM WA H
SRUTERTG Seleri 3 e A1feh o o= eyl
ThTH g S TR €1 ag-selaei et ®
TS A AT o e SR o STefrel T o
Iqfkerd Teh Seiee o1 R © Wiaeuor off g 21 5H
YhR Ueh Sg-3iae WA § Seided 1 T
HieRtor 1 qor | atfueh SRt s A €
Yrd: 9l 9§ Iy ol o 3
TSR W Hiaentu S fohen eifieh Hewegel )
TEA AR Ah | G (Ze) 9 o hRUT Seiarel
o SRt 3= TR wedl €1 39Sy Sivh § Sufer
TARA % HRO SEA HIN HT TR AAE h
A (Ze) T W TRe TegE &l FI UM T, i
AR SRl gIRT ATk oh SIS T 3T 3TTeRoT
o SHI0T 36 3TE¥ 1 IHE qU T&1 g<dll 36 STaie
AT R SRl ToAFAl BT AT ufiweruT
(shielding) el STl & 3R e 1 el a9, S
TolFel TR YIS A €1 WATet AR 31aT Z, e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI IRI&UT o desE AR SNl | gfg o |
el S gN HegH fRal sTeRdu-oe =g S 2l
TR vl o, AR 3R g & die e T
1 S (AT Heh o) Y] HEAT (2) o S
o WY T (37T ek Huesk &) W
STMRYU e iR, M1 ST foRATT SiIRT o6
TR T IHH YR THefeh i Ahfd (o soaem
Iofeerd 7) R fR et E1 S & fou- TR
3TPfd o TRV, s Hefeh | IURYA Tl p Hesh o
SUfeerd goieM T gl B Sed SeiaeHl T A 9
ufRerr sifien e alich W Y 81 SE YR, p ek
H Iuflerd ol d ekl shi qor | sife ufe
FW §, 9% A qeft Ferh Tk & B H €1 T STl
T B I H MR 3TRfd o HROT s Haeh seiaed
p eI Soii shi ol | 3R p hereh SoEgH d heh
T 1 orl | ek o I Sifieh T ol il
T TR TR} B R T w1 (YO Fiew wE) &
o feieht sFfizd Wt (1) <@ o W Seidg g Hedd
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foFen Z,, sie S €, 319 p ek I GO H s hEh
3R d I GO | p hereh ek O e gaar ¥ a
Tl Bl p Heh o SOl i gorll H s ek &
TaZH 1 AR d Heh & T i ol | p heTh
¥ TomE %) T T B 3, Tt S A & o
e 1 wEn f-fae ekl o faw R 2R R
37: Th & DRI (YT FaIeH &) oF sl &l i
fque (splitting) &1 ST €, 1efiq S/ Eel SdrEn S
<ohT €, Heieh T SURd Soiel ot Sl n 92l 1'% |
W R el 21 R ®9 W p @R 1 W hemeh i
Tt st FeRar st Sifeet B ©, wfeh n e 1%
TRt A o6 foIT U et 5w 1 (12 + 1) 1 A TS
77 B etk T Tl off I € %A BRI AR
Hefhi o feTT (2 +1) 1 AF §HA &1, @ F9 n o 91
Al hEeh i el 1 BRI |ROT 2.5 | (n +1) FE4
T T © SR o 2.16 H Sg-gem ARt & Sl
T T ¥ A < A o1 7 o ® fon fendl fogi
o fafe= 37 HRI (Sg-3eire AT H) i SSie
-1 et §1 Brciiich BRSeM WA | TR S
T Rl €1 3fd § T aqe Sfea g R o dem
(Z) S o | FHH IU-hE el Hafehl shi FHlig
U Bl S &1 @ o feIu— BIESIS WA o 2s
FHefh i SHoll, THIUEH o 25 HEh i gol H 3TfHwh
Bt 3R Wifeam 6t qorl | <iferm st ol iferk grftl
TE A S off S @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTU] W heTehl ohl AT ST
faf\r= ReTgstl o wefenl | Soigeld Sihars, o o
ITER R W B ‘3ffhers FEw’, qeelt srges
fSId (Pauli's exclusion principle), 38 o Afehad
gehdl 919 (Hund's maximum multiplicity rule)
3R Ferhi w1 U Seistl W ARG T
3MweTs ad

ST AT o stfhars’ o W eref g ‘fmfor g
‘herhl 1 IO B T 31 B— FEeh] 1 TRl
g 90 I 39 fRM % SgER— ‘uvmmurett st
AT STSTT U, hafehl ehl ekl Sioll o igd thil
T T AT B

WA faae
WRUT 2.5 (n + ) TE0 & 309X U Sgdt el o @y

HeThl hi ST
n <hl
HAR 1 n+l
|HH <hl A <hl HIA
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)sh!
ol 3s §
ER A
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 | 3p((n=3
& Sel 49
e
4s 4 0 4+0=4 4s (n=4)
3d & 2 3+2=5 3d (n =3) st
Felt 4p ™
%4 e ©
4p 4 1 4+1=5 | 4p(n=4)

TW R H— IO Tee G99 & Hel ard
IUCT hefeh § S & 3N Ieh! M o 9% 5=l Sl
A e 1 WA € 3T Tg I gob € o TR
hefeh 1 ol YS! AR AT R R w7 3R
faf=1 WehR o shemehl T gHepT TR =T B @)
THfAT TE i ot Tk e T © S wel WAt o
fore @@t 1 qenfy Sewen! i St o1 FAfarad g
W, 1iq STh! SN ST 1 A ST STAT B
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f,
5d, 6p, 7s...

3w & fox 2.17 ® femiE T fafy gr o
el S Hehel 31 U SN U IYE I gY d I
fE9m herehl o WA W1 A STl €1 STed WarStehdl
ol o fau a® e 9l TEme o fag
IR &Y ¥ TEl 71 S0 o forg wReform o
HAISTehdl Sl oh foIq 3d 3T 4 Hefeh! 1 Terhey
? R St fon 39 o W gaiqmEiTd feman ST Hear €,
TE TR 4s HEH W I ST € SUUK hH h
e TR A & A FHEAS ANRIE AT
e Sgd IR Hereh! 1 Foll &R THerd—Serar g
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T 2.17 w&/l &1 ST FT F9

¢ IR T T WA § goh—H] R Hardhl o
A % HH W URed o ehar €1 F8 B g ot
S A Y] KT el S e o faw
T ITART ARSI € Afk U AR T i fw e
YIS B Fehd B
Uit 3TuasiA fagia
fafsr= el T SR ST 6! goRT Y T SasH
AT T ot J f&n o 39 fagia & STER—
ferdlt wraTy o Sufter & goEREl Wt SRl
FET WS Teh WA TET &1 Hehell| TSeA STqars
fagia 1 39 YR ot el S Gehar T
“Iaet A FAR T FEEF F T T L
T SolaRiHl oF WelshUT faudita M el sUsh
@ & % 3 goret %1 i Fren werd, .l e

61

m, T 99 & Tl &, AR STRT TR Faied
Hen f9=1 g =ifew) fordt weh & soaeHl o
et SfuasH fagia g e wn frEmer fee
IY-HIT H ST SeiaeAl ohi &Hdl i TUET hd |
TE el B1 SN & o, 1s H Tk Hersh gl
21 3 WhR 1s SU-hI9 T Selaql ! Afershan we
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
FHHI: 6 AT 10 B Gehell €, S| TH T&T T ThR
TN ST Hehel B—

& e W& n T iyl § g
W& 22 F SIS Bl 2
TS Rl STTIhdd Sgahdl ohl fad
g 799 T & IU-HI9 ¥ Fafd Herehl hl T ok
T <m] feman S 21 57 FHerhi w1 Foll Se et
%I IR YT HEH (degenerate orbitals)ﬁﬁ%l
7% 1 39 TR €: Uk € SU-SRIVT F heTehRt o
TGl T IT A9 Ak €l e ], W9 A
I IU-HIVT oF AT FHeTR! § Th-Uh soagiT
3T W@l

T @ p, 9fF d o1 T fHaF 8 2, I
p. d 3R fenerenl § F0HA H9l: =Y, B39 3R 3
TR & W W YRY BN 98 @ 7§ fm e
R TR T R TAYY Fefeh! F1 LN 37T Tafafa
o RO 3T Tl T 3W (TS 2.6.6)
2.6.5 UIHTULRAT oA SCTREIeh Ta=amd
THST oF Hehl W Soigeldl o fIaRor @l 3!
Eﬁai‘jﬁiﬁ fa=ma (electronic configuration) &gl
ST €| A T ] herehi § st o W S
q wafyd g o &1 w=m § @ S, @ fatee
THST o Solaeieh fo=ardl i ot ¥ famr s
Gehell Bl

AT o goaieh fo=mE Rl & alieh d
freftd fran s wehar 81 & 8-
() S p° Ao Hepad
(i) HERH-ING
s [ o o — I I ——
s p d
Tedl Hohad § SU-hIY I Td 3R fog 9
frefa fepan S @ 3R Su-shiwr o Sufterd gl
aﬁﬂwaﬁﬁﬂﬁ?a,b,c ......... TS o &9 ¥ M
g1 fafi= =l o fau fefia wo@ s &
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favisd 3Tk W Y- o WA Y& FieH &
w1 faet fFa1 S B g Gohad W SU-FIT h
Yo el hl Uk died g <A Sl § 3R
TR o HF-TIHUT Rl T S A 3 SRSl
H | 9 dR W g S gEd g1 U8 Hehdd Wi
o | T GoheH 1 o9 I8 € fF o 9w Faren
TSt shi 9T S Gehdl B

BIESISH TWHIY] | helel Ueh &1 ol Bidl ©, il
Tl FH Sl oIl etk | S €, S 1s wee
ed B 37d: TIESISH LAY o Felari(eh fa=md 1s!
B 21 sheht @1ef qg B T 3Ueh 1s wesh B U
TR BIal 1 Eferan (He) o1 O gaisei off 1s
weh W S Hehdl @1 o7d: Elferdd w1 SeleRitTe
fa=IrE 152 BT €1 S| SO S T - < selae
TH-TR Y fawlid 7= 7 2 €1 39 Ferh omE o
@l T Fehdl Bl

H He [N ]
ls ls

e (Li) o1 90 SR USelt TS
fogId & &R 1s Heh | &I S Fhdll 37d: T8
TSl Hefh 2s H SNl 81 TH YHR oAlfoRm
ORI fa=ma 1s22s! gl

2s FHF § TH soige N 1 Fehal 21 374:
Affera A 1 = 152252 el © (WO 2.6
H Tl o TEATIE o gl [oarel i <) |

TS B: Tl H 2p HeTh Uh-Teh Hich T I
S| 37: 39 Tl 1 SR fa=IE 39 YR Bl 6—

TR (B, 1s22s22p'),

FEA (C, 1522522p?),

AEISH (N, 1522522p7),

SIS (O, 1522522pY),

T (F, 1522522p9),

9319 (Ne, 1522522p°).

2p HEHI B T I GlerAr AT W T
AT Bl B T dwell o hen-fae e guify T E)

Hifead (Na, 1s22s22p°3s!) ¥ 3 (Ar,1s2
2s22pf 3s23pf) Tk K AW T o WA o
SRl fomare &1 9Efd Li 9 Ne T o dwdl o
FOM Bl ©1 T8l T shelel 7€ Biel § foh 379 3s Tl
3p e T WA | TH AT 1 T o ST Hehel
2, 99 U8l & IS o el TSl 1 3 (Ne)

u (N ]
Be [N [N [ [ | |
B[N [N [P [ ]
c [Ny ] L[] |
N[N IN] LT
oMN | [N [Nt [T ]
FINJIN] [NIN] T
Ne | N [ [N ] [NIN]N]
1s 2s 2p

T o 1§ fefya fen sy gifeam 9 o a%
o gewRifTe fo=mrg @l UW faen ST wehar -
(Na, [Ne]3s), (Ar, [Ne] 3s23p®) | 01 €9 & R Il
o TRl 'S Sola’ FeEd B, 3 A goleRi,
T SeTAH HET S9ieH G o SHaS e hivT |
W WA &, WAISTehal TG HEelTd B ST h
fli— Ne o SoieH, %ig el & 3R Na ¥ Ar
T TR HAS SoieR €1 IR (K) 92 shfewad
(Ca) § 3d & &I GO H 45 Heh hl el hA
B oh HRU YU AR 5 selagla wue: 45 FHew
o o B

hiedy ¥ URY & W TH F91 A&7 e
<A1 €1 3 HeTh i STl 4p ek H1 ol § HH e
o N1 THH TR Ted WX B | URuTHEEEY ST
T Teeli— WhigaH (Sc), T (Ti), aRfesm (v),
I (Cr), HTHIST (Mn), 3 (Fe), e (Co),
fohet (Ni), SIW (Cuw) e TSk (Zzn) ¥ =l 3d hemehi
T golag SR R S 1 89 T8 @Y dfhd @l
Tehd € foh hifHam qen iR § 3d ek § =R a0
T AT 1 SR HEI: U AR TH TAFA Bl B
TR FRO T8 ¢ fF oMY uH [ R werw Afuw
TR B ®, AT SRt ST W Bl B1 pB ps, b,
dio, f. f4 senfs fomm, fomm wereh o @t e =1 q
W ¢, Afeeh Tl B €1 3T: HIfEm qen shiw |
o 3R o Tl w1 wrerftrehe firetdl € (WS 2.6.6) 1
o ¥ fF evarg ot faer B
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TIA] HT G

3d ekl oh WA % WK W™ (Ga) ¥ 4p
Heeh! 1 9 P& Bl € 3R Fomee (Kr) T g0 2l
21 3T 18 Teeli— ®ellfead (Rb) ¥ A (Xe) T
5s, 4d TN 5p e o T 1 T& Ygid el €, 5
4s, 3d 3R Ap HeThi &1 oft| SHeh 9% Bs HEH] hl
G YR Bial 1 WM (Cs) 72 9fem (Ba) W 2H
ek W HHY: T IR T T B &1 SHeh 9%
AT (La) § Wbl (Hg) G Af 3N 5d ekl o
T WS €| Uk 1% 6p, 7s N IFdd: 5 fTS
6d FHEHT HI W @ 21 RFAFE (U) & 9% & qd
1 TR B § SR 3% W ®Y ¥ W e S
21 GROM 2.6 T T dwail o gelaRien fomre (SeeHt
faferi g fwifa) feo o €

AT IT IS Thd 7 foh oMfer 39 fa=ami =1
S W F o g7 ST e fou ok
AT H [EER e hl GHeH X SUH!
R I | Ao a1 €1 STER AT ST
21 IR & U 5w g, S@— < ;A 9 i
TRATY] st 9] A S €2 IS avd €1 1
37T A BIaT 82 He 92 Ar 519 a<d fopamefiear &=t
Tl B §, i gl Sy awd Rl Bl - &

63

e o IW S o= o TR W U S Fehdl
T STee & THI] Hied ¥ g TSR TE R
ST Hehdll 37q: MYk WA faa™ o6 % Jeqst &l
el JhR §HeH o fau soieeie W & 9
SRR BT A 3Treveeh €

2.6.6 YUT&UUT gfka U Teiufia Su-hion

T T

el 7 T qoTEd STaET Soiaiieh [a-ard SHeh!
ZAAH Sl o Heiferd Tereer gt #1 furenier warogei
o SadRIeh fo= AW 2.6.5 H U qarqa famt
1 TR Fd &1 R FS awal (S8~ Cu e Cr
o, &l < ST-HI (4s T 3d) &1 Feisti § +4
SO BT §) TF TG FH ol A STRW s §
Ao Sl aTel SUHIY W LM & Sl 8, a9
Y TYFIALT | IYHIY o6 Tl 329 Fell dTal HeTh
9T 81, S qUigRa A STEgRa 811 81@: Crdem Cu
% AN Saaeieh fa=amd ®asT: 3dP, 4s! qA
3d°, 4s' B, 7 foh 34, 42 A 3, 452 TH =T
T ® TR 31 ot fammal o erfdfte wenfaa
B 7
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A fagm

3TEYRT qAT YUIRA SU-2hIFN oF TATFI oF SHIOT
UIGRA e STEIYRA ST oF Tl o ShRul fefead
=

1. Gl Rl Tt faavor : 97 weit-«ifq fafga
 for wmfaf wenfre gem #T @) ofa: W g
ST ITRTN o el 1 faawer wAfaq B 2
3Td: 4 Ak T B € TE & s § (TRt
3d) Torel &1 el GHE B 7, WY sEe e
foaor =1 2 §1 HoRa®y 3 TH-SW H uferh
®Y 9 U IR HLd € a1 Sele[ AHE g
Afereh yarerdl ¥ STehita 8l Wi €

2. Tafma et : g% T 99e a9 S g
2, 5@ QT Y ek soie (F9er Y=o SHE
B0 ) U SURIY oh THYY Herehl § Sufterd g
E1 A gt 1o T fafme e w5t ygi W@
g 79 fafma o wro gaa S, ‘ot st
(exchange energy) Heard 21 Guifaa fafmaf
T T q9 AfHAH Bl 7, ST IY-RIW YoIT; T
T FfYRA (half filled) B4 € (fo 2.18)1 30k
TerEaEy fafe St stferhad il © qen sEt TR
e oft atfuehan e 2

3T W fF TE ol €5 o R 1 SR €,
15 STTHR— | Hell o hetehl W SHaETe
TG o JATHTS TAMIGR T=IehUT B 2
I R W, AAYRA qo YoigRa YRR H
T (i) MU €9 9 67 IREd, (i)
hcAfareh GiaehyuT Sell qel (iii) 3=a faf=m Ssi
o &R 2 71 fafa et o fama o far
Y 39 STTel hefeT | ueH|

TR 4 g 1 fafme

ferT 2.18 d° fa=ra 29 @i fafma

Reprint 2026-27



65

6s 6p 6d 7s

5s 5p 5d 5f

NN IO

4p 4d 4f

3p 3d| 4s

ARUN 2.6 dcl o TSR fa=amrd

3s

NN OO
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10
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2s 2p

—FANANIFTIDO[ OOV OVDOOVODODOOODOOODODOOOOOV VOOVOVOVOVOVOVOVOVOOVOVOOOYOWYWOVYOWWYWWOVWOV

S AN AAAAN AAAAAAAAAAAAAAAAAANAAAA AN AaQ

1s

AANAAAAAAN AAAAAAAAAAAAAAAAAAAAAAAAAAAN AN

2
2
2
2
2

ad

QAT i HCEH

NIFIOOONDVDOIOO| FANNFIOONDOIOANNFHFIDONDNIOO| F—ANHFOONODNIO~ANNIFIOONDHNO =AM
]l AA A A A A A A A AAAAAANAANANANAN DD MONEFFFFFTFFHFIOWIOLWNIO

* P ® % x ox
-0 ol =20 ) LB ovowm Bl 0w ow=0 o Q9% B85 TwT o9 o 3
T8N0 zo0eS| 255002 xS3E 0583588 S8 285 ERG~NESCEREFTESGRE K2
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66 WA foagm
aa VA 1s | 2s 2p 3s 3p 3d 4s 4p 4d 4f | 5s 5p 5d 5f | 6s 6p 6d 7s
Cs 55 2 2 6 2 6 10 2 6 10 2 6 1
Ba 56 2 2 6 2 6 10 2 6 10 2 6 2
La* 57 2 2 6 2 6 10 2 6 10 2 6 1 2
Ce* 58 2 2 6 2 6 10 2 6 10 2 2 6 2
Pr 59 2 2 6 2 6 10 2 6 10 3 2 6 2
Nd 60 2 2 6 2 6 10 2 6 10 4 2 6 2
Pm 61 2 2 6 2 6 10 2 6 10 5 2 6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 63 2 2 6 2 6 10 2 6 10 7 2 6 2
Gd* 64 2 2 6 2 6 10 2 6 10 7 2 6 1 2
Tb 65 2 2 6 2 6 10 2 6 10 9 2 6 2
Dy 66 2 2 6 2 6 10 2 6 10 10 |2 6 2
Ho 67 2 2 6 2 6 10 2 6 10 11 (2 6 2
Er 68 2 2 6 2 6 10 2 6 10 12 (2 6 2
Tm 69 2 2 6 2 6 10 2 6 10 13 (2 6 2
Yb 70 2 2 6 2 6 10 2 6 10 14 (2 6 2
Lu 71 2 2 6 2 6 10 2 6 10 14 (2 6 1 2
Hf 72 2 2 6 2 6 10 2 6 10 14 (2 6 2 2
Ta 73 2 2 6 2 6 10 2 6 10 14 (2 6 3 2
w 74 2 2 6 2 6 10 2 6 10 14 (2 6 4 2
Re 75 2 2 6 2 6 10 2 6 10 14 (2 6 5 2
Os 76 2 2 6 2 6 10 2 6 10 14 (2 6 6 2
Ir 77 2 2 6 2 6 10 2 6 10 14 (2 6 7 2
Pt* 78 2 2 6 2 6 10 2 6 10 14 (2 6 9 1
Au* 79 2 2 6 2 6 10 2 6 10 14 (2 6 10 1
Hg 80 2 2 6 2 6 10 2 6 10 14 |2 6 10 2
. Tl 81 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 1 .
Pb 82 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 2
Bi 83 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 4
At 85 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 5
Rn 86 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1
Ra 88 2 2 6 2 6 10 2 6 10 14 (2 6 10 2 6 2
Ac 89 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 1 2
Th 90 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2 6 1 2
U 92 2 2 6 2 6 10 2 6 10 14 (2 6 10 3 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 (2 6 10 4 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 10 6 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 |2 6 10 7 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 10 8 2 6 1 2
Ccf 98 2 2 6 2 6 10 2 6 10 14 (2 6 10 10| 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |12 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 10 1

#112 T 3G Afuh TA-HSA Il I 4 ¢, R TThT Tk fo=mg et e e e 2
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QAT i HCEH

|9

TRATY] qdll oF TS AT B €1 A a7 o U8 s 9 €, S a9t R | 9n o @)1 gem g
fgia, f5r S Sieed 3 1 1808 W Widwifea o, o SHR wA] el o TH Heldl B 01 B §, T
AR faenfea = foran S epen 21 S=Hael vt & 3fd | wA g g8 wHI 2 e foh awen) faans
? T o < g1 Holl (Telag, Wi 9o =I2H) SR S Bl €1 S 319 - Uil i @ie o o1%
LAY T HEEAT i T HI o A0 9gd § WA9] Hied T Ry T

T 1898 W SfHEA H el foh URAIY] Ush GHM e g &9l oiell Teh Tien el 8, 5| ™
TSR UMM B €1 97 Hisd, SEW W] 1 SoME W WY W Tk GHH fodid JE @ o, 69
1909 H XIS o Hew@qul o-H01 o Feh10H FAT g1 Terd foeg 83711 TeXwhie o 98 feepd frrehren for o
% % H Tgd SIS MHR H1 YAERE TR Bl € 3R 9 30 IR 3R JaR Sell § T Fd
Bl TIHIE Aied, S GrAee 9 fierar-Sorar o, ffvea 9 9 S died ¥ S8 o, Wy 98 W]
1 feoran 1, 19fq 78 59 o1 1 <A T R qrE o o e o 9 T iR S €2 gHeh St
g TRAN] 1 SRR T, Fiq Afw & IR AR el o a0 3R ! Soff & sR § §9
TE 1 HehT| WIHIE HIESd HI T HicAedl &l 1 1913 | 1 IR 7 TESeH WA] o 370 Hied o
R fopan den g8 weafad foran fon i oF wIRY oI g R el o goiagl™ Tifd il 21 hadl o el
o1 € A B Tkl 8 A1 Teh hell shi FHi¥=a Soil it ¢ aR 3 fafi= el § seigei= 1 Soil &1
T ST SR Yedeh el o ferw e S Soiaeq &1 g 1 3Tehold T3l 2ol IR Hied SRgisH &
TIFH i GG TR HIAT o1, AR I8 Tg-FeraeT ITHTIST oF TIFH i AT &1 T T THHT
FHRUT Fgd Seg & TG & T AR Hied § Selae &l AT o 9R 3R Uw f¥Ed JuhR ke # T
T U AT F1 oF TG H TET TA1 11 THH STk T Y AN & aR H T G T4 o1 T Haq
s ffiea 9y g ® R 39 vy 1 g @wE asft aRefia /e S wehdl €, S6 U € 9Hd W gee
1 Tel fefd @ik W&l 3 W e egsnet % ¢ Afiyeddr fagid’ o SER UE W9 T §1 36 YR
BIESISH TCHTY] 1 &R HISe = chelel Seiaiq o Sled STaeR o1 SUal hidl 8, diceh ggsia iy
fagra &1 oft forie e 21

T 1926 H e ATESR 3 T wefieheor o, g ¢ sifesk wefiertor’ shet < 81 g6eh g foifem
o golaela o fIauor iR wATet | STHq Sl SRi o1 9 foman ST Hehal 81 98 GHIHL0 7 Shaet sl
% AT del Qe AL HI FeheUdl i A | @l €, Sfceh ggsien ob * SAffyeaar fagia’ o ot
T 81 ST 36 THIHOT %1 EESISH THIY] § Soiae o foq el fonan T, af el o H9e Soll-&l
R H T Bl (S U Eed B €) o 9R H SRR W g2 A deifed Sel- & IR Sk |
T-Te S 4 Folen Temsli— g Fien WeA n, e Fien §e |, 3R gkl FieH 9@l m,
% gNI Te9H S €, AfeoR il & gl o URUMHEIEY W €id €1 59 oA aeied st o aml
R yfqey ot sifest-aiieor & g @ T@a: I B 2| SRS YHIY] S deie Fiehid Higed @eh
Tagd & Gl TEgSH H1 AT w1 © SR SHoh Sifdfiead o UE uftmeAtet &l off Twemar €, S 9K
Tisd §R T &l & il

T o FAEH AR Hieel o STTHR Tg-Seiaeid WA o e~ foeol &1 &g el | drer
T B A I Tk A1 Ak ST-HIT ok 54 T B Tohd € AU T ST-HIT H Tk A1 M(UF hersh & Fohdl
2, T soieei Sufted gan 21 eEgieH 3 gEeeH < feml (Seewnd— He', Li anfe) § fedt
U MU wrer o T Ferhi KT THE S B €, WY Tg-IeiF WHEH H Ferhi k1 Sl n R [ H
ol W fef B1 foRe et o fAT (n + 1) 1 A AT 9 B SEes! Sei o Sat € % e At
2 T HEHI BT (n + 1) OF GEH B, A SH HEH Hi Holl Y &, feh fow n w1 79 w8 @) e
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A fagm

WA H UH ¥ Herh THG Bl €, G901 S0 Soll o wgd W H goie UISel oh eivesid fagia (fRet
wAT] B Rl 1 ol R TRl FeleH-G@A 1 7 GHH T & ehdl €) 1R g o sifushan sgshdl
1 (T USRI F FHerhl | golagHl 1 I q9 q% URY TEl ST, S dh YAt heh § Th-Th
TR | 3 W) ok R W M W &1 THI[SA 1 gelari-eh Sl Sl el W a2l

2.1

22

2.3

2.4

2.5

2.6

2.7
2.8
2.9

2.10

2.11

2.12

A

(i) UH UM IR ¥ Tl &t T &1 Iieher Hifeg|
(i) T T TRl o SeIHM 3R STENl 1 Uieher it
(i) HIF o T O | SR STl i &A1 1 URehe HifeTd)
(i) 7 mg"“CH =Ml & (F) Fa & A (W) F& SFAE A HIS
(R HT =T = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ Frfi
() el Gl 3R (W) hel FeAHH Ty
TE SR A H qfedd ¥ 1 S ufiatda 8 Sam?
forerfefias e § sufterd =i SR wer @ gEn aaEe
'3C, 130, 13 Mg, 50Fe, 53Sr
e X TTU AT A (A) 3R TRATY] G (2) STt WA 1 quf wefteh ferfae—
() Zz=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam oIty gRI ScAfSa diet Jeh1el 1 -84 (A) 580 nm 71 TEH! MR (v) 1R
TE-H&A (v) 1 IR HiQ)
TAF UQ W hI Sl Aq HIfeTT-
(i) S 3 x 10" Hz 3Mgfa a1t Y191 o TG &l
(ii) forreRt q@1-<=4 0.50 A =
2.0 x 107'° s HTeT ITcil YT X 1 1454, Mg IR TT-G& ST T Hifer
T FeRTeT, TSRt a-<54 4000 pm @ SR S 1J Sl <, o Bl 1 HEA SarEy)|

IR 4 x 107 m TI-<4 Gl Tk HieH 2.13 eV G ol o1g 1 9de 9§ 2k
g, @

(i) HRMA & S (eV H) (i) SoEs I Tiast HeT AN (iii) TR Seiar o &
1 gRehe™ HINT (1 eV= 1.6020 x 107°J)I

Tifeam WA o A o fAT 242 nm -S54 T for-gaewta fafsmon waie e
21 Fifeqw &) = Folt kJ mol ' H T Hife)

25 S 1 Tk §ed 0.57 pm -S54 arel diel T 1 Thul GehTer Sea= il 2l
Tfq Yahe e o IS i X A HifoUl

forell o 1 T W 6800 A TI-3=4 Al fafertor e ¥ I 9 A geie
3R B &1 o1g 1 <8l T (v,) IR FEEE (W,) [ F:ifsu)
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2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24
2.25
2.26

2.27
2.28

e BTESINH WAV % n=4 o1 & ¥ n=2 S &R A selgeH o ®, 9 fhe
T35 T GRTY IS B?
I Seiae[ n = 5 HeEw H UL 81, A H TV o 3 o fau forat st =t
SETIHA BM? S ST HT ol FRGSH WA F A Tedt ¥ Hify)
(I Ted n= 1 F&F Y SAH & (TheN o T fewaes s el 1)
e BIEge Y] § SRS Selae n = 6 @ g oTawen § Sl €, @l Ui Seafed
TEstt i o de F B ?
(i) TTESSH o 9UH Hefh § Fetud F -2.18 x 107° J atom™ 81 WEE wEH
U gafyd el aaqrsy)
(i) TTESISH T o Ured SR Herh hi 5 H TvE Sifem)
BIESISH LAY T ST S0 o fereham aiiT-54 ol WehHUT 1 q01-FE&AT 1 0T
Eainiy
BIEGIS TWATY] H SiaR ol Teell shel | U=l el deh of S o ot STravaeh Sl
I S T FIU S TE AT T e ¥ diedl 7, A fhg qir-aed
RSl SCHTST BIM? (Sl shi qoreel Teel Sef —2.18 x 107! ergs ®)I
TEGeHA WA § TARME # S E, = (-2.18 x 10™)/n?J 30 & S 2l
n =2 FHE Y SAaH &l U e e o fau Aewesh s i TOHT hifTT FermT
1 o wal -5 (cm W) 21 €W, TSR 9T 39 HwA0 | feman S Heh|
2.05x 10" m s o § 7fq X @ fordl soieei[ o1 a-sd @ Bhm?
TR T 59 9.1 x 10 kg €1 A€ HkT Tfast =1t 3.0 x 102 J @, ot 3Teh
-3 T MOAT i
frafafed & 9 &9 gu-smart wiefs 7, stefq fead soeeAl +1 Tam g 72
Na', K', Mg™, Ca®, S*, Ar
(i) fr=fafEa s @1 soie fo=me fafaw —
(%) H (@) Na* (m O™ (=) F
(i) =7 T HI WEN-TEA TR, TR Ty wed sedel s FEfated 9 |
i s € —

(%) 3s' @ 2p® dem (M) 3p°?
(iii) Fr=fafaa fa=mal ae wamet & 9m TRy -
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d".

9 9100 n A1 g g Hhard 1 AR STgAd B2
Th Toiae fhHl 3d Herk | 71 38k U n, [ 31k m, & T9a 7 i)
et T o5 T ® 29 Toide R 35 =g B () I9H Wil %l He waEu)
(i) T F1 SRS fa=mg T
H;, H, 3R O}, Tfiefis ® 3ufterd seiaeii %! ¥ear sarsu)
(i) foret T HEE F1on= 3 B SHF AT 1R 2m, & TE AE H B2
(i) 3dF&F & TR ok AT m, 3R | FAeH T@ABH o °H TR
(iii) Frfafed § @ $9 9 e 999 —
1p, 2s, 2p S 3f
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70

2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

243

s,p.d Gehad R f=fafad saien emst arel Fefehl i Jasy —

(F) n=1,1=0

(@ n=3;1=1

(M n=4;1=2

() n=4;1=3

HROT 34 g ey foh fefafaa seien 9@ & ®F 9 91 9d T@él -

(%) n=0, =0, m = O m =+ %
(@ n=1, =0, m = 0, m =- Y%
(M n=1 =1 m = 0 m =+ Y%
() n=2 I[=1 m = 0 m =-Y%
(¥) n=3 =3 m, =-3 m =+ %
() n=3, =1, m = O, m =+ %
B L e P o
(F) n=4,m=-% (@) n=3,1=0

g IIMST foF SRS THM] Y 9R Hell i YR IH Hal § a9 g hi
T-sret qr-3ed w1 qof qure e R

He' @A & n=4 9 n=2 9 THA0 ¥ W@ q0-2ed & aa arell Sl
BIZgIe Tagd | 1 Bhm?

He'(g) - He™ (g) + e Wi o foIU STaveeh o1l bl TUMT TS| BTSSR
T qoRY T H A Felt 2.18 x 107° J atom™ €l

I HTe TRAT] 1 =419 0.15 nm T, Al 7 e WAET 1 G 1 AT Hife,
5= 20 cm Thet T oA H TH-Ueh Hleh SAdiEd a1 ST Hehal 2

e o 2 x10° WA Tk Ha’ § it 21 A 39 SIewe #1 @aE 2.4 cm
T HTE YTATY] S SATH hi TUMET i

e 7] 61 A 2.6 A ® — (%) e w1 =0 pm @ 9o (@) 1.6 cm
FT TAE § HIR § AR UG TATIST i H& i T0MET Hifsw

fereht ot oh1 feeR T oMot 2.5 x 1071°C 21 39H SUfkerd gelagiAl i W& &1 oM
HifsT)

frferra & Fam & 9ot 1 95 R SHHd Xl g ara Wi faeq-smaw g
fopa A1 B1 9 1 98 W AfE wifdsk foge omEe —1.282 x 10-15C ¥, df sEH
IUfEd SiaRil &1 F&AT i AT SHifsTul

T S T A, W S A A # e T o w5 A
1 S {1 Al Cogffam onfk S ek Ty &t vl gl oft S, o SoRie qiomst
¥ N SR T2

JoBr Tl °Br ¥diH W €, e 50 Br 9o $Br W T &1 Herd # HRO S@sy
T 81 THAM HE&A O awd B W it qorl B 31.7% I Afuish &1 3Uh1 THT]
Tdter faf@u)

37 SSAHM TEA 91l Teh 3M1FH TR FUMA9l 1 Tk 3T &1 AfE 31 § gelagi 1 gor
T =2 11.1% aifus €, @ 5 o1 gt fafe)
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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

56 STAAM HEAT ITel Tk ST W HFORT h1 3 IHE ¢, 3R T e w1 qor | 30.4% =2
siferer €1 39 P 1 Yo fofey)

freafafea fafeon o gl &1 eTgfd & 9ed gT %7 | Hafked Hifg —

(F) HEHEd 3o (oven) T faferor

(@) A@EE-Hohd | AUHENT (amber) FhTeT

(M) TETE. e ¥ e fafezo

(o) el ok @ wigfes fmol

(F) X-fortoi

e SR 337.1 nm 1 -5 W T faferior S it 21 A St wie w1 Hen
5.6 x 1024 1, A 39 TSR 1 &GHA1 I TUET FHifSC

et T i T ohd Siet | wE fRan S 219K 98 616 nm R Yeor 9 fafmo-sasH
w7, @

(F) IS HI TG (@) 30 he ¥ 39 faferwor g0 @ &1 T g (1) Flen & Sl qen
(%) Sufterd Faren w1 W@ B MO FIGC (IR TE 20 B S SO A )|

Tt Yeronl & T a)i @ oM ool Gohd 9gd HASR 8 §1 9f% e 999 600 nm
fafetor @ el 3.15 x 107'°J Ul <al ©, o Gk NI U Il 1 T&AT F1 AT HIFoTQ)
IS STeensti | STU[sti o SfaehTel 1 AT UR: TISHT A1 Hohe T arel fafshion Jid &1 3Tam

Feh T s 21 A faferor Wi o1 e 2ns SR wifed fafwor 9id o SR Seafsa wie w1
H& 2.5 x 10'° 7, @ G 1 S 1 T KIS

o et fgrfor ae-ed fen Sfemie HHH0 589 3R 589.6nm W @ A €1 Th HHA
1 argfa 3R T SfSrd Sfeeenati o ot Sl o 3a¥ 1 Ul SIS

Wi A %1 FHEE 1.9 eV 7,

() Scafsa fafetor 1 geft -S4 (@) Teelt sl &1 o FifSw) 3 difvan o w5
500nm %! TI- o G fashifir feman S, o ferel gU WieEeta 1 Tias S 31 o &1
TUAT SIS

e Hifeam urg i fafe=t wn-<s o @i foskiftra feran wmar @, @ frefofaa oiom g
| E -

% (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

TEell q1-35 it feerie shi TOMT iU

TeRTel faeq uma worT H foeer o1 ¥ WieEaee w1 s 0.35V i deedl §RI Ueh! ST Hehal
219/ 256.7 nm % Tafehor 1 ST fohan S 2, faoer o1g & forw wrfther i 1o shifsw)

Ifg 150pm WI-<=4 1 GEH Th WHY] U THTAN T SN THH AW SOl g golsA
1.5 x10"ms ' a7 ¥ STeX feheral € o SH Sl ! UM shifey, Ted o e 9 o1 gan 2|
WY SOft R IS THAUT n Fel Y ART B T HA n=3 H GHA B € 99 T8 v = 3.29

x 10" (Hz) [ 1/3% - 1/n% ¥ <90 <1 9% 21 I §HT0 1285 nm R If&a & 2, a@t
n o HME &I T HISC a9 T T &5 FqEu

IH IS THHU oG-S5 R MO BT, S 1.3225 nm 541 ot el § a1 3R 211.6
pm W G Bl 21 TH HHHAU I 00 H1 AW SR WaeH H &3 off wawy
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2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

2.66
2.67

A fagm

2 FIE gR AIfEd 5 o el SAARR W ot YaHaw i @i g2, T S st o
R o a1l k1 @it arafifa wfdfee o fore SuEn & @ S 1 56 geueel § Afg goee @
M 1.6 x 10° ms™ 2, 9 39 SoieA W Gafdd 2 sell auT-osd &1 Ul Hife)

TieA foada & gam =g faada gersell #1 srpe #1 g & Feion § yge e St 2
7% ==l 800pm 1 TI-354 oft ST, A =2 ¥ Gaferq siferenafone: o &1 ToMT FHifS)

IS S o FoH el | gl 1 o 2.9 x 10°ms ™' ®, 1 TEE Helfud 2 sivel! ai1-54 &1 MO
HifsT)

T 2, S 1000 V ok fawarat § 7ifd o6t @1 8, @ Fefud o7 4.37 x 10° ms ™ €1 9% 0.1 kg
S 1 Elehl 1 Tg 3H o1 W TiGHE €, @ THE afud qa-<sd i MOl shifsu)

I Wk gerae[ 1 fefd sl 1 0.002nm 1 Ysal 9 A St B, 1 Selsr o W § Sty
T U KIS AfE Teiri 1 W h/4n, x0.05 nm &, T 1 39 HH i e ¥ HiE wfeg
a2

T: SATRA 1 FeH T A G TE 1 SR ol o 9gd hA H oaieerd w5 o fepedt
T Sl T 7?2

=2, m=-2,m =-1/2

=2, m=1,m =+1/2

, =1, m=0,m,=+1/2

=2, m=-2,m =-1/2

=1, m=-1,m =+1/2

. n=4,1=1,m=0,m =+1/2

S TR § 35 Tl BId B1 THoh 2p helh W ®: Soiad, 3p ek | ©: o a1 4p
etk | Y goiae B Bl TAH W i W1 Yoo Aad WS AR e S il ©2
freafeafaa & @ S 9@ e STt TR STEY 9 H4m?

(i) 2s 3R 3s, (i) 4d AL 4f o0 (iii) 3d 3N 3p.

AL T Si ¥ 3p Heweh | YA Tola Bid 1 i TN Seiaq AW 9 fersh goe AR
AT STIHT HM?

3 ofma sl &1 Wen FasEg (F) P (@) Si () Cr (9) Fe (¥) Kr

(%) n=4 9 Gafud foraT ITRET 272

(@) 39 ITFFT ¥ fhad seree Iufeem g, foweh fag ms=—%®r’n=4 2l

= 3 3 3 =3
LI [ | B
W W b W s

o ok -
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ATl ol SIIGRYUT TS OISl O ATafear

CLASSIFICATION OF ELEMENTS AND PERIODICITY IN PROPERTIES

ELE

9 Tk oh ALFIF o TN 3T —

Sited o fafs=r =i o W foam o
ﬂ%ﬁaﬁww;

Tl o TUIEH oh SMHR W3R
FATRTOT Tl Gehod gRI SATad TR
o foerT@ W STaTd = Hohl;
mﬁﬁ—ﬁmaﬁww;

STt iRl o e wEm-wen
T SRR [ITE o STER &
Tefehdl i THY Fohl;

100 ¥ 3Tfeeh TRET]-ShHThaTe awall
o o [UPAC 4 for@ geh;
Tl *l s, p, d T fsAleh B Fafighd
WETQFJBI;

el o Hifdes o TEEtes oreEt o
et AT T qeE Fohil;

Tl i sTfafwamsiiera 1 ger
HohTl 31X 3% ST Ui § Sufeefd
@WWW;

I Ted Td Hifcas wel o
o= e o) Tohl;

T § Hefed e Hewqul qoTeHT,
S — e, T e e
e, g, afed wedt, faga
HBUTCHeRdl 3R Garshdl 9 dafa
ToreI ol =kt e o foru Wt ofieh
YISETaE hT SYANT HT G|

AT AR YA |iT 9T Y@ YA T 3TeId Hgvaqut faren
&1 ufafe feremef & s6Q WeTgar fuerdt &, @iciewian @t 78 faom
firert & 3iiv sgafierd w9 & WqUf TATE 9 T Giere aui fiear
&1 Tg 39 a1 T Tk HTYT ISTENVT & Toh A e srsmatiad
g o farant gF g el gia, 3ifuq 8 afked aagl & qarar
gefvia &a &1 St @ 9g ST wEd & fon gl sid-wie o @
& o, 3% fo7q 3Tad AR agd Syt &

o 2t et

39 Tshe | BH I0HM e ARl o1 UfaeTiaes foem™ Td syfe
STEA- I\ T 7T H&T| T hT SR T oh Seiaieh
fora =1 aftormm @1 3fd o w9 qwdl ok wifdes qen TEmEtes T w5
3Tt ygfd W fa=ar &

3.1 dal ol SIIehI0T Rl STME9Ah &2

319 T BH € 9 ok § foh o Geft YohR o gl Y 0o 3RS
B1d €1 T 1800 H heret 31 dwd H <1 T 1865 dF 63 <l
ST 81 TS off| 2TISTehel B 114 el o 9R ¥ qa1 81 399 9 B
o @S MU ae ge-fafia €1 99, sreft oft T a1 Rt @
o TAE S &1 a4 GR el 3R Soh 3TEEd Ao oh THEH
T STAT- 3TN HT YT g i3 B1 3 HISTE Fl W HH &
AU SfeR] 3 qal T ST ek 39 SR & GUSd TRl
R SEM a0 3 €1 e, 3 Wik adieh @ weft el o Welfera
[EEH AL HT T TehaTd €Y § a1 HR & G, o |
TS WM o 37 qel o oremad | oft ueg fer

3.2 3Mad ARUN okt S
a1 fieRor el o SR Syefdar faw ud efad wRoft @
forerTe ATeRT B 3T STaeiienl dei TR &1 IR 21 qayed
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WROMT 3.1 SAEW o feh

e fagm

a0 YTHTIT-HTT daxd YTHTIT-HTT daxd YTHTIT-HTT
Li 7 Ca 40 Cl 35.5
Na 23 Sr 88 Br 80

K 39 Ba 137 I 127

SHA AR S S A 9 1800 °h YRR
TYRT § 39 91 i TR Hond fohan foh awall o T[urerdl
¥ fafed vafa eidt 21 97 1829 © 3= 99 “Hifas
Td TR o are OF awt o el (el @6t
TF S TR U1l 36 a8 ot 9 fF g
5 | e 9t < T WAT-9R 99 IH a6
TATY] IR o 3 HH o RIS SISk o (HROf 3.1
i @) | T E, T 9l 9 o O 99 <M aedi
o TUTEHET oF WA 9T Q)

e *1 Tk &1 o’ o & a@l & fag
TE W1 T SH(TY $H HES Ueh WA HHERY SHR
foar Btg fean T sueh wwa wife et
E.'s:.iﬁ. Al %ﬂaﬁ@w (A.E.B. de Chancourtois)af
T 1862 H Tl T ARV HIA 1 TAM TR
3 Tl i 3Tk F@d gU WHV-9R o %A H
Tl oF TUTEHT | 3Tad! gAUghd Sl &9 T Ag off
3y &AM o= T8l AT Hehll U WEAS Sl
AR oie 7 T 1865 H a1 & (Law of
octaves) i fasfaa feam 3= Il &l 37k a&d
U THE-9R o %9 H afked fean o = 6
foret off T ¥ URY & W ASE a o 07 AN
T o F9F o (ARUT 3.2 7)) | I8 HaH IH TER
<kl QJTQW 3134 Giifaes @R (eight musical note)

1 Gee JUH Hitlifaeh TR oh WY Bl 81 FAS H
3T I f9% Ca @& o T d Wal Udrd gal,
TICAlch ST U9 38 ¥R i A9 Tl &1 Hedt,
WY 9] H UgA SRl (ded) R OEq 1887 H
Zeie w1 Sl USH TR GEHA X ST B H
A= & TR

T WA I Heald (1834-1907) @
STHA THRAR A B (1830-1895) o Had gl
o Hora®Ed SAad-9Ru ok foeh™ H Therdl ur g3l
A &Y § 1w gL A WEAA A T 1869 H
e fohan fof 5@ aal sl 3ok aed gU IRHTY- 9RI
o %0 ° oafterd foran smar 7, 79 frafia s &
YT Sk ifdeh qe TEEttE qon H gHE a8
S Bl SeR T 7 ofiferen O (S8 TRATvE S,
TTefish Wel sFereiieh 3R AT 9R o Hea ogh el
(curve plotting) fer, St we ffeem =T EI]
Tl H HAM S A1 T 1868 Teoh LR HR A
Tl 1 Uk ARON 1 fowm X fa=n, s enygfe
STEA-IRT ¥ HTHRT fHead-Sadr of, ofeh 39k
T 1 faawon st Heelia & wm & T @ wed
WeRTITd T8l B qrT| STYfTeh 7o |Rvft oh faehre o
AN 1 99 3 deda e w2

TTCATeh 3Teil! Felelf o STEATH 1 AR SIER
J fan o, forg deefa 4 oo om0 &1 Teelt aR
WIS feranl e w59 wehR ®

ARUM 3.2 AT ok A=H

a Li Be B C N o F
YTHTIT-HTT 7 9 11 12 14 16 19
o Na Mg Al Si P S Cl
YIHIUT- AT 23 24 27 29 31l 32 35.5
ad K Ca

YIHIUT- AT 39 40
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el H AR T O H e

“aeal & TUTIH ISk UTHTI] RT3 TS
werT gid 21”7

Heofla 3 dwil i afast dfeal ©d Featar
WAl H 3k 9gd §T THI]-9R o TR IR § 39
e ®9 H W@ o 99F U 9w 9 T d
FeAER-TT 1 FEl § TF 1| Heeld R e
Ffiertor Fferd AR W dleR HaR o iR 9 sifireh
forga ol Hedla o Sfafadl o Hew @l quf &9 9
T SR q o iR o o stfess fawga
fifqer e TR TToreEl 1 eeR wEn fasiy w5
Y dedfid 7 T g W AR S gerrgard g
(empirical formula) T 3ek TOTEHT T FHA i
YR THN 98 I8 W & for afs wmm-9r & &1
1 Uid: UTe T S, @ F9 T Sk gRI KU
T HH | STEd-URol # @ W S hd °1 3=
UM TEEAE T LA et Tl Rl STad-gRef o
3fad oM 39 & fau 39eh - 9Rf % W R
UL 1| SIEI0T ok AR W— A, FSrgert TR
IR GHE VI o a7 ‘3AfEm’ § w1 o1, %l 99e VII
T qARE, FAE, SEE ST o | quEmt |
AT o YR T W@ T (9 3.1) 1| 3= §69H
T[T Tt Il SRl Teh FHE H Y@ i Wil i
STMYR A gU I8 y&ditad fopdl foh o T (S @St
T T ) & forw ool § $w R wm i kg
M| 3RV oF fAu— S@ Head Hi e ARon
YRI¥d g2, qd fAfd@m (Gallium) dem SHfEH

75

(Grermanium]?1t_°ff7=h"T@\_YT:I%'T’@'Sc ﬁlﬁﬁﬂﬁﬁ?ﬁ'ﬂ'ﬁl
AR faferni= o T= Tw-us o F Bier &)
Tl SRl A HHL: ThI-UGHITEH (Eka-Aluminium)
T Tehl-fafeth (Eka-Silicon) @l Heelig 3 |
eheret Tferam 3R S awel o e &1 9N &,
dfeh 37 aeell o pw wifass qoredl w1 =0 ot feam
9% | @ISl T § q<all oF UTe OTEE qe YR
o 1 AR 3.3 H geas fRA T ¥ dedda
1 A Rl 3R heliad § Seh! Therdl o
FROT 3% R TR Aad GRON i wl grafy
Tiyef| Heeld F1 ¥ 1905 H YHhIRTG oferd qRoft o
o= 3.1 o gerfan T 2

3.3 ImfIeh Tad-fraw adr 3trad
RO kT FdqE 8T

Tl I a1 A <F A € o o deelid | e
groft &1 farE o, @ WA & WA S
STARER T 1 T 8l o1l dieel sl o TR
H STIUHAIE HUll 1 fahE g3fl &1 1913 | 31
Aifgert SRR B Histel A awell oh SAfenafn
X- oo weeni & frafaaa o€ ok @1 &
(STl v X-Tortor &1 o7rgfa €) IR T-shwish (Z)
% A a% AifEd HH W Uk G 3@l 9 it
%, W W] TAAE ATy, o M@ W Wl
T ST St oTd: Hisel A S R ey geme
1 o | ol a 1 THV]-hHIS 39 a7 ok TN
! TUH W eAfrer Hem €1 Tl o TER Heeld &

ARUlt 3.3 el gRT enr-Uegitam (diferaw ) qem uehr-fafeerm (sifem ) awt @t wrrfea

T[uT Tt UeAfufrem Tiferam e Tafer St
(wfasrges av) | (EST T aw) | ( Sfesdes av) | (@i T AR )
YIHTU]- TR 68 70 72 72.6
TS / (g/cm?) 5.9 5.94 5.5 5.36
e ieh /K = 302.93 3= 1231
ATFATZS T G E,O, Ga,0, EO, GeO,
FANEE & GT ECl, GacCl, ECI, GeCl,
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el agr Afore W aval i STafaar

SERIES GROUPS OF ELEMENTS
0 I II III IV Vv VI VII VIII
Hydrogen
1 - H - -
1.008
Helium Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine
2 He Li Be B C N (0] F
4.0 7.03 9.1 11.0 12.0 14.04 16.00 19.0
Neon Sodium | Magnesium | Aluminium Silicon | Phosphorus Sulphur Chlorine
3 Ne Na Mg Al Si 12 S Cl
19.9 23.5 24.3 27.0 28.4 31.0 32.06 35.45
Argon Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel
4 Ar K Ca Sc Ti AY4 Cr Mn Fe Co Ni (Cu)
38 39.1 40.1 44.1 48.1 51.4 62,1l R0 615 BY BY
Copper Zinc Gallium | Germanium Arsenic Selenium Bromine
5 Cu Zn Ga Ge As Se Br
63.6 65.4 70.0 72.3 75 79 79.95
Krypton Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Ruthenium Rhodium Palladium
6 Kr Rb Sr Y Zr Nb Mo = Ru Rh Pd (Ag)
81.8 85.4 87.6 89.0 90.6 94.0 96.0 101.7 103.0 106.5
Silver Cadmium Indium Tin Antimony Tellurium
Ag Cd In Sn Sb Te Iodine
7 107.9 112.4 114.0 119.0 120.0 127.6 I
126.9
Xenon Caesium Barium Lanthanum | Cerium
8 Xe Cs Ba La Ce = = =
128 132.9 137.4 139 140
9 - - L p - - -
Ytterbium Tantalum Tungsten Osmium Iridium Platinum
10 - - - Yb - Ta w - Os Ir Pt (Au)
173 183 184 191 193 194.9
11 Gold Mercury Thallium Lead Bismuth
Au Hg Tl Pb Bi - -
197.2 200.0 204.1 206.9 208
12 Radium Thorium Uranium
- - Ra = Th - U
224 232 239
HIGHER SALINE OXIDES
R RoO RO RO3 RO 2 RoOs RO3 RoO7 RO,
HIGHER GASEOUS HYDROGEN COMPOUNDS
RH4 RH3 RH2 RH

faT 3.1: dseita grT g3 enad aroit
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el H AR T O H e

e frr w1 wene foRan T SH enegfe ammad
Frrem #ed 21 T8 W AER ® -

‘vt o oifaer qem TETEfeR TuTed 39
TRUTUT-hUTeh! ok 3Tl Wt Bid &1’ (The physi-
cal and chemical properties of the elements are

periodic functions of their atomic numbers.)

e | o gN UIhfde 9 9 U S e
94 Tl H IectEHg guEard fhelll TRt Sk
TeEfEm # difa Tegtem R Wt s
T o e e =i o O T So SThTeie
WEE e o g e siR S steur o
el i @i gl

AT Ted UG ok & b forel a1 WA
I IH T ok AT A (HSHI T FE&A) a0
I W] § IR STl i WA oh SR
BI1 B| THeh UYET deieH HEAst s wefhdr SR
TR o=l st SAfar ohi THSAT WX Bl Sl
21 379 T TR T foran 7o ® T aterd e et
A1 I7eh ARl o ifeh qe TEER Ol 1 o
2, S el o SeleRifen forarE WS Bl

HI-9HT T TEd-9Rvlt o fafv= &9 g&qa
fohT TU B1 F® w9 el ot TEEtTen sifafmaned e
GASThdl W o <A &, Sieh FB I oA
fo=ma W T My we (99 atad |arutt
Tt e wWEY hed §) 9gd TR qe ST SuEr
2 3R 38 ot 3.2 o <wiian e B &fast dfea (F=
Heefter 3 ‘ot el 8) i ofred (periods) el
W%ﬁ'{gfﬂcﬂ?ﬁﬁfaﬁaﬁ(group)mélw
aTE TR fo e arel dedl 1 HeAier el |
S €, T ‘ont’ =1 ‘afREr’ el Sl €1 [UPAC o6
3THIGT o 3TER, a7 i QAT USH IA...VIIA, VIII,
IB...VIIB, o ®F W3=< |1 ¥ 18 T &I Hemst §
FHferd e frefua fwan = =1

HEd-GROT § el T A B S-S

77

3TEd | a<d i Afehan T&d J9ied 9= (n) &l
Tt B1 U SEd § 2 el SUfkerd ©1 gHeh WIE o
et | wH: 8, 8, 18, 18 3R 32 awd B Wiaal
ot STt o 31 i T @ wed o # Aw
Y Tl 1 ferehay & FdieH RIS o SfER
T 32 E B 39 ®9 | ATGd-9RUT o B34 T Frad
e o HUY: TEAES SR UfRAES o 14-14 a0
H= e 9 3T S| ® B

3.4 100 § 37fereh UIHTUI-hHIh

AT daval okl ATHERIUT
Td § WRE €9 9 7T Tl 1 AR 39 a7l ok
TMeRdistl o6 A W T T San o aen waifer 919
HT YA 311'5‘.1‘?[.@@. (International Union of
Pure and Applied Chemistry) §R1 sh¥ {1 ST o
W B & H 39 qg W 96 81 T 3= WA
aret U a7 3a9 AR B € fR St Shaw ged
qGN (R - Ol heaet B TH] 46 E) 9w
Brt €1 37 Al o HYAwur SR T ol o st
o forg wE qen snyfier ST SR WA i
TEgThel Bt 8| forve 1 e € yEreene § wyut
HI T Y TH HH B 1 wf-wef dmfren fo
forvarartar aihe sheg o, U Al 1 @iel &1 T
FH o foau arenfad & S €SS0 o dR W
ARl 3R &, I & W oh SRRl 3 104
TH]-SHIS dTel T i @il 1 I TRl STHRERT
dafeR 3 TH ‘TEWIeTH’ (Rutherfordium) 9o
w4 aﬁfﬁ'cl—ﬁ 3 3@ ‘Wﬂéﬁ'ﬂ'ﬁ' (Kurchatovium)
W fEE T8 WE # FfeTE R R A F fAw
IUPAC 7 ggia fsan fe 59 o o &1 @ fag 4
Bl 9T SR A w1 qHedA 7 8 WY, 99 q6 T TS
1@9WF@T3ﬁ$WWH§T(numerical
root) &1 TAM HId T Aok AH Hi YA
FHHHI oh YR W Y g S os9 wnref
3.4 H e o 2

* e 2 Hierl & HT Bl YOS FGE] VARl & T HE (T 1940) H TRl H1 @S ° g1 59 915 TAIH & aR
At (94 @ @Y 102 qF) el SEd-GRON T F5ed S SR UfaAEe F ceEe % A+ w@r @ g 1951 1 diet H
TR 9 T b [REHR 375 B & o8 71 11 3% S 37 & [o7q dw@-g&r 106 &1 98 ‘Hafiea’ (Sg) W@l Tl
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. Representative elements Noble
Representative gases
elements GROUP NUMBER—|
GROUP 18
NUMBER“ 11{ 0
2
l 1 2 1s? 13 14 15 16 17 He
IA TTA IIB IVB VB VIB VIB| ;¢
3 4 d-Transition elements 5 6 7 3 9 10
2 Li Be B C N O F Ne
25! 252 | GROUP NUMBER | 252t | 22t | 252t | 2s2pt | 25725 | 252258
T I o0 R T T AN S SIS U NS | NN - Bl I I () .
a g 1
- 30 32 | A IVA VA VIA VIA <«—VII —> IB 1B | ja, 3957 | 3% | a9t | 39| 39
= 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
% 4 K Ca Sc Ti \Y Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
A 45" 45 | 3d'4s’ | 3d4s" | 3d4s’ | 3d%s' | 3d%s | 3d%s | 3d4s’ | 3d's’ | 3d%s' | 34U | 4d4p | 4sMp | 4s4p' | asapt | a4y | AS4p°
o 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
25| Rb | ST | Y Zr | Nb | Mo | Tec | Ru | Rh | Pd | A2 | Cd| In | Sn | Sb | Te I | Xe
~ 55" 552 | 4d'ss’ | 4d’ss’ | Ad'Ss' | 4dSs' | 4d%Sst | ad'ss'| ad'ss' | 4d® | 4d'Ss'| 4d'ss?| 585p' | 585pt | 585p° | 555pt| 555p | S5°SP
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6| Cs | Ba | La*| Hf | Ta | W | Re | Os | Ir Pt | Au | Hg | T/ | Pb | Bi | Po | At | Rn
65" 65> | 5d'6s® |47 5d%6s 5865 | 5d%6s* | 5d%6s* | 5d%st | 5465 | 5d%6s | 5d%s' | 5d%s* | 6s’6p | 65’6 | 6s%6p | 6s6p | 65’6y | 65°6p°
87 88 89** 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
7| Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh F1 Mc Lv Ts Og
7s! 75> | 6d'7s
f-Inner transition elements
* . 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanoids Ce Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Br | Tm | Yb | Lu
4f'5d""6s 4r'5d'6s*| ar'5d’s 4r'sd'6s’| a'5d'6s 4%5d'6s’| 4f sd'6s’| af'5d'6s"| a5d’6s ar"sd’6s |4 "sd 65" af s 65" lar s s> lar s 6™ laf 565
oo 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinoids Th | Pa| U | Np| Pu | Am | Cm | Bk | Cf | Bs | Fm | Md | No | Lr
5f6d s 51%d"1s*| 51°6d"7s"| 51%6d'7s1 516d"7s*| 51%6d"1s*|5176d"1s*|576d'Is*|51°6d"Ts* |5 64" 75" |51 647515/ 64 15 |5 64 Tl “6d"Ts |51 *6d" Ts"

ford 3.2 T & WH-FAF T T ST STk = & qrel S7ad GRvil &1 315 &9/ 7 1984 % IUPAC 3 ST7HIRT
% IER T $I 1 G 18 T 9l T B1 §9 YHR HT Gahad o [ A-VIIA, VI, [ B-VII B Tq O @ =¥ %34 &1 [T dgfd
&1 glaeerifya #ar 8l
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el H AR T O H e

79

WU 3.4 AWl % IUPAC THEIUT 3 Haraw yfafafe o Hage @ Tt | qen gt o S 2l

37k ™ i v TRl 9§ 39 29 1 A YR H AH B Hehdl B,
0 nil n el 39 a1 WISl g8 ¢ Al HG Y I ok
1 LEs u feru fenslt Wftrg SieR <1 9 @1 Hehell 21 THIT-shHish
g 311 ]: 118 T Tl 1 @IV &1 9! 21 Weft 7wl o STfd
4 quad . TUPAC i T ST 2 g1 21
5 pent 9)

6 hex h W 3‘1

7 sept S .

8 Gl o 120 9IHY] shHTh 91l d<a 1 [UPAC A/ den
9 enn e Tl (symbol) FT BRI?

Teil 1 ARl o HH W TH WY W@ Sl €, kgl
SR TR UTe BT © A 37 ¥ ‘33T’ (jum) g TR 3.4 % FTER 1, 2 T 0 AT o forq g
fea S ®1 100 ¥ S WA HHIH aTd qwl o (root) %HY: un, bi 941 nil B 3Td: 120
IUPAC 79 §RUl 3.5 § S91iQ 7T 2|
TH YR, T % ! Tged SRR AW AR o Yeiteh Ubn &I

&L STl Yelteh f&a1 el 21 91€ § 8¢ 29 o [UPAC

TRH]-hHIeh dTel T 1 A Unbinilum el

WRUMT 3.5 UTHIUI-hATeh 100 | 31faeh aret dvall At ATHeRTOT

THTU]-hHTh ™ Teiteh IUPAC 3TfIhd 19 | TUPAC Wditeh
101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Ungq Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unnilhexium Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassium Hs
109 Unnilennium Une Meitnerium Mt
110 Ununnilium Uun Darmstadtium Ds
111 Unununnium Uuu Rontgenium Rg
112 Ununbium Uub Copernicium Cn
113 Ununtrium Uut Nihonium Nh
114 Ununquadium Uuq Flerovium Fl
115 Ununpentium Uup Moscovium Mc
116 Ununhexium Uuh Livermorium Lv
117 Ununseptium Uus Tennessine Ts
118 Ununoctium Uuo Oganesson Og
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3.5 A<l o SAGE(Heh fa=amd aem
Tad -|Ot

frset T | T g ST TR Rt Ry sl
1 TEEH WX FeicH Hee W Hi S Gehdl B1 g
FieH HE&A (n) WA & & o wr, o ‘e’
(shell) ed €, %! =k hdl €1 e e ot ST fom
e T W] H goeed fa=-fa 3u-mm | R
S &, T 29 s, p, d, fhed €| TH] § el o
foraeor =1 €1 S ‘gl fa=r’ wed B TRt
T &1 3Aad greht o feafq 39 R SAHar sifan
el 1 FACH-F@eA i <eidl 31 39 90 H Y
refeh R 3Ted RO def a<dl oh Soaei-eh fa=ard
o A WY ey o 9 § SRR Ww H|
(eh) 3ad W Soleeien fa=mg

3TEd & Sl A1 9@l RN oF fA¢ n 1 HH S
%\'I fEd RO H Y SOUw AT (successive
period)aﬁ‘lﬁf WWH@JWW n=1, n=2
K | Heiferd eIt ©1 I8 @1 51 Tkl € fF yoE

e fagm

N A (n = 4) B IRY WRTH W, 45 FHerw
o W % WY B ¢ F8T 9% 9 Hewul § fF 4p
FHeh o W | T8 &1 3d HEh 1 9 IE & ol
g, S Sl (energetically) ®9 9 dehd 2l
39 YHNR, W dw@ HT 3d FHAV-AUM
(3d transtitian series) 9T &l STt 21 I whfeam
(Scandium:Z=21)@91Tﬁ%ﬁ?ﬁ%,WSﬁﬁ|§TﬁEF
fa=ma 3d! 4s* B B1 3d Hew 5k (zn, Z=30)
wR ol &Y W W @ 2, foent seiaien o
3d 10 457 T AT A 4p FEH F T o @Y
e (Krypton) ® TATE Bl 81 el oo =i
Ed § 18 a9 BId | UiEel ed (n=5) ®iaream
T Y& B0 €, Y Sed o TAE 2| SHH 4d 3EH
(ytrrium, Z=39) T 4d FHIT IO (4d transition
seﬂes]ﬂ@ﬁ%lqgm5pa?wa5 T W
W(Xenon)ﬂwm%lmeﬂﬂﬁ n=6) |
32 % B Bl SRR o9 6s, 4f, 5d 991 6p

aad | dl bt G, R ST SHel-SR § SyeTs
TRA-Sheieh! F1 FEA W T Bl 81 39 YhR JUH
e (n=1) 1 YRY a9 F9a &R (1s) F 94 9
& a1 21 SEH T a7 B 2| ege i T
(1s') den Efe=m (1s?) 81 39 YR, G&H his0
(K s197) ol &1 Sl @1 S84 37ed (n=2) oliform
Y IR Bl € (Li=1s22s!), Foraw e soisei 2s
ek W oSl il B T dxd difered | R
ToioR SUMEd B &1 SHeT SeiRiTeh T (1s2,252)
21 THeh 9% SR a9 YE I gC 5 89 e
% d Uged €, A 2p etk qUi ®9 § golaEl o
9R S B TH YR L 19 i (252 2p°) a7
w1l gl B S 1 o7 SO SMed W el i We
S el B1 @ WRUN 1 GG @ (n=23)
Hifead awa o WY URY B 2, foeH e 3s
Hefeh W Sl 81 ST 3s We 3p hefeh! o gelaal
o 9 o YN dER STad | q<l ol He Hifedd
T A q el TR S 8 Sl 2

Hefhl H M A B Af HeTRl w1 W EiEH
(cerium, Z=58) Ee) RIS ET Fﬂ?ﬂﬁﬂm (Lutetium,
Z=71) W THS Bl €| TH 4f 3Ndfieh HhAUT Sruft
7 oFATIS Suft (Lenthanoid Series) Fed %I

TIAE e (n=7) T34 T & THH 2, foew
TR IR 7s, 5f, 6d 3R 7p Heweh ¥ W Bl
T W faferr (artificial methods) g1 HMHA-
fafifa featedt aw €1 Hrdel eTad 1189 AT HHi
e (4 @S S 9rel) qwd o e el g, S
Ipte T-uReaR @ Gaferd g

W= (Actinium, Z = 89) % I¥E 5f e
A I HATIEY  5f ATAeR HeRWUT- AUt
(5finner transition series) W< 2t %I '5115[ ‘ﬁ%ﬂ?ﬁg
AU’ (Actinoid Series) Fed 2l 4fA 5f 3TANER
HhHUT- AT 1 3TEd TR o & 96 9 9l Wi
T €, feh TEeh! T 1 SRV @ ST Heh 3R
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el H AR T O H e

11 & A TOTEE a1l awd i Th & W9 H Whl
FfeRTeT o fagia &1 ot e feen < =Rl

30T 3.2

3Ted HROT o Uiee SAed | 18 dwell o B i
AT 39 fhd TohR 1?2

&

S n=5 @l €, @ 1=0,1,2,3 Bl ¥ SUCTeH
FHEH 4d, 55 3N 5P HT Hetisll o TG HT HH
TH YR 8— 5s<4d<5d ¥ el THelsh 9 ek
U €| 3T AfUshad 18 Soiag= W S Tehd
2 gHifere emmad 5 @ 18 a7 e €

(@) aiaR SeaEi+eh fa=ma

Teh & ol O Seafer W9 § SRR d<al o Garsiehdl
I Tl fo=Ire THM Bid &1 Tk el hemeh!
o Sufterd setagHi 1 T ud e off g9 B €
I[N F faw e 1 oh qwell (@R eiget) @
TASTRAl IV SR fa= ns! BT ©, S =
@ T B1 3@ YR T T ®l ol @ T fee
T oh U ek THII-SHHlH W W # ©, |
for 39h Amufeen TRET-SeAHE W

3.6 SERIHeh fa=md 3T a<al o
YhiX (s,p,d,fm)
3rerd SRTTeRT0T 1 Yegifieh HeTR * SAiithess 1 fagid’
(Aufbau Principle) G2 WIS 1 Seiaeieh famama
%\'I 3Ted GRUM o SHedier ol (vertical columns)
T fee = Teh T (Group) e giEr (family)
1 T L ©, S FHE THER o < 8 98
THMAT AT It , Fifeh 3 el o SeIad i

81

o gl 1 HE SR T Th € YR & e
21 31 a1 faurer =R fafe=1 stent s,p,d 30T _fF
o feman S el B, S 39 W W R wwar € T
fohe TR o5 ek ol gRT R W ® ©1 3 fa
3.3 ® gurtan T )

T YR ok TR0l § < 3T9aTE 3@ i ferd
T TEel YA Eferad 1 €1 SH s- wlish o awdl |
oG BT A6V, TG TEHRT €A fed qRoi | a9 18
o el o WY p- =i | ¢ SHeRT SAfEe 59 MR
L % o Eiferem =1 Fast S (valance shell) U
9 g ® (He=1s?), T5TEeh Horeaed 98 Sepe T
o AT 1 YR HIA 7| T YA BTG ISH
%1 €| THH ohael T s- Sl ¢ (H=1s')| 36 TR
THHRT T A 1 H g Ige o WY S =1eul
@ SR, 9% TF IOHRM TEU Fh I 9
(Eiferm) w1 Seieeieh forame 9 Y Hehdl €1 39
YehT ST SHaeR o 17 (Eeisi IHaR) i wifd &
Tkl 21 ik I8 T fau feorfa 2, ora: eEgee #
e IR B T SR STl W T <A Afus
e W T B (Fee 3.2 iR 3.3 Wi @) |

319 3Te 9RO | @ ¢ =R YR o Tl o
T AN i ==l €9 ST 37 awall o aR | 31y
SR 1 faawer a8 ® oo S 39eh Aot i
== i o fory 59 srsgreredt st SuanT fohan T €,
IR RO AT 3.7 | feRan w2

3.6.1 s— soligh o o<

il 1 o qeell (&R Gige) qen o 2 o qwl (A
T[T ¥1q3T) oF STRIaH ShivT oh HIHT SeleRieh o=y
ShHIT: ns! dA nsz%lﬁﬁa‘ﬁa?ﬂﬁaiﬂaﬁw
& s =lich @ Heg B 3 eft ferarsiicr eqd #1 eh
AT Wt & AH HH B9 F| A I WAdE

THTIT-HEAT Yeileh TARI R fa=ma
S Li 1s%2s! 3T [He]2s?
11 Na 1522522 pf3s! 3TAT [Ne]3s!
19 K 15225?2pf3s23p°4 s! AT [Ar]4s!
ST Rb 1522522 pf3523p63d1°4 s24 ps5s! 3TAAT [Kr]5s!
55 Cs 152252263523 p®3d'1°4 524 pf4 d'°5s25pb6 st AT [Xe]6s!
87 Fr [Rn]7s!
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ferT 3.3 A= el & WA & YR W AEd GR § aedl & §hRI dcdl @ A G WUl
(CO ) 799 () U@ 3991 () & &9 7 qorfar e 81
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el H AR T O H e

FRIAH Seiae @R o 99 1+ 3T (R wrgst
o) o 2+ A (YR T erget W) S o g1 e
T e &l IR §H W I GIgel o i ae qen
sAfafspareiiaa o 9fg et 81 sifusw sifufpaia g9
o %R0 o FHfa H Y5 ®9 H & € e €1 oAferem
3R feram il BIEH s— ieh o awal o AR
& &9 ¥ e B 2

3.6.2 p-siieh o o<

3TEd AR o p- sl B o 13 © TR I 18
#WW%Ip—W%WﬁTS—W%
Tl §gF ¥4 ¥ %Us a9 (Representa-
tive elements) a1 &I T F d (Main Group
Elements) <hgl SIdl %I T 3Tad o Schl dl=’IdH
ORI a8 ns?, np! ¥ ns?, np® I% 9RAfdd
W%Immnsz,npﬁ,mﬁ'ﬁ@m
T o 1Y TEE Bl 81 S WH | G i
F |eft Fa soEe @ | W BN Bl seEe #
gTHT AT TEHY TH TR e &l da T agd
wfed a2 sEify P W w1 THETE
sAfafsmamefiicar sgd w1 g {1 Spw 4 & IR
T IRl AR o THETR €9 9 & wEwey o g
ﬁa”’f%lﬁaﬁ%%@ﬁ'—[malogens) qen 169 o
o dd ETehis (Chalcogen)l%‘lﬁﬁ"ﬁé*ﬂr_cﬁ
1 ITH HUNHE Solged dfed Tedl (negative
electron gain enthalpy) 2t 21 9 T @ 9
FHI: TH I 3 TR TV IR LR Sk g
TR T Wi & ofd €1 3ed | o1 9 <
3R g+ TR el ok telfeareh et | gig gt § qen
fordt anf § TR @ = H1 WE T R e aAeqor
o gfg et B

3.6.3 d- sfeh oh A% ( WehHUT o< )
3Ted WRON o Hem | feed &t 3 9 o 12 9 @
d-<AF o T HEAW ¢ TW A ok qwl i
YEdM $eh AR (- STaed | soiaedl o 9 S+
& SHR W & A g T kRO F fR A T
d-=feh o v Hedd €1 T awdl & HE=
AR o (n-1)d"ns®? B A @ a
Ty €1 29 deell o 3P W T B § qen ufed
% ®9 ¥ 9% B €1 Zn, Cd A1 Hg o GHEM

83

séagvrﬁmi%mm (n-1) d""ns? %ﬁ@q‘*ﬂﬁ%ﬂ@f
GHHOT Aol o agd-9 AN ! YA T w2
d-sth o dvd e di T At
s-&cleh o Al aef A fhamha 139 a1 149
o el o e U YR § Uq 1 1 Hid &1 gl
RO d-scifeh o el sl “HeRHUT avar’ ot wed 2|
3.6.4 f &tk oh a<d
( TTafer WehHUUT a<H )

A ad ROt | = 5 awel o < et ufeat
¥ w T R, 3% eeMEe (Ce - Lu) T
T (, Th - L) %&d g1 3 9foei & qwl
H TEIM IAh MM SR O [(n-2)f"
U(n-1)d>'ns?] GRI i W B1 & awil # sffaw
TR fSU-HIT A Rl &1 3 SR W 37 Sfor
& Tl I f-oAleh ok dvd (T HWHHT q)
Fed €1 A Tf I oigd ®1 YA SOt § qi %
O SIS THE B | R UaHae it o el ot
3k Ffad STAThIu STaeensti o Wwoa®y o
el 1 WEE ok G oARSHIe St & el hi
o | srcafee Sfect e 81 UiHge 9t & aw
et (Radioactive)%ﬁ %I g k) Qﬁlﬂﬂﬁ@ el
! TR stffwaeT g BRI (Nenogram) &
IEY off 0 91 H wrw fomE 7= {1 g al o W
w1 e Pt w9 G TE B TR 71 R % AR
o qee CTREREE q e 2

IETETTT 3.3

TXHIY] A% 117 TG 120 o1t Gl bl @IS 37d

e el 81 Ui B o fo 3 el b1 T Sfred

gt o forg afar/at o g =ifew don gois

T SR fa=ard = g2

&

o 32 4 & T grolt @ T @ R o
HHE 117 I T HI TIE TEd GROT H
Bare RER (et 17) & At o < @ qen
TUHT SARIHH fa=a™ [Rn] 51 '6d'°7s°7p°
BT IRHIY] ShHfieh 120 el a7 oh1 T&IH a7 2
(e g1 oqd) H Ra o < €T AT SEehT
TSR 9= [Uuo] 8s” &M
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3.6.5 g, 3TuTq AR IU-oIq
Tl & s-,p-,d AT f-5cATh] B IR0 o TSl T
O o SR W A IR T 3% Urqet qen sterqet o
fafsa feran < wehar @ (F971 3.3) 1 3 st H 78
wfaer o rferek G rgeti 1 ®, S efred GRoft i
o€ 3R feord B1 orqu R & A9 W GEaE 3
Bt 21 [WeR THeRT TR €, e ok Hifsem o
Tl oft 9gd %1, HAI: 303K 3R 302K &1 wrge
o Tl T FeHlh So B €1 3 a9 qen T o
et B €1 3 oferaasd (gedie | ded W udel
=T | Qe S Foh aret) qen a4 (freeh ar @iw
1w ) B g s e W % A i
feera &1 el atrerd WOl o ferelt ot o qxal b enfeaen
o S S A A B S s e
o o1 3R ¥ 36 IR 9 R efesh 01 9 B 9
T S7uTqY Ferd W 319 TS 1 Bl &1 g6k el
q FALFIR HH B € (TR IR HreA SR ) |
3 g qen T o 37eq =Teih €1 Sgd | st
3 9T (Brittle) g1 €1 3 & o194 IR a1 &Y B
& Tl o tfersh © Srertfedsh Toil | URede et
(abrupt)ﬂﬁm%,mﬂ%méﬁﬁ—ﬂﬁﬁi@
(Zig-Zag line) % &9 ¥ @ &1 e 21 (f97 3.3)
e Aol 9 fererol (3E1-He) T o HHrer feerd
Sy, fafasia, sTHfe, T=u 9o Sqiem o ,
uTgett T Stegeti— ‘IHT o sifieer <wiid 71 39
TR o el bl SU-oq’ (Metalloid) HEd 2l
STTEITT 3.4
TH] Al SR Sfed RO | fefy st e
B e I o
uifcaleh @O oh A W HAMEYA hifell—
Si, Be, Mg, Na Td P

'

3T HROM oF o B HW H 9 i A 1 W)
el o ek 7O | gfg Bt € qen eed o
o B A S A W e i A A
21 39 SMUR W Y T awell o Sed g Hifersh
&I hT HH TH TR BITI—

P<Si<Be<Mg<Na

ECIREICRIE]
3.7 a<dl ok IUT-SHT W SMAfdar
e AR § AR 79 S F A= R WE SE AT 9qE
T <€ AR S, ol o ifaes qen et Ton o
T yed RER a1 Sewiond - fee emed W
T foRamefiara gem avf o w1gstl H 9gd saml
2, U q%h Tl U€ Y B Wl @ S A 17 ok
AN R T W TR Fgd SR & S | g
e e It & 9gE | (SH- aiE uget ®)
e Rl H§ SR 9§ A9 S W fewied sed ©,
S TGS o WE W (8- TaE IRER) SR
¥ 9 WM W fpamier Ted #1 ol o oremt o
T i 2 W@ € SR T STafi i 79 Y HHe?
3T A TR o I <A o foT g qw] i w9
o fHgId & WA o Uil 1 SR A <A ghm
T 9 | gH Hifqe wd qEEtaes qoreEt 5t et
1 foa=r w0 AR 5= TR i GEn ad
Fol-&R i TR FHS |
3.7.1 diifaes Turedt =t wafw
el o g Aifcreh TOT (SW— e, a2, Hela T
SR ) ZHSHT, RIS TU-Sosfl TS, Tt e IReH
T €1 39 STH H ©H WA Tel e B, S
@F@T (Ionization Enthalpy), 3@3@'77[ KIE] Qﬁ?‘ﬁ
(Electron Gain Enthalpy) R ToleReA SR UTCHRAl
(Electronegativity) ¥ 3ed Jafd 1 AT Exuf
(eh) uxHm =

A o SR T TEl-GEl Feio sga @ wifed 2,
Safe Tk T 1 e smEr o A S gewRdt 21
T Y] THHT HRU I 2 Tl 91 ot I8 © foh
A 1 B 9Ed B (| 1.2X10°m) Bl €1
TIH] o =N SR E@'OFQ'T"T AY (electron cloud)aﬁ
FE e g faeifia F& 21 o1 W) @ SR
&t a W fauifa 7=t foran s weRanl g vISRT B
o] oo WEt el A S weRdt| rfies fafy ok
YR W WA] o 3R 1 Fufer Hag @l R
T ST H T[S o = i U hl SRR
o STUR T TH]-STHR T ke fhal ST Fehal
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el H AR T O H e

21 Ushd 3TEY (Single Bond) 5N S8 &U HeG e
3Tﬂ3ﬁ (covalent molecules) T 3ufeerd g etenfas
AL o AR % ot 1 g S ol S @
qr 39 (%ﬁ) %WWWmﬁﬁleovalent
Radius) T 3T fohaT ST 81 SIEI0T & IR |-
FARM 310] o faw 94 €8 (bond length) T HH
198 pm i@ fan a1 21 5@ @ &1 emen, (99
pm) , AR i THT0] 521 BhMT| egst & e
5 (Metalic Radius) &1 AF ifaes feed o
feorq a1g R o1 A e gl (Internuclear
distance) T WW@W%IW%‘-?@WW
AT % s 1 Tl 256 pm Bl ¥ HIR ok foAg
HTfceteh 511 3T A 256 pm T ST, 3721 128 pm
BN 39 Tsk | Hewdrst e qen enfas e &
foTu ehael wRHvE 592 (Atomic Radius) 3T 3R
foha T 21 AR 9% q<d ® A1 ¢ A1 TG, WArve
5o o1 x-Terton qen ot SeRihitye fafa @ T
ST Gkl B

B qeell oh foIq weHTo] s w1 /e Wt
3.6 (%) ® f&=n o B

T YRR 1 Ggiaal T Y F @A Hi e
€, TS Teh1 = &0 1T e aell FHeie §

85

Tohd 21 3T | € A Sg T TRA- 3R Sl 2,
S fgdftar amed o el o THI-3TRR § T B
(IRUTt 3.6 % HT TR HY)| 9 I AT HR
g ¢ T ofrerd H T SR sed W 9l e U
TS v o o ¥, T $ep AR E9 H g2
g o HoaEd TRl Serael 1 STRU AMHE i
R seal < €, feh SR wam] o w2 St 2
3TEd AR oF a7 | IRHIY]-ShHish o HI1Y-H1l TLHT]
et ® off frafg w9 9 9fg 86 ®, S aide
yrgetl qen gelioH el o fow @reft 3.6 (@) ®
gt T 21 ot W e B A 5 R 9gd §, @ g
FAlCH T (n) 1 AF S&dl © 91 FaAs seaeH
(valence electron) Tifew | B BTl ST %\' Eﬂm
foh STiafeh Fof-TR SolagHl o R B ©, Sl Fad b
w9 | 9l sogel W ANHE 6T STHY0 HH T <d
T TRy TCHTY] T SR agdl STl &, S TCHTI]
5 o &9 ¥ uRefed g 2

& < I SAEYTRd € Toh T8l Scpte i i
A e R foer @l farean T #) uehet W) g
o SNl ST SrEfud B wgad e 81 sEfey
Ipt TG T ol S Al 1 Gedass B 9
T Heh areEed e 9 & =feu

WRUMT 3.6 (H) 3Mad ¥ YA B o " (WY ) (pm)

RHTIT (TS 10 ) Li Be c N o F
RGeS 152 111 88 77 74 66 64
O] (MEqMI) | Na Mg Al si P s cl
RGeS 186 160 143 117 110 104 99
AR 3.6 (@) @ H URAN] B ot WA (Ui )
Ty (SR I) Ty e Ty (& 17) RGeS
Li 152 F 64
Na 186 cl 99
K 231 Br 114
Rb 244 I 133
Cs 262 At 140
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Li

80} C N
OF

T 00 T
T FHH(2)
ferT 3.4 (&) fadia sad & WA w91 o Gre Tl et
ey B o e

(@) e B
e WA § TH 3R (bl <o S &eee
ST €, STelfeh Weh SoigeiA THel ST, af 0RHT] SRomaa
o S €1 ST 5 1 St et T
feerq oMl e ToTEAl o St g o fAeior o
YR W Rl S Gkl ¥ WHRUEAT deel i
A B oft o) B w1 wgih € e 2
¥FEA SRR H 3T9H ST Y] (parent atom) ¥
SEfeh AYHTT AN, Sk WA S & @l 2l
SO 1 SRR S WA Y AT & 2, s iifs
Th A Afeh S gl B § selwl |
iUl Sl € SR §HEl AWt Siey W
T 81 ST F AR W FAANIES 3@ 1 ST
=0 (F)136 pm €, Vi TS i WA
55 Sad 64 pm 1 IHA AR, Fifegw a1 &1
AT 5591 186 pm 3R Na* 118 &1 a1 1 A
95 pm

& R[S qel ATl W Soldel i HE&
T it % ad WE@HT{Fﬁ RV NI (Isoelectronic
species)*mﬁ %I Wﬁﬂ%ﬁ"ﬁ Ty o BEUSuUl %
0% ,F,Na*,Mg?,0>| Y Tieis § soiaeiqi =i
@& 10 81 Yk et s e fa-fae i,

e fagm

Cs(262)

K(231) Rb(244)

g
8200~
E Na(186)

150 Li(152)
E //’/‘1“33]

100 Br(114)

Cl1(99)
50 F(72)
| | | [ T
TIHU] hHTeh (Z)
T 3.4 (@) WA FHHHI & Gre G igei e gens
1 T st 5 uhad

Hifer Yedeh o1 MR 3T Tt 21 2tfueh eMmefm
€A Shi ST 551 1 A %9 B, FifR TR
ek e Sl oh s SATHYUT 3Tk BT AR
T FHOMEA i STt e &1 A sy
T, iR Sl oh o= Tul Hfaet S g
AYhRTT STERT  Afeeh 81 ST Tl 3 61 AR
g S|

SITEITT 3.5
Frefafea wdtefs § frae! oo sifusan qen
frgent oo =gAaw =rir?

Mg, Mg2+,A1, AP

&

3TEd | 9% 9 6 IR a8 T I B
1 HE Tl B YA 1 SRR IHeh SR
W] 1 A H Bl el | HHSAeR
e | siferer ARt sTEeT arelt TReisT
1 5 B B B

31 SAfRRdH SRR aTelt TSt Mg a2 =[FdH
SRR aTelt Thest A1°T g

(TT) AT TEredt
dwell g TR N i HEAHE Uhfd ‘ STEAA

* HrgeraHl TSI 3 =1 < 9 ek wftefier S Tupeil 3R SO goierel i T WA B 9o G ST 81 9 el i g off yehfd 2l
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el H AR T O H e

T’ HET S B T S (Ground State)
¥ foafia i T (Isolated Gaseous Atom) Ee)
AR el hi STed Fiehter o S Sl orrel 8, 39
‘T HT A TR FEd § TR IR H- q
(X) T HH EH Ted! 1 0 THEE W 3.1
o woedt ufedt A H o SR g

X(g - X'(@ +e (3.1)

AT Tl il WA fohal S giaH
(kJ mol™) SehTE W =kt fepan STl €| Hefifues frforerar
Y o9 T TAHH i gUEh G & fAw T S
1 ‘fgdtar e el wed €)1 38 Tt w1 Ae
TEEME YhT (3.2) o GIA B H YIH ol ok
ERER
X'(@->X"(@+e (3.2)

TRATY] | TG i Yok i § SHIM Holf i
STThl Bt §1 o7c: ST Tedt BHYN UTcHeh
Bl 21 qd ok fgda e Tt 1 6 SEeh gUd
AP Tt ¥ A B ®, i S WA
FT AT § GERG STEE | goiaed ol gefh T
Aferen HfaT B 21 TH YR gAF A T
oM fgdia SEe et & 7 9 et g ¢ e
Tt Uz &1 Atk fafaf{e (Specified) T R wn
2, @ TH YoM A el wHgE =neu

T HHIE 60 T dTel qwall i GUH SR
Tt 1 o Fast 3.5 H <wiian T B Wk W syt
FURY 21 39 o @ 78 W ® fF 9% (curve) &
3= (maxima) W IF= T &, 5 qoi solaeH
IS (closed electron shell) TEdr % adn 3‘@7
TR fomme ogd & wmh ¥ gEd SR 9%
A8 (Minima) W & e1qe feer € den g7 emgei
1 ST T 1 W HH Bl 81 TET HRT § fh
A ure oA framier gt 81 sueh erfaftem =&m
2@ T oTad § 9% 9 T W a6 W el o g
AP T o qHE § WHAEGE ghg Bl € ael Se
g9 ot ® e &1 3N 9gd €, 99 S "Hl o wHl
At T 3@ YRR 1 g g eqmad o qedlt qen
vor ot o e gl o wEen: o 3.6 (%) SR
3.6 (@) ¥ T w9 4 fK@dt B1 g1 SR < dei

87

2500 [~ e

2000 =

1500 4

1000 [~

A, H/kJ mol”

500 =

TIHU]-SHHIh
ford. 3.5 | T 60 RAT-FAHI arct Tl & THT
T Qe & Al § gRed

T SeE B— (i) A qel Sesrl o HeT RNl
AR (ii) TR o He Hlaeuon|

ai | shie™ Sﬁﬂiﬁl (core elctrons)?ﬁ feafa
TfTes qe FarSh Seieeid o o9 o7 SH o Hhoraey
AT getae Afe ¥ Uffed (shielded) a1 Safa
(Screened) B! SIdl ©1 39 YHE &1 “GRITOT-gHTE’
(shielding Effect) = * SrEaur-grg’ (Screening
Effect) %ed &1 STeRU-E o HRUN THY] S Farel
TRl N SN fRar T et AR ste
(Effective Nuclear charge) Tfyer H Suferd amfaeh
TR AT (Actual Nuclear charge) T $9 8
S ©1 SerEtoned— efifer @1 aRAd 2s SoeRH
(TS SeraR) IHeh STdeh 1s FiS Soiae g/
STTERUT-HTe T 319 Hdl ¢ Ferea®y = o
AT TSR ardide +3 YFES ° HH YAE H
YR STINE M| STERU-I9E 3§ gRfeafd #
Tl el Bl 8, el SMdfieh hIeT o hereh qoi
®9 9 W B 21 39 FhR 1 fefd en e urget
o urd €, FSTEm TRl ns! Soie [ (n= STEIAH h19T)
Y YgA T H SR T 1 SeieA- T Biar 2l

g gH fgda oed # fiferm § T ia i
AR Fed , 9 FHAY: TolR Tk & qEA FoieH
Foll-TR o HEh § W § qe e WA
S 3@3@'@ (Inner Core Electrons) sl | M
SMERU-g9d | sat gfg &l Bt foh e qen
W%Wa@ﬁ@qwaﬁiﬁﬁ(compen—
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2500 |-
Ne

_ 2000 |- (2080)
3
g
2 1500 |
T
<

1000 |

500 |,

3.6 (%)
Fig. 3.6 (%) 5di7 37ed & aval & 999 3977 Tl 4, 37 awdl & WHI-%Hl% & o (@) &rid

TqgeTl & FH SFAT Wedt WA Sk YA T HeAd

sate) FY Ten| THt uRfeerfa o sgd gU AT o1
T dRAH SAFRM W STl T SRS U-Y9TE
SAERU-JATd i ol | 31fesh 81 Sl 81 hereasy
AR Se MY el W &Y S § qe 3ed o
M TG+ T el o MFH Tedt & 7El | 9 et
SRR 1 M i [ el | 3 e i
Tfass | eifesk T W wd € qen e ol o
FHROT A T A G ek iar g1 WE g9m
T o o e it AR dgd W AN AT i et
H TeR0-ge Atk Hewqul 81 Sl €1 39 HRO
TRIAY SR Hl e o fau &7 el &t
TRl Bl € qe o | 9 1 1 g T i
o EE e 1 A SEdl Sl 2

1 3.6 (%) 4 W € foF 91 (2= 5) & oW
A Tt T 7 SRIed™ (Z = 4) & JUH STEH
T o WH W HH €, Sl AR w1 AR
A Afeh T S 79 T & g Feled Seil-wR
W R Y ®, 9 -3 p-gelaa i qor
T w1 SR A eAeRfta war ¢ oifeas o
SRIAH S, S ST fohdl @, 9% s—geiaed
B, Safer SRA o SR Seee[ (ST fea
ST, ) p— 3o B Seoi@Hd ¢ o =i
HT AR 23—3@3@'7:[3!?[ REE| (penetration) 2p—3@'°|‘g"vl=l

e fagm

550"

500

4501

AH/kJ mol”

400}
(419)
Cs(374)
350 | | 1 1 1 1
0O 10 20 30 40 50 60
60 TTATY] HHIh (2)

3.6 (@)

F g § Ak B §1 39 YRR IR H 2p-
AR dRfea™ o 2s-Soiaed @i g B SR
FIT SoFel g Sifus RAfRd (Shielded) BT 21
31d: dARfeEI™ oF 25— SASRM 1 qorl H aRMA i
2p- TR AR ST 9 gUeh @ Sl @1 oFd:
Affe@™ &1 o o 9 o Yo S e
U % T 0 sfafHad gH SifefS den
TEISH oF YO I T o HAHl § @ ol
firerdlt B 1 Sfferdior o forw yem e et 1 aH
TZEISH o TIH I T o W § HH ¢ SHHI
HR0 TE € b AgeeH | Al SeeE 2p-soieeH
fafe= p-werhl o faaf@ & (g5 &1 fom), w&fs
Wﬁ%ﬂﬁ2p—3ﬁﬁ§ﬁfﬁ@ﬁ2p—3ﬁﬂ§ﬁ@
& 2p-3Mfdeal § 8| Teld: Soie Siqehyul §¢ Sl
2| TheTeEy SIS o <l 2p-Seieil § ¥ Tsh goiee
%l Gk T hi TSI SRS o @RI 2 p-Seiagi | o
N TR I ST HIT A B S 2

ITTEITT 3.6

HR emed & axdl Na, Mg 3R Si %1 gem

A Tt A H 1 0 HHT: 496, 737 3R

786 kJ mol ™ &1 qaIAM T o Tepehifam

T YA AH TH 575 A 760 kJ mol ' H ¥
foruen s1faesh I BT, 9T 3o SRl SaETl
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el H AR T O H e

&

g 575 kJ mol ' o Af¥H U I TEFTEH
1AM THREE o 91 W %9 e ey,
FHifr MY ¥ 3p— THRA 3s— ARl h
SN IR B 2

(&) ot oifer wOedt

S hIE SIEF T WA (X) Sold TEU HT
W(anion)ﬁtlﬁﬁrﬁﬁm%,ﬁwwﬁ@
Tt qREd 1 39 qd i gl ate T’
(A H) &ed ¥ a7 ToIcdt 39 e i 1Y HeEl o
Thdl € fop fohe oXoiar O WA ol Rl TR
Yok RUTEA S ol 81 F8 TRl 3.3 | g9
T B

X(g +e — X (g (3.3)

TTATY] GRT SR TEYT HTA 1 WohH SoHtardy
(exothermic) 3 ST (endothermic) B,
T a7 o @aE W e Far 21 Sga-d a5
TR TEU H ®, q9 el Fa gl g1 U
e | g e Teied SRoTcHeh Bl | SeTetune—
179 ot o el (BellSH) 1 SoeRE wfed e
T A STAfHF FOTHE eIl 2| THHRT HRV 78 & T
TGl Tk SoeeiA TeUl &ieh o TRl S T &
TR T Wiwd e oid €1 3E N8 Septe i
1 el ey Tt 1 7 AT e Bidl
2, iTeh el i oqu Felied &R U TS Fared

89

TR H YE A Tl € S ogd g Sl o
o= g Seeieg © o Sepe el % Ted S
e 3fferd RO § o€ O S T SR feord €, 59k
oI geteia wfed e 1 9 STy SR
Bl B

I e 1 o o gl afed T
o TiEdd 1 %H %9 (e 8 g e o
3TTHR 3T YR ok 37ad | o 89 8 &b a9gd
€, 99 9gd gU WA ST % WY Sola[ died
T stfuren e Bt 21 ofed anelt § o |
T AR A W gHE TS @y | ghg gt 2l
TR B W] H SiaR( 1 gl Wil Bl €,
Fiifeh Ffase g7 Seiae EERIa AIfHe oh Hf-Tdhe
B ot | A T S T8 W Selee ate Teed
1 U HH M Bl Sl 8, Fifeh TTHT0] SRR
Tl & q W g geee e ¥ 9T el g
YR i Y AHRITAT 2T IR § 3@ i et
21 (WOl 3.7) W@l W 3H q%T 1 Sooid wTAl
Teaqul € fof Siadis qon wgeida & fau seiae
wfed Tt 1 W HHY: = o a § S are
el W HH RUMHS | SHR SRR TH ThR
BTal SRS q1 TS WA W geeR yaw
F B, 99 TeU1 fha T g e seien wem
Al ol & (n=2) § Youl il €1 59 YR &
FeH Toll TR H IUTEd serareil gr Afersh wfaemor
B | FeH ®R n=3 (S Cl) H YoIeT e T

ARUM 3,7 H&A o7 o %D dval ol SAEE dfed TEed* (kJ mol)

i1 A H i 16 A H i 17 A H o A H
H - 73 He + 48
Li - 60 o - 141 F - 328 Ne +116
Na - 53 s - 200 cl - 349 Ar + 96
K - 48 Se = 185 Br - 325 Kr + 96
Rb - 47 Te - 190 I - 295 Xe + 77
Cs - 46 Po - 174 At - 270 Rn + 68

*Igd G JEal ° TGEfAE G 3.3 ° F9T MY weicyt GRadd & HOIHE T HI SoHaeiT-a4al (Electron Affinity) (A,)
& &Y F qROIGT fFar mEr @1 WHr GRT Seaeia T FXA W Sa Sl (14 gidl &, q@ seiaeia Syl #i e 39
SIaT &, St S $1 aRaret & fawdd &1 afs fFE waEr) d geagi 34 @ 9T 96T @ e 341 gdl &, a9 gelaeia aydr
& FUIHE SO ST 1 FAFA-TYd H WE YA W GRYIGG fmAr Srer #
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Sﬁaij'*f, ﬁih}«ﬂ'l'*l (space)  aAferer T Bl %I ERS)
YehR SeIeRA-Selo(a et sgd & & Sl 2l

30T 3.7

P,S,Cl 921 F ¥ ¥ fowuent sifeshaw momcAss
ToiTe wfeer Tt qo foReent <A o
wfee Tt enil? e St

&

aed | & ¥ [ R g W Solaeq dfed
Tt eifren RUTCHe den o | A Rt 3R
TG T HH FUMCHH il 81 Sp—herh (S 5er
?) SUY SR TEY HH HI o § o
2p e W SR YAY HUAl WAl ®, a9
TARA-SoRA fakur afs BiaT ©1 S1a:
Helifeer SROMcHe Soieri wifed Toedl sl
I B qel Wed HH Soige ofed Toed!
IR i B

(=) faga FwomeraRdar
WA & qEEtE Gfie | eddth ey o
S ) S S SRR R A AR
ol |19 fered SEomeHeRal 81 SIEA Tl 8k
TSR e el W1 W S Hehal §, g ferge
FUTCHFA HIYH I7g = &1 fR ot aealf
%1 foR[q HoMcHehdl o o & Hea-gas
M (S— WiferT YHHT, Hiersh St YA,
FAE TE A oK) w1 AR gew 2l
Tifert T HeW SR ST WS B
SUTRERT SR e ifer 3 w9 1922
T ST &1 TRl omcHehal &l 4.0
3fehTl TG qXT I TRl I AT 3R
AR FHT FT e Tag 31ferw T pw
Tl i Tag oTeTehdl o6 HM 9RO 3.8
(31) ® fewm 2

iAol fhdl XU T4 T
% fore feer 7 2: 39 9 3 9@ W
AR Fa 2 fF o T P @ T @
ST B BTt Te W Ay i = e,

e fagm

T off < T TE H fohe YR o 9o 9 I8 ®,
THHT TR e 1 MR <t €, Torrep o) & a1
ST ST

HIEROTa foRq- R oeTehd! STad RO | 3Terd
oo 9 wWE (Li @ F) SH W agdt @ qen a1
o e (F 9 At) 91 R &9 2t 81 98 39 4
U= SC? 1 R RuneTshal &1 qwATy] e 9
Geiferd | ST Hehal §, S 3f/ed W W W e 3 S
W oHE © qu i § A SH W sed! g1 e o
AT e o RH B U A gorerl SR A
o SrehvoT Sl © qe fagd- R ocashdr agdl B gl
AR W S B o W A= W €, d SAE-S W]
5 gt €, S9-o foRq- RS HW Bl St
21 78 Wg e Toedt o HuE 2l

39 39 forgld RUMcHehdl Tel TLHTY] e ht
ey S T B A ore Y fed Smomeshar iR
AU o o= FaY B HedT H Wehd €2

3TYT el § Solee Afsd @i Yee Wgia gidt
B gEifery fere-Someashal =1 Fie Geer 1emq ol
% R @ 31 Te TR e § e #
SEUTCHeRl Sig- o T1el E 37erg e | gig gl ©
(= org ToreEt ® g @)1 g wehR ot o A
SH W dwl i agd-RMHSAl FH BH W ST

= AA
;
:

[ ToR afel T

L g

| T T

fera 3.7 s7ad Grvit ° Tl &1 ead ggfa
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ARt 3.8 (%) Tae@-woncrehdr w1 | (uifer durr)

AT (31T 10) Li Be B c N o F
farea-uTeTehar 1.0 1.5 2.0 2.5 3.0 3.5 4.0
YT (31T I10) Na Mg Al si P s cl
farea-suTeTehar 0.9 1.2 1.5 1.8 2.1 2.5 3.0
ARUit 3.8 (@) faeq-wunareRar @t we (Oifert due)

TIHTT (&R 1) fa=A-RuTeTehal &1 AHM|  UXHIO] (01 17) fa=a-RuTeTehar st A

Li 1.0 F 4.0

Na 0.9 cl 3.0

K 0.8 Br 2.8

Rb 0.8 I 2.5

Cs 0.7 At 2.2

ToTeE H e ST © (A g ot | gfg et 2)1
1 9l ofed ygfaal &t e § fad 3.7 #
T 2
3.7.2 UHEEMe TOTEHT § FEd qgtd
el o AT qoeEl § agd 9 gt (Se-
foremul wag (diagonal relationship), 31fFa g8 g4
(Inert pair effect), ERIDES ‘\:l'gw'_tl'*f 94 (effect of
lanthanoid contraction) SWTFC: R I H SANIH
Tehehl H T 39 9T § d<ll sl Garsiohal | ST
Td S TEd H (Li § F %) STHMI TUreH!
I &9 H|
(eh) GIASTehdT W ATfdar AT ATeRATRIOT
STaATq
ISRl Tl H Aoyl ueH ¥ W 9 o
TRl foramd & YR W HEH S Ghdl 2
ey I (Representative Elements) EARSEISETI]
YA (ETeilieh 3Teede T8l ©) S9 axd o STeIaH
HI9 § SURed siaHl 1 W@ & ek gl ® A
33 H W& | § AT Seiael &1 §E&A ¥eM W
FEAl Bl HASThA oh TIH W e SRR

e TS T TR 2l 21 T < AifiTeRi W R
2, S afferiisT & OF, 31R Na, 01 3 AifiTehi # i
T I €, okt oI oTeshel &1 %8 F>O>Na
21 IR 1 9 SoleRite fa=mE 2s22p5 Bl
THH] A% TN OF, U H AfedfisH & THh
SR o 1Y TS hidl B, TSR 1 Sifaiishior
e -1 €, iR 39 A W T TSN T §
SATRASH 1 TRl Soleieh fa=Ie 252 2p* B1 98
TSR Y] W FY TR HT TASH BT T
THIfA gHeh! SAfeRdienor feren +2 81 Na,O 319
e wHTY] itk o[ RomcHe B oh ROl
TR TEUl HIl & AU ek WITSIW ULAIY] Uk
TR <l €1 3T SRS SATeRiehTor Sfereen -2 i
i 21 gEd iR ifeam (St oer gt
=g 3s' ¥) T ToigRA IS i 31 7 3R 39
TR SEehT SRS e +1 B Sl UMl
F1 M W@ gU Uk o9 Aifies  aw o feRd
TRHIY] SR 3T TLATY] o STENT i HEA TS0 Hid hl
ITHT * ST SN’ FEd B

TIESRE qAT AaA1ZS | <l bl FANSIhdl i
3113??9?{&[ (PeriodicTrend)aﬁWTUﬁ 3.9 § guIen
T 21 qeell o THEfTE SHeER | 39 TE i e
Wehfal w1 39 Q&I H o= off ==l i T ¥ wgd
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e fagm

I 1 2 13 14 15 16 17 18
HaTSTt TASLIT ekt W& 1 2 3 4 5 6 7 8
GASTHAT 1 2 3 4 3,5 2.6 1,7 0.8

@W@ﬁ%,ﬁquwwaﬂable
Valency)mmglquww_cﬁ
T USRS qwl o T [ Sfqeso 81 sHen
AT BH A% H HU|

R et 13-17 (SR ¥ TIetA) 1H o o o=
TeH | 3w Teqe | fue € Seeoned - iferm
3 R ugsT ¥ qon aRfeem o= &R 9w
argetl o fa= s s #, fo ffyea di

ISTEITT 3.8
3TEd RO 1 YA i gu, FAfafaa gt
I qell o TAT 9 S AR o ST0-gH H
AR (prediction) FISE— () fafes= T
S SR (@) Tt qen Gewt

&

(%) fafas omad 9roft & 149 aff &1 I
8, TSEsh! warstenar 4 @1 s, St 179 ot
(RASH URER) HT S T, hi TASThdT | T
31q: AfTeh 1 STHA SiBr, el

(@) fed |Reft H 139 a9 1 e Tt
2, ST WSl 3 B1 WewT 169 ot 1 ol
2, fmat gasea 2 21 or: Uqfafem qen
TeHL 9 o AfiT H1 ST g ALS, B

(@) Tgra 21ad oF dval oF JUTEE! § STHIAAT
Wik o oF W e ol 1 (diferm), o 2 (SifRferm)

qeEaS §Y Bld €, Ve o U WA
TrfTeR AifiTes s B areda | eliform qen aftferam
FHHI: ST = o fgdia qed (S9— A SR
tgfafa) @ sifek foed 21 ermad ol ® 59 @e
1 goadl =1 ‘ faemul day' (Diagonal Relationship)
Fed 2l

s- R p-=Aleh o =l o GUE H I TSl
I ol H JUH 0 oh 9 THEIfe SAaER o =
HROT Bl Fehd B2 TRl ST HFER 7 HROl o
B B— el 1 BT SAHR, 3Afereh A/ B ST
qen 31feen fagq-FoTcHehal ol o U US|
R HASTh Hefeh (2s W 2p) e M ok forg W
e B, Safeh ol ok fgdar oeed 2q 9 GalSish hersh
e € (3s, 3p. 3d) | HerET®Y €L o o JUH HEH 6
fau etferran Hegasehal 9 81 Seewned— anH
SFad [BF,] o1 9okl €, s o o 31 WSEA
319 ST 1Yl 1 TR Sl o =R 9 3Ifyeh
sl 1 TUM 2H o foTT T Hehd &1 SereLuned—
AT [ALF,)* 91 21 30 € TEY, p- s

ARUlt 3.9 Hifitent oF Gl GRT S9N MW aval oht HASeRdT | SITad-gia

g 1 2 13 14 15 16 17
ESIES] LiH B,H, CH, NH, H,0 HF
EAREl NaH CaH, | AlH, SiH, PH, H,S HCI
KH GeH . AsH, HZSe HBr
SnH, SbH, H,Te HI
HEE Li,0 MgO B,O, CoO, N,O., N,O, -
EIIRSE Na,O CaO AlLO, SiOo, PO.P,O,, SO, Cl, 0,
KO SrO Ga 0O, GeO, As,O,, As,O, SeO, -
BaO In,O, SnO, Sb,0,, Sb,O, TeO, -
PbO, Bi,O, - -
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Tt goH AR RUMeHd 21 (Ae—

s Tl ® gofa: W wior g f
B | et some aife Wit ot I EeTaTen
88 | Frar )1 omed WOl H I BN W w9
Al | gf @ik 7eg § wad % qEERE
193 | framfierr 2t 31 30 7R w=@ =1 @ik

T axd

yifcass s M/ pm Li Be
152 111
Na Mg
186 160
Li Be

s BT M™ / pm 76 31
Na Mg
102 72

Siferehan TEEfe fohamfierar (& arget
o) TelerRi Wit UM SR YSI8Td Biat
2 IR Tl € R (el fER) sela
WS T SRUMEA Sy WIS et 21 39

o Tl | Sl oh YW 9 W § wad fgdA
AEd o T WS W p - p 99 M Hl GEA
I Wd § (W8-C=C,C=C, N=N, N=N,
C=N, C=N), Sdfeh o7 o STlad! qe&g THT &l
FHT UM B
IR 3.9
1 UgfatEE % difie Al [Cl(H,0)°
UHfEH i SAfedshiol 3eel (oxidation
state) 3R HEHASHA TN 872

T

Uit ot SHerdiehoT e +3 SN HEEASTEh
6 T

3.7.3 TR rfaferarsiear am
srafaar

T D Hifersh O (SE—TRA] Teq e e,
I T, Seiere ofed Toedt 3R Garsindr) |
3TEd Yt 1 AAIA fRanl d o 89 I8 W ¢
T for oafda soieeiter fa=me 9 Hafa §1 wifds
& THAHE TUEH qel o Solaeie faere i
AAfireafad 21 axi & 37 Tiferw oI 3R TEEfTR oI
T Gy WieH 1 HINE 76 &0 S|

B WA € o omed W 9 TE iR WM W
WA TE At B sedt @1 horeawy oiead |
AETH THd RO St € (FB AIaEl hl
Brew, @ faewo am 3.7.1—% o feon 2) qen
TR dfed Tt 3R tfoss ST &1 Sl 2
aed H wad o R feerd axe 1 A Tt
G Y ¢ 3T Gad <7E 3R o ool i Seierie wfed

O 1 FaY a@l o STIEEA qdl SUEIA
FERR ¥ 4, {59 o9 9% H 9| T i s
qen refeaeh foreoar o1 SEE Hien ey 21 3T o
€ 3R ¥ T AR WH W enfea o # R SR
sefeaer o1 H d@d Bl €1 axl w1 I9Efe
ferareiieTar SehT StferdfiST 3R gaie o foran e
YR 1 ST Gehdl @1 T8 SIS W awel o
srfufrar | g7 faur 31 smad & A i &
T SATeRITS | TCIATgash A shich ifedse oM
Tl Gag o N % dwl oh HIUNU SHFHES Fad
sIfere &Y B € (S - Na,0) R St Tod
TE 3N B, ST AfoEe Had TR (ST —
CLO,) T HeA oh Tl o SRAES IHAHH
(ITEIM— ALO,, As,0,) I IEEH (ITrET0Mef—
CO, NO, N,0) &l | 39as! (amphoteric) e
AR o WY Il SR STl oF WY T STEER
T §, Seleh ST AeRge | et 1 &R 1 07 Tl
Bl 2

IETE 3.10
S § THEtE STl g1 <R fF Na,O
TF T TF CLO, Th A TS 2l
T

Na,O e § SAfAfHa1 sieh Fael R sl €,
SHfeh CL,0, ¥oel 3T ST 2

2Na + H,0 —» 2NaOH

CL0, + H,0 - 2HCIO,

&I A1 ST T[0T h1 TIeT0T 7Y fofens o 9
FI G &
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fT&us® dal &1 qaT B HWHHU el
(3d oft) @1 3Tad H TXE] e o1 uREdd sgd
%0 21 T B o oRddq nafies enmur emgatt
(4f9oft) o faw iR oft &9 81 e Tt s- 3R
p- dish o qdl o WA @)1 qRumHeEY 3 qd o
| 3R 2 i ergeti &1 qor § %9 fagaea 2|

& o & q@l B Sk WHV-HHG a6

e fagm

f-R P el wedl ® SR golei oo
wﬁ—ﬁﬁﬁaﬁﬁw(@waﬁim%
ol ® €, R WM 3.7.0-9 # swiEn wn @)

el 81 3@ YRR o ¥ AW WM W eifers o

g5 § SN FUifes O weEd @1 39 Wafd &
Wmammwéﬁwﬁﬁ@mw
2, 9 o 9] # W@ "WEHu dawl e ygta
Tk faqdid 21 38 BH WA SHR SR EH

o TEETE WA A9 S e aedt @1 B wedt @ wwm wwd S

RI9T

T Teheh § S0 37 T SR s1ed ol o fashre o st fRa 21 Heedid ST WRon W] e
W ea ot ST e WRol § el ot SAeEl Sk g U WHIY] Al o ShH § Wl alfasl diek
(3Td) 3R 18 Feater Tl (ot o1 qRem) & 1 €1 S § WA ik FHHN: qGd1 €, Seleh an q
o€ T Yo W wgdl 1 Uk ol o el § WHH TS i9 (Valence Shell) Seierif-eh fo=ma g €1 s&iiferg
3 GHM TEETE oeEl w1 g9l € Th g oed % qwel § o ¥ 96 R S W selaeHl #1 ge §
gfg Bl 81 37d: STeh1 HASTRAT (Valencies) Fa=1 Bl 81 37ad HROM H Selari=eh fa=md o SR T =R
YR o el i UEEH HI TE €1 F a7 ©— s- sl ad, p- dieh v, d- scdieh avd Qe f- selish el
1s F&% § T Scoiae 8 o SR STad GRUl § BEeeH & T SAfgd 21 96 o § 78 wfawd
Y atfereh G urgell i @1 Sregetl St wem 20 giaed @ A 7, S afed grelt # <€ S v W feom
2 T T, 5 %Ilﬁerﬁ 3R 33{‘611@3ﬁ o Hirerdt €, 3‘[@—‘&1@@ (Semi metals) 1 3T-HTT (Metaloids) FHEand
& (S8— Si, Ge, As)| @ ¥ 1= &1 3R og7 W el o eifeorsh ToN | ghg Bt 21 W | T AR A
W Sd § eifedreh U1 § AT ST 1 el o fifeh qen THEfes 0 Sk I ik o | e
g €

Tl oh IRHTY] SRR, S THIed!, Selereiq oifedl et o Saotierenar qei Warstehal | tefdd
1 yafa wE S €1 ey e ead H 9 $R ¥ I iR S W Hedt @ i o | Wi Sed
W Sgdl 81 SEA T qrE: STad | WA Sed T Sedl @ qe o | e e W sed @) faga
FUTCHe 1 9t T8l Yo erdl 81 Selaq afed Teedt qreRoren ofed § < 3 "o W AR st
ROTcHsh 91 o H e S W HH UM Bl © | FaASRdr § i SAefdar g Sl 21 Sl % AR
R F1EUs qwa | WA A1 9 SIRIAH HeTh] H Solae i G o SRIeR ALl S H 9 T SelaeHl
1 G HEHT T HT ST ¢ | TR fShamgiierar e o < fhRl W Fad 3tfuesh oiR 08 § gad
FH Tl T A § Gad <€ IR TErEfth sifufmaeiierdr soieiA 1 @ w1 gl (A Y SEH
Tl ) o HIOT B B | ik feReriier v Wepfa W T stereen W & fHerd| 9 9 Al o w9
firerd 21 fondll 31med o 1€ 3R oh qd &I SIS S €, Sieieh 1% 3T oh v ST SHeEs o
TS aE T ¥, 3 SHgu SRS A IS SieEe s B
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el H AR T O H e

3.1

32

33

34

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

A

3 GRof § orereen 1 Hifdew SHR R 2

Head A fhe Hewaqul [oTeH i ST ST ST § qeel o PRIl S STTHR a-E1?
F1 9 W TG ® I

Heefi % oo Frm SR sfrE s Frm § e s 37

Faled Heetl o YR W I8 fag FIfT i send aroft & Bed oad o 32 7 &1
=l

e 3R o o TR | ¥ ey R z=14 waf fem g

I a1 WA sk feray, S sed wron § e e @i 178 ot o feed € 2
FH ¥ a1 A8 fFrefefaa ga fean T 2

(i) TR Fehcl JARTIIE 511

(ii) ¥ 9F 9 g7

T & i o Sufterd qeell o ifde R TEEtT o gEE @ g &2

“qeer] e’ SR ‘TR e’ | e e wHEe 2?2

forelt ot =1 arerd o weeT) B ford wehR wRafid Bt 22 29 aRed 1 e o
Y YR H?

HrgERe TS ¥ oY o WHEd €2 Tk UE Tyl b1 A fafey, s fefate
TEATIST A1 ST oF W FHseiaRei e shfi—

i) F-

(i) Ar

(iii) Mg>*

(iv) Rb*

frfafea wfieis ) foem wifve—

N*, 0>, F, Na*, Mg> & Al

() T 1 GHMAC €2

(@) = Mo 5o o 9gd %A | afed st

AT ST SR TRATS W B A B § ST HOmEAl hT e Sk e TRATIpRf
1 5o @ aifuen == Bt @2 =amen +ifs)

A Tt 3R Sl dfe Tt i uRefyd w1 § foefia fidfg ) den
‘T ST’ WSl 1 Wiefehal A 72
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3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

e fagm

TIEGISH TRANY] H 37 Fereel H ol i Sl 2,18 x 10-18J | WA eEgisH
1 AT TNt J mol™ o TaI H URehferd it

[Tohd — ST UM i o A A HeheddT 1 ITAN HifoTT| ]

Tt aTrert o el & aafereh ST TRt 1 58 6 TR 8—Li< B<Be<C<O<N<F<Nel
e FIT fF () Be &1 AH, B © aifu i 32

(i) OF AH,N 3R FH &0 7 &7

Y TH G2 h1 AT hT YHR w41 o Wiead i Jo F et Hriieem
T WU I TR ¥ A ¥, g Rt fadt st wiedt Sriferem T fad
AP T 9 etk )

I TE qll H o1 Tl o fRdl aue ® i i SR %H SH % B o FRH 82
it 13 & qll 19U A Tl o HM (KJ mol!) H T YRR B

B Al Ga In TI

801 577 579 558 589

M= ¥ 39 fagad &1 ygia &1 e o fhd gahR &2

el o Frfatad gl § g o &1 seia[ afed Toedl stfues o eni?
i) OAF

(i) Fa1Cl

Y N Fierd § T O T seieie oife woiedt werm soieia elfel Tiedt & wHE
YT, e HOTcHs a1 %A UM orT7 39 IW &1 g Hifv

TAFH e Ted SR g SRUMCHeRdl | 1 Hol 3R B2

Gft re2is AR § N 1 FoRe Fomcshdl TS TuE W 3.0 {1 9 36 HYT T
31O o wfdfeRan <2

39 fagrd %1 avia i, St WAy w5 e 9 gt g 2

(i) 9 o8 SO WK Ll

(ii) 9 o SeigR 1 N Hdl B

forelt ovel o < TEEITTeRT 1 WU SEA Ted WHE BN a1 fa? S @ wed
22 9 ST I e i)

Tqel oI srrgetl § g SR A 22

3T AR 1 ST I g FEAfAEd J9Ai o SR e

(%) U d< 1 T I, 58 el SU-H ¥ Ui Seigeq Sufeerd @il

(@) 39 T &1 9 Jary, fSaet ygia 3 saael w1 A &1l

(A1) 3IW T H AW daqRy, fSEHT ggfa sl R W w w B

(1) 39 ol 1 A ey, TEE WHE A WO, ST, g9 3R T Sareed @
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Tl T aieRIor UE U W STafa 7

3.28

3.29

3.30

3.31

3.32

weorg ol o el o ferq stfufemarsiicra 1 sgdl g1 9 36 YR &
Li< Na <K <Rb < Cs; W& a7 17 o awi 4 &H

F>CI>Br>I €| SHh! S shifery)

s, p-, d— 3 £~ =leh o el 1 HET o@l g fomrd fafey)
<, ForaeT a1 el faame e 2, %1 T eted |t § s
(i) nsznp‘*,ma?f?'fr{n=3él

(i) (n-1) d? ns?, & n=4 8 a1

(iii) (n-2)f7 (n-1) d' ns?, S n=6 Tl

& el i YO AH, 3R fgdia A H, 31PFE Gedt (kJ mol ™ #) 3IR geiagi wfed
Tt (A H) (kJ mol! #) Freferfed 8-

el AH, AH, A H
I 520 7300 -60
11 419 3051 48
i 1681 3374 -328
v 1008 1846 -295
\% 2372 5251 +48
VI 738 1451 -40

W XU U e § 9 wE-E
(%) T o st oy 37
(@) @ s e g 42
() wew stk srfafmareiier s1uTg 872
(9) T w0 srfufwamiia sturg 372
(%) UH uIg 7, St T feih SoEe (binary halide), fSmhT I
MX, (X = T@ISH) €, 9 2
(F) T g, St gEEE: MX (X = TalsH) o9 @l gegarst dare s 2
Al o fefefaa gl o g o 59 <o fgerht Aifrt o oo w1 g S
(%) chiferm iR siaieH
(@) WHIEE IR AEgeE
(M) UGHITEE R STEE
(7) fofasi @ik sieieH
(T) HITHRE R wgaiA
(&) 719 T 3R wAEE
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3.33

3.34

3.35

3.36

3.37

ayfer e gRoft o errad Frefafad § 9§ frge! e e €2

(%) T &M

(@) W] FHA

()  Y=A FEieH wEe

(w)  fereft s G

ayfer eTad arot o fag frefefea & g § |9 @ wom 9 T 22

(%) p=dis | 6 W9 B, Fifh p-hiw o Gff H&F 9 o foau ifmad 6
TR 1 SETTRAT Bl 2

(@) d-=oite ¥ § w9 &, ek d-STU-HI3 o H&h T o ToIQ tferehay 8 sciaql
H STEvIHAl Bl 7

(M) Y% Ak § WAl i GET 3 IURN H R A GhAATel SAS[l hi G&
o SR B 2

() < o SR O i XA 90 SAfqq SR SHaTe Seiae T SU-hiv 3Tk
fgreht sen Gem &l weid e 2

UH R, S ATl e i JIEd a8, SU qwel i TEEts gt off

woiferd s 81 Frefeiad § § A |1 SReh ISRl 9l w1 G el shiar?

(%) HASH J=A FeH §&A (n)

(@) AfTwE e (2)

(M) AR g

() i gl i He

Y geierieh TS F-, Ne 3R Na* &1 R 70 § fhad wofed erar €2
(%) IRl T (2)

(@) Y= Fed &1 (n)

(1) TR Hehl H SorR-goiaeM A= TR

(%) TR KE U HReT § @ HE o T, Fifh S SR wHH 2

T Tl & Hael | frefefad § 9 %A o1 weF o @2

(F) TIF ST IARMA T 3T T Ll B

(@) IS S 119 o Torard § e geisrA i Teptell Sl 8, e STEE et
1 M AAEE Bl

() S Tedt o UM Y STt g iy TSRl Seiail o Toila whi SeR
T 2l

(9) HT nAFAT Heehi G A n AFETG Ferehl Hi o § soiaeHl i STEHT
Y fehTen W1 Fehd 2
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el H AR T O H e
338 B, Al Mg, K Tl o foq enfeaes S1faeieror 1 9&t | $78 i 91 2?2

(%) B>Al>Mg>K

(@) Al>Mg>B>K

(7 Mg>Al>K>B
() K>Mg>Al>B
339 W@ B, C, N, F 3R Sioh foIu o1erq eifreteror 1 o9 9§ T&l %9 % 91 2
(%) B>C>Si>N>F
(@) Si>C>B>N>F
(M F>N>C>B>Si
() F>N>C>Si>B

340 @l F, Cl, O @R N @ Siadieriul el o T6R W Sh! TEEts sifafmarsiierar
frefafaa & @ #H o e § 82
(%) F>Cl>0>N
(@) F>0>Cl>N
(M Cl>F>0>N
() O>F>N>Cl
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TR SMELT a9 Tudeh 9= T

CHEMICAL BONDING AND MOLECULAR STRUCTURE

aFTfrer FRav Q@ iR @ @is &7 @ &, S ael @ e q
FEfad &Y @ &, [emm Sant & 9% U 3T e #t
HITIT T @ &, T q @ ST A & [T FeIford aRumeit
&I GINTIT &7 @ & ar 70 fagial @t faehfad &7 @ &1

ELE

9 Theh oh STAIT o UvEN SI—
o TEEME MEYT &I HiHd Ed

STIUROT ! THH Tohil;

eeh o qen sEeht et &t
A T HebTl T HIER0T UL
FT TEH ST &l fo@ we|

fafsr= YR o5 3TEY o7 o RO
AT Gehl;

. TE. 3. °. 3R fagia o1 foeron
T WA qA TS BT Ht AL
T YAIfoR Y Hehl;

TEEIIS 3TEY o HATSTohdl 3Te e
fagia =1 =ame & 9ohl;
HegarsT TeHl o feemers o
Tﬁ;l! aawzq%ﬁ;

faf\=1 yR o 9 Gl & o
SR T HY Fohl, 991 s, paen
d hersh HitAferd 8 qem STogstl st
aTRfaa i STRREd T Toh;
AR G STue ok
offvash weeh fagia &t e
_OI'T{W;

TRESH STEY i GeheUl i e
T G|

4 e 1 faf= 9K o deal § fieiehd o1 giar 71 9= feerfaay
o Iopte T o Tl HIE I v Uk LA WA o ®9 Y
feremm 7t 2 €1 e o e fafire o arelt e &% &g
¥ oM g &1 WER % U8 WHE Wi )’ wed €1 Wode &
H g ot ST o T WHTIET i aE | uehe @l | fafia=
TEEfE TS § 3ok 3T Tl (TXHTIST, STEHl sNf) ohi
T Tl TR0 el oh1  TEEfeh STee’ #hed €1 Tk THEfTeh
it fafe=1 ol o wATogEt o1 fr=-fae fafuet @ g9 g9
o IR o4 €, 37 : TEY e U9 Scd BId & AT W
i B ©? Shael o FASH & WG Al €2 F p T T
i gt 82 T Feft oAl & S| I ok foau gmm-gmg R fafi=
fagia g o 21 3 € Fia-ogd fagia, Gasshd wel seiae
T gigwuu (AuE.Edem) fagia, Sasehar sTay fagid aen
aTfueeh e Tagidl

HarseRdl o fafa= fagral o1 faem den qomafes stael i
Yhfd I AR 1 Gel oY IRad § TE-HEAT el o
TR forme qen 3Trerd HRof w1 THe 9 @l 2| Yos e
Afer Tt BH T WA w1 21 A s wfae U ok fag
ST i HH HT H Gehiaeh e Bl
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JEEE, AW qal Afvash GXel

4.1 OISR 3T skl hidcT-
TS TR

TAR g THERS €Ul o a9 i A ok
fau =g yar fhu Tu, AR 91 1916 ® w18 3R
Y WA ®9 9 FaueHe A 39 H ¥%d gul
IR FAYIH TSIl (Valence)aﬁﬂﬁi?@'lﬁm
1| I A ek TEl o1 3ffeharar W aentia of|

e TS i Tk o7 AR 3ifte (STl
Soiae Ud AfYeRgad) q STel hefehl o &9 H
frefya foan s weel ¥ ifusad e Soee
afed & Hehd 21 S8 7 oft 7 5 3 o1l ol
¥ o TSl Sl TR Sufterd B €, Sl shsi St
o WE ¥ W T T TH YRR HfEAH ok aR ke
H Sufterd Tl Soiaeia oF & T i R o T
2, St Scp 6 | 5H % oT8l FHl W TH-TH
T UM WA T THRHl T TE ITRE Th
fagm ol famma fefra & 21 oge 3 T
AR o foh qeATY] T qEEiTes ey gr
T BT 70 TR 3Tk Rl U i B | SRl
& fau— difeqq wd @k ¥ difeqq o9 T
TAR FARIT 1 Tl oY ST T e
W FXAT € qA FARH Tk e W T ST
TRt sreesh Aff e ®, erefq Gifeam e (Na')
T FAREE A (CI) 90 1 o SRl (S9-
Cl,, H,, F,, T1%) H TCAT[e # 3Tey TRoR sraei
*1 gewreH g1 i g €1 39 uferan grr 5 stopet
o THIY] Ueh el T 3Tk STee] W whid R
T2 Vdteh : TRt o1 & o WHST o e
el I SR qEEtTe WaeH W few o €1 3
ﬁmﬁm (Valence Electron) S&aid
%I AR WS@T{T‘T (Inner Shell Electron) =St
TR 9 Qe B € qun gea: gasE gl o
Tfferd 7 gid &1 T St Weee SO, gy
A AT H HASTR 3Rl i fefd w5 o fog
WA Hoheadl &l gEIfaa foran, 9= g9 Udie
(Lewis Symbol) & Sl 1 SSER0nef— ol 37rerd
o el o ‘oEd Wl 39 WehR B

. . ) e oo oo
eBe eCe oNoe :O: : F: :Ne:
° ° ° o0

L]
Li Be
L]
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T VAR W e : WE ¥ S SR e

fogatl =1 HE W] o HAISiohdl Seiaeil sl HE

1 U T TE WA q@ F| HEA U6 WS

ISRl o URehe | Ferd It g1 HI TS

TATSThal A1 @ TR Tdieh § 3Ufeed fagsti &1 e

o SR Bl € A1 8§ W o fagei sreren westeRal

TRl R G I SRR 39 URehford feRem S

Tehal 21

TR 3TTEe oF Gad ¥ hider 3 fefafad

qel ol ST e 3MeRiia ferar—

®  IEd WRUl H I=9 fagq-uncTehdl alel sallsi
o 3= Tagq- FTeHeRal arel &R o7g Uk S
¥ I T g U W@ M

o TS WRAMST W FUMEE 9 &R ¥ A H
foaior Geiferd TAEOET R U Th ol
TBUT T A1 Uk Ao qokd BlH oh Therearey
BT 2l

*  TH YR fAfid HOMEH qe ¢FEA Sohte T o
Tl g T 1 U d B Sehe
Tl W STEIH 1Y T TS TRl el (3T
Wnsznpe,ﬁﬁﬂwﬁwm%l
Eferan sqe1 rvae B, fSeh aemd siw o
heel & goEH (Sgwie) B g

®  SHEUTEA Qe YFIEA TEeR Sgd STl NI wefe
TR0 Hd 2
IR — ST FH5Id oF T8RN, |ifeam qen

FARM ¥ NaCl &1 a1 f=fafad €9 o ggiien sn

kel &—

Na — s Na'+e

[Ne] 3s' [Ne]

Cl + e_ — Cl_

[Ne] 3s” 3p5 [Ne] 3s” 3p6 YAl [Ar]

Na" + CI’ ___, NaCl 319€ Na'Cl°
CaF, 1 91 39 YR ST ST Tehell &—

2+ -
+ 2e

Ca — 5 Ca
[Arl4s” [Ar]

F +e - s F

[He] 25’ 2p5 [He] 25’ 2p6 YT [Ne]
ca™ +2F

, CaF, 312/ Ca” (F),
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YA T RO oF Sie STRUU o hoeasd
fffa sty =t ‘éﬂ?[ww €Y’ (Electrovalent
Bond) &1 9™ f&& T 39 YR dgd Al
(Electrovalency) 3T& 9 IYFEA ATET i S'OI—TIS'&IBI
1 WA o SR Bl 81 3Td: hiewaH i EHH
A HAISTehdl B €, STelfeh AR i SRUTcHeh FTSTehdl
T 2

Tl TMIARUT §R 3T 1 -1 a2 7 feh
foreeclta Aifiehl o a1 & 9N o 3o HeheuaTd
T afmgﬁ?h (Postulates) W 3TERd %\‘I A
AlfiTeh] oh SHOEN i THZH qU1 STeh] hAag & o
FHiUd o foul ¥ SeoiEdg gerd et @y &
Y I=H 3@ qeF h W iR A ® R emew
iR ST STAURONSA o 3TTEY e |

4.1.1 3Tk W (Octet Rule)

1 1916 H HiEd 1 Y 1 TN F o=
THEE G o Tk "yl fagid i fasfad
o 38 ‘raTafteR T W e ehT Tagia’
el Sl 21 39 Togid o STUR, WATIST 1 TS
AN SoldeHl oF U O] § TE WHY] W
TGO oF GRI STl GASIeh SoiaHl o HgursH
(Sharing) % SR Tl €1 39 Wkar H WA 31
STl iYW 3T W hid 81 39 ‘ aeeeh T’
Fed 2l

4.1.2 GEEAST T

T 1919 § ATER 7 oEw Afwdifast § wutem
foram 3= feeR = eTeah i SR 1 TRETT
foren qen ‘HeHAS @Y’ (Covalent Bond)
W R RS- TeR % fagid w FdE e
(CL) T4 o 3TV § T S Fehal 2| FAA
AT 1 TR A= [Ne]3s® 3p° B, tefq
FARH AT § S o6 foa=m &1 ura & o foag
T SeideA w1 A 21 Cl, 3TU] o o i & FARA
AT o ST Teh el T oh WeWSH o &Y
o e ST Ghdl B1 TH UhA § S S wRAw)
FEANSTA AR ™ H Th-Teh el 1 AMEH
F T TN TTH qE FIW HAA Ipe T, g
AN 1 ereeen fa=me W T o 2

e fagm

G

‘Cle + :Cle —>

8e” 8e”
I Cl— Cl
3 FEIRIT WATSA F ST GEqarei e
TEt fog soreel @ Trefua wta €1 3 gemn
‘o139 forg G’ wmEert €

311 Ul o forw ot ofgd forg Seamd foedt <
bt &, fo e g aTel TeATY] qee st =
8 Thd 21 38 forw g fram frefafe €
* UIAE AEY HT I WAEMRT % HHA TH

TR H & TEWSH & Hoawy Bl B
* g T T Y% WE] Hedied T A

TH-TF TR 1 ANEH <1 2
® SOl oh WEWISH o Hola®d Y M T

TRATY] ST W B9 H Septe 9 gy

T O B

9 YR, e AT HIeA HARIGEE oh T[Tl
sl 3 P 1 T T8 TR PRl w e i

5
- -

H 9eHTY] FefiAl ol ggie T A TR FAG LA
(f5=F) 9T % € (He fo=ame) : 9 gy, TOEEM IR I
qel SIS SRS U el 2| Exci!

Teh SR I gRT GIf0Ud a1 UTHru] Tehet
'Hm?ﬂ‘ ) (Single Covalent Bond) gRT
eI wEeld B FE AR § WA o i
ag- IS (Multiple Bonds) Il B %I - &
o1 fmtor < et oF wem uw § oifud ot
T o TEHSH o ThoRa®y gl &1 &1 UTaTureil &
Te gfg ar olaRi gl ol WEWISH BT ¢, o
Ik o<1 ol WEEAISH 3Teer ‘fg-a1mee’ (Double
Bond) SHEcTal &1 SN~ e - 3RS
U A HEA qel SATedieM  WRETS oh Hew |
fg-armay Sufted g 2
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T YR TAH (Ethene) o A9 § & HTeH
WA T fg-emsiy g fua e €

SRR

8e- 8e- 8e”
CO, 3 ¥ fg-3may

H H
\C:C/
/ N
H H
C2H43:|T££
T WA WHTILST oF Wed i g Iret

T HEWTSH BT &, SIET N, 3707 & &7 TIgerem
TRATULT o WeR 1 TATG § 3T shrai UTATIat o
e B, 99 3ok Ued Ueh TI-M&ier oar 2

GGy e

8e” 8e-
N, S
N, 37

e e o

8e” 8e”
CZHZEH-TL
413 O AURN W EH Feuur (9
=)
TEu fig, wrermetl grn wewfaa gomgta
qqr 3 AW % TER AUl UH ImE H
e ot oo feram Sirar &1 7=ifa =g fasror a1
H SEYT 991 IHh! Ypid I U1 €Y § TR T
T, T THh YR W 3] o fai= (Formation)
Tl 3k TUN I gATT HH T WM H Wl
foerdt @1 ord: STupeH I oy fog WA ered
SR Bt 71 3 Fefafed wsl o emer w famn
W Fehell 2l
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e G foare o o stawaes o seieeHl
FT HEA T B Alel THTYST o6 Harsiehdl-
T o AT GRI W 1 Wt 1 SEreuned -
CH, 317 ¥ &l 373 HASThdl eioe (4 hieH
T § T 4 TESSH o @R WHST W)
3T B T

HASThdl SAaHl o1 el T&N H FOMIA ok
Safeh oAl o fau gfq e T SeaeH
T fa S €1 Semeoned - co? e % oy
FTe qel SffiSH o GAShdl-goeRHl &
I § 1 3o Sie KU 9| € co2 e W
SfEerd 3 HUEY I7 9 ¢ TR TW oA o
S TRATgE! gR1 ST T HeArSit getsriAl 9
TR fee §1 NH; STEF R SUfeerd +1
O Teh TR i eI i <0l €1 3Ta:
NH; 37 o feie S weAmgsti g fau g
Gl geER § ¥ T Soide el Sl gl
Y H aTel WSt o THIATTeR Ydeh! qe
3] Ea) SR G (Skeletal Structure),
1ofd whiF | AT fohe qRAETUEt o @ et
&~ 3 914 FT 9 BH W WA & 5= gft
SeraRel oh! foaeor STEfya weTS Seide iHl
o &9 § qo1 9l TS w1 F@A o T o
A B S 2

= 319 H Aan foregq RomcHehal are
TRATY] S AT ShT T U1 81 STEge qel
TS o TLHT] WILROTAAT STqeel T (Ter-
minal Position) T €| S/ NF, @1 CO> H
HHIT: AL AT HIeH hed W] & &9 §
forg sma

Tkl el o fou Hewifed selaeia 3 forem
o YA ¥ Seiaeid gOHI hl ST A1 @ -
e o T fohan S ® o1 9 Tehieh! Seleiq
T o &9 H Td &1 SR SAEvHdl Te ¢
o y® AEfdd TN | Solael ol sfidRe
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(T=®) U B SN FS AU3T q1 A F
o9 fag wweel i groft 4.1 § = @ 2l

ARUN 4.1 FT SMURN qAT AT Hi AW =AY

STUT /3T g9 e feuur
H, H:H H-H
o, :0::0: :0=0:
A0 Ny
0 0. 0 Q/O\.Q:_
NF, F N F F I}T—F
F :H:
o :ﬁ: i
COSZ’ O e} O :._C._)—C—:C:):
eox
HNO, o :Q:H T
:Q:_

* Yeeh H 9] %ﬁ%ﬁm 1 fa=amd (SRl &1 ggwie)
W Il 2

ISTEIT 4.1
CO & 3] & g9 fag w= fordl
&
1 : e qAl AT THIST oGSt
TAFA I A GEAT HI A
SHIeH N SRS T[S o S (GrsTehan)
19T o foa=me was: 2% 2p” @4 25° 2p* Bl
37d: ST HASIRAl ST BT HE&A
=4+6=10
Ug 2: CO ! SMERYd HE= : CO
g 3: C AU O & oF Ush Thdl 3 oA
(=1eifq uh wEwife seiae g ford)
c:o
SIS o ITHIY] W 3Teh Ui il
c:0:
I BU I TN, C R THIHT FoRA TH &
w9 H T9IC

CO’JT C—O

W TH G W hle hi 3 Ui T
T 81 TWEAT C @2 O o e ag-3Tae i

e fagm

STTEvIhl Bl 81 37 TATIST o He f-arey
fere W Al wRHTet & foru st fem @
T Bl ST 2

GG e

91 4.2
TR M, NO, o fau ‘o 9=’ foel
T

1 : S qAl SRS WIS o
GASTRAl Seiail ohi H&A—

N(@2s” 2p°), O (25 2pY

5+(2%6)=17
TS BTG ok foTq T geisre STl i
SR T FA e

17 +1 =18
g 2: NO, I 1 SUNHd L= i 89 39
TR T e &

ONO

g 3: eSS qf Y SAfedis o o Th
Teh 3TE¥ oM (3720 Teh HewIiod geieeq I
fore) den siferiiS o TSt o 3Tk qui
FW W AELOA W UG A IORE ThH
THE FEFRH I T 2

<feh 39 YRR TeeioH WA W T YU TEl
Bl 81 TEAT N @1 O o ot ag-3Te i
HERTHA Bl €| TEeSH ael SAeRdSE ok
el T T o o9 TH fg-sTEy sH W
e frefaled ogd fog e W gt 8-

BxN:SJ
a1

6= 57| w[{g- -3
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4.1.4 GO AT
24 g ST A= STujstl i ardfae sThfd
Tl gwiidt &1 sg-wRavE e § gyl e fand
forers wemTY] R Iufierd 7 et R STA W o g
2| ETeATeh Teeh TRHIY] W WhiHel STeT S S Hehel
2| TEIHI[E S70] 1 S ok ferdll TRaTy] W Sufeer
e STEYT A S Tehdl €1 SRS 0]
3T oh ToRTl TXAIY] W Ifeerd HiHa STeel Sl 39k
fomifera (Isolated) feerfa (eTeiq qa TXATY] ofereen)
T Gl Seiael ohi ol WA Tl ogd aa §
THIY] 1 YA SoaHl i T@ ok 3R F &I H
uRkefera e S Tehar €1 39 39 YRR Stfyerer fapan
ST B
FEIEA | TR | g
S T R
1| eTefa (Fewifs)
_E[Wﬁﬁﬁﬂw}
ThIHE STEET 1 qRee 56 STEURUN T STHRd
? T o1y ereran oteM ® Gefud WA W
eI I § 9 T Sia(a qefl Uehieh! T8 o I
TR SUfked ©d B
T, A (0,) S Y H Al O, FT
Waﬁsﬂw%@ﬁwﬁ—
SR H

tfeRdis o WAL 1 1, 2 qen 3 g fafEd
fepan T 2
* | 3| fafed s O THI] W HiHA T

:6—2—%(6):1
e ) g fafed 3iA¥YI O WA W HiHA &
:6—4—%(4)20
e 3 g fafed 3id¥y O WA W ®iHA &
1
=6-6-_(2)=-1

3d: O, oh 3TU] %! HIHA AT oh 1Y 39 TR
WW%— o+o

O ...
g7 e

105

Tel W &AM 7 9 91 e 7 foh wida e,
3] § IRdfaeh e YUHT he &l i € -
GTE § GOSN TR ST Rl S © A0 H HaArSThdl
TRl i oREl-SEl WoH | HerHdl fHerd 81 widd
3R i Terd § fodl Tfefis &1 &% 999 <9
et ® § 119 el &1 9= 1 99T w |
el faerd €1 eruTa: <Aas St arelt JerT
o Bt &, Toder TRamurstt uT gaan widet ST
N TRIGET AT AT THgia STeie il TG, Hedarst
Ugfa W amenia €, food ansfaa uwamoEy &
e TASRAT o WIS WA ®T ¥ BT 8

4.1.5 oT=eh THaw w1 HHN

T a1 ST Teha B1 9% GBI &Y A6 R 5
fadar omad oF qwi W AR B @ qen st
TSR AMTeh! 1 TS 1 THH | ST B
21 a1k T % A YHE SAuere B

ST UTHTOT Rl 3TYUT 3TEeh

T Afehl d g WA & 9 AR Sufkerd
TARAl FT @ S W A Tl ]| Te qeud: S
ol o ATt o g €, fo Gaishdr ot i
& =R ¥ %W Bl 81 3@ ok fAU- LiCl, BeH,
Je BCl, T4 T

Cl
Li:Cl, H:Be:H, Cl:B:Cl
T&l W Li, Be 941 B & GaAISThdl SoiggiAl
T HEI: 1, 2 991 3 2| 59 YRR o I Al
AICI, T BF,
fauw Eﬁiﬁj'_-f (Odd-Electron) 3107
37 e 9 sosRAl *1 a wen faw (0dd)
B (SE—TEfes SAfFEe, NO 91 E2sH SB-
HlF1EE, NO,), W |+t W] 31k = <1 e
TEl T U
N
gaTa (Expanded) 3T%ch

3 GROT o AR q1 Tk 3T o ofed! o awdl
T Ty o flu 3s @ 3p Herehl o Sifafed 3d
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Fereh off STere B €| 37 axell o e ARl o
ST THI] o =R SR TS W AUk sele B 2
74 TETRA 9T (Expanded Octet) F&d 2| T ©
for g “Aifienl W eres oM @ A& e #1 1@
TR oF FB AT §— PF,, SF,, H,SO, T ¢
IUHEEAS AT |

F F :0:
S S L N D S
F iD\ sl\ O—"—O

F F :0:

PF, SF,
P THIY % W $R S weEi) % AW SR S WHIY % W SR

10 e 2 12 ToEEA F 12 o B

Uoreh 924 I ® o Tow W] u§ eHe
ik oft e ®, e ereees w1 rer g 21
ITRN— T SEFANEE H S THV] o =R 3R
TSRl T 3Tk Iufterd el 2l

a Cl

H,S0,

Cl—S—Cl S Cl

e feam =t 9 o= wiuar

e g ww g fo ores oM Sepe Wl W
TR e W AERd ©, Wy 5o S
T (S9— S den fopeld) siadis qen
T W off waf g § aen e difien
AR T S XeF,, KrF,, XeOF, S|

° e fugid 1] 1 epfa Toe T L 2l

®  IT 3] HI FHoll, G ITk W TS K
IR H o Hend 7l 2l Bl

4.2 MITeR IT e WAISH 3TTsier

ST 3TEY foR= i Hiba a1 TEH STEHERI |

7 Frehd Frienerar @ T 59 e o1 foe A &9

9 fAfafaa qer fd -

* I WAV W Hafyd oMl TS FOMEAl oh
I T AT qefl

®  YEIFl Ud HUMEH i 3 H Fafked gH &1
fafy, srefq freela Aifies =1 sTas (Lattice)
fffa &1 =1 fafu

e fagm

YA T T SRR, Tefq IS 9RHTT]
9 UF A UF G s ol o fsheE g
=1 Bl 81 T YR SIEH TRATY] gRI SR T8l
T W HOMEA WIS el €l

M(g) — M'(g) + e ; 3T Tt

X(@+e - X (g) ; SO e T

M'(@ +X (g — MX(s)

o Afer TS, A H, T wewen #
TRHY] R UH TR TSV HH oF HorRawd B
el Tt IRede @ (Theh 3) | Seigeid aifed gfehan
ST ST ST & Wehell T TEG AR A
ea SO & Bl B geee-olfe o hereaey
B ATC HS-9REdT 1 HUTCTR T Soae a4l
(Electron Affinity) B %I

Ig W ¢ T smaftes stely fer ememm
et qur stieea e SRl wfer gt
AT Aval o Sftel AT WITdr ¥ oS B

iRy SR Aol o eFTEA eifeareh el
Y q KO Selfcesh awel © faffa e €1«
SefTfcaes a<dl 9 I oTell THIHIH STEE Teh 2A9dTS
21 T8 3 ATkl § o= o ®9 F Bl 2

At ARt o foreeet o FEA 9 RO
ifefta = # frafia w9 9§ srafted w©d €1 3 A
H@THQT I} (Coulombic Interaction) 9 g
TR 9E @d €1 3P o SR ok F1a=M (Pack-
ing) W T 311 HRON o MER R & Aifies fafq=
fredia wwEmel § frefad g €1 Sse &
fou—wifeaq setEe, NaCl (@S 9%) &1 fhea
T A g T R

5 2 P
A , >
H—F
y N T
\}" y ) )—
\’ -
,\)‘ prs P
»
¢ “—¢
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AR S o fau sorRlT wfed Tl qen
A USd 1 AN oA B Gehal B U9 H
forea 9 &1 wWifTd 3Tk S o o |
IO G Sl o HRU BT ¢ ST ok fau-
Na 91g ¥ Na' 3T o a1 i 3T el 495.8
kJ mol" ¥, Si&fF Cl(g) | Cl(g) 71 ! seiaeH
wfe Tl sheel ~348.7 kJ mol ' &1 3 < 1
M 147.1 kJ 81 1 g8 URAW (Value) @ifeam
FANES oh Toer Seieh Toedl o O (-788 J) &
ToeT Sifush UfARd eIt T3S YR wqol w9
e B ol Sl SN Sofl © el 3ffush el 2l
ara: Tt amafser difier & Tenfae w1 U
M 36 A % foRe e Tt F W
frdfr adt §, 7 fop et avereern ® 5@ smafaw
FIisT gRT 3ffeee i W

<fer At Afitenl o foem § Sorn Teedt
Tewaqul fent furh 2; ord: o3y, &n 39 fawa o
FD 3R AR W Y|

4.2.1 STAek TSl (SATeTeh SHet)

foedt smafer 3 & Tw Wie diftn W@ g
JEXAT § TWHEH A H YU® *A ok U
MEYAF Foll T 3H AR i ‘SeTeh T
HEA Tl SR o fIl— NaCl i STeieh Toredt
788 kJ mol ' 2| TEeh! 21 T © T % dic 9
NaCl ! Ts Hid Na'(g) 9 T Hid Cl(g) ¥ oTd
T T JUF T o AT 788 kJ Sl i STTA¥aH
Bl B

39 gfshan B faudta omast ot o § 3Ttk
T 9 FHE SAEY 9rel A ° Yfqehuur Ie-gEi
g o 21 Hfek 3 frwa fifadia g ®, em:
hael SAHYT T HqhuoT Sl i 3T fopen @ &1
St Tl 1 URehed i G99 el 8l e
Sfafg @ Heafud wReh! o1 o 3HE wimfad e
AETTH 2
4.3 AT UTe(A
43,1 MG TS
ferelt o107 § srafera wTATOLeH o feRl o St
ATETERT G ‘A6 TaTg ' Fhgerrdt 1 ST Tars
TegHt, TRt foada aen s faad (Elec-

107

tron Diffraction) faferai =1 g 9 @ &1 S
21 T TR 1 ST AT = wened W |
STETHA I 1 Yeh TLATY] TS -TaTg § AR <l
g (foa 4.1)| TeEdst em&y o Yo TH]
NS 3T CAM] HT  GEHas e’ weend 7
Tafa srawen § foret WOy & wiE, &
W= UAIU] o RIS o WUeh ¥ BT €, i freen
SUehT TS F3ear At St €1 geHarst e
T & A § STEfed S UHEY WAV o o i

Ty Iy

| ! I
1 | l
|

|
1 | 1
| |
| |
|
1
1
|

A B
ferd 4.1: GgqaISt 319 AB H 374 TTals

R=r,+rg, 8T R SW‘UHW?\HQNrAarB

FA: A 9 B WA HT qeqai Heard g
T 1 e 9T B 2| aretarer e s tia
areReT ¥ WIS hIvT WiEd UKHTI] T WHT THT
Tt ot 21 aietar = 2 staeen | fafa=
31U o 3 HEY WA o o9 hi G R ST
AT Bt B1 A 9] o foIu Teg st qen diet o
et &1 fomr 4.2 o <wrfan @0 2

ferT 4.2: FaRK7 & 379 89 Teqarei TF aieiare A
3 & g9 FARNT o T FT SR 37T T &
(ro, T r, FG: FeETA 3R Gegare e
39rld €)1
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9 Thd, fg qon 1 srel Y ofiga wergat
ol 42 B @ R ¥ F5 W st w1 oTey
Sfareal IR 4.3 § § E T, S F© qe= aw
1 Hegas Bt gRolt 4.4 | wHeg & T 2

4.3.2 3TST—<hITT

TRl 310] o Sheld TRHTY] oF AEUH IR s e
AR I I YRV A Alel Affeiea o oid a1
At 10T hi * 3T 10T’ hed €1 earee o i fedt
o ¥4 H oo feran STl © qen Wi AR o wegH
faferl grr o fepan STar €1 STeier hiv 319 o el
TRATY] ok MU 3tifeeal o faawor & SR <
21 ord: THY e eruy/Sifeel 3P Wi i i
F o gErEar et §1 S-S o 319 § H-O-H
TS 101 i T YR Fetd feran smar 21
HOR

PN
H H

4.3.3 IS TEredt
et fearfa o < wTpet & st fafire sl o T
et i e o TeTq Teeaeh Sl bl * e e’
#ed 81 fEY T %1 WE kJ mol ! Bl Bl
I — BIZSISH o 310 § H - H 3T/ shi 3Tee]
et 435.8 kJ mol ' Bl §, @i
H,(g) — H(g) + H(g); A,H® = 435.8 kJ mol '
T YRR, SgaTEe a9 TS (SE- O,
qM N,) ok fo sree woedt gl
0, (0=0) (g) - O(g) +O(g);
A H® =498 kJ mol '
N, (N=N) (g) — N(g) + N(g);
A H°=946.0 kJ mol '
Ig e Tyl @ fo Afg e fase oo
tfues ®, al eTree a1fieh Jeiet BT HCL S Teh faom
Tferertar fguRamres o1 o fag
HCI (g) — H(g) + Cl (g); A,H® = 431.0 kJ mol
TEIHNE AU H STEy-wmed 1 R
aAfersk et g1 81 S -H,0 v ¥ & O-H
el o faesad 7 Mavad St que T )

WA faae
AR 4.2 B Tehed, Tg aen fir arreiet @t oivwa wergat

IS T WEEAST 2ATael TaTg

Tl (pm)
O-H 96

C-H 107
N-O 136
Cc-0 143
C-N 143
c-C 154
Cc=0 121
N=0 192
Cc=C 133
C=N 138
C=N 116
Cc=C 120

ARUTN 4.3 T WEET AR it ST FargAr

7] AT TS
(pm)
H, (H - H) 74
F,(F-F) 144
CL, (C1 - C)) 199
Br, (Br - Br) 228
LI-1) 267
N, (N = N) 109
0, (0=0) 121
HF (H - F) 92
HCI (H - C)) 127
HBr (H - Br) 141
HI (H-1) 160

AR 4.4 WE WASH Beumd™ r /(pm)

cov

H 37

C 77(1) N 74(1) O 66(1) F 64
67 (2) 65(2) 57 (2) Cl 99
60(3) 55(3)
P 110 S 104(1) Br 114
95(2)
As 121 Se 104 I 133
Sb 141 Te 137

* fEU T 0 ke el % fAe §1 o YR o enel o e o
Turtan T 21 (3Tt ggth o fow wehe 3 off 3@)
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H,0(g) — H(g) + OH(g); A H} = 502 kJ mol '

OH(g) — H(g) + O(g); A, Hy = 427 kJ mol
AHHH | iR 7% <eriar § fo afafda et
RfEafd & w0 fgd@ O - H o1&y ¥ $s aRadd
T 31 7 HRO1 € o O — H 31ey &1 et faf=
gl (- C,H.OH UgHTeT) den wiat # o= gielt
21 THITTT SEURATULER 27Ul W Wieq areram 3iiee
MEET SHell T0eh IS T WANT fepam Srem &1 29
W s o foIT opet e oo qeedt o A
foeafea emeel ) " g fawfsa feman s 21
ITE o fau— S 310 § O — H & i
fra sTree Tt
502 + 427

2

=464.5 kJ mol

434 IMET hife
HEGAST A6 i og@ @ o AR fowdt
3707 | Y URHTOL ok W MMl shi WET TS
T:l'ﬁﬁ‘(Bond Order)mﬁlma?m— H,
(foed s wewfem et g™ ©), o, (e =
Teuiea e W B ) ao N, (fFed 3=
TEISId T9e I Bt €) W ST Hhife FHA: 1,
2 @ 3 2?1 T YHR CO H, SRl W e dl
TS ok s i wgferd 7w €, ey whife 3
Z1 N, 1 Y HIfe 3 T a1 3GH1 A H A7 946
kJ mol %, S f&dt fg-wmmeia e & faw
Faifes 2|

HOZAEE T ULl AT STl ¥ ITEe hife
U et §1 SEeX0r & fem- F, @ar oF #
TS HIfE 1 71

T U N,, CO T NO' i 3Tl whife 3
21 ugatt o Tenfaes s GHE & folT ue SuEni
AT TEgse I8 ¢ foh smeig-hife aga u e
Tedt st ¢, et e wag ged B

43,5 3TTAE WTEATE

it fAuifa gt (Parameters) & ged o
forelt o1 o &9 o fou T TEE-TEAT & aR
i T el €1 SN S 31] o Frefafed

109

TEART (19 1) g7 ¥9H ®9 9 fefya fean s
el 8-

%Q@ © ]‘9{0 \Q@ O ’%:o
\V/ \@ < > / \@
:0: Yor o -0

I D |

N7

NG,
& / \O)
0 @)

111

g 4.3 0, 77 &1 SR GeaAd [Feer 1 9 1 3 fafeq
(Canonical) &Y 391ld €, Sl G [ 3%
T (Resonance Hybrid) &9 geifdl 8]

T 21 GEsti § Uk O — O Tehdl 31eY a1 Th
0 = O fgarier Sufeerd &1 O — O Tk qen fgataieli 1
T ST ASTga] HH9T: 148 pm @1 121 pm 2|
T g 9w ® fF 0, o H M 0 -0
ST 1 TS T THE 128 pm B g1 3Tz O,
3] H SATeRdToT - ATeRdTSI 3T, Tehel qen fgaTael &1
Hezerdt &1 o1 ST ofgd SISt [ 9o 11 6 § i
off T T O, 319 ol F1&fud Fal L Fehell|

0, S8 STt &1 STEfas AT Hl T HA
= foq SIRGIE YHeUdl (Resonance Concept) Eq
T foha TN $6 Hed oF ITTEAN S Rt
30T Al Shelel Teh 3@ GToMT gRT Frafua &t
forar < weR, @ WUE e, ATl @t wuE
Waﬁmﬁ%ﬁwanonicanma?
®q U feet st 21 37 fafeq gt &1 o
HHT (Resonance Hybrid) 3] @1 ar«fas feefd
1 Frefud w3 21 o1@: 0, H ST J WA (1
9 11) ST fafeq GwaAd € den St Gehfla &9
(HT=FT 111) SHeh! ardfaeh STl ol Fefid s 2|
AR I I T ATt AR GRS S @) e
3T AT e SEATFAES Y] TR L= ok |
3T IR &
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ISTEIT 4.3
COY A &! W& &l &A@ IR g1
Hifs|
&
e qAT SIS WS oh HeA & Tkl
3TEY T Toh f5- 76 el oEd-Hal hEre
EE 1 ardfdeh G &l e & &
fau s €, wFifer $9eh STER i ehre-
SRS el i o f9=1 8 =fewl TR
YIAIfTeh AR oF STER SHTai-e 3 o -l
T 3TferdISH STael 1 e GHE B Bl
3d: SIS AT i ardideh G i -
fafea = fafeqd Fwmet (@ I, do0 1) &
TR HehY oh &Y | I S Fehell B—

:0: :0: e

I «—> | «— |
_ /C\ _ //C\ _ _../C\\,
0 :O: :0: :0: :0 .O-
I 11 111
ferg 4.4 COZ & o7 Ht T I 1 3R 11 @7
fafed qe=mg
ISR 4.4

CO, 31U] T HEAT i A Hi

&

CO, o Y § He-ATfisT 3Tae i g
%1 AR W 115 pm €1 FH shieH-
STFSH fg-3TeY (C = O) T HIA-SAerdTs
HeTeier (C = 0) T ATeal HAWM: 121 pm A
110 pm &l CO, & e~ odoH  3TaeT
@l (115 pm), (C = O) Tl (C =0) Tl FHHA
gl o = Bl 71 S99 I T el © R
CO, 3] %1 Ar&dferh HT=H1 i shael Teh 39
G o STUR W YR 78l fohan s Fepanl
3d: IE SAEvIh 8 5l € foh 59 forg wh 9
Afe TgH WAL faet ST 9o co, &t
HE & 39 fafed St (1, 11 a9 101) o
HhY o ®9 § YRR fohan Sl

105:C2 0F <>:0:Cii0: <> :0ticio;

I 11§ 11
ferT 4.5 Co, o719 # STgAIR =AW 1, 10, a9 1T
di fafga weamrst i qord 21

e fagm

WO 9 § I el 1 Fehal & TR

* IR U] i T UM wl €, Hifw
SR WL i Toil fopelt off fafed dw=m &t
TS @ % el 2l

® IS o HRUT A o eI Ed W U
F3d €1 T YHR O, 3] H AR TohY &Y 111
I Holl, AR &9 [ T 11 1 el o AH
g ot %9 Bt 2|

AR Fehoodl | Fefed %3 wifean €, faem
e e B1 Sl TR0l @ fh—

* grxa ¥ fafed G=Amst &1 &g A
&l g 1

o Um & B T o] %w W o foau
fordt fafeq w1 & &9 § Iufted @
€, Steifer 311 T feopelt gl ferfea weemn
1 ST

o fofed Tt B Sceal (Shiel a i)
o TEq Y S oTel | S| i 9
&l g 21

* grdfa® Y H U FHI had Uk &l
Bl €1 SH had TH g WA 5N
e &t feran s Fehar 21

4.3.6 ITHAL-YAUTAT

ot seier 1 Ot faera srafTeR =1 GEEaArSt g
T Ry feufa B1 Wy add d wiE ot ewere
it qof &9 T Hegarst a1 st T B 71 7Rt
o foh 1 BTESISH TRHIVET oF o9 a9 alel Teadrsi
e HT Wepfa ot enifver ®9 @ et B

S HE HAS STEY & FHHE AR & &,
(S/- H,, 0,, Cl,, N, T F,) =1 &, qa Garsft
TSR I A TRETSH R HH E9 Y ST g
21 3T URUTTEEY Seiaei™ 71 S GHM i o
3% Her § Sufterd ET B T UK WK e
‘STYFT FegaArS STy’ HE ¢ 39 faufid HF
S foavm TR o] o < wAmst o s gaifea
TR I TSN #1 SR faenfi @ S €,
Fiifeh TR 1 TIE FUMHSR T TESS i TUeT
affuss eIt 21 38 whR fffd H-F 1ey T e
TEHASE e B
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§av1 o %R TH 37] § fgga Mgt (Dipole
Moment) S &l Sl 81 fgyd 1 31&9 & AH qo
YICTR 3R UMk TERl o W™ k1 T
U oF &9 § GG feRan ST 21 39 W
e wisx ‘p’ R gwiEn S @1 3@ fefafed
TeieRToT gRI oAk feRan Sl @

9 WEAT WX feae # 97 1936 F
37 XTIl o foard aerm fgya smgor &
G 37eF 1 o foTq TeeT [REBR foa
T 3R] T XA o foTq oya ST
& T %! fEarT A 4 = S 2l

foya sl () = STeT (Q)x ST YoFFRRT i
EUNY

fega et 1 wm=rE: feame (Debye) W&
(D) o ®9 H el Tehan STl 2

1D = 3.33564 x 10 °°Cm

SRl W C Fed qe m HX 2l

3o sTean fgya sl ue wfew it 21w
o TR T TF BR IR gR A < €, fogem
qesd Tl FoTeash ohg R feerd giar @ qen s faw
A S5 1 3R @ Tl g1 W WA ¥ fgya
3TUl bl YRR ST0] &Y SEd W&l o SW g
T () g IE S B AR FT R ] H
TeAsh f W SR S smomerer fR W g @)
I & feu— HF ¥ fgya ool 1 39 YR 20
S Tkl &

+—.
H—F:

TE IR 3] § IR T oh aRald i e
Taetal 81 e Y i shid dX i fen fgya
ol o |iew 1 uREiies e o fada 2

TR T[T | fgyd STl shaal T oh
o faya, f ‘ emrsier arrepof’ shet < €, W & s
w® @t R wa ?1 @ A gy e & fafu=
sl o fgya st o) & fafw=r stael o fgya
wwﬁaﬂm—ah (Vectorsum)%ﬁﬁT%lWéE
fou— <t o a70], forgart aepfa aiferd &1t €, & &
O-H 3T&9 104.5° o v W & &1 39 17 | pel

111

fgga el &1 WM 6.17 x 10°°Cm [ID = 3.33564 X
10°°Cm] B T, St & O—H el & fgeai o
AT ok WRY-TT T I B 2

H H
) RN
0O — O+—
) (=)
ey Tyt qfeom fgga st

Fd fgga smef, p=1.85D
= 1.85 x 3.33564 x 10°°C m
=6.17x10° Cm
BeF, & fort fgya smepof 1 44 9= & 2
1 safer Bl © R 39 o1 § <1 gHe erey fgya
faudia feen ® 21 € q1 Tk TR % 99w Hu
(Cancel)sh_{aﬁ%l

F—Be—F (¢— + +—)
“—t+ +—>
BeF, 310] H BeF, 310] &1 &al
3T STt fgya sl

BF, S8 =% W 7] § fgya el
I Bl ®, FEfU 39 310 § B-F /e 120° o 0
W B € 3 0 W § -l ok GHH el
faadia fewm o i 31 59k BoRa®y Al STl
1 Pl TRT-AM I &+ TR el 2
F

/
F<—=B+—> (e—++ +>)=0
AN
@ F (@)

BF, 37 (%) 394 fgyd @1 fA&q0 (@) qRomHE
feya smguf &1 fFEq0

3MET, NH, e NF, o 3TU[31l &1 Teh U=
SRR | <A Aupe R et B R,
TS eSS o TRATY] W Teh Thih! Teiae= ™
Sufterd BT 21 Bleliter ofeia, fagq smomershan
qESSE KT orden wAfue Bt €, W NH,
gfomHt fgga el (4.9 x 10°°° Cm) NF, o fgya
ot (0.80 x 10°° Cm) = 37U tfueh gl &1 T
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T & o NH, ¥ Teeis T W Sufierd THTh!
Seiae ITH 1 Hheeh Tgyd S0l o N— F 3T ok
faya-smeont o5 aftomHt faya-smeet &t fauda faen §
Il 81 ek T5yE STHYl USThT o g o R
N-F 3Tay-3Teul o IRt fgya-3meet o ga@
1 H HAT 2| Tk Fera®d NF, o 310 &1 fgyd

WTIT%I
! V!
N S

NF, & qftomdt fgya-smeof
=0.80 x 10°Cm

NH, # uftomt fgya et
=4.90 x 10°Cm

T A ok fgya ST i "R 4.5 | fear o 21

o9 R gegdrst sty H onfde smafte
AU il ®, SH YhR @R ey § ot a1
TEEAS a0 Bl 81 AR el oh SR

e fagm

Hegarst @0 &1 fae=d N (Fajans) A
foretferfn o & STar -
® A ok STHR ok T qAT FMIA oh STHR
TG W A 6 o Feadrst a0 | gig
Bt /1
® yARE TA HBUMEH W AEY HI A d@T o
AR e & Tegast de ¥ gy et 2
® AN TR AT E oF HARH H | 39 &
HT YA ST ik B 7, foe
SolaRieh o &R de1 & ga1 eigsti oh
W?W%Wnsznpﬁ Y TUET
Fehuo Gqel o STEY (n - 1) dns® B B
R, SROTE oh Soieeal 3Teel skl STeh{td i
IU e Hl 1 Hold: Sk HeA STERT Shi HE Sl
B TE Wfehan wewsl ey v o ey ¢, o 9
ARl o HeA Sl STeRT Sl | Ifg el 81 e
i YAT-F], UM 1 o] a1 UM oh gal oh
A A o %R €, S fwferd &9 9 fordt smafes
T 1 TEHANR o Uiavrd i i e

AR 4.5 S T RN ok fgga-mgut

U T YhR ISR fgga-smgut TRt
(AB)
HF 1.78 kieea
HCl 1.07 kiseea
HBr 0.79 kiseea
HI 0.38 kiseea
H, 0 RileE
(AB,)
H,0 1.85 LS
H,S 0.95 LS
CO, 0 kiseea
(AB,)
NH, 1.47 rewane-foafae
NF, 0.23 rewane-foafae
BF, 0 [ERLE LIRS LR
(AB))
CH, 0 EGEavce]
CHCL, 1.04 EGEavce]
CCl, 0 EGEavce]
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4.4 QIATSTRdT ShivT ST ITH
ufaersur fagia

ST Tt ST T §, gH STRON S0 1 3Tehfd
1 oaen ° orHe @) ol wH € 0. e fagi
HEGArS SThid &l I9eH o Ay U T HrEifary
I AT 71 I fafer ggem 9 1940 o fasifas
qel died (Sidgwick and Powell) - TRHI[SA ok
el 191§ Sufer TeRi FrEl & e g
I fohaneti o oMaR R gfauifed &t offl 59 fafy
Sl ArEad au feredt (Nyholm and Gillespie) q REN
1957 ® iR eiferer faenfaa qen genfua femam)

ot w@. g 0. 3. fagia @t gevy grond & -

® 37U I ATHIA, HET W] oh STIURT Ifeerd
T o g (T ST SR )
1 g T A w2

o e R e
e
Sﬁfﬁfﬁ Y (Electron Cloud) W R UMHh S IEN
B B

o 9 TomR o fafm H T ferfr  smfer
BH @1 I I B, STHeh womawy S
Jfqerdol &1 ¥ %Y 8| 39 feafg o 376 7
sAfermam i eIt 2l

®  TANIHA-HIY HI Tk el o &G H T S €
N Sl ™ el (Spherical) G W TH
TR W arferhad g8 W fee g )

®  TEEY HI Uh Tehel seiaA I7H o &Y H qefl
3T ggeTEY o I A1 q Sl Il hl Tha
YW T HEHA @ B

* IR U & F A IAfYFH ATTR TS G
IgTr S Tk, @ 39 feafq o & wE. € W, e
Higel UE Yedeh GOl R @ gl 21

TSR Tl ok ool UdeRduT 2= fepamd -

fefiaa w0 o Tedt 8-

ThTh! YH - ThToh! JH > TeHIh! JH - el I >

(Ip) (Ip) (Ip) (Ip)
> Al T - a3
(bp) (bp)

113

TEE qo feredt 7 golagii o TshTs! Il qe
STE I oF HE<erqUl STaRl i SATEAT hid gU . TH.
3 W R Hied ® gUR fwan wwehl soleed g
Sheld WY W AT (Localised) Bd €, Wellh
Yok STt T < WHET o oY Hewifid g 2l
31q: fordll 10 o STrall Sl T8 1 STUET TehToh!
T AT T R § | 3Heh Horeaey Uehieh| Seiaei
T o S Tkl FrH-TE R 0 qen et -
afrelelt T T TN STk FiieR ol gl €1 S Wit
el o HRT 3T0] Ht Gefad eMekfa | fa=rar g
@ 1 9] o oTee vl ol Sfaw on S

. T 3 f. AR Aied &I WeHd ¥ U Fi
ST STl o1 JaA™ o oh fofg STopstl i
< gfort o sfer S 28—

@ o a7y, fer St Ry WS oft TRt

T 3uftera wE e 2
(i) o 3707, FTeR Shglia URHTU WX Ueh o1 Tk ©

atfereh TeRtent g Sufiera g 2

qRolt 4.6 H Tenteh! JIERfEd hard T A o
AN 3T el I i AT T AB UHR o TS
gl erer ST ki senfufEl <9iE T €1 Wrol 4.7
H 5w 37 WA AU qe Al 6 sefhfa 9w 2,
S Teh Sl TR W T A1 U G 3ifereh Thehl I
Iufkerd eid 21 WROM 4.8 3{upe shi st o faeqon
(Distortion) %! =&l STl 2|

I "Rt 4.6 H <9I T €, AB,, AB,, AB,,
AB,, T AB, YR o MMt o s o S
TH] A T =R IR S JTHI a1 B WA hi
el HAY: TH YRR - @k, i guad,
TIqoheeh g, e -l aun sewashia|
TH YR @I SAfEfE BF, (AB,), CH, (AB,) @l
PCl, (AB,) 33T BT T St €1 39 Topef i
sifafaal @1 fig-S<t (Ball-stick) #iedl g™ <

wefSTa fRam T B
180° 00°
120°
BF; CH, PCly

BeCl,

foT 4.8 for1 TTH1 7 oI hRIT WHIY JH ST BT
s
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TR 4.6 ThIh FTAIET FHigd UTHTI] Jokd LT i Sriafe

ESEARRe TSR Tl 3MUTTah IETEUT
Edlk:e) i ST wrfafa

180°

2 L a N B—A—B BeCl,, HgCl,
EeCip| EeCip|

3 BF;

CH,,NH,

4

5 PCly

6 SF,

* S [l w1 YA hael HYUl ST 1 T o few feman wan ®; A evered w1 Y <@ €
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ARUMT 4.7 FO T UL /ATTA St MRfaatr (waata), T7or Fgia WaTy W T o Tk § Afah
TeRTah! g I Sufterd )

3T H
TR

-
Ht &

TehTeht Tl
Ht &

AT

TR

ABE

LSl

ABE

LEEQMIERERIEE

NH

ABE

272

LU

H,0

2

AB,E

SF,

AB.E

3772

CIF,

AB.E

ELRENIEE]

BrF,

AB,E

472

o T

XeF,
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e fagm

WRUT 4,8 IMEER-TH AT TehToh! ITH ST FS S0 Tt TR

i STaEAT

w9 Wl W&

TR 3Tehfd

i ST

AB.E

ABE

272

4 1 O Tl B8
.S.
PN 7N

oo 119.5° &&° O

Ugifaer dR W gHHT 3Tl
formToiT T S e,
E | Ig 319 HeT g3 Ao
V37T 1 Bl €1 THeRT HROT
T% © foF THTRT gro-eTeeh g
o o9 Gfaeyul, STeE -
STaet I giaehsor g et
I IREOT i STUET Hal Aok
B €| HoTerey STEY Hi0T
TE 1200 W ¥THEI 119.5° @
ST B

IS THTRT A o TIM TR TR
B, d S HT S
SO B, W TR Th
TR T SuRted 1 ey
ThTh! JH-TEH g o o
YiaRuu o HRO (S STEE
ST T T T A
BT 21 sl i o <fter eTrery
FHIU 109-5° § FEHI 107° &I
S R

Ifs gt st grH-aTeeh 3w
BN, T 379 i BT TJHTR I
BT, W & THEI I R
IR o HRU THRT SMHR
faghd aqsFa®a a1 RO
e Il B1 TTHT FHRU T8
2 fr THE FE-TmE T
FiaehuT STEEl JH-eTEH
T STeT 31 B B 39 YR,
&Y R0 109.5° H FEHT 104.5°
w® S R
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av o g e A wwe A v e e
Core w 9@ Gel T Eale e
AB,E 4 1 . cpeft ST (%) 7 Im Aafia feafa
oo, 2" f"/ﬁ # 31 T N1 T EH H 90°
@ F S\F F_\S\I W A TR grE-aEe 7w
| [TF e 2 ¥, g S ()
F F H wehTeh! g fergerda feofa & @
- F 3R 7w feafa & 90° W ke &1
| L |,/1;~ WW—Mﬁwuﬁwﬁm
(@) o ~ Q S ! ﬁﬁ%lwmﬁﬁ (@) At
Ul | Nk ot $1 (@) & & T et
| F fafer= A faw e ¥, SR fagd
F TqHAR, AfAAd  (Folded) o
el Sl
5 F
AB.E, 3 2 | &4\ T- SafAfd (F) H TET g
. | gCI—F fergerirr feefes  sufterd & gafo
® 8 —F ’1” 79 wfif § TR -
| F T giasmdor o1 senfafaal fom
TRt e feafe § 7 1
F o B e B ¥ T et
P r (%) T8 TR R 37: CIF, i
| /Q(:E \\\\\ AT T-3ATH H 2
(@ ==
F
F
. _§or
am F— (.:} ~ F.:\ Cl i
F \6§%

. TE 3 W IR Aled &I WREdl § 3w
upet, faeie &9 ° p-settes o el g1 Ffia =Aifirent
1 SAfHfTE 1 qaigHH 81 €9 ¥ A S Hehdl
21 7T qok o Henfara Tearet | ol 1 3fd 9 e
TR+ 5ok g ARKfoeh LT Rl Yo HHeIgaeh
T ST Gkl €1 SMfUae SAfAfd W gelae g’
YfaeRsUT o geTrel oF oo # off. TE. 5. 1. AR Hied
1 Tgifae MR T 7 1 39 fawa | eneft o wioprd
ISR St € wera: 78 fad=a &1 fawa 5 gen 2

4.5 GarAehdr Taer fagia

ST 39 S € 29 STIURON | S0 ) Geeret
1 fore o Herar et €, Wy THmEfTen s o
F e FE W g8 oEmed 2| S SFAHR I8 Wt
e T wedl fF eruet w1 erey oo il
(Bond Dissociation Energies) el 3MEY W‘IE'QT

SRI— H, (435.8 kJ mol ', 74 pm) 3R F,(150.6 kJ
mol ™, 144 pm) =1 =i % SEIERRIN ﬂaﬁ o
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Haftrd AT o o Uk Sl I o G
o oY Tshel HEEAS| €Y ol ¢ J8 Hisd
TEIHE AU I ApfaAl i fafa=ar @ of
TRIST &l STerdll

U YR o1 wE. 3. 0. AR fagia e oAue
I APId & IR H RN 2l B, W T8 AR
S F&1 L Gehdl A1l SHH1 3T o ka1 3
HA F R FwA & fau I g g #
WWW%E}WW (Quantum
Mechanical) fagia 9T smenia %I 3 fagia %—
qateehal ey Tagia den Tv-hetd fagia
(Molecular Orbital Theory)|

HaSTehal 3TTeler fagia &1 Ty eeer qon
e (Heitler and London) 3 b7 1927 i T&d e
o1, forgent @ difer (Pauling) 9@ 7= ST
4 9] H TR 39 fagid &1 faa=m o] we,
Tl oh Seigeieh fa-amal (SIS 2) , TLHIT] heThi oh
Afge IR Hehtor qen fe=RUl (Variation) W&
STEAR (Superposition) = gl o 91 W SAHia
21 37 Teft veqgel o uftied  Gaeehar e fagia
1 TG Toa=r 58 T i foaug-a%g ¥ =l 81 o:
39 f951d 1 Ui Shaa U 3fte | 2 TIord
ST fopru o € foren SITam eTET, YRY ¥ Weraw
], (H,) o foem W fomm @ 2l

M efife fF 2EgeA o &1 W] A 9 B,
fSeh fyeh A9 N, 9 N, & den S Sufier
SﬁmﬁeASﬁTeBmWW%,W@aﬁ
R Fed T V9 A WA TH W G TAfew
W B €, q9 Sk ™ g = femen TE Bl
S5 ST IR Uh-gE o O 31 W €, -l
Ieh T SRYOT G Fiaehtul 9ol S Bid S 2

SR o Frfafed § e 8 B
(i) T LAY o AWk q1 IHeh SARAl oh i

N,-e,, Ny-¢g
(i) T TLAY] ok AT T S TLATY] oh Seraeil

av‘Tﬂﬁ?[NA—eB,NB—eA

T YR YR 9t Frefaied | 3o Bk -
@) T TS % Seleel o a9 e, — e, A
(i) = TCAUEH o ARl o o d N, - Nl

e fagm

54
/77
7 ___-E{ﬁm
ey —— Q¢ 9d
SHYUT FA
<2 D D5 >
H, H,
fgerdor o

fa7 4.7 H, 77 & fatad 7 srevor qor gasso aa

STREUl 9 IHI TATIST i TH-THR o I
A €, Sefen Jfaewdor 9ot 3% W HE HT G FW
& (fe 4.7)1

TR IR W I8 9@ T R TR AU SR aei
1 UM T Wit el o 7AW AT g 1 36eh
RO~ WET IH THT] Th-SH ok HAG A T
qN Seh1 fefast il | @ St |1 ofdq: T feafa
8, 2 MU wel ql GOl wel o SE g Sl
2 3R R/ &1 Fell = W W 9EH S 81 gH
e H EIEGISH o IHTY] ‘ SAETHA’ hedd § 3R
Th T o] AN €, TGl aTeY oo 74 pm
It 7

<Ifer BTEgIeH o ] WAV o w9 STEY S
W S G T T, ST eEegeH 31 J gereh
THIOS BT STven sifirek TRl B 21 39 YRR e
Tl ‘aTreier Tedt’ weard 81 98 ot 4.8 1 fxu Mo
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@ ¥ =Aad & I et 2| faema: Hy % T
e st o fouied o faw 435.8 kJ Fei i

YT Bt 2
H,(g) + 435.8 kJ mol ' — H(g) + H(g)

« @ o

o
y

ERECTUI]

—> 90 (kJ mol))

Y S
435.8

&Y warE, 74 pm  SAAEE g@ >

faT 4.8: H, 317 & for= & fau H wwamoeh & e
SRy §4 BT iy Refas Feif F R,
oRE d =Aaq F fefd H, &1 gaifys e
e It 2

4.5.1 heoh 3TfdeaTu_ 3TALRUM

BIEGIST 370 o foead | 39 SrEeel W IAqH ol
e YT Bl €1 3H e § & Y] S e
B S B o ok TR hereh SR T U SR
QR heTeh AT’ el 81 STk URUTHETEY
TR GYfHa B €1 stfaearad i Wi gedars
e 1 elerdl i Feifia et 81 g sifs
sifqears < wEpst o Wi oo STEd a9 |
Tafud T 39 TR, Herh AfdeATT STEERT
3TER I WHV[S o e Heddrsi e HT o
ARl & W Iufeerd fawid <ishvl (Spin) T
TRl oh WA o URUTHEEY Bidl ¢l

4.5.2 &Ll o TSR IOTEH
S 9 WM €, WedlSl S WA ekl o
Ao T S &1 IS0 o U e1ggier 1 317
T H THeh 3 YXHU[ST oh HASH H 3k 1s hewehl
1 e B 2l

CH,, NH, @1 H,0 S¥ JgWHE v o
STEY a9 o Y- ST0] i SAMHG o FEwergot
B §1 S % fAU- CH, oF 3T I IMHid
SqoheIhid 0 il € 3R HCH 3T/e¥ vl 1 0
109°28' i Tl ©? AT NH, 79 ! STHfa
frfaet @ et €7

119

‘GAISTRal STre fagTd’ o SR W CH,, NH,
H,O 3Tf SguANE STUEA i 3ehfd, ITH 3Ty
T e 3ok feemeTeh U1 ohl TRHTY] Shefehl o TRl
A AT H HeEdl ¥ W fmE S Hehdr 1

4.5.3 UTHTU] ehglehl oAl STfqeamds

e WA ey foeRer o forw o e €, e
IToh Hefehi o1 TSI &I, FUHS a1 I &l
Tkl 1 78 3fifeeet 01 e & A (amplitude)
@t feepeeam (W) ¥ fom iR fog (1) W fasR
e ® (fast 4.9)1 Hiw- Hde em@l | g9 Ty
TR 3R SROTeHeh g @ e o1 g ()
A 1 TR AT W HIE Hey T il Sfe
T o fou siifdeal =1 fag (%e1) @i erfufa=mg
T AN B SIET| S8 UM STfdeardd %ed 2l
s T p U] hHeh| oh ¥ACHSR, FUMHS A1 I
HAfdeare w1 fafa= sreeend, fasr 4.9 & TwiE T )

i) T

: (% 3TeTT °ry

gHTeeh 3TeraT e affaeamas . o 2v)
OO -OTDD~

(a) (e)

o — - )—
p. p. S

N

+

2 S

(b) ®

p, p, (© (}i‘,} @
()

7 Wi

P, Py

N
N

©
z
;U%

I e (TH g W
X ugem it o ® erfufa=ma
STETT €M o SHIUT STfaeaus el grer)

B Q¢
., 9F

ferd 4.9 s @1 p WHIY] F&H & HIHE, FUHE a7
9 sifaeraT
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TeHarst ay o fat=d o &1 ®Reh o &4
o erfqearad &1 wdE GEfvshg faweir T
TEURATI SOt qe SguRAT STUeT W ¥HE &9
SN B €1 ¥ WA ¢ foh CH,, NH,, 91 H,0 373t
1 3TMepfd HAI: Aqharhia, FRIHST qen qet g8
Bt B o7 GaASIhal oTaY fagia 1 STANT ik 98
ST e BN foR F s SAifhdiE sTeRfaAi aht
HeTh- AT & YR W T fhar S Gk 21

3T, WEUYH 89 HeH (CH,) & 37 W fomr
H %I dAE AIEA (Ground State) T e
TR fa=md [He] 25 2p° ®, S Sxifora sreen o
[He] 2s' 2p,' 2p ' 2p,' & W 21 Tk ST &%
o eTrervash St i gfd Gehfid Hherhl qe B
o dd AT o herawd g Afafted e |
B 1 I o TR A hereh, T @ g o
Th MG Soieg SUMYd Bl §, WX BEgeH
AN o Th-Ush TARI 1s Hefhl oh 91
AfeeaTTe %Y Tehd €1 g 79 ¥R Ffid ¥R ¢ - H
TS THEY & S| HTe o O 2p HEh| o qLA
90° T IVl B o HIUT 3 herehi grI FAffa steier
o &= HCH WU &1 AF o7 90° B, 312 T
C - H 39 TH-THR oF ¥ 90° 1 HI0 TG
e T 25 THeh a1 H &1 1s e Meld qHHd
%1 BH o SR Tl off fem o sifqeamed & gt
21 31@: WY C - H o7&y *1 fEen siffyea e ==
f&qu CH, ®1 ok eHfd o Ha & @ €,
e =R HCH 101 Sqoheish ¥ 8id @ 99 Teish ol
T 109.5° BT T Y T BT & T ohoel sherh
o HAfEATTH o STER W CH, ok 37 b feeeter om
1 T T foRa 1 Gehdr 21 R dhl & STER R
NH, 1 H,0 393l § HNH d®1 HOH vl oh M
90° BH =IfET, it arEafaek deali o S19&q & 81 NH,
M H,0 H oIEdfoesh e 0 HHL: 107° A
104.5° B &

4.5.4 IfdeaUT oF UehX dqAT H@gEATST
MY hl Wehid
FeThi o AT o YHR o SR W Fegars
e o T WehR Bl B—
() T (o) oTEYy q (i) TR (n) A&
(i) T (o) MEET— TH YHR T GG Y,
e werhl o STAAiRE A W FaER

e fagm

(Head on) AT A1 3184 (axial) fdeamd=
#ed &1 TH YHR h1 37e, THIY] Heehi o
frafafed § 9 fFdt T TR o GAeE gR
o feRu ST Hed -

¢ s IfdATTT- 3 YHR & GaoH H
314-9d (Half Filled) s-h&h 3Tqienta 3781
W AfdeaT W §, S A e ™ -

e - W
ShETh s-heh s-s Afq=TT
® sp IfAEATUT— T YR H AT TH
TV 1 AH-9q s-FHeh A THL TATI]
aef-93d p-herh o < B R

k + < —>k <
STHEF pheETH s-p ST
® pp AfdATTA- T THER F fqeqo=
ARt % Ad-9d p-herhl & oE e 2l
U PO — DD«
pER PR p-p ST
(ii) WIS (@ ATSEr)— U ST ok o o STfUadh
Fefh 39 URR STTeATTT w3 © T 306 o1
Teh 8L o THI T SR T Hel § e
Bd 1 39 YRR UYd SAfdeadd o hora®y
faffq e o WSt o6 9 oF S| el "

T wISTH PR Y B 2

-

D N § C—

v

9

pFeH  pHER p-p Sl
4.5.5 Tammr qor arg ITsEn St Weerar

Terd: ST 1 Yaoral Afqearad i dm )[R
Tt 81 Famn ateier § sherehi w1 Afdeara stfres B
21 gHfore T sy, o e (R 0 sifqers
Bl 8) 1 o § SAfeh Yael Bl @1 gHeh Sferal
g WA Sft Hewaqol ® fF < wemet & | W
A€y ) STepen T8 Ul S ©1 g8 Fed fgrHl
aTrier o TN S FI1 €1 TS Tsd 3 AU H g S
2, fore feemaia = fremeie sufterd e 21
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4.6 Heh{UT
CH,. NH,, H,0 S8 9guAms 7= «1 fafere
ST STRfal i T T ok foTg Uifert = Tear]
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oI ®© T T sifaes dimedl (S8t =
) § IR feran S gehan € A1 wHfe § uw
fafy=a stmaa o wrdia et (Cartesian coordi-
nates) éh‘“v'l’ﬂﬁ?l (set) @vﬁmﬁaﬁwmm%

TE ELIF © T Fhmd &1 arafass o1 el
IR A1 HH o R R ¥ Yk |iel S| §%
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e, S T T aRe i gerep €, Cafmn
(Boundary) ®eardt g1 ufedin g1 en fh &
3T SN AT FoA q1 Soll o GOl i EtE
Uferd X Thd 2

5.1.2 o™ oF UR

379 TH A UH o1l o GoUl o YR W 613 =i
aifferd hid B

1. Getr e (Open System)

& G e ¥ oo @ §3-3F &1 feE @
uferwt & #eq fafmE (Exchange) @ ®ehdl €l
IR —AfHRRE T Gl s § ferd S

2, 9 Mo (Closed system)

% T o f1om wd ufew o wen g1 @1 fafma
e &l €, W ol o1 fatm e wehdar g1 Se—
afqepRer &5 et | fad

3. Taefia e (Isolated system)

T faafa e o fem vd ufew & 921 53 1d
FSl— A1 1 € Tl g @1 g 81 Seetoned—
AR T qHE vk § fod W) fow 52 o

fas 5.2 : gan, 93 TG fFarm &

* gfe g ohae rfufeen fagor &1 fem 9F, @ diet & <R 9iew o1 % S
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5.1.3 TerTa Rl 3TaweT

forelt ot Soamifaent fepm w1 9o 5w O, SH—
TE (p), FFG (V), T4 (D) T @ e
(Composition) &l Ff<® (Specify) F¥en fohan S
21 &0 Fren =1 affid e o forg 37 7o o6t afted
Y 7d s gvE fAfde w5 gear B e ofifaw
e | uel g o wifaet ¥ foRdt e &t erforen
sreee &t e e o gt ge-fagett o 3@
&1 W el e AT o SMER W HT Sl €1 SOANTIehT
T TIE 1 Teh 3T T Wal €9 g&lfad fohan T
21 U Y4 U1 1 TIid o fO&gd I T SAEvIehal
& ®, i =l g0 fep o sfgd w9 = ol
1 YA T € BH TR 1 SToel i ‘S TaeeT-ther
T ‘STeRAT-TR’ & N oA Hd &

SRt | f7ehTa &1 ST &1 9uiF Wk
AT S1ere Tt ol o gRI fehal Sl €1 29 T
T T ST BT IHF T (p), E (V), A (D),
AT (ry) 37 =07 T Hehd B 1 p, V, T o1 STaT€AT =1
TR 99 a1 ®, 7 o Eeh! e e oh ek W feRelt
T =1 staen i gui 9 § qReIfd w3 o fag
FrenTar & Gl Tl 1 a0f H T SArETEE TE e,
Hifer F o1 & Taa ®9 § IRafid e gehd 213
TN 1 HE TR w1 Hehia W R et 81 1 AR
FH W Y FEA H T T TN i 77 L g4 S, @
AT "R O 1 W Ea: a8 S @)

5.1.4 3Tdieh Sl : Ueh STAEAT-TheTd
e BH S THE R i e e ©, T s
%1 R 1 YA Bl ®, 99 BH UH W O H
AEeIHd et €, St R w5t et 1 wfafafue
HI BN TE el TEEE, agd A1 AE el @l
Gohdt 21 37 Hesh! A & Frepm w1 et Bl 2
AR § 5 Sfideh Sell U hed 21 T qafdd
Bl ©, Sfafeh

o T %1 @ H yaw = e B e,

o frEm W w1 FHE g *E R T A,
o i@ A 5= =1 yaAw W ™ ®iaT B

e fage

(%)

a9 Ugd 89 HE w W e F orafw s |
B et IR 1 Site it e T e o
& ey e o woIres A SR wte | St
F U1 21 39H TR ue uRawr o Hem ST b
YaTe el ®, UW 1R il 89 Hg (Adiabatic)
ferma wed 21 T frera ¥ srereer-ufads @t
TGN WehH hed ol 394 e e afew & g
g FoA-fafma &l el 7'l | e we gfEw
HI YU HHAEA IR TG feR’ FHedd @
(fax 5.3)1

fora 5.3: @ wgiw fr, fogd uRdar @ ssr-fafmg
g 781 8l

319 g9 ™ M F9 1 Fh Tqh! TaRah
TSt o uftedd i g1 °e T fem w1 wies
AT A € TS THHT AU T, T HaARF Fei U, T
1T T STerEen i < YR § el Y Tehd 2—
YR YhT—HM foh B¢ Yo & Sl i A &
1kJ % # €, TS e w1 71 sferen 91 B
TS IEH! A T, T W €| T8 3@ T E > T,
#q: a9 § GRed AT = T,-T, | A1 3% B |
A He U, B, @ ofafeh He # fEdd,
AU= U-U,
fgda -9 30 w@ ° U s B
(Immersion Rod) STefesh 3d-l Kl ég?r Eqp] (1kJ)
F ¢ TF Fe™ § do-ufitedd e & 21 89 28
€ fr av-ufadq g & wae T,-T, € w2

el H I TAN LA S 5T T 1845 o
e e 7o om 3= U fok e W e
T ffyea & R 1 steen § g uRads
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2, =R v fRdt ot TR (W) gR1 R S, S
& W 19 o e gy @l T 2l

I@: 98 Sugw fe@@ ® fF ue ud wf,
STaftes e U, i gRenfua feen s, fge 9=
T 1 a7 1 Ao B, el S5 TehH
o fopart o i w, J SFereenetl 9 U 9fierdd o qed,
HAq AU= U,- U, =w_, &l

a1a: TR &1 7l Tl Teh STee-her 2

TEEH FHATIRT § ITUPAC T o TR
YT T o © fo ol w, Frohrr W feman
2 9o Frepm &1 ofiale e o S 21 35 TR 9§
Ife frem g0 w1 ffan S, @ w, ROTCTE B
Fiifer et 1 Al e w9 & S 2l

FI 39 forl 1= URfad STaeen-werl o A
A GHA B2 V, p T T 59 311 Uffa STaeen-thor
gl ST ok fau- A gn fdt fee o qm o
25°C ¥ 35°C & URad™ &<, @ aa-aRadd 35°C—
25°C = +10°C BRI =R &1 Y¥ €t 35°C dk wd =1
ﬁwﬁqﬁ@wmegree)w@aﬁﬁ?
R fenm@ 1 2ifqm @19 (35°C) T o SU| 39 YR
T Toh SFAeE-the 81 a9 § IRed e W e =&
LT 1 Teh dlellel § G o1 ST Teh SToree-ther
2, Fifh 3Ueh Sl & AFdT H qREdd 39 o9 W
e & e ® fop drene ohg 9 T @— iR g,
JTRd G A1 I g
(@) sor
70 fo & fopw oft afRaet 9 o o/ = aRkast =1
SN IH T FhE Ft 3Talker Fei § gRadd
Tehd B T Foll-fafwa, S qricR <1 uRond 2, oA
q FEA T 379 TH qYE dI9ic’ o o ferg [qd |
@ 5.14 (F) H Fa AR & IRfIs TE Afm
qY] S TG GErl w1 U ST e e
(o1 5.4) ER1 o1 o =eH 9 8l 8, W fomr i

o o dfe w1 T T (et R s
ek §) B T, a9 W W o e o T
a2 e, fome a7, 21§ @ ) e (S)
BN FEG SO g H AY-UReH T,-T, g
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fora 5.4 : ww @, fogd TREar & 3IR-9R F1 T Ja8
g gl

AT S Hehell €1 T8l W A Aaften ol ¥ g,
AU= g &, Sidfeh TeeR 31 W &g =/ &l fman
T 2l

TEEH FEATIHT § ITUPAC T o STTHR
REST ¥ ST T THIGRY 961 | 8H T g &FcHS
Bl € 3R 1™ &1 S agdl © d o1 o e
Y ufeyr & 3 M 89 T g BT Bidl @
TRoHd: R 1 ST %9 8 S B
() "= feerfa
W U 9 feafq W foem &%, Safe stdafes e
T gfad < & BRI (T ek TS FoH1-TMIART)
B B 39 feufa o &9 sndfe S o fteds i 39
JHR fora wehd T

AU=q +w (5.1)

T faftte srexen-ufiads o qRada o YR &
MU q U6 w o M 9 81 Tohd €, W q+w =
AU ga IRfae ud 3ifay stawen  fad sam =g
IRed & TR § A 21 A SoA A w1 ok &Y
¥ Sel-uRedd 9 @ (foaft@ fem) stefq afs
w=0Td g=0, 9 AU=0 @

HHIRIOT 5.1 31 AU = q + w, SHNTIhT o
vorg e o1 T e #1 gem e % eTgER,
“tres Taerfia e @t st sraftad= et 217

* qgel TR W fFT 1 aret &1 1 HmomcAss faw R fem g/ foht SR el 1 @ wArees Taee T T em sifast
H Gkl W ot ot SE WY 1 SR @ W@ € A9 IUPAP A ot Tl faw weRr w1 fawiie w1 R
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e off W faafia e € om: fraw =1 fm=
R off el S Fehell 2~ TS i Sell STuREd-i
21 G 39 IS o HRe & fagia’ wEd §,
Aofq Sl 7 @ T KT ST TRt & R T & g
g fohan <1 ke 2
e : Th FHAMIGH T o1 (SH—Sell) T T A%
T (SE—3fEed) W i gl @1 g9 Tt fawm
ST | SAIaH 1 a@ FRUE (Absolute) AM fAfse
T Hehd B, W SR S ol Rue ° e T2
HY Tehd §, JUf A ol § YREd AU
IERIES E:C IS

ITEIT 5.1

T T 1 oTafie St | aRads saRy, ak—

() o g ufew @ o srawnfod T2 e,
R ™ R (w) & fwan smu) e &6t
$ar fHa YR * Bir?

(ii) F7oRM W I FE T2 o ST, TG 3o
F 7S g e 9 uf@w & < G Sy
frem &t eR fFg gHR FT Bi?

(iii) TTeF™ S0 w AN 1 FE fRAl W WS g
o &1 HS R @ S| IR R
YR 1 M g2

&l

@) AU=w,, SOR TS B

(ii) AU= - q, SOR S garersh el
(iii) AU = g - w 7€ =% Fema 2

5.2 TTUANT

#% qHEtTE sfafEast § N6 S B §, S
i T HE A FH IO HE H FEH Bl 2
T uRadl o qREmT &t UM TS 3R AR
Fell-afedHl ¥ Hag w1 Hewqul B <@ TR Tw
Y Bl B

5.2.1 <hrd

FegH T e g0 fohT T e 1 Yehfd W En
TRTYT ST &1 W et ik kT, 3Telf e S
F W =R &

e fagm

PR TM)
4
11
o
>
<

A, V

. peXé ()
k— 11—

faT 5.5 (%) faferey § Red o7<el 319 W T 92 § feey
arel g9 P, gR1 fa T qged w
TERR &5 gRI q9ier T g

TF-3TFAT 1 I GHSH o AT 89 T¥uRfed
e fafer W faem +wd ®, food w A
et 7 o g€ 71T A o e vV, e fafereR
¥ T H I@ p T AR TR @ p, 7, S p W A
B, @ fed SR 1 IR 99 q& T wam, 59 ah
HdReR <& p, oh ST B Q| F TR 78 ufterd
TF TR B 2 qe Sifw s v e fE
Gepae | T 150 77 e € Ue fae o1 Sruey
ghd A € (F9 5.5 &)1

e ARG H URE =[x A=AV =(V, - V)

T a8 ff 94 ® fF T =%

Fa: A e =p_. A

IR e 9 9 e ® ffan T =6 w
g, @
W=Wxﬁ=|@4Tq7l=pexA.l
=p,..CAV)=—p AV=-p_(V,-V) (5.2)
el R fog 3N THiow smavas © fE
TRUEl (Convention) o IR Hdied ¥ & W
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1 B @, AR BT (V- V) AN
FUMHE SR STd FOMHSE | FUMHE 61 T B0,
@ w HT T EFICHE B ST

Ifs Tpad o TH IS W I feer 7 7 1
%2 i 9ai o Seodr |, @ HA w1 gued st
o g HE 1AM B T~ pAV o G BT
[ 5.5(@) ]I

Ffe Tra feer 7 81 Td 39 YR a<erdl @ foh e
TN € T % @ W SHAgeT AU ©, 99 e
% Y% U% H ST SHAgsd HEl AV HeT 39
fearfa # 7 g1 fope U % Y TR B W Frefated
T W T H FhRA &

w = - pede

Vi

(5.3)

Vi S (V) Vi

forg 5.5 (@) SRR &7 9RiFd 757 4 axerd gu SR
3@ W YRS SaT & STfad ST @
Gp=r | fowar 7o &1 qoitar €

GF=H H p, U U R (p,, +dp) o Tod BT
[fe=r 5.5-71]1 9o uRferfaal & goror o 9@ <@
TR I@ W THIM HH B, 3194'HpEX=pm—dp
Wwﬁmmmé’ﬁp&:mmi dp) Q’@I
YohH ‘ShHUNT Y’ Hedd Bl
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\% 3 (V) Vi

ferd 5.5 (1) pV % w9 GRS FaT V, d V,
g & [T Seravig TRl 5 A
F3ETd GU SRR F1d T 37 Y&l | fohayr 7o
H7 SRR &7 T <9 7 2l

Teh WehW o1 UREds auft ‘Sehruuid uehd’
THEATT &, 5o 3H Terdlt oft aror arfagen uReds
% ERT Iohidd (Reversed) T&ham ST ekl Tk
STRAUE YehH whi HTETERT3 ¥ Haged Tfa |
TE YR 11 wegar ¢ T frenra wa aRtawr ghom
TR AT B Ve 1 SoRHUIE WeRH R
fafiad 71 AR Wkl ! IEhUUNT Wehd
wed €

T\ e | agd | UE gued o €, 9
A H & fau &0, 95 iR fha & sl <@
o YRERe Fee i SAEvIE uSdl ¢l

TH HIFT 5.3 i TAfafad gR 9@ foaest
Iehaug aifefaal o we & oAl 39 W Gag
L HHd B

Vi Vi
W, == [ P.dV=- [ (p, +dp)dV =~ [ p,dV
v, v,

Vi

(JfF dp x AV 1 7 g 7)

Ve
Wien = _J. pindV (5.4)
2

379 9 & I p, I SR W FHHT G
THeh 3G o Ual H e fohan s gl &1 Tl
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eyl 19 o p Wel o T (pV =R7)

0p nRT

d: U fEeR a9 (WU UhH) W

Vf V
W == RTY. = iRTIn—L
) v v,

i

\%

= -2.303 nRTlog (5.5)

HFAYEROT : T 7 faid § JR’ (p_ = 0) JoR TR
FHEA 21 Y TG o o TEOT | R 1 TEl
BT Tl € Ufeha SEhUv 81 A STk, (THIhI
52 W 5.3)1

376 TH THIHI 5.1 i faf= Tl & STTER
%% yHR § form T B

w=-p AV (FHIHT 5.2) 1 FHHT 5.1 H
Torfd & W

AU=q-p AV

I gorw FEeR TR W e § (AV=0), a9 AU
=q, qVﬁWV(Subscriptv)W%ﬁFW
feer 3T W 9EH & T 2
Tt 9 T Yokd T GHATHIT FETOT
TH Y T 1 o TS GHATE WEO T
(T= feeRisp) &, w=0 &, Fifs p_=0 21 S 7 74
g Feifa fFen fF ¢ = 0%, s&fet AU =0 =l

HHIHR 5.1, (AU = g+ w), 1 FHATIH SGHAUTH
TS IhAUIT YAl oF T 39 YRR =Fad fohar ST
Tehell &—
. THAMYE STIGRATIT YhH o fag

q=-w=p,(V,-V)
2. I IhAUIE YhH o A

\%4 \%4

S S
g=-w=nRTIn % = 2.303 nRTlog %
3. TG™H YhH o few, g =0
AU=w,_,
3qTEIUT 5.2

10 atm <€ 3 25 C M9 W fHet ey 19 o
3 feX Tmada w9 ¥ faid ¥ q9 d% ya@ia
B &, S o ST el A 10 faet T @
S| 39 TSRO § R S s B @
e foran & feran S @2

e fagm

'

TR fF g=-w= p_(10-2)=08)=0
HIE HE &l BIa1 ® TS HIE HoA ST T
Bl B

ST 5.3

g 3ot JoRor o feer 91’1 ]9 1 atm @, @ F
BAm?

&

TASA E fFg=-w=p, 8 =1x8
=8 L atm

3ETE 5.4

g IO 5.2 H TS JER01 SHHAT 9 9 &
qr = Brm?

&1

B0 9 € foh g=—w=2.303 nRTlog%

=2.308x1x0.08206x% 298 x logg

=2.303x1x0.08206 x 298 x1og5
=2.303x0.08206 x298x0.6990
=39.366 L atm

5.2.2 WUl Enthalpy (H)

(h) Teh SUART AT STEAT-WheTs
B W4 © b TR ST W STemiifta Svorn Sfidiieh
woff & ufedd % ged, el AU= g, B 2, Y
sifererTer EmEfTR sTfafwamt fEer sTa | A g
FeATEh , T 3fE § feer arHee™ <@ W el
Bl 37 uRfefaai & fau e ©h = srawen-wed &1
SIS BT |

TH THIRTT (5.1) I FeR T W AU=q,-pAV
% w1 ¥ fo@ wd €, el q, Fohm gr sraiifom
SO T -pAV R gR R T e 2

YRR STaee i Ui 1 9 Td 3ifqd staen
i 2 W < 2l

B I HHISHIU i T TR fora Hehd B—

Uy-U, = q,-p(V,- V)

T: Faferd s W

q,=(U,+pV) - (U, +pV) (5.6)
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EASIHIED

19 BY U AN SN el ol Qo
T GHd ¢, T TOed (e v Cwifewe
e s1ef TH FwE W safifed s B @)
Fed &

H=U+pV
3 : TR (5.6) B S 8:
a=H,- H,=AH

Tfd g T 99 SfE@ we ©, denfd g v @
TSl B Td: H U Sfeel-%er @ (H.U, pU& V
1 Her g1 Gt SEeq-theld ®) | 38 YR AH 9
E=RERUEIRS

feer 3@ W uRkfa aRadHi o fow e 5.7
w1 feran s gehar 2

AH = AU + ApV Fifeh p T €, o1: &n
forg gend B—

AH= AU+ pAV (5.8)
Seei@g ® for ofe feer < W o srEwifia e
2, @ =ened o en wedt o ufeds A ®© e g

I W 6 AH = g R @ W s
o1 B

Tt Irfufsranstt & faw AH U
T &, et oIFaThRaT % SR ST St gt
% Td woan rfuferameti o fAw AH ST
TraT &, et URasr § T 0 AAYINT Eiew 2

TeeR 3 (AV=0) W AU= q,, 3¥d: FHIHT
5.8 & S €1 AH=AU=q,

s S e g e
T AH Td AU o A&7 R 9iefes &1 oial, Fife 3
TS i H TRY 3 R A H g a9y gied= &l
Bl A e eraen B, @ 3T 3l Wigfeh Bl S
21 &9 ww U sl W fomr w ©, foed 1
i ¥ feer 3@ T a R v, e sifafmaet @
Td vV, T SRl R FA TG B a9l n, 6
Afafswasi T n, T IR & Hed F He @,
ar emeel T R % SER—

pV,=nRT
9 JhX pVB=nBRT

(5.7)

143

a0 pV, - pV, =n,RT-nRT= (n-n)RT
p(Vy,-V)=(n,-n)RT
pAV = AngRT (5.9)
T An, T ScRl o Hiel w1 Hen ud e
ffsharenl o HIell 1 T@ H A 2
THFT (5.9) § p AV HT qH THHWT (5.8)
T W W
AH = AU+ An RT (5.10)
THIEHTOT 5.10 T SYART AH ¥ AU AUY AH
1 W T wE W R S 2l

SETEIUT 5.5
a1 e T 7MY W 100°C T 1
bar @ W TH HiA SA o AR |
gfedd 41kJ mol ' UET TN ST
S-9REdA i TUAT SIS, Se 1 T ST
%l 1 bar ¥d T& 100°C R ardiena foha
|

)

H,0(1) » H,0(g) Radd o fag

AH = AU + An RT

A AU=AH- An,RT
T @ ™
AU =41.00 kJ mol™ -1

x8.3 J mol 'K x373 K
=41.00 kJ mol™' —3.096 kJ mol™
=37.904 kJ mol '

(@) feredtof wel &= TqUT

foreediol el e T # g feRan e 21 fariof 1o =
o1 &, FrmeRt 7 e o Sufterd g &6 wE/sTEy
(wrest) W R @1 SR & fau-germe,
I, Sdeh olt, T, Soamentiar anfe fordiof
o 2
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9 T, S TR | U $4 hi HE/SThR
(Tes) W FeRk F& #=d €, T qor s g
I ok felu— 19, Sed, S A1 e 07 81 Hiek
0 ¢ Tt fepm o T Wil o 701 o JE % g

e &1 AR 551 W W 0 @ A xm=§,mw

T AN | WA T S IR HeR AFH V, T
HieR FHerefiar ¢ 2 forefiof oo e 1o H R 7w
ek 119 ol TG V o I | T a9 T eieh? T Hehdl
g (o 5.6 )1

V. T

(=)

e fagm

e ¢ FAE €, A O G A gfg e gt
21 S H FoAEiar s 2, e a1 ug @ T
THHT A9 FGH oh T agd AfHd el =]

C wered Y H o A g @1 et aared
1 Aok SRA Cm -< Teh HicT 1 SOHTETRET

n

B1 € SoAT I 9 G0 §, S Tk Ao ugred w1 A
& feilt dfcwad (o1 & sfead) agM o fau
e et ¢l T o, fo ¢ ferfyrse Somenfiar’
ff wed €, 98 S 2, S 3hTE goauH o fendt agred

vol<
H
rol<
)ﬂ

(=)

g 5.6 (&) 7997 V U9 a9 TR TF 19, (@) G975/ & R S79aT &1 S8 81

3| afg fauseh oF g0 e e & T
S, (forst 5.6-) , FTe@ o st v/2 @ S R,
W 9% A9 HEE & @Al T 96 T ¢ fF ST
ferediof o1 €, Steifer g e o7 2l
(1) FEaTeTiar
39 UGS W B9 2@d © foh Tep bt afafta som oy
ardt St 21 A feh gR S Tew 1 S, @ 7w
a9 ¥ gig o w9 § qieed gt 2l

a9 o gfg fafid S o FHEE Bl 2l

q =TT X AT

Tk 1 AH ™ o AR, Feed TS ohfd
W et e 21 3 B9 W YR oft fow T €
'‘q=CAT

el Tk C R SR’ wed #

39 YRR HOEIRAT A BH T EH a1 gfg
Y T Y& FOH T HL FWehd B

&1 a9 U feilt Afeaad (3 Uk Hhfcad) s@M &
fou emavas Bl g1 fRe uged w1 a" deH ok
3T SAERIAH F g T4 B oh foaw qwed
fafsre s ¢ *1 T $FAM m T q9-TRadd AT

T IO HW B, U

q=cxmxAT =CAT (5.11)

() T eyl i & faw ¢ wE C, ® wam
TRl %1 el $EdT W C, ¥ T fEer T W
C, ¥ #ifd e T o7 TH A A Wel TG HW 2
q % fau feer smEaT W aHie fora whd 8-
q,= C,AT = AU

T feer 5@ W g = C,AT =AH

st m % fau ¢ w o, % A= oW =
TR T TR ST Tk &
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T Hiet 3RS W o faw AH = AU+ A(pV)
= AU+ A(RT)
= AU+ RAT
.. AH =AU +RAT
AHTE AU AF W@H |
C,AT = C,AT +RAT
C,=Cy+R
c,-C, =R

(5.12)

(5.13)

5.3 AU Ud AH <hT AU :
Shetata

THEE T difaeh ThHl § Fata i, giad i
(Calorimetry) Fed %I aﬁﬁﬂ'ﬁﬁﬁW@?Wﬁ
feman s €, TS Shedieiiet’ shed B sheliHiet T
39 % T TG H S Wl B1 5T BT SO
heAHI 1 SoAEIREr I eF W arg-uRed= o
SMUR W YehH T 3T HOH1 1 1 ST Fehell €1 HITA
T feafqal o foru S B—

(i) feerR-emad W, g, (i) ferR @ |, g

(%) AU T HIGT

o stfaferansti o forg feeR sTras W sTawmfia
FSH] T WY oH ShalliHIeY (Bomb calorimeter) i
o smar ® (o 5.7) T=l ww wie &1 9 (M
ShAHIY) STl W g Sl ¢ Wil o8 | Siferdior
YaTfed T Saaeiel Ufaesl (Sample) 1 STl ST
21 sfafren o Scm o STl 1 3fdfd @ S 2
UK AR T HT AU TG B o S 21 e o
AR QUi &%, € ofd: THoR A W IS
e T B 3R HE T TR S @1 et
e o rEl | Heifua qamates sfafmane o of
%1 & B iR AV=0 B 81 TR 5.11
TR § FAHI hl SR S 8F W dd-gRedH
W g, ¥ wRafda w2 feamn s

wER e
\\

-ram | 9 ﬂ
\
as_gl

o -
STel

faT 5.7: 99 Seidiet

(@ )AH T HIUA

TeoR grar (WM=IGA AgHSeE Td) T - aREd
ot 5.8 o T9iT T eI gR1 ArGr ST Hehel 21
& W4 § foF AH = g (feer T@ W) | o7a: feer g
T IAd Teral STavifyd o1 g, sifafshan e
o sfafeRan Tt A H FEemd 2|

Afaferar fago

fora 5.8 : REeR 3@ (FrgHEeHT ) W FH-YREAT A9+
& forg gt
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St srfafmansti § o e gkt € qen
frepm @ afew # o i veE B 2 gl g
SRUTCH BN qe1 AH ¥ SRUTCH BNl & T
SO AR § S srerelfud el o g
R AH T oA F

ISTEATT 5.6

frefafad gt o SER, 1g U%Ee
SIS 1 Afeehdl § latm @ T 298 K W
T HAHRR § @ HEE S 2l

C (3R ) + 0, (g — CO, (g
arfferan oF SR 19 298 K ¥ 299 K % aadl
?1 9% o1 SheliHIet 1 Soreniar 20.7 kJ/K
7, @ S ffshan o faw 1 atm 3@ TH
298 K W TEed qfierds s gnm?

&1

T AT | U S g T heAIHIE Wi

FHENAT €, §, T SheAlHI g/ e

HTHT,

q=C,x AT

rfafsren | 9IS k1 W HEE B, W o

HUMCHS BN, it e (Afafswan-fagorn)

BN IS ST heARIHIS GRT T80T &1 T oAl

o qed B

q =- C, xAT =-20.7kJ/K x (299 — 298)K
=-20.7kJ

(7T SoTcHe Tere etfufsan oF Sromerdt e i

i e ©)

3d:1 g IhTES o @A & T AU=-20.7 kJK

| |t YH1EE o Sed & fag

_(12.0 gmol™')x(-20.7kJ)

- e

=-2.48 x10”kJ mol ™’

gl Ang=0

+ AH-AU=-2.48 x 10°kJ mol "

e fagm

5.4 rfaferan o fau wEedt

uftaed, A H 3Tiufrar &t
At erfafma o stfufsaes SR § o5 81 39
Hima 1 39 YRR <A - AfdfRTe — IAR
At o SNF Toedi-uiads sfufma-Teed
FHEA | TEEfTR fafEa ¥ Toeh-ufedT A H
fag @ Twitan s 21

A H = (S ot T 1 arm) — (sifafshaent
1 a1 4mm)

=2 aHogr = 2 D H
TRl Y (fen) fog &1 3w Sied & faw

fohan ST 8 TS a, 9 b, HAd HET F HHA:

ffsraenl e SRl o WEfRAE! TUlE €1 ST

o fau— frefafea sifafea 75—

CH, (g + 20,(g — CO,(@ +2H,0 ()

AH=YaH_.->bH,_.

=[H, (CO,,g +2H_ (H,0, DI-[H, (CH, , g) +

(5.14)

2H,_ (0,, g
Wl H, Hier Tt €1 Tiedi-uftedy T a5
SuFnht ¥ {1 G A feer A W fadt stifies
o Affshan o oA A1 Iae i AieHT oI e
o SfEvTe B SHhT SAevaehdl 9 s &1 ardi
frefean =1 oA A o T 2l
(& ) erfuferan &t umes Tt
ferdlt Tremafen stfufsman @ e aitfefaal @ fsk
HE B 3F: T8 ATIH ¢ R B P Areh aRfeefaa
i e wX) fowdt Tamaten srfaferar s o
I og TOeUt ultads &, wia o1fferar & amm
Tl At uaTe ATt WiMes stererait # g
fereit uarel @t ureR staren Tt fafds amo
T IHHT T€ I[E ©U &, S 298 K 1 bar I W
T ST §1 SR o fAu- g9 et it O
3T 298 K TS | bar W IS 59 8l 21 «le &
T -7 500 K T 1 IR (bar) W I[E 39 2wt
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B 3ffhe 9E: 298 K W forg S €1 ek wikfeerfaat
% AH W g8 © (Superscript) @& e foha
ST TSSO o feu- AH®
(@) WTERIT TR0 | Tt -aierd=
et YeEd" o Seii-ufierds i eidl 81 SEEI ok
fere ok =1 frere o foru e &6t stavgehdr gt
21 R ot w1 s fer @ (arHEe
T T BNl © AU WE-iEa gid 9 A e
T 2l
H,0(s) —» H,0(); A ,,H® =6.00 kJ mol ™
TRl A, He AE sTeeen H Tom e 21 At
STt % | wgerdl €, l $9eh fauid WeRH giar ® ae
At € Aen § o gfiEy § wel S 2l
wfer Wiet SrE vare o T | EHarel Teredt
qftaed & uated @t oM TS a1 Wel e
Tt A, HO hET W R}
3Gl 1 e FEAE B €, 37d: @l e
TAfeqal e it &1 STt o aTSHeR ol W HE hi
SR Bl 2| THP FALAR T, TS TEeR @ W:
H,O(l) - H,0(g); A,,,H® = + 40.79kJ mol™
A, H® STSHET F A T 2
(T, IR T, FR1: TeMF T Foeris g1)
TRl 73 & TR W R a T wee e
(19I) R aTefiehd o oh 1T STreyeieh SToAT <hl SHeht
A T A TR Ao TR A H e 8

147

Fedud o S e € T o o5d 5 @1 23|
e SEIATHRIES A1 Ik dh (dry ice) A, H® =
25.2kJ mol ' & WY 195 K W SHeddifad gt 2|
Jeref oy § e-efit Sresuifaa gt @, frmes fag
A, H®=73.0 kJ mol !

et 31| o U Wit i o) @M Ud W
TE (1 9F) W HHEYET § g arelt Tt
UREdT st SHh! AFeh SHeadrad TIedt hgd B
Tl -ufad %1 7 59 qare o sfa-efufae ael
FI gmHa W R a2, g geeen-ufeda @
@1 2| SN o fAu— et o S1ueil o " Sufeerd
I BIESS d¢ SHhT 5d ATl § St o STU[3Tl &l
Yeerdl | o8 @A 21 e g9 (SH— Een) |
Si-Tfoae fgya-feya o= foran fovm w9 @
gaot Bl 81 39 YR THoh | Wil o arodiehd g |
S o 1 |t Sl ATAehd B i STU&T ¥ ST i
ATEYThl il €1 WROM 5.1 W o ugiell i e T
AT T S T & T R

30l 5.7

Teh 11 (Pool)  fehetl dreh i 18 g Tt
1 T ¥ @1 (TMen) 1 TE T hl 298 K W
aiftad gF o fau fhat oA savas ghit?
298 K W STSHIehIUT i AT el hi IO
EalE

ARt 5.1 e Ud a0 o {10 Aeh Tedt aferds am

Substance Tj/K AfusHG/(kJ mol”) | T,/K AMPHO/(kJ mol?)
N, 63.15 0.72 77.35 5.59

NH, 195.40 5.65 239.73 23.35

HCI 159.0 1.992 188.0 16.15

CcoO 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 329.4 29.1

CCl, 250.16 2.5 349.69 30.0

H,0 273.15 6.01 373.15 40.79

NacCl 108.10 28.8 1665.0 170.0

C.H, 278.65 9.83 353.25 30.8
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el o feIg 298 K™ A, H = 44.01 kJmol

&
IO o WhH hi &H 39 YhR TSITd
Hahd 8-

H,0(1)———— > H, 0(g)
18¢ H,0 (1) # el %1 wem — 108
18 gmol™
=1mol

1 mol S F 298 K W o9 o fdu < 5H
Al I = nA,, H =1molx44.01 kJ Mol

=44.01 kJ

(7€ T Y foh arod 31eel T o HHH SeRR i
2

A U =A H-ARRT
vap vap g
1 mol a9 & foTu
Ay H = (1 mol) (44.01 kJ mol )
=44.01 kJ
An = (1 mol — O mol) = 1 mol
A U=A H_AnRT
vap vap g

=44.01 kJ - (1 mo]) (8.314 JK ! mol'!)(298 K)

=44.01 kJ - (8.314 JK!)(298 K)
=44.01 kJ - (0.008314 kJK!)(298 K)
=44.01 kJ - 2.48 kJ

=41.53 kdJ

IETEAT 5.8
STl aTSg Wl MYl 9 AMD g UAT ifse R
100°C dM9 &R 1 bar € W 1 mol - &
0°C MU &t 9 § age H AR Holl § foha
e em? fem @ fo 9k W e weed
6.00 kJ mol ' 3R St 1 Feenfir 4.2J /g °C @1

'A
Tfiadd f TR 9 g 2

BT - 1
1 mol H,0 (g, 0C) » 1 mol H,0 (1, 0C)

T IRedT AH

e fagm

BT - 2
1 mol H,O (I, 0°C) — 1 mol H,0 (s, 0C)

Tt IfEd AH,
FHd T qiads g

AH= AH, +AH,

AH = (18 X 4.2x 100) J mol '
= -7560 J mol '
= -7.56 kJ mol '

AH,= 6.00 kJ mol

S AH= AH,+AH,
= -7.56 kJ mol '+(-6.00 kJ mol )
= -13.56 kJ mol '

9 ST W I X § gRedd g1 W
AFT § TT0g gRedT g @ ordi—
PAV=AnRT=0
=AU =AH

=-13.56 kJ mol '

(M) Aes ot Tt A He
et Sifiter oF ek HicT Sl STk &1 A, S 31U
o Wt wat § fed e (W w9
‘Haof-arawen’ ot weq €), ¥ ¥ fwfoq &+ W
AT Teh Tl TRad ol ST H e Aier
oo Todt A He weT S 2

Sl ueis ‘! adrn @ for gefud difee 6
| Hiet SHeh el S S0 Tl el w9 H ¥, 9 e
foren STan @1 e o stfufwarg St T fage
HieR Tedt & e & T g

H,(g) +20,(g) —» H,O0(1);

A H® = -285.8kJ mol™'

C (IWTE2, 8) +2H,(g) — CH, (g);
A H® =-74.81kJmol ™

2C (1L, s) + 3H, (g) + %0, (g) - C,H,OH():
A H® =-277.7 kJmol
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TET 9% THe Tl € T ue forem T,
AH®, A H® % T e feorf 8, fomrd 1 ot =ifires
39 el W S B S SWie < stfufemensti ® <,
I T WA § ¥ YAF H1 | Hied ol 2

CaO(s)+ CO,(g) —» CaCO4(s);
A H® = -178.3kJmol™’

T i T Foendt afufran o w¥ed- uftedH
ST e i foem Toed &l ®, @i g
Hieaa HEiHe 30 qwll ¥ T TRt T AR 9
T 2| Trefatad stfufsen o forg ot woed-ufted
HBr (g) #1 A Toedt fowe wdierdt A Howe 2,

149

dfew A st Toed B

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kJmol "
Tl T IS o Uk HIcA i TU&T I WA T
qet ¥ o €, AH® =2A H®
Hqferd IR0 | THE o] i 2 9 faafaa
%Y HBr(g) o foated Toedt o forq S 5o
W feran S ek 8-

%H, (g) + ¥2Br, (1) —» HBr(g);
A H® =-36.4kJ mol™

TRt 5.2 TS oA T wRTEl W 298 K W WA Wien fave TR, A H°

garet AH [ (kJ mol-1) qaret AsH/(kJ mol1)
Al O3(s) -167.5 HI(g) +26.48
BaCOs(s) -1216.3 KClI(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)2(s) -924.54
C (&) +1.89 NaF(s) -573.65
C (Fwre) 0 NaCl(s) 411.15
CaO(s) -635.09 NaBr(s) -361.06
CHa(g) -74.81 Nal(s) -287.78
C2Ha(g) 52.26 NHs(g) -46.11
CH30H()) -238.86 NO(g) +90.25
C2HsOH(1) -277.69 NO2(g) +33.18
CsHs(1) +49.03 PCl5(1) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOz(s) (FrET) -910.94
C2He(g) -84.68 SnClx(s) 3BT
Cla(g) 0 SnCla(l) -511.3
CsHs(g) -103.85 SO2(g) -296.83
n—[CaH1o(g)] -126.15 S0s(g) -395.72
HgS(s) -58.2 SiH4(g) +34
Ha(g) 0 SiCla(g) -657.0
H20(g) -241.82 Clg) +715.0
H20()) -285.83 H(g) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) -92.31 Fe,0,(s) -824.2
HBr(g) -36.40
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FD TEIA HT 298 K T A Hier fo=m
TR A B WO 52 7 & R

RUTEt o SIER, TH q<d o HaH Al
T i T § (HeH-ofawen) e for=
T A P A I fern S 2

UM ST T 319 T ehfere SSifrr &
AR ST =T ® T afs ar uwred et A
e ¥ A1 ThfcHa™ HEie i I T BT
greetiamse § faufed &7 o o foaqt <o
FT TR BT,
CaCO,(s) - CaO(s)+ CO,(g);A,H® =?

el &H Heh Toreer oIt sh1 STANT S ek
2 e At 1 THed IRed IRefor o Hend
F T wfad TR S % f B frefafad
G GO T SN T Fehd
A H® - Za AfHV Zb AfHV(STﬁTﬁaﬁ?EB]

(5.15)
el dqferd T W a TE b HUM:
srfafsraent T Scael o ToNE €1 SUia THIEH
1 ShicHH hTde oh foeed T @] Hid &1 T8l
a T b IE 1 21 :
AH® =AH°[CaO(s)]+ A ,H°[CO, (g)]
— AH®°[CaCOy4(s)]

=1(-635.1 kJ mol ') +1(-3983.5 kJ mol ™)

-1(-1206.9 kJ mol ™)

= 178.3kJ mol!

3d: CaCO,(s) 1 farere Froamentt stfufsran
B o7 Sfemd SR Wikl shid o folu S9! 59
TRY AT B
(&) FETETE R THIhTuT
T Hferd THrEfTeR wHienn, fSEH SHeh A H
= ot fear e |, SR G e
Bl B9 U G | ugel sl e srereend
(&Y raeq & @) § fEe wW 2
I o fera—

e fage

C,H.OH(l) + 30, (g) — 2CO, (g) + 3H,0(1) :
A H® =-1367kJ mol™

ST g Hfy=d 99 Tt @ W 54
I T <@ Sl 81 Tl qReEd i SRl
fog <wifan @ for @€ W womed sifufswan 2|

FEREEAE gl o ged ¥ fAfafed
Rt st A W@ SAEwEs e
1. Fgfea TEEfs gt | e sAfafsheent

e IRl o Tl (3Topeti i Tel) i R

H T
2. A H° 1 T WA wHieT BRI gl o

el 1 G&A o e | Bl 81 " Tt

uRed A H° 1 3T kJ mol ' Bl 2|

IUUE URON &1 g9 o fau gn ffafed
sifafsran o foru stfufmar—som 1 7o @ 2—

Fe,O, (s)+3H, (g) — 2Fe(s)+3H,0(1),
e forter T it gRol (5.2) 9 EH U9 B
A,H® (H,0,1) =-285.83 kJ mol;

A,H® (Fe,0,.s) =-824.2 kJ mol;

AfHO (Fe, s) =

AHOH,, g =
qd,
A H =3(-285.83 kJ mol ™)

- 1(- 824.2 kd mol?)

= (-857.5 + 824.2) kJ mol!

= -33.3 kJ mol’!

M ® T 37 ToHmsT H YgeE Ui IS Hed
%\ S sfaa wifwaitafa ‘\'[Uﬂ?lﬁ ( Stoichiometric coef-
ficients) 3 & €1 A FP 1 3T kJ mol”! &, et
aﬁﬁwﬁwquﬁﬁaélm%ﬁmwﬁ
@A Tl o1 Fdfeld T od €, 7a J8 SAfshan
o Weh Hiel ol IR il €1 0 el sl o=
TR 9 Fferd ed &1 ST -

1 3 3
EFeZO3 (s)+ §H2 (g) > Fe(s)+ EHZO 1)

0, IRUE & ATER

9 sAfufswan &t a8 A U wia Afafswar g
T A H® BT
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AH,; = §(—285.83 kJmol ™)
2

1 -824.2kJmol™
2

=(-428.7 +412.1) kd mol™!

= 16.6 kJ mol"' = Y%A H
T8 T B ? fr ool ww fawdiol afdn 2
3. w4 fordt TEmEfTes T o 3 foman S
?, 99 AH® % UH & fag Ff 9@ S 2l
3T o6 fau—

N, (g)+3H, (g) — 2NH,(g);
A,H® =-91.8kJ mol™’

2NH,(g) - N, (g) + 3H,(g);
A,H® =+91.8kJ mol™

(=) 29 &t fam
<fer T T STT-heH €, 37d: Tedt aied
RIeh erareen (AfTshenl) i staeen (Scml) i
W I o 9 W WA e ¢ g v H- Th
sifafran oR Tk 9% H = AW FE TR HT @A H,
T gfadT guH e 2139 ‘' e o ' v o
T YHR e Tohd -

ek Ul U B arett Terdt Tramatten srffsrar
Ht UFeh Tt 37 @t srfferaneil it aum amg
W Ak TEfeust ot O gt &, faed ga oot
arfaferar =t fawfsa foram ST Hemar 1

33N, B9 39 999 &1 He<d Ush S<E0 o g
gl Frefafeaa sifafma § woef-uieds « fa=m
HfE H—

C(ﬁw)+éoz (g) > CO(g);A,H® ="

Tafd CO (g) T9@ 3SR 7, Wy 39 Afafewman o
TS CO, TTH T ¢ BIelt T 37 : Ikt A afman
& foau &0 Ted-ufadT &1 @ o w A e
F Hahd| A% 79 7 T srfufrad g weh, foe

151

Haferd aefist =, df Sue et § Toed-uiad
1 ferer foran S gehar 2
19 gy fAfafea sifafswaet = foer =@
%_
C(¥re.s)+ 0, (g) - CO, (g);
A,H® = - 393.5kdmol™" (i)

CO(g)+ éOZ (g) > CO, (g);

A H® =-283.0kJmol ™" (i)

T SIS THIHON i 39 FhR I I &

for sfesa efvfsran o =1 ST SE &R T dia

CO(g) I & o foaTu THishIor (ii) i B9 STl

g, fomd ==t e g9 1 soie Sresiifa Bt 2l
3d: TH A H° o WM &I fog 95 <9 €l

COZ(g)aCO(g)+%OZ(g);

A, H® =+283.0kJmol ™ (i)

THRT (i) TS (iii) P! SSH H Srosd THIHI T
H

C(ﬁw,s)+é©2 (g) - CO(g):

9ok faw A H® = (-393.5+283.0)
=-110.5 kJ mol™!

s &9 W A ©h AfufEd A B
foq wh o 9 g Tt uftedT A H @l ud
TR AR ¥ A H,, AH,, AH,.. S9° 3K B&
T o fafm woed-afad= @1 gfaffiea s
g,

AH=AH, +AH,+AH, ...
T 3@ ¥ ¥ W A W1 gt -

(5.16)

AH
[A]l———[B]

lArHl TArHS

L@
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5.5 fafita gerw =t srfaferamen
o fom o
sfuafpanet & g w ffide = g Toeh #
FHFHOT HEAT Graeseh gl 2
(%) A ST TIST A_H®
e fufrare gpfa @ Swmedt g6 €1 3 s,
S PR e e e e o
B T S8 Ted! o1 39 WehR gRefia feman St
? fr gg fodt oo = ufd o o wiedt afted
2, S TE% <@ % HoEeed gl 8, 6 GHE
SAffRae @ IR e fafire ™ | s AFs
rereenati o B €
A YhE drelt T & faferer ¥ gem: oA
(C,H,,) T8 &t 71 124 o T Hiet o <64 U 2658
kJ S e et 21 gueh fau e seEEte
st i 36 YR fo@ Hed 8-

1
CiH,o(g)+ ;oz(g) 5 4C0, (8) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YR TR h %81 | 2802.0 kJ/mol
Fo e Bt €, foeen foe wefientor 32—

C.H,,0,4(g) +60,(g) - 6CO,(g) + 6H,0();
A.H® =-2802.0 kJ mol ™’

AR YRR ¥ ot <8 o YohH &I 0@ HISH §
TSI S Bl ©, T AfqH SeUIg e Yh oh e
Sg-TEEfTs aAfifEmarst &1 guft @ = ®,
TSI 1 AN el B

————

3ATEA 5.9
S o 1 Al 61 389 298 K TH 1 atm W
11 €1 89 o SWid CO,(g) T H,O (1) 5 &
qq 3267.0 kJ FoAT T =it |1 S=fA
foTT AR forem TR it AT HIST CO,(g)

e fagm

TS H,0 (1) & fau 7+ forad woedt &
M %H: -393.5 kJ mol ' T8 -285.83 kJ
mol ™ %I

'A

a1 famm fFefafas gdieor 9 fga
Sl B—

6C (iw1z2) + 3H, (g) — C,H, (1);
A H® =2.. (i)

| A Il o fow <8 Teied E-

C.H, (1) +%02 5 6C0, (g)+3H,0(1);

A H® =-3267kJ mol ... (ii)
1 i CO,(g) & foe forem Tt 38—

C (o) + O, (g) — CO, (g);
A H® =-393.5kJ mol ... (iii)

| Hid H,0 (1) & foae faem woed &
1
H, (g) +§Oz (g) » H,0(1);
A H® =-285.83kJ mol ... (iv)

HHIIT §ii Tl 6 ¥ TF iv i 39 TO0 A |

6C (Iwre) + 60, (g) = 6CO, (8);
A, H® = -2361kJ mol

3H, (g)+ 0, (&) > SH,O());

A,H® =-857.49kJ mol ™
ST IHT FHHTON I ST |

15

6C (JF1ee, s) + 3H, (g)+502 (8)—>6CO,(g)

+3H,0(1);
A H® =-3218.49kJ mol™ ... (V)
TR ii Rl IS HH T/

Reprint 2026-27



EASIHIED

6CO, (g)+3H,0(1) - C4H, (1) + %Oz;

A,H° =3267.0 kJ mol! ... (vi)
GHH v T vi i Sed T EH U @

6C (IFTrEe) + 3H, (g) — CxH, (1);
A,H® =48.51 kJ mol”

(@) &I TAST A _H®

3MEN, TEERESNH o HUM & 36 3T W foaer
=

H, (g) — 2H(g); A, H® =435.0kJ mol™

Y 2@ Fhd € foh 39 WhHA H SEERESH %
H-H a¢f o 224 § H T 9l eid 81 36 Hiehan
H B9 o TAeH-ufedd w HwUH T, A He
Fed 1 e W e o foret ot weref o s die
o Iufkerq el i Yuid: dgw WA § S€e W
TR e Ted-IREdE 81 ST ST T SRR eH
9 fEuATeR Tuetl i UM Tl SR e
e et ot gt 71 U T % w7
SeTEn FreAfotad -

CH,(g) — C(g) + 4H(g); A H® = 1665 kJ mol!

T =AM 37 A 91 8 TR 78T Sg et T
el ¥ C 3R H ] 2

Na(s) — Nal(g); A H® =108.4 kJ mol!

TH I | HUH THedt 3R SHeaure Toed
Th A 2
(1) s CA A, B
e fafmened § Tt oTeY 22d Td o g
afree 22 ok fIq STl 1 STrEgehal Bl 8 3IR e
T H et e Bt @1 ferht oft sifafemen w6t som
I THEER ST o 227 TE 99 H B aTel SHeii-
feE e R e e d 9
Toed-ufeddl o fory FoAmiaet o | St u”
I BId B
() emEy faasm woed
(i) HTET 3ATe Ty

153

STEY &H ITAT T G T g
aTupsTi o ey # |
fegurarorer ooy : | fefafed wfear w foar Y
T Tt eEeEeSH | faume st ey e ¥

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

3@ 9w ® B9 aren wed-ufed® H - H
SR lic CORERISE] Q‘QFCI“T (Bond Dissociation
Enthalpy) 2|

ey faaem Tt 3T ufgwmar ® g arer
THedt-uftads €, food fedt i gegases
ifiter & Tk WA MEY Tgaht TH S s+

M < & 78 Teh-ufiada @i SEergier i
FHUH TACH T T 21 ST qeft oy sTued
o forg oft 98 9 21 S

Cl(g — 2Clg); A, H° =242 kJ mol*

0,(g) — 20(g) : A,_ H® =428 kJ mol™!

TEIHAIG U] H TE fosH el 1 7H Th
a0 # fa s & faw fo=1 e 2
SgUTHIUIeh 37U] (Polyatomic Molecules) : H
T SEEANE Y (S¥- CH,) W fo=r & &
THoh UM o TeIU SOAUHER STfshal 30 TR <
STt E—
CH,(g) — C(g) + 4H(g);

A, H® =1665 kJ mol™’

TIF o =9R C-H 31ed TaM €1 39Ty BeH 370]
H |l C-H &9l &1 TEYU-§4 Td AEg-3el off
Teh THM B, TUMT Jeish C-H 3T 1 dig o fag
AMEYTH Sl (m-Toe €, s A= & T g
CH, (g) » CH,(g) +H(g);A,,, . H® =+427 kJ mol ™

CH,(g) - CH, (g) + Hig):A,. . H® = +439kJ mol™
CH, (g) - CH(g) + H(®):A,, ,H® = +452kJ mol”!
CH(g) — C(g)+H(g);A,,,H® =+347kJ mol ™
HAd:

CH, (g) — C(g) + 4H(g);A H® = +1665kJ mol ™’

39 B9 CH, H C-H &gl shi 3o mmeier woredt
R Fd T
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CH, = "(A,H°®) = % (1665kJ mol™)
=416 kd mol*!

B9 3@d € foF WEH | C-H 94 i 3fed e
Tt 416 KJ /mol €1 7 W 7 ok fafe 2ifent,
S®- CH,CH,Cl, CH,NO, 31 H C-H &% 1 37
ey Tl O Th-gR 9 digl o g g1 W
T A | aferen S TR BlaTl 9 o T 61 39
FT b AEY Tl i TUAT BT ST Hehdl Bl O
Tehet 3R ageTEel 1 el groft 5.3 § Suersd 2|
srfufsran el Tgd wewyel el ©, Fiifs T8 WH
3TeE o g2 TG AU 3T&E o o o RO & e
Bt 21 AfE 7Y fafvm ey woifeqsl 9 & i
arereen o ferelt oft srfufsren &1 wOTh @ W W
Tehdl B T ereen | eAfufsman i A e
AHP SISl Te stfufsmaent i eneiy wefeust o 59
R Geiferd Bt 8-

e fage

A HO=Y ey Tt o et THe
(5.17)**
TE oY 39 wHY foRiy SuEnft gar B, s«
AH® 1 9 A A el TR efafw w5 g
T - su erfufwan o sifufras eroet o
gt T i digd o fou Savas e e SRl
o SR ok Gl Tl I A ok foTu TawT® e
1 3 B €1 A © T 718 Hee ot w21 9%
S wEE o] B, S« eAfufwen @t usred
(tfuferas wd SaR) Tg sraeen # )
(&) STeteh Tt
TH A A H SeE Tl 97 e
R €, S/d Ueh el SAEfeh Al TE stereen o
R A | forifed gian @)

WRUM 5.3 () 298K W FD Tehel A€l o 4@ TIedt 7 (kJ mol! )

H © N o F Si
435.8 414 389 464 569 293
347 293 351 439 289

159 201 272 -
138 184 368
155 540
176

P S Cl Br I

318 339 431 368 297 H
264 259 330 276 238 ©
209 = 201 243 = N
351 = 205 = 201 o
490 327 255 197 = F
213 226 360 289 213 Si
213 230 331 272 213 P
213 251 213 = S

243 218 209 Cl

192 180 Br

151 I

WRUM 53 (W) 298K W I 3iHa sgaee TIdt 99 (kJ mol* #)

N=N 418 c=cC
N=N 946 c=C
C=N 615 CcC=0
C=N 891 CcC=0

611
837
741
1070

O =0 498

* J - Gy faFT TEeq a7 Sed ey TSed) & foru gHA fag 1 GE fFar ST 8l
oy g oyEy fave wEled (AHC, ) F WA #, St A wEns g fEe R TE Ak oraE a T #

Telet-uRad &, a9 AH® =) A HS

(€]
S D IL.V0 ;G —
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EASIHIED

<feh STTeteh Tedt 1 FANT g1 e 1w
AETE B, 34: BH T W fafy 1 e w €,
el T el oM@ 99 €1 S§ SiH-gel wleh
(Born-Haber cycle) &gl SITdl 2 (fo3 5.9)1

Na'(g) + Cl(g)
(S o .
E 1/2 AbondI_I "3
= E| A H
Na'(g) + 1/2CL(g) <
- N <t
B &2
g | AH
32
©
éa" Na'(g) +CI'(g)
Y
Na(g) + 1/2Cl,(g)
<t "3 AsubHe
Q g
o
: 'M Alam'(‘eHe
a(s) +1/2Cl,(g)
o3| aH
— E
—
¥ 2

NaCl(s)

T 5.9 NaCl &1 Siiei# Tieq) & foq Teledt sIR@

amey, gH fAfafad o&f § NaCl- &1 Sietsh
Tt Y A HE E—
1. Na(s) > Na(g) wifedaq g &1 Hedurad,
A, H® =108.4 kJmol™
2. Na(g) — Na*(g) +e™(g) HIfeTH WA 1 T
T

AH® =496 kJmol ™

3. %Clz(g)ACI(g)aaﬁFr w1 foem) 39 eafufwman
F T ey forieT T # s 7

%Abdee =121kJ mol™

155

4. Cl(g)+e ' (g) >Cl (g) FANHA TEU[ FN I
TR Afe| 39 Wishan | gorRq wfed et

A H® =348.6kJmol

ST Teheh 3 | ST T qe0 Seieei elfed
et % R § qgT B Ak § A U€ ST 9
& fed T R TR T U HY e A el ue
TeTaRe ST Ya1 o1 GANT fohan Siar ol (St 3fE)

T Fell el gelagiTaean
ST S ol Seiae et Ul ol WA YA AN
W it femen e €1 et ot qraHE W S
M ARTRRD! AT IR Sl SEATRAT i TR
Y iepterd feran s wehar &1 Ffalaa st o

M(g) > M’ (g) +e (3 o faw)
M(g)+e — M (g) (3oieH o o)

T T R Toedt giads 99 fa@ geieor &t
Tl § uftehfor R s Hehar a—

T
AH°(T)=A,H®(0)+ [A,C3dT
(0]

SRe ARt d§ 9 o ® TS TRY Hi
FeERa@ C,.5/2R (C,.3/2R) 8 sET
ACS=+5/2R (T & faw)
ACS=-5/2R (3R d&ddl & foQ)

T THR

AH® (ST THTh) = E, (T i)

+5/2RT A H®°=-A (S0eERMEYd) —-5/2RT

5. Na‘(g)+Cl'(g)— Na* CI'(s)
7 fafu= o= &1 % fot 5.9 o <wifan @ R
T HH h 'dH-B T’ Fed B T Tk H
e 7% § fF 38 R o o TOed-aierd= I
g /1
39 fm & 3R
A H =411.2+108.4 +121 + 496 - 348.6
AL HS =+788kJ

NaCl (s) > Na'(g)+CI (g)NaCl o feTg,
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30 9feman o fau enafier S 399 2 RT &4
B (FAfH An,=2), Sl + 783 kJ mol . & TR

Rl
379 B9 39 STk TOed o HH 1 Gerd 9
foer Toedt 1 IR T THhd Bl

A H® = Ao HE + Ay HE
NaCl(s) & T& Hiel o fau Sierd Toed
A H® == 784 kJ mol™ (FEH-T& )

s A,H® =788kJmol " —784 kJ mol™
=+4kJmol™
9 Y&R NaCl(s) &1 faea-ufshan o aga ®d
Sl - e 2|

(=1 ) foeem-T¥etdt A, HO
fret ugred w1 foere-Ted 98 wedt-ufted
2, SS9 U "l 1 faergs w1 e aen |
e R gl 81 3Fd dagal R ool 9
Tedt-uftedd €, S uie i faeiaes w1 ara W
o Hien S B, St S o (A faetd o st
%) A = fwer g

S Teh (e ATk i foremes | sen s
®, T4 39k 3o T Seteh § efuet fafia feufg
1 BIE 3d | q9 A Toerer o eifuess T g 8, Wy
IH TEF T A B faeeRte (foemes o |
SeATFeRToT) ot Bl €1 39 Tk Ak Al AB (s)

& foru emea &9 o <eifen w2
AB(g A A'lag) + Bag)
A H® AnH®
A'(@ + Bl

3: 5ot § AB(s) 1 faoe wedt A g
SR e, A, H % W gRI 39 YR A
HT S FHdl T

e fagm

AH=A

sol lattice

AAferenter emafter AfThi o feaw A A oFTcA®
BIdl €| gHifery saferenter ATkt ot wie1 o fereraran ag
TG W edl 8| A ek Toedt |gd s 7, dl
Afier w1 foeaa & oA 21 Wgd W weiNEe
FANES 1 oien wu faod = B B2 el
RedHl o STAM ey SHetet (THferdr) e Sk
Fettel (Tferdr) 1 grivE o SuEn g fey S
T T
(B) AIHOT A T
e 9 ¢ T foem-wded, fer am 9 3@
fae &t fordt faftre amn =1 faemas &t fo
fafsre omon & Sier @ B o T aftedH
B B T8 U OIS W GuiEA o o5 feRd off
e o fau @ e s wea €1 T
gIEgeM & 10 mol &l 10 mol Sid H Hie 9
B oo Toedt ufiqes frefafead g gr
for@n <1 wehar B1 gfaen o fow g9 S 1 aq.
q YRR w|

HCl(g) + 10 aq. - HCI1.10 aq.
AH = - 69.01 kJ / mol

e eq frefefaa woedt aiedHl & aqe
H AR =M <

H+ Ay H

(S-1) HCl(g) + 25 aq. —» HCIL.25 agq.
AH=-72.03 kJ / mol

(S-2) HCI(g) + 40 aq. - HC1.40 agq.
AH=-72.79 kJ / mol

(S-3) HCI(g) + oo aq. —» HCI. ~o aq.

AH =-74.85 kdJ / mol

AH & HF 98 YeRid #d © o6 foe-woed
1 | Frfar foerm 1 AEn B 81 S-S
foerm =1 etfuss wEn TEWE 1 S ©,
foeA-Toedt S I e TgEdt St @ A
S HEl Gk a0l arell HH| TESEG
I & U I8 SWad THiRW (S-3) | g
T AH %1 AH B
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ST

IfE B9 TR FHIHR (S-2) H ¥ gl

T (S-1) W < df B W erar -

HCl1.25 aq. + 15 aq. - HC1.40 aq.

AH=[-72.79 - (-72.03)] kJ / mol

=-0.76 kd / mol

AH®T 7€ M (- 0.76 kJ /mol) T o1 Tt
2 TE TE T ¢ S faerm § e et
forerareh Tie O order § o st 21 faere
& TR H Tl faeEH w1 qa "igdr @ik
e T e w1 wEn W AR s B

5.6 &4 :Udfddr

SEANTIeRT 1 YoM from g et ferm g0 staenfia
O TS W W AT I gN fHT T FE H Hay
A 81 I8 FOH1 o YolTE hi X9 W IS iaser Tel
T €, Sifeeh SO o1 Yalle $ed ard | Fre g
AR THEEia B B e § Wiehfaeh ®9 9§ Bl
it qEEteR =1 i wohH Th € few i AR e
[ Tfa B, @ayaraa il 330 o fau— T
19 o1 ST T I W o ol TELOT, hiae
SIS H STt hied SE3TeIEe a1 S|

TR S 3T I ¥ A G h1 AR @d: T&l
TN Tk U T T R i A T Hepted
Tl Rl a1 T SRATRIES Tod: he S e
¥ uRafqa =& grl s YeR o 3T W%
Tefaeiia ieds e €1 e 99 Sod1 ® T wm:
HEEIN] Clliaéﬁl’a'TﬁfQﬁWW(DrivingForce) E2|
2?2 U wa: A i fen ok fuifa e 22 @
@e | 89 3 YAl o fou Amce fuifa i fw 3
H9a © Wehd € A1 Tl

Bl BH HFA =feq fF T Tafid JhH
27 o9 W ®Y W G TR € TR S yatdd
TEfTs sfafwean a8 €, S Sifehienl o Waeh W
W & B ol B1 B SHRdS TS eIggeH o HaAm
w1 feorfa &1 od €1 27 716 1 I o ag W) Tt
Feh 3HE aui aeh fa foRdt Seerea aReads o
@1 S Gohdl 1 FEfy ok geA eifafwan & @ T,
R 9gd & AT a9 39 q@ off ‘waafia
srfaferan’ € whed €1 o1d: T watda a1 e ©

157

fordlt a1 e (Agency) &1 foaeT werEar o fodt
YohH o BH &1 Y Bl Fafd sHy AfafsRen @
ohH o B i < 1 Ul &I Heral 81 T@d yatdd
ToRH! o TR TET] § BH 3@ ¢ R 3 T oTu faem
Y Sohiid el 8l Tehd & Lo Halfdd hHl o forg g
Y § e Tehd B foh —

A FAld Tohd T STTeRAIT Taw giar 81

qg ferdt dlgl HiE1 (Agency) &F gniT Eﬁ'

ST Towar ST Gaar g1

() 1 I R HA EFT T gafaar
wHART §7?
7fE g9 T et S — Yeret | Sl iR =1 s
R eeR A &) ufepansti W fa=amr X, 99 <&@ f&
YohH w1 feen o e 1 fearfast et o et Bt 2
30 YohR €W e Tehd ® foh Toh TEteh stfafeman
39 foun o @ayafaa grft, g foen o =i § &t
B, S et srfufsmensti o e 2
IR0 o feru—

1 1
5 N,(g) + 5 H,(g) — NH,(g) ;
A H° = - 46.1 kJ mol™

1 1
5 H,(g) + 5 Cl,(g) — HCI (g) ;
A H® =-92.32 kJ mol™

H,(9) +% 0,(89) > H,00) ;
A H® =-285.8 kJ mol™
fopdt oft Somerdt erfaferan o foe s1fveiant 9
SARI & T W e | o HH ol Th e
s (fo7 5.10 (%)) © <9 s Hehel 2

A |y
w1 P
‘Q_*ngcﬁ ArH
H
IR HT L H, —_—
el Tt
AR Idq|
srfufean T

T 5.10 (%) FwHIedt Sifufsar & T Teieq-3ma

Reprint 2026-27



158
379 T YT JHION o STUR W 8 I8 STaERon
o TR © T Tt gomfer sfufwa & faw

Tt § 37 Kt IHeRT Wik & (Driving force) 2
a1 g frfafaa stffswmanet w o o g

A H=+33.2 kJ mol™

A H° +128.5 kJ mol™!

1
5 N,(g) + O,(g) — NO,(g);

C AT, s) + 2 S() - CS, (I);
3 eifafepard wa:gdfda JoH Te S #)
e dt ¥ gy T wed-amte g <l W 4

(fe=1 5.10 (@) )
aﬁ‘@"—q{ ;ﬁ . \
Tt = =
H —_—— T
IR | (&)
?ﬁ ferT 5.11 3 il 1 fagRor
sAfaferen fdeme .
s e et s e T S 4
T ST ¥ T T B @ o woedt o et o FAfYed €99 3 g A % S g yeR Ak 79 <
T e % fT T YRGEEE FE €, Wy 7 3R o fewd 9 o7v] fsprerd, a1 3 79 B o =19] @)
Tt v % fou T T R AR faaSieh geM o @] Y] fehel SQ, @t &4
L e IR R T w8 Gand € R ke o o10) T
(@) Tt T A yafdar A 1% I 9 B F1| §9 e Hhd ¢ Tk A wH
Teh Tod gl wohd < T faen # 9 U@ B 22 wnge wn sifues srevafied B T R
e, B9 UH UE feufa @ eremem ey, e 9 BH THY SFEURUT S §: Tk faelfi
AH =0 , 1ofiq Toedt & & ufeds 7t €, e ot o o fasera &6t Sott o wien e1ferer erogafied e
# ygfa et ¥ Te waafdar w1 TH AR @
R
I&l &9 Uk 31 SR G HI S B €,
S ‘Tt 8’ wed € SWea STeTeen T
sfiyerfa 21 Tk AHiEs 93 sAF & gt st
e Tehell © Top Wil femelt e o Sredereen st w1

B T Toaf Frerm o fah eifuer ereraeen 2T, ot
& stfusr SHel T BR SRl 9k U JEEw
rfufsman o1 99 €, Tt aRed TRATg steren S

sifafman = veH A IRka 2
TY Ueh 95 U S ufEwr ¥ f9afia (Isolated)
& TH Ut (HfufRER) § ¥ W (SAR) § :

2,1 < i w1 formfi wed €, S =1 5.1 o gwifn
T R
Y T A w B, N wEI: e wH ved
fagen @ <wifan o ® o wh faursie @ g faen
T 2 (o 5.1 %) S faurse gern S @
(fest 5.11 @), 7o 1 29y o foafia en o 2|

T T qvEr faeR gof g S g
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EASIHIED

raferd B 71 A SRl ki WA fRAmRRT Y
T ¥ 3ifyen sfeaferd Bl @ Tl | 9Remea: g
BT T TEEtes Siffshen H T § ToneTes aie
sifuferan o e agiell R HEEAT o SR W STHIA
feparn ST 21 Woa o Frfiaar o s o v € e
F T Tk QY F fou S sTEe =Aad Tl
(el Fafi) ot oreen ¥, Sefeh T TR
A Tl Y ST 2|

e B T 1 A (Quantify) T A B
TSN H o1l o ool ¥ sTeewel &hi MUHT i o6
foq we fafy wifert 2, S 38 g&d® &1 9 d W
#1 T fafy zo erfufwan o g ol Som-uftedHi o
Sirg 1 fafy €, S T o1 SoATfdes! %o e
Bl 3 FHNTGRT e, SE—3TdRe el U
THed H 1 T T2l ot Teh SOANTaeh! STee
el 81 98 AS WiHAl o 9y W sl Y g

S o fepet fepma il o & S €, 99 =%
SATOTfae T % aQTR e 1 STeaee 91 31 2|
T UK SO (q) Ferma o aregewen @@ @t
THTE Tl &1 91 8 AS Hi q § Fefed Fehd 22
I9e < € foh ot b1 faaeor S@ W el
HYal €, T o € St €1 Tk S d19 o e
o =1 a9 o T &t o | sifies oTeeren Bl
21 37q: forelt fepm =61 19 SHeh U 1 AR
a1 "o @)1 T a W e e @ & o
o1 3 T ot 3= A9 W T I & e
1 G H Sk STeTaE] w1 HIOT Sdl 8| SEY Il
Tl € o T qfad= 919 o SehHa! gl ¢l

STHHTT YAl o fall 7 AS &l q Td a9 T
Y 39 YR Hefod H Ghd B

qrev
AS = drev. ]
T (5.18)

fordt Toa: yafaa gy o fog feem wg ufem
F1 A T qRad (AS, ) FAfafaa s
g T s wean 21

AS i :Assystem +AS,,, >0 (5.19)

9 T fehm wrmeEen | g, @ TRt stfiead
Bt € wd widt § ufedt AS = 0 R

total

159

B0 %E Thd & fh UH wAgafid whH i
Tl ¥ 9fg q@ q% B @l €, @ % 98
FAfeshad 7 B S Hrmeee T T H fierdq
g ?1 dfF TS Uk steRen Ul ¥, o: Uk
STHATT YohH oh IRH W Td-Rada i o
freAfefaa T 4 g9 Y Hehd -

_ qsys,rev

AS

B9 Sd € for woard aRfeafaa o Seraoia
T SR Yol o feIg AU = 0 gl €, W
ASyw T (AS,, +AS,,.) STIGHIUE ThH o
oI 3= 72T 81 36 YR AU |, STchHTIT e Sehauie
o U faug T Sl €, Sefh AS faug e 2

———

3ETEIUT 5,10
Faru f ffafad § 9 fead T agdl /
el B
(i) TH T 1 39 LA | GRedT Bl 7l
(i) TF fopclig 3@ FT AT OKH 115 KdF
ECRIRS I

(iii) 2NaHCO, (s) - Na,CO, (s)+

CO, (g)+H,0(g)

&1

(i) oM TEEn ¥ uREdd BH o a1 U] Fareed
LN U hYd ©, 3Ad: TG Tt gl

(i) 90 KW G 37u) feer g €1 o1 T
= B 21 A A 115 K 9% S8l
ST, e 370] TR HEAT SR F 2 © TS
T GrETEEe ¥ <o wd § 3R fm
Afereh STeafeerd 81 Sl 81 o7d: T2l &g
S

(iii) 3IFTPRF NaHCO, 39 T TS THh! T2t
%Y | AR § T 319 3R < T B Ira:
I I=d Tt kit feafa o1 wfaffua
F 2

(iv) 8T Tk 370] < YRAIY] a1 €, A Hol hi
® ST @1 H R o & Hiel eiEgee
3T0] oF Teh HiA 1 ol § 31k Terdt
T 2
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IETETOT 5,11

e ok SRR

4Fe(s)+30,(g) — 2Fe,0, (s)

Tt e -549.4 JK ' mol ' ® (298 K drd
)

g srfuferen ¥ =i ufadq o g4 o
SWa ot stfufsran wa: yafda =i 22

(38 sAfuferan o fag

AH® =-1648x10° J mol™")

&l

T Afuferan +t w@dgafaa

AS, =AS,, +AS,,, % FER W T 2
AS,,, F1 TH FH & fau = ofEw g
STERNYa HAT W o= & 80, S —A _HO
@& qod B1 T ¥ W qREe &1 =i o gieda
~AH°

T

g AS,,, = (e T@ W)

(-1648x10°> Jmol ')
298K

=5530JK 'mol ™’
ora: sifaferen o faw el Tdt-dier
A,S, =5530JK 'mol ! +(-549.4 JK 'mol ')

=4980.6 JK 'mol™
=Y Yehe Bl ¢ Top erfufean wd:gafda 2

-

() Ty ol W @a:watdar
T @ g% ¢ 5 et e & fag ool & oo
e AS,,, (€l Yo" 1 wayafdal o1 o
HI 71 W AR TEEte sfufward |9 fem
a1 gol @ w1 9ot # emdt €1 ora: eafremt
sifafmanetl § T2t v Tt — < A ofted o
g vl we § H M faee @ aE e A A
St T F o 7 A T g
yafdd wehHi i faen feifa w2 gewdt 2

RSIPEERIE]

TH YA B 8H Ueh U SONT(eh! et fiTest
TSt a1 filest ®er G 1 36 YhR IR S §—

G=H-TS (5.20)

firest Swif, G ok fawdivl wd svareen o1 R

e 1 fitss St & 9ferdA AG,,, I 38
YR forar S Hehdl B

AGg, = AH, . — TAS,,  — Se, AT

SyS_ Sys Sys sys
TR @9 W AT =0

< AGgys = AH,, — TAS,

HHEMIT IEI% (subscript) feM 1 Bigd g
THIHT T W YRR foaed g

AG = AH - TAS (5.21)

30 YRR fiTest Sl § qREdH = Teedt § qiad
- A x T ¥ 9Rend a8 g ‘fies
HHieRTor’ o &Y H S Sl @, S TEEA IS ok St
ool FHIwON o ¥ Tk €1 TR e Ty o
o 1 Wl ot wre-wny foen ® : wei (AH o 1)
o) T T AS (TeHeRen ®1 A9E) | SEr gd |
T T B T SMUR W fagelr e W ew I
g foF AG 1 T Soll 1 ThEE BT B, Fifeh AH
TS TAS THl Foit 9% € [Ff% TAS = (K) (J/K) = J]

a1d g faem &3 € foh A ford wenr erfufsman
1 T gatdar 9 Hatd

T S € fF AS, = AS + AS

afe fep, gfEt o @iy qdig 9= | ®, q
fasr &1 a9, f™ o ar9 & TEE g g eTa:
a1 el | gig fem w5 Tl § i %
o Bt

a1 : gNE & T § giEdH

AH AH

ASsurr = surr . _ sys
T T

AH,
AS i = AS +| ——

ST FHIHIOT Fl TA: FARYd HEH W
TAStotal = TASsyS_ AHsys

@d: UHA & fAT AS,,, >0 3:
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ST

-(AH,,, - TAS,,,)>0
THERTOT 5.21 1 SYANT hid T SYUS THIHIOT 39
YR forel s dendt 8-

-AG >0
. AG=AH-TAS<O0 (5.22)
AH, s #1 Toeh ¥ 9 § 1as 98
TSl €, S SYEArT Sl o foru sueTsy &Y 81 39 TR
AG ST w1 o fu A2 el § U 39 YRR (g
Sl <1 AIG B1 39 HROT 30 AfAfRan ) g Sl
o wer < 2l
AG TR T@ W9 a9 W @Edyafadr &1
HEE Bl
@) 9 AG RUTHSH (< 0) ¥, 6 WehH &d: yafd
Bl B
(i) IR AG TIHE (> 0) T8 WohH T&ad: Yafaa
BT
feuquft— =fz sifufren & forg Tt wfteda oS
B wd Tl uReA ot e @, @ stathen as
@d: BN, 1@ TAS &1 HH AH o AH 9 31 =
S| I8 & GHR ¥ B ekl B—
() o =it uRedy a8, a9 Rafa | 7
1fes BT =feul (W) oI T=idt uRadq s1fes
g, @t 9 fafa § TFH g =ifeu) g aren SR
g S ¢ T erferenier efufma S== A W
Hurfed w1 St @1 "R 5.4 H ffsmensti &1 T
Jafadr 9T d19 oF GTe <kl Felfad (Summarise) f&aT
T R
(o) =it 3iv FeAnTaent o1 gET fem
B WA © T Tt faaifim e o fom st
wfter fafeed war 21 gufan, 59 YR o fem §
TIdt &1 91 T : IRe S HIaeh e sSderd
B aTEd W T SN ol SHY R @) v e
o FAH TR fem & off fafv= g § fomn s
Tehdl ©| SOANTIeR! o1 O o oo ohtal ® T
T Werdl Soierdt Stfufshand o ot o Bl €
Seerdt eifuferanes | fehell el ardeReT | STeaen

161

g1 3l € 3R el et Tt qied= erTeres g
2 = stfufsran =1 w@a: vafdd & 21 2

(=) Froer T=idt 3iv Sremfaent st dreRT
ot wreh % ooy et Y § P o s TR AR
& erey faw iR fachg Tehd € erupEt @t @ it
ST TARYT T, SO 71 Tel shawe I sheard!
B STa ehTa BT A9HE Sl € o T TiE Sk Su
B O € SR Tl 9 Wt 21 e 3R S drg
T W1 € Al T %y @ ot @)1 fedr v
forefoa uated =1 a0 SR-S WH I H 3R
AT & SH-af Tt ot 9 Wt 317 wgdt 215
SRt Rt AR e s €1 e sHfa g
2 Fiifh T Y W feee § wqol w9 g 21 98
o hadl IS i Ml q Wiqa € it
Ygifaer qeh 1R grifires gwmor <wiia & fof faeemt oIk
sifefiaferd s st Terdt 0 K W I 78 gt | de
o =1 We gHfeT @ for o€ ohorel Soie STkl oh
STYR R IS 981t o e Tt 7 9Rekfad e
o HerTs B 81 U5 e & fau 9% 0 K ¥ 298
KW% gfgal 1 Siig X U fhan s wehar
B M TIal 89-F90 FehR o qfehe gRI e
Tt 9Reds dfiefad w o fau s&dde &1 S
Tl 2
5.7 fires s=tt—ufads wa

HTHETAEAT
T 3@ I ¢ 39 TER AW o 1 fag wd
gfeTor-erfferan & R | Frefafaa e 3 8-
(i) TR stfafwan w1 w@d gafad w1 qagaE|
(i) AR SAffshan ¥ U B Wehd atel SqAT

FE T qAgHH|

9 T B SAIehHi Afafseaet § g sl
TRl W R R e ¥l o1 1 SchAuig sifufmanet
i T v S e
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‘SRTUTEEr § S NTaeR! T fasiy uRfefd 2,
S T UH #1359 TR fme S © TR e
TN oA ufEwr ¥ quia: W B W TuEe
srfferenati o Hee o ‘Scraviiaar’ 1 2ef € f wh
e Afafsran SHT feemeti ® wrer-wrer =a wehd!
®, fre for wrr wonfua &1 woh| 599 wdid e © T
sifafsran IAT femstl § qoa e H A o @1 =
Toh, W FHWE Wdid el g1 9 afl HeE €, 5
e ¥ Fam™ %) 9o Sl gAan g1 afg T
TSt &, @ T wa: & w0 gaa e ot feafg o
qfafaa g S|

d: W o fou HER 2—
A+B=C+D

AG=0

fordt rfuferan, foad gt sifveRs 1@ 3R
e sfereen | e, @ files S A Ge, wreE
feerier 9 frforfiaa wefieRtor g0 Saferd gt 8—

0=AG°+RTIn K
AYNMA G° =-RTIn K

AYAMA G° =-2.303 RTlog K (5.23)
& g off 9d © R
A,G® =AH®°-TAS®° =-RTInK (5.24)

Yol SRSt stfafsranel o6 fae A He &1 9H
Aferh T o BT 71 3 gRfefaE § K 1 AE
1 ¥ 9gd Y T Ud ifAfRan H Afye IR s
%1 ygfa & 2| wemardt sfuafseanei § A HO
M SAfereh ST T SR BT a4l A GO <1 HH
AAferh T FomeH Heferd €1 3 uRfearfaal § K 1

e fage

T 1 | 9gd 314k ST B8 Yol Setardt sAfafshansti
o oIl 3= K 1 3790 &Y Tehd € o Affeman
T Ul B Tehe €1 A Ge T HH ASe o HE R
off et smean 21 afg erfafeman o werdt ufteds =61 o
2IH W T 9T, 99 K &1 99 a0 Afafswan & 9
39 oG H YHIfad B foh A Se &l HF ¥AeHS A1
SR 2|
TR (5.24) T T FH W
i) AH® Wa AS® & HIO9 ¥ AG® &1 91 STTAI
Heh, frdt off 99 W fRwrRd ®9 9 IAmR) S
yiftd & foIT K o W 1 TT0MT 1 ST Hehet 2
() A wawmRmen d K den € ww famn s,
fordt ft 3791 A9 W AG® & HH FI UM HT
ST Hehd B

IS 5.12
298 K T IS oF 3=l H &Il

0,0 0,@F fw aG" # WA #
UM RSl $E SAfAfRal o few K1 HH
2.47x10 2]

&l

&9 S € 7 A,G®=-2.303 RTlog K, T R
=8.314 JK ' mol

3d:

AG" =
-2.303 (8.314 J K'' mol)
x (298 K) (log 2.47 % 10°)

= 163000 J mol!
= 163 kJ mol!

darferert 5.4  3fuferar ot W yafaar T a1q &1 a9

AH®  AS° A.Ge Fuf

_ + - [t a9 R Al T et
_ _ _ (f/=1 99 w) =1 99w fyfeen @ gafda
- > + (3=9 9 W) 3I=9 A9 W AfAfRan sreed yafaa
+ + + (F7/=1 a9 ) = a9 W sifuferen o yafaa
+ + - (3=9 99 W) =g a™ R Afafsran | yafad
+ - + (|t a9 W) [t a0 W AffsRan evEa yafaa

* Ug e 19 UF 3= 19 gorid 1 At e sifufmar o fu Se a9 sitgd W &1 arg o 8 gl 2

Reprint 2026-27



EASIHIED

3BT 5,13
frafafea Afufea & fau 298 K ® wm=
e &1 A G HitoT—
2NH; (g) + CO, (g) = NH,CONH, (aq)

+H,0(1)
fRu w99 W T fes s A GO 1 A1
~13.6 kJ mol! ®
'A

A G°

S @ log K=—r-
& & & log 2.303RT

(-13.6 x 10 J mol ™)

2.303(8.314 JK™' mol™) (298K)
= 2.38

K =antilog 2.38=2.4 x 10°

3STelUl 5.14

60°C T TR SEAESSH RS 50% foriifSid

T 1 T SgHed I@ T 39 d9 W HEH
T Sell-9Rad i TOHT it

163

A
N,O, (g) = 2NO,(g)

Ifg N,0,50% fomifs e €, @ < aeref
T A 37T BT

1-05

v - _2x0.5
N:0: ] 4+ 0.5

X =
N2 1405

Pyo =O—'5><1 atm, py,, =%x1 atm

1.5
o= s
2
K, (Pxo,) _ 12.5
Px,0, (1.5)* (0.5)
= 1.33 atm.
k3

AG°=-RTIn K,

AG° =(-8.314 JK 'mol ') x (333 K) x (2.303)
% (0.1239) = - 763.8 kJ mol '

SN TEETR T Hifdeh Fohdll § Soll-qiad d Tae @l €1 g 3 TRedHl o1 A Aea
T TN SUIRT STFAA T § EH el il 21 37 HiEl o fIu e s w1 fena ud aitew # et
FXd €| TEERTR T Aifdw TehH ST () IS I1 e o Wil i €, fret 5w am & (w) §
A ST Hehell 1 3 TR AN oF WIW &% AU = q + w 510 Heifed 8l 81 AU IR T ifan

e T R Y1 § 9 U ST el ©, S g T w U W R % § qen STeren el el el
B q U w o ToQ g 9Ruet =1 qer %3 2, 9% 3% (e o fean it 3% rTenes g <d © B W
T o T (R T R | TR 1A H TR €, T8 a ¥ aited i @1 dgee §
gfg 1 A ISl 1 S (o) W ek #ar 1 o srawifia A1 Sl S g = CAT Bl ©1 Af%
9 T TET B &, HTE BT WO W= —p AV ¥ I | SHAUE TRH § TG oh ST e
% T p_ = p 1 79 W@ Fhd €1 W W =—pdV TH €N | 0 T9 FHH pV = nRT FHT T4

F GHA B

fEoR ST W w =0T AU = q, 319Ifq 78 fEer T R Tiafd o 81 T et sifafmansi
o I o fOIT B Wl feR T od §1 BH U SR STael-Theld TOedl i URHIa id 2
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164 e fagm

THef-afedT AH = AU + An, RT &1 A1 €tg feor @ W Soq-9feds 9 o s @shar €, =t
AH=gq, 2|

TOed-aferdal o % THR T gaee gieds (-7, arsdiehio] U6 SHeaurad) Smrraan feer
9 W BN 2, = areaess woef-uftada 9 stfvafad fran s 21 forem woedt, 329 oo e o=
wHfe | ufterds 89 o Fraw o1 ST w0 T R S Hehd §) TertTe stfufmeanst § woedt-ufterds

ATH i Z (aiAprroducts ) i Z (biAereactions )
i i

T s § A HC = (SR F SEy o) -y, (IR BT ST o)

SEMeRT 1 Yord frem wamatTe Afafswan wt faen oF ar o g8 FRRE 96 &, i I8 =t
Faral T TR SAfufswan w1 W 9o w1 2| faafi fem@ & fu Ay = ¢ 21 3: 89 39 & o fau
T -, S, T2dl TR hed &1 T=Tht STeee o1 "9+ 81 U &a: Fafdd Yshd o forg
el T2 qRede oIk Bidl § | U ottt e & fdt AU = 0,AS > 0 1 o1d: T2idi ufeds Toa:
VeIt WehH i Taaifed shedl ©, Sfen Sl Uierde el hidll SehHvNT YehH oh foT, Tidt IRerd=-geiertor

Aszqr% 9§ 9d foran s wekar 2 L; 9 T R 7@ w2

ffer atferenter TETEfR sfufwrare feer <@ W et €, o@: e9 S sawe-%hod fisd =t G
TR w7, S FRE % TR o Tl ufedH @ e A G=AH-TAS SN EfUd 7

T Eaa Y o faT AG,, <0 TF |l | AG,,, =0
Tk fiTest Sofl-ufiads T feeris § A,G° = —RT In K THIHT ¥ Heifod 21

THH TEEA § A,GS ¥W 'W W K F AW 9 R S WwAr Bl AGS T A THR
A.G® =AH® - TAS® § T fFa S Gahal 21 TR0l H q19 Teh Hewqul ek 1 &Fcash T2t
UReTet % sfafwrard, St wH A9 W sREd: Faiid @, 3% S=9 d9 W WA :yafid S S T 7

AT

5.1 e W -
SR ST e T 0 €,
@) S FE-uRed o fou wge e 2l
(i) TSrreRT =M wer W fAeR @ e 2
(iii) S Se-3Ma HE wT T HE H gIH S 2
(iv) TSrEept oM oheret a9 W FeR s 2
52  UH YA o wgr gRftufe o g9 o fou-
@ AT=0 (i) Ap=0
(i) g=0 (iv w=0
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5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

qeft el 1 TSt ST Hed-sraeen § B B

@) i (i) I

(i) <O (iv) @i el o ferg fort et 2

TS o <@ @ T AU® &1 A —X kJ mol™! 81 38k faq AH® &1 | gim—
@ =AU° (i) > AU°

(i) < AUO (iv) =0

A9, YH15S T TEERSSH o foly 298 K W T84 THed & M HH91: —890.3 kJ
mol, -393.5kJ mol™! T -285.8 kJ mol™ & CH,(g) T for=r Tt 1 grit?
i -74.8kJ mol! (i) -52.27 kJ mol!

(iii) +74.8 kJ mol! (iv) +52.26 kJ mol™.

Th AR A+B—>C+D+q o fau T=idft uRedd ome 9@ @l 98
sifufoRan dva grft—

() =9 AH W (i) sFerd f71 a9 W

(i) et off a9 W =¥ (iv) Tl off a9 ™

T WohH W TR g1 701 J ST STERIifd el € Td 394 J & fehan S 21 5|
YA H TN Sot § fohan e ghm?

T 9 FAHet § NH,CN(s) T sAfferan saifadise & e &1 1w AU &
UM —742.7 KJ mol™! 9= T (298 K W) | 36 Af¥fehan o Ty 298 K T Tt
R T ehifee—

NH,CN(g) + goz[g) — N,(g) + CO,(g) + H,0()

60.0 g TgHAM=™ &1 @9 35°C ¥ 55° C & & fau fovdd fohell @@ o &t
ST B2 Al ST Hiel SOHTEMar 24 J mol™ K 21

10.0°C W 1 Hiel Sl i 9% —10°C T M W Ted-uied= 1 UM STl
A,;H=6.03kJ mol! 0°C ¥,

C, [H,00)] = 75.3 J mol K~!

Cp [H,O(s)] = 36.8 J mol™ K™!

CO, #1 387 T ~393.5 kJ mol™! €1 e T s ¥ 35.2 g CO, a7 |
IR S H1 VAT HIfST)

CO(g), CO, (g), N,0O(g) T N,O,(g) F fawad Toedt F71: -110,-393, 81 T
9.7 kJ mol '€ &1k N,O,(g) + 3CO(g) - N,0(g) + 3CO,(g) & faw A H =
UM G RIS

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol' NH, 7 % #F& faw=r
Tt @ 82

frefefad siwsi @ CH,OH(l) T A -fotam Toedt T Fife-

3
CH,OH () + 5 O,(¢) - CO,(@) + 2H,0() : A H°® =726 kJ mol "

C(I%TE) + 0,(g) — CO,(g) ; A H® = -393 kJ mol*

1
H,(g) + 2 0,(g) —» H,0() ; AH° = -286 kJ mol™.
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166 WA fagm

515  CCl,(g) — Clg) +4Cl(g) fufwan & fory wedi-ufted o *ifsig waf CCl, ¥
C - Cl &1 s7ae TEedt sl AT shifsa—
A,,,H°(CCl) = 30.5 kJ mol "'
AH® (CCl) =-135.5 kJ mol .
A He (C) = 715.0 kJ mol!, =&l A _HC HVH T 2|
A _H° (CL,) = 242 kJ mol™
516 U foafia fem o faw AU = 0, 39 faw AS &= =m?
517 298 KW 3fufspan 24 + B — ¢ o faw
AH =400 kJmol ' T AS =0.2 kJ K 'mol™
AH T AS @i a-fomr o feer ama gu st fw v am w sifufewan w@d: gii?
518  sfafsan 2Cl(g) — Cl,(g) o faT AH wa 0SQ o fog == 3ii?
519 SR 2A(g) + B(g) — 2D (g) & T AU® = —10.5 kJ T AS® = —44.1JK"!
arfafran o faw AGe &1 TUFT SITST SR wary T o sifafswan w@a: vatid g
Tehell 2
520 300 W U IAfafmEn o fouw @ ferie 10 B AGe ST WM T E?
R=8.314 JK! mol!
521  frefafaa sifafsansti o6 eTaR W NO (g) o SR Tefad W feouf Hifsu—

1 1
2 M@+ 50,@ - NO: AH®=90kJ mol

NO(g) + %Oz[g) —- NO,(g): A H°=-74kJ mol™
522 <@ 1.00 et H,0(1) &t AFe affeafaai # forfaa s €, 7@ aftert o - ufted
1 TUAT SIS~ A H® = 286 kJ mol ™
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HIEITEAT
EQUILIBRIUM

ELE

39 Theh oh 1T o 9% AT —

wAifder w& qEmEteE giEwmet § 9=
1 Tfdes THfa H1 Te= o
Aifeer T Tt fEae o e
qn 9T o STfirereton o ifirerea
Tm'_{ﬂél%'ﬁ;

frdt < eAfufeen & fou wmg
feerier =e/e ot wehmt;

g%? K, o Heg Hay wfyd e
aAfafsran 1 ArAEEl 1 gWIfed
T

SR, FRLe-T Td o5d HRomSh
o STYR T YA hi 3T 27 &Rt
T ofihd T Hhl;

A qen & o qmed & amen
3ok I el o ®9 H H
T

YA ST AT GHIAT B gl
T AT T T 1 FeRan &t 2men
Tm'_{ﬂélﬁ;

BIEEISH 3T 1 HleR |igdl &1 pH
Thol o &9 H g Y Hohl;

A oh 3TEH Ud SHeh! 3T def &1
& ®9 H el e & aviE =

Sl o At UEEA (K,) del
pK,, ¥ fase =T geh;
o o B g W T

'QT:[
foreraan UHEe feerie HT MU X
ekl

11084CHO7

I S T yEteRoie Simeare § wemEte ar Hewyt €l
IR — AR Sl § HHURE q O, o uiered ud foawor §
0, 3T o ETHraifer o HeA T i U fAuiiah fiewT 21 5
YRR CO 3TU[3T Qe SHHiallfer o Hed | CO i fasmerar &
0T AT B

ol ol &€ s Uk g aifoud B ©, S TSt Sl
At 319 S i Tde W a1 Yo § 9ol S § a1 3k Sl oh
3TU] 5 1 Tde Y THUHL AT JIawe U 59 Jrowen § guifed &
S B1 39 WehR %o el a1 o WeA ek TS W T 8 il
2, ToTeeh aRoTHEEY 56 1 Hdg W T THivea oroq-gre Scoel gl
2| S ST T A YR B Sl &, qel STt hl A< g el
T 3R ofd ¥ feer = 9 21 v feufa o w9 wed © o frem
(System) o Green Tonfad e T €1 F@fy 78 9 wifaw T
€ 1 56 1 Wag W e TS a1 o o ek {hAeheld B @
&1 T YR WrEATErEe R oToud w1 ST HeA-SX o SR @ Sl 2l
70 39 YehR <9I @l ©

H,O (59) == H,0 (dr™9)

75l < @1 A 39w Al <uild € fom S feemed & wiward
HU-H Bl & qe SATAThaeh] o Scarel o Trerereen W fasor i
‘e fustor’ wed €1 ifaes werdl qen qEmEtes stfafsmanet <=t
o e Ty 8 wehdt €1 tfufhar 1 e steEr wg e
IUHT TFa Te e gRftefa w AR #ar 21 w/" fer a
W UF d9€ UH § Al A w % Scg S ©, A St
Higdl #R-eR w7 el S © 9 SR i Figdl gedt @t 2
forq o THa qvE T a1 sifafwael & @igu ¥ SR T & SRl
o Hi50 § g qitedd e 2 G feufa o e o wiivers e
(Dynamic Equilibrium) ¥nfd g S 7 qen o TS EEH
srfafmanet &1 ¢ w9 Sl €1 T hRU 3H erEen o
srfafmen-fagor o Sufeerq fafie w2l & 9igor o =18 afitedq =1
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Bl 81 39 SMUR W R Grereen wged as Tl
Afafewan gof 5 Gt 2, Iued TEEtE sifafmae
1 T A e § A e e e
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufret § @ sifufrst w1 g
31 HH Bl S © T ST T0ET yE g
Toya i @ a2
() fofa oge o 9 sifufeand ot €, fod @rga
#Y WEN W SR od € ael S W
FAfafsresl @1 siferra i STafafdd & S
(i) T TE W S arfulemenati st e e €, f
sfafRahl Td IR HT Fxal qrEEERl H
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer il SH—stfufsweRl &
igdl, 9 enfe) W e St 81 S qen yEnmeen
T uftareq aftfeafaat (Operational Conditions) <l
TRAHIHTU (Optimize) T 9gd Hewlqul Bl @,
qIfeh TT=Teen 1 3hTd 3fead Scas i fem # &l
TE Toheh | &Y wifder a1 THEte ThAl § 9 o
TP AEEYUl TS o W-"Y Sea foeea o
AP o T, T otrafeR W wEd €, ot
qftgfea wa
6.1 ¥iifeer Wernl ® ATETAET
it TehHi o STeAIA g AreEeEen o Rt freRm
o SATTAON I ST TRe T T Fehell & WTTEq
Y101 YohH (Phase Transformation Processes)
TH gfafed ST €1 Sereoned -
3 = sd
sd s T
3IM —— T

6.1.1 3E-Id QIEATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
S (I8 T 8T T Tk o W usre ue ufEae §
o %1 fafmg 7€ g ®) 273 K qen agHSdE
T W HrEEE | B €1 78 e s safererl
o1 9l 31 B9 I8l <@d ¢ foF g o -y o

e fagm

T STl o SoAHHI ol hI Tiede el eidl € aen
flor Tea €, W S Wits 7€ 21 9% T S
o e areft oft i wfaferand gt 21 <9 < & e
I T THTH IHY GHITEA &1 S € 901 5k ok b
0] 59 g H 9l 9 21 o U St o seaqH
o h1g uftedd &l B €, Fifh Sel-31oet & 9t
Y S H TG0 i &L q1 STl § 9% § ST
F R 273 K 3R T IHSA @ W =K Bl 2l

g T € for ot Ud St kel Terdlt T g
TS @ R & A ¥ 2 €| agHeetd S| W
ot 315 vated o T =, e 3 e 5w
reRaTd @rEraken ¥ g §, usted @ ‘umen
eI AT ATk femies ' wgear 1 98 e <@
o 1Y oheiel TST-| € UREidd eIl 81 39 YehR 78
e Tifaer T | g @1 e fefatad
foeep o B ® -
@) < Tt wimad me-wy e €
(i) < fwATd THE R E €1 T 9% T W
1 oA fEeR @l 2

6.1.2 SI-di™q QEATTEAT

39 T i TTAfafad JA6 oF AeAd o FEen S
Gehal Bl Toh U SR 1 Aferent, Tew a0 s &
(FAeR) , 1 Tk SiE (31 @IEF) o IRES e
Y Wig <4 B o § Tk arE T A1 uel few o
sieit ehfewam NS (A FEHRY YIAFES)
ST ST TR i H G h FS el qh
@M Sl 81 39k I SR il STeX et
o a1 1 SR sl Tk W el SN Sodied
Teh o T (A1 U €ten) ki ity W@ e s 2l
A 1 3@ W g4l Tord € % 9 gma g
THHT T ol | IR SRR oear § R fad: fer
g ST €, i S H I TR Tl € @R
o B Sl 1 9= T ford T Sl R S o
9 8 S © (o 6.1) | IR ¥ sife o Serarsy e
Bt € = oSt T e Tkl ©, T STe Wel 1 aou
B W T rerwen | Siol- 310t o SEeH o SRl
A1 &G Sl 8, O oo g w1 ST fEeRr el 2l
TH o -9 S H1 gig- H HH e e 2
e | Teqifid B S € ol e el g 2l
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THRT Ao I8 €, foh S-S STl o SIuet i we
et afereen W o ol ®, S9-a9 T sreen 9
ST o STU[ST hi Fa-3TaEA H oA i I AT
Ty B d et Tedt 71 teiq—
HHATTE T ; 0 i W —— | &l &
H,0 (W¥d) —— H,0 (Im™)

qrererEe | S-S g 30 @ fohet i
19 W R TEdl €, 39 el o W 9 <, (A1 Sl
HT ACA-E) Fed &1 KT HT G-I A F A
Tl 21 9% 7e FA Aot Ueshreia, M qon ek
o T e S, g8 Uferd e @ R ook are
arq-grE fafq=1 g €1 STveiiehd Seu o e el
59 Afus aromiicl g € TS ST FEeHE HY
g 1

I ara-TarE § THE, e tehisia T
S H U H1 1 mL agHSA | ol W@ S qe
T YA Hl TH TRA HR H T g9 o (9a9-fom
ST o T <A S A 79 g% uid fo g gt
v H 59 1 qof TSR € S 21 got TS
AT (i) T 1 Gohid, (i) T T AL qA1 (i) T R
e e B1 ST 9 T 1 agHSd § gel W@l
ST €1 Al STSY sl SR al R et €, wg o ok
] HH oF R A | el S §| Fd: o9 W
FI- TN H WA k1 X A HT R W HH BT T
TH IROTHEEEY WUl 59 S1fSqd &1 S 21 98 T
ol e 1 SR @1 Gt R o e i
T BT Hord e 2

o2 I W Sl U STel-ar Tk agHedd g
(1.013 bar) @& 100°C @M W &r feafa o €
1.013 bar T W Sl 1 GE 62l 100°C &l

_\
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9 feur # S
feorT 6.1: R @19 W ST F1 Grraee] &1 arq-31a HI9T

fordll s %9 o foiq & aHsel™ <@ (1.013
bar) R 9% dM, W 5a w5 a7 ArmeEn ¥ 7,
‘S 1 WM Tl A 8| T BT FaUqATh
agHeeE 6 R 9 A 21 T8 TWE & S
(S=E) W off F79X e 21 stferes 319l ™ g e
TR Tl B

6.1.3 BME-aT AT

a1d & U9 el W fomm i, Sel S oy ereen
A Feduifad g €1 3% en i &l U o9 ue o
W, 9 FT THY GTA T A o9 S S ©
T HHA o W-E1 T H el § g et 1 0
9 THT I T 1 i feer e S 21 59 feafa
o HreERy wiftd e S g1 ofd: S ST
FeATTied elehl SIS oTod el © AT Weereel i
™ ®9 H A S Gehdl © —
L, (3) ——1, (ar™)
TH TR oF G oh 3T SR B
FR (M) — FR ()
NH,Cl (3¥) —— NH,Cl (=)

6.1.4 T8 ® SI9 ITdT 9 HI Tevier-
Taet are

gal | 3|

B T 39 W T WA ¢ o &y U 5ot ) wh
fafy=a o o I arg W 9o 9 =i S T i
A & Serd €1 A1 B0 S a9 0 = R = S|
3R 39 Se1 Y, i =it o feheed g 81 s fhd
A W fiu U fgerm o afx o) eifus faeia 9 g
W, ar Q’@I faera =t ‘W‘H foem™@H, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
oot o s1upeti it 319 eTeen 14 faera o foerae o
UL o e Tiden SrEER B

=+ (faeer) —— =+ (3)

qoI T |,

= o geH Bl W = HHA o fhed &l

feamtfaeaageaa = &1 FeEar 9 SR <A
el WETE 1 Mok Yehtd i Tag feman o 21 Afg
%‘?i‘%ﬁ@ﬁ%ﬁﬂﬁ‘l (Non-radioactive) %ﬂ'—ﬁQEF’Tj‘H
oo o Weanifaeaar goa =i+t =1 &2 461 2« <,
T F© I9F 9% TH M faeed TE 3 =i+, oy
IR o Aeamdfoead Jaa =t o6 1] & o, fhg
[reTEeel i Tfdeh Yhfa o RO Aeanfradgs
e fednfraaEE == & e w1 fafEy g
Werenati ¥ B 81 e Yeanfad we e e
=it ST 1 ST T T FGa Bl ¢, T T T8
T feeR A q% FEl Tg" S
gal o
e Grel-aeR 1 didel Sielt St 7, dd 90 Hoil g8
He SESAFAEE T H FH AT oS Y W
e ot 21 o=t <9 W S/ | e eEstiaEe
1 for foctadr & %Ror @ g #1 feer 99w 9=
W TG % Afger AU Ud w9 o ol st ok o=
e Tfyd @l 1 SSTeRone—

co, (™) — co, (faea #)

g e B o TEMER €1 TS SEn,
“forelt a0 WX S T TE W oF faemae | gen
T T # ae faems S T % Te F
HUMUTA Erdt 817 A9 g o T-T qg A
e St 81 CO, T i HeT-aeX T adet § ek
@ R sk 7 81 39 @ W T o a5 Ak
3] 5o o T & S 81 S € et @ieft st €l
I8 € diqet & 59 HT e W I 3T=FH FH € Sl
2, fore o o Feil g8 e SEeiiemEe et
= agHeda @ W TS THAEA $i IR SR
Bt B1 A% We-a1eX 1 39 didet i FP GHI Th
#1 g B oA S, A T & e A
IRETGAS Uil

IE WHFT ®9 § FEl S Ghdl © T

e fagm

() O ~ 5o, g o for argHecd @ W
(1.013 bar) Tk € a9 (o) TH Bl €,
o Al yreemd o S 71 A ofew o
o &1 fataa 9 @, @ SH wawenstt &
T e B 2

() o™ = 34, grmeE o fau fedt ffyea au
W ared-<e fer e 2l

(i) I H 39 i Fomehera o forg fedt ffeem
T W FA H S w1 foetgar HivE Bt 2l

(v) %9 ® 9 & fooFa g9 % IR W F @
(ga1) o HHHE Bl
7 frerel w1 |roft 6.1 | fean wn @ -

RO 6.1 sitfaeh AR # s favan

WehH e
Fol = o ffee a9 W p,, fEer
H,0 () = H,0 (g = 2
3G =7<a TeeR 3@ W e A=
H,0 (s) = H,0 () = 2
faea (am) = fooia | foormm o fooia <t digar
(foemm) | ffved a9« fer 2 2
= (W) = =
(faem=m)
T (@ = ¥ (aq) [ (aq)1/ [T (g)]
ffved a9 W fer g 2
CO, (g = CO, (ag) |I[CO, (ag)l/ICO, (g)]
ffved a9 W fer g 2
6.1.5 Hifdes UehHl H WTETERAT o |HT

ITFeTeroT
SR ifeh el § Feft FHepm-areree o 9
sfeter frefafed B
(6] fafy=a a9 R et &g ™ (Closed System)
o € e q9e B
(i) @R W S foielt stfafwand s 3 9
el ©1 T iiaen, fohq Tl srarern Bl €
(i) R o @t WA A qo-ue fer B 2
(v) & fRel difde wwm o e i 8
STt ®, 9 "gRof 6.1 | aftd Aagel o 9 freh
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HTHATSERT

Th w1 A e 91w fer g afiia
TreAEE i e

) T oft gag o ufvEt o 9 T i @ fw
YR dh UEeH o gd odifas whd e
i1 T 3 GG Rl B

6.2 THETA UshHl H ATETSEAT-Tdeh
e

Ig Tet & FqrEn <1 g ¢ fF §g fea § w6 9w
el Tt SfafRaTd siqa: arreeen ) feafa o
wge Wt €1 3 rfufeward off sifim qen wdta faeme
o HOA B SRl 81 59 UH we gdig stfafmaed o
<X M 81 S 2, @ STRIRNeRT qen ScTel S |igand
feor <t B I8 TEETE W h e 81 e
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H gt 9 ®) qen ydig sifafwen (e sas ga
AR o 9gl S ©) ¥ Tt Soi Bt 21 38
e o fau gn fafafea Soraeia eifafean w—
faar = (e 6.2)-
A+B=C+D

T didd oF 1Y IfYERenl (A den B) Wi
Higdl Fedl © 91 SRl (C 941 D) &1 S=E Bl 2l
31 faferan w1 <0 wedt St @ SR wdta st
%1 T @l Sl ¢ Hereersy Teh UE feorfq et €,
el AT eAfafemanen 1 T THE 81 St ©1 e feafa
o frrepr o HreraEe Tuiftd B Sl 81 el S
C A1 D & = A9fRan Fuent off WIed hi ST Gehll
21 9 Tt off foen @ 59 e w1 W
UG 28I A+B=C+D A C+D=A+B

C 3Ydl D

HEa —>

A 3AYAl B

THY —> 9=

T 6.2 : U@ qreETaTe wi gife

171

BeR-Tafy g1 7w oF Hyemor ® qEEfE
AT h1 TMieh Wehfd shi ST ST Tehall B1 TR
q I=9 19 qAT @ W SRR 0 SRR i
fafsm ama AEnett oF @ sifafsean wae Fafia
SIAA T STHIMAT T T F | 3HR STER T
I AfAfRan ® U9 SEAESE AU SEERS S i
Higd T 1 o 6.4, (U 173) <@ € T wh
fAfeea ama o 9% F© STHeRE o 30 T T o
I T QKU T THS0T 1 Hered ot & Tl 2
fhsror o e 1 feear 59 o1d 1 Hehd 2l @ TR
e Tefua g wE ?1 erfufwmer w1 wfew gpfa
i THEH o feTq ST 1 v 3% wlE-Hdd
YRR TRfeafat (IE s 3@ wd @9 ), fhg
H, %1 ST& D, (Deuterium) ©e¥ foha &0 H, =1
D, & W Af9fsran U o HrEEe WOgHE
gereTeren afafea-fasor gred wtar €, g
Hfufsra-fHeor § H, To NH, o M T %A D,
TS ND, HISE &d ¢ W i g o 9%
TMi fagor (9999 H,, N, NH, @@ D, N,, ND, B
?) ® g H e o g9 % fau oig o 8
a1 3| 91 &1 fovew o o W qar = € {6
SR 1 Wigar Tufafdd wdt 2

BIcilieh <iel 39 TS0 o1 foveiaur SomM Segmiet
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
ey fafis smif=n 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) ¢
ST 21 399 78 Tk fiererar € o @rameen & @g
o fasror & 1fim e wedig sifafewrand g e o Hro
U W H a9 D TEV[S &1 MU (Scram-
bling) B4l Tdl 8| e Tifid gH o a5 afg
srfufsren gaTa e St ®, @ 39 WehR k1 fhsmn g
B Heya @Y e

i o gyevur o gueenfie (Deuterium)
o AN O I T g1 § TR e sifafmanst F
e G T 817 W STAM TF T sifwmeanstt
*1 3 GUMH gidt & a7 39 g & geved § FiF
guret TRed el glar g1

grereee S faenstl g Tenfyd i S Hehdt
¥, 9’ H,(@) T N,(9) 1 Ifafshan #Ts NH,(g)
W i ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) I i S
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e fagm

Tfeh ATATERAT-BTE % fAT TR TERT

ifer =1 THEfTR SAfAlmane § e w1 Yt euwn i Sl 81 FEA e Tueeht o FET g
79 927 ! YSRT foran ST gk 21 fong Ferelt foremera =kt waremen & @ Wi e wowa € 21 Frefatea
TN Yok 9 AL i 5-6 TEl o GHE i a9 @ S ushr § —

100 mL % < Aqq faferet (f@ 1 qen 2 for@n €1) Wd 30 cm <Adlt i i <1 et oifsw) et @
E A1 Al T B Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl ¢ Wio faferet-1 o e W # aie
S (ST | IR WHTE % U e et Ui Sid 99d) w1 @ qen fafaet-2 6 @l @ B
faferet-1 o s 7oft qon faferet-2 & o 7oft T 21 faferes-1 arelt el o S0 fog ol el @ &g A
Td 3 el TR § R T S w6l faferet-2 ® el fafet2 § @it el @1 wE S gu @ weR
faferer-2 ¥ faferet-1 ¥ 9o TuHiaia &3l 39 YR A1 Al st gerar 9 fafae-1 9 fafae-2 9 wd
faferet-2 @ faferet-1 o Ui STl 9R-9R q a9 TMARd $ 21 S qe6 el Tafaed § OiF Sd o1 &1
TAE & S|

I 37 7 fafered o T foeam &1 TIMIER T 9 W ¥ &, a1 37 fafered d TiF 9 & &R | o™
g IRedT T2t sl Afg 37 <1 fafasd § T Sl o R &1 &0 HA9: AfHReD] Ud SRl o W5 & 9
o 3@ 1 8H e Thd © T I8 A 39 UlHa 1 ek UehTa w1 3T St ©, S A STl o1 &R Lol
B Wt S @t ©1 A B9 39 WA i fafim sareeret | Aol S gerd ¥ <, af g9 <@ 6
3 fafied ® ¥ a1 o &R 9= 8171 39 < fafered o U9 ofat & TR H @ f99 = &) Afaai & wro
Bl B

=7 = =3 =

(=) (@)

ferT 6.3 Tfde Qraee] &1 Y599 (F) RIS 37aeer (&) S7aH s1awer
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\wsmsﬂw (ATTFRF)

oeR digd@m —>

SRS (AMHRI®)

T S

gqg —>

e 6.4: s7f4fsa1 N,(g) + 3H,(g) = 2NH,(g) &7
Grereree] 1 &9
N,(g) + 3H,(g) = 2NH,(g)
2NH,(g) = N,(g) + 3H,(g)
TE YR BH ATfRA H(g) + L(g) = 2HI(g)
W o Y| Al B0 H, ol 1, o SRIsR-ae IR
qigur 9§ sifafran & &L, @ Afaferan stfim feen o
SRR BH| H, TF 1, 1 W& %7 8H @ ¢ T HI
T HISAT TG TN, 56 qh SRl Td 7 7l
ST (o= 6.5)1 7R 89 HI § & & AR
foradra feom o g9 <, @ HI &1 Figar &9 gH TR
T H, To I, sl Higal 99 T dedl © S q6
qregrereer TAItad 9 8 e (o7 6.5) 1

HI

gar —>

HI

g ———>  qEEn — T

faT 6.5: H,(g) + 1,(g) = 2HI(g) 4f#a1 # THEH
ey el st fren | ey g gedt 8

173

g fAfeea sTadT & H T 1 o A0St &
Fd HE& FE B, qA IR TH Y ATRHGI o
sfafsran g€ oY, I YE IR T8 Greeen
frgor e g 2

6.3 ATAeh QTR il fam aer
[raeen feris
e § ARl T SRl o ST i H
fagor’ #ed 1 T o T WM § 9 fago o
e & Gy § 3 Yel W 89 faeur &3 T
A= fasgor & Afieien! e SRl i Fisdiett |
ey B2 RiYeh Figaist 9 9 Gigarst ol s 10
fman <1 Hedr 27 9 fHgl o HERd &l i 9
FH qRAfdd FX Fehd 72 SfEifie sfic o swaEmh
TEEE S — (H,, NH, T Ca0) % Helw & fag
MEYTF Tl 1 a9 feren S 872
T T O I o o g9 f=fafed amm=
IRl srfufsrar W famm w3 —
A+B=C+D
Tel 39 Hdferd iR ¥ A 991 B 1R
Tl C 991 D SIS 81 3k Schuvit tfafsmanet o
TR e oh SMUR W Afe o TEEERl ohel
Hfafaferm e (Cato Maximillian Guldberg)
Qﬁftﬂ?{_orlﬁ (Peter Waage) af“v'FL 1864 | fqurfed
e & fodt fagor o wigaet & F=fafed
- HeRT0T GRT ST S Hehell T
_[c][P]
° [A][B]
78T K 9 feorid € qon <€ SR 1 e
‘e feeier oo hEddl ©1 TE AT -HHIeRTuT
H ‘g oIgdt fwen @1 M’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A1 ATt g HfadTisd geral i oT=st TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W T H, T 153 1, & o= sifafern ) fae=r
| 39 srfuferan o1 sterm fafie wrnfites aRfarfaat
¥ B: TR g fRen -
Hf@ + L@ <= 2HIg
1 9 1 A 2 T
Tl IR (1,2, 3 T 4) ¥ o YRY ¥ 5%
uE W hee T H, T T4 1, 91 T A

(6.1)
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174 W fogm
ARt 6.2 YRFWE TE WETERen W H,, I, T& HI %t |igand
TN T TRtk |igar /mol L7 WIEETAT U |igdr /mol L'
[H2(g) ] [I2(g) ] [HI (g) | [Hz2(g) ] [12(g) ] [HI (g) |
1 2.4x 102 | 1.38 x 10 0 1.14x10° | 0.12x 107 2.52 x 107
2 2.4x% 102 | 1.68 x 10 0 0.92x 102 | 0.20x 107 2.96 x 10~
3 2.44 x 107 | 1.98 x 102 0 0.77x 102 | 0.31x 10° 3.34x 10
4 2.46 x 102 | 1.76 x 10 0 0.92 x 107 0.22 x 10” 3.08 x 1072
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 102 | 2.35x 10°
6 0 0 758 x 102 | 0.86 x 102 | 0.86 x 10° 5.86 x 107

gEgoH Ud e o faa-fie |igor o @iy e
T S GHI 9% 9% 95 H HHO o W1 H Ao
feoR = T, Stufq-grEmaen wfd @ T e
AN (. 5 Te 6) ohelel T HI oot R4 fer Ty
9 YR faqdia sifuferen ¥ wrmemen wonfya gsl
et 6.2 H 3 @ ®: W@ o sifRe fRu T g
TAN-HEA 1,2, 3 T 4 W F€ @1 S Gehdl @
foh— @Afoehd H, o Hicl 1 & = Af9Hd 1, o A
T & = Y (IR HI o Tl &I G&)
TAN-HE©A 5 q 6 W BH 2@ © fh—
(@), = L],
el W e Rehl Ud SRl I Hisdl o
e Hev Tnfyd & o Ty 9 &8 gemamnet o fom
¥ 99 Ehd 21 e U T e ohse W Ogd
foamr -
[Hi(g)],,
[H,(9),, |[L@],

WRUM 6.3 3TFTehHhl oh AR HigdT-Geel Ssieh
H,(g) + 1(g) — 2HI(g)

N [HI(@)],, [HI(@)]Z,
[Hy(@)leq (@)leq | [Ha(@)leq 12(@)]eq
1 1840 46.4
2 1610 47.6
S 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4

RO 6.3 H T 7T Stfemgl 1 FerEar ¥ afg g9
AR Td IR T ATATIET-HISAT il UL
ol § W, a1 39 s 1 99 feer &, afew
fam-fim gm (SRl 6.3) 1 af &9 f=fafaa s
S

[HIg)L,
[H, (8., |[L©@)],
@ &9 adn o weft ®:, vE ° g8 e feen
M Al B (S GROT 6.3 W T wn ®) | 9 @
S Tehal B foh 39 oS H YRRl Te I
W?(Uﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferean o TR o fod 3o TqEHIeR oI
W (Stoichiometric Coefficients) %I TrETeER o
TH oE oF WM | EreEEe e’ el S @
A T K Welieh GRS ST 81 36 Wb At
H,(g) + L(g) = 2HI(g) = fau K, s7eifq wrerereen
frorisr =1 39 ®9 ¥ foran s 2—
_ [HI@L,
© L@, Le@],
W U 7T e, WS o I_Ih o6 €9 § Sl
'eq'%@w%,%ﬂw:ﬁ%@w%,wﬁ
I8 A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -

[HI@)]
K=+ "1 _
© [H@]LE] 6.3)

(6.1)

(6.2)
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R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fodt am w Afafmar-sasl =t gisar e
SRR T Fxdl o OGS 1 3T FEeR @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! Hgd & =ik o €9
o s fopan S 21
Y YhR Wk 9T AfAfsHan aA + bB = cC +
cD o foru arereazen feemis w1 f=fafed 9w 9
e foran < B—
K _lCr
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o AfYHhRH
(A @1 B) B H e B1 Yl Wigal (Seoned- [C,
[D] 3f%) <! Aqfera eifuferen o TomieLoHdA
UM Ui o Wl o ®q W e {ehal Sl R
S- 4NH, + 50, (g) = 4NO(g) + 6H,0(g) tfwfwan
% fou greewen ferid # g9 39 ®9 A e
T B

(6.4)

_[NOJ" [H,0)°
¢ INH,]*[O,F
faf\= sre=al (Species) i HIeR-9IEdl i 3=
TSR ISk H THT TN ST € 1 28 HAT STl
& for 3 wreeren wigad €1 W6 o wgd Tevgsh
B, 99 dh wrEe feris o ofse § yaeend
(3w, 5@ = T\) T faeh S g
T A SO ONE SR 29 €,
S afg R rfafwar g wt fRE S (Fac-
tor) § TOT K, q GrATeeen ferid o faw e
fored a7 =18 gHed wa =T fF 9% e 39
fadad &l ot e H

afafshan H,(g) + L(g) = 2HI(g) 6.5)
o AT SN Hl 39 TER e B
[HIP
== (6.6)

¢ H L]
a1 wdta SAfAfshan 2HI(g) = H,(g) + L(g) o fog
TrTeE- Tt SH 99 W 39 YHR Bhm—

175

, HL] 11
Ke=Tmr "Xk €7
T TR,
1
K.=% 6.8)

SohA ATATRaT ot wrETaen ferie 7 1fim
srfuferar oF wrETaRen el % SIeRT BT £
IR rfaferan =i 39 w9 ° famd ®

Y5 H,(g) + % 1,(g) = HI(g) (6.9)
wreTerEer feeier 1 HH -
K= [HI] / [H)'?[L]'/? =x'>=K!*  (6.10)

39 UHR A T THIH 6.5 il n F TOT &,
at siffsha nH,(g) + nl(g) = 2nHI(g) W< BFM
T THh HEER-feeli w1 WM K» el g
oftomet 1 wreft 6.4 ¥ WRE fRa T R
ARUT 6.4 Teh WA SSRHUITE TRATRaT o wATeTerRe

TeerieRl W 371ok TUTERT T Haier
TETEeh AHGRTOT ATETEEET
feertien
cC+dD K

C

K =(1/K)

aA+bB
cC+dD

aA+bB

naA+nbB ncC + ndD

78T I8 A W =T fF K 9 K% 3T
7 it g1 €1 38ie I stewes @ o ar-stawen
e &1 WM forad w9 Hqfad TEEte FHiH
&1 SeerE F
33T 6.1
500 K ® N, 91 H, ¥ NH, s o IRH
e o fefaie |igard 9w g9
[N,] = 1.5 x 10° M, [H,] = 3.0 X107 M @l
[NH,] = 1.2 x10 > M. Sr=ereer feeries &1 oM

ifsra)

K7 =(K"

&'A
stfafsRan N,(g) + 3H,(g) 2NH,(g) & foT
e feotis 39 ®q § for@n =1 wehdl g
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_ e ()T
[N, (g)][H, (2)]
(12x107)
(1.5x102)(3.0x102)°
=0.355 x 10° = 3.55 x 102
I 6.2
800 K T 3AfHAfsHAT N, (g) + O,(g) = 2NO(g)
o feru  QremaEen gigand fFefafad -
N,=3.0 X 10°M, 0, =4.2 x 10°M
U NO = 2.8 x 10°M
sifafsran o forg K &1 w9 @1 Bhm?

&
aiffsren o fore ar=r feemiss 39 gaR forman s
ekl B—
[NOT’
[N,][O,]
(2.8x10°M )’
(3.0x10°M)(4.2x10°M)

=0.622

6.4 QU QTSR

forelt T g o el ifveies wd 3R T
THE JoEe | 2 €1 331l o feru— e sifafgwen
N,(@ + 3H,(@) = 2NH,(¢) ¥ SHehieh el eI
geft T -y § 2

T THR

CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
den Fe®* (aq) + SCN(aq) = Fe(SCN)** (aq)
afafeenett ® |t AfysRe qen Iaurg gHm
forera-wreren o €| 19 B0 S gmin fafmansti o
AT feefid & 9R | TRl
6.4.1 g Trepra ® wrETERer feoris (K)
T oAl I ARl T SRl o HieRk |5 &
®Y § wrEe femis i oFaa fhar € qen =9
T K g @i 21 e sfafwerst & fo
e feeieh i AT @ o ®9 ° YR T
ek G 2|

e fagm

St TE-FHiToT (Theh-2) i 89 38 ®9 4
= A B

pV = nRT
a0
n
= —RT
p \%

aﬁm(p)ﬁbarﬁ,ﬁﬁﬁwaﬁnﬁfﬁ
T 'n' g STEEH, 'V i Tt (L) ° qen 919 i

Hfead (K) B o & | p=cRT(%=0) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl &

S n/V %! 84 mol/L ¥ = & €, dl 98
IS ¢’ T |1 37a:

p=cRT

feeR qM9 W T 1 I IR [KI S FEU
g €, A p a [f9] ord: Sod Hay ol
p= [T9] R & &9 § *ff foran s gear 21

e H SIfafsHa Hy(g) + L@ = 2HI(

_ [T
F o & M () ) (@)

__ (Pu )2
K, =
'S (pw, )(Py,)

E\ﬂ%; Pur = [Hl(g)] RT Py, = |:H2 (g)] RT

(6.12)

aar p, = [12 (g)] RT
FHfeTT

« _ (pw) _ [HU@][RTT
" (pw)(p,) [H:(g)]RT.[L(g)]RT

| [mer
[H (9)][L(g)]

ST ST H K =K, § 7e0iq 3 S
feeRiont o I SR ¥, fhg g% =8 T T 2 R
SR W fog — sfafeEa Ny@ + SH@ =
2NH, (@) |

(6.13)
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(Pw,)  [NH,(g)] [RTT

[N, (g)]RT.[H, ()] (RT)’

" (py,)(ps,)’

_[NH, (g)] [RTT”
[N, (9)][H, (8)]
i K, =K, (RT) &l (6.14)

9 YR Tk gar T sifafewen
aA+bB = cC+dD

K. (RT)

K:

(5 L) A
[A]'[B]

K, = 1T P (grryen _ i (geree
" [A]'[B]

78T Hqfem THEfTR HE § An = [(E
el % el #1 T — (e s &
F dem)| 21 T TewE € R K o s
T @ F1 AH bar H WAl =Afeq, Fifeh & HI
rETfoTeR S7ee 1 bar 81 T | G 89 @ © 6 1
pascal, Pa=1Nm™ d 1 bar = 10°Pal

el 6.5 | e Al Al o fow K
@& o+ f&T T R

|RUT 6.5 W FB A STAfhAT3T oF wrmawar

(6.15)

et K, o |
arfufsran /K K,

Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°

400 41

500 3.6 x10
2502(g) + O2(g) = 2S0s(g) 298 4.0 x10*

500 2.5 x10"°

700 3.0 x10"
N2Os(g) = 2NO2(g) 298 0.98

400 47.9

500 1700

177

IS 6.3

500 K R PCl,, PCl, 3R Cl, T | & qer
Tigad Her: 1.41 M, 1.59 M TH 1.59 M 2
sfafshan PCl, = PClL,+ Cl, & UK, =1
UL TS

'
IR Afufsren o fou wmamezen feris =9
®q | e foha S Hehdl o—

_[peL][cL,] _ (1.59)" L 79
° [PCL] (1.41)

SETEITT 6.4

79 1fafswan & fau 800 K W K, =4.24 &—
CO (g +H,O(g) = CO,(g) +H, (g

800 K W CO, Td H,, CO M H,0 & |

T FIEHS 1 T KIS, A IRA H opore

CO T H,0 B 3UfEerd Bl e Goieh i Tigdl

0.1 M =l

)

frafafea sifafsan o fau;

CO (g) + H,O (g) = CO, (g) + Hy(g)
YT H

0.1M 0.1M 0 0
g I
(0.1x)M (0.1x)M xM xM

W&l " R CO, T H, %1 W51 xmol L 2l

314 g feeier 1 39 YR foran ST Hehel 2—

K, =x"/(0.1-%" = 4.24

x> =4.24(0.01 + x> - 0.2x)

x> =0.0424 + 4.24x”— 0.848x

3.24x°-0.848x +0.0424 =0

a=3.24,b=-0.848, c = 0.0424

T fgamd Tl o fatax®+ bx + ¢ = 0,
(—bim)

2a
x= 0.848

X =
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+./(0.848)” — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848 +0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848+0.4118)/6.48 =0.194
AM 0.194 1 SUL 1 ST Fehell B, Fifeh
igar § e 2
A HrEEE W HiEda] 3
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

3ATEIUT 6.5

39 9 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K d9 W ¥+ feqiieh K, 1 A 3.75 X
10° 81 38 99 W 3= sAfafmn % faw K,
TUMT I

T

T 9 € R

K, = K RD"

S sifafsran & fa,
An=(2+1)-2=1
K,=3.75x10" (0.0831 x 1069)
K,=0.033

e foRier o AT

e K1 A e S5 Fs0 %1 mol L
H @ K <1 W fehterd g ek <19 F Pa,
kPa, bar 319@T atm ¥ =7 61 ST ¢ 360 TR
qreTaen fEerish 1 AT |igdl A1 {76 o [HE T
R €| IS e S5k o AW W =il
I B H Wiehl oh A °oF aWeR Bfl sifufea
H,(g) +L(¢) = 2HL K qM K, H % Al el
gl N,O,(g) = 2NO, (g). K. 1 A mol /L
qeM K, %1 5 bar

g AfYhReR] Td IR ! GHI0TH STawen |
fam wmu @ Gremewen feeriwl #t famEA
(Dimensionless) A= § =a 3 ¢ STTRNER]

e fagm

TH SR HI JEIR Fereen § Y 19 R qrEifirs
FETE T bar il 21 36 YR 4 bar <@ JHE0H
37X o WU | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmmifores stereen (C) 1
HIeR foera & 9o o= Tixand s6t o |rder o ardt
STt €1 |reEfeRis 1 Sfifhd 7 g gg qraes
sToe T AR a1 21 39 YRR W WA ¥ K,
qe K, <1 Tl it € fohg et enferes A
ot yAIfoTeh STereen B o RoT e B gk 2l

6.5 Ta9UTT QrE=TIEAT

T ° 3Tk grereen arel fem o wonfua e
1 * feromT Greeren’ el Sl €1 S0 o fau—ush
9% U W SA-ar TE SA-59 oh did T
qrereree * ferorei wreeRen’ €l

H,0() = H,0(g)

M IR H U G gewen e gl wd
e €1 TH TE 39 U 3ok Gqw foerad & ot
Toqifre wreTerEen ot ferorei W 1 S

Ca(OH), (s) + (aq) = Ca** (aq) + 20H(aq)

fermT wreeeenet ¥ Sfushd g o A IS
59 A o &1 T greEmeen (A 3 3| =@
IS 59 @) o HrAER-Sh hl XA SHAE Sl
Thdl 2, Fifw g 39 TF J§ %9 T HeR K0
St 7 W et 72 e, afess frer gran @1 g
IR T R U Ueied X i Al 5w o @,
[X(s)] T [X()] o HF fEer g 1 sk faudia A
X' T T feRet fAfee s & aged €, @ [X(@)]
A [X(aq)] o T ot 9<erd &1 7Tl B9 T Iah T
TETqUl faoHT TEEh Areee shfcHad Hare

& i foe @ foamr -
CaCO,(s) = CaO (s) +CO,(g (6.16)
ST IR & MR R &9 forg wehd € &
_[CaO(s)][CO, (g)]
‘ [CaCO, (s)]

<l [CaCO,(s)] T [CaO(s)] THI fEeR F| zafery
I rfuferan o fou oRefieha areamawen feris
K =[CO,(@)] (6.17)
q K, = Peo, (6.18)
T T B ¢ 6w fAfvea 9w W co,(g)
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%1 T Ti¥=Id Higdl 1 <@ CaO(s) &1 CaCO,(s)
o WY qreEEen | @dl §1 WA S WO adl
e © T 1100 K W CaCO,(s) T CaO (s) &
T FrEerl § 3 CO, %1 < 2.0 X 10° Pa
2| ZHfT Swlie sAfafsren o foru wremereen feenis
T O 30 YR BAM—

K, = Pco, =2%10°Pa /10° Pa =2.00

Tt YRR fendt, e AHieTRaEe Td fehd
SHTeiTTe] o sie Tenfyq faom arereen (fohet o
YfgHT o Ug) FHIHR —

Ni(s) +4 CO (g = Ni(CO), (9

o wrereren feeri® 1 A 39 w9 H for@n s -

[Ni(CO), ]
[col’

g oIH ® T aramazen wnfua gF o foe g
wrell w1 Suftefa savaes ® (9ol € S /e eiet
Bl), forg 3Tk W01 A1 <@, ArAeRen— e o
=ios | 7 g o1a: " feafd | 3g %9 v s
3T I G- el oF o § 7@l for@n S
21 arfafran—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (ag) + H,0 (1)
T e fiemis 1 WH 39 ®9 § forr S e

c

K = [AgN03]2
*~ aNo,

I 6.6
Hfafera CO, (g) + C (s) = 2CO (g). = faw
1000 K W K, %1 A4 3.0 I A% e o
Pco,= 0.48 bar @@l p,, = 0 bar 8 71 IS
FThTEe U &, @ CO Tl CO, & " W
3TifeTeR <T@t T TUET ahifsT)
&
g srfuferan & fou—
I CO, 3@ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
YRY H : 0.48 bar 0

179

H W : (0.48 —x)bar 2x bar

_ p(Z:o
% Pco,
K,=(2x)°/(0.48-x) = 3
4x” = 3(0.48 - x)
4x>=1.44 - x
4x> +3x-1.44=0
a=4,b=3,c=-1.44

(—b ++b? - 4ac)

2a

X =

=[-3+ (37 - 4@)(-1.44)]"/2 x 4
=(-3+5.66)/ 8
(Sfeh x 1AM FUcHsh T e, ofd: 36 e
1 IUeN HT A B1)
x=2.66/8=0.33
e T AR @l o AF 39 YRR BHl—
P,,=2x=2x0.33 =0.66 bar

Pgo,=0.48 -x=0.48 - 0.33 = 0.15 bar

6.6 AT ek oF U

greraen-feeris & yar W faur 9 ugd

T 3Hoh fAfafEd Fewayel aau W e 3

%, WEAEE-feRi® &1 F9e ad STEr B €,
T AfTHRE] TF I i Higal GrmeEen W)
feer =1 Sy

@, grEel-faelie w1 oM YRl U IRl
=1 R Tigar W e & we 2

T femi® &1 AM TH Had THH R e
T TR o fon ffvea am w= fafirse g
2, Sl A9 "o o WY agerdl 2

H 3opd Afuferan w1 armewen-ferd  eadt
sifafRan o wrTETen-fEeie & WH *1 HohA
Bl B

T, fordl sifuferan o1 wr=meen-feli®d K 39 9
sAfufern o raEeen feris 9 Hafud a6
Torent Tt o sAfufshan o6 qeieeo o et
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I quIfh F TOT AT AT < W W Bl B
319 T qreEae feried o Sy W foer
FHT qA R FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrATIE- eIk o URAT T TeTHar W e
1 HHT 1 STTHE T

o fYferan &1 fSem &1 war o TS
o GEATEEA-HIZUT i UM HEAT|

6.6.1 3TFATSRAT aht TIMT ST TTHTT TR

TrTae- TRl &1 oAffeher AW AffRan &t i
1 1 €, W F ST Hewequl @ foR wreeen
T @1 &1 IqaTa foh aremeen fee R 9 g
T 2K, K 1 IR SER) T WS 3 FErt
B © (R Te reRe-fenie FANEH &
(Numerator) § forar S @) den ferarement =1
Tl o SFRHA el € (Fifh I8 Hoih o &
(Denominator) ¥ fer@t STt ?) | wreeEen femis
K &1 3= A SR &1 S=d Wigdl &1 dids gl g6
YR K 1 F11 9 Sl o =1 A w61 gwifan 21

= fasor o Heed 9 ey fefafaa e
ﬁwwm%

Ik K, > 10° &I, a1 3§ AfYhReh &I o o
ST S| AR K T A ] ST 7, @ SArafme
T quidT o fehe Bl 21 SereLoned-

(%) 500 KW H, @ O, F AAfka Frameeen 3

feeih K, = 2.4 x 10"

(@) 300 KW H,(g) + CL,(g) — 2HCI(g);
K.=4.0x 10°'

(1) 300 K| H,(g) + Br,(g) — 2HBr(g);
K.=5.4%10"

A K, < 107, AMTHERE &l o § IR FH
B AfE K, 1 09 709 T, @ stfafwan goiv stamen
o & Hue et 81 Frefafad seewl g 98 T @
ST 8-

(%) 500 K W H,0 &1 H, a1 O, § fosred =1
- frerieh 9gd FH € K.= 4.1 x 10°*®

(@) 298 K W N,(g) + O,(g) = 2NO(g);
K.=4.8x10""

e fagm

If% K, 10° ¥ 10° &1 WA (Range) ¥ Tl T,
A IS q AR R T T WigdTd Hardseh it
2| FrefafEa 3 W foaEm s W

(%) 700 K W H, 71 I, ¥ HI o1 W K, =57.0 T

>W

a:rq»‘”rw| K,
sifuferan wfeTm 1(|)_3 l 1(|)3 sifaferan e qofar T
9 &t 7 AR S A ¥

st qen fRaThas -
A ) Sufatad §

o 6.6 K, W Af4fshar &1 Hir 1 (4% e

(@) 3 TR T 3= sfafsRan N,0, T NO, |
faere 7, forger faw 25°C WK =4.64x 107,
ST wE T SR T SR e " fasgon o
N,O, T NO, i HEAT HarssrTe Bl 39
= 1 o 6.7 § gertan T 2l

6.6.2 3TRferam =t faom =1 e
YRR W Screi o forat stfuferan-fasmor o eiffsran
HI feom &1 Uar o § ot wreraRen femis @
I fepan S B1 5ok fow ew srfafeRar wrTwet
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
oo o1 € W ifufewran varwa &1 ot sfafsman
w1 forelt oft feurfa o foe oftwfim (der wism 9 g,
qen S7ifers <@ @ Q) R S Wkt 21 et W
arfuferan & fog
aA+bB=c¢cC+dD (6.19)
Q.= [CI’[D]* / [AP[B]® (6.20)

e @ > K @, o Afufshan sifaeienl &l 3
SR grft (faadia sifafsean)

e g < K #, o i IRl # SR
smrEfd e,

g @ =K @, q sifafswan o ammeeen
o Bl

H, & @ I, & T afafea | =R
T B

H,(g) + L(g) = 2HI(g)
700 KW K_=57.0
AT fob g9 [H,]=0.10M, [L], = 0.20 M
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SR [HI], = 0.40 M. fern
(Fisal Fehd | UK t K1 q0d TE T TR
Tiganeti =1 Ao fRE TwE ¢ W e T g, T
e W)
3H N, ATAfhal AR @ Afufhan w39
feafa & feam o &
Q.=[HI?2 / [H,], [L,], =(0.40)/ (0.10)x(0.20) = 8.0
T T Q (8.0), K_(57.0) & SR &l 71 370
H,(9), 1,(g) T Hi(g) 1 fasmor @ o 7 1 gehferg
H,(9) 9 L(g) Tfafsan ook iR sifesh Hi(g) sHmds
T Ik HIKU q9 q W, S q% Q =K 7 &l
Bl
AffFa-9mThel @, T4 Ko WMl 1 o
Fxoh aAfafwan-faen &1 g w @ o swEnt €
39 YR, SAfufran &1 ke & day # &H
e Jmm= RO o7 Fehd §—
o AR Q <K, B, e Afufwa o€ 9 TE AR
AR et 2
o AR Q,>K B, e afuf € ¥ 96 R
AR et 2
. aﬁQ;Kﬁﬁ,aH‘aaﬁﬂm%g%ﬁr%l

. e
gl

AfiRE —> IAR AERE R STVERE <— SR
I gremaEe |

fa - 6.7 Afufsrar &1 feem &7 e

K,

SR 6.7

2A = B + C dAf4fsran & fau K, &1 @1
2x 107 2l

fRu o gqa ° sfafwan-faso o1 ¥5ed [(A] =
[B] =[C]=3x 10" M ® fafsan &M ot fen
o swfad erm?

&

siffsran o fom sifuferan arree QCZ[]?\%zC]

181

[A]=[B]=[C]=3x10"M
_[3x107*][8x107%] _
- [3x107*P B

39 YR Q> K, gafery sAfufsean fawdia feen o
sfad it 2

1

Q.

6.6.3 WTEY HiEAT3Tl okl TUMET

g, @ freafafed 9= 9 38 uw wE-
ug 1 : fafean o fou Sqfaa g foal
Ug 2 : Fferd THi0 o fore weh groft A, foes
sifafsren o fafed goisr usred i geteg e e
(&) IRfYyer Frgan
(@) HreeEel WS o foT Higar | afteds 3
() WIS Higdl
ROt 99 H fRE U iR &1 digar &

X o &9 H, S GrEEE W E i aReifia w3
Ty erfaferen =1 WEHeiada 9 o = 9t &t
T &l x o ®Y H o Hil
US 3: x &l 8 HE o 0 G THIEHWO H 9
gt sl Siaeeiid wid &1 A S9! o7 gHie
A T B, A T€ A T g, e qHEfE
a1e Bl
TS 4 : YRerfad M o STUR W 9 HigaieT i
AT I
Ug 5: 3= G gHtew o wiqeenfud & o
RO 1 S

3JaIglUl 6.8

13.8 UM N,0, &I 1L I | TN 5l © df 39

YRR T w©fid e e

N,0,(g) = 2NO, (g

Ife Grearerel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh 1 i o1

ifera]

&
g9 WA € f% pV=nRT
el A (V) =1 L
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3UER (N,0), =92 g

Tq o At =13.8 g/92 g
=0.15
T9-feei® (R) = 0.083 bar L Hie ' K
a9 = 400 K
pV = nRT

px1 faeX =0.15 A x (0.083 bar L
mol ' K') x 400 K

p=4.98 bar
N,O, = 2NO,
YRY H  4.98 bar 0

g QT (4.98 —x) bar 2xbar
Sd: 9 W Pgm = Pro, + Pro,
9.15=(4.98 - x) + 2x
9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
T W A qE,

DPn,o, =4.98-4.17 = 0.81bar
Pro, =2x=2X4.17 = 8.34 bar

2
K, = (pNoi) / P,o,
= (8.34)°/0.81 = 85.87
K, =K/RD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

SAEI 6.9
380 K W 3.00 HIel PCL, i 1 L &% 9= | 1@l
ST | HEATerE W fH07 1 GEeA Ha Hifse
If% K. =1.80 ®I
T

PCl, = PCl, + Cl,

TRIH 3.0 0
WWPCI%Qﬁﬁaﬁ@xmolﬁﬁﬁﬁ
B ) qe-

¥ T (3-x) X X

[PCL, ](CL, ]
K.= "IpcL

e fagm

1.8=x"/(3-%)
x+1.8x-54=0

x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8+V3.24 +21.6]/2
x=[-1.8 +4.98]/2
x=[-1.8+4.98]/2=1.59
[PCL]=3.0-x=3-1.59=1.41 M
[PCL] = [CL] =x=1.59 M

6.7 ArHETaRT Treier K, IFAfeRaT
WNTReT g de fiest St ¢ ° Heler

et sifafsran o6 fae K a1 A sAfafsean =6 wifaent
R et T e B1 S R o9 THe-6 ¥ T 4
g, 98 st #1 s, fovva: fss st o
Redd W AR e 2

I AG RUTH® B, q9 SATAlHA Td: yafid
A S € den 3w e o woe g )

IqE AG HFTcHes €, da Tfafenan Tod: Wafdd et
BAT| TR ST U9 TR 89 AG 0Tk Bl
31d: 3 Al o 3] SAfvewre H aRafda =i
Sl

AT AG I B @, AAlHa ArEEen wt uw
Eaxaif

T SHMIAE qeF i R 39 GHIRT § i
S TR B

AG =AG® +RTInQ 6.21)

Sefeh AGS T fies St 2

el WS AG=0 9¢1 Q = K ',
THIHTT (6.21) 3@ YR B

AG=AG°+RTIn K=0 (K, % ¥M WK A

[
AG® =-RTInK (6.22)
InK = - AG® / RT

THI 3R Hfaery] T o W

K=e AGP/RT (6.23)

37d: THIHIU 6.23 HT YA H, AG® & TGl &
w9 W Aafshan o1 T el shi THET ST Fehell 3—

I AG® < 0 %I, A —AG®/RT ¥ BN 37d:
o6 51 BH Y K> 1 B, S etfaferan ot o afdar
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w1 Ul ¢ sreren o fawm ® @ dw 9% @t @
99 for 3R snfie | o)

IR AG® > 0 B, A -AG°/RT FUTeT® B
3: pac°/RT 1, BH W K< 1 B S AfafeRan
F1 T yafdar Juiar & a1 sifufeer em fgem d
39 W dF e T, e S| gFam s

183

1 SRR B IIEMI— N, T2 H, ¥ ST o
HYII0T o B UohH H UEifieR uRftefa w1 =ee
Ireqa | 3Tk ®9 W Hewqul 21 fava et @
aiftier S 100 Toferm@ 27 81 g6e1 g1 suam
ST o B9 H Ea 2

wrepreree feertiss K aRfver wigarel o e e

SETEIUT 6.10
TATShICTEAH H Toehid oh HIChRISTRE o
faw AG® %1 M 13.8 kJ mol * 81 298 K W
K, 1 | T i
&
AG® =13.8kJ mol ' =13.8x 10> J mol™"
AG® = -RT InK,
In K, =-13.8 x 10°J /mol

(8.31Jmol 'K ' x 298 K)
In K, = - 5.569
KC — e—5.569

K =3.81%x10"°

IS 6.11
T o Sol-0E W Tk IR e
freferfaa sifafsman o ear e 28—
TR + H,0 = T + HR™

300 K W fufsran & fau dnerewen fees
K, 2x 10" &1 300 K ® AG® & HT & T0MT

ifeTa|

BA
AG® = - RTInK,
AG® =-8.314J mol ' K

X 300K X In(2x10"%)
AG®=—-7.64 x10* J mol*

6.8 T hl FHTTAT FH a1 Hleh

TEETTS G % Y@ el W W U 98 © f
AT HS oF A9 o WY SRR HT Il o
atferehan afterds @f, fomer el 8— saRl &t
STfyehay afed a9 qe I i geam qRiEfaE 5 2l
Ife T 7 e ®, @ Wi gifefas o aiteds

el B T A Arerereeeet fohdt frenm o etfirerrent
71 IR | ¥ fHdt Tw o wixur § giedd fean S,
At Fren o rEreen FEl @ U ® qen e st
T q9 d el @dl §, S dh (e § A
HreTeeel Tfud < Bl SU| Yreeel Jreee | g
T J9d TF 3l i faeEd & 91 § 89 Yed € U8
9o 1 &0 78 ot 3@ 9ok € for a1 afady frg
TR Bl €1 7 ot s S gt @ R fR amm w
af erfuferan o AraraEe-feris =1 9= I @
el gRfer w0 @ 39 SAfufshan o Afehen] T
STl S FreATeE | GIgOT i UM ki S Gehdl 1
T8l qeh o g A G feerisr o1 a9 & WY
ofads F& o 9 @, @ A= fku T er-vrafan
fagia &1 9 9 uRfeafaal & uftads 9 gremeen
R YT Y9TE o 91 § oM R g1 U e
ehdl 21 9 Togia o 31aR ferdt frrerma ot wmeereen
ufiftarfaat r fuifta wee™ wre (|,
T@ T aw) § | el ¥ off ufedT g w
HrETaeen 3@ faon # 2w g 21 e frea
T TN E3T YA T TGS GHIA & I T8
off ofiferer T TR TrEEEES | @ g €1 Th
g fagor o Heed &1 yiafda @ & fau e@ s
FHRH F1 ITAN oA S HehaT B

frfafad Suesl ¥ g0 grmEeer W OHig,
T, Y TE IAE oF J9E W faam Fim—

6.8.1 Wigal-URadT sl Tt

= §9 foedl SIfYeReR/3eg & sifuferan o

fre =1 e § wreereen gREfdd B ©,

THHRT ATAA - fogia’ o SER T A

ST Fehdl B—

o IYFHRH/IER & fHAH ¥ Higdl W IS I9E Hl
1w o foru eifuferan 39 fSen =61 3R 3R
Bt €, difer fHere 7wt <1 3UET € Tl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
FH H oh fou Afafshan 39 fom 1 3R TR
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl ok 3T ISRl H—

“Sta Tt stfafshan o eifireRrent = SaRl | @
foprelt Wk 1 off Wigo HrEerEen W e faan S §,
qr GreraEen s o Heed | 39 YR qiadd s
2 for Higor URerd= o 0T TE-eTeT THE HH S
3= = Sy

3T, H,(g) + L(g) = 2HI(g) fufrar W fom=m
H| AR | WAt fagor § 9T ¥ H,
9 Sell WU, A WrEFeRdl % [H: T o oy
Hfufsren 37 foen o smrex gnit fom 9 H, Suifi@
B a1 SR iferes H, w1, R w HI ferfem
HON q 3da: e IR (Afm) foem o
foenfua grft (o1 6.8)1 I8 @-vmfae = fagia
o 31eY ® TSEeh oguR SIfHNH/SE o AN i
feorfa o =€ TreaEen Tenfud entt foad Sifverer/3ag
%1 HZdl IHeh AN i & THF ¥ T a0 g 70
q sifys g =few)

e fagm

Frefafea stfafsran IrThel o STuR W off 39

ot frekd W UEE Hehd B
Q. = [HIP/ [H,]IL,]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 HF K ¥ %7 & S €1 zafe sifafwan
T () o R AR W SR A T S [H,] qen
[1,] et € 3R [HI] 79 T &l €, 59 % Q =K,
T B WU SIAfq AT WreEeRen Tfyd 9 @ Sl
AT YRl § SEUIE ol 3Tl il SAferehal oga
Hewqul Bidl €| STl TrAreree] W R Serg w1 Srer
3 ez S 2, sifafsran, <t qof gu fomm arerereen
W UgE TE ¥, Y Afm fEen o wor o €1 S«
Sl § | *IE 19 e A afiehd 8 et weied @,
Al IR T S HET SMEE B ¢ ST
sfrenfies fmior & smifan &1 geiw =, 9
e R fean s ® foeg sifufwan sifom faem o
2l Wt ?1 76 THR CaCO, ¥ CaO St 9o &M
1 T TEE A ¥, % st e § g
CO, Tl TR ek Afafehar qui w3 et ©1 9%
IR, TG AT, foh IR AR 82 ©H § Q_ 1 AN
K, BHY %1 o Tear 8, foww stfafsman sifim feen
¥ Bt el B

WigdT T YHTE-Teh TN

39 frafafaa sifufeer g w_R¥@ fen
el -

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F* (aq)

et TR el &t

[Fe(SCN)f" (aq)

<" [Fe3+ (aq)][SCN (aq] (6.25)

T @ | SARA (111) e foeta™ 1 1mL

[H] :
1 ——_
[HI]
‘N I
W R
H, M ™

fa 6.8 H,(g)+L(g)=2HI(g) sfufear 7
e W H, & S W SRS TF 3Rl &
Tz F gRadT

A 3TH Y 3w e faere e
TG ! fee™ W T o1 1 ol 8 S €, St
[Fe(SCN)J?* S+ o shRUT BIdl €| el @iy
B T T 1 Ao TEeR 81 S 81 SAfeRTeR A1 I
o1 srfuferan it rETEEen W e | |rereaen &
ST =1y femstl # oo seegER fawenfua &
Hhd &l [Fe*]/[SCNT =l &1 & & ol
rfireRrent =1 faam ® ar= fauda faen o fowenfua
F Thd B SH—feiterR 3 (H, C, 0,), Fe®*

2 2 4
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A 9 R seh Wl 9 SRA [Fe(C,0,),1%
T &1 o7d: GoRd Fed* M i Tigdl &4 & Sl 2|
AT, fagid o SFTER Fe® A &1 g2H 9
3T FIgdT a6 i [Fe(SCN)]2* o foaisH gRI Fes*
A Y gfd ) g feban S 21 =R [Fe (SCN)P2*
1 Hgal Sl €, o7: el U1 1 digal 8 2l Sl
1 Sefa HgCl, faam | <t ara 1 &1 o %A
B 21

Fiifeh Hg?* 38, SCN- 3Tl o el SAfafepan
FT TE Hpd A [Hg (SCN), 2 91 &1 o
SCN- Il &1 HH THIHI [6.24] H AT hl 18
T [ 3 SCN- 7l 1 gfd 2 forenfaa et 21
W AR e W SCN- 1 WK 9 Sl
21 31d: sy wreEEE 3 foen o (€ @) 9g
STt @ e faerad o 11 w1 e s Sl 2l

6.8.2 SMA-URdT ohT THTS

fordlt et erfufsan o e 9Rad g <@ ager
Y IR 1 AN GAIfEd Sl €1 98 a9t B €, S
sifaferan o1 <ie ol TEmEtE SR § T
TSR] o Hicll 1 G qe TEE el o Hidl
1 g | f=ran et 1 farmi | W en-3dfee
fogid, o 99 HE W 3 W@ Fa W IE@ ok
IR 1 IUET HT S HhAl 2| AR SA/ZH H
A (TS Higdl) Ta R R 7 e 21 Frefafaa
arfaferan H—
CO(g) + 3H,(g) CH, (g) + H,0(g)

T sl (CO + 3H,) o WX Hid ¥ SRl
(CH, + H,0) % I Hidf o &1 ST sifafepan o
TrEraee s it Y=g a9 | e o
fafeTet § @& @ A L I A AT Rl
aen K T T 39 YR fYFReRl UE ARl Hi
AT <19 T 39k Holka®y SehT TIg0T 98] T
21 o1a g grgeeen o Tl ®© T ? 1 -9t
fagia, @m] we sAfafwan fa fen & s e
Hrerereel] TAITUd et ®, SHRT Al S S Fehdl
21 feh @ T T T, o7 wrEeen o fen
(e el =1 TN e @ %Y el ®) W SRR
B 81 (B9 Sd € foh <@ T o diell 1 @ o
QU e €)1 38 sifufka whd Q5N gwe
S Gehdl B SW & T WA oW 1 fdfmar o

185

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
o WIZU i TR I €| S eafdfemen s
AT STl A T S @, @t ok oifvies < ue
TSV A & 9 #1376 7H AfAfeRar qrhe %1 Oe
e 1 A HH @Rl Wi T Hehd
_(2[CH,]2[H,0) _ 4 [CH,]H,0] K,
° (2[cop2[H,] 16 [CO|H,] 4
Ifk Q, <K, 7, ora: ifuferan smr faon & smR eid
2l C(s)+ CO,(g) 2CO(g) fufsman o w& T
G ST @ q eitafsman faada (a1 SoRA) feen o
el B, Fifer 31w feen § Hiel %1 e 9g St el

6.8.3 3TfehT T & ANT &1 NS

e ede feer wad ® SR UH SAfET T (SE—
i) S erfufswan § wm & ot €, i fre €
e SuiEfda @ar 21 it fier e W fhe
9 e W erfafsan § wr o are ggef ®i Her
gl s1efe gl § i ufedd el eran @1 sttt
qhel § IRed eharel a4l Bl © S/a THels T8 T
srfafwan ¥ oW o9 9N SAfYERE a1 SR Bl

6.8.4 AMI-Uad hl THTS

el Ft @ AT A H uREdd o RO A HWigdl
faeger B ®, a9 G g 1 geed uRafda g
, Fifr stfafsan st (Q) HrmaEen feer® (K)
o SR Tl T UMl Sifhd 5@ ardehd § 9Redd srar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W feemies w1 fefar sifafewan & AH
o fag o faedt st 2
o ZoErdr STfAfRAT (AH FOTCH ) T AT
fteriehr qIUshH o 9g W Hedl B
o ToATEH UfRA (AH YIS ) T ATATIE
fterieh qIUshH & 9T T wedl &

AR | e arreaen feris e stfafea
o a7 § qfteds o 2l

Frfafea sifafsran o STTER THif= 1 Scared
N,(g) + 3H,(g) 2NH,(g);
AH=-92.38 kJ mol™

TH ST e ©1 ‘er-wmaitery, fagid’ o
IR, AYHH S TR TR o &9 o THmaia
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Bl Sl © TS ST 1 WreTeren |igdl % 81 S
21 3 =Rl |, U qI9H S h) 3= Al F
AT S ©, Wifehe Wi &9 9 STcfees %9
T eAfafman ) Tia il e S €, o1 S T
o fomn s =

AT A Y9 - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ@ﬂ'ﬂ? (Dimerization)
1 srfaferar oF gRT ArTeEeT W AT 1 99e WSE
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol!

(1) (TEH)

T% HNO, ¥ Td &1 Fier Srerht &9 NO, 14
TR T © A1 38 Tk (Hhreell 1 G8Edl € 5ml
el WA o 331 Hd & Al Wt §
T ! el GUE SFT A1feT 376 TSRS (araldit)
aﬁm@lw*w&toppeﬂaﬁﬁaﬂ
24 Tl 250mL F o SRt TR FA: 1, 2 T 3
sffend ed €1 ML . 1 1 feusrt fag (Freezing
mixture) ¥ SFH 7. 2 HI FW & qUAA A § TG
T F. 3 &l T/A (363K) I ¥ R | & =l
AT w1 et |, 2 W T W €, a9 T %
1 1 diear Toh ToE @ <t 81 s & a9
It | 8- 10 T 9% WEAfel i W & a1k 39
TRt T TW@EAel H T A, 1 oh Sl B ael
THA @A Wl SR 1. 3 o S | A stfsman
&1 feen W arg 1 g9e 39 wan 9 fafa fen s
Hehdl B HH q9 W AR 7. 1§ SCARI W
IR BRT N,O, S 1 Telg fierdl € T NO,
FT FHH TH F HRO R T FT dodr Tt T, Teten
HT A, 3 H ST a9 W 3Iopd AR i aie
fredt 2, 9™ NO, =war @1 ufomHa: s T

T

femenrtt fagor HH & Y (363 K) T S

T ST (298 K)
(270 K) RISEN|

faT 6.9 : affswar 2NO,(g) = N,O,(g) &1 Fr=aee
W dT9 F 9T

e fagm

YISl TR A9 ol YS Ush ORI Ssmiet
sfafan | off g9 ST Hewar 21
Co(H,0)% (aq)+4Cl'(aq) = CoCl% (aq)+6H,0(1)
TSt TR e
FHH F AU T [CoCl,]> F HRUT AL
frasror =1 ¥ et @1 <1 1 5 9 fewer fago o
31 feran St S 2, @ fason 61 9T [Co(H,0) 1 T

HROT T[eAe 81 S 2l

6.8.5 SUTeh ohT THTT

SO TohamRRal o IRl § IREdA B FH Sl
AT T AF IUCTe HRATehT AR o AT ! 9@
<1 €| T8 e & HehHOI- 3T § o aell 37 e
it stfufsmaneti & S 1w <1 €, Seifeh Qe
%! afafdd Tt YTl IERE T TS Jarg Afaferan o
fau dfpeor o # HE 9En § w6 w2
IAGE W TA Y9 AfafRar fasm - arEreen
e 1 qiEfda et wdl B gg Gqferd THte o
7 g feeris Tl § yehe Tl Bl 2

NH, o A1gsH o gger § fofor o fa=m
F, S T rca et srfufmar @ sy S ok
el Al o1 &M SATHHRH] o Hiedl Y H et 2l
e s qIushd 1 S § Hed g1 w9 a
R AT SN el © U e R g o 3ty
% GHI Ol ®, S Sed A W fEA # R
Garosier Bl €, T offed ¥ gl &l

S TEEAR B e A <@ ¢ R ol Sae
=1 Sufeerfa o rfafsran Haioses 52§ el 2, Siafh
NH, ! TTeel Higdl Haroe e sidl €1 i e
o Hiel 1 &I AMTFR] o Al i T& § HH
€1 37: NH, 1 3cqe q@ agreh sfues fapan
Tehal 21

NH, & H¥IY0 B 19 o <6 1 STJperaq
Rfefaai 500°C W& 200 aFHEAT @ B 2l

T UHR, 9ueh fafy g7 SeRfRe o o
frmfor o

250, (g) + 0,(g) = 2S0,(g); K = 1.7 x 10%

qreeeer feemie o qRomd oF I ER ifufewma

%! THT gl ' S o=fey, fRg SO, w1 SO, #
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SHIFHIH dgd it R ¥ g 71 wife st
TEUHfETH TRl (V,0,) SR &1 Sufefd |
Sfafsran o HTRT &3 ST 2

e af fedt sifafwan & AramaRen feris
1 T FHIBT 6T B B, O ITH IH 9gd hd
HEal T Il 2

6.9 Tae@= o smafer Ar=TaweT

9 i T R Fixar 9oy o 99e ol 99T |
g FreAferfiaa et 9 o Hueh o ST -
Fe’'(aq) + SCN™(aq) = [Fe(SCN)**(aq)
& T2l B0 7 W o St | 9 watered § R
< o Sttt et o fag om0 wafed &t et €,
Safeh ST H HER T (Hiferw FaEe) faam
W THY fogd ¥R T YaTE BT § 9o a0 shi Fiwdl
9 o WY foIerd w1 Aethdl dedl 81 WEshel Hhie
3 Uil 1 SR TR TTeTshal AT o STHR W &
Mt & afiehd ferar— ek ot ok wsred el T o
fered ¥ wenfed ed €, 3 ‘o s9eea’ Feen €,
Safer TER S UET e I, A 9 SIEA el
T e 7 foe Teeal &l YH: Yael Td el aga
srqeredl  ofiehd femanl Welel SR STUeed Wt W
foer ge o qof &9 9 Smafd B §, Sefh
@ sryeed oriferr w9 @ smaftd wid €
IO -HIfeaH FANEE o woig foead § g

187

®9 W Hfgan APF o FANES P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THHT R 7% ? T Gifead wiwgs #
T 100% ST Bl &, Seifeh UEifesk 3, <
geic, Torga-31aeed 8, 5% € @t gl 81 98 &AM
® T gda fogq stumeal o ool dun et
g o T W Tfud B ©1 59 YRR kT 9T,
e STefta foeem o 31 arg o §, arrafien ana
FHEA | 3T, &TReh AT A oEq STTeAT o ol
o o Bl 3 Yool S1al gl dEd STIEEAl i RE
HTER Hd &

6.10 3T, §h TS 0T

3T, &% We oe01 Yehid | o419k ®9 § 9T = 2
MR g/ =R 460 (1.2-1.5 L/f&A) o =nfaa gian
2| € U= Wihan o foru @il staves @1 faen @
T 197d THifew o B g T §R F W
fafew ot Ud UEhIfde % qe Ul H TR
3T IR S | SAhiY 3 e W @ B ®,
ifed I8 Acidus © 51 T’ WIsg g Tl et
2§, orent e1ef ® wee e it fetewd =i ol
F A T N FD ergeti W A ek SReEgeH
I H §| THI YR &R ol foleHd ol e
# € qu1 @R H shed 3 Tl § Wer e el
&R 1 Tk QA S FHIS €H T Giel 7, <

IS 1 9 oS o I Tk i GreF ol IRER § g3 o1l 14 99 %1 39 § 9% U 341
fSieg@ (Book binder) & I&l %W WG ol S8 3= S7 fohdrel i g i B2 I ofi|
St fSeg a7 e ol sWEesTt €et 98 (Davy) 1 YERRIE §eEe S T e §e
18131814 H HIe Ik W1 HETEIY 1 I W el T 3G A6T o SR o SH GHT & e
SO SR o Goeh § MU 3R Sk el 9 wgd Han o 1825 | 2ot & =% o o
HEIM FAFEensd (Royal Institute Laboratories) & fRem® o+ e 91 1833 | o T@RH
I o YUH Heilad 3= (First Fullerian Professor) sH| %€ =1 dgel EECku
T -fITeioor A ® ol 9 1821 ok SR S SAfushar 1 e ud geaehed qe 31 Sgd
T fagidl o Hafaa o 321 o fa=mi o ouR W ‘enyfie &= fagia’ 1 ufqaes gem 91 1834 H 3=
foregq e1oeres @ weifua <1 i 1 @ie %11 HIE Tk 9gd & 318 U 341 Wb o sAfe o s qedt ge
1 OF W IR R a3 geft SR foamel | X W1 A T STohel T T TS A 91 S Heft off T
Tl @ Seiq fogm &t fae-fie 9l 9@ y9iika (Disseminated) far, foad 39ep g/ U9l 9e@ o 9RY
1 T Yesh YhaR ok Y9 ki STooreTen Gftaferd €1 ‘ Hidemit o Tamafes s’ fama o frama s
o TeTT & T 91| S TN 450 S TS YRy fRu

HEHT Hare

(1791-1867)
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YT o fTU Y il 21 STl 37ed T &Rk ol TEt
Iurd | e €, a1 o e1rag o sifufewman o & w9
@ &I @il & FP GHFT ST FifeqH FANEE,
Ife ethe, Hifeam Mede ofk 71 Wieaw FrEe
(HIRT 79 ) TR HISH 61 Tk &7 ¥ €, S
TSI 3T Td Tifedy TRgIFdRE &t foha 9
W el 21 98 39 eraeen ® U S ©, fomw
YA Hifea™ T HUMARM FANES A 399 |
ool emafera wfeis o wea feer de@ v o
HROT o o1 ofd €1 3 STael o e fer dgd =
HMeqH o Qe o SohHU! Bl 1 S
reifser foetae €, fSieen weRm 80 21 36 R
9 Hifeam NS &1 Sid § =il S S, 79 e
o Te7 feord e SRl St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
Y S-Sl & Tl Seifed gkl gUe 8l W 2l

)
oY _©o
[+ 2% %
o9 9 »
0 cr vo
(+)®(_BF\ N cl
\J( Cl N Néi- -
00 ClNd
Q Cl
. é o
o2’y b6
O N& ’)ﬁ) = oo
CO o o

fora 6.10 5e7 9 Gifsaw Faiise 1 faaisi Na© a9r CU
ST Yt STeT-379] & |1 STeTeiford glahs Tt

gl wrd g1
A H TR T o A i gor
tHfifew ot & A ¥ T W B T6 e ¢ 1%
Tafy <l & gl o) ®, R ot el e
A9 Faget el § ol w9 @ st e B, ug
Uit o iR &9 @ (<5%) & Tl g 2l
ST hi | 3ok HET IUMLYd el i qmed qef
APl o St el W R et @1 qd o
o qen o ug fa-fiam steff o ygea foe s
® B fac o A, S SUH! 39 stEeen § off
foem™ wd §, o S W YUFH HI UwA
‘foraer’ whed € (SR -gifer FAREe), Sl

e fagm

A 8 ik €, e Serdia a1 foeem o 22ax
AT = < €)1 T8l €W 3 <A Rl 1 Sdesa
FH Y B

6.10.1 3TxT dAT &Tﬂiﬁaﬂ' IR=E roT-
RfEE o Fagager ot 9 wged &, S 5o o
STEfed B BTegie oM Hi,) 30 & 9o &R o
T ¥, S wEeifede @ OH, 34 1 39 &R

S H Teh 3T HX o1 3T fAfafad iR o
Y fordll wh o g R foRan ST wehar @-

HX (aq) —» H"(aq) + X" (aq)

q HX (aq)+H,O(L) -» H,O"(aq) + X" (aq)

Th U WieH, H* et fremier g @)
s Y 4 Sofd faemd o s e Tl gl
75 foemee Si@ 1] o offedlsM § Sfud gt
v fufret ergifem em@A, HO* 2@
(afed 3@)| B9 H'(aq) A= H,0*(aq) 3 i &
e gEge oTeH, St Sidt Tupstl § o gam
TH WM €, o ®9 § 94T H O 21 39 e o
TH WIMRUEA: HY(aq) a1 H,0%(aq) i 3Adesdl T
AN | GRSt gied 2l

Tl YehR MOH 999 fohdl & o1 377] Seita

TIESIEH T EEgadet I
(3™ =10""%cm) B Ta 5ol 310 W T foreq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
wiefsr 1 g TR (ST -H,0"Cl) # 2
e § Y T B | SeAtd T o ety
3T T | Seriford gs H,O;, H O W& H O}
Ty TS WA €1 SE YR BTSSR
SIS it g Seoeres wfieist H,0,7, H.O,~
a1 H,0; 1t = <1
/q—H~...
../‘H Q»
JO( 5, /S*
¢ % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd R fHa

NPT &1 9 TWed | IuHen & e gom onl W 1884 H I UMl
foeafaemea # fagq sToeey faea i arehdsti T Y T (Thesis) T&d fhal
3TTE 5 OO T SRi Sgd AE i qel T o WY SRl W T T 1895 H I T
T wihem favafaemed & «difawt o e 18 R e fre 1T o1 1897 9 1902
% o 39k W ot W T 1905 W 3T G % o Wicheld o Aoiet JeH 8 fifeert
WA o fR9e 98 W M Hd W S 9 qoh agd-3TIEed faerdql W &M S
W1 1899 W I=IH Tk TR, S TS THMG: NG 0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsfar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gfaren w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), STt &l T (Origin In Life) TN fgA-F7 o6 &R (Cause Of Ice Age) Farll &l H ITeh1
@YUl AR @1 3 T YoM =afa o, =19 7 3184 yea’ &l 98 T <o S9! fad= w9
1903 ¥ forgga-sTereai o forerest o figia T W fomm o6 foaermd o sdent STAfTar W 3= WA faam

foema @ frafafea ofieon & oar emaf
T &
MOH(aq) - M"(aq) + OH™ (aq)

TEeifod oF ft S faoem o Seitaa
T W @l § (S ) | T AR Y ST e
YROT 1 3 HHET €| T8 hadt gl o Sl
faem ® & on] et 31 T it S8 usiel %
e i 2l
6.10.2 AT AR I TS &k

9T WS SR 9==] (1874-1936) @l 3
WA A9fFE T S’ (1874-1936) H 1%l T
QReh] I Teh 2feres =ager qitaren <t Ses-ard
fagid o TER 3 uged, S faeraa § weld He 39 |
e €, 3 € Al o ure, S faerd | e He
TEU 3 § He §, &R 2

9 o o WieHal qdl &Re Wi el
2

T&1 B9 NH, & H,0 ¥ facme o 3@ |
foar =Y, fo frafafed aeo § <ot T 2,
I—uﬁzﬁém%

NH,(ag) + H,00) = NI} (ag) + OH (ag)
aicen A TgfAq o/ HEHd &N

| e ]

F B

Beifoad ool &t 3IufEafd o HRU &RA
forerm aar 81 STed Sifafsan § Sl die g @
TN ST W €1 TEl 3R hEe: gReR
T AU IRk Fed & Sohd AR § W NH
¥ OH ! TIFIANG Bl &1 F8 NH, S5 37ret Tol
OH FRT &R I w1 Hxd &1 H,0 T OH 37erl
NH; Td NH, T3 37 3fR &R o I8, S A
Teh W i Iuferfa = stqufertd o &ror 3R o=
g, G TT- ek I FEAd & I UHER H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 af% ST 31 Walel & l 3kl Gl &lkeh
T BT AT A LT ST e ©, Al ST T
&IRe Wt BN 8T 4 34 4 91 I8 € o g
o H ek Afafer WIS Brn ® qen yoish Hgr &R
o Th WEH wH el 2

S W TESHR S % 3 SR W
fa=am &1 HCI (aq), H,0 3T7] il W2 3T 37 i
i T& H,0 &R I i =eeR i 2l

I—uﬁ?ﬁﬁm%l

HCllag + H,00 = Had (ag + Cl(ag)
qgfa e 9T &R

Sahadl &
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SRIFT TR F @M S Tk 7 R St of
TR Il B S S HCl § WA Tg0 shdl 2,
H,O* Tf¥fist &1 fmio1 g €1 31: Cl 37 HCl
3 1 G &Rk € T HCL, Cl &R 1 Hgret
ST €1 T R, H,0 i H,0" 377 ol v} &7
TS H,0, H,0 &% 1 T 37 €|

T T 924 € foF STt U 31t qe U &R
1 @e el it <wiar 1 HCl o @ afafewan
H ST &N 1 Te IR &idl &, Sefh T &
T WIS TR Teh 37 i Wifd sFeer il €|

ISR 6,12
frafafad a2 stl & fau S e =
€2

HF, H,SO, T2 HCOj
T
Yo o W R W U WM wH E
=MW 37d: HId HIH &k HAIM: F, HSO,
T HCO; T
SERAUT 6,13
LT &N NH,, NH, d@1 HCOO™ & fau
HTd seE o fafeam)
T
Tl 3T oh UM &N hi STUET Tk Wi
STfeh BT =1feU| 3Td: 90 HITH 378 Shuel:
NH,, NH, d¢1 HCOOH |
SEEIUT 6.14
H,O, HCO;, HSO, T NH, SR8t qell
FRT AREH-SHl IR H F1H HR Tohdd 2| TIh
o feIT STa WY et de ek fetau)
T

SR Tefortad aroft o fean @ 2
H,0 H,0" OH
HCO, H,CO, coZ
HSO, H,SO, SO;
NH, NH, NH,,

e fagm

6.10.3 T3H 3T T &k

SHUA. TR A 99 1923 H T Sl ‘TASR e’
AT &I okl ‘SoIaR JTHSTET o &9 U urRrfye
Temam STef as &a 1 999 B, SRS-alldl &k el
9 aRE | *E faem iR € 2, Fifw A A
fagidl o &TReh ThTeh! ToiaA I A1 ®, Wq
e Togia o STER, 9gd 9 UQ uqe off e 2
S e & ¥1 w9 Teieei 91 BF, %1 NH, 9
Affsran HeRt Tk fafiTe e €1 39 YR g
TS Soide i wH a1en BF, A NH, o @
ToRaT Y SUHT THThT Seae JTH Tkl 3T hl Hd
I Bl 39 eAfufean @ Frefafga it g
Wt TR ST Hehar 2

BF, + :NH, >BF,:NH,

ToiFe &% TS, S® — AICL, Co*, Mg?
AT 2T 3T 1 Hifd HeR HXdl &, Sk H,O,
NH,, OH ¥iilst Sl T el I8 < T Fehell
2, TEY % FI WE FTER H <l

I 6,15
fretferfad 1 o o qen AR ¥ S
HIFTT 3R AT fo 3 T Ferer i qwid 22
(%) HO (@) F (1) H (%) BCL
&
(%) T TR SPH TF JE9 &NF ¢,
d: T8 TAHA FH T HT Gohal T
(@) Hfh TIANES AFH oEE aRE €, Id:
Tg 91 Toee W | ¥ fRE TR a1 M
T Hehell B

() = W[ o o €, o: wEeied
R T FISANES T, S — & o
TR T o Hehdl 2

() T IRF TRFANES BCl, EH 3T T,
3T STHITAT ST 3THI STUjsti oTfE eTehi
§ R A T E

6.11 3TN Ta &Nehl oAl ST
ferehet TEmEfTeh o Siferer Afafshame Stefta wesm
o et ¥ 3% wHeH o fory emifaw w5t gl &
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AT ERAT

STIER 3Tl T &R oh a9 i foer=m Iuamt
B | WA 377 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAfSH T (HI), TRfeh
Rl (HNO,) Td HeHeh 1= (H,S0,) 3 a7
‘Y1’ e §, FFifeh I8 Selld wied W Wi STl
H e quia: foifsia st Wielaemn o §AE *E
Y B TH YR oAifeTd eEgieEe (LioH), |ifgad
TGS (NaOH), W™ eEge™Es (KOH),
Hifsad SRSlFIEE (CsOH) Td dfad TRgiaREs
Ba (OH),, Seital /1&g H S Al | o qoid:
fo@ifsd gl H,0 9o OH- 3T < ¢ smfva™
fagid & o9UR, 3 Yoot &R €, Fifer A weam o
wuiq: foaifsd el uer: OH- 3TPF WM &Y &
fasheud: o7 o1 @R 1 G Tl Ud eRehi o
TN fagid o SHR W ST Wehdl €1 Tk
SR, ‘yad 3T’ | dedd U 399 WeHRal’ w§
Yo ek ¥ dqeqd ‘39 Sl 2l

a3 HA o 3T-&R fadieq 9 |
foram -

HA(aq) + H,0(1) = H,0'(aq) + A (eq)

T gk HH I G &R

@ 6.10.2 H T <@ fo oA (A &RF)
foaeH 9= UF WM o o ud ydm fewm o
TAHIAROT H Ford Ueh TIfieh STaE €1 3760 78 U9 Sl
2 for =fg @ ik ©, 1 o wwa & T e feam
o e BIM? 39 qIferd Shidrel Uk Sl i @l
22 3 YTl & S I o forg g9 femiem W o
gfmfad g o7l (A1 §Rehl) oF e &1 gor &
o o fomam i1 Swie afvla srear-fadism g o
Sufterd € 3wl HA T H,0" W fa=R | &4 I8
@A B fF T W HIA-91 Yol WEHe 1 WeH
W #1 gt Ot ygfa o= @ eifuss B, 9% ‘e
3T’ ST Ud | Socl 377 ohl 9 H TR
B S, A HA, H,0* ¥ 79 o7 ¢, df HA Wi
TE HAM, H,0* &l fooaa ¥ 4= &9 4 A-
H,O" TP BT | gad o7 Ta &R &1 fsn o
TR Bl B, TR Werel 3TReT Uelel &) Rl WEi
Ely

TR STIER, Yool 3T Sl H quid: STafTd e
21 IRt e STed g B, STl Weet STl oh

191

G &R 3T goel Bl &1 Yool 37l S TRekAlieh
T HCIO,, TEEHIN 3 HCl, BEgets
317 HBr, BRgISTETSs 377 HI, TEfH 3 HNO,,
TR Rl H,SO, AME Wael arwedl o W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
1fieh 3ol ek €1 S WehR 3Tid Welel &R, 3Tef
qdot 3 M, Selfeh Ueh gl o7, - HA 7]
Iufterd @ AEZH 37 (HNO,), BIEgIHsiiish 37
(HF) Td Uffess a7 (CH,COOH) WdlehicHeh geiel
e B1 € A A @ A @ T gee ol
T N Td Jad eld 1 S0 ok feu, NH-
,» O T H- 3TH Wl 81 31a: H,0 ¥ 3Td e
AR 21 fRAeedE, smerde s onfe st H
foeia shTeifen ifiTeh geiet el sl Hifq =Taer S
g1 39 e (HIn) 9o §gF &R (In) =1 <
Teri #)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
A gIh I ST T AR
-k -9
T TRl T ST 1A §R STTAIGA H Gerh
% ®9 H H* A & wigd Feprerd o fag e
S 1

6.11.1 ST AT I feiar Wa SW@ahT
AR UHAEA

T WE 6.10.2 H e @1 for P el (S S)
310 fafdrse Toif o6 HRT 37 TE &RSF— I i TS
TR H Fehd €| 3T HA 1 Sufeafa o =g e
TS0 Al © T &N 1 T RN Ll 8, Selih
§ B~ ! 3Ufefd ¥ 9% e[ Ioh 3T i 0@
SRR Il €1 G Wl H,0 1 Tk 370 W a1 2
TS STFed 1 T HFER HIAl € 91 STt 1 T 3]
TH W TeU A & TH I THA &NF H WE
BN Hidl 8| FreAfeaa wrereeen enfd et e—
HZO(I) + HzO(l] = HSO*(aq] + OH-(aq)
8RR T[T ST A
foare feeri® #i 39 39 We WRRh w2
K=[H,0°] [OH ] / [H,0] (6.26)

STl 1 igdl ol e W B A B, i gHeR!
Tz fEer @t 71 [H,0] F o ot wfmfad
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FH W T feRid KWW B 2, oS @
IR U Fed 2|
K, = [H*][OH] (6.27)
298 K W YRR ®4 H* 3T &I @igdl
1.0x 107 M % T ® 3R 5Tt o fardier 9 s H
3R OH P &1 H& aer Bl 2,
BEgfoa STl i ®igdl, [OH-] = [HY] =
1.0 x 107 M
TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 1072 =1 x 10'* M2
(6.28)
K, & 99 a9 ® fRk & 7, wifE a8
e feetis 2
IS STt %1 T 1000 g/L & 3TN $HRT Hier
FH 18.0 g /mol 1 TTY Y[F el 1 Hiekdl &1
T4 e el Wehd B
[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
9 YR, fouifsa wa sifoeifsa aifsa sia 1
S
107 / (55.55)=1.8 X 10%0r ~2in 10
(3T YR 9 g&d: sifadifsd Siat o STugsii
FT A T 21)
T, g 3R SIA Wetd oo
H,O0* W& OH ! HWigdistl o @i /Ml gr
fasfea foran w1 wehar 2—

A [H,0] > [OH"]
ST [H,0"] = [OH]
& ¢ [H,0°] < [OH]

6.11.2 pH &FeA

BRI AT 1 Hiekd § Higdl ! Th TS
HYshH (Logarithmic Scale) T e ¥ y=i¥a feran
S 7, 59 pH @het el Sl 2l

BIESISH A 1 Gishadl (a,,) o RUTHS
10 3T TR ™ 7 i pH Hed €| HH Figdl
(<0.01M) W TESSH ATH &1 Tfhad, TEHS
®Y Y THHRT Howdl, S (HY) 51 YRR &1 S 7, o
T Bl | BIESISH I 1 Gieharal i1 shig goh1e
Tl B T, T 39 G g uReifE feRer S
ekl B—

e fagm

a,. =[H"]/ mol L
Foreerfian et pH TS SRS S i
o ey gt 8-
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
F1 HH =2 T T T WE NaOH & Th &4
forers, fS/e [OH ] = 10 991 [H,0°] = 10'° M 1
pH = 10 TRl Y& A STEHH 5 H 298 K W
BIEEISH 319 1 Tigdl 107M eidl 8, Safery gesht
pH = -log (107) = 7 &I
I hig Seltd T el €, 9 SHe1 pH 7
¥ #1 @ K 9% &K T, 9 SUH pH 7 U AfrE
BT
'Y U,
STt foera &t pH < 7
T o= &1 pH < 7
I3 fae=d &t pH=7
319 298K T AR FHIHII 6.28 T FHi—
K, =[H,0* [OH]= 104
Gl o M 3IR T FUMCHS 0 o W
—log K_ = - log {[H,0"] [OH]}
= - log [H,0"] - log [OH]
=—-1log 1074
pK,= pH+pOH= 14 (6.29)
oM 3 A 9 ae @ fR wmfd K s am
ATIHH o T qRafdd i &1 qenfa qrosRE o e
pH & #M ¥ URad 3a 7 e § T 8 e
ITHT YT HT I &
pK_ Setta T o fee aewerf afer g 21
g BIESIoM aT BESIaae STl i @igal 1
Tl §, Hfeh SR UGS R gl ?1 ord: IE
e @ Toh pH WI9shH o0k eial @1 pH o HM
o Wk 3ohTE qiadH 1 e © [HY] 1 Eiga § s
10 &1 9RedA| s& YR 9f BESeE SEA |igdl
[H] ® 100 T[UTe o1 GRedd &, d pH o A ¥ 2
THTS 1 TREH ST 3Tal 39 T9e T ght o a0 g
g pH W 9Rerd= 1 el &9 T 3d 2
Siferer T gEeA-HeEt eyEnt o oo &
pH &1 A9 STcafeeh eegdes ¢ pH IR, S fafvm
pH =Tt forerad & fom-fom a1 a1 €, 1 wewa o
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pH o ST HH 1 Al AT ST Hehell €1 STSTehed
IR gl pH YR foed B1 0% € R fe-fe
ufeea fm-fo w1 3t & (f5 6.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A1
fopa ST weman 21

o 1 2 3 4 6 &6 7 & 9 10 11 12 13 14
18
i;t-:l. .
- REEENR
i
fara 6.11: T pH W 7 37 {Harc pH R &1 9]
qfeear

<

Iea Aqeddl o fau pH WieX &1 YA foman
ST €1 pH Her Tk TH 49 7, S wliero-faera o
forga-fawa W aaRa pH &1 AI9H 0.001 J2efd
T A & STSTohel SR § el o ser SehRare
pH HieX Y@= e U €| F5 m= qqie w1 pH
IR 6.5 W & T 7

IETRAUT 6.16
T S o T W BTEgIS S Wi "idl
3.8 x 10°°M | THI pH 1 T2

kgl

pH = - 10g[3.8 x 10™°]= — {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} =— { - 2.42} = 2.42

37q: U9 uSref T pH 2.42 ® T8 A 2

193

IS 6.17
1.0 x 10 "M HCI feret@ o pH 1 T0FT &)

A

2H,0 () = H,0" (aq) + OH (aq)
K,=[OH][] =10"*

A x=[OH |= Sl ¥ 9« H,0" |

H,O" Fizar (i) S 9fefd HCL ¥ Wt et & S/—
HCI (aq) + H,0O () = H,0" (aq)+CI (aq) qen
(i) STel oF STEAIRTOT | Wi Bl &1 T8l <Al
H,O" 3Tl W o= & am—
[H,0'1=10"°+x

K,=(10°+x)x =10"

Jgal x° + 10°x-10%=0

[OH ]=x=9.5x%x10"°

37d: pOH = 7.02 7 pH = 6.98

6.11.3 A AT oh I ek

3TN, STeita oo o sTif¥res &9 ¥ ot T o
37 HX W fomR %) fr=fafaa seeon o o fodt
ot giteRtor g0 ifaifd HX Wd 3T@Fl He(aq) den
X-(aq) o A Tonfud Grereen & g feen sn
Tehal 21
HX(aq) + H,0(l) = H,0*(aq) + X*(aq)
YRS Higdl (M)

c 0] 0]
M o SRR 1 AGT B

igar ¥ qRadq (M)

-CO +Cco +Cco

ARUMT 6.5 FS WEN Ut @ pH & HH

gd o AW pH g9 o AH pH
NaOH 1 9q« foeraa ~15 ST HRIHT 5.0
0.1 M NaOH forer=d 13 THRT H ™ ~4.2
A HT qET 10.5 g U7 a1t qen fawe ~3.0
foeeh st Hr=fferan 10 -t 2,0
31 1 WHE WF, TRl S 7.8 - ~1.2
RISCEIIEL 7.4 IM HCI e ~0
ECl 6.8 Hig HCL ~1.0
EIEER L | 6.4
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e Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = Afaaife ot HX 1 9Rfwe digar
Mo = HX o 3TEH 1 AGI B
T Hohdehl 1 SYAM HI o TH ITYF T
fodrem W o fau grmeen femis Joad a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed ¢ T4 dehfeush B9 § 81 39 YehR Hieldl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (6.30)
fordit Taf¥era @0 WX K &7 W1 oTRT HX &t
WaIeTdT T HIG §, ATgiq K, o A T st
BT, 3T%A S € ik weret M K, fammfea
Ty &, Forad weit iefier et Higar ot aeR-3TewEn
1M &1
FS g gU Al oh 3TIAA-TEuish AR 6.6 H
faw T ¥

BIESISH 39 Higdl o felq pH WYk a1 SuArt
3 5 T pK, % s s wiei T R %
faw ot wger fepan o 21
' YT,
pPK, =-1log (K) (6.31)
37 o I feeis K el YRR §isdl ¢
A BF W I TS T A FEdl qe ST o6
A T TSN G faeEE w1 pH i O G99 2

RO 6.6 298K W FS <7 U oA TRl oF T

Teertier o @

3TA = feeian (Ka)
BESHNE T (HF) 3.5% 104
TELH A (HNO,) 4.5x1074
HIfHew 3T (HCOOH) 1.8 x 10~
= (C,H,NCOOH) 1.5% 107
uHifesw e (CH,COOH) 1.74 % 1075
=g 3T (C,H,COOH) 6.5 x 105
BEAHARE 3 (HCIO) 3.0x 108
BESMAM® 3T (HCN) 4.9x 10710
T (C,H,OH) 1.3x 10710

e fagm

gefel JEAETTEIEA H pH ¢ R 9 Frebred S g
3
ug-1  foue @ gd 3ufeerd wfefs i sRes Rl
TR/ oF ®9 W T fRan S B
ug-2  ueft geifer sifufsransti o foa wgfera TR
fore S €, Se—wdfiefisr, St 3t U &N <M o
®Y § ®F w2
Ug-3 S=d K9l sAfafswan s meifiss sifafsean
& w9 | fafeq fan sman 7, wefew o= sifafwang
ek AR B 2
uyg-4 wAfhe Afafean &t it winis o =
A 1 GRON o &Y | el frar S 2
(%) IRfess Higdl, ¢
(@) I &1 AR SR TH W FAT &1 061 o o
&9 ¥ gigar § g
(T1) "= il
ug-5 & Afafean & fau amaewen femw
THET O Wigasll ol WHL o o fau 7
F 2
US-6  HEA AR ki TIRiST bl FIEd i 7O
F 2
Ug-7 pH i TUA
pH = -log [H,07]
ST fafer 1 30 I ¥ qHART T B

34TEIUT 6.18

HF 1 o4 feo® 3.2x10% &1 0.22M
forer § HF &1 T3 &1 |76 1 31 T
o 3uferq @ wfiefis (H,0', F~ 9 HF)
1 Higdl qA1 pH ki TUHT HifSTl

Kyl
frefafed gef e sfafead gve 23—
() HF + H,LO=H,0 +F K ,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"
Hifeh K, >> K, 9&4 e
HF + H,0 = H,O + F
YRR Figdr (M)
0.02 0 0 (0)
igar giadd (M)
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-0.020. +0.020, +0.02a
e s (M)
0.02 - 0.02 « 0.02 o0 0.020

T Stfferan o fow wm Aiganeti =1 gfaeenfua
FEH R

K, =(0.020)” / (0.02 - 0.020) = 0.02 o / (1
~) =3.2%x 10"

&Y frefafaa fgoma S g giar 28—
o’ +1.6%1070-1.6%107=0
oo i ol i &6 % W o o I qE I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W §9d &l 1 &Fd: o= 0.12
e ¢ f W 9, o= 0.12 ¥ a3
TS (SR—HF, F~ qe H,0") i ST isemd
79 THT B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4x10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°°) = 2.62

33Ul 6.19

0.1M Tehel &I 37rcA sh1 pH 4.50 &1 Hremeree
T H',A™ ¥ HA ! Higdl i AN SHIFSQl
1 Bl Thdl & 37 & K, 991 pK, o AF
St o TUET FHIS

E)

pH =—log [H']
[H]=10"""=10""=3.16 x 107
[H]=[A]=3.16%x 10"

K, =[H']IAT] / [HA]

[HA], = 0.1~ (3.16 X 10°) = 0.1
K,=(3.16x10°%/0.1=1.0%x 10"
pK, =-10g(10°) =8

depfeqs &9 4 ‘foaieH wiaeaar’ fadt goa
3T HY WM I TUAT 1 STANT HIOHH B
30 39 YR fea T B

195

= [HAl. e/ [HA], o X 100% (6.32)
SETETUT 6.20

0.08 M ERUHRARY T (HOCI) o fae=d
pH @I UMl HINQ| 37T 1 AT Rerish
2.5 x 10° 21 HOC1 &1 foaaism-vfaerman s
Al
&

HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grreEe & oy aiEdd (V)

- X X +xX

e Higdl (M)

0.08 - x X X
K, ={[H,0"][ClO] / [HOCI]}
= x° / (0.08 x)
x*/0.08=25x10"
x’=2.0%x107° 30 YPR,x=1.41 x 10
[H']=1.41%10° M.
3d:
ferefist gferTaat = {(HOCl] ... / [HOCI],

-
x100=1.41% 10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°) = 2.85.

6.11.4 AT QR AT AT

gk MOH b1 3TaA fefarfad dtentor g wei¥a
ERIi | I Cor) i
MOH(aq) = M*(aq) + OH (aq)

TR ST TN i TRE 3ol &R (MOH)
o7f¥Teh ®9 9 ¥F™EA M* Ud HUPH OH- H STafd
BT 81 &N 3E oh Hrrereef-Teeish ol ek
3T ferieh et ST 81 39 W K, ¥ TR
21 gt wiefis s e Higd ok | fefted
GURTOT g YRS i St B—

K, =[M*][OH] / [MOH] (6.33)

foshedd: A€ c= &N 1 RS Figdl 3R
o= & o I Hi A
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S G WW el @, qd 9 fenis
frefafed w9 9 foman <1 "ehar 28—

TS g1 U 4| o SAETH-Teeieh K, o A
groft 6.7 | faw w7

AR 6.7 298 K W FB T Nehi o STT-Eeich

* "
&eh K,
SEHAEHA (CH,),NH 5.4 x 10+
TRUHEE (C,H),N 6.45 x 10°
STHIFE NH, or NH,OH 1.77 x 10°
et (T aefas o) 1.10 x 10
frfi€ c . HN 1.77 x 10°
Ufefd C,H,NH, 4.27 x 1071
IR CO (NH,), 1.3 x 10
2 el ANTH TH T TE oA &R &

T it &% ofew €, T koW eifuss
TIESISH AT 311 HYE gR1 Wfaeenfud g €1 S
forertd=, #IEH, foed= qan feifed, 9 aga
I &N €| T 39 K, o T 9gd D1 8 &l
s Sia H frefafea ffshan o weawasy OH-
SR I T -

NH,(aq) + H,O(l) = NH,*(aq) + OH (ag)

TIESIST ST Wigal g pH Thel a1 STANT ©
o 39 o= i v il o fog off e fohan
T ¥ TH TR

pK, = -log (K)) (6.34)

IETETTT 6.21

0.004 M BESSH foe™ &1 pH 9.7 €1 3ok
K, T pK, ! T Hif)

&'A

NH,NH, + H,0 = NH,NH," + OH"

T pH ¥ TR 3T¥H HIgdl i U FHT
Tohd &1 BIEGISH ST Tigdl T hieh 3R wiel

o AAM® [UARA H H SRSIRIA ST i
Higal w1 0T L 21 39 THK,
[H'] = antilog (-pH) = antilog (-9.7)

=1.67 x10™"°

e fagm

[OH]=K,/[H1=1%x10"/1.67x 10"
=5.98x10°

Hq BESSHa9 3T¥H i Higdl 1 AF ot

TIESIoRIel 3T i Tigdl oh FHM M| $ I

TR 1 TGl 9gd HH | 37d: Afdifeid &R

1 Wigdl 0.004 M ot S Fehell B1 39 K,

K,= [NH,NH,'|[OH ] / [NH,NH,)]

=(5.98 x 10°)? / 0.004 = 8.96 x 10’

pK, = -logK, =-10g(8.96 x 10”') = 6.04.
IETEATT 6,22

0.2M NH,CI T2 0.1 M NH, < fasmr § =1
fore@ o pH T TUMT SHITI NH,, 9o i
pK, = 4.75 ®|

3y

NH, + H,O = NH, + OH

NH,, 1 33T feerde

K, = antilog (-pK,) 3194'7?[,

K,=10""°=1.77x10°M

NH, + H,O = NH, + OH"
R Fisdr (M)

0.10 0.20 0
HreeEe R qiEdd (M)

—X +xX +xX
HrTeEe R (M)

0.10 -x 0.20 +x X

K, = [NH, |[OH] / [NH,]

=(0.20+x)(x) / (0.1-x) =1.77x 107

K, %1 OF %% €1 0.1M TS 0.2 M ! o |
x I g9 Uferd X Tehd €l
[OH]=x=0.88x 10"

zaferT [H']= 1.12 x 10™°

pH =-log[H'] = 8.95

6.11.5 K, AT K, § Haie

T 1V W B9 UE 9 ¢ [ K, 1 K, I 3T
3R ek 1 e 1 g9id &1 Hgr - g
T 3 Th-gER ¥ Welad ®9 9 Heifd g 21 A T
1 WM TG 8, @ G H A FHA ST HRA 1 NH;
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q NH, o 3T 1 fqe=m & 8-

NH,"(aq) + H,0() &= H,0*(aq) + NH,(aq)

K, =[H,0"][NH,] / [NH,"] = 5.6 X 1071

NH,(ag) + H,O() &= NH,*(aq) + OH(aq)

K =[NH,"][OH]/NH, = 1.8 x 10

F€: 2 H,0() = H,0*(aq) + OH(aq)

K, =[H,0[OH]=1.0x 10 M

K_NH; 1 371 o ®4 § a1 K, NH, & &
o &Y o wmed giar €1 e stfafwan o eI < Ay
a1 7 ® fop St ¢ stfufran o @ feerie w1 W
K, @ K, o {0 & SR el e
K xK, ={H,0"[NH,] / [NH,*]} x {INH,* ]

[OH] / [NH,]}

=[H,0"][ OH] =K
= (5.6 X109 x (1.8 x 10%) = 1.0 x 104 M

T TH HE=HIT R SIqRT ST Tehdl §— &1 9t
et ATffeRamatl st Se W SeRt we o SrfufeRan
w1 grEraeen-frerts y@ew srfufewar 9=
AreTeer- et & UHEA & sk BT g
(6.35)

K xK, =K, (6.36)
I Tk 1 AH TG B, A = R A R S
Tohdl B1 I€ &AM <1 =IfET foh geet o1ret w1 Ggrl
&R gofel M oot TR sh1 HYTHI &R Yol Bidl 2l
JehfeTh 9 § STYH HHHEW K= K x K,
i e -fods wrmeen Afafshan | o 89
F Thd &
B(aq) + H,0() &= BH’(aq) + OH (aq)
K, =[BH'][OH] / [B]
S w9 T wE feR wd L oW W w
Y g G e ® SR fomem femie o wimfed
F e T B Suge gl i O[HY] 9 7o
FHE qAl M A W
K = [BH'][OH][H"] / [B][H']
={[ OH'[H*I{[BH"] / [B][H*]}
=K_/K,
K. XK, =K,

197

T M < A o1 2 T A S SR epperes

foren ST, qF ST ST qe &R oh WAl bl Herud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K®T)

IETEAUT 6.23

0.05 M ST foe@q i STEEA 7 91 pH
I S| STHIRT o ST-H-eri® &1 AF
afast 6.7 ® fen @ 21 emitEn o wgrt
3T 1 A e ot Fa wifsu)

Kyl
S H NH, & & 39 YR <& S
el 3
NH, + H,0 = NH,” + OH
(6.33) THIHTOT 1 ITANT Y o EH BIES T
I 1 TiFAl i TN X Gehd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
oo 1AM %Y T, 3Td: TR § I AR & &
1 &1 qoFl § o 1 99 OF T 2
HAd:
K,=co® or o=\ (1.77 x 10™° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4 x 10 ‘M.

[H'1=K, /[OH] =10"/(9.4%107
=1.06x 10"
pH = -log(1.06 x 10'") = 10.97.

G 3T &R T o foTq Heel TRt i W
K, x K, =K,

dfeterl 6.7 | W< NH,, o K, 1 9 W@ W &4
NH, o TgH et &t il Fehret Tehd 2
K,=K,/K, =10"/177%x10"
=5.64x10"°

6.11.6 fg Td ag aent 3t aern fg o =g
I AR

sTfce 3T, eI 3T T HIEhING T

3 F ol | Ufd 19 Tsh o Afyues afa g
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1l e B €1 UH STl i ag- SR A1 Hiferifeeh
3T oF I W1 ST @1 Seretoned—fgementa v
H,X o T s stfafsean frefefed i gra
TS SAeft B
H,X(ag)  H'(aq) + HX(aq)
HX(aq) H*(aq) + X*(aq)
AT HI HreTerEe GHieR Frefated 8-

K, ={HHX]} / [HX] (6.16)

aar K, ={[H1[X*]} / [HX] (6.17)

K, W& K, % 3 H,X 1 999 T g

ST fEorieh e €1 38 THR H,PO, S Framerra

T o foq dF SEA-Teewis 1 e dieliies

37Tl ok SMFH- iRl oF o TRt 6.8 H 3ffehd T

WRUT 6,8 298 K W S WA Ulciylieeh 3Tl o
E-feerien

A Ka, Ka, Ka,

e 3T
TEhTfeeh TR
HERRH 7
R 3T
TSR 3T
isfeen o
THIEhING 3T

6.4 x10°
1.6 x 107
6.4 x 107
1.2 x 107
5.6x10™
1.7x10°
6.2x 10

5.9 x 1072
74x10*
1.7x 10
AAHH
43%107
74x10°
75107

4.0x 107
42x 1078

TH YehR 3@ S Gehdl @ T @g difess ot &
=4 Fife o o (K, K,,) s &1 79 fm=
Fife & EA-feeri® (K) ¥ %7 89 &1 3 R0
7 ¢ for oo foge-cil o RO HomeHeh 3P 9
YT WIei Fsehiied et qiehel 21 39 S
H,CO, Tl AR HCO; | 9 fehrad | <@ s
Tehdl ¢l T TR fgemaf HPO? UM § H,PO;
1 qo | Wi &1 fshied e i 2

g Wiew ot faerem o el &1 fhsor g @
H,A Si¥ fggifes e o fo, H A, HA™ 3iR A2 &1
fagor g 21 mufoew sfufwan & HA &1 fodem
qe H,0* Wfmfer g 8, S s & yerm =xo 9
T B 2

e fagm

6.11.7 ITFA-AHS hl AT FAATA HRh

ST qUT &Rehl i HETHS ded &1 fag= &
TyaTq g9 TRt fSu gu o7t &1 pH OH &1 0T %
Tohd T Ty T T Scue Bt ® foF opw o o=
F1 ol § Yool I eid 87 3% Afesh Yo ST
FRE FI &2 TUHT I Teh Sifect q27 81 aAfeh ge
®9 W B € e ohd ¢ Toh Ueh 70 &1 e s
M H- A 99 &1 9med T gaurar | AR
Fdl B

A ST H - A &% 1 G sedl €, st
a4 o forior o oTevEeh ol wedl ®, @ HA &1
IA-gmed sgal €1 S YR e HA 3Ty Afeen
gy B €, Ao H T A WHNEN % Hed
Il 1 FR d&al 7 AN AEY YFRI
gfterd e €, i eay w1 forier e 8 S €, S
et | gfg L 2l

W TE M 3T A 9 98 § fF 5@ aw@ A
3Tad 9RO oF IHT §HE o aw 8l, @ 9y & Y&
Yhfd I ol H H - A @Y aHed sl o
feftor & wo@ wRes Bl €1 o W A i 3R W
T S-S A T N Ge&dl 8, -l H- A e
gmed TEdl © a3l qHed sedl Bl Seretoned—

AHR | g
HF << HCI << HBr << HI

s 9l H gfg
T YHR H,S, H,0 ¥ JaIam 37 ¢
T & §H 3 AR o Teh & S7Ed o aedl
1 e e € dl H- A STsid 1 georal 3eet-gmed
1 freifa w6 o mewyel wRe @ S {1 -
A &1 fogTRe Sgdl 8, - o i amed o
Tl &1 SSrETone—
A = faggRea | gfs
CH, < NH, < H,0 < HF
s 9l H gfg
6.11.8 3T UWd &Wehl o I W HW
3T YHTT

3TEN, THifew 3Tt &1 IR0 o, frqeht ot 39
e gR1 WEk o ST Fehdl 2—

Y

-

-
>
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CH,COOH(aq) = H*(aq) + CH,COO (aq)
AYAl HAc(aq) = H*(aq) + Ac (aq)

K, = [H'][Ac"] / [HAC]

Tdifess oma o faoem o wHiRe oA &
e W BESISH APl 1 Figdl Tedl ¢ 36 YR
Ifg e |d 9 1 e fueny S, @ grereren
siferifo Ueifesw et o1 o foreenfud & St 2,
teiq =9 foon ® owRR Bl 7, food grEeer A
Higdl [HY] St €1 TE S WH A YA
3T 21 ot v uered o T @ S fersres @
¥ ud o Sufterd emafie wieli 1 iR Suaisd
FIETHY e 1 faeerfud il ©, 98 |d
T TS’ el 2l

31 B9 HE Hohd ¢ Toh TH ST Y9G SA-Saferd
fagia W emufi@ 2, 79 &0 @ 6.8 § 9 g% €l

0.05 M UHeZ 3T¥F i 0.05 M THifewh 1
o el W pH w1 TUMT 9 39 YR Y Fehd &—

HAc(aq) &= Hf(aq) + Ac(aq)

RIS FEar (M)
0.05 0 0.05
Ife x THifeh 37T | ST=EA i AEN B, dl
Figar | giEdq (M)
—X +x +X
g qigdl (M)
0.05-x b:¢ 0.05+x
TH THR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
oot o7 o fefT K W B § x << 0.05

Ad: (0.05+x)=(0.05-%x)= 0.05
1.8 %X 105 =(x) (0.05+x) / (0.05-%)
=x(0.05) / (0.05) =x=[H']=1.8 X 10°°M
pH =-1og(1.8 X 109 = 4.74

331Ul 6.24

0.10 M 3THIT=T foe@ st pH T O hifstu)
39 f9e@= o 50 mL &l 0.10 M o HCl o
25.0 mL ¥ AR FH@™ T pH HI TOMET
HifT) sfaifTEn 1 forem feedis K, = 1.77 x
10° 2l

199

&'A

NH, + H,0 — NH, + OH

K, = [NH,"[OH] / [NH,] = 1.77 x 10
SR ¥ qd

[NH,"] = [OH] =x

[NH,] =0.10 -x =0.10
x*/0.10=1.77x 10"
x=1.33x10°=[OH]]

gafere [H'] = K, / [OH]= 10"/
10 %/(1.33x 10 =7.51 x 10"
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft dra
HCI) ! 50 mL 0.1 M 3T foere (e7eaiq
5mL Hd NH,) H faam W 2.5 fielt dia
S 310] ST & S €1 99 75 mL
foee ¥ STRERd 2.5 fHef|a NH, 319
qen 2.5 foeliHiel NH, © S 2

NH, + HCl — NH;+ CI

5

2.5 2.5 0 0]
HHITSET T
0] 0 2.5 2.5

RO 75 mL faere | 2.5 fueimiel NH,
3™ (0.033 M) T 2.5 faetmre

NH, 377 (0.033 M) T& S & | Hreeeen | o8
NH, 39 YR & &—

NH,OH = NH; + OH
0.033M -y y y

Sely = [OH] = [NH,']

RO 75 mL faed, SR & 9eEn
2.5 il NH, 319 (0.033 M) 9 J5 =il
21 3%: NH; %1 %ot Fisdl 38 FhR & St e—
[NH,'] = 0.033 +y

<fh y %9 7, [NH,OH] =0.033 M 3T [NH,]
-0.033M.

& W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77x 10°M
3:y=1.77 x 10° = [OH |
[H]1=10"/1.77%x10°=0.56 x 10
pH=9.24
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6.11.9 TIEUN Rl STeA-3TTHE UG 3Tch Taeta
<hl pH

TRl A &R o Tf=ra 1ama o eifwfsran g/ s
T AU 1 STt | ST BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited 8 2 A S 9§
sifaferan ¥k Ut Yehfd o STTER 7% A1 &R 1
SIS Hid &1 STel 91 P S1Fe SO A1 <A
Qe el ST feHa i Siel-2Tqsea | Fed &1 39
T TR & pH w1ferd et ©1 Weiet &Tiehi g1 fRu
T ARA (3TN — Na*, K, Ca2t, Ba2* 7f]) den
Yo STl g ST T KA (I[EIm- Cl Brr
NO;, CIO; 3% Theret STa-Aferd i &, STet-3Tqefed
TET B4 T | ST Yool 7wl a2 Yeel & © & e eol
o =iel SIEH B €1 A SR pH 7 =it 21 Fafy
3= YR o ol o1 STl ST Bl

o/ g9 fefafad oaui o Sa-3TTeed W

foe 5 €

() TS Tl UF Yoo &I oh a0, IR0t —
CH,COONa

(i) el STl o Jecl &Reh] oh odvl, IRRLume—
NH,CI, qe

(iii) JoT ST TS ool &TRehl oh v, IR0 —
CH,COONH,

Y| 3B H CH,COONa, Tdd 37
CH,COOH Tl Yol &R NaOH &1 @@9 &, Sl
Sfeft forera o quiqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR 1 THRS 3 S o WY 5
STqEfed gl UHifesh 3T e OH- SATIA1 1 fmfoy
F &

CH,COO-(aq)+H,0(l) = CH,COOH(ag)+OH-(aq)

THifes 3Tt T godl o € (K, = 1.8 X 1079),
St forerea o et € @l B1 58k R0 faera o
OH 317l &1 Figal ® gfg & <t 2, S faem=m =
AT oA B1 39 YR o4 foerad 1 pH 7 9 S
B 21

T YR a9 &Rk NH,OH @ Jaa o7
HC1 § 91 NH,Cl 51t | qufean smafa &t s 2

NH,Cl(aq) - NH; (ag) +CI" (aq)

e fagm

SATTE A 1 S T8 89 ¥ NH,OH
3R H* 3 o )
NH, (aq) + H20(]) == NH,OH(aq) + H* (aq)
AT BEGHAES (K, = 1.77 x 10) TH
T AN €1 98 foee o oFEfa wd @1 56
IRy faerad § HY ST |igal 9g Sl @ SR
foaea™ =1 sl o It €1 e1a: NH,Cl & 5ia
foera= &1 pH 7 ¥ %9 g
Ta STFA q A &Rk G ST T A0
CH,COONH, o Tel-3T99e &l 38| 36 51 fay
T SR T SIEA TH YRR Bl g
CH,COO + NH; + H,0 <« CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥/ ®9 ¥ 39
THN 3FAIHd @ B
CH,COOH = CH,COO + H
NH,OH = NH,* + OH
H,0 = H'+ OH
fagar @ o fopu fon e 1 Gehar © T
ST~ 3195 1 A foera ot digdl 9§ s gl 2l
1q: fefe™@@ =1 pH 2—
pH=7+% (pK - pK) (6.38)
fore@ 1 pH 7 9 AR B, AR STaRETcHeh
8l A1 pH 7 ¥ ¥ TN, AR A HUMHS Bl—

IETEITT 6.25
UHifesh 3T 1 pK, a1 FAHTEH TESIFES
F1 pK, HEM: 476 IR 4.75 T SHITEH
THee faer@™ &1 pH &1 TUMET Sifsq)

T
pH =7+ Y% [pK - pK,]
=7+1[4.76 - 4.75]
=7+ %[0.01] =7+ 0.005 =7.005

6.12 IRI-Tae™aq

IR Iufted 3 W (IR AT ) F
f4feea pH B €1 37k pH o gem IRed IR ok
3% 9 FH T FE (Malfunctioning) T {3 %I
#% THEtE T Sfae efdfwaet ¥ ot pH W
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I S Tewyul i €1 w2 ST ue g
TEquTf (Consmetic Formulation) =i fordt foeim
pH W @1 Sl € e IER | gl @ S 81 i
faeram, TSRt pH O T 19T 30T I &Rk
T At AT e oF @1 ot staRafda e
2, ‘aw-faereq’ wEed &1 9 pH & faeeH o
ST I pK, T & o pK ok fafcd #HT den
Il 3R oeul o ST A TRl qel &Il o
FUE & e g s € tfafek e qen
Hifeaw wfgee &1 AU @ pH, 4.75 HT TH
faeraa a1 € den rEifEn aoiRiEee Ud S
TESIFIZE 1 990 pH, 9.25 &l B 9% fererrmt
o a1 | S=a s | g 3R et 9

6.12.1. IHT TI=T AT

pK_, pK,3IR WrEfteries %1 9F &8 1 pH &
A fIerE o9R § WEEdl R B AR 2@

o &9 I8 Y FT THd B

TAIT-THT ST

3T pH 1 %R §9H o oL &0 goa o
SR TH% §W WAE &R & WY a9 S e
G0 1 SUAN Hd &1 BH pH, oA A &
qre feoish K, #iR gefel et ok geh wfe
Nk i gAleT o STIU § Ty Tfud e
Il FHieRToT Tnfid e €1 Tk g fefd o
el ool 9TRA HA Sl § STEisha il €,

HA+H,0 = H0 +A

g fou wn frefofed e foe g9od 8-

_ [HO][A]
K. = "HA]

ST ASTeh i AT e T
[HA]
KA
T TR T A0 T o 98 TaI ! eAafeerd
FH W TH I e 8-

[H,0"] =

201

[A]
K =pH-1
pK,=pH-log (HA]
[A7]
H=pK,, +]1
e pH=pK,+ Og[HA] (6.39)
B [(gfima &m&, A7)
pH =pK, +log (o1, HA] (6.40)

ST (6.40) TEUT-SHTTaINd GHIHTIT Heetrdl
%|%,a’gﬁqaw (RoTe) 3R fagor o
IUfkerd 3l 1 WiKAIA w1 S €1 3T g
B o HRUT 9gd HH ST Bl § SR Fisdl
[HA], 9% oM @1 T 70 vl &1 digar §
oRmEE @ f Sk ¥ ey @, sifumay Haf
&R, [A], 3T o <& o TP 8H | W
eI 1 SEY TYfEd eeh i Wigdl ool o
i 9 ohoel oRmEE 9= gRf gafery TR

(6.40) T=fcfiad WerR ¥ ®UAka &1 S o-
[T ]
pH =pK, +log
[emA]

g TR (6.39) |, [A-] ST Hixdl [HA] Tl
g o aUeR B @ pH = pK_ B8R, Ffh logl T
M I B 1 TEiT A gH o SR ofe
(Fgf9a &Reh) i AeR Fixdl SR o a T
%1 pH 377 ok pK_oh SR BN 37d: 374fard pH
1 T T o T g0 T ST &1 =T A
& Foreh1 pK_ 3TUfard pH o SeR giar €1 Uifee
ST T pK, M 4.76 B €, THfGT UEifesw
3T iR wifeaq teiee &1 SR AT H ol
AT T IH T pH T 4.76 B

qoel G IR THeh WA oFe § oA
IwT 1 T & faverm frefatea afom m,

[Gfra e, BH |

[&e, B]

pOH = pK, + log (6.41)
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TR Toera o pH &1 dRehe, THIH pH
+ pOH =14 <h1 39ANT <hich rchfﬂ ST Hehdl %l

g9 9 2 f% pH + pOH = pK_ X
pK, + pK, = pK_| 37 HAl &l GHH (6.41)

W@ R e FEfafad 960 9 g 2o

[wyfima e, BH)
K_—pH=pK —pK +1lo
P&, —pO=DpA,—DPK, g (5%, B]
a7ere
Hf +
pH =pK, +log [ <, BH ] (6.42)
[e=R, B]

Ife e SR TEeh GYfHa ofe (YFEM)
qigdl SR B a1 9L foead &1 pH &R& o
pK, o SR B STHIET 1 pK_ M 9.25 Bl
§, o7: 9.25 pH 1 9% Tsh TN Hisal ard

e fagm

o el w1 faemas woedt B UH @@ o
foamees ® oied o fau A o U9 gad
STHYT g (et Tedt) | STH-Taemaes ==
foman etferen g1 =fEw) 1t w1 foemaes qoed
! faemea & w9 4 Fef| &9 ¢, st 92
FOTcH eIt 21 37a: T ta gfswan & Sl g
Bl B Taetentad St 1 ann foemas ®1 gehid
W faft et 21 sy (weEasw) faams o
foremaesh o et &1 A0 %9 erdl ©, S el i
SINERCEIREIRC U] (Overcome) HE | 9y el
2| uRuHEEy Taur sty faame § Tl sera 7|
Ifg ST T Tk IE 20§ S § Fd Gehar
2, 9 TSl faaEsiaT TSl oo Sl el
Tedt 9 erfuer BT AfET Yedsh e 1 Uk
sAfyeremia facad i €, st a0 w fdt S
21 U @l 1 1ot faferse factar eidt 21 =
A R 7R HIdt 21 & T AGv i AR faera
o MUR W A o o fawifed s g

It faermm @R st iEs fooee 9
TR S Hehdl 81 STHIEH FANES SR S
TESFARE T a1 W faeaq o foau g
(6.42) T TEY BT-

. +
pH=9.25 + log L3 &t BH']
(47, B]

TR oo o pH W 01 1 STER el
qSdl Hifch U oh S STH ol U
Tfafdd T 7

6.13 3TCUTTAT TN okl facigar
HIETTE=AT

Y 9@ € T ool § ettt Sl i factmar o
ogd 3R a1 21 370 § o ql gad et faea
(S8 Shfewam FarEe) € fo 3 ypfd o sanmet
Bid € au1 argHed § So-ard wifad X od gl
FO I (S8 fuTd wqsivEe) w1 et
zal % B fom 3¢ W W | erfaeta’ whed )
foretaar &% ol W frdt s 2, o 9 g v,
AN I STeTh ST (Lattice Enthalpy) a2 faeraa

il | faem fo=da > 0.1 M
0| TS & foaom 0.01 < faera <0.1 M
it 11| 3Ty faerm faetTd < 0.01 M

9 g0 79 faog oraftes <@ur qen sEeh
Hqw et faeed o 9 g | TR &

6.13.1 Taeraar oHwe e/

Stefta faerm & dueh o 7, W foeaR ) srefed 3|
oIl Sk g faeas oh ST oh Hed Wrmaeel i
frfafad w5 v fhar s 8-

BaSO,(s) SN Ba**(aq) + SO,*(aq),

e feris frefatad g i weiém

fopan wman 28—
K = {[Ba2'][SOZ]} / [BaSO,]

35 39 g w1 igar frer et 2
Ad: KSP=K[BaSO4] = [Ba*'][SO?Z] (6.43)

K, 1 ‘focad qomse-feeris’ a1 ‘ foerad
‘I“F'W ' Ed ¢ ST T H K 1 AR
T 298 K T 1.1 x 100 3| 351 @1¢f a5 &
W AEH Hehe, S T Hqw faeem o @y
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el | 7, o foau g qun Gothe SEal &

203

AR 6,9 298K W TS WM AR TAUN oh

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feoi K, o A
% o BT 21 37 AT S T Hisa IfEm gethe T - =
&1 Aier-factzar & ser grf| afg Ao faerad foeeR simrEe AgBr 5.0 x 10-13
|Sl gﬁ- Fﬁ fgw qﬂ'ﬂﬁ? AgZCOS 8.1 x 10-12
’ R v Ag>CrOq 1.1 x 10-12
1.1X10°=(S)(S)=S? AMS=1.05x% 105 g?g AgCl 1.8 x 1010
Agl 8.3 x 10-17
39 YRR dARFH Gethe 1 Hior-faetdar R e AgSOs 14 x 10
_ , A Fhe Al(OH)s 1.3 x 10-3
1.05 x 105 mol L! g S e SR IR
2 o0 forieT o woraey fae-fas smas w WE pal Lox0e
e A A A Y HAHF B A AR | Wehdl B me = 83 > 102
- a. O X =
SR & fAU— oY, T FAHITH WO (Zr%), | S o CalOHE | 5.5x10%
(PO,*), TG T R e X, S W erewEe | FEm A oo D 10
I fSRifem STl T 9 R0 STeREe 4 HEhe drefiem e CAOH) | 25x 1014
. FifFm TELFIES Cds 8.0 x 10-27
oAl § et g 21 afg fSepitem wrethe @ T e Cr(OH)s 6.3 x 1031
X -9
Hier-faetaar 'S' &1, df 39 Al oF TR i mz e 3 SRR
CRRIn! TR KESESIES] CuCl 1.7 x 10-6
- . RS Cu(OH) 2.2 x 10-20
[Zr*] = 3S T [PO,*] = 4S &M TS Cul 1.1x 1012
CuS 6.3 x 10-36
ad: K, = (35)° (45)* = 6912 (S)° g{g Wg@gm]gg F::cos 3.2 x 10-11
— 3 M1/7 — 1/7 TR TESFES Fe(OH)2 8.0 x 10-16
T S={K, /(3 x4%) (K, / 6912) L POt S
T P+ - WY ES FeS 6.3 x 10-18
g %FI 3G T, HHH A MX Xy T FATEE HgoBr> 5.6 x 10-23
q, S ST Wy faerad o T wrereen § g aen W@m He:Cl e
galo .5 x 10
forgent Arer-faerza 's' &, & fF=Afafaa e TewTEe Hg>SO4 7.4 % 107
SR = fRan S TRl B Hriir e Hes 1.0 107
T TEEE MgCOs 3.5 x 10-8
N ’ - IR BEer MgF2 6.5 x 109
Mny(S) ‘: xMP (aq) + qu (aq) mm e ﬁg(cog)z ;g X }8;1
Xpr=vXqg ENCIEE g 4 .0 x 10-
(FRIxxp"=yxq ) m TCHEE Mn0203 1.8 x 10-11
qaLgl sHh1 ﬁé’qﬁ'{-gﬂﬂw e T=forfEq AehZS MnS 2.5 x 10-13
et eEgleEe Ni(OH)2 2.0 x 10-15
THIRTOT R oA feRan S B A NiS 4.7 x 105
SRS 4 | SR = e
€ 4a X -
=x*.y'. S&*Y Sé FelEe PbCl, 1.6 x 105
S[X+y) =K / XX . yy ‘1?:[,3}33 PbF2 7.7 x 10-8
sp SEREEIE S EES Pb(OH)2 1.2 x 10-15
it S= (K,, / x<. )1/ (6.45) gﬁm@ Pbl, 7.1 x 10
S PbSO4 1.6 x 10-8
T § o9 Teh A1 31fereh TSNS bl @isdl ﬁéﬁws% PbS 8.0 x 1028
X -28
ST I Wigdl & e 8, 7@ K H Q| e £ R S
meé(é@mﬂamlwéﬁs Tt e ngSOs éé182°
T. O X o
| WK = Qi 8, g et aRfeerfo | W’%” NI S50, 32 x 107
Te LT A (R (Dissolution) WfwameT 1 ST e TIBr 3.4 x 106
x 10-4
Tk 21 1 AR 6.9 T 208 K W 5w WA @m0 e o A
o faeaa-Turwe fremist o W fET Ty € i FTHE ZnC0s 1.4 x 10-11
N TSRS Zn(OH)z 1.0 x 10-15
IEEAR GRS ZnS 1.6 x 10-24
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6.13.2 3Tk AN eh THAIAT U T 3=
PoICH

- Iafers fagTd o STIER, J8 319 &1 <t © fo afg
ot a0 foretam o fordt T 1A it |igd e W
ST 39 TAORIT STeeT oF ST oF | TANT hOm qel
oo 9 o @av a9 9o STaeifud B, 59 7o T 9R
K, =Q,, 78 S A fordl s <t Fisar s
qfeh fRL K, =Q,, B ST 7 forerd el ok fer +ft @
2, forerr 55h o STl 1 3 Wisa o o Q| o
T HIeRdl o TIF T EH Tl (activities) T TR
F €1 39 YRR Tifea FARIEe o Gqw e 5 HCI
o TS | T FARISS 3T o1 disal (Ffhaan) og
S oh R WIS FANES T SFET0 81 Sl 21 36
fafu @y Fifeam Feikes o5d €1 IS Bl 81 39 TR
&0 Hifeaw steren Hrferam gothe St sTgfgal W
A €| IR fargeiyor o et 311 oht argd o faetma
At 3Gk 379 foaeia e o ®9 | quieyor srasifad
T W o T S q9TE 1 A R S €1 56 bR
TH RIS fovetoo § facer sToM o1 sTaaul faeer
FANZS o €U H, TReh 375 T AL Bk TESFARE
o T H G STaE90] S ST 1 JfEH Hethe o &9
o & T
3o 3T oF IaUN i foeiddl %9 pH T agdl
2, *ifh %7 pH W RUMF 1 Wigdl 6
W01 o RO Sedl ®, S oTel i faeta
F I RN T K = QT A W H TH
1T I HEAT Sl § Sl K, = IM*] X1,
HX (aq) = H* (aq) + X (aq);

_[H'(aq) ][X (aq) |
) [HX(aq)]
(X71/ HX] =K, / [H']
T T T FhH TR | SgT W gH W

Bl

fx] [

X ] X, +1
[HX]+[ X | _ [H']+K,
[X7] K,

e fagm

TH: FhH o T EH W B [X] / {[X] +
[HX]) ==K,/ (K, + [H'])| 7€ 3@ ST Thal ¢
o pH o =23 W f ot w21 21 afg &t T pH
R dqu &I faeEa s &,

K, =I[SIIfS]=$* (K, / (K, + [H])}

S=IK, (H1+K,) /K, " (6.46)
3: S, [HY] & &+ A1 pH & ¥ed R foema
et Bl

ISR 6,26

% AMd BT foh Tl off TR o oA @ °
sifafshan 81 3d, Y 5 J A X, 1 foretar
1 TOMT KU A,X, 1 Fqo=d oEwe K
=1.1x 107 ®

T

AX, — 2A° + 33X

K, = AT X =1.1x10%

IR S = AX,, 1 foerma,

[A*]=2S; [X*]1=3S

W ¥R K, = (29)°(35)° = 108S°
=1.1x107%

@ S°=1x107

S=1.0x 10" mol/L.

IETEATT 6.27

T ofeq foerg @Ol Ni (OH), T3 AgCN oh
foeRIa-TUHwe o WM HH: 2.0 10 P TE 6
x 1077 &1 & 4@ Tau Afusk faeg 22

T

AgCN = Ag' + CN

K, = [AgICN]=6x 10"

Ni(OH), == Ni*" + 20H

K, = [Ni"][OH]* =2 x 107°

If [Ag]=S,, W[CN] =S,

I [Ni*"] =S, @ [OH] = 2S,
s’=6x10",s, =78x10"
(S,)2S,)°=2x107"°, S, =0.58 x 10
AgCN ¥ Ni(OH), = faciaar sifus

4
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IATET 6.28 et ferex o €, élﬁh—vr OH_ 1 el Wizl OH
0.10 M NaOH H Ni (OH), 1 Hier faerrar &1 (0.10 +28) mol L™ Bl Fifeh foerer  weet #

-1
T W Ni (OH), B SR T 2 NaOH 9 I 0.10 mol L™ 3Jufterd 21

15 _

K,=2.0x10""=Ni*'] [0)H]* = (S) (0.10 +2S)*

2.0 x10™° @l .

= FfF K,, 1 W1 F9 81 25 << 0.10 37: (0.10 +
25) =0.10

H fF Ni (OH), %! faer=d S mol L™ & faet 3?’4)1& e ,

B ¥ Ni** o (S) #idi U6 OH ®h 2S mol L™ 2010 = =9 (0.10)

S=2.0x 10" M = [Ni*]

9T

It 59 @ FieheHaret st #1 G o9 @ 59 § dieddr STupel 1 Ge o ae 8, dl O i
Bl Sl | FE el Feptd w1 eial ¢ Wreeree ifde T THEtTen, <l WehHi gR Tiid 8l Hehdl
TH ST W 3 S U ARl i U HHH Bl 81 ScUTRl shi WKl i SATWhReh! 1 Higdl ¥ HHT <
W B Yk U ] THHHHHAS e o =0 o ®9 § | felies K F 9 S 2

ARITFT aA+bB = ¢ C +d D % frw K = [CID]I/IA]'[B]”

o a9 R G feeris %1 O e @ @) 59 ot | gl Tel o1 S 9igdl, S g
feem Tt €1 Tt aifafsran o forg wremeen feomier #1 K § o7 3 €1 39 S fers s o
Tl o TIH W &0 A0 <9 fored 21 sifafran #1 fEen 1 oram sifafean amwe @ 9 o S
%, S WrETERe WK, % SReR B ¢ - YT fagid’, oh S8R a1, <19, Wigdl S e ¥ o R
TF ¥ qREd o o7 wrerae St fewn § fawenfuq Bt 2, S URedd % UWE H HH A1 T H 9o
THHT SYAN T Rl SIH 19, T, e, Sk 3 31l TG o Tt 1 TG W 996 o 77
o fopa ST € qe ScUTE 1 WM 1 01 89 hReh! i AT Sieh fohan ST Fehar 21 sifufeman fasm
o HEEE FeH &l I UIfad &l i, forg eifufsran =t g &t ¢ =1 Seii-ua o sifveras
T AR g1 el SR ¥ SAfThRs W a5t 9 ¢l

9 gl wred, S Sl faeree o ford 1 =eH S €, oy oraeed’ seem €1 ot &N a9l
o1 * fergge 3TTera’ €1 A et forera W et 91 SIE g1 GFEA Td SROTEA o Sedled o ROl fagd
1 =eH H T ol e eraeed quid: fomifsa e s &1 geet faga erased o et u et
UL o HEA T el 81 SR o AR, Sl faeted § e, gEgie ST a9 &R, BIggierTel
MF <A 1 I G 3l 31 B GEY AR SIS - 3 ST ki WS % Y TS &N Freiued
o w9 B IR foman e Tk SRS 3T Ush ke 9 SAfafehar el ], q9 I8 THeRl §d Tt
&TReh Tol Tohal i ol &7 o G Tt 37ret ki ST €1 39 Wb GTHT o7~ &R § Shell Teh G2
1 SR I T A, gH 7 A I WA TY H el IR T &N hl oEE A o B9
H wiemifia foran SR 1 9 o STIER, 3aa o o fomie o fau feemis (K) 9o 3ea &R &
ferars oh fag feeris (K) & =ste 1 faskfaa feran o e &t wen e 39kt Wil W i qen
TH 3 1 e R T @1 eEee ST Wt igal (Wiwad) o T pH HIYEH (pH = -log[H'])
TEA A T €1 e S T v & o faRafi@ fFA (pOH = - loglOH)) ; pK, = -logK ] ; pK, =
—loglK, 71 pK_ = -log[K_] 37f%) T §1 Se & S 1 2799 % W g9 3@d § foh gefieeor pH +
pOH = pK_ T Fq= Bl T ol 370 T qoiet &R, Jocl 37Fet T Ul &R ¥R qaiet o7l 0o 3o
& o TN Rl STl e § Siel-STue el @1 IR foerae w1 qReo de SUch Hew i Gfee Jue
oo T 21 s1e e e 3 forcrran weieht @i 1 vl ud fa o feerrs (k) 1 At w
T THH Hey il 1 ferera  wenftd fopan | faer | @ & Saeun A 35 Sl § foerar i v
1 it fofan 7 21 Hw S U oty foeid w1 faor & Hewd w1 oft fade w5 E 1
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e fagm

faenfére & fow 3@ weher W dHeifm Fdfym foramd

(%) foeneff fafiys o wal wa Afssal o6 Wi, 95 99, IR 9810 3ol 6 3T S oF T
%1 pH T1d %3 o fAw pH TR 1 ST HT Fohd 2l

(@) pH YR &1 S9N fafq=t <iao =1 faeem &) pH I & o ff fman S dehar 21 98 7
T R Hehdl/Eehdl € o A gac/gee sl O ARl W s e )

(1) ° Hifeqn wHite e wHifew 3 1 i W 5w a6t fae@d o ¥ehd € T pH W
1 STANT HT SAHT pH A HT Tohd 2l

() 3= fafis pH & faerai ® fafus a1 9ferd w0 o forg goek f&u <1 9shd 2

(T) guH! H1 SYAN Y D A &R AT HT Fohd 2l

(9) 9 27eq foeid @eu 1 faeiaa W EH A Y96 Hl 3@ Thd 2l

(B) Al fomnmera # pH HieX 3ua=d &1, @ o $§H pH A9 &Y 3Uh! pH TR ¥ I IRomH §
T T T B

6.1

6.2

6.3

6.4

6.5

A

T g9 & Hoee ue | fifved a9 W gEes arsg & WY 9§ W S g e 6
A SR el e S

(%) TTU-TE REE 1 GRS TR F21 T2
(@) URY W o9 TS WO %1 ST ohd aseldl ©2
(1) T, 59 TR 9 g ST ®9 9 Tfud g ST qd sifw ST @ 3 g ?

fet W o5 forw K 3R @i, afe o W g e % @i € (SO, l= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

250,(g) + 0,(g) =2S0,(g

T = dM td Fd 3@ 105Pa W AEEN asq H STRETAHER 40% AEEH
] B R

L (g = 2I(g)

g & faw K, &1 O i)

frerferfed & 9 g arfufwan & forg e feri® K, @1 =i fafae-

() 2NOCI (g) = 2NO (g) +Cl, (g)

(i) 2Cu(NO,), (s) = 2CuO (s) + 4NO, (g) + O, (g)

(iii) CHSCOOC2H5(aq) + HzO[l) = CH,COOH (aq) + C,H,OH (aq)
(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

V) L, (s) +5F, = 2IF,

K % | @ fefatad § 9 yeish 9 o faq K 1 6 9 R

@ 2NOCI(g) = 2NO (g +Cl, (g); K=1.8x102at 500 K

(i) CaCO,(s) = CaO(s) + CO,(g); K =167 at 1073 K
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6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

T NO (g) + O, (g) = NO, (g) + O, (g) & faT 1000K R K_=6.3 x 10™ 2|
g § o1 Uy S stfufsmard werfies w9 @ fgeroes €1 wdiw sifufeman ok ferg
K_r 2?

g feerieh o1 =S forad e 99=ET o Us 5di Td Sl o1 Sufard o fehan s
Tehal 87

N, O, & " frfafaa sifafwan sid &—

2N, (g) + O, (8 = 2N,0O (g

I T 10L % 919 ¥ 0.482 Hi@ N, T 0.933 "t O, 7@ ¢ qen T am, foram
N,O & &2 S ot ®r=r fHe707 =1 Hered 3 hifow K= 2.0 x 10771

frefafaa stfufsan o sgar Efer sAfwEe Br, ¥ sifufsa w2 TEdfaa amss
T B

2NO (g) + Br, (g) = 2NOBr (g

e feer A9 W U &€ 9 H 0.087 Hiel NO T 0.0437 Hiel Br, fufym fehu s
€, @ 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | 6T 91 &ifow|
|1 250,(9) + O,(9) = 280, (g) % fAT 450K WK = 2.0 x 10'° bar €1 38 @9
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T Feleeh H T@l Sl €1 9 W HI(g) 1 37iferh
T 0.04 atm B el 3T T "= % fAq K, &1 79 @ gm?

2HI (g = H, (@ +1, (9

500K 4 W T 20L& # N, & 1.57 |, H, % 1.92 Hiel T NH, & 8.13 Hidl
=1 fago femn s 21 eAfafsen N, (g) + 3H, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 81 @ stffsran-fagon wma # 22 af 7, @ e sifaferan =1 faen = 22

T T At & fag

O]
~[Nof (o &7
9 5k oh fae Hfera Tt g fafau)

H,O &1 T Hid U6 CO &1 T Aid 725 K ad W 10L % 74 ¥ faw v 21 =
W 40% STl (RIS ) CO o Tl FAferiaa THiehtor o SgaR stfafman s 8-

H,0 (g +CO (g) = H, (g + CO, (g
aAfferar o fore wm feeries &1 7o sifsuy
700K a9 R Sfafwan H, (g) + 1, (g) = 2HI (g) & fore o feeris 54.8 813k

B & ¥ HI(g) fo=n 81, 700K 19 | €=1fad &1, de | W 0.5 mol L HI(g)
Safterd =, @ 9 W H,(g) T L,(g) & Higand = si?

ICI, TSt Tizar ged % 0.78 M €, 1 fE | W 37 fan S, ot yeoeh bt &
T Higane = Bl?

2ICl(g) = L, (@ +Cl (g); K=0.14

I i U § 899 K W K, %1 9 0.04 atm €1 C,H, &1 HF T Higdl &

c
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6.18

6.19

6.20

6.21

6.22

6.23

6.24

i A 4.0 atm @ W C,H, %I T Tk H W T 8 T A |

ST &2

C,H, (@ = C,H, (g +H, (g

et T UHifesk et 1 erfufenan © e T SR ST @ U 9 i 39 YR

QI ST Gehdl B—

CH,COOH (I) + C,H_OH (I) = CH,COOC_H_ () + H,0 ()

@) 3§ efuafren o fou wiza st (sifafwa-amrea) Q, fafaw (feoof « =@t
W St enfus | e € ud e off = )

(i) @K 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al THATA IRA H ford Se
sfferm g fagor 9 0,171 dict Tforet Teiee €1 | feeris w1 1o wife)

(iii) 0.5 A/ TIATA TE 1.0 it THifesh 377 ¥ YRY i3d g 293K 9 W FD
I 9¥Er UIA TEee & 0.214 WA 9 T O R | w@fad g T

437K 19 W feid & PCL, 1 Teh T T Felresh H feran 21 | weifid gF

PCL %1 FEa1 0.5 X 10 mol L' WE T, afg K_&1 71 8.3 X 10°T, @ 6 W

PCL, W Cl, %! Higarg =1 eitii?

PCl, (g) = PCl,(g) + ClL,(g)

e ST @ widl a1 gud S ifAfwRan et €, 9% S (1) SATIse 1 Hie

HHIFEE o g1 ST € T 369 wifes @l wd CO, faen 2

FeO (s) + CO (g) = Fe (s) + CO, (g); K,=0.265 atm at 1050K

1050K W CO Wd CO, o W W A <@ 1 B, Al S¥eh GRI9h 37iferen

T B

Peo= 1.4 atm T p,, = 0.80 atm
#fufsran N, (¢) + 8H, (g) = 2NH, () & fau (500 K W) ¥ feeris K. =
0.061 2| T fagis g9g o fagor &1 Toeq 39 YR 2—

3.0mol L' N,, 2.0 mol L' H, W& 0.5 mol L' NH, 1 siffsan @ o 22 3k
&, @ = Tefuq s o o sifafeen fee foem o s ghi?

S HFERTEE Brel faufed gie e U8 el a1 § aen 9re Lfd g 8
2BrCl (@) = Br, (@ + Cl, (@

7Tk fIT 500K W K = 32 ¥1 3k TR9 ¥ BrCl &1 9izdm 3.3 X 10° mol L&,
e W g0 § SHRT Figdr = B2

1127KT& 1 atm @ | CO @1 CO, o T fasmn o wraemen | S #ieq §
90.55% (9@ ) CO 2l

C(s) +CO, (g) = 2CO (g

IWeH q9 R Al % fag K o |71 &1 10 i)
298K ® NO T O, & NO, adt &—

NO (g) +'2 0, (g = NO,(g)

sAfufsran o faq () AGe wa (@) 9= feemiss =1 ORI Hifsu—
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6.25

6.26

6.27

6.28

6.29

6.30

AG° (NO,) = 52.0 kJ/mol
AG° (NO) = 87.0 kJ/mol
AGe (O,) = 0 kJ/mol

e § o gt 9 W S STEde 9G] <16 S ShA1 Sl €, 99 Saersy
Al o SIS o Hiell w1 WA dgdl @ A1 Tl @ A qHH Wal 2

(®) PCI (g = PCl, (g) + Cl, (g
(@) CaO(s) +CO,(g) = CaCoO, (s)
(1)  3Fe (s) +4H,0 (g) = Fe,O, (s) + 4H, (g)

frefafad § 9 < 9g™ R SF-®E d Afufmard yarted enf? 98 off gard fF e
qiedd 0 W AfAfran 3w =1 wdtg fen § fqas gi?

(i) COCL (g =CO (g +CL (g

(i) CH, (g +2S, (g =CS, (g +2H,S (g

(iii) CO, (g +C(s) = 2CO (g

(ivy 2H, (g) +CO (g = CH,OH (g

(v) CaCQ,(s) &= CaO (s) + CO, (g

(v 4 NH, (g) + 50, (g) = 4NO (g) + 6H,0(g)

frefafea sifufwan o forw 1024K R 9= feeri® 1.6 x 10° 21

H,(g) + Br,(g) = 2HBr(g)

If% HBr % 10.0 bar iegs s § Sel oMd, df gft 9l o 1024K W 9 &
A Hifs

frrfafaa i sffsen o STar s g SEeRgeH 19 wefaw 16 4
WS T ST B

CH, (g) + H,0 (g = CO (g +3H, (g

(F) ST sfufshan = fere K 1 =i fafem)

(@) K, o aifufshan fem o1 9 R Hoed foh g gehr geffed g, 4t
@) =@ e fear s

(i) 9 s fEa S

(i) SOF TFF fRa SQ

w1 2H,(g) + CO (g) = CH,OH (g) T 94T «disi—

(%) H, frem =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeaige PCL % famed & fau K, &1 71 8.3 10581 4z fowed
39 WhR SR WY, df PCL (@) = PCL (g) + Cl, () AH° = 124.0 kJ mol!
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6.31

6.32

6.33

6.34

6.35

6.36

6.37

6.38
6.39

6.40

6.41

6.42
6.43

e fagm

(%) sAfufsran = fag K =1 =sa fafay

(@) Wi AR o fg ¥9H a9 W K %1 7H F= S

(M 3R (i) 3R ek PCL et ST, (i) 1@ T@E0 S0 A9 (i) @ S
ST, @ K 9 9 G B

TR fafer o woe e1gSIST i Wiehfaeh 19 W W WO bl $vd 19 i 99 9 T

T AT ST 81 J GRere stfufsher § ger e § CO e H, adt 81 gER 9% § Wem

oS § S deft CO iR wfush g o sifafwar w2

CO (g +H,O (g = CO, (g +H, (g

T 400°C R Af49fhan 95 & CO T 99 1 FHARK H501 36 YR foen sy fo

Pco=Pi,o=4.0bar, H, 1 |l W S <16 941 &2 400°C WK = 10.1

Farsy for fAfafed o 9 foea sfafsran o s1fyerenl e SRl 1 Aisa gued sifi—
(F) Cl, (g = 2Cl(g) K, =5 %10

(@) Cl, (g +2NO (g) = 2NOCl (g) K.= 3.7 x 10®

(7M)  Cl, (g) + 2NO, (g) = 2NO,CI (g) K.= 1.8

25°C R #fafwan 30, (g) = 20, (g) & fau K 1 79 2.0 x10-5°%| 7t a0 &
25°C A9 W O, %1 e Wigdl 1.6 Xx102%, a O, 1 Higal 1 BFiT?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =1fufswan s frer % # 1300K T
TR ¥ €1 389 CO % 0.3 7, H, % 0.01 Hid, H,0 % 0.02 el T CH, &
ST W 71 KU T q R sfafwn o fow K w1 HE 3.90 2 fasm ¥ CH, %1 A
BRI

G eTe- IR g o 9 o1 @2 fefefaa wiefis o forg ggredt seey/am sde—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frfafed § ¥ &9 9 9 o 87

H,O, BF,, H* & NH;

ot sserl o foag S el o o ferfen -

HF, H,SO, ™ HCO,

TR NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, 2337 T &Reh—ari &! A e &
T Y o w7 9ol eSSy

Frefafad e & TE9 o7 q &N | afiehd ehifelg a2 Jarsy fof 3 fFe TR
TR ST-&N o §OH w1 FW - (F) OH- (@) F- (1) H* (%) BC,

T g U9 % T H eESeH AP F1 FiEdl 3.8 X 10°M 21 SHHT pH uiehfaa
HifSUl

foeh & U T *1 pH, 3.76 T, 3TN TESSH A HT FiEdl [ it

HF, HCOOH @& HCN =T 298K W 319 feerish shAwl: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TTF Td TIH! QRi oh FA fLerieh F1q Hifsu)
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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

HHTet 1 SE feRi® 1.0 X 1071021 0.05M HHA o fao@ § wilele sma &1
rzar a1 0.01M Hifeam wine faoad o I6eh & &1 A1 91 Hita)
H,S W1 J2iM ST feer® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
T UM HITC q2 Farsy fF afs 89 0.1 M HCI ot 3ufeerd 81, @ wigd fhd TR
wofiferd BT, AfE H,S w1 fgdta fomism feerisn 1.2 x 107181, @ Hewige S A=l
T IAI feefaal & Higar H1 T0MET FifS)

ufHfesh 3t T ST TEeish 1.74 x 10-5%1 39eh 0.05 M ferers | ferier st we,
THIee 3TF Tigdl ae pH &1 9Rehe &ifsal

0.01M Sfieh 37 (HA) o faer@d 1 pH, 4.15 21 $8eh 0 &1 Higdl, 37
1 A feerieh den pK_ A qiehierd shifsiq)

vl faes wd gu fefafea fafes i & pH 3@ i)

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (1) 0.002 M KOH
frefafed faee o pH 3 shifsu—

(%) 2 7MW TIOH & 91 ¥ =ieeht 2 faex faeem smn sy

(@) 0.3 U™ Ca(OH), &l S | =it 500 mL feferda s s

(31) 0.3 IM NaOH = I ¥ =@t 200 mL faes = mn sy

() 13.6 M HCl & 1mL &l a1 ¥ TIh01 ek el e 1 e feren sy
SHICHifee 37 BT ST 1 A1 0.132 10, 1M 37 T pH q2 pK, 1 A4 T
it

0.005M #EH (C H, NO,) fer %t pH 9.95 8| 39! o feerish T Hife)

18721

0.001M Uil fera &1 pH 1 22 Tl &1 21 feerie arolt 7.7 9§ & gahd
E1 s G 3T o1 ST el F Site)

4tz 0.05M TEifes 37 o pK, 1 0 4.74 8, W ST 1 761 A0 hifsr) afg
T (1) 0.01M (F) 0.1M HCI faeram & gren S, @ fazse &1 461 f7g ya6R
woferd et €2

TR THA 1 ST s 5.4 X 104281 39 0.02M fore™M &1 3T &1 90
1 AT hifew) A€ 98 faeaa NaOH 9fd 0. 1M & df SEAIfe THHE 1 giaee
AT T B2

frefataa St o, i pH & ¢ €, 1 SrReisH 1aH Wigdl ufehiord shifey—
(%) HHEE W 54, 6.83 (@) 9Ma 374, 1.2
(77) HHa wR, 7.38 (9) Mg @R, 6.4

Y, I, TAR WM, 719 T 201 31 &1 ¥hal & pH &1 91 %A 6.8, 5.0, 4.2,
2.2 91 7.8 31 Y% & HTd H* 3@ 1 Higdl F1d HIferg)

298K W 0.561 g, KOH vel # e R 9 200 mL faera &1 & pH, weferm,
BIESISTH AT BIZSITeel STl i |IEATd J1d o)

298K W Sr(OH), forerr =t foerar 19.23 g/L 71 Wi qen g s &1
qigar den foee &t pH 91d &l
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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

WUgeR 3T 1 ST TEerieh 1.32 X 105 81 0.05M 31 o= o 1@ i asl
T pH I &ifsw| Af foe=a 5 0.01 M HCI fHarn ST af 36 STEH &1 A6
T HIT|

IfE A 37 (HCNO) & 0.1M faer &1 pH, 2.34 &1, @ 37 oh 3T feeisn
el ST i A 1A il

i Mg2H 3T 1 SFA feeir 4.5 x 1048, a1 0.04M Hifeaw "reerse fae 1
pH TeN SIS 1 A F1d i)

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ 9REH =
3T ey 9 hifstu)

Frefafed oo o Sefa foeet oF ITEH, STl qe S 8H i IR hifsu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARITE IR 3Tt o1 EH Teeis 1.35 x 10381 0.1M 1= a2 38k 0.1M
Hifsa™ @@l &1 pH 91 it

310K W S 1 (e oS 2.7 x 1071431 g drdshd W ST wet 1 pH
T HI|

frefafea fasoi &t pH aftefad Hifse—

(%) 0.2M Ca(OH), & 10 mL + %1 0.1M HCI %125 mL

(@) 0.01M H,SO, %110 mL + 0.01M Ca(OH), %110 mL

(7) 0.1M H,SO, 110 mL + 0.1M KOH %110 mL

faeer e, AfEm wiHe, BiE FESFIES, T FANEe 71 R sTAeEe faeed
T AR 6.9 ¥ U T foerar ToAwa femis &t Ferd 9 faerar 1 sifae qen
JF 3T H1 HieRkal it F1q i)

Ag,CrO, 741 AgBr 1 faetadl uHwet fEerish sH: 1.1 x 1071241 5.0 X 10718
21 Soh Wgw Too@ 1 HioRdl w1 S 6 S

A 0.002M FisdEm! Hiead SR a0 Ffew e faeta™ & ToH S i e
ST, T A IR S FT STAEA M2 (RN A % fIU K = 7.4 X 10°)
Sl STt hT ST feri 6.46 x 10791 fieer S=iee &1 K 2.5 x 1071
21 3.19 pH et I foerm # fea s=iwe Sl 1 qorn o fohan 11 faem gm?
T Hethe 91 HITSTH TehEs o THHCR faeri shi Sfushad Hisdl Sy S/d ek
M A oM W SRA Ocwise ofaaifaa 9 =l (STPRT HewRs o fau
K =6.3x10"%)

| U <hfeTaH Tethe i S o To1q A 9 1 fehae STFd Sel S STagaehdl B2
(hfewam Hethe & fag K =9.1x 109)

0.1M HCI ¥ eEgiSH Hehize ¥ Hqw foe™ &1 @iga 1.0 x 1079 M 21 afE 29
faer @1 10 mL fr=fafed 0.04M fae@a & 5 mL Sren S, af f faeeet 9
3fae W<l em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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