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ehfead UHM T a9 1 BOTcHS HH G99 & 2

1.4 o= ® IrFAfs=raar

WP & A9 § 3% 9R gH AT el o
e Wy Ygifas Mol W faER wen e @)
GEmel 1 Wleldl 9 e w qel el
- dva fAfveaar & @y Fend wgfa & *
eyl afier ot €1 3t wdl W A= fowr 9 faew
foran <1 w1 21

1.4.1 dATTH Hohad
T o R SR STupet o stemEd 9 e
Bt 21 37d: Ferelt TR hi 2 BESISH o STU[Al o
fT 662, 200, 000, 000, 000, 000, 000, 000 SIE
IS T AT TESSH WHY] o SME % fou
0.00000000000000000000000166 g SIEt B HEA
o H1e HH BT IS Hehdl 81 THI TR wAieh rdien,
TR ST A, HUT W e AT § off S Y 7w
RO ST GRAT 9l gead gt €1 T el o
et et | A A A ) e SR e
TSGR o Gehdl €, Wq 39 de@mell & Y Wi
TfOTTE e (S — ST, ST, O STl A N
<) W b A €1 S S TE fer &1 Wb o
Hege i g fafEu o AW wiE i it
T ShifSq S/ 319 Tt o &9 | o =med 8l
fSed o9 TEt YR ¥ I8 9He 9ok foh gened o
A T HAT o o e 2

T HISTE o 31 G o Torq, Satien, arerfq
SETAIhT Hohde oh SYANT GRI & fehal S Tehall €|
T Tehad H fedl of 9@ &1 N X10"F ®9 o
feran S &, T5eH n =REmdie B SHh "H oA
A1 AUMHE & Tl © 3R N &1 dH1 1.000... 3R
9.999... o HeA HIE i HEAT B Hehdl 21 N o1 fefsie
= wEd 2l

3 A=A Hobd | 232.508 1 2.32508 X
102%F &9 ¥ ferar STan 81 &M <ifeie o tEn fomed
Y9 TYHAE 1 & T 9 AR @ S W e 3R
S Hohad § o (2) 10 1 =i &l
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WEE faH # 9 99 EyRomd

T YR 0.00016 T 1.6 X 10+ &t & for@n
Herdl 1 8T TH i T S9Herel Rl 9 M <6 3R
S SR TR © IR SR Gohdd H (-4) TREiF B

Aeh Hehad | oFekd TEAeT W Tfordg g
A 999 &4 fefafed ol 1 eaH o W =g
TOTr 3R WRT SHTT
T q FE o fou =it Hen A fem g
TS -

(5.6x10°) X (6.9%10%)=(5.6 X 6.9)(10°**)
=(5.6 X6.9)X10"
= 38.64 X10"
=3.864 X10"

3R

(9.8x1072) %X (2.5%X107°)=(9.8 X 2.5)(10%9))
=(9.8%2.5)(102°) =24.50 X 10°®

=2.450 X 107

e

-3
%42.7 +5.5)(10°*) =0.4909% 107
O X

=4.909 x10%

TANT /AT AR TEHT
T I wEl o T TE HENS HI 38 YRR e
TSl ¢ Toh Sk =Eish THM Bl SEeh W18 HEE
%1 STl o1 SR S Ghal 2
37d: 6.65 X10* 3R 8.95 X10° T AT i o foIu
&l SR =Eieh WM Shich 6 YRR forel STl §—
(6.65 X10% + (0.895 X10Y)
THeh 9IS &A1 i 36 YN SIS ST Hehell ©—
(6.65 + 0.895) X10*= 7.545 X10*
TH YehR < WSt i Al S S Gehdl 8-
(2.5 X102 — (4.8 X109
= (2.5 X102) - (0.48 X10?)
= (2.5 -0.48) X102 = 2.02 X102

1.4.2 Wk 3Tk

T TS O0E H 9 A 9 AR sava g
2, THR SIR01 W I o1 WiTHaal To /9 ol oo

11

1 STl B SR Rl o 1 S W TS

Y 94g o1 B, AR TUH FAHH SOl donl W

9.4213g | STl & S9eifieh gl o HIar T S

Y= TS, § 7Y T 5 9 9 i ST o1:

T A0S § W SHH o6 7 H S¥HeAe o 918 ol

3k 4 W YA §1 T qRomE Hed URys R

ek BF TIfeUl S o g9 IO 1 o1 i §, 7

ufRgrgar iR gend i ot g o @ S 2
TR a1 URenford A | SHfY=raar s wels

371 1 HEAT o WY Ueh AI=d i ot =

fopan St €1 WrefeR ofeR o iyl ok B €, W

ffyaa 9 @ 9@ g1 1ff=aar sl =e & o fag

el ffyea ot for@ o € 3fi sifiy=m oish !
sffem o7k o &9 o foran siran €, eifq Ak eq fomdh

9o # 11.2 mL % €9 § fod, at g9 9% 99z

g fF 11 fafvem oiR 2 erffyem @ qon oifaw o o

+1 i AfAfI=aar grft aft = 3R T sam=n T &,

aﬁa@nﬁﬁaﬁaﬂﬁaﬁﬁaﬁmﬁ%ﬁﬁ

St Bl
el 3kl 1 Fifd w o o w21 S,

Tel fau w1 ® € -

(1) |l R-I 37k q1efeh B 21 S0 o feau—
285 cm | F @iefer 3 3R 0.25 mL A |
el 3 2

(2) VM W-YH 3w W TEA AW o Y el
T Bl TH ¥ had 9Had i fufa
A €1 37d: 0.03 H ohadl Tk Wik 37k 3R
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 & &+ 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 Tid| 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
IUTE BId1 €1 8H Ueh Wik 3 o foIg 100 i
1x10%, 3 ek 3fehi o T 1.0x 10° Td A
refeh 3Rl & faT 1.00 x 10% fer@ wehd 2

Rationalised 2023-24



12

(5) &gt i firdl, 33w o forw 2 7=} 41 20 37k
o weler 3Rl i TEA 34 €, s 4 A €
Tenefueer G € $IR 5% Seer foraeht SUeh
o Fd Y for@et ST TR 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 %

g 1 o Hdl ¢l WG qemefueRar fend

fafsre yreifites 7 o ardfas 99 9 el W@ i

e HAT 81 SR o feru— afx feret aftom w6

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

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

% Wgd UM B °h ®RU I UM URYMg €, W

Fenefmtsr &t 21 qEw famnef ‘@’ 5= S A %

fau 1.94 g 3R 2.05 g AROMH 9 wL@r €1 A <A

oo 7 qf Rl € @R 7 € Fenefuten| die feeneff

‘1’ 1 AT % AT 2.01 g 3R 1.99 g IRom wre

B 81 A A aRgs off € SR endwen ot 59 diferht

1.4 ¥ 3R EME o 96 ST Hha ¢
Arfetent 1.4 3ifehel ot URYIGAT IR Terdan o1 Frauor
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

wrefeh 3fehl Rl SIST 31T =T
S o1 e % 9% W g H SemHerd i qE
3R g o oM ol et ot wem 9 stfus 3w
T g =T S -

12.11

18.0

1.012
31.122

TW fFU T 3[R H 18.0 H WM o A

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

g 3% qh, AT 31.1 o ®I H & T HTA AT

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. afg ged <€ AR dren i (59 gemel) 59
sifye &1, @ U Ugd 9 3% 1AM Th
arferen Y T S &1 S - afg 1.386 ® 6
TSM &, @ &9 fohean & g 1.39 fere

2. I a9 TR AR T A1 AH Arel HF 5 9
FH B, A SUH TS oA AF i aGgen el
ST S@— 4.334 | =g eif<m 4 61 g2 @,
qr afomy 1 4.33 o w9 ¥ ferar S|

3. Ifc a9 € AR K1 g™ W el 3k 5 @,
ql 3T TgN 3% 9H g i frufa o aen e
ST, g fave g W e 9er f&ar s 2
SH— A% 6.35 i 5 BT Fehean wE B, Al
BH 3 o 9GMERT 4 HEA BN 3R 36 YehR IRomH
6.4 = fora ST, W A 6.25 1 Fehedd
HE L @ 39 6.2 forar s

1.4.3 fariar fagawor

e 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 9 T S %\'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 1 TJoN ST Ui W feran 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
i | g g

IR T T IR T AT @ G ¢
I o W ot GEAsT &1 e M fRar S
Tkl 81 S Il ST Tehall & TR 9T, Tom, i
e fepan < Hehal 21 TR, $ IR SR
<d|
EEIEEL ]
Tk S H 2L g9 Bl ¥ K SAFAT m? H
qRehferd it

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

1m ~ 100cm

orere =1=
100cm 1m EIT‘?T@HT%I

T THE 0TI @ m® W FH & AU Tew
T U 1 S O TSl @

3 3
(o) o =1- s
100cm 10°cm

9 2L =2 1000cm?
74 EHE U Y 0N HE W EH UN

13

1m?® 2m?®

2X1000cm® X ———=""_=2X10"m"®
10° cm 10

38Ul
2 & fora S9E (s) B9 o7
T
T WA © foF 1 f&A (day) = 24 512 (h)

l1day 24h
Ell 24h lday 3ﬁT lh:GOmm

lh _,_60min
60 min 1h

31 ﬁﬁﬁaﬁmﬁwﬁaﬁawﬁ%m
2fd -
Wégmaﬁaﬁwﬁwﬁéﬂﬁagmﬁ
TH YhT O foRA1 ST Hehell B—
24h _60min  60s

2day X X X
lday 1h 1min

=2X24X60X60s =172800s

1.5 TEAMR O o MW
Al o GASH o ATt w1 s Frefafed ot g
el o siaid g 8—

1.5.1 TSHUT-EILIUT <kt M|

30 Frem & ogEn g T @
ST ST Gehell 8, 3T 7 € T
feram < Tewar 21

= fem &1 Sd aEf
q |1 1789 H T o =i <@ A
siffspansti &1 Uit stead :

Einis

i SO ‘jﬂﬁ_{ ff s (1743—3111732{:‘;I
fu U ey W wgd f fohdt
s Tl THERR Redd § el geAdH § whig
Tfkerd &l il T faH R AR R S Hehedr Ty
Tt W enefia €| arae o eifientel iR el o
STl o TR AT 3 AEET R A Rl
AMYah i oh HRU THT 9a ol
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1.5.2 T¥X arqura o1 Fram

7® 9w WA Se®
TR A & en 3 SIER,
ferdit @iifirer o ol & el
T U Hd GHE Eiel £

YRE A Ffyh FHEH & T
T o ey fwen, A 9
Tk WIpfdeh 3R TE0 Geelfoa o
I 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
yfaera | wfaera yfaera
UTehiden 51.35 9.74 38.91
RESIEGH 51.35 9.74 3891

R IE I CRIE

Tl AfarfisT o SoomM (31Uiq 16 g SR 32 g),
S eRgeH o ffved seIuM (2g) % WY WYE e
€, Toh T U 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
T €, o Seh YA Bl S | el ©, 99
goft 19 wHH a9 SR <@ W e

37d: BIEGISH o 100 mL WS o 50 mL ok
T YK FHL 100 mL FA-a19 4

eEgeH  + SATRSH - v

100 mL 50 mL 100 mL

37q: BTSN ST SfeRdIoH oF STFae (ST e1rad
¥ wo, #iq 100 mL 3R 50 mL @ §) mag o

31d: S84 frend feten fo &id W AR 7
B ot Aifiren o Sufterd qed & oM T0H 31U
o i W €1 39 e ol e ganT gr weta fehan
S e B 38 wefi-peft Fafyera daeT @ fraw’
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
TifiTeR ST &, T Ueh o~ oF |1
T
qufeht ;%Tqm_@%%l e w———
SRS oh 1T W BIehR <l (STt 3R erEeieH
IHFAEE) T 2
BEESA  + SESH |
2g 16 g 18¢g
TEESA  +  SHESH s TEENH WeARIES
2g 32¢g 34g

el U 2:1 H e €

ol o 3T Gael & quifer STural i
QIS areqd | 3Tad o de4d | feeRr o1 &1 faw’
21 U s T e S 1 W gemE %
e | B -qqd® & w H uRgel @9 1811 H
ARSI o BRI i TS|

1.5.5 TGNl 1 aw
99 1811 H ARG Wied
fopen fop @oM @ SR <@ W Esd
T o HEE Tl W STuEt i
@ 9uH B iUl STEms |
THME SR STUEH o diE SR i
RS i, Sl 3T ST O 99 o
IR B A & TS 3R SHerdieH
i ST I i AR HT IR @, T8 FHE Fehd
T o 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¢ %
HESEREET BIZGISTT <hl TR T ST o
1 3IaA 1 AT 1 A=A 2 A

T 1.9 gIEgio o &1 ST Al & T FaT & QY AR F7h 5 & & AFTH 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 S8 I TE W WY e 8l
Tehd SR BISSISH A1 SRS o < JRATIET ot 370
Iufkerd & B TWehd| STERNS! 1 TEE Wi o
(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
TiEenstl SRl 1 -3 R fa=m wqd &
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
‘Afaa’ el ST o, gN e
g4 o faar #1 safw e
ST fefshed (460-370 BO)
o HHY §E, W] S WRTR STl
(foreit Swera fomi =t st feam)
% FaEaey 39 W R 9 four
ERIESERSu
T 1808 H Tleed 7 TREH-SUARIG &l Th T8
Ygfd (A New System of Chemical Philosophy)
TeRTeTd i, o s frefafea e yeafaa e
(%) Foa Afa9md AR ¥ o4 B
(@) foet f<u gu o & Ift s o T 969H
s dfed Tk TuE o e € fafie
Tl o ] A fa g €l
(1) U 9 Aftrer qal o TEpS o Hfvea U
o gAeH | i s d 2
(%) qEEfe Afafshaiet o T gAeaterd g
T wEEts sfafEaet § 9 d 5w s
Gehall €, 7 T feha S Hehell B
Tleed o 39 fagia o qamEfe gasH o It
1 S 1 S Hehl| FEM 369 6 M o

S Eleed
(1776-1884)

15

frm &t =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
wEmEtt 3R erupsti W ufifed g & e o 9
gogr Sfad =M fe wem] gemE iR enfres
FIUE 9 g9 9 9He €

1.7.1 UTHIU] GSHH

T FAM, A forelt TR 1 S2ME arad o
9gd A Tl B, FFifh TLHTY] 3Td B i &1 3T
TE-TE Y] FATH A R Kl 98a qehAToh
(- FoHH TegHiEfd) TAR T SUers &1 W
S TEE W4 T 2, S vt § o T
TRHTY] h1 SAHM 38X oF 919 R w9 9 fuifa
F Thd 9| TEGISH A i ¥ TTH 84 h
FRU W €9 § 1 zoAE (T oot 7o oh)
&= T R Rl W qxdl o TS o Ko
39k WU U T, WG TAN] SHAAE h TdHH
TGfd FEE-12 THE W Teid B 38 T 1961 H
Teltehd fshal T Tl hra-12 1 Toh HHEne €,
58 120 @ Frefta faran Sman @ 59 12 RA-SemH
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'

uftefrg 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 GH
S 39 YRR U SR

A IRHTY] STHH

= (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 efa T
ST qehferd fRT ST Fehd €1 el w1 S7rard Aot
H fafs= 9@l o fau T ¢ 9w ] sevm 39 awl
o 3 TRATY] UM B 2
1.7.3 o1fuaes goaH=

frel e10) 1 enfvaes gead SEH Sufterd fafd=
Tl % TCATY] SHAT T AN Bl 21 39 Yol e
o TR FeHH SR Sufted W w1 @ o
TOFE o I GRT T TR ST Gehdl 1 ST 6
faw — wem (e T e ] 3R =R eEgeH
THIY] SUMEA B €) W1 Aok T TH R
HIe oA ST Hehl -
U9 (CH,) o1 enfvaeh SeomM

=(12.011u) + 4 (1.008 u) = 16.043 u
Tl YR, S (H,0) oK1 AfUesh FHH =

2 X FIESS w1 T FHAH + 1 X e

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 TR (S9 - WifeTH FANES) H ITh! uIh
IHEAl o ®U H ] I ¥ Sufterd T e U9
Afireni § TR (Hifeam 3TeM) IR o (FANEe
3T 1 FafaHa S 9 1.10 o 78R =arerm
wd T I8 &M <1 A ? % difeay Fanee §
Hifeqn A ©: FNEe S @ B SR
FAES A ot T: WifeTm Al § o @ 2

<
(‘(,

“Q\-

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

79 YR, G (S — NaCl) 1 T30 T-5eaqH
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 HAIA-Hehed T 3T Al geH ™=
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 U ‘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 TN 1 SI AR B T Hiet 8 Sieh 6.02214076X10%
& gAY HU T 21 I HEAT, AR e, N,
1 f7aq geds 9 g1 € S 38 mol ! AEH H
e el ST @ $IR 39 STENTS] e shel Sl 2l
forelt fpm & 9=l *T 9, Hehd n, faftre 9@
HU HT T BT ST B T A A HT T WA,
3T0], 3, TOIH, hls 3T U1 91 FHUN ol AT
TE B Thd §1 Tl I8 A 31 1 9 ¢ T et
<ol o Tk Wil W HON 1 WA wed A B,
ad & 98wz off uief g 3§ wen o uel
fAuftor & fau $EF -12 AV &1 FAAM,
A TFRTAM §R @ R T, 9w 91
1.992648 X1023g YTwd g1l h1ad o 1 AIA a1
TEM 12 g Bl ®, 31: *hiEd o | HiA H
AT I T 3 YRR BT -

12g /mol** C

1.992648 10 ®g /> C

=6.0221367 X10> 9] 9fd Aia
| Ot & N I H& o ey € R 38w
T AT 3R Hohd fean o, fg (smifea sanmsr
& THE W) ‘emanTgr femie’ sterar ‘stanmgt
W&’ #ed € @R N, ¥ o A g

9 WO o 9 URHANT hl ST HE o6 fag
TH W HI A H1 ISTAN fRT fom o aret weft g
o Y 36 THR 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 TSN W] = 6.022 X102 TEgS AT
1 Hid S@-31] = 6.022 X102 S[d-377]
| Aie Gifeay FANES = Aifsdd FANEE i
6.022 X 10?3 g THTeal
fa 1.11 9 fafa= w=rel & 1w 1 @i

T 2

far 1.11 fafs= ggrel &1 & a@icT

A Sl IRWINd & o o] fRdT aied A
Ik EEeh! o Teh Hicl o FoAHM i ST § A1
foran <1 w81 ot vt o T W & Iw
SR FEIUT I SHRT “HIeW Fed’ wegd 2

UM H e Ao SHHM FE&AS €9 9 T
S/ ST/ FoAHH o Se Bl ¢

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

ifeam 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 Bidl 2|
M A o AT9eht whiE 3Taa =1 =2 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¢

2X1.008
RIS 1 5 AR = 1802

=11.18

§ _16.00
SIS 1 S AW = 570

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

X100

X100

- _ ig.géi x100 = 52.14%
BTEGIST il ST Ffererd
= 60988 »100=13.13%
46.068g
SFHSH T FT9M Hfewrd
_15:9994¢ , 1 00 =34.728%
46.068g

TAIH-a9d o IReherl ol THSH o 9% 376
B9 I <@ T Wiawa-eed fieel 9 91 SHahr
YT ST S Hh 7

1.9.1 GeATquTdt g T fuees 9
AT G ferat difites o Suftera fafir oot
% Telad qul HEI-3IquTd sl oe sl
WafeR mfuass g ToRet difiten o 31Uy ¥ Sufeed
fafe= ueR o wmTUrsht W WET Wem i
FTiaT B

Ife fepelt 2ifrer o sufter @t qeell 1 5oHH-
gfaerd S1d 1, @ 3Geh! Ferngardt g7 FuiRa feran sn
ohdl &1 A% AR FeaWH A 81, gad 9 9
anfuareh G T 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 €,
3q: 100 g AfTh 1 AR GReHeH T
gfaursHe M 39 9K, TR KT 7 9ifs &
100 g 9fas®l ® 4.07 g TRSISH, 24.27 g HTeA
71.65 g AR Sufeerd 21

TRUT-2 Yedeh dvd i Wil sl W& o
yftafda ser

SR Y qcdl o FSATH! Sl SHALT: 381 del oh
TREY-FeEH 9 fawfsa sifw s difrs §
SUREIA SIgehi o Hiell 1 W& I & Sl 2

4.07
e e e =1_008gg=4-04
. . 2427g
T o HEl i qE _12.01g_2'021
\ . 71.65g
wﬁﬁﬂﬁuﬁaﬁaﬁw—%.%:&g—lml
TRUT-3 ST YT Yedieh Hiet €T hl 390 9
Y Bt wE ¥ fawfaa e

JfF 2.021 9o Bl UF 7, 31: 2.021
oS FE RH: C:ClH faw 2:1: 1 7@
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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(%) et 5 semn i e & 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¢
kSUESLE Gl 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
31d: enfges g3 C,H,Cl, 2l

=2=(n)

1.10 Eigfemarder 3T
Eigferatifeer ufitehe=
‘wiefrarel’ Wk q WE ISR - w=ifEwa’
(stoicheion), s/t 39 ‘aa’ % Gﬁ'{ﬁ?ﬁ'—f (metron),
S @t ‘m’ @, @ faeed W 21 e
RIS o Sidd TEEtes SifafsRen o stfufsheent
AN IARl o FEEEl (AW HH-HE Ea)
IRehe S €1 T€ THEH 4 Yed T frd qEmten
sfafen o fedt eifafeas &t feadt Amn &
STETIhA BRT A1 foha T ITE U BT, I8 ST o ok
fedt & T vt afufea % dqfaa Tt
iRl | 91 SR U Bt ¢ ST, HeH o
Ted W faar &1 38 sifafsran o fore wgfera st

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

el AT AR SEstidisH i ‘erfufwmas’ =
AR el STl € SR e SEATES qe1 Sial
%! ‘IR’ Fed 2| AN ey T sude sttt
o qeft srfafepaes iR 3aae 19 € oK 38 Sk il
o 915 hISH H g AR &l fer@et =aaa fhan S
21 SH YhR, G 3R gal o fery HHe: (s) 3R (1)
for@ S 21

19

0, 3R H,0 o feIu Tumten 2 o ‘wislepaiifess
TR’ el STl €1 39 kR CH, 3R CO, 3Hi & forg
I 00k 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) 7] o < U3 oh

A SAfET FF CO, (@ F TF ] R

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

SR 22.7L CO, (g) 3R 45.4L H,0 (g) ¥ 21
e 16 gCH,(g), 2 X 32g O, (g) o ¥ Afufsran

HTh 44g CO, (g) 3R 2X18g H,0(g)

21 3 Haul o YR W fEu MU SfeEl

Toh-TWR W 39 YR UREfdd fehan ST Fehel © —

S

—— =¥
I

SARI0T 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 8l CO,(g) W el §)
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 A 0.5 Al CH,(g) ¥
22g CO,(g) < BN

1.10.1 HHTa 37T TRAh

#E o efafwmetl § wqfeld HHiRl % SER
Mavas Afufwaei &1 AEd Suferd & gl Tt
feorfoail o weh sifafsraes g &1 stden sifekanr o
Sufterd B €1 S tfufsherss u wen § suferd g
2, o D I AE THIS Bl Sl 8| SHeh o1g 37} ST
sifafsran 1 =rdl, 9ol & g afufshasr w1 feRet
21 T Sufkerd €1 ord: st eifuferaes Teet Tt gt
2, I8 I H1 90 ) i HL 3 21 gHia 39
‘Hrwiq efwehdes’ (limiting reagent) ed &
WisferAHifger T ¥ T I a1 A | W@l

=T |

3IEITT 1.5

50.00 kg N,(g) 31K 10.00 kg H,(g) %! NH,(g)
I o faw fafya fean sman @1 9 NH, (g)
HI AN & GReed wifew) 39 frafaed o
NH, 3T & fau dma Afafsas w6t
g

R IE I CRIE

&

TR TE Afaferan o fow Hgfera T 59
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> HIod

H,(g) o Hicll ol He

1000gH, 1 A H,
lkgH, ~ 2.016gH,
=4.96x10° T
W U T TR o SR, sAfafwa & 1
A N,(g) o fT 3 Al H,(g) 1 STaedehdl
BIdt ]1 31d: 17.86 X10°HiAA o foau eTawash
H,(g) & Hidl &1 & = 17.86 X10°Aid

3 HId H,(g)

1 T N, (g)
= 5.36 X10° W& H,(g)

g A 4.96 X10°HIA H,(g) ST Tl

3q: TET H,(g) Hia s g1 o

NH,(g) Fadl 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)

TH YN 3.30 X10° HIA NH,(g) <t 8rfT1 AfE
U UM (g) W URAfdd 1 &1, d@F 39 YR fhma
STQM - 1 Hie NH, (@) = 17.0 g NH, (g)
17.0 gNH,(g)
.30 X10° NH,(g) X ———2>=
3.30 X10° A& (g | et NHL (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)
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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 FHROT SiE SR qoi-Tsid § ferd fhT S Tehd 1 ST, €W 5o el IR STHget
AN T TS o WY ARSI L i AfTfeRanst | fa=am #X -
4Fe(s) + 30, (g) — 2Fe,0,4(s)  (F) Hdfera FHiehRo
2Mg(s) + O, (g) — 2MgO(s) (@) Hgfad e
P,(s) + 0,(g) = P,0,,(s) () srHqferd HHiHoT

FHIHTT (F) SR (W) Fferd €, Fifr aeieon § 9 % 21 S Heiftr o 3R siefer % aeargst
1 T GHH €, T FHIHOT (1) G el €, Fifh SoH hIehRY o TRAT] Al Hqferd §, Wy SfedisT
o TRATET Y W@ TR & I SR WA TEl ¢1 39 Hgferd i o for weiwtor # o $iR siterds & e
H 5 9 N HE W E HHIHW HT IR AR SARHSH o THS i HEA Fqfed g —
P,(s)+50,(8) — P,0,(s) Hqferd eI
3TN, 376 W WA, C,H, o S8 W forR i1 g8 Tt i Frefafad & o wqferd fomen < deha € -
ug 1. stfufRashl SR Scael o wet g fafEu) 7=t 9iie ud stieiee sifafwass & 3R Fie SesieEe qen
WW%
C,H,(g) + O,(g) — CO,(g) + H,O(l) STHfeTd FHishIur
g 2. C WHIRET #T e qqferd X din sifufwas ¥ 9 ¢ WA €, safae 9 ok i co, srogei
1 T AT 2
C,Hy(g) + 0,(8) — 3CO,(g) + H,0()
U 3. H WS 1 e Hqferd w : o8 A AfufRashi § 313 H WA ¥, Sl % & A9 § § H WA
% aferT < 3R H o 8 WA o fu ot % =R S19] e =iy —
C,H,(g) + O,(g) — 3CO,(g)+4H,0 (1)
Ug 4, O WAV 1 H&A FJfed Y : TE T T9 SRSH TE] (3x2=6,CO, H T 4x1=4 A H)
37q: TH SifeRds WEvEt o feaw 9w O, SAU[ST i STewdehdr ghi
C,H,(g) + 50,(g) — 3C0,(g) + 4H,0(1)
Ug 5. Sita Y TR sifom TRl § qoie qa o WAEIEh w1 HEen Hqfd € : GHiehtor § g 3R 3 e
AT, 8 BEGISH AT SR 10 ATRdieH WA B

T geft TR, ford geft sifufsracht qon Scarel o fore W'Y gA 1 SUE g e, Sqferd fRar ST Hehdr 21 g Hem
I W o gt Ggfed w6 & fory eifafrashl @ik Sal & 9&f § 9 (subscript) &l 9% ST TR |

1.10.2 Taoromi ® srfufemamd

3T, 319 Tk 9k H IR § S|

AT | SRty ifdfsrard faereH o @ S €1 1. genmr-utave

;AT S Few U T o 5@ I 9 6T o g gy g 9@ fee S -
& ®Y H UMY Bl 8, 99 SUh! AEN fRE YR

R F S 3 forl e # W M S6 R ;ﬁé“wxloo

T AT H 3Iufeerd w_ief i Aen fefatad 9 9 w A

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

1. SoHH - Yfaerd a1 IR-UeE (w/wo%) Tg Tt fodiw wrees & Aet @t | ol faera
2. HA-S9 % el st et EAT T U BT 21 A HI
; 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

TE T AU TIE AEE 21 T M gR e R
Sl ®1 ag Tt faoa &t 1L faeam o sufte
el St HEAT Bl &1 37a:

fae@@ & Hrel &t g9l

T (M) = faem &1 3 (L H)

M ofifsy for ear T fed Twd (SE -
NaOH) @1 1M fae@ € iR g9 S6¥ 0.2 M el
foreraa 9 T = 2

1 M NaOH &1 1¢f 8 for faerm o 1L &
1 9ieT NaOH 39Teerd ©1 0.2 M faera o faw &4 IL
fae@ ® 0.2 9 NaOH &1 STE¥Iehdl Bl 7d:
NaOH & 1M fae@™ ¥ NaOH &1 0.2 M faerA
T & fT g9 1M NaOH oM &1 a8 omaaq
w1 B TS 0.2 M NaOH Sufeerd &l 31X 38 sl
BN TIH0T H¥eh 1 L faeras a=mn grm s| |
1M NaOH &1 fohamr s faen <, fS=d 0.2
TIel NaOH SUfeerd g1, 381 IRehe Hifdfad &9
o o <1 "o © -

R IE I CRIE

FfE 1 LA 1000 mL 3@ | 1 Hiel SUreerd 2,
q9 0.2 At SUfEerd Bim—

1000 mL

1 A

37d: 1 M NaOH 3 200 mL @& 3TH 3d1
S THeman S ©, difeh SEad 1L o ae) 8@l
Sy

Tt oS H WEE G M, XV = M, XV, %
off FoNT fepan STTaT €, STl M 9@ V shHel: Hierdl qe
ST 21 FRl M,=0.2; V,=1000 mL T2 M,=1.0; S
et w1 G H W@ V, S 39 YR 0 TR S
Fehel &

0.2 M X1000 mL = 1.0 M XV,

0.2M X 1000 mL
&R 1.OM

X 0.2 A = 200 mL 3A¥aT o

=200 mL

2 ST ff 200 mL® Fo1 (NaOH) o Hiall
1 F& 0.2 off 3R 78 99 HH W (1000 mL) H it
Ia &, @1 (0.2) W ®, Fifh T ket faomas
(Stet) =1 AEN gREfdd w1 8, 9 fF NaOH 11 wifeh
faemm &1 |ixar & 8 T F

4, HiATdT
W 1 kg Taomaes o Suftea faor & el ot
e & ®U § uftarfua fear sar 8138 mgm
= foran 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 foeras S

Afereh ig forera o Ah0T U ST ST &1 3T
i arel faerem i i foee’ (Stock solution)

m=3mol L

1 Lf9e=" % NaCl #1 5&HH =3 X58.5 .
off wed 2|
=1755¢
e — 1000X1.25¢ M ® fo faoea #1 dicdad aomE % Wy
' uRafdd & 2, e somm agEE 9 stgenfad
= 12508 wdl 2
LI

T fo=M &1 1ea ogd gyl €, Fife 78 Siod o quft veqe 1 yfad s 81 e
wrell ST GO, TUTeEl SR uRed i o SR H eremEd e ) qeft usred %o g o e 71 9 A sifas
eI —3, 59 I 19 & &9 | QS 1 & A erareensdi | skl w1 Feeen = gt 71 e
sfereeraf o SAfreerfurer Tqurerd B 1 5o Rl ol ARt 3R fasoll o w9 § off effa feran ST HeRar
21 ot e § T & YR & KU € &, S ULI A1 AT & Gehdl | 5 & A7 A el o WA
e e o Hged e ®, ql A 9w B €1 M e wnn § 9y Wi © S R e Sufer
3k Tt fagon §)

e Tt gered o Turemt 1 steFE TR ST R, 9l IO SA9wde 8 Sl €1 UL Sl HeeHehd:
R T ok fAT IO 1 Tgid SR A Y STavEehal eidt @, f afvri st e feRan S weh )| woe
1 HhE UGl &, T ofeh ugfa ok el wgfa w1 swEm fawr  faan Smr @1 g SeieRl 3 W
fava & wh St Tgfa 9, ‘S1 g’ wed €, #1 gdur gA 3 #1 Ggatd I )

e ATl H 3fihe] I Rl T Tedl @ 3R THH T o 4 Fo A o+ Wl €, THAT
afiehgl =1 FANT Sk Y HTAT agd Hewqul 7| e foe § aferEi o A7 § 10909 102 S gead
et &1 3T 3¢ = A ok foIu SAThTeR Hehae w1 IUAI fRan Sar 21 YN o wrefen afent
G 1 STt SATIY=dr 1 &AM @l S Tehal €1 i fageraor @ Ardt 78 ufvmi 1 A i
T gfa ¥ IO ugfa ¥ ufEfda fman <1 gk €1 ot oo s ggfa % a9 g usfa
o Wl W uREfdd fran S HeRar €1
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R IE I CRIE

fafe= et 61 GAsH Tt GEeE o FeE o SHER g 21 3w € - geme s
= fram, feor 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 % THAHE G B 21 fRE a7 1 UREie] geEum Fied o 2c gueetie (R S 12u
A feran T ) o Wrie oe feRan S @1 STHdR R Rt aed o fotw wE e S S W] gere e
€ WA FSAHM el €, T8 gl geeenten o1 wiepfash sTgeaaietl i eaH § TRt qra A S Tkl
B forght @10] o Sufter fafe=T TAEA o UTHTOl-SemmET o @ gR1 STfvesh SoqM i fohal ST Fehel
1 ferelt <ifires 1 Srur-g Tud Sufterd fafu=t avei o geauM-wfaerd 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 ATENNET Fee’ieh (6.022 x 10%9)
o &9 | = fohan S Gehel €1 39 G& 1 T HUN k1 ‘1 et FHEl @ 2

faf= ol @i Aifient o @R aRedal S TEEteE afafeaet & w1 e R S 2l
TS Hferd TAE(eh T ¥ FIh! SR W et 31 feredt faeie sifafsran & 9w & © wicl & srua
TR Ol BT Fen SATAfHAT o THIHTT o T[UhT W WIS 1 S FWehdll B AT SATHHIHRT 3 a4 Sl
1 TS A TS TRATHIE e 2| WiElehamics T 9 fordl Scrg =1 fafime amn =t
W o fAu sevess sifufswmae 1w 1 guek faada fwifa fran st genar 21 fKu e foera o
I o Sufeerd wsrel 1 W i fafe wehR @ wefdia foRan S 1 S<reons — g wfawr, Hie- s,
AT a2 e

AT

11 frefafea o fo Jier 5o %1 aieher Hif—
() H,0 (i) CO, (iif) CH,
12 wifesm "ehe (Na,S0,) W Sufterd fafa=1 awal o geamm gfmra &1 9fteher sifs)

13 ST o 39 SAES I JAgadt ¥ 9 Fitse, e $o99H 510 69.9% 3ARA
3R 30.1% AR T

14 U< e SESFEES & A1 F1 IRehed Hifwl S&
(i) 1 HiA FEH H g H A S E SR
(ii) 1 Hic e 1 16 g SIS o ST S 2|

15 Hifszd TEie (CH,COONa) &1 500 mL, 0.375 HieR Seita e oM o fog 5o
Toha SeAm 1 SATEvaehal eiil? |ifean THide &1 Hiek SeTd M 82.0245 g mol ™ B

1.6 W% Tefew o7 o 39 Uiaast w1 Hiel Ui foex § Higar 1 ufeher sifoe, s s
T WATd 69% €l 3R TSEe ¥ 1.41 g mL @l

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

1.8 SFE o SIS 1 SAvash I A R, [T SAERT a0 SRS 1 SeHqH
HieT HHY: 69.9 g T 30.1 g B

19  frefefea sieel o SMHR W S o AEd TH] o0 1 oo HiTeu-
% YTehfdaeh aged A FeH A
85C] 75.77 34.9 689
s7C1 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 Tl &I JAT AT H e 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
T 1 SI A 41 €2 30 fohd wehr it feren san 22
frefifafed qa-ami =t 37k TomeRt o w1 fiese—

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

Tiefeh SRl AT T T 22

U 5ot o T W FARIGI, S SheRed €, ¥ Icfesh gitd urEn T Hgu S W
15 ppm (5&9H & &9 H) ol

(i) T FoadH wfaead | ey

(i) o1 % T B FARGY ST HieTerdl Aq S|

foeAfafaa =i =i Hehaa § fofan—

(i) 0.0048 (i) 234,000 (iii) 8008
frAfafea § wiefe 37l S T aaEt—

(iv) 500.0 (v) 6.0012

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

(v)  500.00 (vi) 2.0034

frfafaa & &= wefe i o Fefea wifge—

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

(%) & SEAEeSH AR SrtisT stfafwan g fa= Aifte aard €, @ Frefated
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

Rationalised 2023-24
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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 sifufsren A+ B, — AB, ¥ frefafaa sifufseen fagon # wwia sifvedss, (afk
S B, A) Q@ FHifoE—

(i) ATH 300 TRHY + B 200 377

(i) 2 ¥ A+3HAAB

(iii) AZF 100 TRHIY] + B3 100 377

(ivi A 5HA + B 2.5 A

v) A% 2.5¥d +B% 5 A

SRS SR SEeEeeH HEfaiad THrEieh e o SFTHR SR T -
N, (g) + 3H,(g) — 2NH;,(g)

() 9 2.00 x 10° g SEAEESH 1.00 X 10° g SEETSISH o WY ATAfHaT HLdl €,
T U ST o FHE 1 GReed il

(i) 0 I H 9 *E aAfafmas 99 s=m?

(i) I &, A HH-T1 SHHT A FA G2

0.5 mol Na,CO, 3R 0.50 M Na,CO, H T 3R 7?2

I STEerEeIST 19 o 10 S0 SESadisH 16 & 5 @l o aiel Afafeman <,
T TSy o fehde STEIGH W il 2

fortferfiad @1 ot o o afafia e

(i) 28.7 pm (i) 15.15 pm (iii) 25365 mg
foreferfian & @ forad waE = den Te s g

(i) 1gAu(s)

(ii) 1 gNa(s)
(i) 1 gLi(s)
iv) 1gCl, (g
WIATA o UH Seltg faerem 1 Hierd T Hifse, e wHie o1 Sie-39 0.040 21
(9 & foF STt 1w 1R
T 12C HTe TH] HT TH (g) § FHHH T SN2
fr=fafea aiemei o S H o @nedf® sfd gH =few?
0.02856 x298.15x0.112
0.5785

(i)

(ii) 5x5.364
(iii) 0.0125+0.7864 +0.0215

Rationalised 2023-24
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1.32

1.33

1.34

1.35

1.36

Thfa | SYTS S o HieR FSAEM i TUMT ok fore fefafaa arfert o fiu mu siwe
T TN HIFSTT—

et HATATR 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 9| 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 HTa SRATHES, 0.690 g Ted o e 3R HiZ AR &l sl
79 719 % 10.0L (STP W HIfd) 3T 1 YR 11.69 g T 71 6ok —

(i) T

(i) 319 FFUE iR

(iii) STU[YA ohl UM HifSTT

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

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

0.75M HCl1 & 25 mL % ®19 Pid: sfafean @ & faw caco, ®1 fhat e =1
S| CRRETI RN

TR H FAE 1 foRee HS SReeEe (MnO,) & Sl HCl faerem & @
srfufsran g1 frefafad wefiehtor o STqER feran wmar g

4HCl(aq) + MnO,(s) — 2H,0(1) + MnCl,(aq) + Cl,(g)5.0g HTHS SEaiiaEe & Y
HC1 & foram am stfafewan 32

Rationalised 2023-24
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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 Sfacreror | yRfad & geh;
AT, TWIRE TF R o IH]

qisell &1 UM T Tehil;

] o FeH AART Aed o
TETYUl AL HI THH TR
foga-gesta faferwor =1 gsfa
Td i o Faieq fagid &l a9
Tkl

geRTel faE[q-TTa Qe TRATIT
T o AU T U h Hohl;
2 Sl Gele T BTEsiHerT ST
Tagia =1 s1fyyeme =T 9a;
THTY] ek hl FACH AT oh
®Y § qRefoa T deh;
Afwrars: fagid, TSell i STaaSiH
Tagia dun g &1 Afiehan agehd
o &1 Ui $T g,
TH[S o Seiaieh o= foa

Tk

11084CH02

faf=7 aeal o Trarafier Egr 9 Ue fafaear, 37ah earupsil &t
fTaRer GerT ¥ e fafesar @ gerfad gidt g

AR TS AT eIt §R 9gd Ueet | & (400 £Y,) W[ %
I ! YwTtad fohan T ol 3kt fo=m o fof o] 59 <6
ol GTEATHS 9 B 21 3ok STIER I & R fasrsy 9@
Ifqd: ] I e §, T e fawifea = femen s weRan|
‘]’ (atom) Ve Wk AN W Seq= §37 §, T atomio w1 31l
‘T e S aTel (uncutable) 31 ‘ ATIT’ (non-divisible) %ﬁT%I
TEt 3 fouR heet shoddl W NG & 3R g1 Wi qlerr
I I F9E TR o1l Sigd 999 e 4 foem fRdt gmmn o foer T
& =ord @, W 18 Tt § Skt 7 3 W R 9 =t < g
Y T

T 1808 H S Sleed e Teh fofe¥] Thal STeATIeh o ugal
AR A=ATeh SMUR W %4 o1 W] fogia weqa feman s+t fagi,
S “gTeet o1 uRmTY] faegia’ e S 8, WA i 9 1 qa
F7 (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 e | fawd @il
IR o feu— i AU TAATES (ebonite) i TTH 3T&ET W
(fur) o T forg W fergq e +1 Safq @it 2l

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

Rationalised 2023-24



TIA] HT G

2.1 ITFUIHTIUSh ShUTl ehl @IS
il PR e i % AR A e
1 AT o 9R A 3N S 9 gg1 g qRomdi
I =@ HH W U ARG HUN oF EER F aR H
T I8 o a9 w=E | @ e R 9 sy
ThH-E I Yfaehfud qe fauda T Th-gR !
AR e B
2.1.1 TAGE ht @ISl
T 1830 ® uEeha e 7 <uiar fF afx fed
foerem o faeE wefed &1 S 2, @ soREl 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 & WeA | e oAk, faeiwert e A
iferer w9 9 faffaa Afeemed, 5= ware fauor
AfeTehTd et S 7, H forga-foms o1 stema oy
foraml 58 fo=1 2.1 (%) o <wifen T 21 kg feReo
A Ha F TR e 2, P o % 9w
T foagq-faesH ! f9e 74 3@ @ 3=9 fava =
Ufera fepan ST a1 B1 i 1 Afasmet o fafa=
i o <& o Tata g @ foman @ 59 yaR
9 ToeRiel W 3=d dieedl 1] & TE, @ Afcent §
HUI H UN o §N BOTHS SoieRiE (hUe) @
YA Seraelie (TAE) i T fagd 1 Jame $TRY
Bl TN STh1 ohelre TaRol steren Sheirs feRtoT wRuT
Fed

frafa 77 =i
Sheig © i ® e
_% E_

faT 2.1 (&) TF Sole & foags o

29

helle @ UHIE q% TRy & yamg =1 sifdfi
S o fau THie ¥ fog 9 THie & 99 Toff 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 ®

ForT 2.1 (@ ) 9l THea U helie- 5307 @i Tfereh

(1) el TRl (cathode rays) Fele 9 IRy
BIhY TS w1 SR T Ll B

(i) & fortol o fe@rg &t <cff, W 37eh SHARR Wl
T den o ffved yeR & ugel (Tpa
e wiadie) 1 Suftefa o <@n <1 ek 21 4
vered g oLl o <o © =HeRd §1 Sefteis
fes Afetent Shefts fertor Fferen et 21 e, el
TpEie U fadiet aaref o iftd e € |
o wfadi & ?

(i) foepq iR gaanra & it eruferfa o 3 frol
et feom o T w2

(v) fagd ok gewia &= w1 suftafs o e
TRt 1 =ERR HUMERT HUT oh  STufed
SRR & THM el €, S 7 fag w2 fw
whefig feol  momafia o BW B, TS
TR FE €|

(v) cheie-fHeol (soiee) & el helie oo
AfeTent o Teloaiel o Jaiel Wd SEH SUTked 19
1 hfd W R &+
SWed IRomal @ e fred fgoa @ fw

TR Gl TRETEt % 9ol Se B B

Rationalised 2023-24
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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) | e fog &= &t
Iuftefd ® soaR oTR Y ¥ faufad gt fag A

(forst 2.2) W hore forto e & eohid 21 26

YR ohdcl Gk & i Sufeafd ® soee g

C W helie ool @ 2o 81 fagq ek

JIHE & HI JEad o FEgHgds dged 9

AR i ST T T SH 9Y W A9H AR

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

e Ig U W fag B ¥ o €| UiEHA 7 98 ok

fon fE WA A AR e g AE

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

frefafea ol w fe e 8-

(i) U IR HOTER 1 T HE T W fagg ae
e & o WY ST TR 9 Sl @ 59
R feraer atfues g 2

(i) U H FHAF-HU ok ookl dH G faeeH
ffures g 2l

(it) Torgd e ARt &5 HI Yool RISl T
Jieedl 1Al FFIhE & 1 Ydadl @ |
TSR 1 gl U § o 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 FER0 T Foh—

e

= 1.758820 x 10'! C kg (2.1)

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

2.1.3 TAGRET U ATAIT

IR, Tl (1868-1953) F Soiaei W &9 o
frefeor o forw s fafy dam #1, < 9ot 9e wEw
(1906-14) Heaw |

IEA T S seeR W SEY -1.6 X 10-19C,
fagq 3Tew 1 F=a9 OF 1.602176 x10°1°C &1
ATHHA o e/m_ 31U o A ¥ 37 qROmHT sl G
ek AT H geadE (m) fAeifa feam

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

m =
€ e/ mg

=9.1094%103' kg (2.2)

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

fuferer #4131 9% fafa

39 fafy § =9 (atomizer) §W 3 FBE
®9 | I 1 Jai ! fagq 9 (condenser)
IR H = § sufted SR @ fox 9§ TR S R
T 9 & I FT AR TG R AIGHIHGHT A ok
B @M T E SR) ok R T ST hi ARy faferehe
TS T S % FAHM I HI k| TR o T I
A w1 X-fhoTgs yenfed Hen AEfa fehan &
et 3T qon dt dai o woug W Ao 5]l W TRy
AR I TN dA HI T g1 W R smem
X-FRTon g1 3cq— SRSl At STl g1 79
T 3 AT da R el 1 FRA YeR1 S Fewal
%, @i fhan 1 wear @ stean feor fowan ST ook
213 I3 W AEY IR e W AN Sicedl hl YIom
T georan W R Fw T 9 w1 IR F# I W
TRl &9 YaeIa o S W1 e " T fHfesh
3 gz T feten fF 91 W fagq smw (q) @
TRATT THeN o @, () T O Bl €, Ui
q=ne, & n=1,2,3...

ferg 2.3 sravr ‘e’ w97 & forg fafers @1 da &1 g5
SRV Fegh | AEE T FT 55 T BIARRT
aT: oA, fogq &7 & RO Aggeias

T I AAHTIT ST

2.1.4 W a91 <A sht @it

ufafda shete faeor afes o few mw fagq
foqsi 9 vEfi +o w @ g, N e
et oft sher ST 21 39 eFEfiTa ol o stfirererr
aferfiad € -

31

() <heire foReon o faud, vAmafiT o 1 gemm
hefre fertor Afas o Sufterd 719 1 wepfa W
freft s B1 A WeRe eEEfe T emE
B

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

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

(iv) Feshra den fagq &= ¥ 39 Ful *1 HRR
TR 31E helle Tt R Uferd SHeER %
fauda 21
G Bl 3R el €9 EA SRS d Ww

B A1 T W %ed B 3@ YFENE S

ROl 3R THoR S&T0T 1 gfte T 1919 A g o

% U] W Ueh ogd SIEH U1 ki SR

Hegd 1 TE| 39 0T 1 Tl T 1932 H ek 3

AT T oc UM o6 Y8R H Hi| 59 YEH o R 9

Fo s ¥R A fagq saeH w5 frifda gl

IR g7 HUN bl =G el 31 Jol FHUI o Heweqol

o7 ot 2.1 ® faw g 2

2.2 UIHTUT HISST

e T H AT T YA S 9T Yeon § I8 HId gl

o eTeed o Afa™a TR § M a1 U

e are HI-YHY] (sub-atomic) W%ﬁ%l
STATHIUEe KON T 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
foeqq gota fafeweor &t 3cafa den fa =i
T
T ST FN 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 aTRt e T 2 -

Rationalised 2023-24
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R IE I CRIE

WROT 2,1 A HUN ok 00

2.2.1 UIHIU] okl ATHEA WS

T 1898 H SI.S1. oA 7 it foRan foh owemo] T
T At e (= @ 10°m) g €,
e eree w9 w9 9 faafa @ 21 38 W
TR 39 TR o B € foF SHE Tl feer S
el W €l et € (Forst 2.4) | 39 wieet i fafia=
TR & T T T T SIRome— W YRET (plum
pudding)] LSk e (raisin pudding) 318 S
(watermelon) Hied| 39 Higd i LA o O
1 e el WES o GWH " T €, foe
TR AT WIH Al oS 1 e Iufted g1 39
Hied %1 Th Hequl @& 7 7 o 398 wRAm] &
AT QU RA] R GAMF &9 F s g3 T T 2
Taft I8 Wied WA h1 fagq SEEHa ® T
e o, forg o8 wfos o qA o qRomHl oF 9
T qrE T e 1 HA 1906 § Aifaewt § Tt St
foregq wrerhar R dgifaew wd yEife S & fog
o AR ¥ TEIa foman 1@

eI ERI 1)

N\

<— T

feard 2.4 TET] &1 9997 Hied

195 Wt o TR erufw § fafe=1 ger & foReon
%1 @ ggl faeed U=siH (Wilhem Roentgen,
1845-1923) = & 1895 W Tuiien o eheiig fertur
Toit | SUfted Ui ¥ ThUH W Soleed Ut
oYl S Y ®, S ohelie fehtor Teft o Wt
@ gfasra (fluorescent) T&re ¥ wfasifa sca=
F HHA 21 ik Teod &I T R w ufa
W g1 &l o, o7: 38 3% X- foR¥on 1AM
fe, St ome ot wyefe 21 w@ @ T fe
TRl oF Sif¥e BMd e U1 UAE dsd |
TH % HRO gAE X-fRl S et ?1 X-
ool fagq den gawia &= 9 fasfia (deflect)
T e T oz fen o uwe § efd w=
el (penetrating power) et ®1 F@l
FNU ? for aegell o ondlte etemed ® 1 feReon
F ST T@ ¥ T RN w w-ded
(wavelength) =gd #%H el © (0.1 nm) 3R
JEA-gIh TR @A § (TS 2.3.1)1

&1 g% (Henri Becqueral 1852 —1908)
3 <@ for o o fafwon w1 S W R
IEH 30 fFeT i eaufaeadr (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 AU ¢ H IESH @ T
TIHRE 3 I T o fFon & QIR oA
AAY R TR THE WA FAHH T I Sl
FU1 e &1 S Te frewd freen &R oo %
diferam s eid §, wEifer U gl o Wl
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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 e 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 ek 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 qaet =1 (100 nm HIZE) T 3T e
ek Teh ASAUfFd | 9 3=d el arel T HUT
H OGS TN TH UACH U= I BRA U FEATHT
yfasifasiial (fluorescent) S ewEe T 9 SR
TN TN SE R ST 0T 59 ShiT W THTE B, ol
TR 1 TRREIE (flash) Sea=1 @it 21

YehIv STYART o URomy TRT eFufer ol
AT oF TXHY] Hied o IUR Tt ° Iufked 9
o Ueh TLATY] 1 SHM T IRHT] T T THH €9
Y <1 3 BT AMET| ACHT HUN H Sell a1 Aferh
2t © Toh o goqu o UH THE faaw &1 ot @Y R
Y S| S 37U off foh Uxit | T o g Ol
1 TIfa el 81 Sl 3R SRt e Wgd % v 9
] ST 3= H 3@ fh—
() ST T &1 9F i T 9 faafia gu

IERIREET R

— d

SSEfcol el

(h) TGS 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 feed feme-

(i) ORE] ok e SAfureRiyr T e eian €, it
MUY STEHT 1 HH 1 Toll ol IR HT S B

() P & wERE o o faef@ g g 9
g st g STty wfaendor a9 (repulsive
force)é]?W%ﬁTﬂlsﬂ'@ﬂ%’WW%ﬁF
Afrge ok foam o faudia oaT] o S1eR e
TAA €9 U Je1 gl & T EFe F9gd A
S oh S Hehfsd 21 =1fet, Ted gamefim
3T HUN o1 Fidertor AR faeivor gan el

(iii) TEXHIE 7 TUMAT ek @R foh AR 1 TR,
TR oF el ST i gorl | 3Td THH ()
B 21 TWE] Y B e 107°m B R,
Safes e 1 BRA T 105 m Bl
3MHR o 3T AR Hl 3 3H o § T S
Gehel ® o afE ifes o1 fopehe ot Tig e =
ST, @ TXATY] Y B S 5 km 2R

faafua -

(@) 94 i 9= 1 TS o

g 2.5 WIBIS & TH10 G9NT &7 @i 991 519 G &1 T gaeit 96 T 76T (o) 01 %1 §I8R (shot) &7
St 8, at SgH @ ST FUT GG §U o TN H R FX W &, el Fo H [Feiqor g s
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IUeRT GeTuT S IO o SHR W IR
= URHTY] HT AIRT Al UK TRl 39 Aled
o SR~
(i) TIAIY] ST G qoAl ST SHHAM Teh 3Tfd

3T & § Shisd a1 €1 T ok 39 31 eTeu

AN & TIRE F i’ Fall
(i) 9w o IR AR oM JAR A, o=

THET (orbit) F w1 &, | 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 Twd €
2.2.3 UTHTI] H§&AT qUT FIATT HE&AT
T T HEET 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
a1ef 71g © o ifyer o Sufter dieiAl 1 g W
TEA (2) o TR BRI € AU WMl ®T HEm
TESSH AMWE H 1 SR Hifegw § 11 g ©, o:
STRT TXATT] ShHeh ShHTT: 1 QAT 11 BT URHT] <l
I I W F AU IHH SRl sl HeE,
Wl I TE (WHV] &N Z) o el gl
IIEON— BTG q Tifead W] § Seiaeiql o
G HHY: 1 qel 11 Bt B

TTHIO] AT (Z) = ULEIU] ok AIE W

W &l §&w
= 3ITEH Ty o
& (2.3)

TR 1 HAERT SHH WA o SR B €,
TR AR 1 T T2l a9 B 3T IHH ol
(a9 9 &1 SHAM W2 o SI9M o o
e Bl €) o RO Bl g1 T8 S Rl h
R (n) Fed | ATR H Sufeerd WAl iR =gt
6lﬁ7*-‘;(%!63—1‘77\':[(nucleons)7>|%ﬁ%l ?{W\%ﬁaﬁ
ol AT hi TR H1 FHHM GET (A) FEd T
FEAN W& (A) = WE o9& (2)+

e[ ht @& (n) (2.4)

R IE I CRIE

2.2.4 QUEATH TH QUUTRH

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; IEENA— 14 C qe N |
eI R o WA Bd &, et T ge (2)
TAM T S e (A) T gt 81 g vl
THIHIN 2.4 % AR, Tg W ¢ fF gueenfii ®
3T HT R AAE | Iufked f9=-fo= =gt &t
T 81 30T o fou foh | BEget T i ©|
99.985% BTESISH WHIIST § ohelel Weh Wi &Il 8,
o wifeam ('H) Fed ?1 99 eEgeH T ¥ |
et B B ggeiiaw (2D,0.015% ), ford
1 T T 1 =52 B & iR 2rgfeam (Tritium,°T),
SR 1 Wiei qen 2 =g B 21 Treferm gedt o @
G H A S B | el o e o S o
&; S— e, fEd 6 el o sreren 6,7 @ 8
=M (2¢,9C,"40) T ¥; FARM WA, faed 17
WAl o T 18 [ 20 =2 (B¢l ¥7Cl) B &

rentehi o foma § sifaw Hewogel =@ =% @
o TEAT[Sl o TEERE O SeaRMl Rl W@ 5N
et e €, s s | el w1 we gr it
Bt 21 iferes o Tt o W el 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 Talsh
2SRl

e : AX Hopd w1 TN FE ¥ T8 I8 Tl
R o fr 3 wiefig S wEm) & stemEn
T A R ©| A A% ST WA ¥, A
TRt (2.3) A €, foa

TRl i T = SeiaRHl ohi T&Al = TTHIY] HE&
B ¢ Afe Tieis T e B, @ g9' fifa
Hifoe foh WAl HT TN Solel St GEn 9
R & A1 HH IS ek © @ herEd (HAEA)
3R A 7, N T (FUE) B =2 ht S
T A-Z 9§ & W €, =R Ty S @l
e 2T @l

2.2.5 (ST Hiee o SN

S fF ST S geh ¥ WIS 1 ARTRE wied
YA %1 Tk B2 €9 o, forqw s 61 9 g
1 e IR TSI ! Booh el b1 a¥e el T4 o
e GRAEe TR TerEra Fitent* i on] feren s €
A g Fea ® 5 ' g % =R @R fafvea wene

35

% g fean S wehdl 81 ST m, 31K my, TN, 137
STl o |9 w3 G ey feerier 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

grusd 3R TiWhd digd o FHEd 9§ 98
gera foeran © f selaeiq ifas o =)l @i fafv=a
wHenet § A A T, THh oifafem soleR SR
WWQFWWW kq,q,/1°) @W%,Gﬁql
3ﬁ'{q2 W,rﬁmﬁ%qwaﬁaﬁi‘iﬁ?k
ST R €1 el et TR &9 § TRy
o1 % TUM Bl 81 Wy 5 hiE fug el wman o i
W%ﬁ%ﬂﬁw (acceleration)%ﬁTﬂTl%‘Ql RIS
g foret e o feer 3 9 nifa &2 @1 &, o off faen
TRE oF TR0 ITH @01 ST A1eU| 3Td: Aehi™
Hied H wensti ¥ IAd US HT We Sl w1 ot
@ BT el Hedee o fagd deskia fagid &
STIER, @Rd STEfRE &l i fora-gaswa fafeo
HT IS HET MM (TS o W @ Wi T
BT, TR o ST T&l BId) | sty fonddt e o
Iufeerd gotee 9 fafeor scafsa & z@ fafeon
o foTq el Soraeieh TIfd O 9T BTl 39 YRR hedl
(orbit) Bl BIdl ST | TOHTET § =18 qaT werd ¢ o
séagﬁﬁﬂﬁaw (spiral)@ﬂf%ﬁqgﬂﬁﬁ
108s o, fohg ora & U@ €l Ear 21 39 YRR
IS SR hi I SRl FoRewd ekt qen foaeq-ges ™
fag1d o SIgER 9 fhan ST, @ Il 1 T
Tiga fRelt TXAT] o TfIe S AT @l &Y T
21 Y I8 YD Tehd € T A hemafl § gorael i
T & TR SRR B S €, @ o e W gt
1 A o TR SR feer 7 o 82 %R e © fe
g gl 1 for 7M1 S ©, @ Tfus e
e TR 3R et o s feer deq s o
T SoaeHl ! AE w1 AR Giw o, feg airee
T Hied 1 Tk o5 €9 U &0

TIHIE o W] Hied H Th a0 TR I
7% ? o o wAEh ®1 selaeite 9ieE & SR W
Fo ot 9ui &l wr, ST SEH F% Ul el e
o Tolee e o =R IR ford YR faemm & 3l

mlmZ j

H ¥rd €1 T2l & o TRy §el i (G- 2

SThT Sl T 272

*Ferreerd e Agifaes foam 2, i =12 & ‘i & frei’ W enuiid 21 98 Toel 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 faferor o 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 sifeifoRl 3 TRA oeqge o
STERNTd TS Icdfsid 8 arel fafertor &1 dferaar &
s TR 37 fafeon i e fafwtor ser s
21 S TE W 1 I w1 fom Foda fafwo
fohed o B1d €1 o1 98 el — wifq 3 € foh Fwia
JHTE T G T B § e SR M SFeeRomaf
W MG ® S fop S=iaelt 9 & w2 a6 7 e
off| Foita fafexor o fomi @1 gduem wfsraar o
AT 1850 H T3 1870 °oh AR H W9 Falreh
Hogae + ge fagia faswfaa fran o fagq gem
T AR HON g S et &1 39 fHgia W
TR e A% H 2 729 3 foam wet 7 fergq
Jasa fafewo o fava § o qeai &1 ST S
Hagdel (T 1870) = o Teel Maferd et o o=
=11 femamatl 1R woel wR R foreqq qen geehia &
o FEOER i AT &l I8 I8 g g f&
farge A ol w1 S fid foan s €, at TR
fagd @ gawta & S B €, 78 &7 fagq
ﬂﬁﬁﬂ'ﬂﬂ@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 ai 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 1 fem
fad 2.6  fagq-gasig @1 & fagq a1 gawi &7

| 4 Ted GHA TI-154, Tghd, T a9
3 a1t Bid €, fhg 9 Tk g@R @ oleaq
adl 4 ey #d Bl
() <OEEE AR wUl §N Ica fagd ae
TehIg & T SH ok ofsed B 21 3 S 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 fa 2 gt €

(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
Skl %; H&H T (microwave) &7, 102Hz &
), et swm R H few S €

Rationalised 2023-24



TIA] HT G

37

e (infrared) &8, (10" Hz o o), @R 3.0x 108 m s (2.997925 X 10° m s) ¥ Feid €1 2
IUGN TRH H T BRI G W (ultraviolet) T i WERTST SR ITFA (speed of light) &d g3 ¢
&, 10'6 Hz o oo, St g ot fafeor v s Torg @ <ifd €1 emgfa (v) a-3=4 (L) qen wehrer &
9T B 1 SN 105 Hz o oS § &% ®1 o (o) i FEfafad TR (2.5) gR Hefd

TR 9 (visible) TR Fed §1 ot 78 -

o8 & 2, TS Tl oife <@ (Sgied o) Tkl
g, 915%9 &1 1 Y= o fou fawi WehR o

c=VA (2.5)
T 1 FdH o fae T gEd i, a-den

< HT TR B 2 (v) ®1 3w fea s €1 oufq R dew A,
(iv) ﬁﬂ_"‘w fofereor =1 <o & fau fafa= ?R."T—%?if T =& Hhl a-EET (wave number)

YFR F HEH k1 SUN RO W@ Rl oW oo &1 THH TS T-<A o Heh 1 ok

fafereoll w1 emgfa (v) den @<= () g0
wReE fran s €1 emgfa (v) 1 SI A

AU m! BT 7, AR Q= : T B STl JEs
cm (SIHES &) 2l

TR ed & W W T © (Hz.s)| 3R 2.3.2 TaEd-<leena fafertor &t swuie

TUN ] ST T&A o ®9 § qR10a fwman S
2, St forelt fog @ wfd dehe ToRdT B

Yehfd : WAieh okl adien fagia

ICERR (diffraction) 921 AfdHIIT ** (interference)

T-Sd & HEe ddrE % HIEe BN ey St o Wi aREeiet i faeq-gaenta fafemor
R TER AT I (m) W AR W FEERE 5y qn vyt gw wwmen W W 3, o 59
fefeon & St i<t 0 T B TR I g oy ooyt i fome (SRR

A= i SEvahdl Bt © or: fo 2.7 ° fafg=
-l e engfel areft fae-fae wehR
forga-gaeta fafwol =1 fe@mn @ 2

frafa § |t vR o fagq-gaswia fafeo,
R ST q0I-3o pw ot 8, Tk wuE T, e

1024 1022 1020 1018 1015 1014 1012
| | | | | | I

et FEart ) % foem-gaw fagia &t germ
Y ft afa &t foren <1 Tenanl 3 Yegor Frefafad 2—

@)™\ fie ¥ fafeor =1 ScasH (Ffoom
fafeor black body radiation);

}010 198 10° 10* 192 19"

1 1

Y -feheot X-faoi | UV “

IR &9 @ |FM

L(Hz)

T T T T I L T T

10 10™ 10 10 10° ii10° 10" 10”

T T T T A(m)

400 500 600
TR A (FFHR)

700 750

forT 2.7 (%) fogq-gaep1a (6o &1 Tagw (@) 599 T9gH| | Tagq 1 T ol 91 97T 998 8idl &

* fopdt oMo & STHT T oF g i faedw wed €

** T TAM Sgfa arelt < a6 faert Tk T @ It 2, fmen ffem § woe fig W fasiy, v @@ & 39 fag W
faetis =1 s =1 @feer = giar @1 Ol 1 39 YR 1 GASH SAfqeuT HEdl Bl
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3ISTEITT 2.3
sita sfean ear (fReett) 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 g g1 KT T wE o gfaeenfia e W

A=

S

1%
_ 3.00x10°ms™
1368 kHz
_3.00x10°ms™!
1368 x 10%s™!
=219.3m

5 el v 1 Afenafies - 2

IS 2.4
99 TFH o T35 1 W ST (400 nm)
Y ol (750 nm) T 1 37 A=A i S
(Hz) § 9oe ST (Inm = 10" m)!

&

GHIRTOT 2.5 o STER, STHI Jeh19T 1 S
c _3.00x10°ms™"

V =—
A 400 x 10°m

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

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

A 750x10°m
9 WY 1 W Tgfd & €9 | 4.0x 10"
¥ 7.0x 10" Hz % 21

30T 2.5

5800 A° TUI-3ed el el fefertor sl ()
T-HEA R (@) Mg 1 T SHife

R IE I CRIE

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

1_ 1
A 5800x10°m

T/:
=1.724x10°m™!
=1.724x10* cm™

(@) smgfda (v) &I T

3x108ms!

5800)(10710 =5.172x1014 871
m

V:S:
A
(i) ®1q ! Tag ¥ fafeh¥or o TR T serael
TR (TeRTer-fogd 9+me) ;
(iii) 3 H AIEE ok e oh ®Y H SHEATRAT i
e
(iv) ToRITeR BTEEIeM o §]H # T[S H <@ T
& wWeH|
3 ftereard gfir el @ o R sheer feeht
forgrw o | € el o "ehar €1 @i wefaa Heid
TG AT TSI A8l ki S Fehell |

g &AM A dielt o © fF T 1900 ® e
ik g1 TaY U SWI Seoliad Hitrent foehior
1 s 3F AT hi Te| T eH Teat 39 TR
1 GHFH 1 YT T 3 e e )

T ¢ feregd T W ferge ki a-SeAt
o fafetor Scafsa &t €1 s a0 W fafetor &
ST WM A o g¥9 | W Bl § Se ard ser
ST € o @ <= (Hven yemrer) s wen o
I Bl €| SR o forg St fonell iR 1 % i
T2 | TH FXA €, T THHT T Teet goohl ol il
21 SH-SI9 a9 TGdl Sl 7, oH-od =8 A o
B ST B1 W 3H SR TRA R = ®, a9 el
e aell fafertor =1 1 9% 8 S © SR S
A9 SEd i Bl ®, qd 98 el g Sl €1 gEeh
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o 7% ? o ot fafewor fordht faom @ = eifeen
g e € qen g foRdt a9 R A fafewr sifuw
e e B ererfq T aegen grn Seafsia 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 ot fafa=
e | fefertor Scafsia st 81 3Heh tfafie 78 ot
for @ et o #1 9de W v (foga goe
faferzon) faferfia feran tman 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
Y9I el 2

T TE Ry fie S e WhR i omgfa o
fafenoll i Teh THH SeAfSa qen SFeia i €,
FORT (black body) FE@r ¢ de1 39 fig @
I ferfertor i wHftorent faferor wed € araa
H UE h1E e T el i sieh ORI Shitueht %
oA GAM Bl 81 HO0TehT 1 Tk st e dfehe
e 3% g9 U T B ¢ [fee 2.8 ()] o T
fo5% o STcTeN &1 HIE R Rl BTl a1 H 8% | wew
I aett wiE ot RO ET i sfiad ARl ¥ Wi
Bl Wl € 3R &1 W 7T %1 SeR gr Sfewiita e St
21 ook, ferfereolt it
1 oTee TR oF Bt
| 3o SAfdfe Shiooent
37T URAET o WY A
= H Bt 21 e fRw g
T H 9 SRl 8w |
I Sl TR L ©

for 28 (%) o f9adt 394 uRaw 9
STERNG S offl ool § IHfod Ul i A
(fafereor =t o) o 3T aed | faaor shaa
39k a9 W Rk s 81 Ry T amee w, s
fafertor ot o Ti-<ed o we o WY wedl ¢ TR
T WI-<4 W e Aehad el €, 3ok o1 qe-ged
% 3R TgH W IE T I Bl ¢, S o 2.8 (W)
¥ fe@mn T 1 sEeh Afdfen S-S 1 wedl € oeh
1 SFeS (maxima) oY TUT-<54 1 IR TFARA 8
S €1 fafeor 6t diskr 1 qaEigEE o % ferg

39

faferzor 1 ol 1 -3 o W % ®9 H T
FH & 3R T g

TR o T FAGIa oF STUR W I TROMH! i
TS oA el ki ST Tkl Hed ik 4 T
Tl o ¥R W Hamee gikom g fean R
fafereor o1 sraeioer IR Scas ferl (Hftoepr w1
ARl & WA ¥ ST BN T T8 AR T
Jaaia faferwon o el o @ e w1 ARH-URH
F ®d € @ik 3 g A fR At i st o
fafaer (discrete) 9T | sier ST Gehdl 31 Hed wlidh
J A o aE) iR @79 Sheret fafaeR (discrete)
e | el Sedted (A SEwiita) #%d €, 7 TR
3eRd &9 H| faga-gasa o & &9 1 Se1 &t
TSR =Jee A 1SS (A SeRi) B §, 59
WWW(quantum)WﬁWWlWﬂTaF
Teh FAIeH i Soll (E) 3Heh! TG (v ) o THIgaw
eIt B1 39 Wi (2.6) G ek feRal el &
E=hy (2.6)

T,>T,

drgar

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

FAT2IH0T T o Hifedl | @S 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 WMl % 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
.S T UMY TS0 il I T
1888 H wfer fovafommem &
sfeage e ferifesa fRfSe (Institute of
theoretical Physics) ® e fga fee mu
3ok gN XU TN Faren fagia o fo 3% &1 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 craed Jn foa,

o o angetl (S8 weferem, wfeay, difaem,

TR i Fdg T 3G G el Fhtel Slad T

S fos 2.9 § fe@mn T 7, soee e ) 39

e 1 WenteT T wumE ®Ed 21 39 wET 9

I AR 39 YRR E—

(i) ®Tq ! Fd8 ¥ RIS oh T &f 36 Hag |
TR ke €, e erg 1 9ag 9 goleiq
FTehTE 2 e W YehTRTYSt oh Thi oh o
FIT THI-HAWA (time lag) & BIal

(i) TreRIfaa Solaeil &1 W& YT i el o
G et

(iif) IR ©1g o forw Tk sifqenefires = strefa
Bt 2, i <geft 39 (threshold frequency)
FEd € IR 5@ w4 eTgfa R ehmer-faeg v
TRR T B 1 v>v STaf R e see
1 F TS St Bl 21 Tt ol T FehTeT
1 G o S o WY Fedl 2l
I GR TR0 1 oA IRYe Hifdeh o

el o SR W 2 1 ST ekt | 39 Il o SR,

WehT¥T ohi TRTOT ST ST T HIET TR i diodl &

R IE I CRIE

EEJR
BECR] 41q T
forep /)

‘Tr‘ﬁ(P ﬁﬁﬁﬁﬁﬁ?ﬂ
II|||

%2.9Wﬁgq—yw$wwwakmm/w
frafq #& & T 41q H 9F G W TH A=
g arell g HT 0 ewvdt 81 4ig @
gl (i &I &1 3 U g G fird S
& S STt AT Sl w1 AT F @

et mclt B1 g wrsst |, Frrhifaa goteriAl 6t e
3R S8 Helferd 7S] o1 sh1 S FehTel 1 diiera
Y oY S Gehdl 71 T G <@ T € o et
TRl o1 T YTl 1 el T 79 et €, eifer
T SRl 1 TS Sl dteran W s e e 2
I o Torw, WM o T W Al fepedt off diera
1 A T 1 FehT¥ [v= (4.3 §4.6) X 1014 Hz] s Hel
T STl ST, <t off 1S YRR Seraei ol FehTaq
&l el 8, W ¥ & diel 11 1 HH e 1 T
v=5.1 952 x 10" Hz Tef@Ed W el S 2, d
eI feoregd e fR@rE 3ar 21 dieferm urg o forg
Tgeft 3T (v ) 5.0x10% Hz B

foeq-gaTa fafeior o e o Faen fagid
T TN i T 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 Tofq-gaehial fafertor &t sTgfa o e
BT | <ok T Al I 1SSl hy @ IR geee
1 k1 e o foTu sfareares =<ad st hy, (59
FHEEAT, W, ft HEd ©) T H FR (hv - hy)
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QAT i HCEH

aeae MR
(1879-1955)

SR & a1 gu smafeR! sifaet
R Tee S fawa o
e ifderT SRRt o ¥ TH AH
W Tl (SER AR 0 =g
&)1 99 1905 #, 519 o 51 H TH
T 9o ofthe o dehiel erEs o, 99 fowm
STTeTeh e, STSHT i 3R yehrer-fagg w9 o =Y
7ok A Su-= A it & forehrd w1 g gife
e 38 99 1921 H YeRme1-fogyq ue & S o

fau difert § Aied [WERR 9 gt faman

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

hv =hv, + émev2 2.7

STel m, TR T FAHM € 3T v THH o €|
3iq o, sifues daar arel YT | Wil St GE&
siferer BT @R aRommeeey e soeel Wi
e off 39 JA & qern § At gnnt, e g
el F WehTel T STEM fRa T B
faea-waera fafetor @1 ga =gaEr
WhTST 1 U1 HHH Fehfd 3 SATHT o AHA STFHT
1 Teafa a1 Y <1 Tk T o 5@ HioorehT Terfentom
3R YehTeI-foeq 9uTd 1 oSS ARAT i, W
HAfTHIOT 3 GREAS HT RSN HT ST Fehell o,
o T FfRIETd T8l oAl 39 S i 5 h F Th
& S o1 fop 9w feran sy o wenmer o o 3R
T A S U B B AU Wbt W gd SHeeR
B &1 WA o YR T 89 U ¢ foh Tehter @ =@
U1 & GHM HIER Hdl 8| e 54 ok @1t fafenor

41

1 I TR el €, 99 T wu S e wei
A1 S| e fAfeRor 1 Gl 2l @, 9 I8 a0 S
o1 (SAfaR SR fed=) geriar 31 57 oI fafew
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 6 R FElE F ©

IETEIT 2.6
5 x10"* Hz 3Tgfd ame fafeor o & A
TRISH 1 o1l 1 UM SHIfSTT

&

T T &1 el () FeAfafad T g/
C i

E =hy

h =6.626 x10™*J s

v =5x10" s (f=m 7=

E = (6.626 x10°* J s) x (5 x10'* s
=3.813x10"°4J

Teh A Il i Soll

= (3.313 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 dT-<=4 1 fafevor 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 AEAE BN? fREt g soiee o
IS o foau siftreran a-<=d @ Bh?

BA
300 nm FRH 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 Sl o sk o foag
STMETIH =LAAH Hol
=(3.99-1.68) 10° J mol "’
=2.31 x 10° J mol*
T ol oF fog STawdeh =[Aaq Sl
_ 2.31x10°J mol™
~ 6.022x10% electrons mol™
=3.84x10"°J
THHT GG TIT-354 39 YR SHfi—
ke
E
_ 6.626x10*J $x3.0x10°m s™!
- 3.84x107°J

= 517nm (I8 B T o Y W 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 gdifed* sAai-eh el & ok
fau guror : woTiraes WeRT

TehST 1 T SE HIEAH i Wehfd W AR et ®
SR =18 ToRel 1 Uk H1eAE ¥ g de H W TR
1 FRTOT ST g U W g W © e Syudfdd
(refract) S %I

S S P e T e g e
@1 T foh HH -5 ) q del a-o8d i al
#1 o | s g S €, Fifen w9t
T H 99 WE H gl q-<s ol 9l 2t €l
S YRS 1 Tertor T el i U Sj@en | el
Trﬂ'cﬁ% ﬁlﬁ!ﬁaa:n (spectrum)ﬁﬁ %I e,
et T2 gag sifues Bl ©, 1 foaeer ged
FH N G HH W94 ol S 1 w1 feee
o Afueh BT €1 WhS T o Yeh1yl, S 84 fE@rg <
2, % TEgH 1 W 7.50 x10"*Hz o S W ¥
AT 4 x10"*Hz o el T T Sidl | 36 TeH &
Hdd @E@TI (continuous spectrum) HEd %— Hdd
gHfT, Rifer ST 41 el T H SR e @ 8 @ 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 Gfdsy @i FEiETEOT wEd €
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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
T Seal T’ el 1 TLHTI] ST0] AT ST
fafertor & sEwive W Sufsd @ 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 ) wi Repie T fern s 2l
TR T SIS WaH o HIeThE
fifea =t @ a1 81 </« Uk gad fafeor w1 gfags

43

W STl S, @ 98 TRl w1 e aui-osd @
STIIOT R AT §1 oA G STenfoa fafshaor it Tma
@ 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 TIFLH HAqd Bl 7, i STH 39T YR
H ol ¥ O qe gelt qe-ded sufterd gl )
THeh Toadia T erereen ® TRATOIST 1 Scasi Weed
A W S qT-2eAl | e ®9 9 YL e R
2, g S8 sheel e qr-3=At el yehr Seafe
B €, fSieh ofte o whrel oM ed €)1 S WeRH
Icdferd fafrtor iaen o aWehiel Y@et & ®9 |
WA B € (Fe 2.10) 1

TRk GLEAT o ST H El-3cdei Tiaey
%1 eIy Hewe Bl 81 Tk a1 ST Uk fawiy

T 2.10 (&) TTHTUENT ST : BESIS WATSH (1 4l iR aw) @ SHferd Giieel R ScAfSTT JHIT HI T
o0 @ TR (Al @-35 1 3@ d gere fHa Shr &1 37d: Seqsid TIagH, S e ai-a5]
BICHITHTT Gg= il &, &1 ‘3@ Wazq’ el Sal 1 ot Ffver SR & qfaqel d agd i e 4w
gid &1 greiife HIs T WA G Uh GHT W O & 9o e 9 g 9okl €, fohg warpsi & gqg §
gt Goa ST ST gt €, S 4 QI e Seil-wR WS €, d Scaford T 9 Wagd I gl 2
(@) WHUNT ETNT: 59 TS FH Hl STl gEgie WA @ fohdt d@nfes (slit) ik 6y fisw
T TIRT SIAT 8, @ 91 gl § e @-a=a (5 o 2,10 % F Scafid g5 off) @t diggar &1 s g S
21 78 qgfua wagq 4wk 3@ Wazy gl @ iR e Wagd &1 BIeEd ifed glar &
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@1~ Scs T Bl 21 TEEte fageron o qrem)
TFeH ht SARTATEATR [T ST WA T TE=
o fory S&ft YR S o W@ W ®, TN geR
S o e A= &l 9earH o fog s |
AT S €1 A e 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) 3Nk a1
TS 79 gg off, ST 3eh @Sl a1 TareH! faveror
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 <
€, St ferfarer ergfi e feorga-gsen i fafentor safsa
F 2| TS Teaed | et #i wE St e §,
S8 ST SMTThIeh! o 19 & ST STl &1 &R A T
1885 H W U0l oF STHR W aam@ o afg Teredt
{@sTl & QT-H@ (v) o €9 H H 2 fRAl T,
A i A e AT ] ] e

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

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

39 3 51 Af01q @nstl i ‘arR 9o’ (Balmer
seﬂes]ww%lg@mwffaﬁﬁgﬁﬁﬂﬁ
1 Y@ form-gae Tagd & 5w &4 § W et
2| TWied & Th SagHl deiteh Sierd gt |
Farn fF eRgeH Waed & |edt gfvei w @

frefafad 9 g < S Hendl 2
v=109,677 —~_ L omo
= ) n12 ng (2.9)

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

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

R IE I CRIE

AR 5 arelt Yenst w1 ufe Sl wwwn eEda
(Lyman), 9THY (Balmer), 917 (Pashen), She
(Bracket) 921 %€ (Fund) STl seard 21

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

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

Sroft n, n, WeHr 8
AEHA 1 2.3....| W
AT 2 3,4.... e
RINE 3 45.... ST
Ahe 4 5,6.... ST
TS 5 6,7.... ST
) ekl lledelededelede. el el nzZy
n=>5
n=4
*VV TR S0t |( STeRER)
n=3
TR AT ()
n=2
EREE
AEHA S (TR
YYVVY n=1

ferT 2.11 gI3gieT WA § 392 & GHAI (TeT
GFEAT F EEA, ST SN 9 A
fraré 7F &
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TIA] HT G

TISSISH o1 ET Taeq gft awall oF @ Teey
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@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 WETet i Soldeitieh dLEl i
qaeH o gfaen gl
2.4 TSI UH] o feu |) \ise
TIESISH TXHTY] i G191 9ok TaH o HH=I
AU HT TEEA HHATHS AT Hied 9 7 99 1913
T | S ik oh ol oh IR0 i STALIT
F1 3TN fean awfy ar fagia snyfe FEien
FifAent TET o, TN RATY] TLE qur Tl H HE
Al 1 TEhETTd ©9 § THH § ST 3TN fohan
Fehel ©1 SR o1 Hise fefafad sfmeidl o s
T
() TEGE WA § SoaeH, Ae o 9’ WE
fafeara forean IR il ot JarRR weli H S| Hehar
21 T IR U i B shel o1 TR sre
T AT Sl &R Fed &1 A FHed AfaE
IR SR Gehsla &9 H oFafed gl 2|
(i) el | SoiaR i el THA o WY TR gRatad
Bt 7, qenfa i solae Fet Tomll & 9 5=
TR TR R T S, 5 98 ATA9IH Shell hl
STARIYUT HM AL Tl o Iod TR TR
Y 19 T W T & 918 sl 1 Scds el
(THRIT 2.16) | Hli-9REd Faq alieh § Tal
g 21
(i) AEF SO FTCH & TR SToensti & GehRA
% THY ITERNG Stger Scafed fafwwer
fefofea w9 o fean s " 2-

_AE _E,-E
h h

(2.10)
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RUSHCIEY

(1885-1962)

2w difqert omifTs Hier ar |
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
e, et o Sfewd @1 7=l 1920 § sfe=ge ifh
ToriRfeshel fthister ok feeren o+ YoM fovers =
AR IR A TAY] F b wMa9el ST o fag
Wﬁ'ﬁﬁﬁ Frd feranl 3% ¥ 1957 ¥ 'Atoms for
Peace' THM I 37| T 1922 § 9K 1 Hifqent &
e JRERR | FHEIG fohan T

Sl E, 99 E, %E: f7 3R 3= o7gma St
et €| 39 GHIHIU 1 S Rl M Al
frem et i 21

(iv) TSR T VT Ho eeifed s ®, <1 g8
Tt sTeen | 3 feAfafEd SHie o N
<1 ST Tkl -

nh
myvr=— n=1,23.... 2.11)
27

Sl ‘m, SR w1 SemE, v A qen
39 Feql &1 e 7 e solee gEa
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 figid @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! Sfedt @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§
e feran S 2-

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

5 “9IR e’ el Sl 2, 1 B 52.9 pm @i 21

YR BRGNS WA § Serareid 6 el (n= 1)

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

sl W, gl A ¥ X suferd B B

(1) TSR W Gt Tod Heweyul o1 TRt steer
1 Sl 21 38 FreAfoad g gry o s &

1
i)
n

Tvl%'T R, ED ﬁ?ﬁﬁ Teerian, (Rydberg constant)
Fed 81 THH! WM 2.18 x 10'8J Bl Bl Freaw
STTET, S ‘Jorer eteren’ (ground state) ot Hed

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

. 1
2, % S E,=-2.18x1078 ({77) =-2.18 X105 &
n=2 adl T sEe o fau s E, =-2.18 x

1 .
10 (57 )=-0.545 x 10718 . gl fes 2,11

TIEgIS WY i fafe=1 Temht sreenet o Sefl-wll
F1 Sertell i K@ T 71 TEh! (e wR)osma’
el Sl 2l

Sa TSR TR o YuE 4 Yo Bl 2, qd
Foit 1 A I forn S 21w feafa | seieea
&I W& n = co 1 TR 3fereen § Hafad el ©
TN AT EIEGIS UTHIU] FHEA &1 el Selaei
ek gRT ARt il € 9 5, hen W Sufterd gl

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 THERT I o w1 TR SR FA n=o0 H
ey § gEeh T i 9 B

TESS WA & fIU RUTee getagiieh
it (E,) a1 o ot 272

BRI TRAT] | B H9a el | ol o AF o
v Tog Bl 8 (T 2.13) | 7€ k01 g &=
Turten 2 38 0 foag #1 oref 7w ? fom Ay
AT 1 SHoll FEeR 3T | Tad Soiae ° &Y
21 TR (rest) 1o § w6 TR 98 SoeRH
Bl ®, S TR W od g0 W el SEhT o i
¥ WM o S 21 i § sgen o1l 9w © R
THH (2.13) H n = W1 9, 599 E_= 0
T B 2 S E S AR & I S ©
(SR— n ¥ ©), 99 & E, @1 FRue w9 g
STl ® SR Fg 3Afeeh e Bl STl 81 W n
=1 B, q9 Sl 1 HqF a9 31 HOMHS BIar
2 @R ' wen wag Afue wrEf B 21 eW 3o
‘qerey ST’ wed B

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

s Z
E,=-2.18x107"* [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 FHeqstl § T Fd g geiaei o o i 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 Sadl ©
A A FeH WAl o 9 o WY I8 el 8

2.4.1 BTSN ok WET WaEH shi ST

TR o Hise 1 SYAN Hich @ 2.3.3 | Fq 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= &I JEICH &N H1 el § T HH W
fafepzor (=) o1 SrEivo g €, Sefh 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)
FHTHTOT 2.13 3T 2.16 &1 SAgd W

R R .
AE=[—H—S] —[—n—‘;j (STl n, 9o n, SHET: STRAR
: ,

1

3R sifem e =1 REE FW@ §)

1 1
AE=R,|— - —
H[? n?

1

)
A

B 1
J: 2.18x10 ISJ[? - ][2.17)

THISHT (2.18) T TN shich HIEH o R0l
T SeHs W Wafed g (v) o qeieh foha S
T 2

~2.18x10"%J (1 1
6.626x10%Js

~3.29x10" (Lz—iJHz

2
n, n;

2
L

(2.19)
TG qE-HeA () T8
Rf1 1)
hc(nf anJ

3.20x10°s' (11
3x10°ms™

7, = l/ =
YR (2.20)

2 2
n. n

1

47

1 1} »
5~ 5 (M
oy oy (2.21)

W@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

wefiertor 2.17 Rgert gfiewtor 2.9 & S €,
59 ST 99 W Suas YA Sieel gN Wi
R T o1 ek STl BISgIS URHTT] oh STEeIyul
oIl IS WA H YIS WaH W@l T fowm
GHUU & WA T B hE BEGSH THIRT %
T 7R H e G9e HHAT 3@ o T § 3R
I8 e T W@y e €1 foret weHt
H1 dord 39 ad W AR w7 R ot wEE
T3 1 egi ol feRad Whie SteNfd
IS e 2l

IEEITT 2.10
TIEGISH WA | n=5 Taq ¥ n=2 3T&Tq

A HHHU oh SN ScArSTd e Wi S

3R -<=4 M El?

=1.09677 x107 (

'
Hifh ni=53ﬁT n.=2,

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

TR (2.17) @

AE = 2.18><1018J[5L2—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 0 grft?

BA
2.18x10'8J)z>
E, L 5 ) atom”'
n
He'svfauw, n=1,2=2
-18 2
g, =-218x10 JZ)_ g 7551089

12
GHiRTOT 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

2.42 9X AleA dHt GG

30 I Gig Tl fF BESeH WA &1 SR Hied

TIHIE o AR Aled W dgaX o1l SRS AT

AT THh W I el (SE— He', Li2*, Be®*

TAME) o W Teed 3R wfde & e 9

Hhdl o, Wfeh 9 &1 Afed F=fafaa fagst &t

AT &I hY R

() OREHA TEgH TR G A BRGeH T
T & G [f§F (doublet), 3 IE-9H
feorg <) Y@md] 1 e w6 H fawd ®1 9w
Tied 2SS oh STaal 3T THIV[S o Tiaed
F A HH H ATHY @I IR o o,

R IE I CRIE

Eiferem 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 @
T | o H&A AN I AT HL Honl

2.5 UTHIU] o Felieq AfAehtd AiSe i TN
9N Aled 1 S H AF H Wd g WA 6
fau eifuss Sugs iR GeRY Aied o fokm &
T foRT MU 59 WER % Ated o o # 59
wewEUl qetl w1 SAfush AR e, 3 ffafed 8-

(%) & 1 gd HTER
(@) BTESar &1 STffe=dar =1 fagra

2,51 g 1 gd HAER

i fifqen S < sivel 3 T 1924 o gfaifd
foran o faferor &1 @ 5o 1 ot g0 Feer T
FHAT AME, 3T F § HU e T— A W& oh
07 BF wieT)| s 31 7e B TR | @t 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 favafaeme # o=r R

T 1929 ¥ 3% wifqent § eel [EHR Y HL ok
Frrfa TR =
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o Ue a2 B €, SHY dE geleiq il W WA
3R -2 g =R ivelt 4 39 deh o MU’ W
ot a=rel o o1 o fo -3 (1) qen He (p)
o o= Fefafaa gay Far—

po v _h

mv p

SRl m U H SHEM, v SEHT AT R p SHHI
Fam B 2 sifvelt o 34 o=l e gfte wE g o g,
e e 2@ T o gee o gl ol faada B,
S 1 AR #1379 fagid o STHR W gt
GeHEEl Bt T 1 T, S TSl o T S SRR
W IE YRR S 7, FoRT Jeahi Tremor gewset shi
Tl GRS 1 a1 Yepfd W M ©1 myfTeR
SRR we-hr H goeR geueeil uw Hewul
TR B, s sod et erfaged @%q w150
ARG T TS HIh @1 S ekl T

TE oA < AT o € foh % siftelt o 3TER
Yo el o] W dX oh IeT0 B B 1 IR
g3l 1 IUE FTHEH T oh RO 399 Hefud
- gt H el € Toh Seoh o S Tl ST ol
TE =t T, T el 3R 3T SIS T,
ST So7AM o5 FH el €, T Heiferd dr-<eaf 1
T R e S 21 get § f¥u T aftors g
ToTeRs &9 9 fag W 2

(2.22)

IEEIUT 2,12
0.1 kg So7M@M 3R 10 ms ™' o7 ¥ Tfd < W&
T g H - T 22

&

3 el FHIRTO (2.22) o SIER

h _ (6.626x10 °*Js)

~mv  (0.1kg)(10 ms™!)

=6.626 X 10°*m (J = kg m®s™)

IS 2,13
Teh Sola 1 FAAE 9.1 x 10 kg B AR
AT TS Sl 3.0 x 10%°J ®, A gHH
- 7 gm?

49
T
T i = omyv?

v (2><777"FIFIWJ”2

m

(2x3.0x10Pkg m*s> )"’
9.1x10°" kg

=812ms™

A=—
mv

6.626x10* Js
(9.1x10°" kg)(812ms ™)

=8967%x10°m
=896.7nm

ISR 2.14
3.6 A° G- &g oTcl T 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
Jifaes 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, > —
Py an

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

wEl Ax w1 i feufd § sifafemmar iR Ap,
(Ap) AT (F1era ) H Afrefaadr €1 THF TR,
ot gotarei w1 =ene feerfq afw 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 Aoy fop Hiex o foreht
Afafed T @ fordl ®r &1 GeE 7 % fag
AITY YN Sl &1 T W GRomH el e 2 e
%1 WK WE-WEl WA ok o1y S9eh] TS i
el ¥ ¥ SHE Al Fafgd STRT 1 ST HIAl
BT 39T YR soiae i frafa =t fuifa +6 &
T amaeR! T UH UM 1 SrEveshar e, fEen
YR SoiaR i famreti @ i Wl | 8l soiae
1 fearfd T 3 o6 fow 34 39 vermet = foRgq-geehia
fafertor gRI WeTw AT BT YR WehTRT 1 AR5,
SeiaeA i faHiel § &H B! A6V, T UH Yehmel oh
TISH &I Tell 9gd Y BRfl TH TRRT 6l 3=

. h y y N
o [Iij Tl IS SR | TehTA W STeh

ot § gfedd & <m fedde 39 ufean @ 'd
o i feafa @t S-S fauifa = @, =g
THTA T UfhAT o ITA BH SEeh o o aR H 98
FH SRR B
rtfYeraar fagia ot "<

FTEsaT oh STfvead w1 T wewyul Mfeard
7 ? o 7 fram fafvsa anf =1 geiw g (trajecto-
ries) % Afkde 1 @ed il 2| fhet fie 1 weu
Ty f=-fa= s W sHet frufa wd an 9 fauifa
foran Tan €1 4fg ed fdlt fowm e W ww 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 foe =1 feafq wa a1 9@ 391 gerg-vy fafvem
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 fiei & fau a5 g9
AT T 21 39 S F TS U S Tehell T

I} Tk el (10°kg) SEHH a@ fie W
siffeedar fagra @ fean e, ar

h

4n.m

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

AV.AX =

~1 0—28m2s—1

W Av.Ax 1 | SAE 69 To 709 2
THfeIT 718 el S Hehell © foh fiefumm e & fiet
(o 399 we fief) & fau faemr w999 dag
rffyemand frdl arsdfaess aftom &1 72 =il

TH TH SelaeH o 99 Y& e & foe ara
UM 16T Ao el 81 UE SAHiveadnd arsdass
o & B E1 ST - TH 9.11 x 10°kg
SHAM aTC] Selae oh ToTg gleser] SAffy=aan fagid
o IIAR—

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
HefaTl H T hIar gl T i (v STAERen i
SAYTITOTR e Y Weh| 3rd: guent aref g § TR
T ot Teafa wa wam o ufieg wew @t
UIfehar sheM | Ufawernfua T R, ST U
TR TIU T T T He W T 2l W E
A o i FiteRt Aige | el B

3aTUT 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

T
T H 206 1 SAffrEEar 7, sty

51

T g ((1901-1976 )
R B Y = fvafererer
9 1923 ® ifdent & dros e,
T UMY YT h1| I=IH q9 Teh
o Herg & o 1 BT o ae
T e 1 U9 B | et SR

e oA & B 1927 | 1941
e it T o sifaest o wrheR @1 fgda favegs
o SN 9 TR 99 R ST U & J9H &)
TG & 9% 5= TAfTTsH | ifdehT o Her wiish G
w1 e Mfea foran 7o 3 T SH-AM gdariE!
91 9 1932 § 5 wifqent o Feiel [EhR 98H fRan
T

3Tl 2,15

Teh YEUREN SYGHd il 1 STANT hich Tohe
] | ereed &l 0.1 A T o Sida STt
fearfa A o foTw wge gl €1 39 9 HIOA
o sfafifea stffeemar s 22

T

Ax. Ap=4£ or Ax. mAV=4£
T T

h

Av =
4m.Ax.m

6.626x107* Js

Av= "0 31

4x3.14%0.1x107°m x9.11x10% kg
=0.579x10' m s (1J =1 kgm’s?)
=579x10°m s’

45 x i=0.9ms‘1
100

TR0 2.23 T STAT Heh

h
4tm

Ax =

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

S gEd QAT Afh o AT hT AT
10'° of 9T 1 ST UES S ST gl € 9%
ol o T Affedar fagia aRys Ao &t
Fig srefquf T fawif T war 2

T A hi TaHAAr oF IO
319 91 Higd &1 fIherdl o HROT i A9 THS Hohd
g1 IR Higed § Uk T i Tk TERIE H01 ok &Y
o ifeek o 9/ SR Ffk=d gaeer wae § ged
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
uRenfrd fohan ST Hehen €, S soia 1 TEl feufa
AR W& AT— HI Tk WY A6 Bl gESeT o
Tagia o ER, U@ G9e T B1 39 YR BReSH
A FT SR Hied 7 Had 9 o e FIeR i
ARG XA 7, Sfeeh ‘gTgeet AT fagid o
fawdia o 21

9 YR 1 TE HHASIE! o HRIT G- TS h
3T T[S W AR T foRA S WeRTl 3T TAI]
HCE o aR | U9 faauri &t stavasd o, 518 ara
TH] Hed %eA o WI-h01 ol qel SRR 3R
‘grgsia SIffyEdar fagid’ o STIEY Bl TE Felied
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),
fSTeRT SAEeR U1 TG 2Idl €, T T 1 Therargds
quia feran <1 "ehar 7, fRg 19 39 oifa gem o
(S gerarHl, STt SR wRarEt) W ooy fwe
S ®, @ FE Tl & S 81 GHl 8 1 Rl 98
2 f foRuma ! 559 T § STIREE FHU oh
el RN T HehoTqT qeN S o &1 Suaf
HTdl 81 o7 o el HFER i M | @R i
fogm =1 Faten afrent (quantum machanics)
Fed
1fq ge aegett 1 faat &1 steE foman < €, S
T R FH1 A F O @A 1 AE T e w
T o el ot Ffye st €1 S/ saien iRt i
Ty g (Feh forw qafta o eife=g B ) W
o] foen < €, qe Feraea Fifent o wfoml s9
2 gftoms 9 B 2

T 1926 H o gEeHe SR 3 gifesr g
ST 3T FalleH AR o1 farenma feman | =& ™
W dAifssr g1 faswkfaa ‘s@ien At W & ==t
O, S N R T b forrl 9T e 2

Faieq AR +1 Ja THRW SfesR gm
wfearfea femen o sHek forg = @ 1933 W wifdert
T oA [ERR YSE fHa1 T g8 gHieRwn, | ]
el g ST T U o RO IR qET ATt <l
HIER I A W WAl €, HIhI Sed 81 HH e
FH o fou s=a forq 1 aRued 9 B STavash
21 30 g i i femE ® o +6 & 9"
< Bell oh IR H AT 3N T e H TRl

T R (SH— Teh AT =1 370, FSEeht Sl
Tag % G uRafdd T et @) o fau sifes
GHfiHI0T 1 TH TR for@r S 2—

Hy =Ey
el H s TdE SR (operator) 2, 5@
‘efeeifEa’ wed B gifesy 3 wamEn 6 e =5

R IE I CRIE

T ol o ek U 3T FHNH H HY ferar o
kel 71 fordit fehm 1 el Sooll, ST STTRAITS
FHU (S IR feR) T TSt St Seiel qen
TRl oF o9 STRY T gfdesl fave 9 gafua
21 39 THI0 % T © E 91 ¢ % WM WK e &

EISGIST UTHTY] q&AT TSR WHiehuT

T4 SAfESR THHRTO F TR AN o forw ga
o Sl ©, a9 SHH Soeei o H9E Seli-&R 3R
Ik WA - (y) T el 21 A Faifed Sofi-
TR qAT 3ok FIA TUT-Held SfSsi-FHIH o g
& HAEEY @ B §l IR A Feq-geei-
[f&4 FEH-T& »n (principal quantum num-
ber) farett Feey d&n l(azimuthal quantum num-
ber) T Jaeh[d FleH TE&A, m, (magnetic quan-
tum number)]mﬁﬁgﬁmiﬂw%,ﬁ sgifest
Gt o Wihideh 8 § W Bl 8| Sd Seierid
Rt Sl W) o war @, @ Uk T -
TARME o a8 H WS THed faEmE g 2l
TA-HeH Teh T ®ed €, fget a9 wam) o
gelae o fadenerl W T war ®1 gEe e
difger o1ef T e 21 wEgE iR SE% §AM
TSl & UH U Soaed al-Hod @i IET]
*e&h ' (atomic orbitals]sﬁﬁ %I T YHR Teh
AT TP o -%ad Téh SaaeHl &

e Aifesr sifegan & sdifdent

o SR 91 SweiH §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 dlie Tu) e W S o SHH % 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 w1 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
RO TTEge AV o Waed & 9t 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 held: heeh 9 B 8 W g 3T
3TN °F IUWST 2.6.4 AT 2.6.5 H TeH foh Fg-Saiae
WA o HeEreh] iS¢ n SR [ Fied e
W R Fxclt ], Sk BTRGIoH WHIY o HeETh! F 1
TSl hael n wEEd Al W AW w2

UTAT] o FEEH AfAha ASe o UHE &

YA <1 SAIEH Ffeh1T AiSel LHI-HT=T1 1 98

o & S wemE W sifest gt an] w3 9

W eIl €, WA % FeieH FqiwE Hied o

Tewqul weon frefated §-

| TRHTET § Seigeil ® S aaited et § (St
T hael $© a9 7 € 8 gehd ) | ST
o feru—sfe AT o e e ¥ &Y B 2

2. SoTERHI oh TR S U % RO Felfed e
Foll-TR k1 AR T IR AIfESR
eI % A B e 2l

3. el W] ¥ seered w1 wel feerfa den 9@ o
1 Tk T 1 el fRan S Hehal @ (@Tgeant
sTfeeda fasia) or: frdt wam] o soieeq &
w1 o grfrea T T e s gk 21 sEiferg
79 W] ok fafv= foge W seiee & g #i
HIfgeRa (probability) 1 Heheadl oh aR ¥ &1
Fd T 38k 9N § 9 A TR

4. Torelt TRuTor ¥ gelaR % aT-Thed Y
“UTHTO] ek’ hEd &1 59 Th T-Fed 5N

53

et ToeRA 1 STen # Sl 2, 9 8W g
Fed € T o9 3H werek § Sufterd 71 i
fendit goierei o foTT wIgd © aT-Whetd & Hehd &,
3Ff: TATY] W S UXATY] ek B §| TRArIE
%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 SoEg Tél T Tehd 2 TRl ag- g
] | Tl o 9gd gu %A | fafy=r weeht |
TR W WA ¥ o: §g oA WA |
Y% SR oh (A0 Uk halsh quT-%ed gial
2, S S ek 1 Afenafves g §, fored
TS SURA Bl 81 WA | Sl o aR
T O TFHIE SHh heleh -held y |
Iufterd Bt € qen FeH AR S g ¥ H =9
T T W HEAT G 8l B

5. forelt oemm) o forelt foig R sereRia o Sufeerd B
%1 WIfaehdl 39 fog T H&eh T-Had o o o
FAA Bl ¥, Srefi 59 fiig W |y?| <R e
¥ (probability density) el Sidl IR
THEN AT gl ¢ fendlt wwwmoy o fafie

fargell W |y’| o W | Tk % W eiT
IE & T Ul AT G0 &, &l UT Sela
& UIT S St HETE 3tfeeh g

2.6.1 haTeh 3T FGeq H&AT

et wam] ¥ % etk W9 B ©| ONCHR ®9 o
T herhl | Ieh MR, Mpla IR afdfa=me &
YR T 3T a1 S ekl €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 we foen o atfuss €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

Rationalised 2023-24



54

a7fE) o foTT I8 3Tehe €Y heTeh o SR a2 St bl
feifia an &1 g wdich 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
g1 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’ HeTh FoeH G,
THeeh HIvNE o (orbital angular momentum) a1
g Faien GE (subsidiary quantum number)
off ed €| 98 herh o Hfeid fehR 1 R
FA R o T AR & fAC [ F 0 W n— 1 d%
n OF 8 "ehd 71 3FAfq n % KT T A ok forg 1
A 0,1,2,...(n—1) B Gohd Bl

IS~ S n =1 Bl €, 1 1 Sl Shelel Tk
08 8 n=2 % faq | & Gwa HH O @
| 1 Ehd € n=2 o foIu [ o H9a W 0,1 3N 2 B

YAF HIY H Uk A1 fYH IURMNT (sub-
shells) 1 SU-&R (sub-levels) Bd 21 foHddl q&
I W STRIN H1 G ;o SR Bl 1 S0 —
TS HI (n=1) § el TH IU-HR B 2, S 1
=0 % G TN T TH YRR (n=2) R F q
IT-&RT (1=0, )n=3 H 44 34-F (1=0, 1, 2)
B Bl p o 3 HH ob fa off T fon st genan
21 Tl 191 o SU-hivl o1 fEwieia seien @ (1)
SN TS Y €1 1 o Tafe= |Hl o Sa S9-shiel
1 frefafed fogl g sofan s 8-

1% 9M : 0 1

IU-FHN & g

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

groft 2.4 B Y TE g F@ien GE&A o fAu [
Huyel W 3 G SY-HI9N oh Hehed 4T T B

R IE I CRIE

HeTT, ek TS Ikl HE
‘men’ e ‘eheren’ T e WEM R €1 e (TS
AR A gfqufed foman) e o =/l 3R T Jaehi
9o B 2, TSy getaeiT T whear 21 eEseT o
sfead fasia’ o TTER, seegM o 39 99 &
& fuftor e g @1 ord: SR Y Hensd w6
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
TAHRA & - Y T U H 21 3 A
FieH NS (n, 1, m) SR YERA fohan < wehel
B SEHT A Seler oh TFewnierl T TR e 21 o
Ay B sifae eref T g ], Wy I

% ot 79l |y|* 1 e s g B, FoRe
o fopdl fog W |y|” 39 fog W wiferdl s &1 79
@ €, Miaeha o |y 9 ST ST i
F AH A B |y SR TH DR e (W

AT STIId FE I &) H RS SAFA B
IH I o T S HT YRl 1 o5 L 2
(el 7 STRIA °F 1 TF RV T8 T |y
o Ffem & Tk & ¥ TR & | eel @l €, W
Th B APH T99d § 3Heh HH &l feer AM 51
eha ®) | Teret 7 e s o seieeH o
T ST e IR || S W ST st
o HOE UGS i SIS WIS 1 S Wehdl &1 W
YR fordt wefeh | Hefad soige™ faawor 1 aar
A e B

W'q Heh FEH HE&T (magnetic or-
bital quantum number) ‘m ¥H<ET AA EUG
werehl & fafom sfafama & 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 ¥, FAA| 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 (4
d &) B HhAl | TROE & fF om, %k AH | W@
AR | % AE o W W@ B B
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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 R
T=e gRI gt femen e @1 e1a: Faren gemsi
n,=2,1=1, m=0 5N A0 Herh TH FHarh e ¢,
S TR W F p W A @ W @
AIfetet & IT-I9T 3R 3T Taferd Heteh! w1 e
&1 "oy faan mn 8-

EakiiG] ol1]21]3 4|5
YT Gehdd s |pldlrlg |n
HeThl i T 13|57 |9 |11

TR UeIshUT s : Tohell WA shefh oF fog
fafeq <l oeien WEmel i ST Sell, TR 3R
sfufarrg &1 R w5 § W BRI ST S €
Tfeh ag-gore THNET H 3@ U - e Wt e
FE H ¥ Feien el v T 8 T s W 5w ([
T qE-TE) 9o T @ e (@9 e ae-u)
B <1 T e Tt gRI STHIT it o ST I8
T AN Fol-Tal ! U T Toba HLl B

G 1925 T st 3%@'—@%" (George Uhlenback)
#R @'331?1' e (Samuel Goudsmit) 3 Teh

55

‘TSIl FEleH W@ (m) e T Th
TR 310 318 W 3l 99 € TEhUT il §, S
T & R IR FERL Hed IHF YA 3T 3 W
TR HIA B TR VR B Toige[ W STE iR
TAH oh AT EE| (intrinsic) 9dsh Ul HIOT T
@W%IWWWE@TWWW&tOﬂT@T
21 3ok Ferel ¥ gU 181 o et 31 eifafe
Ted €, 1 § eeku F6len T@ m % 5N 9%
foham S Tehal €1 m_ 1 HH +1/2 A1 -1/2 & el
%I ﬁséagﬁaﬁﬁw ST (spin states) ot
Fed €1 W R RS IR 1 (S94 T=6T, spin up)
3R | (Fr=rel w1, spin down) §RT ST S B
fafi=t m_ w1 a1 3 el (T +1/2 SR gE
~1/2) faudia g ot Fean g1 fHd weas 8
Y sAfaek goae S B TR €; T I SoeRAl
foqdia werhor g1 =)

T ¥ 30 I8 e Thd ¢ o AR F1e0 TEAm

freAfafad SHeRIREr dt 5—
@) n 9 I A G Bl 81 TE HaTh 1 HR S
FHIHT B doh o1l T8id L =l

() n® B H n SI-H A S| 1, HEH I i
AN €1 Y FehR o SU-hI91 | (21 +1) heTh
B €, Ui Uk SU-hT H Uh s hewh (1=
0), & p e (1= 1) 3R 5d H&F (1= 2) &
Thd €| | FD oS dF 9§~ IO WA h
etk 1 Soil w1 o i wea ?)

(it) m, FeH & A= F TR B E L H
feu T forelt A 6 faw m, & (21+ 1) W9 B
21 Ta € W Y SU-%Iv H hee| &
Biet 21 Hen1 27ef 7 ® Ton herenl 1 @A ST
srfafa=mal o qiiehl o SR Bl 2

(iv) SR o TRl o AT &l m_ s 2l

ISTETTT 2.17
& Jdled 9@ (n = 3) ¥ Hafd ekl &l
el WA 1 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’, 374q 3
=9 HWaY & ITAN HLeh o TAE TF 9=
fohT w1 wehd B

SETELOT 2,18
s.p.d.f Gehd" T YAM ek =fafEd Faiey
s dret 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 UTHTU] heTehl ohi 3TTehfaal

foRelt X1 | Solaei oh & qUT-Hhad S1E v
T T ATH i difqes 212f &l el 81 I8 shoel
sﬁaaﬁ o feeTent (coordinates) bl RIUGIR R ISE]
g 71 Fafy fafa= warei & faw - (Tifaew 3 @)
o HeH o B9 § FId qU-%ed ARE 9= g B
(a1 2.12 (F) I1sm=1,1=0)7n2s (n=2,1=0)
THeTehl o TH YT oh TN hi e Hdl 2]

S Hifqer Tt g @ 3 waren T fadt
fog W qT-%ed &1 O (Ui y? ) 39 fag W
TAFTT o T 1 UIfehdl 1 switan @1 [fas 2.12
(@)] H 1s dq 2s HeTh oh g WQQFTTﬁa?f'*T?ﬁ
roh ®od oh ®9 W <A T R | e 9 3@ Hehd
g o 1sdu 2s o o 9= ©| T€ <@ S Fehal @

R IE I CRIE

160
() 40

120 30

w(r)

S
w(n)
8

T T T T T T T T T T
0 04 08 0.4 08
r(nm) r(nm)
(&) 5000 300
4000 240
T 3000 < 180
N N

> 2000 > 120
1000 60

04 0.8 0 0.4 0.8

r(nm) r(nm)

fag 212 (F) Fe&E WI-%ed  yY(r) & IRE
(@) 15 TF 2s FHe&TH] & [o78 r & HerT & &Y
o Gl A i (r) H TRadq o sIRa|

% 1s e o fore wifehar sM@ A W Afehan
2, Sl e | S W e S 2 e AR, 2s
FHeeh oh AL JIFehdl o 98a oSt | ¥ T6
Tedl ®, fht age1 9RY Bal §1 S@-S9 r %1 °H
w%é@—éﬁww Afyehad (small maxima)
% Y 98 YA: Y[ o e qh Tedl €1 9 &,
el 78 Wfashdl S ¥ Bl 5l €, ‘Aed gag’ @
‘e’ Syl B WHEIE: ns e o (n -1) A
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 Tgdt 21 3 wifshar s
URedA A - 1Y o TR H gug W1 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= werpl & fag
feer Wifehar o aTet HH-9ag @l (bound-
ary surface diagrams) R %! ¥l &1 9 YR
foman S wehar 21 39 frwaur | fodt e & fow
Teh Q’Fﬁ gREdHT-gag A ‘TFT‘I% (contour surface)
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| } —
1s 2s

ford 2.13 (%) 1s UF 2s THY H&h! & o0 Fifresar
T SIRG o537 1 T 3T &7 7 seiaeiT
UT §H @ Gidl-gAed & gvilal g
(@) 1s TF 2s FH&®l & [o7q TREAH- a8
IRG

=1 sTfEa foren <t 2, o whresa aae [y|© w5
oM feer 21 dgifaes &9 ¥, el wee o fou t
% IREH-Hde STE F9el B §, W fomdt 5y 7y
FHeeh o fou feerR wifgeal =M@ o head 9
IRE-Td8 ARG & Hedh hI TR oh 3T
fregor A W 7, fores gr1 freifa e an e
TR oF UIT S W1 Iehdl R SATEeR (S
90%) Tt 81 15 Td 25 Hemehi o fory gREm-Hae
sl =i fet 2.13(@) o <9itan 7@ €1 39 U Hehd
g o =9 um uiys @« @ o ®, fow
TAHRH UMW ST o1 WIfIhal 100% B1?7 THehT S| T8
2 for iy @ forcht fafeea gt W ot soeeH o T
ST HT p Wl 19 Bl 8, 9o & SHHT °H
9gd &H F A Bl iy Med R & ™
aRei-gae SRl 1 S G9e T2 2, fer siet
TOHH o UTT SIH 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 YT 1s U1 25 HeTeh TeAld SHid o 2
areqd § Gl s hereh Tieita gEtafd o 8 § 1
off <@ T ® TR n 9@ oF WY s ek @ SR
off 9 S 8, $1iq 45 > 35 > 25 > 1s IR &I
FATeH WA o 9 o WY SAd ANee ¥
ST B

o 2.14 5 @ 2p F&hl 1=1) o UREH-
g oM@ femm T € 3 sl | Tifvew qa g
W B € A&l s Heehl o Taudid, UREw- wag
NG TR T 8d €1 SHehT 748l Ye&ish p- o
q W B €, TR ‘uiferl” (lobes) el S@T €1 A
TR @ oA a1t q o ST 3R feera €)1 STt <At
niferatl Tk S Rl Tl Al F, 3W qo W HIiRan
¥ ®eld Y Bl 1 A p HeTRl &1 STfa
AR ol Tk T B 81 A Hefh chad A o
srfafemmat o emym | fa= e €, =i 3 wiferat
Xy A z A F AR = A S HewEdr
T = 2p, 2p, A 2p, TR AN W T TG
I SeaieHd & 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 ¥, o1: @ p etk B, feh ater o
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 g/ § Wl 2, $1fq 3p weh & fag
550 91 T, 4p & AU I R o e ot s
%9 ¥ e 2

*fg wfrra e |y|” T & gE WA W TRl 21 a3 wae W |y| oft wmh g |yt v |y| o fo afdm-wd

TH gaH B
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2p, 2p,
z z
A N
i /-\/ P P /
o
“4\ y/
y
2p,
z
1

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

1= 2 o o0 ek, d Heish hedl ¢ 3K &
FeH &I (n) 1 9 3 B &, Fifh [ 1 91 n
~ 1 9 sifues T 8 wehar 21 399 m, % W HE B
T (-2,-1,0+ 1 3K +2) 311 39 YR = d HeTh
B B d werehl & IREm-gae @ o 2.15 #
femamy g 2

9 d Herhl Hl d, . d,, d, dy T d, FE
S €1 TEA R d HeEh] h1 SR Tk SIHl Bl B
R wfee d2 Wt o Bt B, e et sharet w6
T aUey gdl 81 n > 3 a1 d HETH
(4d, 5d, ) 1 FHFA SR Bil &, wifeh Hofl ae
R fir= g 2

=g el (Ui 5ia wiaesha-a9@ ®er I
é)@Wnp@Tnda?W$mm—W
T ad W I B §1 I8 AT U ToRd §¢ e T
sk 3l €1 MW o o, p, Farw W xy T Aed
T 21 d, FEE | TE 9 TR g N 2- 81 W
Xy G 1 95d EC & Aed ad B 21 3R R
e’ el Sl & 3R hivie el w1 gea 19 6 St
8, NG p HeTehi o fIT Tk, d merhl o forg & e
3 o foT SEt b i Hig B &1 Sl ol et
& (n -1), 3toiq woig g 1 K e 9
(n-1-1) =T JT BT

R IE I CRIE

faT 2.15 9r9 3d F&H & TRAH-GIE IRG

2.6.3 hHaThl eht ST

FESS W] H Selaid &1 el had & Fdied
e g Teiia erdt ©1 31a: eTggie WA § et
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 ST 9= 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)

7 2.16 (%) ESIH WA 3R (@) Tg-sazi RArei
& FT T B & Holl-TR SR A 7T
1o BT WA & [0 TaM geT Faeq-qe&
8q fr=1-fy=7 fgmreft Farew g & W ot 391
Sl GH gidt 81 ag-gelaeia wEIE J Ga geT
FI12 GEIT qT6 FHErhl BT Sl (97 fZ97 Fareq
T T werhl & g = gidl g1

THH o1l ol heTehl ol THEIT (degenerate) <hgl
ST &1 ST U8 Sl T ®, RSN WA A Jg
etk Tad TRl feufq o W B 81 U8 dereer
3T (ground state)WFﬁ%l TH Hed § SuRer
SIS e g Helifeeh Yereral § AR @dl @
BIEgISM WY H 25, 2p A1 359 Hethl § UM
3@3@77[ 1 IS 7T (excited state) 4 wel
S 2

BISSISH WA o Tooid Toh =g geiereiA AT
% IAFE HI Tl ohodl U A FieH HeEAl
(IT) W& T, dfceh et Foieh 9= (ST-HIT)
W off fsR St 21 ereiq § T e Feien wen o
Ws,p,d,f...aﬁwﬁﬁ?:f%ﬁ?ﬁ%lfm”@ﬁw
T FAICH WA | Heehl bl sl 1 H s> p>d> f
B 1 To9 Foll Tl | IE SR 3A(ueh eidl 81 heteh!

59

F H H TE HH dSES] hdl © I B
45 < 3d 3R 6s<5d=4f<6p M| SU-H &
=1 Seristl &1 RO Tg-SAa A TATIST H SerargiHl
o g | gl w1 sufefd 81 eegeH W] o
SRV Seleri 3 e A1feh o o= Syl
ThTH g S TR €1 ag-selaei et ®
TS A AT o e SR o STefre T o
Iqfkerd Teh Seiee o1 R © Wiaeeor off g 21 5H
YhR Ueh Sg-3iag WA § SeideH 1 T
HieRtoT 1 qor | atfueh SRt s A €
Yrd: e 9§ S Soldei o S
TSR W Hiaehtu S e sifesh wewegel
TEA AR A | G (Ze) 91 o hRUT Serarel
o SRt 3= TR wedl €1 SieT wivh § Sufter
TAHHl o HRU S KW HT IoFE ANTER B
A (Ze) T W e Teg@ &l HT UM T, i
AN Seiael gII AT oh EHTeeT TX ST STeR0T
o U1 §H AL 1 Y& G0 Te1 ISl 36 STaiek
AT R SRl Tl T AT § ufiwerur
(shielding) &1 STl & 3R e 1 el a9, <
ToIFE T YHTE Al €1 WATe AR 31aeT Z, e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI IRI&UT o desE AR STeNl | gfg o |
Rl S gN HegH fhal sTeRdu-oe =g S 2l
TR vl o, AR 3R g & die e T
1 ol (S HEh Holl) TWHIY] FE&AT (2) h T
o WY T (37T ek Huesk &) W
STMeRYUT TS Tfaehyvl, IF1 ST=IRT foRae il o
TR T IHH YR THefeh i Ahfd (o soaem
Iofeerd 7) R fR it E1 S & fou- TR
3TPfd o TRV, s Hefeh | IURYA Tl p Hesh o
SUfeerd goieM T gl B Sed SeiaeHl T A 9
TfREEroT 3R Tl aieh W LT €1 6 YRR, p heteh
o Sufterd goeM d el i gorl | fus afeem
FW §, 9% A qeft Ferh Tk & B H €1 T STl
T & I | TR 3R o HRT s FHaeh Sl
p HeTh A I ol | IR p hemh oA d e
T T orl | ek o I Sifieh THg ol il
T TR v B R T w1 (YO Fiew We) &
o feieht sFfizd Wt (1) <@ o W Seidg g Hedd
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fohan Z,, ¥ ST €, 319 p heh Y GO H s HEh
3R d T GoH | p hereh Mk O e gaar ¥ wen
Tl € p Heh & SoidF hi ol H s helh o
TR 1 3R d Helh o SR i ol H p e
& oz F S w7 € 3, T <n A %
e 1 wen f-fae ekl o faw R 2R R
37: Th & DRI (YT FaleH &) o sl &l i
faareT (splitting) @1 STl €, S7efd ST Weel s ST
hT €, Heieh T SURd Seiel ot Soll n 92l [ o |
W R @ B ORI €9 W on SR | W HewEhT i
Tt st FeRar st Sifeet B ©, wifeh n e 1o
TRt A o foIT U et 7w 1 (n + 1) 1 A TS
=1 Er Ferr w1 e ot Ia € A e Al
hefehi o T (n + 1) o1 AF 99H &1, d F79 n o A9
Il hefh i Sell 7 BT |RON 2.5 H (n+ 1) FrA
T T © @R ot 2.16 H SE-geR ARt & Sl
T T B A < A o1 7 o ® fon fendll foeiw s
o faf=1 39 el (Sg-gerRA WA ) T SHeig
f=-fi=1 el §) Brciiteh BrRSeH WA | g Seig
T Rl €1 3 W 7 aqen Sfea g R e den
() 91 o W T SU-HR del HER i HAC
FH Sl STl 2 SR % AT TSI WA % 25
HeTh hi SHoll, THUTH o 25 HEh hi Jorl H TfEeh
Bt 1R Wifeam 6t qorl | <iferrm st Sl tferk it
T M f W @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTUT W heTehl Rl AT SET
faf\r= ReTsTl o wefenl | Soige Sihdrs, & o
ITER R W B ‘3ffhers ', qeelt sqges
&8I (Pauli's exclusion principle), o Afeshan
Fgehdl 1M (Hund's maximum multiplicity rule)
3R Herehl w1 AUferss Sertel W eeIRa 2l
3Mwars, fram
ST AT H  sfihars weg T eief & ‘i g
‘herehl T I BF W1 31 B— FEeh] 1 SRl
g 90 T 39 R % SgER— ‘uvEmureTt st
AT STSEAT U, haTehl ehl ekl Sioll o igd shil
T T ST 2

LGIPERERIE]
| 2.5 (n + [) 0 o 3R WX St Sl oF At

HeThl hi ST
n <hl
HAR 1 n+l
| <hl A <hl HIT
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
1 Sol 49
FH et ©
4s 4 0 4+0=4 4s (n=4)
3d & 2 3+2=5 3d (n =3) st
Fel 4p |
%4 et ©
4p 4 1 4+1=5 | 4p(n=4)

T VR T ToHRH Ted TEaH HE el are
U etk H S € SR Skl W o oIS 3= Sholl
A hEehl 1 WA €1 3T Ig 9 Yo € fo TR
hefeh i Tl YIS AR AT T 9w 7 3R
faf= YR o sherenl W @R qiE fa= e 2
THfT TE i ot TR e T © S wel WAt o
fore @@t 1 qenfy Serenl i il o1 AfaRad g
W, Al STh! SN ST 1 HH ST STAT B

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, bp, 4f, bd,
6p, 7s...

T8 %0 &l o 2.17 # fewi w fafy g o=
el S Hehel B1 U W U Y& i g N I
fE9m herehl o WA 1 A STl €1 STed WSt
ol o fau a® A 9l e o faw
IRV €9 T T T S0 ok forg weforem o
STl Selaei oh oIt 3d 3R 4.5 herehl o ferehed
? R St fop 39 e W qaiqmEiTd feman ST HeRar €,
€ TR 4s HEH W I ST € SUUK hH h
e TR H A & AU FHEAS ANRIE AT
e Sgd IR Hereh! T Foll &R THerd—Serar g
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faT 2.17 F&HT &1 T T FH

& ST AT T T § Sesh— URedd Hameh o
G oh ohH W URer o Wehal €1 98 B gu oAl
S A LAY T SeieRl S e o faw
TF IR AR € Al Aw AR v S fE e
YIS B Fehd B
qrSeil 3TuaSi fagia
fafsr= et T SR ST AT gorRT Y T STasH
fgia gr e et ©, o siifegen o siieh aselt
AT T ot F fEn o 39 fagia & STER—
fordt urmmoy o Suftera St @Al @t =Rl
FET WEATE Teh WA TET &1 Hehell| TSeA STqarsH
fgia &1 39 TR ot Fe1 S a1 2
“Faet A TR TH FEEF W T T 8
T TolaRiHl oF WelshUT faudia g el suh
@ & % 3 goet %1 i Fren werd, ol 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-HIY | ST Seiael ohi &Hdl i AT hd |
TE el B1 SN & o, 1s H Tk Hersh gl
21 39 YR 1s SU-HIT H SeiagHi 1 feshan Te
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
FHHL: 6 T 10 T Fohell 7, TN T T 3T ThR
TN ST Hehel B—

T Fled & n 9t gl B S oht
W& 22 F SIS Bl 2
TS Rl STT¥hdd dgahdl okl faH
g 99 T & IU-HI9 ¥ Fafid FHerehl hl T ok
fu <m] feman S 21 57 FHarehl w1 Foll Se et
%I I gHYY HEh (degenerate orbitals)ﬁﬁ%l
7% f19 39 TR € Uk € SU-RIVT F heTehRt o
Tl T IO q9 ek TEI BT §, We aeh
I IU-HIVT oF W HeTh! § Th-Uh soagiT
3T S

T A p, OfF d o T fHaF B 2, I
p. d 3R f wewehl § HA HU9T: =Y, B39 R 3
TR % W W YRS BN 98 @ 7§ fm e
R R T W TAYI Fefhl F1 LI 37T Tafafa
o HROT A T T 3W (TS 2.6.6)
2.6.5 UXHTULRAT oA SoTAREIeh Ta=amd
THST oF Hehl W Soigeldl o fIaRor @l 3!
Eﬁai‘jﬁiﬁ fa=ma (electronic configuration) &gl
ST B A% fafi= ] harnl § g o W W
q wafyd g ol &1 e § @ e, @ 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
o S o C T T 1T 11
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 faf= =l o fau fefia wo@ s &
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favisd 3Tk W Y- o WA Y& FieH &
1 faet fFa1 S B g Gohad W SU-FIY 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 famlid 7= # 2 €1 39 FHerh omE o
@l T Fehdl Bl

H He [N ]
ls ls

wfem (Li) &1 90 Sl USell SAues
fogId & &R 1s HeH | &I S Fhdll 37d: T8
TSl Hefh 2s W SNl 81 TH YHR oAlform
ORI fa=ma 1s22s! gl

2s F¥F § Th Soiee N 3 Fehal 21 374:
A T 1 fa=E 152252 2l © (RO 2.6
H Tl o TEAIIE o gl [oaarel i <) |

3T B: Tl H 2p Hefh Uh-Teh Hich T o
S| 37: 39 Tl 1 SR fa=IE 39 YR ol —

TR (B, 1s22s22p'),

FEA (C, 1522522p?),

AEISH (N, 1522522p7),

SIS (O, 1522522pY),

T (F, 1522522p9),

9319 (Ne, 1522522 p9).

2p HEH B A H GlehAr AT W R
AT Bl B1 T dwell o men-fas e guife e E)

HIfead (Na, 1s22s22p°3s!) ¥ 3 (Ar,1s?
2s22pf 3s23pf) %k K AW T o WA H
SRl fom=re &1 9Efd Li 9 Ne @ o ol o
FOM Bl ©| T8l 3T shelel 7€ Biel § foh 379 3s Tl
3p e R A | TH AT bl T T ST Hehell
2, 99 U8l < IS o el TSRl i 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 s difeam 9 e a%
o goeifTe fo=rg & UW o ST Eehar -
(Na, [Ne]3s!), (Ar, [Ne] 3s23p°) | U1 &9 & R Il
o SRl ‘IS SR’ FEd B, 3 A goleR,
T ITEaU YT FEieH ST o SHaEieh v |
W A &, GASTRT TAGE hEelld & | ST
fli— Ne o SeisH, Hig ol & 3R Na ¥ Ar
Tk SolerF TS Soire &1 diefrEm (K) qen ohfedem
(Ca) § 3d & &I T H 45 Heh hl el HA
B oh HROT g AR 5 selaela wue: 45 FHaw
o o B

hiedd ¥ URY w3 W TH F91 A0 e
<A1 €1 3 HeTh i STl 4p ek H1 ol § HH e
o U1 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 T w1 wrerftrehe firetdl € (W08 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) W 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 B1 WM (Cs) 72 9fem (Ba) W 3H
ek W HHY: T 3R § T B &1 SHeh 9%
AT (La) § Wbl (Hg) G Af 3N 5d herhi o
T W S €| Uk 1% 6p, 7s N Fdd: 5 fTS
6d HEHT H1 W @ 1 RHAFE (U) & 9% & qd
U TR B ® SR 3% W ®Y ¥ W e S
21 GROMt 2.6 T T dwell o gelaRien fore (SeeHt
faferli g fwifa) feo g €

AT IT IS Thd 7 Tk oMfer 39 fa=ami =1
S W F o g7 STy e fou ok
AT H [UER AUeR H TueH IR SHE!
R I H (e T o1 B STER |1 STl
21 3TN & U o T, S— T A @ Al
TRATY] st 9] A S €2 IS axd €1 S
37T A BIaT 82 He 99 Ar 519 o< fepameiier o=t
Tl B §, i gl Sy awd A B g o

63

e o IW S o= o TR W U S Fehdl
T STee & THI] Hied ¥ g TSR TE R
ST Hehdll 374: MYk WA faa™ o % Jeqst &l
el YR §HeH o fau soieeie W & 90
SRR B A aTreveeh €

2.6.6 YUT&UUT gfka U Teiufia Su-hion

T T

Tohelt T T TOTEd ST Soiaieh [a-ard SHeh!
ZAAH Sl o Heiferd Tereer gt 71 ferenier wRarogei
o TolaRleh fom=ad 9 2.6.5 H fU qaya from
1 TR Fd &1 R FS awl (S¥8— Cu d Cr
o, &l < ST-HI (4s T 3d) &1 Feisti d F4
SO BT §) TF TG FH ol A STR s §
Ao Sl aTel SUHIY W TG B Sl 8, a9
Y TYMIALT W IYHIY o Gl =4 Fell dTcl HeTh
9T Bl S qUigRa A1 STEgRa 811 81@: Crdem Cu
% AN Saaie fa=amd ®asT: 3dP, 4s! qA
3d°, 4s' B, 7 foh 3dt, 42 A 3, 452 TH =T
T ® TR 1 ot fammal o erfafte wenfae
B B
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A fagm

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

1. Gl Rl Tt faavor : 97 weit-«ifq fafga
 for wmfaf wenfre gem #T @) ofa: W g
ST ITRTN H el 1 faawer Afaq B 2
3Td: 4 Ak Tl 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 T4 AfIHAH Bl 7, ST IY-HI YoIT:
T FfYRA (half filled) B4 € (fo 2.18)1 39k
TerEaEy faf e St stferad il © qen s8t TR
e oft atfuehan e 2

3T W fF TE Fo €5 o R 1 SR €,
15 STIHR— THH SHell oF Shefehl W SHETe
T o JATHTS TATIGR TeIehUT B B
I wR |, FAYRd U YoigRa SRR H
T (i) MU €9 9 67 9R&d, (i) 9
hcAfareh GiaehsuT Sell qel (iii) 3= faf=m Ssi
o &R 2 21 fafta et o fama o faer
Y 39 STTel hefeT | geH|

TR 4 g 1 fafme

ferT 2.18 d° fa=ra 29 @i fafma
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6s 6p 6d 7s

5s 5p 5d 5f

4p 4d 4f

3p 3d| 4s

3s

ARUN 2.6 dcl o TSR fa=amrd

< 10

© >~ 0

© © ©

10
10
10
10
10
10

AN

2s 2p

A ANANANANAN

© © ©

AN

1s

AANANANANANAN

N OO

10
11
12
13
14
15
16
17

axq
Na
Mg
Si
P

— 2 5]
SMMOZ0Z

QAT i HCEH

18
19
20
21
22
23
24
25
26

Ti
Cr*
Mn

27
28

, Fe
Co
Ni

29
30
31
32
33
34
35

Cu*
Zn
Ga
Ge
As
Se
Br

Kr
Rb
Sr

10
10
10
10
10
10

6
6

10

10
Rationalised 2023-24

2
2

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Zr
Nb*
Mo*
Te
Ru*
Rh*
Pd*
Ag*
Cd
In
Sn
Sb
Te
Xe

*STQMA SR fa=mg ot acd



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 ) 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

#4112 9 3G Afueh TAN-HSA Il I F14 ¢, R TThT T fo=mg et e e w2
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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
iR faenfea = foran S epen 21 S=Hael vt & 3fd | wA g g8 YHI 2 e foh awe) faans
? T o < g1 Holl (Telag, Wi 9o =I2H) SR S Bl €1 S 319 - Uil i @ie o o1%
HIY] T HEEAT i T HI o A0 9gd § WA0] Hied T Ry T

T 1898 H ATHHA o el foh WA Tk GHM e TR 69 orell T el g §, f99 W
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 A 98 et frrehren for oo
% % H 9gd SIS MHR H1 YAERIE TR Bl € 3R 9 30 IR SR AR Sell § 7 Hd
Bl TIHIE Aied, S 9rAee 9 fierar-Serar o, fHfvea 9 9 S died 9 d8d o1, Wy 98 W]
1 feorar &1, 1afq 98 59 o1 1 <A T R qrE o goee e o 9 T iR S €2 gHek Starn
g TTHTY] K1 SR GO, 27 ek o =Rl @I Selagiql o faauor iR St Sl & IR o 9
TE a1 HehT| WIHIE HIEd i 51 HicAedl &l 1 1913 | 1 IR 7 TESeH WA o6 30+ died o
T foran qen Ie wEdfad foran o ifass o 9Ri @R JareR waif § 3oee@ Tfa wd €1 had 5 Hell
o1 € A B Tkl 8 A1 Tish hell shi fHiv=a Soil it ©1 &R 3 fafy= shefl § soigei= ot Soft &1
T %1 IR Yedeh hell o fore ifiyer SiX Soiagq 1 g o1 3Tehor fha gieiifh IR Hied gRgisH &
TIFH i G TR HIAT o, AR I8 Tg-ForaeT ITHTIST oF TIFH ohi AT &1 3 T SHHT
FHRUT Fgd SIe § TG & T AR Hied § Teiaei S AT o 9N 3R Uwh f¥Ed JuhR e § T
T U AT F1 oF T9 H GET T 11 THH SHok T S AN o SR H T G T4 o1 T Hal
s fifi=a o g ® IR 39 uY 1 g awg asft qRefia /e S wehdl €, S6 U € 9Hd W gee
1 Tel fefd @ik W&l am o el egene % Ay fagid’ o SER UE W9 T ?1 36 YR
TIESISH A T SR TS 7 el Soidei o Ied FFER 1 SUeT il ¢, Sfesh eresient A=
frgra =1 oft foRig &g 21

T 1926 H e AfESR 3 T gefieheor o, g ¢ sifesk wefierton’ shet S 81 g6eh gy foifem
o goiaela o faauor ST wAret | S1Aq Sl Wi o1 90 foman ST Hehal 81 98 GHIHL0 7 Shedt < sl
% AT del Qe AL HI GeheUdl i &I | W@l €, dfceh grgsien oh  SAffyeaar fagia’ o ot
A 21 S 36 THIHOT 1 BESISH WAIY] § Soiee o foq el foman T, af el o Hwe Soll-&
R H T Bl (S I Wl B €) o 9R H SRR W g2 A deifed Sel- & IR Sk |
TI-FeH S i Feled HEAsi— Ted Fen Fe n, feiia Faren @ |, 3R gasE J6ied W@ m,
% gNI 9 S €, SR il & gl o URUMHEEY W €id €1 59 diF aeied Semnsti o 7ml
R yfqee off Sifes-aHiwor & g @ Td: U B 2| SESIeH Y] i deien Fiehid Higed @
Tagd & Gl TEge w1 AT w1 © SR SHoh Sifdfiead o UE uftmeAtetl &l off Twemar €, S 9K
Tied §R T &l & il

Y] S FAlH AR Hieel o STTHR Tg-Seiaei1 AT o e~ foeol &1 &g el | drel
T B 3 I Tk A1 A ST-HIT o 54 T B Tohd € AU T ST-HIT H Tk A1 M(UF heish & Hohd
2, Tod soieei™ Sufted ean 21 eEgieH 3 R w9 Feml (Seewnd— He', Li afe) § fedt
fRu U wrer o T Ferhl KT TEE S B €, WY Tg-IeiF T WHEH H Ferhi k1 Sl n 3R [ H
ol W fefi B1 foRel et o fAT (n + 1) 1 A AT 9 B SEes! Sei o SaAt € % e At
SHIE < HERI BT (n + ) TH T B, df 9 Heh 1 Sl wA eit, TGk fauw n w1 7= w9 21 fEE

Rationalised 2023-24
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A fagm

WA | UH ¥ Herh THG Bl €, G901 S0 Soll oh wgd W H goie UISel oh eivesid fagid (fRet
wAT] B Rl 1 el R TRl FeleH-G@A 1 HH GHH T & ehdl €) 1R g€ o sAfushan sgshdl
1 (T USRI F FHerhl | golagHl h1 I q9 q% URY TEl ST, S I YAt hesh § Th-Th
T | 3 W) ok R TR W 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) Fa SAAE T HISC
(R HT =T = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ FrfAi 1
() el Gl 3R (W) hel FeAHH Ty
TE SR A H qfedd ¥ 9 S ufietdd 8 Sam?
forerfefian e § suftera =i @ik el GEn aaEe-
'3C, 130, 13 Mg, 50Fe, 53Sr
e X TTU RAT] FSFAA (A) SR TRA] G (2) STt WA 1 quf efer ferfan—
() Zz=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam oIty gRI St diet Jehmet 1 a1-354 (A) 580 nm 71 TTH! MR (v) 31R
TE-H&A (v) 1 IR HIQ)
TAF UQ WIS &I Sl Aq HIfeTT-
(i) S 3 x 10" Hz 3Mgfa aTct Y™ o T &l
(ii) forreRt T@1-<=4 0.50 A =i
2.0 x 107'° s FTeT ITeit Yo AR 1 T-454, Mg IR -G T T Hifer
T FehTeT, TSRt -<54 4000 pm @ SR S 1J Sl <, o Bl 1 HEA FarEy)|

IR 4 x 107 m TAI-34 Gl Tk ®ieH 2.13 eV G ol o1g 1 9de 9§ 2k
g, @

(i) HRMA & el (eV H) (i) Soas I Tiast HeT A (iii) TR Seiar o af
%1 gfRehe™ HIfST (1 eV= 1.6020 x 107°J)I

Tifeam wATY] o A o fAT 242 nm -S54 T for-gaewta fafsmon gt e
?1 Fifeqw &) @A Folt kJ mol ' H T Hife)

25 S 1 Tk ed 0.57 pm -S54 arel diel T 1 Thul GehTer Sea= il 2|
Tfq Yehe 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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QAT i HCEH
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
TO-25 T GRTY IR B?
I TeiaeA n = 5 HEw H I B, A H TV o 3 o fau forat =1 =t
SETIHA BM? S ST HT ol FRGSH WA & A Tt ¥ Hify)
(I Ted n= 1 F&F Y S &I (TheN o T fewaes 1 el 21)
e BIEge Y] § SRS Selae n = 6 @ g oTawen § Sl €, @l Ui Seafed
TEstt i fshan e # B ?
(i) TTESSH o YUY 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 1 ST S0t o fereham qiiT-54 el WehHUT 1 q1-FE&AT 1 O
Eainiy
BIESIS TLATY] H SiaRe ol Teetl shel | U=l el deh of I o ot STravaeh Sl
I S T FIAU S TE ST TAL e ¥ diedl 7, A fRg qn-<ed
RSl SCHTST BIM? (SeAae( shi qofeel Taeel Sei —2.18 x 107! ergs ®)I
TEGeH WA § TARE # S E, = (-2.18 x 10™%)/n?J 50 & S 2l
n =2 FHE Y sAFA & U e e o fau Aewess s sl TUHET hifTT FehmT
1 T wal W-<eA (cm W) 21 €, TSR ST 39 A0 | feman ST Heh|
2.05x 10" m s o7 ® TG HT ® et seiee[ 1 qwi-<=4 o g
TAHR 1 549 9.1 x 10 kg €1 A€ gHakT Tt St 3.0 x 102 J @, ot 5Teh
T-3e T MOAT Hif
frafafed & 9§ &9 gu-sm wieis 2, stefq fe soeel +1 Tam g 72
Na', K', Mg*, Ca®, S*, Ar
(i) fr=fafea e &1 soies fo=me fafaw —
() H (@) Na* (m 0™ (=) F
(i) 39 T HI WEN-GEA TRy, SR Ty Sl seeel & FEfated 9 |
eI s € —

(%) 3s' @ 2p® dqem (M) 3p°?
(iii) Fr=fafaa fa=ral are et & W TRy -
(%) [He] 2s' (@) [Ne] 3s” 3p° (T [Ar] 4s® 3d".

g 7100 n AF g g Had 1 AR STgAd B2
Th Toiae fhHl 3d Herk | 71 38k U n, [ 31k m, & T9a 7 i)
fordt o< & WA § 29 elad SR 35 =g € (i) U WMl w1 e SR
(i) o< 1 SAHRIE fo=mg aaEy)
H;, H, 3R O} Tfefis ® 3ufterd seiaeii %! Sean sarsu)
(i) et T HEE F1on= 3 B IHFR AT 1R 2m, & TW AE H B2
(i) 3dF&F & TR b AT m, 3R | FAEH T@ABH o TH TR
(i) FrefafEd § ¥ S 9 Faw 999 § —
1p, 2s, 2p SN 3f

Rationalised 2023-24
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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 Hhad )1 FAfafed aien St o ®aehl &l gaRy —

(%) n=1,1=0

(@) n=3;1=1

M n=4;1=2

(7)) n=4;1=3

HWU A g TR fon Frefefaa Feien e o % ¥ °F gad 1@ E -

(®) n=0, =0, m = O, m =+ Y%
(@ n=1, =0, m, = O, m =-Y%
(M n=1, =1 m = 0, m =+ Y%
(&) n=2, =1, m = 0, m =-1%
(¥) n=3, l=3, m, =-3, m =+ %
("¥) n=3, =1, m = O, m =+ Y%
P I T S s s ) e et
(®) n=4,m=-% (@) n=3,1=0

g IIMSY foF SRS TAM] I 9R FHell hi IR IH Hal § a9 gera hi
TSt qRr-3ed w1 qof ure e R

He' TRA & n=4 9 n=2 W THA0 ¥ W@ a0-ed & ae el Sl
BIZgIe Tagd | 1 ghm?

He'(g) - He™ (g) + e Wik o foTU oTaeeeh o1l bl TUMT TS| BISSIS URHTY]
T TR T H A Sl 2.18 x 107° J atom™ @l

I HTe TATY] 1 =418 0.15 nm T, Al 7 Hie RAET 1 T T T Hife,
5= 20 cm Thel T T | ThH-Th hich SAaIEdd fohal ST Hehall B

e o 2 x10° WA Tk HaR § afeed 21 A 39 =Iawe %1 @aE 2.4 cm
T HTE GTATY] o SATH hi TUMET HifST

e 7] 1 A 2.6 A ® — (%) e 7] 1 =0 pm @ 9o (@) 1.6 cm
FT FAE § FHIR § TMAR IUFEAG TATIST i H&A i T0MET Hifew

ferelt ot oh1 feeR T oMot 2.5 x 1071°C 21 39H SUfkerd gelagiAl i &A1 &1 oM
HifsT)

faferra & 9 & 9ot 1 985 R SHHd Xl g ara @i faeq-smaw g
fopa ST ?1 9 HT 98 W Ak wifdes fogd omee —1.282 x 10-15C ¥, df sE@H
IUfeerd SiaRAl &1 T&AT 1 UMD Hifsul

T S T A, W S S A # e T o w5 A
1 S B1 A Cogffam onfk S ook T 1 el gl oft S, o SoRie aiomst
¥ F R T

JoBr TN °Br ¥di® W1 €, e 55 Br 9o ©Br W T &1 Heyd # HRO Sy
T 81 SoIAAM HE&A o awd B W i qorl § 31.7% I SAfeish &1 3Uh1 TATT
Tdter faf@u)

37 SSAHM TEA 91l Teh 31T TR F U9 1 Th 3T &1 AfE 31 § gelagi i gor
T =2 11.1% aifus €, @ 5 o1 gt fafe)
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QAT i HCEH

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)

frafafea fafeon o gl &1 eTgfd & 9ed T %1 | Hafked Hifag —

(F) HEHEd 3o (oven) T faferor

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

(M) TETE. e ¥ e fafezor

(o) el ok @ wigfes fmol

(F) X-fortoi

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

et 1 i g Hohd siet | W TR S 21 9K 98 616 nm R Yo 9 fafho- s
w7, @

(F) IESH HI TG (@) 30 e ¥ 39 faferwor g0 @ &1 T g (1) F¥len & el qen
(91) Sufterd Falen w1 G&A S TUAT I (AR 98 2J FT Soll a1 w4l 7)1

Tt Yeronl & T aRi @ oM ool Gohd 9gd HASR 8 §1 9f% e T9=% 600 nm
fafertor ¥ et 3.15 x 107'°0 W <@l 7, Al GYFF N U Gl F1 G&A1 T TUMAT Hifo)
IS STeensti | STU[sti o Sfeehiel 1 A UHI: TS 11 Tohe T aTel fafshion Jid o1 3T

F¥eh T s 1 A faferor Wi o1 FTe 2ns 3R wfea fafwor 9 o SR el e &1
H& 2.5 x 10'° 7, 1 G 1 ST w1 AT FHifSU

o et fgrfor ae-2ed fen steioe HH0r 589 3R 589.6nm W @I Al €1 T HHHTI
w1 Tgfa 3R T Sfoi Sfeeeqsti o ofte Sl o 3T 1 AT HITS

Wi A %1 FEEA 1.9 eV 7, @

() Scafsa fafewor &1 geft w34 (@) eelt sl &1 o Fifsw) 3 difvan o #5
500nm %! TI-254 o T fashifi foman S, o Ferel gU Wit 1 Tias S 31 o &1
TUAT SIS

o Hifeam u1g i fafe=t aw-<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 q1-3od wten feerier shi oMM iU

TerTel foeq Uma WErT H foeer o1 ¥ WieEaee w1 s 0.35V i deedl §RI UehT ST Hehal
219/ 256.7 nm % Tafehor 1 ST fohan S 2, faoeRr o1g & e srfther 1 1o shifsw)

e 150pm WI-<54 1 HBIREH TH WA ¥ THTA ¢ AN S@eh A o A TolwA
1.5 x10"ms ' a7 ¥ aTeX feheral € ol SH Sl ! UM shifery, TSed o e 9 o1 gen 2|
Y STt T SESH HHAU n He W AN B 21 F n=3 H @A Bl © a9 T8 v = 3.29
x 10" (Hz) [ 1/3% - 1/n% @ <0 <1 @bl 21 4f€ A0 1285 nm W Ufed gar 2,
n o HME &I T HISC a9 T T &5 FqEu

IH IS THHT o qI-<=4 R MO BT, S 1.3225 nm 51 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 AfTIfEd 5 o el SAARR W ot YaHaw i @i g2, fE S STt 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 § 7if o< @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 geree[ 1 fefd sl 1+ 0.002nm 1 Ysal 9 A STt B, i Selsr o W § Sty
T U KIS AfE TeieeiT 1 W h/4n, x0.05 nm &, T 1 36 HH i e o HiE wferg
a2

T: SATRA 1 FeH T A G TE BN TR ol o 9gd hH H oaieerd wita) = s o fenet
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 gl Bid 1 THeh 2p helh W ©: Solagid, 3p e | ©: o a1 4p
etk | Uie goiae B Bl TAH @ hi W Yo Aad FHE AR e S il ©2
freafeafaa & @ S 9@ e STt TRTRT AT 9 w2

(i) 2s 3R 3s, (i) 4d AL Af T (iii) 3d 3N 3p.

AL T Si ¥ 3p Hereh | YA ola [ Bid 1 i TN Soiaeq ek 9 ifereh qoel AR
AT STI9T HM?

T 3Ffd el i Fem aay (F) P (@) Si (1) Cr (¥) Fe (¥) Kr

(%) n=4 9 Fafud foraT IThET 8?2

(@) 39 IT&FT ¥ fohad seree Sufeerm 2, fower fa ms=—%®r’n=4 2l

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

o ok -

Rationalised 2023-24



11084CHO3

ATl oAl SIGRTUT 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 b TUIEHl o SER W Ik
FTHRLOT T Fehod1 R 3TTEd RO
o foerT@ W STaTd = Hohl;
mﬁﬁ—ﬁmaﬁww;

Tt afieRoT o folt TREm-ge
T SRR fI=TE o STER
Tefehdl i THY Fohl;

100 ¥ 3Tfeeh TRET]-ShHThaTe awall
o o [UPAC 4 for@ geh;
Tl *l s, p, d TG f Al | afiehd
WETQFJBI;

el o i o TEEte oreEt o
et AT T qeE Fohil;

Tl i sTfafwarsiiad w1 e &
TohTl 3R 578 ST Yepia # Sufeefd
@WWW;

AE Ted WH feaeh @l o
o= e o1 TehT;

T & HeATHd o Hewqul qoTeHT,
S — e, W] e e
Tedt, g, afed woedt, faga
HBONCHeRdl 3R Garshdl 9 qafa
TorRi <61 e e o fore et SRtk
YISETaE hT SYANT HT G|

AT AR YA |iT 9T YA YA T 3TId Hgvaqut faren
&1 gfafe faenst st 38 @eraar ferd &, @rsedisn & 78 oo
fireret & 3iiv sgafierd wg & Wquf TATE 91 T Qi qui fierar
&1 7 39 AT HT TF QYA ISTENVT & Toh qEIAIE e sremateed
g o farant g¥ g el gia, 3fuq 3 =afkd aqgl & qarar
yefvia &a &1 St @ 9g ST =Ed & o gl sid-wie o @
& &, 3% 7T 3Tad AR agd Syt &

o 2t et

39 Tehe | BH IaHM STEd ARl o1 e foem™ Td syfe
STEA-TIH T ST | T hT SR XTI oh Seiaieh
fa=ra o1 aftomm 21 37d o w9 awdl ok wifde qen TEmEtes ol w5
Tt ygfd W fa=ar &

3.1 d<dl ohT SIIehIUT Rl STMEIAH &2

39 T &H g 9 ok § foh I Teft YRR o gl 0o 3RS
B T T 1800 H heiet 31 d7d H <1 T 1865 dF 63 A<l
ST 81 TS off| 2TISTehel B 114 el o 9R ¥ qa1 1 399 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 3TTad ARUN <kt Safa
a1 fieRor el o SR Syefdar faw ud efad wRoft @
forenT SRITTRI R0 3k STeclienHl de TA o1 GRomg 81 Teyerd
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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
¥ fafead vafa eidt 21 97 1829 ¥ 3= 99 “Hifasw
Td TR o are OF awt o el (el @6t
TE S TR U1l 3% a8 ot 91 o g
5 | e 9t < 1 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 U T SH(AY $H HES Th AN THEHL SHAT
foar Big fean T sueh wvE wife et
E.'s:.iﬁ. Al %ﬂaﬁ@w (A.E.B. de Chancourtois)af
T 1862 H Tl T AU R 1 A TRl
3EIM Tl i 3Tk F@d g WH-9R o %A H
Tl oF TOTEHT | 3Tad! gAUgd i g9ien T A o
3 &AM M= & HT Fehll U WEAT S
TATIeX Jeie 7 T 1865 H aTeh TEW (Law of
octaves) %! fasfaa fan 3= Il &1 37k ded
U THE-9R o %9 H Fafead fwan qean amn f
foet off T ¥ URY & W ARE a oF 07 JUH
T o F9F o (ARUT 3.2 7)) | I8 HaH W TAR
<kl QJTQW 3134 Giifaes @R (eight musical note)

1 Gee JUH Hitlifaeh TR oh WY Bl 81 FAS H
st I f9% Ca @& o T d Wal Udid gal,
BIcAlTh 39 THI 39 HRON ! SATqS A=l -8l hef,
W 9] H UgA SRl (ded) gROE 1887 H
Zeie w1 Sl USH TR GWEHA HX ST HH H
A= & TR

wH WEAT I deea (1834-1907) e
STHA AR A B (1830-1895) o Had gl
o THoRa®Y SAad-9Rol o foehm™ H Thed urd g3l
A &Y § 1 W gL A EAA A T 1869 H
TEItad fohan foF 5@ awal sl 3ok aed g IRHTY- AR
o %0 H oafterd foran san ®, 79 frafia sfawa &
YT Sk ifdeh qe TEEttE Tof H GHE a8
S B1 TR W A ofiferh O (S8 TRATvE S,
TTeTish Wel sFeieieh 3R THII]-9R o HeA ogh el
(curve plotting) T, St we ffeem =T EI]
Tl H HAM S A1 T 1868 Teh LR HR A
Tl 1 Uk ARON 1 fomm X fa=n, s enygfe
STEA-IRT & HThRT fHead-Sadr of, ofeh 39k
&M 1 foeror s deelia & wm o foero 9 ugd
YeRTIOTd <T@l B IrT| STYfTeh 7o |Rvft oh faehre
I 1 99 3 deda @ e w2

TTCATeh 3Teil! Felelf o STETH h1 AR SR
J fan o, forg Hecfa 4 oo om0 &1 Teelt aR
HeRTeTa TRl ore e 38 TR € —

ARUM 3.2 AT ok A=H

daxd Li Be B C N o F
WTUE—W 7 9 11 12 14 16 19
a Na Mg Al Si P S Cl
YIHIUT-9R 23 24 27 29 31 32 35.5
a0 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 THTN 98 I8 W & for afs Tm-9r & &1
1 Uid: UTe fHa S, @ F9 T S gR KU
T HH | STed-uRof # @ W S "hd 1 3=
UM TEEAE T LA a1t Il Rl STEd-gRet o
3fad M 39 & faw 39eh - IRf % wH
UL 1| SIEI0T ok AR W A, ForgerT qeam]
IR GHE VI o a7 ‘SAfEm’ @ w1 o, Sl 99E VII
T TeiH, A, 9 onfs oF Wi Ture o
AT o YR T W@ T (9 3.1) 1 3= 59
T Tt Il SRl Teh THE § @A i Wil i
STMYR A gU I8 y&dItad fohanl foh s T (S @St
T M o) ok forg Wil § $9 e wmE sig g
M| IZE oh fau— SE Hea i SAe[-GrRen
YRII¥d g2, qd fAfedEm (Gallium) qem SEEH

75

(Grermanium]?k_cﬁ‘clﬁ@xlx_rleﬁgf’@'sc ﬁl‘oﬁﬁﬂﬁﬁ?ﬁ'ﬂq
AR faferni= o T= Tw-us o F Bier &)
Tl SRl A HHL: ThI-UGHITEH (Eka-Aluminium)
qel Tehl-fafeis (Eka-Silicon) @1l Heed o
eheret Tferam 3R S awel o e &1 9N &,
dfeh 37 aeell o pw wifass qoredl w1 =0 ot feam
% H @Sl T g9 <l ok N TUTEHT qef YT
ToT 1 AR 3.3 H geas fRA T @) dedda
1 A Rl 3T heliad § Seh! Thefdl o
FROT 3% R TR Aad GRON i wwl giafyg
Tiyeft| Heeld ®1 ¥ 1905 H JhIRTG 3fed |t o
o= 3.1 o <erfan T 2

3.3 g aa-f=m agr 3mad
ARUT k1 FdUE W8T

el 9% 91d M <1 ang © foh o9 Heeld 3 sy
groit &1 fakE T, @ e & WA &6
SAeh HEAT 1 I TeT o1l S9ell ¥Rt o SARY
H STIUHAIE w1 fahE g3fl 1 1913 | 31
Aqifce! o=TTeh BRI Wistel = deell o Afernerirn
X- oo Weeni § frafaaa o ok @1 &
(STl v X-Tortor &1 o7rgfa €) IR Tm-shwish (Z)
o T go AiEd & T T W @ W gt
%, W W] TAAE ATy, o IMeiE B W Wl
T ST S oTd: Hisel A S R Ty geme
1 o | TRl a 1 THN]-hHIS 39 a<d ok 01
&1 qe H sifush gem ?1 T o ST{ER Heeld %

ARUlt 3.3 el grT emr-Ueditam (diferaw ) qem uehr-fafeerm (sifem ) awat @t wrrfea

T[uT TRt UeAfufem Tiferam e Tafer St
(wfa=ges aw) | (@S T aw) | ( Sfesdees av) | (@S T AR )
TIHTUL- 91X 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 51.4 521 5.0 DEEY 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 g 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 - - - - - - -
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

forT 3.1: dscila grT g3 ead groit
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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 AMhT A (HSHI T FE&A) a0
I THY] § IR SOl i HEAT oh SR
EI1 B| THeh UYET deieH HEAst i wiefhdr SR
TR fa=ardl st SATfar ohi THSAT T Bl Sl
21 379 T TlRR T foron 7o ® foh aerd e el
1 S7eh ARl o ifeh qe TER Ol 1 o
2, S el o SoleRifen forarE W SN Bl

HI-9HT T TEd-9Rvit o fafy= &9 a&qa
fohT U B 1w & Al 1 TEEtTn sifafmene qen
TAShdl R 9 30§, Sk FB T ARIH
fo=ma W T My we (99 atad |awutt
o €id e wed §) Tgd W q91 A STE
2 R T fo 3.2 o <wifen wn 7 difast ofemat (5=
Heofta 3 ‘9uft’ wel 8) 1 e (periods) el
W%ﬁ'{gfﬂcﬂ?ﬁﬁfaﬁaﬁ(group)mélw
e TR forare arel aedl ) HeAier el |
S ®, T8 ‘et =1 ‘aftER’ e S €1 [UPAC o
3THIGT o 3TIER, T sl QAT USH IA...VIIA, VIII,
IB..VIIB, & T4 W 3= 1 ¥ 18 T &l GEAl |
aifera whteh Fefaq feen T 2

AEd-GROT § el WA A B Aed-EE

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 & BN 39 T H TEA-9RUT o B39 T Grag
e o HUY: TFOAES 3R RS o 14-14 a0
H= e 9 3T S| ® B

3.4 100 § 37freh UIHIUI-shHTeh

AT daval okl ATHERIUT
Td § WRE €9 9 7T Tl 1 AHR] 39 a7l ok
TMeRdistl o6 A W T T San o aen gEaifer 919
HT THAT 311'5‘.1‘?[.@@. (International Union of
Pure and Applied Chemistry) §RI ¥ {1 ST 1|
T T & H 39 T, R a6 2 T =9 AR
aret AU dwd 3a AR B € fF St Shaw ged
AGN (R wefi-mf il eheaet B TH] 46 &) 9w
Bt €1 37 Al o Yol SR T ol o st
o fou wET qen snyfie STHTOT IR AT i
TEgEeha Bt €| forve 1 e € wEmTeIene § wyet
FT A Y TH HH B 1 wef-wef dmnfren fo
forvarrtar aiihe sheg o, Tu awall 1 @iel &1 T
FH o U drenfad g o €SS % dR W
ARl 3R &, I & W oh SRRl 3 104
TH]-SHIS dTel T i @ISl 1 I Rl 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

* 75 I Wil & H D1 YT FGE] VARl & T HE (T 1940) H TRl H1 @S ° g1 59 915 TAIH & aR
At (94 @ @HT 102 qF) el SEAd-GRoN T a5eqa S SR UfaAEe F ceAEe & A+ w@r @ g 1951 1 diet H
TR I & b [REHR 379 B & o8 71 1 3% ST 37 & [o7q aw@-g&r 106 &1 98 ‘&g’ (Sg) W@ 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 1TA B 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 | 22| 252t | 25t | 25725 | 252258
T I o0 N T S T N S SR (NS NN - B G B .
a g 1
- 30 50 | A IVA VA VIA VIIA VIIT IB B | G| agap| a0 | a0y | a3 | 3%
= 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
% 4 K Ca Sc Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
A 45" 4s? | 3d'4s’ | 3d4s’ | 3d%s’ | 3d%s' | 3d%s | 3d%s8 | 3d4s’ | 3d'sT | 3d%' | 34U | 4sap | 4sMpt | 4d4p’ | 4s4pt | a4y’ | A5
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 | Tc | Ru | Rh | Pd | A2 | Cd| In | Sn | Sb | Te I | Xe
~ 55" 552 | 4d'ss’ | ad’ss’ | Ad'Ss' | 4dSss' | 4d%Sst | ad’ss'| ad'ss' | 4d° | ad'ss'| 4d'ssY| 585p' | 585pt | 585p° | Ss5pt| 555p | 55°SP
55 56 57 72 73 74 75 76 Y i 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%6s5Y 5865 | 5d%6s* | 5d%6s* | 5d%st | 5d6s | 5d%6s | 5d%s' | 54"%s* | 6s’6p | 65’6 | 65%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* | 6475
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 ar'5d'6s*| ar'5d’s™ 4r'sd'6s’| af'5d'6s 4%5d'6s’| 4f 5d'6s’| a1'5d'6s"| 45d’6s ar"5d’6s |4 "5d 65" af s 65 lar s d6s> lar s d6s* laf 565
o 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinoids Th | Pa| U | N | Pu | Am | Cm | Bk | Cf | Bs | Fm | Md | No | Lr
5f6d s 51%6d"7s*| 5%6d"7s"| 5%6d" 751 516d"Ts*| 51%d"1s* |51 76d"Ts*|576d"1s*|51 °6d"Ts* |5 64" 15" |51 "6 15|56 15|51 6 T 51 6" 15|51 *6d 75

ford 3.2 T & WH-FAF T GO ST Seiaei-ih = & qrel S7ad GRvil &1 315 &9/ T 1984 % IUPAC 3 ST7HIRT
@& IFER T $I 1 G 18 T Il T4 B1 §9 YHR HT Gahad a7 [ A-VIIA, VI, [ B-VII B Tq O T =¥ &34 &1 [T dgfd
&1 glaeerifya #ar 8l
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el H AR T O H e

3ch

qH

|RUMT 3.4 AvAl oF IUPAC AHERTUT Bq Wohad

Hfera

nil
un
bi
tri

79

yfafafe o Haee @ Tt A qen gt o S 2
Tl AW W IE W HT AT U9 BT AW B Gehel €,
el 39 a1 WISl g8 ¢ Al HG Y I ok
T forelt it Sifeh ot =1 €1 Tehell | THIT-hHish
118 T <l ! @il & bl &1 Gt awall ok anferspa

quad
pent
hex
sept
oct
enn

© 0N s W+~ O
o 0w T L ~+T S B

Teil 1 ARl o HH W TH WY W@ Sl €,
ST shHish W Bial @ a4 3id | ‘33’ (ium)
fean S 21100 ¥ SR AT HHIF o qwdl b
IUPAC 79 §RUl 3.5 § S91iQ 7T 2|

TH YR, T % ! Yged STEAER T8 SR i
& STl Yeiteh T wiman 21 &g ® 8% 291 % [UPAC

IUPAC <THi &1 SO 1 geh! 2|

ST 3.1

120 TRHTY] ShHish aTcl T<a &1 [UPAC 19 qefl
Tl (symbol) FT BRI?

T

RO 3.4 o STER 1, 2 T 0 k| o feIC 7
(root) % : un, bi I nil BN 3Fd: 120
THIY-SHI% aTcl T 1 M Unbinilum 21
Yk Ubn 8RTI

WRUT 3,5 UTHIU[-SHHIsh 100 | 3Tfereh aTet dval et ATHeRIuT

THTU]-hHTh ™ Teiteh TUPAC 3TfIhd M9 | 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

fUwel Tk o TR T ST T fonddt W] o soiee
%1 TEEM =R FeieH HEAS 9 Hi S Gehdl 21 I
FleH &A1 (n) TET] oF & e wR), 54 ‘e’
(shell) &d €, ! =9 STl 81 80 g oft 51 o
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=’ wed B TRt
T &1 3Aad greht § feafq 39 R SHare sifan
el 1 FACH-F@eA i <eidl 31 39 90 H Y
refeh R 3Ted RO def a<dl oh Saaei-eh fa=ard
o A WY ey o 9 § SRR Ww H|
() 3Tmad H goaien fa=ard

3TEd & Sl A1 9@l RN oF fA¢ n 1 HH S
%\'I fEd RO | Y SOUm AT (successive
period)aﬁ‘lﬁf WWH@JWW n=1, n=2
s @ Gefed it 21 T 3@ 1 Fehdt § & g

e fagm

N A (n = 4) B IRY W W, 45 FHerw
o W o WY T 1 ¥R 98 9 Hewgul € R 4p
FHeh o W | T8 &1 3d HEh 1 9 IE & ol
g, S Sl (energetically) ®9 9 Sdehd 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! 4% B B1 3d Hew 5k (zn, Z=30)
W gof &9 ¥ W A 7, T ot o
3d 10 452 ) B e 4p FEHT H TH % Y
e (Krypton) ® GATE Bl 81 el THersh e
ed § 18 a9 BId | UiEal 3ed (= 5) ©iateam
T Y Bl €, Y Sead o THE 2| SHY 4d 3w
(ytrrium, Z=39) T 4d FHAT IO (4d transition
series]%%ﬁ?ﬁ%lqgailﬁﬁ5pa?&ﬂﬁa5ﬂﬁﬂ
TTl'i"ﬂv'*l(Xenon)‘fl'{“él'l:ITl?f%ﬁ?ﬂ%I@Bﬁi‘ﬁlﬁﬁf(n=6)ff
32 o< B €1 SRR TR 65, 4f, 5d A1 6p

a7ad | dl i &, R SHAe Sel-&R § U
TRA-Shemeh! H1 FeA W A Bl 81 39 THR JUH
A (n=1) T YRA Tad F9al TR (1s) o T 9
& el 21 SEH T a7 B 2| e i fa
(1s') den &= (1s?) 81 39 WK, G&H g0
(K s19T) qui &1 Sl €1 S84 e (n=2) oliform
Y IRY Bl € (Li=1s22s?), Forae diem seiee 2s
ek W oYl il B T dwd difere™ H ER
ToioR SUMEd B &1 SHeT SeiRiTh foard (1s2,22)
21 T 9% SR a9 YE i gC 9 89 e
T I T ©, A Zp ek Ul ®Y A gorRAl 9@
R S B TH YR L 191 T (252 2p°) a7
1 Ul B I 1 ST TR STad W a1 G
S Bl B1 Ed WRUT 1 AE Ed (n=23)
Hifea qe & W YRS gl ©, forew gelde[ 3s
Hefeh W Sl 1 ST 3s We 3p Hefeh! o gelaal
o 9 o 9N dER STad | ql ol He Hifead
T A q el TR S 8 Sl 2

Hefhl H W A B1 Af HeTRI w1 W EiEH
(cerium, Z=58) g RIS ET Fﬂ?ﬂﬁﬂm (Lutetium,
Z=71) W HHS Bl €1 TH 4f 3Ndfeh HhAT SIuft
7 oRATIS Suft (Lenthanoid Series) Fed %I

TIAE e (n=7) T34 T & THH 2, foew
TR IWRR 7s, 5f, 6d 3R 7p Heeh § W Bl
T W faferr (artificial methods) g1 HMHA-
fafifa featedt aw €1 Hidel 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 Seaier W9 § SRR d<al o Garsiehdl
I TerRITeh fo=Ire THM Bd &1 Tk el hemehi
o Sufterd setegHi 1 T wd e off g9H 2 €
I[N F faw e 1 oh dwel (@R diget) @
TASTRAl IV SR fa=e ns! BT §, S e
@ T B1 3@ YR I T ® ol @ T feeh
T oh TUTHH ek WAl W R # ©, |
for 39h Amufeesn TRET-SeAHE W

3.6 SIERIMeh fa=ma 3T a<al o
YhiX (s9p,d9f$ﬂ'a;)
AT STiehRT kT Ygifereh TeneR ¢ Sithers i fagia’
(Aufbau Principle) T2 WIS T Seiaieh fa=ama
%\'I 3Ted GRUM o SHedier el (vertical columns)
T fee = Teh T (Group) A« qEr (family)
1 T L ©, SN FHE THE o <9 §) 98
THMAT TAfAT It 2, 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 fopan <1 Gehar B, S 39 o1d W R e @ fw
fohe TR o ek SoieRl gRT R W | E1 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 TR €A fed qo | o 18
o el o WY p- =i | ¢ SHeRT SAfEe 39 MR
ELS % & Eferam =1 gash s (valance shell) TU
9 g ® (He=1s?), T5T&eh Foreasd 98 Scpe T4
o TfeterT i FRfTa el T SH STIATE BTEgeH
1 2| ST hae] T s- oA ¢ (H=1s)| 39 TR
IR TAE o | H G 91get o W gE1 =ifeul
T SR, T8 UH T TSV Hich Sche Y
(Eiferaw) 1 sererieh forme 9 Y Fehdl 21 39
YehT ST SHEeR o 17 (Eeisi IHaR) i wifd &
Tkl 21 ik 78 T fau feorfa 2, ora: eegem w1
e IR | W SHW ST W T < eAfuh
e W T B (T 3.2 iR 3.3 Wi @) |

319 Sfed RO H @ T IR YR o6 a6
T AT i ==l g9 ST 37 awall o aR | 31y
SRR 1 faawor a8 ® oo S 39eh Aot i
== i o forg 59 srsgreredt w1 SuanT fohen 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 152252pf3s23p°4 s! U [Ar]4s!
37 Rb 1522522 pf3523p63d1°4 524 ps5s! ITACT [Kr]5s!
55 Cs 152252263523 p®3d'°4 524 pf4 d'°5s25pf6 st AT [Xe]6s!
87 Fr [Rn]7s!

Rationalised 2023-24



ferT 3.3 A= el & WA & FUR W AEd GRT § aedl & §BRI dcdl @ A G WUl
(O ) 799 () @ 3991 () & &9 ° qorfar 7@ 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 Yok SAed § 3ehT sTeiad
ORI a8 ns?, np! ¥ ns?, np® I% 9RAfdd
W%Immnsz,npﬁ,mﬁ'ﬁ@m
o= o WY HETE B €1 Septe W | A R
F |eft wa soEe @ | W BN Bl seEel @
BIRY AT SAIShY T TR SHewel sl S_al agd
Ffoq g 3| sHife Sope T W TeEi
srfufsmrarsiicrar sgd +0 et 21 St TGl o IRaR
Y TEd SIS o THEl ®9 9 < wewegul o 2|
I i %\' 179 &t ok %Fﬁ@'*[ (Halogens) def 169 it
o dd ETehis (Chalcogen)l%‘lﬁﬁ‘ﬁ@ﬂﬁf
1 ITH HUNHE Solged dfed Uedl (negative
electron gain enthalpy) 2t 21 3 T @ 9
FHI: TH I 3 IR TV B LR Ik g
TR famme o e o) € oted W 9 9 I
3R g+ TR el o tefeareh Ieto | ghg gt @ qen
fordt anf § TR @ = H1 WE T R feren oAeqon
o gfg et B

3.6.3 d- =ish o d<d ( @hHUUT daT)
3TEd WRON o Hed H e & 3 9 o 12 9 @
d-<AF o T HEAW ¢l T sk o qwll i
g $Toh ST (- 3T H Saiaeil o TR S
& YR W HI Al Bl FE FRor ? A a
d-=feh o avd Hedd €1 T axdl & HE=
Sﬁil?jﬁﬂ? fo=ma n-1)d" "ns"? %\I I gl a9
Ty &1 57 el o AP Y T B § qen ufed
@ &9 ° YgH B €1 Zn, Cd 9o Hg o 9

83

séagvrﬁmi%mm (n-1)d"ns? %ﬁ@q‘*ﬂﬁ%ﬂ@f
GHHOT Aol o agd-9 AN ! YA T w2
d-sth o dv TEEe 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 RO | = 5 awel v < s dferat
¥ w T R, 3% ereMEe (Ce - Lu) T
T (, Th - L) %&d g1 3 afte & qeal
FH TEIM IAh MM SR O [(n-2)f"
U(n-1)d>'ns?] GRI i W 81 & awdl # sifaw
TR fSU-HIT A Rl &1 S SR W 37 Sfvr
& Tl I f-&Alh oh dva (T HWHHU a)
Fed €1 7 Tft I oigd ®1 YA 9ot § q
O SIS THE B | R WS it o el ot
3Tk FIfad STATRIu STaeensti o woa®y
el o1 TEEA 3ok W oS SOt o el et
o | Tt Sfedt e 81 iHge 9t & aw
et (Radioactive)%ﬁ %I g k) Qﬁlﬂﬂﬁ@ el
i TfeRiE stffwaet g BRI (Nenogram) &
SEY ot 8 9 H e foRan T €1 g9 el o WA
w1 e Pt w9 G TE B TR 71 R % AR
o qee CTREREE q e 2

IETETTT 3.3

TXHIY] HIE 117 TG 120 aTct Gl i @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
TR 9= [Uuo] 8s” &I
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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 R 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
¢ @R feerd €1 Uy W o 99 W WG 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 s W % A i
feera &1 el atrerd WOl o ferelt ot o qxall b enfeaen
o S S A A B S s e
o o1 3R ¥ 36 IR 9 R efeh 01 w9 Bd 9
T S7uTqe e W 319 TE 1 Bl &1 g6k el
T FALFIR HH B € (TR SR HreA SR ©) |
3 g qen fo o 37y @IeiE 1 9gd § stenfed
3 9T (Brittle) g1d €1 3 & o191 IR a1 1 B
g Tl o uifersh © Srertfedsh Toil H URedH e
(abrupt)ﬂﬁm%,mﬂ%méﬁﬁ—ﬂéi@
(Zig-Zag line) % &9 ¥ @ &1 e 21 (97 3.3)
e Wl 9 fererol (3E1-He) T o HEme feerd
Sy, fafasia, sTHfe, TR 9o SqiEm o ,
uTgett T Stegeti— ‘IHl o Stfieter <wiid ©1 39
TR o el bl SU-#q’ (Metalloid) &4 2l
STTEITT 3.4
THY] Al SR e RO | fefd i e
B I o e T
uifcaleh @YU o HHA H HATEYA hifsll—
Si, Be, Mg, Na T4 P

'

3fTed GO o o H S99 9 i 3R SH W
el o ek MO | gy Bt € qen eed o
S R e e T T
21 39 SMUR W & T awell o Sed g Hifersh
LI T HH TH YRR M-

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
we v ol % uge ° (SH- e get o)
e IRl H§ SR @ A9 S W e sed ©,
SR STEgS o WE W (8- T IREaR) SR
¥ 99 WM W fpamier sedt #1 o o oremt o
T i 2 @I SR W STafid i 79 hy HHe?
3T A Rl o W <A o foT gH GO i wE
o fagid & WA o Uil F1 SR e <A ghm
70 9§ gH Hifqe o qEEtes qoreEt a5t et
#1 foEer H R S' IO %l GEn ad
FU-&R i TR G|
3.7.1 itfaes JuTEET W Wt
el o ohg ifcreh TOT (SR— e, a2, Hela Td
STSHIRTT ) AT, TRHIIETRTU-Sosll TS T e IReH
T €1 39 STH H §H WA Tel SR B, S
@Fﬁ (Ionization Enthalpy), 3@3@'77[ KIE] Qﬁ?‘ﬁ
(Electron Gain Enthalpy) R ToleReA SR UTCHRAl
(Electronegativity) ¥ 3ed Jafd 1 AT Exuf
(ef) uxHmg =

A o SR T e -Gl Fei 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 9EA B (| 1.2X10°m) Bl €1
TIH] o =N SR E@EFQ'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
HHR T Y] o SRR 1 eor gwa el 2
T ST | T[S o = i U hl SRR
o STUR T THT]-STHR T ke fhar S 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) % N T TEEASToh T=r (covalent
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]aﬂwmm%laﬁ'q?%ﬁﬁww
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 B AN €1 AT ST, WA
5o &1 x-Terton qen o1 SRRty fafa @ =
ST Gkl B

TS dl o faw Em] S &1 3 9ot
3.6 ()  fear w2

T YRR 1 Ggiaal T Y § @A hi et
&, Sent =Ime &0 TIfehia SEe a2l Sl o Y

85

Tohd 21 3T | € A Sg T TRA- 3R Sl 2,
S fgdftar amed o el o THI-3TRR § T ®
(IRUTt 3.6 % HT TR HY)| 9 I T HR
g ¢ T ofrerd H T SR sed W 9l e U
TS v o o ¥, T $ep AR E9 | g2
i o weEEY TRl Selael 1 SATHY AMTH hi
R seal < €, feh SR wam] o w2 St 2
3TEd AR oF a7 | IRHII[-ShHish o HI1Y-HTl TLHT]
et ® off frafg w9 9 9fg B ®, Sar el
yrgetl qen geloH el o fow @relt 3.6 (@) ®
g1 T 21 ot W S g A a5 R 9ed §, @ g
FAlCH T (n) 1 AF Sedl € a9l Fast selaeH
(valence electron) Tifew | EQ BIdT ST %\' Eﬂm
foh STafeh Fof-wR solagHl & TR B §, S Fad b
w9 | 9l gl W ANHE h1 STMHY0 HH T <d
&1 TheReRsY TTHTY] T SR Ggdl Sl 8, S TCHTI]
5 o &9 uRerferd g 2

& < ! SAEvThdl € foh T8l Septe i i
] e R foem @l o T #) uehel W) g
o SNl ST Sfud B wga e 81 sEfey
Ipt TG T ol S Al 1 gedass B 9
T FHeh areEed B 9 & =feul

WU 3.6 (W) 3Mad ¥ YA B o " (Wi ) (pm)

HTI] (TS 1T ) Li Be c N o F
RGeS 152 111 88 77 74 66 64
THIO] (TEqMI) | Na Mg Al si P s cl
RGeS 186 160 143 117 110 104 99
WRUT 3.6 (@) o ® URHN] B o1 WA (Wi )
ATy (S 1) 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
A e 7 gRadT

(@) e B
e WA § TH 3R (bl <o S &eee
ST €, STelfeh Weh Seigei THel ST, df WRET] oM
o ST 2| ST B 1 SMreherd e e o
feerq oMl e ToTEAl o St g o feir o
AMUR W Al S Gl ¥ WERUEAT deel i
A B oft o) B w1 wgih € e 2
¥FEA SRR H 3T9H ST Y] (parent atom) ¥
SEfeh AYHTT AV, Sk GH] S & @ 2l
SO 1 SHR S WA Y 3Afaes & 2, #iife
Th A Aferh S geldeA B W gelwl H
iUl Sl € SR YHel AWt ey W
T 81 ST & AR W FANIES 3@ i ST
=0 (F)136 pm ©, Wi TS i WA
55 Fad 64 pm 1 A MR, Fifegw a1 &1
AT 5591 186 pm 3R Na* STFA &1 a1 1 A
95 pm

SE R[S qel ATIAl W Solgel i HE
T Bt % aa Hqséqﬁvl:i RN (Isoelectronic
species)* HEA %I Hqséaﬁ:ﬁ T oF 3ETT %
0% ,F,Na*,Mg?,0> | Y Tieis § soiaeiqi =i
@& 10 €1 Ydieh el w1 e fr-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)
| | | [
TIHU] hHTeh (Z)
T 3.4 (@) WA A & Grer R eigei e gens
1 geEr st § uRad

iR Fedeh o1 M e T 21 21fueh eRef
$FFE ohi ST 551 1 A %9 81, FifH TR
Y TN ST o o SATH YU 3Tk BTl Afereh
TR O i STt e &1 mm sy
T, iR Tl oh e TUl Hfast ST g
YT STERT & SAfeh 81 ST T 3 61 SATHR
% S|

SETEIOT 3.5
Trfafea wdtefs # frae! oo sifusan qen
fRgent oo =gFaw 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 sTaeT areft TReiT
1 B B B B

31 SAfRRdH SRR aTelt TSt Mg a2 =[FdH
SRR aTelt Thest A1°T g

(TT) AT TEredt
d<ell g T N i HEHE 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 © T U H- q
(X) T HH EH Ted! 1 0 THEE FhH 3.1
o woedt ufedt A H o SR g

X(g - X'(@ +e (3.1)

AEFH Tl Sl WA fohal S giaH
(kJ mol™) SehTE W =kt fepan STl €| Hefifures farforerar
Y o9 T TAHH i gUEh G & fAw T S
1 ‘fgdtar e el wed €)1 38 Tt w1 Ae
TEEE YhT (3.2) & GUA B H YgH ol ok
ERER
X'(@->X"(@+e (3.2)

TR | SFH i YTk i § SHIM Ho1f i
STl Bt §1 o7c: ST Tedt BHYN GcHh
Bl 21 qd oh fgdta e Tt 1 6 S9eh gUd
A Tedt ¥ sAfuen B §, i IS R
FT AT § GERG STEF | goiaed ol gk
Aferen HfaT B 21 76 YR gdF A=A T
oM fgdia a7 9 2tfees g ¢ e
Tt Uz &1 Atk fafafe (Specified) T R w
2, o 3H YoM A el wHgE =neu

T HHIE 60 T dTel qwall i GUH TR
Tt 1 T Fast 3.5 H <wiian T #1 W H eyt
FER 21 39 o @ 78 W ® fF 9% (curve) &
3feTs (maxima) W S 1F €, W gof gotere
IS (closed electron shell) Tt % adn 3‘@7
TR fommg ogd & Tl 1 gEd SR 9%
AT (Minima) W & e1qe feera € den g7 engeit
1 ST T 1 W HH Bl 81 TET HRl § {6
A ure e framieal gt 81 sueh erfaftem =m
2@ T oTad | a1 9 T W a6 W dwl o g
AP T o qHE § FHEGE ghg Bl € ae Se
g9 o ® = 1 3N 9gd €, 99 S "Hl o wHl
At T 38 YRR 1 g g emad o qedlt qen
Herg ot o e gl o wHen: o 3.6 (%) 3R
3.6 (@) ¥ T ¥4 4 fK@dt B1 g1 SR & dei

87

2500 [~ e

2000 =

1500 4

1000 [~

A, H/kJ mol”

500 =

TIHU]-SHHIh
ferd. 3.5 | T 60 RET-FAHI arct Tl & THH
AT Qe & Al § aRed

T SeiE B— (i) A qe SosRl o HeT RNl
AR (if) SR o HeA Hlashyon|

i | shie 3@337‘13[ (core elctrons)?ﬁ feafa
fTes e HarSh Soiaeid ob dig 37 SH o Hheraey
AT gelae A § Uffed (shielded) a1 Safia
(Screened) &1 SAl ©1 39 Y9G &1 “GRITOT-gHTE’
(shielding Effect) = * SrEaur-grg’ (Screening
Effect) Fed &1 STeRU-YE o SR THY] S Farel
TSR gRI STwE fohan T gt Wikt smew
(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= STEAH 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 Afe WA
S 3@3@'@ (Inner Core Electrons) sl | M
SMEU-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 31ed & aval & 999 3977 Tl 4, 37 aedl & WHI-%Hl% & o (@) &rid

gTqgeTl & FH SFAT Tedt WA Sk YA HT HeAd

sate) T ok | Ut aRfEfd o sgd gu Tifveta stmem
T dRAY SO W STl T SRS U-YTE
STERUT-JATd i ol | 31fesh 81 Sl 81 herea®y
AR Se M el U &Y S § qe 3fed o
AT g WX Al oh P T & AH § iy et
St g1 o H A Sl R S W S geleeH
fss | eifesk T W A € qen e ol o
FHROT e T SO G ATk el 81 WE g9m
¥ o o e #t AR dg W AN STEST i e
T STORO-TTd SAfesh Hewelqul & W €1 39 hRo
TRIAY SR i e o fau &8 el &t
YRl Bl & qe ot o e 1Y 3 dgd W e
o FE e 1 A SEd Sl 2

o1 3.6 (%) 4 w2 € foF 9 (2= 5) & vem
S Tt 1 7 SRIeTa™ (Z = 4) o 99 STFH
TOeh o WH W HH €, Sl dRA H1 ANGRE
A Afeh T S 70 T & g Feled Seil-wR
W R Y ®, @ -3 p-gelad i qor
T w1 SR A SRt T ¢ offeaw o
STEIH SR, Sl STer fohar S, 9% g
B, Safeh SRA A SR Seee[ (S sTer fea
ST, 98) p— Sl AN Sead@d © foh ifes
HT AR 23—3@'@@7‘[ T 98 (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 (@)

FT g W Ik B ?1 39 YR AR H 2p-
TAHRM dRfe™ o 2s-Seiaeid @i g B SR
FIT SoFRAl gN Sifus WRAR (Shielded) BT 21
31d: JRfT™ oF 2s- Solae i ol | IR &
op- TR AR ST 9 gUeh B Al g1 oF:
Aftfe™ &1 o 9 9 o YU SE e
U % o E0 SfafHad gH SfefS den
TEISH oF YO A T o HAEl § @
firetdt B 1 Sfferdior o forw wem e et 1 aH
TESH o YUH S Tl % 0H G FH 2| 36H
HRO TE € b AgeeH | Al SeeE 2p-soieeH
fafe=t p-erhl o faaf@ & (g5 &1 fom), w&fs
Wﬁ%ﬂﬁ2p—3ﬁﬁ§ﬁfﬁ@ﬁ2p—3ﬁﬂ§ﬁ@
& 2p-3Mfdeal § 8| Teld: Soie Siqehyul §¢ Sl
2| TheTeEEy SIS o <l 2p-SeieiHl § ¥ 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 9F W %9 e ey,
FHifr MY ¥ 3p- THRH 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 Toedt 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 ¥, qd Sell FgEd e 21 o
e | gl e Teied SuTcHeh Bl | Seretune—
179 ot o el (BellSH) i SoeR afed e
T A STAfHF FOTHE eIl 2| THHRT RV 78 & T
TGl Tk SAeRA TeUl &ieh o TRl Sepe T
TR (e T Wiwd hY oid €1 3E N8 Sopte i
1 Tl ey Tt 1 0 ST e Bidl
2, ifen Selaei o1 oduH Felied &R U 3T e

89

TR H YE A Tl € S ogd g Sl o
fa=ma gnm Seoie ® foh Sope 9l & wed S
e 3fferd RO § o€ N S T SR feurd €, 59k
oI gt wfed e o1 9 STy SR
Bl B

I e 1 o o gl afed T
o REdT &1 wH %9 g 8 gme e o
3THR 3 YR ok 37ad | o 89 8 &b agd
€, 99 Wgd §U WHY] %Hish o WY Sela[ wfed
T stfuen e Bt €1 ofed anel § o 9§
TE AR A W GHE TS @y ° ghg 2t
AR B W] H SiaR(T 1 SISl §il Bl €,
Fiifeh Ffas g7 Seiae HERa AIHe o Hf-Tdhe
B o H A T SR T8 W Seiee afe e
1 U HH M Bl Sl 8, Fifeh THTI] TR
Tl & q W g gee A ¥ 9T el g
YR i Y AHTAT 2Tad IR § 3@ i et
g1 (WOl 3.7) W@l W 3H q%T 1 Sooid wTAl
Teaqul € foF Sfiadis qon wgeida & fau seiae
wfed Tl 1 W HHY: I o a § S ared
el W hH RUMHS | SHR SRR TH TR
TTa SRS qT TS WA W geie yaw
F B, 99 YUl fha T g e seien wem
Al ol & (n=2) § YouT il €1 59 YR 6
FeH Toll TR H IUTEd serareil gr Afersh wfaemor
B 1 FeH ®R n=3 (S Cl) H YoIeT e T

ARUM 3,7 Y& & o %D dval ol THEE dfed TEed* (kJ mol)

i1 A H 1 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 JEasl ° TGEAE G 3.3 ° F9T MY weicyt TRadd & HOIHE T Hl SoHaeiT-a4al (Electron Affinity) (A,)
& &Y F GROIGT fFar mEr @1 WA GRT SoFeia T XA W e SHoil (14 gidl &, qe seiaeia Syl Fi e 39
a1 &, St S $ aRaret & fawdd 1 afs fFE waEr) d geagia 34 & 9T 96T @ el 341 gdl &, a9 gelaeia aydr
& FUIHEF SO ST 81 g~ H WE YA W GRYIGG fEAr Srr #
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Sﬁi&"ﬁ, ﬁihj@%ﬁ (space)  aAferer T Bl %I ERS)
YehR SeIeRA-Selo(a et sgd & & Sl 2l

SETEIUT 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 SRR 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:
Heliferer SROMcHe Soieri oifed Toedl sl
1 B qel Wed HH Soigg ofed TEed!
IR i B

(=) fa=a swoneeRar
WA & qEEtE Gfie | eddts ey o
S ) S S SRR R AR
ol |19 fered SEomcHeRal 81 SMEA Tt @ik
TR e el 1 W S Hehal §, g ferge
FUTHFA HIYH I7g = &1 fR oft aeaf
%1 foR[q HoMcHehdl o o e Her-gas
M (S— wiferT YHET, Hfersha St YA,
FAE TE A oK) w1 g gew 2l
Tifer YA TeE SRl SUAR W ST 2
SURERT SR e ifem 5 w9 1922
T st &1 foRq ®omcHshar 1 4.0 [E
3fehT| TG qX I TRl I T AR B
TR FHT FT e Tag 3w T hw
Tl i Tag umcTehdl o HM 9RO 3.8
(31) ® fewm 2

qeHTY] e

SR FUNcHeRa fopdt feu T o L \/ <

o fore feer 7 2: 391 U9 39 9 W
Rk Far ? fF 9% 7@ PR @ @ ©
ST 21 BTt Te WO Ay i A= e,

e fagm

T off < T TE H fohe YR o 9o 9 I8 ®,
THHT TR A 1 MR <t €, Torgep 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
WA 5 o HH B O AT goeHl SR A
o eehvoT Sl © qen fagd- S oncashdr dgdl &1 36
R W & B9 o W A= W €, d Se-S W]
5o agdt €, S8 foRq- oS %W Bl St
21 78 Wg AP Tedt o uHE 2l

379 39 fogld RUMcHehdl Tel ILHTY] e hi
Ty S T B A o1 g e Smmeshar iR
AU o o= GaY BT HedT H Wehd B2

31T T H TolaE Afed i Yee Wgra Bt
21 gEifery fere-Sumeashel 1 Fie Geer 31enq el
o ToeEl ¥ ¥ TE YRR e W qw wt fagg
SFEUTCHeRl Sg- o Tl & 37elrg e | gig gl ©
(= org ToreEt | g ®) 1 g wehR ot o A
SH W dwl i fagd- RSl ®H B W ST

= AA
;
:

[ ToR afel T

L g

| T T

&
SR @fer Tie

ST

Y] e

| g

fera 3.7 s7ad Grvit ° Tl &1 ead ggfa
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el H AR T O H e

91

ARt 3.8 (%) Tae@-oncrehdr w1 A ((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 ) fa=A-RuTeTehal &1 AHM|  UXHIO] (01 17) fa=a-RuTeTehar a1 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 | ofg et )1
1 9l ofed ygfaal &t e § fad 3.7 o
T 2
3.7.2 UHEMe TOTEHT | ATEd ugtd
el o TEEfTen qoeEl § agd 9 gt (S
foremul wag (diagonal relationship), 31fFa g8 g4
(Inert pair effect), GERIDES ‘\:@'_EFT T4 (effect of
lanthanoid contraction) WTFC: ™ I H AT
Tehehl H T 39 9T H dxall sl Garsiohdl H STl
Td S TEd H (Li § F %) STHHI TUred!
I &9 H|
() TWASThdT ® ITEfdar ar TR IoT
STaATq
FASRaT Tl 1 Hewqul UEH ¥ W a9 ok
ToaRieh forare & SMER W HEE S Ghdl 2
freger I (Representative Elements) EARSEISETI]
YA (ETeilieh 3Teaedeh el ©) S9 axd o STeraH
HI9 H SURd siaHl 1 W@ & aeR gl @ A
373 H! WA | § dQIH Seiael Sl §E&A ¥eM W
FEAl Bl HASThA oh TIH W e SRR

e TS T AT Bl 21 T < AifiTeRi R foem
&, S fferiisT 8 OF, 31R Na, 01 3 Aifitehi # i
< I €, Foreh! oI =oTeshel 1 %8 F>O>Na
21 TR 1 9l Soleite o= 2s22ps Bl
IR YA THEN] OF, 310 H SfadisH & Th
TS o W1 G il 8, TS shi Aferdihaon
e -1 €, iR 39 A W T TSN T §
RISl foard 252 2p* B1 T8
TSN TRATY] W XY eiFiA k1 HASH H g
THIfI gHeh! SAfeRdienor feen +2 81 Na,O 319
e wHTY] itk o[ RomcHe B oh ROl
TR TR I B qUl Yk Wfeqw W] Th
TS ST B 3T SIS SATeRIehoT STareer 2 i
vl 31 T SR wfeT (R T e
=g 3s' ¥) T ToigR S i 31 7 3R 39
TR SEeHT SRS e +1 B Sl UMl
FT I W g T foniy A § qw o fRd
TRHT] §RT 3T ULAIY] S 3G i HEAT TG0 Hld ohl
IHehT * AferEfieRToT ST’ wed 2l

TESRS a1 AFAEE W Tl bl GaArSThdl i
3113??9?{&[ (PeriodicTrend)aﬁWTUﬁ 3.9 § guIen
T ?1 d<dl o TEEfR TaeR § g9 aWE i STed
Wi o 39 qEask o s o == @ T 21 wgd
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e fagm

I 1 2 13 14 15 16 17 18
HATSt TASEIT 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) T&f¥Td ¥ &1 qRer Harstendl Hshaol qeei
T USRS qwl o T [ Sfqeso 81 sHen
I B9 9] H 3l

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, FeAfafaa 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
(RSH URER) HT S T, hi TSIl | T
31q: AfTe 1 STYHA SiBr, e

(@) fed |Reft H 139 a9 1 e Tt
2, ST WSl 3 B1 WewT 169 o 1 o
2, fmat gasea 2 21 er: Ugfafem qen
TeHL 9 o AifiT H1 S0 g ALS, B

(@) Tgdra 21ad oF a<al oF TUTeEt H§ STHITAT
Heieh a1 ob WoH el o 1 (efiferm) , orl 2 (aRferem)

qeEaS §Y Bld €, Ve o U WA
TrfTeR AifiTes s B areda | wliform qen aftferam
FHHI: ST = o fgdia qed (- A SR
tgfafa) 9 sifiek foed 21 ermad ol | 39 @e
1 goadl =1 ‘ faemul day' (Diagonal Relationship)
Fed 2l

s- R p-=oAieh o el & GUE H 3 TSl
1 ol § 9UH q<d o 91 THEfeh Se8R o6 &=l
HROT 8l Fhd B2 Th1 TR HFER 39 HROl o
Il B— Tl 1 Bl SAHR, ek A9/ A
qen 3iferen fagq- R oTcHeRal ol oh U 95 | faw
R HASTh Hefeh (2s W 2p) &E M ok forg W
eI B, Sefeh ol oh fgdtar oee 3q 9 GAINsh hersh
2 € (3s, 3p. 3d) | HerET®y e o o JUH HSH
fo etferran HegaSehal 9 €1 Seewned— aNH
%ad [BF,] o1 9okl €, W o o 31 WEE
37T HAISIoh hI¥T ol IR SAaRHl oh 9R § 1fyes
sl 1 T 2H o foT T Hehd &1 SereLuned—
AT [ALF,)* 91 21 30 € TEY, p- s

ARUit 3.9 Hifitent o Gl gRT S9N MW avall ht HAISTehdl | ITad-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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93

. - T Ay sfud w81 (-
s Tl ® gofa: W wior g f

ifcerh 521 M/ pm Li Be B mg@lﬁlﬁ?ﬂﬁﬂ@ﬁmmw
152 111 88 @W%)I&Wﬁﬂﬂ”ﬁﬁﬁ@ﬁﬁﬂw

Na Mg Al | gf ok T § wOe w9 Ot

186 160 193 | framfierr 2t 31 30 7R w=@ = SR

Li Be A TarEfE e (e amget

Al BT M™ / pm 76 31 T) oI @Rt I SR YaISTd eret
Na Mg 2 oIk 9eg T IR (ToloH IReR) selaeH

102 72 WS T SRUMEA St WIS it 81 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)° ¥
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CO, NO, N,0) &l €| S9as! (amphoteric) 3iferrEs
AR o WY Il SR STl oF WY T STEER
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i) F-
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Tt oTed o el H ok ST TIed! 3l H 36 TR 8- Li< B<Be<C<O<N<F<Ne|
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(i) Fa1Cl
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uTqel eI srrgetl § g SR A 22

3T AR 1 ST I g FEAfAEd g9al o SR i

(%) U < 1 W a2, {58 Rl SU-H ¥ Ui Soiaeq Sufeerd @il
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(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 @

Rationalised 2023-24



Tl T aieRIor UE U W STafa 7
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3.29

3.30
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(7) fofasi @ik sieieH
(T) HITHRE R wgaiA
(&) 719 T 3R wAEE
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TR SMELT a9 Tudeh 9= T

CHEMICAL BONDING AND MOLECULAR STRUCTURE

AFTfren FRaT 7T Gifen @ @is &7 @ &, 3T ael @i A d
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eeh o qen sEeht et &t
A T HebTl T HIER0T UL
FT TEH ST &l foa we

fafsr= YR o5 3TEY o7 o RO
T Ghl;

9. Tg. 2 M. 3R fagia &1 faa
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® SOl oh HEWISH oh Hea®y WY B T

TH] 39 I HI9 A I 19 T urw

F o 2

9 YR, STe qAT HIeA ERIRIGEE oh T[Tl §
sTee o fAEioT 1 &9 30 YRR FRefad T Fehd §-

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 GIFUd 1 UTHru] Tehet
'Hm?ﬂ‘ ) (Single Covalent Bond) gRT
eI wEeld B FE AR o AR 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 UTaTuLeil &
Te gfg aF olaRi gl ol WEHISH BT ¢, o
Ik o<1 T WEEAISH 3Teer ‘fg-a1mee’ (Double
Bond) SHEcTal &1 SN~ e - 3RS
3 A HEA qel SATedleM  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, 31 H fg-smay
H H
\C = C/
/ N
H H
C2H4 3:|Tl1
T WA WHTILST oF Wed i g Iret

T HEWTSH BT &, SIET N, 3707 & &7 TIgerem
TRATULT o WeA A1 TATG § 3T shrai UTATI o

e B, 99 3ok Ued Ueh TI-3M&ie oaT B

GG = e

8e” 8e-
N, S
N, 317

e

8e” 8e”
CZHZN
413 WA AR w1 FH T&UU (9
H=y )
Tw fag wrermett grT wewifwm goraeiT Il
qqr e TEm & ER AUl UH ItE H
e ot TermoT fomam Sirar &1 7=ifa =g fasror a1
H SfEYT q IHh! UHd i U €4 § W T
AT, TR THh MHR W 379] o fai= (Formation)
T 3Heh TUN I YA HHT qok GHEH W HEral
faerdt @1 ord: STupeH I oy fog WA ered
Sl et €1 3= frafafad 1 & R W fera
W Fehell 2l
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e G foare o o stawaes o seieeHl
F FEA T B Alel THTYST o6 Farsiehdl-
T o AT GRI W 1 Wt 1 SSreuned -
CH, 3] ¥ &l 373 HASThdl eiee (4 hieH
T W Tl 4 TESSH o @R WHST W)
3T B T

HASThdl STl 1 el T&N H FOMIA ok
Safeh oAl oF faT gfq e T S
e fa ST €1 e - co? S % oy
FTe dAqT AR FANSTRA-SAg Al o
I § ) 3o Sie KU 9 € co2 e W
SfEerd 3 HUEY I7 9 © R IW oA o
S TRATgEl g1 KT T HerSit getsriAl 9
TR fee §1 NH, TEF R SUfeerd +1
O Teh TG i eI i <0 €1 37a:
NH; 3% ok g S aeAmgsti g fau g
A geERl § ¥ T Soide el Sl gl
T M aTel WSt o THIATIR Ydeh! de
3] Ea) SR G (Skeletal Structure),
a1l whiF & AT fohet qReTUEt o @ et
&~ 3 914 HT 9 BH W WA & = 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 €1 S/ NF, @1 CO> ¥
HHIT: AL AT HIeH hed W] & &9 §
o smim

Tkl el o foIu Hewifed selaeia 3 forem
o YA ¥ Seiaeid gOHI hl ST A1 @ -
e o T fohan S ® o1 9 Tehieh! Seleiq
T oh &9 H Td &1 SR SAEvIHdl T ¢
o y&® AEfyd WA | Solael ol sfde
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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 39 G feuur
H, H:H H-H
o, :0::0: :0=0:
A0 Ny
© 0. 0 Q/O\.Q:_
NF, F N F F I}I—F
F :H:
o :ﬁ: i
COSZ’ O e} O O—C—O
LoE
HNO, o :Q:H T
:Q:_

* g% H TR %ﬁ%ﬁm 1 foramg (SRl 1 ggwie)
T Il R

SETEATT 4.1
CO @ 3] & g9 fag W= forg
&'
1 : e qA AT TAILST o Gt
TR I A GEAT HI AT
SHIe qT SRS T[S o S (GrSTehan)
1Y o foa=me was: 2% 2p” a4 25° 2p* Bl
37d: ST HASIRAl SRl I T
=4+6=10
U 2: CO il SMERYd HE= : CO
Ug 3: C 91 O & " TH THa 3TaH
(@1eifq uh wEwife seiae g ford)
c:o
SIS o ITHIY] W 3Teeh Ui il
c:0:
= U J SORM, C T THE sewd T %
w9 H T9IC

CO’JT C—O

W TH G W hle h1 3 qUi Tl
T 81 TWEAT C @2 O o el Fg-3Tae i

e fagm

STTEvIhl Bl 81 37 TATIST o He f-arey
fere W Al wReTett & foru st fem @
T Bl ST 2

GG e

91 4.2
TEerEe M, NO, o fau ‘o 9=’ foe|
T

1 : RSN AUl SRS WIS
GATSTohdl STl 1 HEAT—

N(@2s”2p°), O (25 2pY

5+(2%6)=17
TS RUMET o oI Toh gofse STHT Tl W
TR T FA T

17 +1 =18
g 2: NO, I 1 €I G 6l 80 36
TR fore e &

ONO

Ug 3: RSISH a1 Ydsh ATedis o i Th
T STEY T (ST Uk TR s g
fora) qen sfeRiiSi o TEATIE o Tseeh Ui
FW W AELOA W UG A IORE Th
THE FEFRH I T 2

<feh 39 YRR TeeioH WA W T YU TEl
Bl 81 TEAT N @ 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
-

6N [f8-¥-5]
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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 weaTY] R Iufierd 7 et R STA W o g
2| ETeiTeh Teieh TRHIT] 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
uRRenfera e S Tehar €1 39 39 YRR Stfyerer fapan
ST -
FEIEA | TR | g g
S T R
1| eeiferd (F@wiST)
_E[Wﬁﬁ%m}
ThiHE STERT o1 TR 56 STEURUM T ST
? T o) ereran oreM H Gefuq WA W YA
HRUIfSId g8 | ¥ Teh Seieg q UhTeh! I oF QI
TR SUfked ©d B
T, A (0,) S Y H Wl O, FT
Waﬁsﬂw%@ﬁwﬁ—
SR H

tferdis o TREU[SH 1 1, 2 qen 3 gN fafed
fepan T 2
* | 3| fafed s O W] W HIHA T

:6—2—%(6]:1
e g fafed 3id¥ O WA W ®iHA &
=6—4—é(4)=o
e 3 g fafed 3id¥y O WA W ®iHA &
1
=6-6-_(2)=-1

3d: O, °h 31U] %! HIHA AT oh T 39 TR
WW%— o+o

O ...
g7 e
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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
TR i oREl-SiEl e | HerHdl fHerd 81 widd
3Tl i Terd | fodl Tfefis &1 &% 999 <9
et ® § 119 el &1 9= 1 99T w |
el faerd €1 eruTa: <Aas St arelt JerT
e Bt &, Tder TRamursdt Ut gaan widet ST
TN TRIGET TAT ol THgia STTeie it Y5 wedarst
Ugfa W amenia €, foaod ansfaa uwwamoEy &
e TASRAT o WIS WA ®U ¥ Eial 8

4.1.5 T=eh THaw w1 €

Tafy e oM oreid STANT €, Wg e 9ed o]
T R ST Tehdl 71 9% GBI Y @ A6 TR 5
fada omad o5 qwil W AR B @ qen st
SHTeieh AMTeh] 1 LI 1 THZH § STANT el
21 a1k o % A Y@ e g

ST UTHTUT ShT 3TYUT 3Teh

T Afhl o g WA & 9 AR Sufkerd
TRl HT @ S W A Tt }1 TE qEud: S
adl o AifTeRi | g 2, fH GarrRdr saeel w1
& =R ¥ W Bl 81 3@ ok fAU- LiCl, BeH,
T BCl, T T

Cl
Li:Cl. H:Be:H.Cl:B:Cl
T&f W Li, Be 921 B % Hawohal Toiaeidl @l
T HHY: 1, 2 91 3 B 3@ YR o 3 Al
AICL, 9T BF,
fauw Eﬁiﬁj'_-f (Odd-Electron) 3107
37 AU o sl 1 et e fam| (Odd)
B B (SU—EfeF RS, NO 91 T8esH <13-
HlF1EE, NO,), W |+t W] 31k = <1 e
TEl T U
e
gaTa (Expanded) 3T%ch
3fTed HROM o dER qAT $Heh 3T o 37adi o dxell
T Ty o flu 3s @ 3p Hewehl o Sifafed 3d
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Fereh off STere B €| 37 axell o e ARl o
ST THI] o WX SR 7S W AUk selee B 2
74 TETRA 9T (Expanded Octet) F&d 2| T ©
for g “Aifienl W eres oM @ A& e #1 1@
TR oF FB I §— 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 ©, o ereees w1 re 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 w® ww ® fo ores fom Sope W #i
TEETTH SAfhad W TERd €, Wy Fo S
T (S9— SHEMA don foreld) sl qen
T W off waf g & aen e s
AT §1 S XeF,, KrF,, XeOF, S|

° e gl 1] 1 Ffa T T L 2l

®  IT 3] HI Fell, 1Afq Tk AU TAfAE K
TR H Fw ff Hend 7l 2l 2l

4.2 MITeR AT e WAIST 3TTser

ST TEY foR=A 1 Hida A TEH STHERI §

7 Frehd Frienerar @ T 59 e o foer A &9

9 fAfafaa qei fadt som-

* I WAV ¥ Hafyd oAl TS FOMEAl oh
I T TRAAT el

®  YEPF UH HBUMEH i 3 H Fafked gH &1
fafy, s1efq freeia Aifies =1 STas (Lattice)
fffa &1 =1 fafu

e fagm

YA T T SRR, Tefq IS 9RHTT]
T WU A UF 9 s o o s 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 afe gfehan
ST ST ST & Fehell T TEG AR AT
ed SO & Bl B geiee-olfe & here ey
B ATC HS-9REdT 1 HUTCHS TH Soiee a4l
(Electron Affinity) B %I

Tg e ¢ fo smafe sy fe smaem
Tt qur stieea T SRl e gt
T el o sirel 31T WITr ¥ o &

AR SR ATl o eFTEA eifeareh awal
Y qUl HOTEA el awel © faffa e €1
AefTfeaes a9 o9 oTel STHIHIH TP Teh 9dTS
?1 98 3 Alfiehl § 4= o ®9 F Bl 2

s ARt o foreeet o MTEA 9 SRomEE
iferdia =g o fafia w1 @ srafted w©d €1 3 A
H@THQT A (Coulombic Interaction) 9 g
TER S @d 1 3P o SR ok F1a= (Pack-
ing) Y T 311 HRON o MER R & Aifies fafq=
el wwEmel § frefad g €1 Sse &
fou—wifeaq seitEe, 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) s ! seiaeH
wfe Tl sheel —348.7 kJ mol ' &1 3 < 1
M 147.1 kJ 81 1 g8 URAW (Value) @ifeam
FANES o Toer Seieh Toedl o O (-788 J) &l
ToeT Sifush UfARd eIt T3S YR wqol w9
e B ol Sl SN Sofl © el 3ffush el 2l
ara: Tt amafyes difier & Tenfae =1 U
M 36 A % foRe e Tt F W
frdft adt ), 7 fop et avereern ® 5@ smafaw
FIisT gRT 3ffeee i W

<fer st AfiTenl o fatem o o et
Tewaqul Yfent furh 2; ord: o1sy, en 39 fawa o
FD 3R AR W Y|

4.2.1 STAek TS (SATeAeh SHet)

foedt smafer 3 & s Wie i W
JEXAT § THEH A H YUH HIT o (AT
MEYAH Toll S 3H AR i SeTeh T’
HEA T IR o fAT— NaCl i STeish TEredt
788 kJ mol ' 2| & 21 I © T T HicT 99
NaCl ! Ts Hidl Na'(g) 91 T Hid Cl(g) H od
T T G T o AT 788 kJ Sl i STE¥TR
Bl B

39 gfshan o faudta oast ol o § 3Ttk
T 9 FHE SAEY 9rel A § Hfqehuur Sei-gEi
g o 21 Hfek 3 e fifadia g ®, em:
hael SAHYT T HqhHOl Al bl 3T foren 9 &1
St Tl 1 IReher i G99 el 8l fred
Sfafg @ Hefd wRep! 1 o 398 wfimfad
AETTH 2
4.3 AT UTeA
43,1 A& TS
fereft o101 § srraifera weATOLeH o feRl o St
ATETERT G ‘2ATE TaTg ' Shgerrdt 1 ST Tars
TegHt, TaH-foRtur foada aen s faad (Elec-

107

tron Diffraction) faferai =1 g 9 @ &1 S
21 T TR 1 ST AT = wened § |
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
IUehT TS F3ear art St €1 geHarst e
T & A § STEfd S UHEY WAV o o

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

FAV: A 9 B WA Ht Geqai Head g
T T e A B 21 Aietare e ammsitaa
3reReT § WIS hIvT |iEd URHTI] T WHT THT
Tt ot 21 it = 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 e TF aieiare g
3 & g9 FARNT o T FT SR 37T T &
(ro, T r, FG: FeETA 3R Gegare e
39rld €)1
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% T, fg qen &1 erEel #1 siea warsar
ol 42 B @ W ¥ F5 W st w1 oTey
weTgal gRoft 4.3 § & 7 ¥, Tafr o g awt
F TeEAs T 9RO 4.4 § HHAGE H T B

4.3.2 3TST—<hITT

forelt o1 oF Shgld TXATY] o STEIE UM STaeH
AR I I YRV A Alel Affeiea o oid a7
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 & SRl <
21 ord: THY e eruy/Sifeel 3P Wi i i
#H o gErEar e §1 S-St 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 < wATpet o o fafire el o T
et i e o TeTq Teeaeh Sl bl ‘ eTee Toedt’
Fed B M€Y T 1 AR kJ mol | BT B
I — BIZSISH o 310 § H - H 3T/ i 3Tee]
et 435.8 kJ mol ' Bl §, @7
H,(g) — H(g) + H(g); A,H® = 435.8 kJ mol '
TH YRR, TG I WEE (- 0,
qM N,) ok foq stee woedt gl
0, (0=0) (g — O(g) + Olg):;
A H® =498 kJ mol '
N, (N=N) (g) — N(g) + N(g);
A H° =946.0 kJ mol '
Ig e Tyl § for Afg ereer fase e
atfuer ®, al ey 31feeh Yeiet BT HCL S Teh faom

TfererTar fguRamper o] o fag
HCI (g) — H(g) + Cl (g); A,H® = 431.0 kJ mol
TEIHE AU H STEy-wmed w1 U
aAfersk et g1 81 S -H,0 0 ¥ & O-H
el o faesad 7 Mavad St que T )

ECIREICRIE]
AR 4.2 B Tehed, Tg aen fir arreiet st oivwa wergat

e T WEEAST 2ATael TaTg
HhlT (pm)
O-H 96
C-H 107
N-O 136
c-0 143
C-N 143
¥ 154
Cc=0 121
N=0 157
c=C 133
C=N 138
C=N 116
C=C 120

AU 4.3 D AT 0 @t TS Hangar

7] TS FAaTg
(pm)
H, (H - H) 74
F, (F-F) 144
Cl, (C1-Cl) 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 Uehe el % fAu €1 o YR o enel 5 e o
Turtan T 21 (3Tt ggfh o fow wehe 3 o 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 & ®R fgd@ O - H ey § $s aRadd
3T 31 7€ W1 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 emeiel ) " 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 ATET i og@ ST o ar fwdt
3707 | Y URHTULA oF W MMl shi WET e
T:l'ﬁﬁ‘(Bond Order)mﬁlma?m— H,
(foed s wewfom et g™ 2), o, (o =
Teuiea e W B ©) ao N, (feed 3=
TEISId T9e I Bt €) H ST dhife FHA: 1,
2 @ 3 B T YHR CO W, W&l W e adl
TS ok s i Teafer 7w €, ey whife 3
21 N, 1 Y HIfE 3 T M 3GH1 A H® A 946
kJ mol" ¥, S f&Et fg-wmmeia e & faw
Faifes 2|

HOZAEE ! STUTAl AT STl ¥ ATEE whife
U et §1 SEeXur & few- F, qar oF #
TS HIfE 1 71

T U N,, CO T NO' i 3Taiel whife 3
21 eTupstt o wenfae it wHE o fe we SwEnh
AT TEhse 9g ¢ foh seig-ehife aga w s
Tiedt waedt ¢, Sefw orEe wag wed B

43,5 IS WTEATE

it fAuifa gt (Parameters) & ged o
forelt o1 o &9 o fou T TEE-9EAT & aR
e Tl el €1 SIeIone— S 31] b Frefafed
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FEART (19 1) g0 ¥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 @)

11

o 4.3 0, 77 &1 SR GraA [Feer 1 9 1 3 fafea
(Canonical) &Y g91d &, STafer GeaqT I RIS
G (Resonance Hybrid) &9 geifdl 8]

T &1 SISt H Uk O — O Tehdl 31eY a1 Th
0 = O fgarier Sufeerd &1 O - O Tkt qen fgaraieli 1
YT ST ASTgal HH9T: 148 pm @ 121 pm 2|
T g 9@ @ ® fF 0, o H I 0 -0
AT T SAaTE T THH 128 pm B §1 3Tz O,
3T H SRS - ATeRdTSI 3Tae, Tehel qen fgaTael &1
Heedt &1 o1 ST ofgd SISt [ 9 11 6 ¥ i
off T HE O, 319 ol F1&fud Fal L Fehell|

0, S8 STl &1 STEfas T Hl T HIA
= foq SIRGIE YhHeUdl (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 SEATFARS U] TR FL= ok |
3T IR &
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IS 4.3
COY A &! W& &l &A@ IR g1
Hifs|
&
e qAT SIS WS oh HeA & Tkl
3TEY T Toh f5- 76 aTell oEd-Hal hEre
EE 1 ardfdeh G &l e & &
fau st €, wFifer SUeh STER i -
SifefiS sl i e 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 ardfde G shi -
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 SR 11 @
fafea Fe=mmd
ISR 4.4

CO, 31U] T HEAT i AT Hi

&

CO, o Y § He-ATfis 3Tae i s
%1 AR W 115 pm €1 QH ShieH-
STFESH fg-3TeY (C = O) AT HIeA- SRS
fHeTeer (C = 0) T Aameal HAIA: 121 pm A
110 pm &l CO, & e~ oo  3TaeT
@l (115 pm), (C = O) T (C =0) i WA
ofegdl o w9 eidl 21 399 9% W g @ T
CO, 7] F Frferh AT %l shael Teh 5d
G o STUR W YRR 78l fopan s dehanl
37d: € SAETIH B Sl & Toh Heh foTq T 9
Afeer ogH WA faet ST 9 co, @i
HE & 39 fafed St (1, 11 den 100) o
HhY o6 ®9 § URRIG fohal STl

105:C2 0; <>:0:Cii0: <> :0ticio;

I 11§ 11
ferT 4.5 Co, o717 # 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 w9 B 2

AT FeheuTl § Hefed e difaan €, TSeeh
e e B Sl TRUr @ TR

* grxa ¥ fafed GEAmsT &1 &5 At
&l g 21

e W & B T o] w T o fau
fordt fafeqd w1 & w9 o 3ufted @
, Steifer 311 T fenelt gl farfea e
%1 ST 2

o fofed Tt & weeai (el a i)
o TEg Y M aTel 9 STE i a9
&l g 21

® gr«fa® ®Y H 0 HI had Uk &l
Bl €1 SH had TH o WA 5N
e et feran s Fehar €1

43,6 ITHAL-YAUTAT

ot aeie 1 Ot faera srafTeR =1 GEEaArSt g
T TRyl feufa B1 WY ardd d wiE oft emere A
it qof &9 T egarst a1 st T B 71 7Rt
o foh 1 BTESISH TS oF o9 a9 alel Geadrsi
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 FUMHR T TTESS 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 37& & A qo
YT 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 X Tl o foardT aerm fgya smor &
G 37eF 1 o foTq TeeT [REBR foa
T 3R] T XA o foTq Gga ST
& T %! fEarT A 4 3 S 2l

foya sl () = STewT (Q)x ST YoFRRTT i
EUNY

fega et i wm=rE: feame (Debye) W&
(D) o ®9 H el Tehan STl 2

1D = 3.33564 x 10°°C m

SRl W C Fed qe m HX 2l

3Eeh et fgya el ue wfew wf €1 W
o UR T TF BR IR gR 90 S €, fogem
qesd Tl FoTeash ohg R feerd giar @ qen s faw
A S5 1 3N @ Tl 81 W WA ° fgya
3TUl bl IURRIfq ST0] &Y SEd WEHl o SW g
T () g IE S B AR FT w7 H
TeAsh f W SR S wmomeres fR W g 2
I & feu— HF ¥ fgya ool ol 39 YR 20
S Tkl &

+—.
H—F:

g IR 3] § IR T oh aRald i e
TaeTal g1 e ST i SR diX i fen fgea
ol o |iew 1 uREliss fen o faoda 2

TR T[T H fgya STl shaa T oh
o faya, 5= * erreier ayrepof’ shet man €, R & ek
w® @t R war ?1 @ A gy e & fafu=
sl o fgya st o) o fafw=r stael & fgya
wwﬁaﬂqﬁw—ah (Vectorsum)%ﬁﬁT%lWéE
foau— <t o a70], foraart aepfa siferd &t €, & &
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-T T I B

H H
) RN
0O — O+—
) (=)
ey Tyt qfeom fgga st

Fd fgga smel, p=1.85D
= 1.85 x 3.33564 x 10°°C m
=6.17x10° Cm
BeF, & fort fgya el 1 94 3= & 2
1 safer g © R 39 o1 ° 1 gEe ey fgya
foauda feen & & € qon Tw T & 99 H gHw
(Cancel)sh_{aﬁ%l

F—Be—F (¢— + +—)
<— +—>
BeF, 310] H BeF, 310] &1 &al
3T STt fgya sl

BF, SO =% W 7] § fgya el
I B ®, FEfU 39 319 § B-F /e 120° o 0
W B € 3 0 W q -l ok GHH el
faadia fewm o i 21 59 BoRa®y Al TSl
1 Pl TRT-AM I &+ SR el 2
F

/
F<—=B+—> (e—++ +>)=0
AN
@ F (@)

BF, 37 (%) 394 fgyd @1 fA&q0 (@) qRomHE
feya sl &1 fF&q0

3MET, NH, e NF, o 3TU[31l &1 Teh U=
SREX0T | <A Aupe R et B R,
TS eSS o TRATY] W Teh Thih! Teiae= ™
Sufterd BT 21 Bleliter ofeia, fagq smomershan
qESSE KT erden eAfeek Bt €, Wg NH,
gfomHt fgga el (4.9 x 10°°° Cm) NF, o fgya
3ot (0.80 x 10°° Cm) = 37deN tfueh gl &1 T
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T & o NH, ¥ Teeis T W Sufierd THTh!
SeiaeA ITH 1 Hheeh Tgyd S0l o N— F 3T oh
faya-smeont o aftomt 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
AL Bl ®, SH YhR AR ey § ot a1
TEEAST &0 Bl g1 SR M€l oh e

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
SolRieh o &R de1 & ga1 oigsti ok
W?W%Wnsznpﬁ HT TUET
Tehu Gqel o STET (n - 1) dns® B B
R, SROTEH oh Soieea 3Teel hl STehfid i
IU e Sl 1 Hold: Sk HeA SORT Shi | Sl
B 7 Wisha TEwasl ey Fmiv o ey €, o €
Rl o HeA T ST Sl | Ifg Bl &1 e
T AU~ &THAT, FEUMHA hi YAl a0 o gal i
A A o R €, S Sfwferd w9 9 Rt smafes
e h1 TEHASR o Ffaed i i s g

ARUMT 4.5 FHS T RN ok fgga-mgut

U T YhR ISTEI0T fgga-smgut TRt
(AB)
HF 1.78 kieea
HCI 1.07 kiseea
HBr 0.79 kiseea
HI 0.38 kiseea
H, 0 faw
(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 T ST T §, gH TSRO S0 1 TR
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 didd (Sidgwick and Powell) 5 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] oF STIUR IUfeerd
TR SR T (S s sRE)
1 g T A w2

* i Y] o HANSTRdl ISl H SURd geiae
e
Sﬁfﬁfﬁ Y (Electron Cloud) W R UMcHh AT
B B

o 9 TomR o ffm H o ferfr  smer
BH 1 WIS i B, STHeh Borawy S
Jfqehyol 1 ¥ ®Y 8| 9 feafq | 376 7
sAfermam i 2t 2l

®  TANIHA-HIT I Th Tiel o &G H T Sl ©
HWWWW (Spherical) Hdg T Th
TR W arferhad g0 R fee g 2

®  TEEY Hl Uh Tehel seia 9 oh &Y H qefl
TH FgITEY o < AN A Serde T Rl Thd
YW T HEH S 2

* IR U & F A Ak ATR TS G
TgTr S Tk, o 39 feafq o & wE. € W, e
Higel UE Yook Ol R A gl 21

TG gl ok SiTel UideRduT = feRamd -

fefiaa w0 o Tedt §—

ThTh! I - Thiehl JH > THIH! JH - 3Tel | >

(Ip) (Ip) (Ip) (Ip)
> el T - a3
(bp) (bp)

113

TEE qon feredt 7 golagii o Tshieh! Il qe
STE I oF HE<erqUl STaRl i SATEAT hid gU . TH.
3 W R Hied ® gUR w1 Uwehl 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 31feeh TM =R &1 $Hoh hoRa®q Tehidh! ol
T o S ThToh! FrH-TE R 0 qen et -
afrelelt o T TN STk FiieR ol Bl €1 S Wi
el o HRT 3T0] Ht Gefad eekfa | F=ar gt
@ T ] o oTee ol ot Sfa¥ o S B

. T 3 f. R Aied &I WEEdl ¥ U &
ST STl o1 JaTA™ @ oh folg STopstl i
< gforr o sfer S 28—

@ & 37y, feer St Ry WS oft TRt

T 3ufterd TE g 2
(i) o 3707, RTeR g™ URHIU] WX Ueh o1 Tk ©

atfres TeRteRt I Sufier@ B 2

ARt 4.6 | TenTeh! IERfEd hard T A o6
AN 3T el JTHI i AT Tl AB UHR o TS
gl Sreren ST ki sffEl <9iE T €1 Wrol 4.7
H o 39 WA AU qe Al ) sefhfa 9w 2,
S Teh sl TR W T A1 U Y 37fereh Thhl I
Iufkerd eid 81 WROM 4.8 3Yupe shi st o faeqor
(Distortion) i =& &Il €l

I "Rt 4.6 H 9@ T €, AB,, AB,, AB,,
AB,, T AB, YR o AfTehi o s H S
TH] A T =R IR S JTHI a1 B AT hi
el HAY: 3H YRR - @k, R gudd,
TIqoheeh g, e -l aun sewasha|
TH YR @I SAHfE BF, (AB,), CH, (AB,) @l
PCl, (AB,) 33T BT T St €1 39 Topef i
sifafaal &1 fig-€<t (Ball-stick) Wiedl g™ A<

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

TG It T It JuTfeeh 3ITTEITT
=t HEn Y ST Tt

180°

2 L a N B—A—B BeCl,, HgCl,
Eeeip] Eeeip]

3 BF,

CH,,NH,

4

5 PCly

6 SF,

* S {@el w1 UGN Sheel HYUl SMRf 1 T o ferw feman wan ®; A evered w1 Y <@ €
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ARUMT 4.7 FO T UL /ATIA St MRfaatr (wafata), T7or FHga WAy W Tk o Th § A
TeRTah! g I Sufterd )

3T H
TR

-
Ht &

TehTeht Tl
Ht &

AT

TR

ABE

LSl

SO,, O

29

ABE

LEEQMIERERIEE

NH

ABE

272

S

H,0

2

AB,E

SF,

AB.E

3772

CIF,

3

AB.E

ELRENIEE]

BrF,

AB,E

4772

o T

XeF,
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WRUT 4,8 IMEER-TH AT TehToh! ITH ST FS S0 Tt TR

i STaEAT

Ht G Wl W&

TR 3Tehfd

i ST

AB.E

ABE

272

T

' 1 y y

S
AR 20N

oo 1195° & O 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 Gfaeyur, STeE -
STae I giaehsor g8 aAet
I YIREOT i STUET el Aok
B €| HoTerey ST HioT
TE 1200 W FETHEI 119.5° @
ST R

IS THRT A o TM TR TR
g B, S HT SR
FSFEEE BN, WY T TH
TR T SURed 1 ey
THhT JrH-3TEE I o o
JqhdoT oh HROT (S SATee
ST T T 7o) A
BT 21 sl i o <fter eTrery
FHUT 109-5° H FEHL 107° B
S R

Ifs gt st grH-ameeh 3w
&, T Y B SR FGheThI
B, WG & THHT JH
IR o HRU THRT SMHR
faghd aqsFa®a a1 RO
e Bl &1 ST HRUI T8
2 for THE FE-UmE 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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aw o g e A wwe A o s
Core w WSt WE e Eale e
AB,E 4 1 . cpeft ST (%) 7 Im Aafia feafa
oo, 2" f"/f # 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 fergerdta feofa & @
- F AR 7w feafa & 90° W ke &1
| L |,/1;~ WW—Mﬁwuﬁwﬁm
(@) o ~ Q S ! ﬁﬁ%lwmﬁﬁ (@) At
Ul | Nk ot $1 (@) & & T TR
| F fafe= A faw e ¥, SR fagd
F TqHAR, AfAd  (Folded) o
el S|
5 F
AB.E, 3 2 | &4\ T SfAfd (F) H TET g
) | _JCI—F forgerdiia feerfa  Sufeer €1 wfen
@ a—r @ <9 s TR - s
| F 7w giasmdor o1 sefafaar fo
TR e feafy § 7
F o B e B ¥ T et
. ¥ (%) T8 TR R 37: CIF, i
| /Qii \\\\\ AT T-3ATH H 2
@ /‘9.1 —r (5§
F
F
|\ E _§or
am F— ?} ~ F.:\ Cl i
F \6§%

. TE 3 W IR HAied &I WREdl ¥ 3w
et faeie &9 ° p-scites o el g1 Ffia st
1 SAfHfdEl 1 qaigaH 8l €9 ¥ A S Hehdl
21 7T qoh o Henfard Tearet | ol 1 3fd 9 e
TR+ 5ok §NI ARKfoeh LT Rl Yo HHTTgah
M ST Gkl €1 iU SAfAfd W gelae g’
HieR0T o geTrel oF oo o ot T, 5. 0. AR Hied
1 Tgifae MR T 7 1 39 fawa | eneft o wioprd
33K Sl € Wera: 78 fad=m %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 eTust 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 AN 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 qen Tv-whetsd fagla
(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=a s wer,
Tl oh Seideieh fa-amal (SIS 2) , TLHIT] heThi oh
AfgeT IR Hehtor qen fe=Rul (Variation) W&
STEAR (Superposition) o gl oF 91 T STEma
21 37 Teft veqgel o uftied  Gaeehar e fagia
1 TG Toa=r 58 T i foaug-a%g ¥ aed 81 o5:
39 f951d 1 Ui Shaa U 3fte | T 70T
ST fopru fomm € foren SITam eTET, YRY ¥ Weraw
], (H,) o foem W foem a2

e cfifse fF gegeM o § WE] A 9 B,
fSeh Mfyeh %Aw: N, 9 N, & den 3 Sufier
SﬁmﬁeASﬁTeBmWW%,W@aﬁ
AR Fd &1 59 A I WA Th TR G FAfF g
W B €, q9 Sk o™ g = femen TE B
S5 ST IR Uh-gE ok O 3 S €, ool
Ieh T ST G Fiaehtul 9e S0 Bid S 2

SR o FrAfafed § e 82—
() T TXEIY] F AMAE qAoT Uk Tl o s

N,-e,, Ny—¢g
(i) T TLAY] ok AN qo1 S TLATY] oh Seraeil

av‘Tﬂﬁ?[NA—eB,NB—eA

T YR e 9t FrAfaied | 3o Bk -
@) T TS % Soleel o a9 e, — e, A
(i) = TCAEH o ARl o " N, - Nl

e fagm

54
/77
7 ___-E{ﬁm
e, —— "¢ 9§
SHYUT FA
<A D D5 >
H, H,
fgerdor o

faT 4.7 H, 377 & foavad & S&wor qe gfaetor e

STV F& IHI TATIST i TH-THR o I
A €, Sefen Jfaewdor 9ot 3% W HE HT G FW
& (e 4.7)1

TR IR W T8 9@ T R TR AU SR aei
1 UM T Wit el o A W 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 Sl = W W 9EH S 81 gH
e H EIEGISH o IHTY] ‘ SAETHA’ hedd § 3R
Th T o] AN €, TEel ey oo 74 pm
It 7

<Ifer BTEgIeH o ] WAV o w9 STEY S
W S G T T, ST eEegeH 31 q gereh
THIOS BT STven sifirek TRl B 21 39 YRR e
Tl ‘aTreier Cedt’ 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 A, 74 pm

faT 4.8: H, 317 & for= & fau H wwamoeh & e
SRy § BT qrde Refas Hei #1 SR,
SRE d =Aaq F fefd H, &1 gaifye et
e Tt 2

et b —>

4.5.1 heToh 3TfaeaTu_ 3TALRUM

BEEISM o] o fo=d ® 3§ ofewe ¥ =Aaq el
e YT Bl €1 9 e § & Y] S e
B W B o Soh TR hereh SR T U SR
‘TRTU]-heTeh AT’ el 81 STk URUTHETEY
TR G Ha B €1 stfaearad i e gedErs
e 1 elerdl i Feifia et 21 gma: i
ifqears < wEpst o Wi Yoo STEd a9 |
Tafud T 39 R, HEE oA SEERIT %
3TER T WHV[S o e Heddrsi e HT o
ARl & W Iufeerd fawid 9shul (Spin) Tt
TRl o WA o URUTHEET Bial €l

4.5.2 &Ll o Ty UTEH
S Y WM €, WedIS SATsE WA ekl o
Ao T S 71 SER0T o et e1ggier 1 317
T H TH I AR oF HASH H 37 1s Heleh!
1 Afere g 2l

CH,, NH, @1 H,O S¥ JgWHE i o
STEY a9 o Y- 0] i SATHG o Fgwergot
T §1 SN % fAU- CH, o 3T I IMHid
ORIk 0 il € 3R HCH 3T/e¥ il 1 0
109°28' i Tl ©? AT NH, 379 ! 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] Shefeh] 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
ok HeTehi o1 TSI &I, FUTHS a1 I &l
Tkl B1 78 3fifeeet 01 e & I (amplitude)
&t feepeem (¥9) 7 fom ik fog (1) W fAsR
#ar ® (fast 4.9)1 Hiw- Haqe em@l W g9 T
YIS SR FUTCH g W e &1 o ()
A 1 ThT AT W hIE HeH AL il Sfe
T & fou sfdeal =1 fag (1) @R erfufa=mg
Tk GHM B SIeT| S8 UFTeHe (e %ed 2
s T p U] hHehi oh ¥AICHS, FUMHS A1 I
e w1 fafa= sreeend, fasr 4.9 9 z9iiE T €

i) T

: (% 3TeTT °ry

gFTeeh 3Terar e § affaeamus . o 2v)
OO~ -OTDD~

(a) (e)

o — -C-H)—
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 =&l 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 FReh oh &4
o erfqearad &1 wdE wEfvshig faweir T
TEURATI SOt qe SguRAT STUeT W ¥HE &9
SN B €1 ¥ WA ¢ foh CH,, NH,, 91 H,0 373t
1 3TMepfd HAI: Aqoharhia, FRIHST qen 42t g8
Bt B o7 GaASIhal oTaY fagia 1 STANT ik 98
ST e BN foh 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 Soiee SURYUd Bl B, 9N EEgH
AN o Th-Ush TARI 1s Hefhl oh 91
AfeeaTT Y Tehd €1 g 79 ¥R Fffd ¥R ¢ - H
TS THEY & S| hTe o G 2p HEH| o qLA
90° T VT B o HRUT 3 hetehi grI FAffa sterer
o &= HCH iU &1 AF o 90° B, 37eiiq T
C - H 39 TH-THR oF ¥ 90° 1 hI0] TG
e hT 25 FHeh a1 H &1 1s haeh Moty THHd
%1 BH o SR forelt off fem o sifqeamed & g
21 31@: WY C - H o7&y *1 fEen siffyea e ==
f&qu CH, ®1 Tfosh Ffa o Aa & @ €,
e =R HCH 101 =SoFeihia 81d & a2 Jeish
T 109.5° BT T Y T B & T hoel hefh
o HAfdeATTH o STER W CH, oh 37 b feRiiete om
1 T T fRA 1 Gehdr 1 TR dehl % SER W
NH, 1 H,0 39l § HNH e HOH Uil oh M
90° BH =IfET, St arEafaes dedi o S7&q & 81 NH,
M H,0 H SIEdfoesh e 0 AL 107° T4
104.5° B &
4.5.4 IfqATUT oF UehX dqAT WEEATSH

ML eht Uk

FHefhl oh AfTAI oh YhR oh STER W Fggarst
e ok I YR B T
@) & (o) ST&Y T (i) I (m) STEY
(i) T (o) TEE— 9 YHR T TSt TE,

STEEt wHefehl oF St e e W fERER

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
318-9d (Half Filled) s-h&dh 3Tqenta 3781
W AfdeaT W §, S A e ™ -

e - W

s-h&h s-h&h s-s AfqeaT=

® sp IfAEATTT— T YR H AT TH

TV 1 AH-9q s-THeh qA THL ]
aef-93d p-herh o <t B R

PO > P
SHEE pFEE s-p ST
® pp IfaATT— TH THR H1 Afqeaoq
AR % AH-9d p-hemehl & o9 e 2l
<+ D — D€ ) D
pRER p-hEh p-p ST
(i) TS (w0 ATSE )— UE T ok o o ST
Fefh 39 URR STTeATT w3 © T Soh a1
Teoh SHL o FHIGL G AT el Y eeferd
BId 21 39 YRR UYd SAfdeadd o hora®y
faffa e o WSt o 9d oF S| e "

T ISTAT AR Y e €

-

L+ L - XX om ——

v

9

pFeH  pHER p-p Sl
4.5.5 Tammr qor arg ITsEn St Weerar

Terd: STEY 1 Yaoral Afqearad i dm )[R
Tt 81 Famn ateier § sherehi w1 Afdeara stfres B
21 gHfore T sy, o e (R & sifqers
Bl 8) 1 o § SAfeh Yael Bl @1 gHeh Sferal
g S Sft Hewaqol ® fR < wemet & | W
ey Hf Tehen @l U Sl 1 UE Ged Ty
aTrier S TN S FIa1 €1 TS Tsd 3 AU H g S
2, fore feemaa = fremeie sufterd e 21
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4.6 Heh{UT
CH,. NH,, H,0 ¥ 9guAms e «1 fafere
ST STRfal i T T ok foTg gifert = Tear]
FHeehl o HRIUT 1 Tagia gEartoa fohanl difer ok
STIHR TRHTY] hefeh FATSId BIeh HHCH HEhI I
T T 1 7 FHeh! F Geht heleh hed &l e
for=M o 9] Y[E Hefeh] o T W Hhid Heeh!
1 YA HG 21 39 YRES I BH WO Hed 2
T A Hell alel hedehi o a9 § ot Sl
o QAT §RT GHM o1l qe 3R dlel hHefehi i
T HT URRAT 1 WeRTUT hed &1 ST ok feru—
e BT Th 25 Heh q T 2p FHeeHh Ghl GRI
R Y sp” WehY ek T B
HRTUT oF HETAYU! ALUT— THIUT o T AT 5
ThR E—
1.  HHL FHehl DI H&AT FH HI G H 90
T ATl heTehl i W& o SWeR Bl €l
2. He hersh Hed WHM el 9l SN o Bid B
3. TR HEh R ey 9 H H G HEhI Hl
e eAfreh @erd B 2
4, T Helw TR e UM o fau fafam o
faferee feensti & ffvra e &)1 gafery g
W 3T0] T SATHG <l 2
TWeRIUT ht g afifeerfaar
(i) TRE] o Gl el o Heih Ghid B
(i) HHRRA B ATl HeTeh! hl Holl AT THE BT
=ifgul
(iii) T oF ToTT ScieR o1 SIS SAEYTH =&l 2l
(iv) o8 3Mewash & B foh ohaer ered-9d weren &
HHO § 9 | FA-FA FAShA HE F
uf-9d qem @eft HEw St FHRd & T 7
4.6.1 HWHIUT oh UhL
s, p 91 d Hemehi o Heptol Frefefiad Wehr o e g—
(I) sp GhIUT 30 YR o HHW H Th s A Th p
%WWWﬁWspWW&%ﬁWW
F E 2-318T T GHIUT Hefh! shi TH Bq, sp HHl
@msﬂmpzﬁﬁwwmglmspw
e | 50% S-S0 T 50% p-<I&I0 Bil B A
forelt o10] H s TRV o HAShdl %l o HElh
sp "R B4 & qe 1 et @ ey o ©,
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Tv] %t e fafq gt €1 39 JHR o TR0
“faepl Hetor' ot Ed

sp THT HEHI & I IW T ¥ oAd (TfA)
e A B F01 A foradia femsti o 2318 61 AR
T2 B B THeh HIO] YA e g €, fees
h ey Ydoidl \'qu.ﬂ ﬁﬁﬁﬁ %)Iﬁ %|
sp TWeRTUT TS STUTRT oF SETET
BeCl,— Tl 316w § Be w1 Seiargl fo=d 1s°
2% BN | ST sreee | U 2s g e 2p
FHed H Be hi fg-FAShal o HRU F=d (Pro-
mote) B Al €1 Tk 2s Hefh qe Th 2p Hefeh
Gehfid Bt & sp el hemeh o &1 A 180°
HIU TG &l YH sp HHT HeH FANT B 2p
Fah | i Afqeard 5] & Be — C1 e a1ay
A 81 39 o 4.10 o g9t T R
() sp® WHIUT— TR0 h $9 THR H Th s HEh
H%Tﬁp?%ﬂ?ﬁﬁ@ﬁﬂﬁﬂﬂﬁspzw
Herhi w1 FHT HW ¥ S ok faw- BCl, o
3TU] H SHEld IR qLATY] ohi doreel staee fo=rmg 1s
2% 2p" BIA1 81 SIS STae ¥ Th 2s gt Rem
2p HEH B W= 8 Sl 2, fraeh afomeey s
§ f o TSR SURe B §1 A (TF 2s

X X
y
Z 74
=)

— o) 36—

&0

sp G HEH

cl,
(@) © Becl, &
forT 4.10 (F)s T p F&H GRT sp TGHT H&H BT
frefor
(@) BeCl, g 370 FT far=T

T A 2p) FHeF A ShT A sp” HHhL Helh
T €| A HeRT heteh BeRIvig wwdel e o
Bid € q FAr THIIST o 2p HeErehl W Sl
g fM B - Cl @Y 99 €1 39T BCl,
(F=1 4.11) 379] 1 Frepoiia wHdel snfufd e €,
S C1-B-Cl 3f/e® 01 120° 1 Bil B
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faT 4.11 sp” & F&a a9 BCL, 377 &1 {7

() sp’® GWHIUT— TH YhR oF HHIU i A
CH, 317] o SIEI01 GRI &1 S Fehell &1 THH Tewars
e o Th s H&eh qU1 p &l o Hh § 91 sp’
ThY hefeh o 1 A helsh THM Soll a0 SHR ok
Bd &1 S sp” Herh ° 25% s-A8T0 AU 75%
p-awzﬁm%| sp’ HHW G U IR sp° Tt
HeTeh FqUheSh o FR Al i SR EId 2| S To
4.12 W I T B, sp® HeR heeh] oh € iU
A 109.5° Bl 21

109.5°

S+p,+P,*P;

CH, 310]

T 412 aﬂa%ré:‘s,px,py ﬁpzqw%‘aﬁ#&@ﬁ?’w
G sp’ TH HEgHl H [FE0T 7o CH,, %7 fr=

e fagm

NH, T2 H,0 ! |=st 1 =me o sp’
T GRT k1 S Tehell 1 NH, H E2Io TRATT]
qEY ] Al o= 25 2p, 2p, 2p, @€l
%I sp‘"’Wa@aﬁaﬁﬁ?ﬂﬂ spswa?ﬁiﬁﬁiﬁﬂm
TSR Bl §, Stk WY sp® Weht W Uk ThIh!
TR I Bl €| TGS o diF sp® Wl helh
T BTEgIe WHTIRT o 1s Herehl o |1 StfqearH
SN @9 N-H e7e faffia oxd 81 &0 w9d &
Wehleh! 00 A ST g oF o9 ST&t I i
3TUen wiaeRt el T S gl ©1 sHes ity
&Y NH, o 310 | {8 Hi0 109.5° H =
107° B S @1 UE 319 i senfhfa fasd gt
et e ot 8, St et 4.13 ® <@t e 2l

S o ST H TS IXATY] o AR HaASTehdl
Fe, Heh (T 2s TA A 2p) sp° HIO G IR
sp’ WX ek S E1 3 @ I AR heehl o

Ip

ST, NH,

forT 4.13 NH, 317 &1 a7
Tsh-Teh 1 2l €1 ¥ =R sp” Gt hefeh TqLHTh
safafa o e ¥, f9e < wiFl W STEgeT TwA
ETE BId € U1 3179 T ShiAl W Uehiehl golar I8
Sufterd B €1 39 310] § 3T 01 109.5° ¥ SEHT
104.5° B STl @ (T 4.14) @ 319] V-37ehfa 3teren
Hroit sfafa Tew war 2

faT 4.14 H,O 319 &1 77
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4.6.2 sp°, sp> aAT sp TIUT o I
SR LUT

C,H, 310 ¥ sp® HWeh{UT— 397 & 370 § e o
ﬁWspSWﬁﬁ%’IWW%WSpS
HhY HEHI H T | Th, 3T HIed AV & Th
sp’ R FEd 9 Aafg Afqerds gu sp’ - sp”
o erreer S €, Sfeh Y e THIT & 3T
T sp® T FHeTh TGS TLATIST oF 15 Hafehl oh
WY sp’-s o oey A6 €1 gHeh uRuTHEEEY
39 H C - C 31y o 154 pm 3R C-H e
Eﬁ]’s‘lOmeﬁ%l

02H4'efsp2'H%F€W— wefH ST o S H ehred
TH] &1 Teh sp’ Gl hefeh § &l Tiaeme gr
C - C fammr sy s ©, Seifeh Gcish e RAT]
o T q sp” WHT HETH TR THST o WY
sp’— s Tamn emEy aA@ &) TH HET WA
SRR hefh 2p, Ul 2p, TA FHEH WA 6

123

YAM e oF WY UNE (Sidewise) AT §RI
T 1 e o © fEH b qen eiggied
TR o q o SR qell A UM Solae 1Y gl
2l

9 YR T 370 § C-C o HEA T sp’—sp’
Herlid el § famr (o) e aen Tk 16 (n)
ey (TSt derE 134 pm%ﬁ?ﬁ % il p—?*m?ﬁ ED
T Bl €) Hehol § YA el Bid o 9] o el
e Bid B C-H 31eel § (sp’-s) T (o) e
# @ 108 pm Bl € TS H-C-H Td H-C-C
3TTSe 10T SHAY: 117.6° 121° Bl &1

Tl o1 § T () T WE (n) A w
o ot 4.15 o g9t T R
C,H, H sp HHIUT— 3137 U] & a1 | IHI e
TEHIY sp HHTT R &1 ITR -3 STHHT (2p,, T2
2p,) HEF T

H\ 2p, - 2p, H
\g ‘%/\/
H/ o H
(@)

2p, 2p,

=
H/O 6H

(=)

—_—

. ﬁCCz_qu/H
N

(]

(®)

farT 4.15 w7 9 a7 aor o et &1 S99
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e fagm

UL/ HeRTuT AT e IETEXUT

Eilican) Eal O wHeqH

Tt dsp? d+s+p(2) [Ni(CN),]>,

[Pt(C1), ]

Bt spd s+p(3)+d PF,, PC,

= ffafe spPd? s+p(3)+d(2) | BrF,

SRR spic? s+p(3)+d(2) | SF, [CrFJ*
d’sp? d(2)+s+p(3) [Co(NH,) ]

ferT 4.16 wersT & ey aer wrE-anael 1 a1

Teh A TIAT] 1 sp HhY Heleh SHL e
THIY] o sp GH HYw 9 IafF SfdeATd g}
C - ¢ famn emeiy =AE@n 21 99 gY HRL Hew
TS o AY-9d 1s Hemehi § &g AfqeaT gr
o erreer oA &1 A ST TATOgS W ST
- FHHT FHersh U e gry 3 qrE-eTe
T 1 T YHR 3 T T weA WAt & o=
Sufeerg f-smey, W faran qen <1 o emei | o
Bl §, i@ o 4.16 § g9 T 2

4.6.3 d-heTeh! T dvdl H HHRIOT
JAa 3ead awdl H s A p eI o G- d
ek off Sufterd B €1 39 d e i ol 3s3p
@43,4pmaﬁﬁwa€wgwéﬁ%| SpGﬂT
45 HeThl I Holl ° AfH AR B o SR 3p, 3d
Te 4s HeThl 1 Geh{Ul H9E Tl 2

s, p A1 d &I o Fh0T oh & YRl hl
el = " o e g
(i) PCl, T &7 ( sp°d HHIUT )— HIEHRH T
(Z = 15) I qORY STEEAT AR o= &l
T T B WIERRE Wi eEy o gifeefaar o
3s HEH  Teh soige TgHd Bt o 3d. hah

¥ O=d & STl RS9 YRR HIEHI T Sdfed
3TaEeN o fI=I9 &1 39 YN <9I ST Gehdl B—

P (wr s (] [A[4 [ [T ][]
3s 3p 3d

p(sifom smen (4] (A0 AL LT 1]

e, i NININ] N T T ]

cl clcc cl
sp’d GHia Here
TW YHR UiE ke (Th s, 9 p 901 TF d
HeTeh) Hehiol oh foIu et Bid €1 $7eh Hehiul g
whspdemwwéﬁ%,ﬁﬁﬁvﬂa%—mﬁqg
o U FH H IR YW B €, 5@ o 417 ®
<9It T 2l

Cl

Cl ’ Cl

Cl
ferT 4.17 PCl, 317 %1 frawivig fz-foafaet sanfafa
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Tel 78 M <A 9 91 7 for ki ffafad
safafa & geft eeiy wvr SR & E € pel, §
TITHRE o U4 sp’d HHhR Heleh TR RAT[SH o
31d-9Jd el 9 AfqeAds g7 9= P - ¢l fammr-
e S €1 3TH | A P - Cl 3T T qt § 2l
g T WER 120° 1 U T &1 3% faged
MY, (Equatorial) Wﬁ%l 39 T P - Cl ey
HOIT: Tageda a1 o S R = B € 9o 9 °
90° T FHIUN T T 3% & T (Axial) FEd T
<Ifer 31efir eTreier gt Al | fagada sest-gmi
T erferer gfaehtur Srafmard Bidt €, ord: 3 ey
foyadta oTadl ¥ ofars § e Sifue qen Yol |
TP HT B T T URUIEEEY PCl, SAfH
fepamefiar e 2
(i) SF, & T (sp’d’ T#IUT)— SF, H
Y TLAIY] i TE 3TaE Serded fo=d 3s” 3p’
2| SURSTa eraeen o SUee ©: ek, Ui T s,
@ p qe d ek r-a 2 €1 A G gN e
sp’ & TR T €, S Teh HHITCHAS o B: B0
1 S T eid B A Heh hereh TelSiiie THTE
% Ad-qq FefeRl 9 Sifqeaod g B: S - F farm
ST S &1 9 TR SF, 77 i Th HHSTHAH
sofafa it €, Stan fost 4.18 ® swiEn e 2

S (qered srae) A L]
3s 3p 3d

s (st smeem) [4] [A[A]F] [T T T ]

——————————————

1
SF, : NN N!/N,li HE
g __T_1T_71T___1T 41
F F F F F F
sp3d2W

a7 4.18 SF,, 317 &1 s7ewereh ! SHIHld
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4.7 ITTudeh haleh fagia

STfUaeh e faSId Th. g8 a0 AR TH. Jfctdhd g1
T 1932 ® fasfaa foean om0 fagia & 4=A
e Freferted -

() o9 yR wEm] § goiae faf= qmm weeht
4 Sufted ®d €, S YRR 19 H goleH
faf= anfras wererl o Sufterd wd 2

(ii) STfUeh Hefh qod SHeliell T8 IUga T
THTY] ekl o WA W §d B

(ili) TCHTY] T H hIE IR oheel Teh @ e
& g H @Al ®, Wdfh oMfvad wheeh o
IR o J A1 | Sifes AfeRl g
goiferd Bidr €1 T8 S 310 H WAt ot e
W 1R i 81 3 YR TRATY] Hefeh Thelohs
BIl €, Sefeh iU hefh agohsid el 2l

(iv) & BT TfUersh hefenl i FEAT HART i A
TRATY] HeTehl k1 GEAT % SXER Bl Bl S §
TTATY] Shefeh] shi THeTEl S ®, ql /I ek
FHeh Y B0 1 ST U Th ‘ITeE 1fueeh
wmeyh’ IR T WldeTeEq oMU weh
HESTAT 2l

(v) TS fUesh etk 1 ol A Bl &1 37d:
IYh! LA |1 GfasTae sfveh weeh |
stfues g 2l

(vi) 59 yR fedt T & Aifaes & 9r 3R
Tl Wifgehdr faaRor A werh R fEa
ST €, S WehR Rt 370) H iferhi o WE
TR AR Zelae= Wifaehar faawor enfas werew
SR T S 2

(vii) TRHTY] hefRi ki ifq ofvas werhi i o
I3t fagia aon g€ o 7o &1 9o #d gU
Alhers oM o STTEN 90 Sl 2|

4.7.1 STfUeeh SheTehl ot TAHTOT : TRHTUT-hereht
o1 g wam
SHET 319 S €, O ARl o STER WA el
1 Tk T Held (y) o €9 § S04 S Hehell 21 T8
W SedA T8 % ST (Amplitude) 1 S0 ©
AN 38 AITETR qHfisho ok gel §RI 91w fehanl el &,
WY TH § 3ifek soree are T & fau gifer
HHRTOT T Bl &I fRan S Hehall sHferT ofifueeh
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hereh, S T[S o foIu Ueh Seleid o %o €, i
ATER et o 1 | WY WKl A1 hicd €1 3
T>h"r3_*ﬂ's: %1 R T 9f-dhe (Approximation)
fafyr o wer feman S €1 3@ fafe sl wwam] et
w1 s G’ (Linear Combination of Atomic
Orbitals, LCAO) wed %I

Y, B Toh HHANHR T Tg-IwHIH 310, H,
R 39 fafe &1 sgyam w79 o % eEgee &1
< ETESISH T A T B © &1 21 S HI] Th
T & ¥, hadt giaen & faw 3% A o1 B @ fafed
oo T R1 U TIEgeM TR kT ot ofeeen H
3Tk 1s ek | Ueh Selar2 Bidl 1 S TCHTT] SHefehi
I TH TN HEN y, Ay, BRI TR BT TR B
TR 9 W offUash hefeh] hl UXHIY] hHERI oh
g Ham AT TH] wEhi o T By,
A g, AT A SR G TR S 7, S A=
it T )

WVmo = Va TV5

TH YN & A(Uaeh Haleh ¢ qel o+ U< 8d &

O =Y, + Yy

C* =Y, - Yy

A SHeThi oh AN W I aTel SAfvdeh HeEh
C i SMELT 3Gk heTeh Ul HIY] Hehi o
AW T T aTel VA HeTh, o+, il  WidATaET
anfuaeh weeR’ wed & (Fas 4.19)1

gfasTe¥ ek
TSRt <l T
Fegent 9 Afw §

ST ke fadent
TSl UATY] HaThi
H Fol W FH 2

ferT 4,19 3 WY FHI: A T B W 57 THT FHeTahl
v, Ty, & UGH AT G ST (o) a9
TGS (0%) STfvad werehl &1 (3]

e fagm

e I R MU shefehl ol o1 Ham
FHE A GHMTS o SAaed aN oh TEHcHs
(Constructive) formst (Destructive) SATdEHTIT
(Interference) ?WﬁWWW%I IR
sfvaess e o fmfr o eeeh wuToeH @i
TARIA T Teh ER i Felferd edl 7, erefq 3w
TS AR Bl 81 T 3R fdsteier snfoaes
e S Tl § A sewe W T w5 e
Fdl €, erefq s faemht safqeor giar §1 e
JRUTHEEEY 3TEEA T hafsh | ARSI seiae
Tcdl e TCAIOR o | etk el Bl
et o ofte wfqedul Wgd wH Bl @, Sefw
gideTas oTfas wefeh | AR Serde o
A TRl o e % e ¥ X srafierd g @
red | gHl ARl % Te Tk 9] 9 (Nodal
Plane) BT €, Sf&l W seigei ¥ YT Bl 81 37
st o o= oo wfasryor gl §1 erel enfres
FHeTeh! H UM Serae AFeh] i TEIE aiel @
*1 ggfa wad g1 o7d: A 0] HI i YSH Hd
2| TH YhR U IMEEA SNfaes etk 39 WH]
Herehl ¥ T HH Sl W@l €, TSer g4 9 o
9 2| 3Hen faudia wfastee effvaes weres o
TR 0 Ul w3 B saeeMl ud
el ok o STHYY 36 Heldh | Saael o o=
TER YiARH0 ¥ FH B @ I 3T e B gehd
gfg Bt 2

Tel M 34 9 o1d 98 ¢ R ufdetee wew
ST Al S S e S s A 0 A
e o e B St ®, S wen o st anfuaes
HeH B Sl HH T Bl TW YRR A AU
Herehl hi el il T8l @ell B, S 1 ol THTI]-Sheiehi
1 et B

4.7.2 UTHTU] heTehl oF GIRT skt ITd
TRATY] ekl o aeh HAN W oMfUaeh wmerhl oh
frmtor o fau frefafea s eifemd 8-

1. HAW I ATl UTHTIT HeTehl Sl Sl GHI a1
TRTE WHE B AU 6 aed 98 @ U
1s Feh TR 1s Heh T FIA F Gohel © T 2s
efeh § &I, Fifh 25 HEH HI Holl 1s HEh &
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grasTee o
IfUesh HeTh ITfvae FHedh
5 Q-0 &
* -_— —> . .
iy o e
1s 1s cls
(=) E areyE T
I aTfuersh etk
" Q-9-O
s 1s ols
grasTeeE
e Faw AU heTh
1 =
AT z :C -
HEh c2P
sEYE far
(=) E 2p afoereh Tmas
i ! } L — (= + .':
c2B
gfasTeT
aqfuares Eﬁﬁih‘
SfUersh HeTh
1
—_
T z2p WTUJ, = : : - : — —
heEh D 7r2p
m E ST 1«
2p, 2p, wﬁlw EiED
!
nzlgc —
2p 2P

forT 4.20 (%) 1s WA F&HI (@) 2p, THY FHew] a2l (7T) 2p, WA F&hl & GIrT 4 a7 a4 G FfaenaeT

anfoereh sHeehl @1 ®RET qU1 3THT Fld

TSl § e Afeeh Bl B T8 Hed Tl @ Afg I
1 YR & 2

2. GANT I ATA UTHTU] haTehl aht STTTUdh 3187
o fd: WHE Wil g arte) 9l o STIER

7-378] 1 SM0aeh 3781 WA 1 F@T I q24 Hewgul ¢
o UM o1 AT FHE Feil a6l TH] Heh shad
qdt WA w4, S IR GHEG WA §, S
TET| ITBML—2p, TH[-hH&h THL T 6 2p,
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Hereh ° HAM M, W 2p, A 2p, Ferwhl ¥ T,
Fifer 3eh! THTHTaE g9H & €

3. HAM WA AT UXHTU] heTehi R 3Tfuehan
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3UfEerd SelaReil ohi TEA N, el UfasTeer wafenl o
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() W STeeM TRl i GEAT 31fush 8 o HRU
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Hife oo BTl den S70] TR B R Al ey
Sife FOMHF (N, <N ) a1 I (N, =N_) &, @ 377
ST B
ML Tt Wehfer
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Li, 379 o Soiaeife fomamg @ v ? for gad
IR TAN e Sivaeh wmetehl § qem q golaeH
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1522s%2p2%1 (C,) o 319 H Fel 12 T il
T THRT SRR fa=amd gl
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STfUash Hefehl 1 HH AT ITH SAaHl Sl G
e T 21 AEY-FW, EH-Hife, A
U1 qUT FATST Soiee faard weh @l o A=
T €l
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wq ¥ gRurfya feram ST Werar &, S Tk o107 R
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Bt 71 SRt Snfvash etk AR o e Teiae S 91 9 § 9T SR Holl SATHRRTT YT HEThT
1 o1 ¥ HA Bl 8| WiaeTae anfversh ek W W] o TeA YA TS T Bil 81 7 HeEH| B
il ARG TCHTY] Fefehi H1 37U = eIdl ¢

IS 1 TS O Afvesh sherehl W Selagial bl Sl o Sgd ®H W 9Rd g foran S 2
T H TE T ot wSelt v e qon g2 o e o g #)1 3k o) o el enfuesh et
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4.1
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45
4.6
4.7

4.8

4.9
4.10

4.11
4.12
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ORI ST o 994 i AR Hifad)
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Frfafed T a0 STl o oEd fog udie fafau)
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413
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4.15

4.16
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423
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4.25

4.26

4.27
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4.29
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TRHTY]-hefehl o HehRIUl § MY 1 THE B sp, sp? AU sp® TehT HeTeh 1 STehid
1 A HifSQ
frfafea sfafwan & Al WA &1 Gehtor sraeen § uied (9% e €, )
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4.39
4.40
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TESISH oMY 1 aRe S 78 IreteTed Sl i ST Yo Bid @ A1 gea?
‘oY wife’ 9 Y F gHe 72 FrEfafed o sre-wife w1 ufeher wif-
N,, 0,, O, T O
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THERMODYNAMICS

ELE

39 Thdh o 319 o oI5 M-

%, el U foagad e 5 o e
e,

fiafies Solt, ShTd Td ST i THA
e,
SOANTIAeRT o Y9 799 &1 e X
TShT T 3T MU ®9 forg T
et el § Si-dieds @l
#E TE SO ok AEH & 'Y H
qiehfetd Y Fohil;
FTEA-Teld U, H 1 9951 Fohl;
AU Td AH ¥ Gae1 Tenfud &Y |ehil;
AU TWa AH &1 YRR A &Y
e,

AH o T Ores efaer st aftfud
Wﬂéﬁﬁ;

fafy= yor =t Afafeanet o foau
ot afterds &1 M T Heh |
39 o feer-om d$ed a9 i
e SR SHAN B Fehl;
W@anwmw,
Td: del 3TEd: Ydfdd WehHl Rl
qﬁﬂﬁﬁ?ﬂ{ﬂéﬁf;

T Sl SRR STaEe-hed o
w9 o gRwt 3R SEehT STTAT T
T,

T-sll URe (AG) T THH Hobl;
Tofd YA 31 AG @9 AG 3R 9
feeier ® daer Tenfya & Tk

11084CHO6

TE ATk Sideltq @l hael Yl Rrgia &, oraar forg & dge §
fo% zaaF Hifere faegTal T Skt SUGeIr o TN & 4T THRT 78T
ST Tl 8

acae 3BT

S $o SIH HEH T, THIE 719 A1 hiFel 8ol § Seid ®, d THEe
srfaferen o <A eropetl W WUEA UEMEtR SN S o ®9
e Bt B1 <19 Tk S § S ot €, 99 TEEtR Sl it
) T E e E oW e S (v ) e
TR FA B T R S % e v fa oRfe § T
T ¥ R Gefd e € T TH ®9 Y g T H o<l S Tohd
g1 31 SON-EUON T I € SR H1 faw-asg R
SN o o Te e, f sga-9 o10) e §, 9 waifea
e €, 7 o gew frepri 9, fod 9gd 9 o1 g €1 Fomiih!
39 9d 9 Gatd T8 @ foh 3 Uiedd ol Te fRy o 9§ swEited
B €1 T8 IRl fent o1 URf9es W afam sreren 9 Helfua
& Swmfash! o fm qsft @ B €, S e arEeen § e
T o1 U T ¥ R e ¥ S 2 fmE fee & T
o1 (SH— @ T A1) dreEee § 96 o el uiEfid T@él g
&1 38 T | g0 SEEf! & WY U F9 Hee ol 99 o S
T H TG H| -

T TR AR/ THE W 89 Sell-uiead ohd i
FA © ? T8 UNEdH BN AUl TEl? Uk TSR SAaiwa s
*9 Ifa B 227 vt sifufwan forg S o =t 27
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ST AT

5.1 SHSANTIdeRt oF deh-lehl 9T
TN Scgehal qEEfTes ifufwansti wd 3 gHar
F-uferdal &l S H el § SHeh ferg BH
IHfaeRt H Yga M ATt S dehdihl IR
ST B ShT aie A feEn T @

5.1.1 e wa uf@wr
Foraet § R w1 e sRie % 39 WM 9 €,
SRR Yeror fohy Sd @ aen sHeRt 9w Wi ‘afesr’
FHEA &1 TRe § e 1 Siga) Ue 9 aftHfer
B frpma w ke S faoreRt sere e 2l
e + afew = s=e

frem 9 srfafiea dqui srene e 9 gere
RerdAl | weferd =TEt g €1 SEifery wEifien st o
o srere 1 @l WM, S e 9 sAdfean s €,
qftast & &9 ¥ e S 2l

MG : T 1 98 &, S e o e
B ®, ufiew o farid feran S 2

IR o fau— afg g0 uw i H sufted &
yereff A Ud B i eAffsman @1 teme o) ®©
tent (Torem srfufsran-fagmn €) fere® B & waw
(fsmw st ®) aftasr =1 & swam (fast 5.1)1

w7 ® T Trerr difaes dimet (S—die =
WEAe) § TR feran S wehdr © 1 gefte § uh
fafy=a eI o wdig e (Cartesian coordi-
nates) %E’ﬂﬁl’i{ (set) ﬁqﬁmﬁqﬂmww%
TE OIS ¢ o e i oredfoss o1 shiedten
AR A HH o N RS ¥ YAk |iel Sl 9%
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R, <t T Te uRkEst i gerep e €, Cufker’
(Boundary) Feerdl 81 aRE g &4 e &
e 3 e FoF q1 Sl oh el i el wE
Uferd Y FWehd €l

5.1.2 o™ % &R

379 TH T Ud Sl oh FoRUl o STER R e &1
aifferd hid B

1. 'G;FIT'F'IW (Open System)

& gd MaE ¥ el g §3-gH &1 e @
ufest & "o fafms (Exchange) @ Hehel €l
SN —Ah R Th ol e § fed sl

2. 5 o™ (Closed system)

ag T o f1om wd ufew o wen g1 =1 fafma
Goa TEl €, g Sl o At g wehdr 21 Sid—
arfreer o et | ferd wmd)

3. Taerfia e (Isolated system)

& faafia fem o fem@ ud ufast o 99 53 1§
Feli— T o1 € Tafma dee T2 g 21 Semond—
e T ofe v ® fod W) fem 52 |

() foefia fem

faa 5.2 : gan, a5 Tg faafa &E

* gfg gH ohae stfafwen fagor & feem wF, a1 et H1 <R 9iew w1 s S
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5.1.3 R =t 31a%en

frelt ot Somaes! e 1 9o % TN, SE-
@ (p), FFAA (V), 9 (1) T @ o G
(Composition) @1 ffEs (Specify) &¥eh fohan Smar
21 &Y T =i 9t e o foaw 57 7o o1 aied=
¥ 7d g wEn e wE ved 21 oemH ifasw
e | U@l g TR At o foRdt e ot afores
sraer &t e e o et sa-fageti & 3w
g I el we a7 o SMER T HT Sl ¢ SR
T Tl 1 Uk 3TeT Ud TRl ®Y J&anfad foman
2| ST Yok U1 1 TIid o f&gd I T SAEvIhdl
T 2, it el g g o Siga W g T
1 WA T & BH TR i 7ol i ‘STaReaT-thetAl’
T “STRAT-=RL’ & R ekl HLd B

SN | Rt 1 1w &1 9uiF Iqh
HIOTETE SISl U o g feRan ST B1 W U
T HT TR HT IHb I (p), FG (V), 99 (D),
AN (r) SME Y a0 T Hehd Bl p, V, T o1 STaET =R
T R o 8, 7 oS! Ured e oF ddieh Tl foRe
e &1 s1aen i qui ®9 9 qRfid & o fag
et & @edt T[T 1 AU HH HT TR TEl B,
Fifer o 01 & W w9 A IRafid 8 gwd g1
TOT <t HE TeR 1 Wt W R et 21 e A
%A 9 Y T H 37 T TN i a9 L A S, @
T HR T 1 O @ a8 S )
5.1.4 3Tdier Sell : Ueh STTEAT-WheAT
e B9 3 TEE TR bt == i ©, T ot
o1 Tt =1 Yo Bial €, 99 86 UH UH O @
TRl Bl €, S R w1 St w1 wlafafere
F BN TE el TEEH, agd a1 AitE el @l
Gehdl B1 T Goehl AN € R w1 Sl el 2l
SN W 3 STideh Soll U whed 2| T qiafid
B ©, el
o W H ™ ¥ yEw A AR g e,
o feE W = feE g7 #E fFa T A,
o M@ ¥ g1 &1 yAw A T B 7

R IE I CRIE

(%) e

a8 Tedl g9 w1 wH W R w1 ondfie et o
B el Uiadd st g 1| 80 U uE e o
T, ot o ek a1 S diet | Sl
9 A1 21 39H TR ue IRewr & Hem oA
HaTe el 2, UH R i 9 HgIW (Adiabatic)
T wEd 2 W T o areeenr-ufteds @i
HEIH UehH had ol 390 T we 9fiEw & ueg
Fi2 Soa-fafma &1 gt g8l | @ v ufew
F Yo HEAE R egE daR e §
(fa=t 5.3)1

fora 5.3: @ wgiw fr, fgd gikdar @ ssr-fafma
Tya 781 81

319 g9 T N F© F1 Hlch sT&! SARH
Tt § uReadd e €1 A TR freem w5t wifies
ST A € TS THHT AU T, A1 AN Heil U, T
eI T 7ol i & WohR § REfad Y Hehd ©—
YR YT —AM foF B Ued § Sl ! g2 89
1kJ & & €, Tood e 1 = 3ferwen A B
TS IEH! AT T, T W 1 FE 3@ T fE > T,
Hd: 99 H RerA AT = T,-T, | |l el B H
iafeh H& U, ®, @ oAaRE e W ufied,
AU=U-U,
fgdta gep—o1d 20 9@ § T fidsed B
(Immersion Rod) STeish 3d-l il é@a Eqp] (1kJ)
F © T e ¥ qu-ufiedd 92 % 21 8W SEd
€ for am-uiaeq 9o & wEE T,-T, € @ R

el H TS TAN L. S[A 5 U 1845 oK
S fRan o o 3= U fk e W fwen
TN fafyea & e i stewen § 9ue uftads o
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g, 9R *r foRet ft TR (WRT) g1 R S, St
&1 W 9 o Yadd g <@l T 2l

Id: Ig UK femal € f ww ud wf,
Mafe e U, i gRefua feen sme, fSges am
et T 3Teren w1 SAFeneioTen B, STl TG Wehd
H fepant o el w, J1 SFereenetl | U ierdq o 4,
Ul AU=U,- U, =w,_, &I

31q: T 1 Al el T Sfere-thed 2

THMAH FFMhT § JUPAC THI oh 3TIER
YT T o € fof &l w, Fehr o) femam
2 qon e #1 ofiafe Sl o Sl 21 36 YRR 9§
Ife frem g0 & ffen S, @ w, RO BT
Fiifer T 1 eTiales sl wH & Sl

F1 3 Tt o1 URfad STaee-waeHl o A
I Fhd B2 V, p T T 5s 311 URfa STaee-thefd
gl 3T o fou- A 79 frdt frb & qm &
25°C ¥ 35°C T URadH e, d a9-qiadd 35°C—
25°C = +10°C BRI =18 ¥4 ©e € 35°C T ST &1
ﬁwﬁﬁ@ﬂ?ﬁmegreaﬂiﬁ@ﬁﬁ'{
fire fema =1 3ifaw A (35°C) T o S| 39 YR
T Teh SFAoE-WheH 81 a9 o IRed 9o o8 f9ei e
YT 21 Teh qrelsl § T ohl ST Teh SToreel-her
2, ik gEeh Sl & FdT | qiEdd 39 o W
R & whtan @ fop dres v 9 T E— WY g,
ENEER-CUR I AR
(@) s
70 fomm o fopw oft afasr 9 oA ol 2 afewt i
T L Teh hT™ 1 Aideh el H Uieadd &
Gohd §| I8 il fafma, S qdic] <t Roms &, S
q e I 3T T HUE ddick o & forg [qd o
Ge 5.14 (%) H FAC FIER G IR To A
Y] S TG SER 1 SUE ST = e
(fo1 5.4) R %1 o =er © gl 8, W fo=m w4

a6 did &1 T I (et <en ey
o §) ® T, 99 W S o e os@
a2 e, fome @ T, 31 # W ) e ()
SN JEAMG FH g 1 AY-UReH T,-T, §W
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forT 5.4 : U o, (799 REHE1 & 3IR-9R ST 61 JaTE
g9 2

TG S Hehel B1 F81 W of niafen e § e,
AU= q &, Sdfeh TeeR 31 W =i % T2 fman
TR

THEh SEAFTThT § JUPAC T oh 3TIER
RS @ ST T THIARYT 961 | 8H T g &FHS
B € 3R Fep 1 St agdl © T oAl o R
¥ qEe 1 AR TFEAR 8 T g SB0HS il 8
RoTHa: e Y Sl % B S )
() wmr= feerfa
U T 9 feafq W foem &%, Sefd snafes e
T R 1 €1 YRR (T hich TS SvSHT-TAHIaRT)
)1 B 39 feufa o &0 snidfes St o Ufedd & 3|
TR fora wehd B

AU=q +w (5.1)

T fafire srewen-ufiada o qiad= o YR &
TN q T8 w o M 9 81 Tohd €, W q+w =
AU aa YRfae ud 2ifag stewen w ek swam =g
IRedH & YR @ LA 21 AR S A 1 ok &Y
H Fol-uiadd 9 8 (foafia feem) steiq afk
w=0Td g=0, 8 AU=0 @]

IO 5.1 A AU = q + w, SHFIGR] ok
verg e o1 TfUrdte e #1 gem e % eER,
“ter Taerfia frerma @t st sraRed=ia gt 817

* qgel frrrg W T STH a1ed 1 @) ek fae o R g foRT SR ol i R eATeHess foes fean T em ifaent
FI Gl W ord oft 3 e T SO @ W1 © g9l [upAP A ot Tl fam w1 fawifer #51 2
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wee i W faefia e € om: fam 1 f=
TR G off el ST Fehdl 2— SIS i Soll STaREd-r
21 WA 39 ISl o HXe o fagia’ wEd ©,
ufq el 7 d A HT ST Hehell @ 3R A & SR
o fohan <1 Wb 2
e : T FHNGHRE 0T (SH-Fs1) T T AH
T (SE-STEeE) O Bl @1 &9 fed fowiw
7ol | STFad 1 @ FRUe (Absolute) AM fAfse
T Hehd &, T SR Sl w1 Fdey O e e
F Whd §, T Aaies Sl § IRed" AU
o S Hehel B

IETEUT 5.1

e TR 1 oA St § ufierd <R, k-

@) e g ufew @ o sewifug = @,
R 6™ W (w) &1 fman sl e &6t
ar 9 YHR *T Br?

(i) TR R FE * T fohan ST, W 3o
FT WG g T 9 afew & < < Sl
frema #1 <eR fF9 gwR &1 7l

(iti) 1™ E0 w AT 1 & fR ST W g
e &1 oA e & S Iw fRE
YRR o1 e gim?

&

@) AU=w,, 3R T5 S|

(i) AU= - q, IOR S o gl
(iii) AU = g - w 7€ &% Fanm B

5.2 TTUANT

w% qHEtE sfatEast § N6 Saw B 2, S
Tt T HE A S I FE H HEH Bt 2
T gRadl o R &1 MMl TS 3R STaieh
Fll-giedHl ¥ Hag wE Hedqul B <@ fF e
Y Bl B

5.2.1 R

HEYeH Weh TRt g1 fohT T T 1 Wepfd W e
WIS &1 H hacl Fifeh kT, 3Tl e S
FE W fa=aR 3

R IE I CRIE

‘c{lﬂ:pexAV

&Aw, P

pexg ()
k—1—

fag 5.5 (%) fafere 4 Refd o779l 319 0t 92 9 feor
§&l </ P, BRI 61 T G g
EGRR &3 g)T 90 T 8l

T[T & i GHSH o ol €9 J9oRfed
e fafder W faam +wd ®, food s o
et T ¥ gE ¥ T 1 e o vV, e fafereR
¥ 9 H1 @ p T AR TR @ p, 7, W p W A
B, @ fiRed 3isX &1 IR q@ % T HAW, 59 qH
e @ p, o SER Bl WC| 4 foh 78 aiEd
TF 9% | T € qen Sfqm s v oA R
g ® T 150 77 el € U T o1 Sruey
gt A ® (F 5.5 &)1

qe T H URE = [X A= AV = (V, - V)

R LR

Ia: A Med =p_. A

I e 9 9 e |/ ™0 =8 w
g,
w = 9 x foarmd =p, Al
=Py CAV)=—p AV=-p_(V,~V) (5.2)
el oI o & wHfU SEwE § TR
qRUrE! (Convention) o AR Hdled ¥ ™ W
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SFT T

1 B TR, S EARHE B RS (V- V) A
FUMCHS BT STd UM o T T T[0T &,
q w T T HFCHS & Sa|

Ifg Tpad o TS U8 W IE ) 7 8 W
%3 Rt uel o sead @, a w1 gEe qg
H gU 1A &1 I B T - Y pAV o qod B
(o= 5.5(@) ]I

g 3@ R 7 8 6 39 YR 98l & fh I8
TSN & N % <@ W aged ifen €, q9 G
o Y% U8 H STEAH SHAgEH "l dV ST 39
fearfa o Tw gro Ty g e w6 o B e
ot W A HT Hehd B—

w =- p,dV

i

(5.3)

4 R (V) v

for 5.5 (@) SRR &7 gRfyd 7sl 4 a5ed gu Sifeer
3 W RIS SFaT § o SFaT a%
g H [ohar 7o e 9iar g

A W p, T&F 98 W (p,, +dp) F I B
[fea 5.5-7]1 oM oRfeafaal o oo o 9wr <@
STaRes @ W THIM HH BT, aﬂﬁpe)fpm—dp
Wmﬁﬁmm%ﬁpex=[pmi dp) Q’@[
o SChAUE WehH' hEeld Bl
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7 3R (V) Vi

ferd 5.5 (1) pV 9% & GRIY% $Fad V, § V, %
TgT & foq Schavig uRfEfie § R
F3e7d U STeR J1F W 31d YaI H 1ok T
&7 BIGER & § <9 T gl

Teh WehW o7 URads auft ‘Schuuia uehd’
FEAT &, 7 30 FeRet off arur aragen uftads
o T Schidd (Reversed) TRl T HeR| Th
ITRAUITT UehH why ATETERTST U 3aged Tfa &
39 TR T aga € fon Frem e ufiaer when
T WrEeReT ¥ TEd €)1 SoRuvi WekW o
fafiad o7 AR Wkl Wi TRV WehH
Fed €

T wre | agd | UE geed o €, R
T & o ToU %1, 1T 3R M o fidie <«
o IR e i SEvge usdl ¢l

T TR 5.3 i f=fafad ger 9 foeer
Schavia uiifeafaal § w1 & oTafte <@ 9 dag
FL GHI o

Vi

v, v,
Wi =~ J- pede:— J‘ (pm idp)dv :_J- pindV
Vi Vi

Vi

(dfeh dp x AV 1 5 0 ?)

Vy
Wiew = _I pde (5.4)
V.

379 79 % T p, I AT T GHR gR
TG 3G o Ual H e TR S Gehdl g1 TR
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et 9 % n WA % U (pV = RT)

nRT
=>p=——ro

d: T fEeR a9 (FHAUET UhH) W

Vi
dav \%4
W, =— [ nRT=—=-nRTIn—
; % v

i

Vf
= -2.303 nRTlog 7,

(5.5)

HFIYEIT : T 1 faid § R/ (p, = 0) Jok TE
FHeldl &1 el TGl o g gERer § g e
BT e S Ufoha ShAvIY BT A1 STIGHAUIA, (TR
52 Td 5.3)1

378 TH HHiAI 5.1 i fafss yehHl o T ER
%% YR U for@ Tehd B—

w=-p AV (HHH 5.2) I GHHT 5.1 F
YT & ™

AU=q-p AV

I wohH TR 3P Wl ® (AV=0), T8 AU
=q, qvﬁWV(Subscript v)?ﬂf’cﬂ%ﬁﬁm
feer 3TFd W 98 1 T 2
3t 9 T GorT TS WHATIT TR
TH IR TG A e UH WHATME WO U
(T= feeisp) ©, w=0 &, #lifer p, =0 B 5[ A FAH
g fFwifia fFen fF q= 0%, safew AU =0 B

HHII 5.1, (AU = g + w), Sl THATIE SGhATY
TS TIGhAUIY Yl oF U 39 YR = fhar T
ekl &—
1. TS STIGRATIE TehH o fag

q=-w=p,(V,-V)
2. IHAMYE IEHAUIE YW o fau

\% \%

b i
g=-w=nRTIn % =2.303 nRT log %
3. TG Y9 o felw, g =0
AU=w,_,
IETEIT 5.2

10 atm @ 3R 25°C qM9 W ferel eyl 19 &
3 forex gHamda &9 9 e o 99 9% yaia
B &, STd T STl el A 10 feak 7 @
ST 36 GOl § ol S st et @
TS fepe s fepen ST 272

R IE I CRIE

T

B0 A & fF q=-w= p, (10-2)=0(8) =0
1S 1 T a1 8 TS i ST S el
Bl 2l

IR 5.3

IfE T TR0 § feeR 91)I <@ 1 atm &, @ FA
BR?

&'

THIIE fhg=-w=p_(8)=1x8
=8 L atm

3ETEATT 5.4

g IO 5.2 B TS JER01 IShHACT 9 9 &
qr = 'rm?

'

T T R g =—w = 2.303><nRTlog“/;—f

=2.303%x1x0.8206 ><298><10g§

=2.303%x1x0.8206 x298 xlog5
=2.303x0.8206 %298 x0.6990
= 393.66L atm

5.2.2 TSl Enthalpy (H)

(R ) Teh SUART AT TAXAT-FeA
T W4 © for TeeR ermra W erawiiftg o eniaies
ol § URedd % qod, Ul AU = q, Bt §, W
siferenTer TamafTe sTfufsramd feer st W 7 g
TAR , TEelt 3Tfg § feR argreed g@ W gl
21 27 uitfearfaal o fou 89 W T Seeq-theld &
STEvIRT BT

&H FHIHT (5.1) i FoR @ W AU=q-pAV
%wﬁmm%,aﬁqpﬁwmmﬁﬁ
T TE -pAV T gR1 R T gEo-E 2

RIS STIE ! Uik 1 9 TS 3Afan e
1 2 ¥ <A B

T ST HHIHI0 i 3 TR fora Hehd ©—

U-U=q,-p(V,-V)

T Fafeqd HH W

q,= (U, + pV,) - (U, + pV) (5.6)
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SFT T

6 Y Th 3N FOHANIAR] el sl g
T HHd ¢, T el (e v Cweifewed’,
former a1ef ‘T wE @ sfafifed e B @)
Fed

H=U+pV
3 THERLO (5.6) B S 8:

a=H,- H,=AH

Tt q T 9 SAfE@ wer §, aenfd g 9 @
sl B I H Ueh Sfeee-%e 8@ (H.U, p W& V
1 T S| A G STeE-Thed €) | 39 YR AH 99
T TR R

feer 3@ W ufifaa aRadHi o foru e 5.7
%! feran s Fehar 2

AH = AU + ApV i p feeriss €, om: &4
@ Hed &

AH = AU + pAV (5.8)
SeciEd ® fop o feer <@ W o sraeifia g
2, @ =ened o en Toedt | qiads "9 ®© e g

IR Wk AH = g, fer <@ W s
T @

FeTagr rfferamet o fow AH RO
grar &, et tfuferan o SR wor St Br
% Td wwmnt srfufsraneti o faw AH SR
EIAT &, gl URA9T | FOAT T JIAINTUT BIeT 2

TeeR 3 (AV=0) W AU= g, 3Fd: FHIHT
5.8 B S €1 AH=AU=q,

3 T, T oherel 39 a1 g Wy et ©
T AH Td AU & A&F R iefes & giar, Fifd 39
TS gall B TRH 3 W AT | iz a9 afeds Tt
Bl A e erae 8, @ g SfaY wiefeh 81 S
21 &0 ww U st W faer ww ® foed T
e & feer 7@ T d R v, 6 sifafmaet
TSV, T IR BT P ST B A n, T
SAfafoehl e n, T SRS % Hie w1 g @,
ar emeet T R & SHR-

pV,=nRT
eH JhX pVB=nBRT

(5.7)
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aq pV,-pV, =n,RT-nRT= (n-n)RT
p(Vy-V)=(n,-n)RT
pAV = AngRT (5.9
Tl An, Tl SRS % Hiel i HEen T 1
fafsraent o Al H1 TN H AR B
THET (5.9) § p AV HT qH THIHWT (5.8)
¥ W@ ™
AH = AU+ An RT (5.10)
THIHIOT 5.10 T YA AH 9 AUT AUYE AH
1 TF 6 HE W R S 2l

SETEIUT 5.5
SaT™T i e T 7MY W 100°C TE 1
bar @ W TH H@ A oh AHHTT o
gftedd 41kJ mol ' URET AT STAfR
Sl-9REdT i TUAT HifSTT, S& 1 Hid ST
%l 1 bar §€ Td 100°C R ardiehd fopan
S

'

H,0(1) — H,0(g) 9Radd & fag

AH = AU + An,RT

A AU=AH- An,RT
A @ W
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 el &= TOT

foreeiiol el et T ® 95 e e 21 ool o7 @
o1 2, Fraert 7 e ¥ Sufterd g & A/
(W) W R e @1 S o feu—germ,
I, SAldeh Sott, T, Soameniiar affe ferediof
T 2
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3 T, S TR | 3Iufer 54 i HE/STRR
(TrEst) R AR T ¥, T O FEAd 2
I ok TeIu— 19, See, <1 S1fE T8 707 €| Wier
o1 ¢ fordt fepm o T Hie o 01 o HE o gl

o 17 5 H A 0 B, A A =, S5
T A § WA 1 S IR HER S V, T
HeR Fetefiar ¢ 71 fadiof wd e o # i 7w
Teh T ] SR V o U6 H T A9 T ekl Y Hehd
g (fas1 5.6 ®)1

V. T

(=)

R IE I CRIE

Ife ¢ ST €, A S W adE gfg 3t Bl
21 S B FoAeniar st §, gue o1ef U7 § f
THHT A9 FGH o T 9gd e el =ned|

C wSred Y H o A g @1 et agred
I AeR SR Cm -< T Hict i SR

n

21 € SoA1 &1 9 AGN €, S T Hiel 91 1 a
s feift fcem® (o & ohfeed) sem & fau
ek Bt 21 ey wvomn, 5 fafyre. Somrentiar’
off hed &, I8 SO €, Sl SohTE SeATH o Tendl Terek

i<
ﬂ
pol<
H

(@)

T 5.6 (F) 379d7 V U9 a9 T W TF 19, (@) @975/ & R S7ad &1 S7e1 &1

3@ At favsie o g STEaA ofen A fea
i (Fest 5.6-@) , TSTE@ a9 e v/2 @ S g,
W I8 9 T & T 2| o: T € o eI
farediol o1 2, Srefer dmq e o 2l
(1) FeTETREr
39 SUES T BH 2@ © T Tk ol o7dfid o Sy
I S 1 AR T g S FE v T W, @ A4w
o gfig o w9 § qieterd gl el

a9 o iy fafd S o FHE gl 2l

q =TT x AT

UMk 1 A T/ o TR, Feed Td ehfd
W 9ot e 21 39 B TW ywR ot faw wed €,
'‘q=CAT

Tel Tk € H CFEeIfEr’ wed ¥

39 YRR HOIEIRAT A1 8 W &H i g
AT R Y[ S G FR Tehd &

1 a9 U feilt Afeaad (N U hfcad) S8 &
fau emavasd et @1 fee ugel @1 A" ser %
YA § AR FH g T B o6 foaw T
fafete w1 C *I &W FFAM m TE q9-9ReT AT

T w3, e

qg=cxmxAT =CAT
() T 31ewt W & fag ¢, v ¢, # wam
FOIRA 1 fEeR e W ¢, | T fEer g W
C, ¥ offehd e §1 o1 B9 T # Wy A H 2
q o fou feer stEdT W aHie form wehd B—

q,= C,AT = AU

wH feer 5@ W g = C,AT = AH

st W % fag ¢, W C, % ¥\ o® ™
TR FA feme S ekl 2—

(5.11)
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T Al AR W o faw AH = AU+ A(pV)
= AU+ A(RT)
= AU+ RAT
.. AH =AU+ RAT
AHTE AU AF @A W
C,AT = C,AT +RAT
C,=Cy+R
c,-C, =R

(5.12)

(5.13)

5.3 AU Td AH <Rl HIUA :
Shentata

AT Te ifder TehHl ¥ Gated i, IRed i
(Calorimetry) Wﬁ%l %ﬁﬂﬁlﬁﬁwwqﬁﬁ
foran s 2, 5/ Shediieiet’ wed 81 sheliiHiel T
%9 o F TG H S @l 71 5 hi SHEEIENGT To
HARIHI T SOHEIRAr T BH W - ufied o
IMUR W YehH T TG HoH1 1 1 ST Gehell €1 AT
T feafeai o fore o9 €

(i) feer-emad W, g, (i) feR @ |, g
(&) AU T °1OF

TErEfe sTfaferansti o forg feer sTas W sreenfia
] ST WO H ShelRiHieX (Bomb calorimeter) i
o s © (fe 5.7) =&l ©F Ea &1 9= (99
HARIHI) STt W g a1 €1 i 99 § Ao
Jallfed o Saeeia fasel (Sample) sl STl ST
21 e H Scom SO STl W1 3fala @ S 2
U 91K S H1 AW A H fen S 21 S o
HARIHR quida o, € oTd: THh AT W hIg
ufads & B SR i€ wE T R S 21 aw
e o TIEl o et Tt stfafmanet § off wig
% & B iR AV=0 Bl &1 TRl 5.11 i
T § FARIHIS sh1 FOHTEA T EF R Arq-aRedH
&l q, ® Rafda wX faan s
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mﬁ,ﬂa\ﬁ
HERT e
_ \
) L
o TVI-R
\ \
yfeest
EL Fr
<@ Ffed
SiEaSE
i \" 9
forT 5.7: a9 SaRiHieT

(@ )AH T |HIAT

TeeR T (T SRgHSE 1) T IEAT-TRedd
o= 5.8 H <wiiT T heARITHeR g AN ST Tkl 7
T S € fF AH = g, (feer 3@ R) | 37a: feor 3@
TR IHId Teral STavifyd oA g, stfafran e
ol fafeRan TIedt A H FHear 2|

srfyferan fagon

fera 5.8 : ReR 3@ (FrgHEEAT 31) W FH-IREAT A9
& forg el
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oA sfafwaneti § o feds et € qen
frerm @ ofier # o 5 weE @ 21 sHlen g
SRUTCH BN 9 A H it SRUTcH &Ml 36l @
STt ifuforenet # S sferiiia gl o g
SR AH T e g

ISR 5.6
frfefad @il & oER, 1g U®Ee @l
SIS 1 3TUehdl § latm @ T 298 K W
9 A | <@ HIEE S 2l

C ( I ) + 0, (9) — CO, (9
srfufsrar o <R T 298 K H 299 K de el
21 9 a7 SheRIHIe ST SoaTeniar 20.7 kJ/K
B, @ S sifuferan o faT | atm 3@ W@
298 K W TEedt qiied == eim?

&

M AT | 9 ST g Te ShelRIHe b

FHENAT €, 8, T ShellHI g 3Taeifoad

SHTHT,

q=Cyx AT

1faferan 9 W ST ST HF SEE B, Ry fow

FHUMCHE BN, Fifeh e (Afafswan-fasorn)

SN Y HOT hoARIHIeX §RT U8 i T8 oAl

o ged B

q =— C, xAT =-20.7kJ/K x(299 - 298)K
=-20.7kJ

(TE moTeHe Tom atffenan o Somed g i

i w3 ©)

37d: 1 g IhTee o @A & I AU=-20.7 kJK

1 |t AHTEE o e & fau

_(12.0 gmol ") x(—20.7kJ)

= =

=-2.48 x10%kJ mol ™"

B An, = 0

. AH-AU=-2.48 x 10°kJ mol "

R IE I CRIE

5.4 srfuaferan ok fau wEed
uftad, A H 1faferan wEedt
Tt Afafra | sfafeae sar o seed 81 59
Ui 1 TH YR U o— AMHIHR — IR
sifaferan o IRA Toed-ufteda stfafewmar-wed
FHEA 2| AR fafEa § Toed-ufedT A H

fog 9 Twifen S 2
A H = (SR} 1 w3 1 2mm) — (eifufpasi
H1 Tt w1 4n)

=2 aHoge = Y D H
el Y (famn) fog &1 3w Sied & fau

fohan S € TS a, T b, WA THIET F HHA:

sAfaferaehi To SRl & WEfRAHIE o &1 33T

o fau— frefafea sifafean 9

CH, (g + 20,(g — CO,(® +2H,0 (I

AH=YaH_.—-YbH,_.

=[H, (CO,.,g +2H_ (H,0, DI-[H, (CH,, g +

(5.14)

2H_(O,, g)]
el H_ HieR Toed €1 Teedi-ufiedd T a5
I TR B Rt T frer A W R sienfien
TaEtIe ifafshan | SeaA A1 viider i ASH a9
T 3{rervaeh 81 SEh! Sevshal Ui TEeieh &1 ardig
fefear =1 oA A o Tedt ?)
(= ) 3tfafsran =t Ares et
ol Tt stfufsman s e aRfeafaal w fsfk
FA T 3T g AT § fo 79 o Ak it
i fafése Y| Tt Tramafer stivrferar =t e
T a8 U uleadd &, wia o1fufsrar § |
AT @t uaTe STUAT Wieh atererai W gl
Tt uarel it e sraven fadt fafde am
T 3T 9% IE ®U 8, W 298 K 1 bar I W
T AT &1 SSEl & feAu- 9 TSt i A
3 298 K TS | bar W YG 59 el &1 <Al 1
A -3TTEA 500 K TS 1 aR (bar) T YE S Bl
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21 3ffhe WA: 298 K W Tty s €1 wen uffeerfaat
% AH R g8 © (Superscript) @& e TR
ST €1 3N ok feu- AHC
(T@) UTERaT ®UOT # T -uieds
e IRede § Soli-uftedd i erar €1 SEe o
fore otk i fyeee & faw s &) sTevashdr gt
2| R ot w1 fyser fer <@ (argHEe
TE) W Bl ® a1 TEe-uiedd Bid g9 a9 fEer
T |
H,0(s) - H,0(1); A ,,H® =6.00 kJ mol ™
2I%TAquHe e ST | o T 71 afe
Sl o § aerdl €, 1 SHeh Toadid WehH eIl € el
Sa & A oA afewr § el S 2
ufe Wt 31 uaTed & e § grerer Tt
gftads & uetd @ oM GO A1 Wer e
T A, He TFET I €
Gl o1 T SHOARIS Bl §, ofd: Wl e
THfeqd] TR it 1 STel o ST eRtor H oAl i
ST BNl 81 THF FAUAH T, T FEer @ w:
H,O(l) - H,0(g): A,,,H® = + 40.79kJ mol™
A, H® ST Y A T 2
(T, 31 T, F9R1: ToMF T Feia g1)
TRt 59 F Uk AT Bl o) A0 Ud AFeR 9
(19R) TR STSiiehd ol o ToTT STTEgereh STOHT <hl SHehl
A T A AR S0 T A, H o Hed §l

147

Feduad 3/ @Y & T H 95t 9 21 23|
e SESATHAES A1 Ik o (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifad gl 2
el o H efR-efit resfurfaq B @, frmer o
A, ,H®=73.0kJmol !

Tt 3 & T Wi A feR A T "
T (1 9X) W FeAured | g areit THedr
qREd= o SHHT A SeauraT Tt Fagd 8l
TEedt-afada 1 7 359 gered o Sfai-eafae st
F1 ga W R a2, g yeeen-ufiada @
@1 21 ST o fau— 5ot o Squpedl o Hem Sufeerd
I BESIS a9 SHhT 59 TaE § St oh ST[3Tl &l
Yot ¥ oY @d B etk g9 (SH- UEieE) |
Sim-aTfvas fgya-feya == fan foviw &9 @
qdot Bl 81 39 R STk | Hiel & oodiehd g o
ST oF 1 Il hl ATvdiehd B hi Y& HH ST Hi
TrEgshdl Bl €1 |Ront 5.1 | o Uil i Mo e
AR T HAH Toedt & TE )

3MIUT 5.7

ek a1 (Pool) | ket ol il 18 g Tt
%1 T ¥ @1 (TMen) B TE T hl 298 K W
aiftad g o fo fohaet o eTawass gi?
298 K WR STSHIeh0T i AR Sl ahi TOMT
Al

AU 5,1 T TG o0 o {0 Aeh Toedt e 9=

Substance TJ/ K A fusHe /(kJ mol?) | T,/K AmpHO/ (kJ mol?)
N, 63.15 0.72 77.35 5.59

NH, 195.40 5.65 239.73 23355

HCl 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, 250.16 215 349.69 30.0

H,0 273.15 6.01 7315 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 felt 298 K™ A, H = 44.01 kJmol’
Fal

TSN o YhH hi §H IH TR TSR HX
Hohd B—

H,0() ————— > H,0(g)
18¢ H,0 (1) § e #1 wem - 158
18gmol™
=1mol

1 mol S oF 298 K W orsqq o fou <& 5H
A Foit = nAmpHe =1 molx44.01 kJ Mol ~*

=44.01 kJ

(& 9 g Toh arod 31est T o WHM SHeRR
K1)

A U =A H-AnRT
vap vap g
1 mol a9 & foTu
A, H = (1 mol) (44.01 kJ mol )
=44.01 kJ
An, = (1 mol — O mol) = 1 mol
A U=A H _AnRT
vap vap ]
=44.01 kJ - (1 mol) (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 kJ

IETEAT 5.8

Sl arsd Wi SRy NE WA gY MU shifey fw
100°C @9 3R 1 bar ¥ W 1 mol Se-aT5q i
0°C A &t o § age | ANk ol § foha
e erm? G 2 fb o @ Tem wed
6.00 kJ mol ' 3R St w1 Fearenfir 4.2J /g °C @1

35!
Tfiads f TR 9 g 2

BT - 1
1 mol H,0 (g, 0C) » 1 mol H,0 (1, 0C)

T IRed AH,

R IE I CRIE

=T - 2
1 mol H,0 (I, 0°C) — 1 mol H,0 (s, 0C)
T IRade AH,
% T gieda gm
AH= AH, +AH,

AH = -(18 x 4.2x 100) J mol '
= -7560 J mol '
= -7.56 kJ mol '

AH,= 6.00 kJ mol '

- AH= AH, +AH,
= -7.56 kJ mol '+ (-6.00 kJ mol )
= -13.56 kJ mol '

T SFFET W I ITaee | yiEdd sF W
AT § F10g IR gl § oAdi—
PAV=AnRT=0
=AU =AH

=-13.56 kJ mol '

(M e farem T A He
et <ifiteR o TeR Tt AT SHak €1 dxal, ST 3709
o Wt wu ¥ fed T oE (W ®U A
‘Hau-orerar’ of wed B), ¥ ¥ forfom 7 W
FHETe! ATk TEredt Uftads ol SHeht Hieh Hie)
fore Toeh A He et S E

Sl Ui ‘f S T defua wAifies a6
| HieT ST ol S 310 T Tl Y § ¥, 9 g
foran <t 21 = P eifufwarg SRt A fate
HieR et & e T g

H,(g) + 20,(g) - H,0(1);

A H® = -285.8kJ mol™

C (I1E2, 5) +2H,(g) — CH, (g);
A H® =-74.81kJmol ™"

2C (AW, s) + 3H, (g) + %0, (g) —» C,H,OH(1);
A H® =-277.7kJmol
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TET 9% T Hewul € foR A fove e,
AH®, A He it T e feorfa 8, o 1 ot =ifirer
O el W S B S SWie e stfafmensti § v,
U e TIAT § § Yk 1 | el ol @)

CaO(s)+ CO,(g) —» CaCO4(s);
A H® = -178.3kJmol ™"

T T T Fomerdt afurfran o w¥edt-ufterH
hfewem wEie i fawen Toed T €, it o
gy HEiHe 30 qwel 9 T T wT A AR o
a1 B FreAfafaa sfufwar o fog ot woed-ufRada
HBr (g) 1 W T fowe wéierdt A Howe 2,

149

dfesk W i Toed B

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kJmol ™"
Tel W SIS o ek Hict k1 3TU&T S et 7o
qw & 9 8, A, H® =2AH°
Hqferd TR0 | THE o] i 2 9 faafea
#X HBr(g) o foted et & oy wfiehor 39
Yo foran S Wk 8-

%H, (g) + ¥2Br, (1) —» HBr(g);
A H® =-36.4kJ mol™

TNl 5.2 S oA T URTEl Wl 298 K W AR Hien feve Towd, A H

garet AsH' [ (kJ mol-?) qaret A;H/(kJ mol)
Al2O3(s) -167.5 HI(g) +26.48
BaCOs(s) -1216.3 KCI(s) -436.75
Br2(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)z(s) -924.54
C (&) +1.89 NaF(s) -573.65
C (Jwre) 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(l) -277.69 NO2(g) +33.18
CsHs()) +49.03 PCls()) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOz(s) (FrET) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCls(l) -511.3
CsHs(g) -103.85 S0xz(g) -296.83
n—[CsH1o(g)] -126.15 SOs(g) -395.72
HgS(s) -58.2 SiHa(g) +34
Ha(g) 0 SiCla(g) -657.0
H2O(g) -241.82 C(g) +715.0
H20(l) -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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FS TAT HT 298 K T A HioR fo=m
T A B TROl 52 # @ E 2l

Rl o FTEN, Th qwe b Gad A
T 1 ofaen H (Hgs-tawen) e fat=
Tt A P A Y fern S 2

T SfifSIT o 319 Tk ohfiehel SRR &
R S wed B fob afg an ueref sroet wree
e | € df chfedam e i =1 T Hre
gretiase | faufed & o foau fea om
FT YR B,
CaCO,(s) - CaO(s)+ CO,(g);A, H® =?

TRl & e Toer Toed! oh1 SN o Tehd
& ud stfufsran v el aRtedy uRenferd Y gend
T T3t e i M i o fore gn Fefetaa
G THIHTT 1 STEN T Fehd B
A H® - Z:alAfHV Zb Ava(aﬁqW)

(5.15)
STet “El'g:r?i'cl H#O Ha U6 b HAE:
sAfaferaen T SRl o oNE T SIS THIH
1 ShicHaH e o foeeT W @] % 21 78]
ald b 31 %I 3d:
A,H® =A,H®[CaO(s)]+ A  H°[CO, (g)]
— A, H°[CaCO,(s)]

=1(-635.1 kJ mol™)+1(-393.5 kJ mol ™)
-1(-1206.9 kJ mol‘l)

= 178.3kJ mol!

3d: CaCO,(s) 1 fasres FoAmt stfwfsman
21 o7d; sfond IUE U & o fow S9! =9
TRY AT B
(&) ST THhRIuT
Teh Hferd THrRfeR SR, fSreH 9o A H %1
= ot fean T B, ¢ S SR’ e
21 B9 U G | qgel i wdifde steeend
(A& sraeeq o qY) Ff FEe W 2
I o fera—

R IE I CRIE

C,H,OH(l) + 30, (g) — 2CO, (g) + 3H,O(l) :
A H® =-1367kJ mol™

IWFd e ff¥=d a9 @ 9 W 349
T T S ST B1 Toedt Ufied 1 oS
fag <uifal ® fF I8 Tt St sttt =1
SIS Tl & wed o fefafea
ftarfedt i AR W AevEE T
.  Hqfad qEEtTe T | e sifafeheen
Td SRl o Hial (rupett 1 el @ fFfe
Hd B
2. A H° = TR WA HHi R gl o
el #1 gen % §ed H g g1 Aee et
fedd A H° 1 3T kJ mol ' BT @I
WG RN hi THAN o fow gx fF=fafea
sfafsran o foru stfafmar—somr 1 oM | -
Fe,O, (s)+3H, (g) = 2Fe(s)+3H,0(1),
e foe e i anolt (5.2) 9§ 8 U B
A,H® (H,0,1) =-285.83 kJ mol;
A, H® (Fe,O,,
AfH0 (Fe, s) =
AHO(H,. g =
qd,
A H = 3(-285.83 kJ mol ™)
- 1(- 824.2 kJ mol)
(-857.5 + 824.2) kJ mol!
-33.3 kdJ mol!
& © TR 37 TSt W 9gE O Y§ Her
2 S 3faa wifrafufa TRl (Stoichiometric coef-
ficients) % & €1 A FP 1 TS kJ mol”* ¥, fwaht
a1 ﬁmwgﬁﬁa%lmwmwﬁ
A TRl o1 Ffeld T od €, a0 I8 SAfsha
o Teh HicT ! IR HLal &1 &H THIeR i fa=
TR 9 Hferd hid &1 SIeIone—

1 3 3
EFeQO3 (s) +§H2 (g) > Fe(s)+ §H20(1)

s) =-824.2 kJ mol;

0, URUE & STTER

qa Afaferan 1 7% AE T Ad Afafean g
W A H® B
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AH; = E(—285.83 kJmol™)
2

1 -824.2kJmol™
2

=(-428.7+412.1) kd mol!

=-16.6 kJ mol'' = Y%A H
T8 Ty g @ fF oot we fawdiol afin 2
3. w4 ford e T ol Sae foran S
%, T AH® % UF & fag ff 9=a S 2l
I o -

N,(g)+3H, (g) — 2NH,;(g);
A,H® =-91.8kJ mol™

2NH,(g) - N, (g) + 3H, (g);
A H® =+91.8kJ mol ™

(=) 7| & frem

<Jfer T T STET-ThoH €, 3Td: Ted qieda
RIeh STereen (fehrehl) Sifcm stereen (Scaml) i
W A o 9 W WA el g1 g TR H- Th
sifafsrar 9 T 9% H = A HE TR T @A H,
T uftedd M el 1 39 ‘29 T’ o w9 H
T YhR e Tohd -

3Tk TSI § B aTetl fedt Trameiies arfferam
i AR Tt 37 At srfuferametl it T A
W ureR GfewEl st AT gt €, T 3| waot
atfferar ot fawfsma femar s Hemar 21

32T, B9 39 799 1 7 U 3T o g
el Frefafead sfafer § woed-ufads w foemm
w01

c(frwz)+%o2 (g) > CO(g);AH® =7

Ul CO (g) T9Q SR 7, Wy 79 aAfafeman o
FB CO, T THI I Bl 21 37: ST Afshan
o fou & Toed-ufadT &1 @ a9 T T2
FR Thd| A% 79 1= W fufrart ge e, o

151

Heiford Taefist =, df Sued GHiertor H THed-uftad
1 ufiher foran S Eehal 2
19 g9 ffafea sifafsenet w foaer =@
%\’_
C (ie1=z,s)+ O, (g) > CO, (g);
AH® =- 393.5kdmol™" (i)

cO(g) +%o2 (8) > CO,(g);

AH® =-283.0kJmol ™ (ii)

T SRIF THIHN i 38 YR GIo hid ©

for sfoa aifufsran o &1 wu <€ IR TH A

CO(g) W ¥ o foTu THiehIon (if) i TH STl HLd

g, ford ==t e 2R 6t oo erawiifoa gt 2l
Td: TH A HC o WM &1 fog 95 <4 €l

CO, (g) - CO(g) + 5 0, (g):

A H®=+283.0kJmol ™ (iii)

[HERT (i) TS (iii) P! SISHT H Srosd THIHIO T
3 B

(e 5)+.0, (g) - CO(g);

g9k faw A H® = (-393.5+283.0)
=-110.5 kd mol!

=9 &9 ° A5 Th Ifafea A 5B &
faq ©h wnl @ el oot uftedt A H ® ud
TR AR ¥ A H,, AH,, AH,.. Sq 3K B
g ¥ fafys woef-uftead 1 gfaffiea s
g,
AH=AH +AH,+AH, ...

T 3@ &9 | 7 foman S Hehar 2

(5.16)

AH
[A]———[B]

lArHl TArHS

[c]—2% [5]
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5.5 fafyta uer =t arfuaferament
o oo o
sfufmanet & gR a1 ffée wtd gu wedt &
THHTOT HET AU Bl 8
(%) Ah SET TIST A_H®
e AR Tpia § FoEd g €1 3 sE,
Jone, fomm wd Sie o 31 Teqsti | Hewayul gt
2| UM <8 e il 39 YRR YR e S
2 o5 e forddt vared =1 wfd diet 9 wodedt ufads
2, S TH% TEd & HoEEY Bl §, 6 GHE
sifufsraess T IR T fafere a9 w eIo AFs
st H B B
A Y drelt T o faferer o gemd: oA
(C,H,) T Bt &1 e o Tk Hidt o I8 § 2658
kJ S fe et 21 3Heh fau en et
srfafeman =1 39 YR fora wehd &

1
CHyo(g)+ 33 0,(g) > 4C0, (g) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YRR M h T81 9 2802.0 kJ/mol
o fdea et ], foger forn e 23—

C.H,,04(g) +60,(g) - 6CO,(g) + 6H,0(1);
A _H® =-2802.0 kJ mol !

AR YRR A +ft <87 o YA i e 9o
Tl Scuel Bidl §, Ty 3tfam Scurg e WeRR @ et
Sg-THEte sfafmest w gl ¥ w9d ¢, T
TTEH 1 I Bl 2

3ITEUT 5.9
A=A o 1 Al 1 389 298 K T 1 atm W
Il B1 8 o SWid CO,(g) T H,O (1) 5 &
qM 3267.0 kJ FoA1 Ffe @it @1 S=fA
fore e forem TR &1 oM ST CO,(g)

6C (IwTee, s) + 3H, (g)+

R IE I CRIE

TS H,0 (1) & foau o9 foed Toeht &
TF HEI: -393.5 kJ mol ' T8 -285.83 kJ
mol ™ %I

T

aie @1 fatem feAfafad o @ fon
ST 8-

6C (Iree) + 3H, (g) — CoHg (1);
A H® =?.. (i)

| A di o6 foe < weedt g

06H6(1)+§02 5 6C0, (g)+3H,0(1);

A.H® =-3267kJ mol ... (ii)
1 Wi CO,(g) F forw foem Toeht 38—

C (3w=e) + 0, (g) — CO, (g);
A, H® =-393.5kJ mol ... (iii)

1 Hid H,0 (1) & foe for=m woedt 8-
1
H, (g)+502 (g) = H,0(1);

A H® =-285.83kJ mol ... (iv)
IR §ii Sl 6 F T iv ! 39 TN HH N
6C (i) + 60, (g) — 6CO, (g);

A,H® = -2361kJ mol ™
3
3H2 (g) +§Oz (g) - 3H20(1);

A, H® =-857.49kJ mol ™
ST AT FHIHIN hi Sigd T

15
Eoz(g)—>6002(g)

+3H,0(1);
A H® =-3218.49kJ mol™ ... (V)
THRTOT ii Rl ST HE T
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6CO, (g) +3H,0 (1) = C,H, (1) +§og;

A,H® =3267.0 kJ mol" ... (vi)
WWVQ‘O[W@WW%‘?W%

6C (I%Te2) + 3H, (g) — CxHy (1);
A H® =48.51 kJ mol™

(@) HIH TIST A_H®

3B, TTEEESISH o HUH o 39 S R faur
—

H, (g) — 2H(g); A H® =435.0kJ mol™

3 2@ Hehd © T 39 UiHa § SEeEgSH %
H-H 9 o 224 ¥ H ] 9 eid 81 56 Fieha
H B 9 TUed-ufer™ w HUH T, A He
HEd €| 98 T srereen § frelt off uerel & wh Hid
o ufeerd mee ot quid: diesh? TAET | 5o W)
B el TEed-ufied 81 $I <MY T SEeRSeH
S fguATes STustl i UM TTdt TART Sy
faaeH Toedt «ft gt 31 U TEed % 5w 3T
SereRu Frreferad 2
CH4(g] — Cl(g) +4H(g);AaHe = 1665 kJ mol!

Ig =AM 37 4G 91 € 5 TRl SR Shaet 6
e W ¢ 3R H R B

Na(s) — Na(g); A H° = 108.4 kJ mol!

TH ST H HUF Tl SR SeEua Tedt
T g9 2
(1) amEE T A, HC
T fafsenet § TEEtes ey 22d T o g
afeier 224 o ToIq SsTl o1 STTEeehal il © 1R afrelel
a1 H St e gt @1 fereht oft sifaferen o6t s
&I qEES STEH o6 <2 Td a1 | B alel SHeli-
i e R i e e e
Tl -ufieddl o fay FHmfaRT W < ST U]
IR BId B—

() ererer foriem wroedt
(ii) HEA STEY T

153

S A ITAT == A T TGS
sTupsti o Hey | wi
fguraroyes a0y : ® fefafed gfwar ) faar w3
% Hie SEERgSH | faeme gt ey ged T

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

3 ik H BN aren Teied-ufedT H - H
A& i ey fodem Q‘é’j?cﬁ (Bond Dissociation
Enthalpy) 2

ey faaem Tt 3| ufshar ® g arer
e-ufteds €, foad fdt e weaase
ifiTeh oF Tk WA e et 6T Sare |

o 2 foh 78 Ted-aRede iR SEergeH i
FHUHA TACH T T 21 3= T oy sTupsti
o forg «ff 7" T B SSeRone -

Cl(g) — 2Clg); A, H° =242 kJ mol"

O,(g — 20(g); A, H® =428 kJ mol™

TEIRHAIIE U] H 3TEY foisH el ol AH Th
ooy & fig= S o o fa=r g 2
SgUHIUIh 3707 (Polyatomic Molecules) : TH
T TEWHNE A9 (SE- CH,) W fa=R & g
THoh UM o TIU SoAHElTeh Safshal 30 TR <
ST B
CH,(g) — C(g) +4H(g);

A H® =1665 kJ mol™’

I | 9R C-H 31eY TAF €1 38y 7eH 370]
H |l C-H A&l Fi SMEY-g0 T Aae-Fel ot
Teh HHA §, AU Y&ieh C-H 3T 1 digd o foag
AETTH S o-foet €, A & T B
CH,(g) - CH,(g) +H(g):A,,, ,H®° =+427 kJ mol ™

CH,(g) - CH, (g +H(g);A,,,,H° =+439kJ mol
CH, (g) — CH(g) + H(g); A, ,H® = +452kJ mol
CH(g) — C(g)+H(g);A,,.,H®° =+347kJ mol ™
3d:

CH, (g) — C(g) + 4H(g);A_H® = +1665kJ mol '

379 B9 CH,H C-H &&l shi 3o amaier Toredt
TR F T
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CH, = (A H®) = 4 (1665 kJ mol ™)
=416 kJ mol!

TH @A © T WO § C-H oY w1 3l ey
Tt 416 KJ /mol €1 7 urn 7 ok fafew 2ifimet,
S¥— CH,CH,Cl, CH,NO, 31 & C-H &% 1 3f&d
ey Tl WH Th-gER § gl fe g g1 Wy
T O H SAfeR AR T B 79 o T 1 3w
T oh SEY THEH I TUAT i S Wehdl 81 HO
Tehet 3R SgeTe w el rolt 5.3 § Suersd 2l
rfuferan Toedt Tgd weweyel el 2, Fiifh T8
& o I TE AT AEHl o T o RO F I
et B1 A e fafve areiy wOfeqsl 9 & d e
srereen | ferelt oft erfufsren &1 O 9@ w1 W
Tohdt &1 TE eragen o stfufmer S A e
AHP SRl U stfafwraent it ey weiferal @ 5
TR Gafed erdl 8-

R IE I CRIE

A HO=Y oy Tt o e TR
(5.17)**
Te gy SH wHd fagim SwEh g §, S«
AH® &1 91 A A @ TR Afufwa w1 g
T -uRted sq erfafwan o sifufwas sropet o
geft 3Teell i digd o AU STavas Sel Ud Sedml
o TSt oF Al oTEHl i A ok foTu Tewah e
1 IR Bl 21 oA ® T 78 Heier ame Tl 21 a8
St g @] B, S9 sifufeRar # |t uned
(Ifafsraes Td S@R) T stewen | )
() Teter Tt
Th HAEME AN H Aos Tl o8 e
RedA &, Se Ueh Hiel SAfeh ATk Tt sreeen o
o el o i e 2

ARUR 5.3 () 298K W FB Tehel M@l o 3idd Tt W (kJ mol* #)

H C 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 C
209 = 201 243 = N
351 é 205 = 201 o
490 327 255 197 = F
213 226 360 289 213 Si
213 230 331 272 213 B2
213 251 213 = S

243 218 209 Cl

192 180 Br
151 I

WRUT 53 (@) 298K W F HGd sgaay THedt 7 (kJ mol )

N=N 418 c=c¢C
N=N 946 c=C
C=N 615 c=0
C=N 891 Cc=0

611
837
741
1070

O =0 498

* Jl - ey [FFT TSIeY aor Silgd STEY TSeY & o1 G fag &1 YN fEar S 8
oy g ey fave TS (AHP, ) F WA W, SO wEel R fHH FHER 3 TH AT e aH #H

Tiedt-RadT &, aa AH® =) A HS

(e}
H e 5 e~ 2 H ot 5 s
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<fer STTeteh Tedt 1 JanT g1 e 91w
FHYE B, 36: g9 U W faf # 3w e €,
BT T Ol SN@ S €1 SH aiH-gel eIk
(Born-Haber cycle) gl STl 2 (fax 5.9)1

Na'(g) + Cl(g)
= . )
= 1/2 AbondH I'B
2 E|aH
2 2 eg
Na'(g) + 1/2CL(g) E
- N <
B &
g | AH
2
©
g _Na'(g) +CI(g)
o
Na(g) + 1/2CL,(g)
?“. % Asub He
Q g
-
: '& Alatricr’HS
a(s) +1/2Cl,(g)
5| AH
- £
=
¥ 2

NacCl(s)

frT 5.9 NaCl #1 S TSieqt & foru T-eied siRE

3meu, 76 f=fafed 9= § Na'Cl- &l See
T Y O B E—
1. Na(s) > Na(g) Wifeam g T FHedurad,
A, H® =108.4 kJmol™’
2. Na(g) — Na*(g) + e '(g) Hfead T T AT
T

AH® =496 kJmol™

3. %Clz(g)ﬁCI(g)a@ﬂ'—r 1 fodiem| 59 Afufwman
FH T Ty foRieE T w ane 7

% Ao H® =121kJ mol ™

155

4. Cl(g)+e ' (g) >Cl (g) FANH T N TTE
TR Afe| 39 Wishan | geteRi wfed e

A H®=348.6kJmol

MO Teheh 3 | ST TEIed! qen gl wfed
Tt o SR H YeT 8 arad § 4 U SOAndent @
& ford T ¥ Tee T TS kI e S et TS
ST Adl Rl T YA foham Siar o (S <fEm)

T Fell ol gelagaear
ST el TS Soiae el Ta1 hl TR T qaH=
R gftefia foram e &1 forelt o= a9 SR
O ITYhReh] T STRT i SHOHIETRAT i Tl
Y uRtefer fran s wekar 81 frfafag stfafwa o

M(g) - M (g) + ¢ (3T o o)
M(g) + €& — M (g) (3TN & fau)

TOEE T R THedt giads 99 fo@ geieon &t
e § UfeRfad foRam s dehar a—

T
AH°(T)=A,H°(0) + [A,CRdT
(o)

I ifufseaeti § am & ® ySw et &b
SR C,,5/2R (C,.3/2R) 8 THfAT
ACS =+5/2R (& o fa)

ACS =-5/2R (3ARIA A=l o ferq)

TH YHR

AH® (ST TT) = E, (3MFHH o)

+5/2RT A H®°=-A (30cidHayd) -5/2RT

5. Na“(g)+Cl (g) > Na' Cl (s)
7 fafg=1 wei =1 % T 5.9 o <wifan @ 2
TH %W i ‘dH-BeR Tk’ HEd | T Tk
Ted 7 8 fF 38 R o ¥ T¥edt-ufed 3
g 1
79 | & egERr
A HO =411.2+108.4+121+ 496 - 348.6
A, H® =+788kJ

NaCl (s) - Na'(g)+Cl (g)NaCl & faw,
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g yfep o foaw o7iafe e 399 2 RT %Y
BN (Ffeh An,=2), St + 783 kJ mol™. 3 T
BT

39 B9 3@ Sefh Tl o | 1 HerEal 9§
foreraa Tt 1 Iieher w Ghd B

A H = Ay H® "'AhyazHe

NaCl(s) o T&H Wil oF faq el Toredt
A HE == 784 kJ mol ™ (FEH-J&I% H)

o A,H® =788kJmol™ -784 kJ mol™
=+4kJmol™

39 YR NaCl(s) Fi faea-ufshan & @ga &d
FeT-afierde g 2l
(=) faeram-Taedt A, HO
fret Td #1 ool o' wed-uiEdH
2, S THeh Th Wil i Toremae w1 ff<e wmn o
HeH R e {1 e aa R faerr-rdedt o7
T ufte €, S gate i femas # "
o ST Sl §, St Sl o (AN foer o SrugE
%) Te = TR T el

S Ueh AR AifiTeh i faeiaes o sie s
2, 79 3Heh 3T Toheed Siets § 319 fafia feafa
1 Bl d 21 79 A foera § atferen o e €, Wy
I THT A A k1 IR (faemes Sia |
STeftereRtor) off elal B1 39 Ueh Sk ATk AB (s)

% o sm@a w9 § 9t T 2
AB (s) —>A5"lH A'(ag) + B(aq)

A H® AraH®

lattice

A'(g) + B9

37d: T § AB(s) &1 faead T A H Td
SR e, A, H o WMl 5N 38 YR 6
HT S FHdl o

R IE I CRIE

A H = Aygice H + Ay H

sol

sAferenter emmafter AfTehi o foaw A H oFcS
BI 2| gHifeT arferehter Fifitent w6t se1 o fereteran a9
IGH W agdl ¢ A ek Toedt agd S 2,
Aqifier 1 foerEd & a1 ©1 9gd W weiNEe
FANZEl 1 oien U faeid i B 22 Ted
RedH & SAM ey Settell (TAferal) T S
Fetted (Tfewdr) w1 grivE & STEm g fey S
Tehd &
(B) TIHT S T
e T € for foe-oedt, fer @™ 9 T@ W
faea &t fordt faftre amn =i faomas =1 e
fafyre amen & Hie @ B o Toed qied
T Bl T8 U oS W weud o o5 fed oft
oo o fau @ e s @ @1 T
gEege o 10 mol &l 10 mol 9@ ® e 9
B ATl Tl qfigen fefaiead gHwmr gr
foran =1 wehar 21 gl o fow 29 S 1 aq.
g yeidfd

HCI(g) + 10 aq. -» HCI.10 agq.
AH = - 69.01 kJ / mol

ey &n frefafad woiedt aRedHl & aqe
H 3R =M )

(S-1) HCI(g) + 25 aq. —» HC1.25 aq.
AH =-72.03 kd / mol

(S-2) HCI(g) + 40 aq. - HC1.40 aq.
AH=-72.79 kd / mol

(S-3) HCI(g) + oo aq. —» HCI. o0 aq.

AH =-74.85 kdJ / mol

AH & AWM T8 YeRid & © 6 faee-woed
1 qr sl foerm 6t A7En B 81 S-S
foera &1 eifuss wEn WS 1 S ©,
foerA-Toedt S o9 a9 TgEd St @ A
CEe B O o or M | e s T A Bl R )
T & folu o7 SWea e (S-3) ° e
T AH % HH B
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ST AT

I B TR FHRW (S-2) F § &l

THIHT (S-1) T § o e W e g

HCI.25 aq. + 15 aq. — HC1.40 aq.

AH=[-72.79 - (-72.03)] kJ / mol

=-0.76 kJ / mol

AH®1 7€ M (- 0.76 kJ /mol) TN shi Tt
2 TE gE T ¢ S faeEd H S etfusw
foreareh THe WX ardero 9 o st 21 oo
o TR HI Tedt foaerE w1 ger wigda iR
e T e w1 wEn W AR w7

5.6 A :Udfddr

SRR 1 Yo fom g fhdt ferm gr1 et
T TS W W A 3T N HT T FE A Hely
A &1 T8 HOH1 o WalTE i 9N W i whise el
S €, Sfesh SO o1 Yae $ed qrq o e A et
3R THIES B B arkd | Wiehfaeh &9 § giHeel
it et o1 ifden TehH T € e w1 3R e
e Tfa 81, @ayarda il S3e o fau— T
9 o1 YT T i W o eIy THOT, Hied
SIS H STcteht hie SEsiiees a1 S|

T o1 3T a5 W TRY 9% I R T T
T T I § W T 5 wR A @ Gpfaa
&l i A R SEATRAEE Td: he 3R Ao
¥ ufafqa =& grl s YR o 3T Wd:U%H
TenTeeiia afterds swiid €1 79 999 Soa1 ® T wrm:
@WW@FWWW (Driving Force) <=1
22 UF TA: YA Hi fgen k9 fuifa e 22 T
@e 1 g9 3 YAl o foau A fuifa 3 fw 3
g ® HWehd € A1 T

B BH HHEA =fet fof o wafad whH
22 9 WEE FY Y WY T4 ¢ fF w@gati
TEEfTR Afafwa 9 ®, S StfWehRenl o ek 9
T & B ol B B SRS TS eIggeH o HaAm
=1 Tefa =1 oid €1 37 719 1 H % a9 1) e
Heh 3ME aul a% foa fordt Seetaa 9Rad &
T S Hehdl B T@f s He SifafEA B @ R,
R agd & i a9 3w q@ off waafia
sfafsran’ & wed B o1 T yetdd gH &1 31 ©

157

foret a1 WeH (Agency) &1 T WeTEal o fohdt
YhH o B HI U BEI FEfy 399 eAfufswar @
ThH o B I L HT Idl &l =erdl €1 Lo yaid
TRHI o TR TEE] § BH @ ¢ R 3 T ST famm
T Ihfird 7Y 81 Tehd €1 Td yafdd gl ok forg e
Y § e Gehd ® foh —

& AT U Uah SThavTe Uoha giaT &1

ag fordt olgl 4rE1 (Agency) &F g7 gt

Sahlud fepar ST 9ahar &l

(%) & TS T hH BT Ea:Haidar
AR 872
IfE B9 Ul et S — YerEl ¥ Sl R a1 s
R TeeR A &) gfewaneti W faar X, 99 <@t f&
T 1 faen § frerm w1 frorfas o= o %4 et 21
T YR B9 HE Thd © T T THETH SAfaiman
39 feen o @a.yafda erft, oo foen o =it o &t
B, S oAt eAfufwaet o g €
3T o fera—

1 1
5 N,(g) + 5 H,(g) — NH,(g) ;
A H® =-46.1 kJ mol”

1 1
5 H,(g) + 5 Cl,(g) — HCl(g);
A H°P =-92.32 kJ mol™

m®+é@®emmm
A H° =-285.8 kJ mol™
fordt oft Somerdt 21faferan o fou eifierani 9
IAR & T W T § 7€ HH H Th T
am@ (fo= 5.10 (6)) ® <9 <1 Hevell 2

Al |y
1 P
T AH
H
el Tt
AR RR I
arfafsran fdemss

T 5.10 (%) Foaieldt sfufear & foru Telel-simia
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379 Tk UT JHIUN o YR W §H T8 TR0
o Hehd © T Tl vt sfafean o faw
Q‘ﬂ’ﬁ?ﬁ Y 2 HH YR Weh a9 (Driving force) %I
319 &9 Trefefaa stfufsmanet © foam & B—
B N,(g) + O,(g) — NO,(g);
A H=+33.2 kJ mol
C A%, s) + 2 S() — CS, (I);
A H°P +128.5 kJ mol™!
3 AfAfHAT o gafad ThH TE SIS B
woedt ¥ gy &l u Teedfi-smE g < W
(fo= 5.10 (@)

®I Fd
o

1 P
Tt

g 5.10 (@) SN ST & 1T Teledi-siRE

T SSEIN W I8 I Bl ¢ o Ted o et
et & fau ww wfawers wRE €, W T
gsft yerHl & fou g & 2
(@) Tt ud w@a:yatad
Toh T yafd weha St T fien ¥ 9 4R =i 82
oMU, 'H UH ud feafq &1 oremmm w, fowd
AH =0 , 1ifq Tedt § %1 ufads & €, fee oft
sfafsran =1 yHH @aaia 2

U TH 9% UF o 9Rew 9 foafi (Isolated)
2,9 < i 5 forafia e ©, S feet 5.1 ° gwitn
T 2

Y G A @ B, e FH: & T oA
forgatl & <wfen Mo 7 qen wk faue 9 g fawan
T (Fas 511 %) Sa fa9Se gern S @
(fest 5.11 @), a8 19 eqw | fa@ia e ot 2l
9 GHF gy faaer qof e s 2l

farT 5.11 < 41 @71 foreo

376 BN 39 WohW 1 S1e9H hid B 1 foero ¥ o
af 7 A R & e § i % s B e,
@ Tfe=d &9 9 3 719 A o 8| 36 YRR A B9 <[
S % Fee @ o] e, @ 3 g B % ) @
TR A fauree e o 9] 9] bl SC, af &9
e IR R T e and € TR fashren o e10) T
A I ® 91 9 B Il €9 $E Hehd € [ e A
TN 1 ST SeFafierd 8l T 2

9 TH Y SEUROT AW §: Tk fowfi
T o fehma it o1 o g Sk sTemafed e
# ygfa Bl B e Toayalid s Th HAE @l
Herdl 2l

5} 79 U 31 SRR HoE H 9 FW E,
S/ ‘Tt 8’ wed € SWed STeTEen T i
it 21 Uk AHfs 9 S & fog U st
el Hehell ® Tor Wt ferelt e o a1egereen w1 oo
2 T foafia Freem o fa eifue sremaeen 29T, ot
& oifuw TR THA B SRl O U TR
rfufeman =1 999 €, Tt aRed TRATg stee S
& TH U (AfulEEH) ¥ ¥ W (SAR) § E:
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Srafterd B 81 ik SRl w G At 5t
G ¥ 3ifyen STeafierd Bl @ el | uRermea: Jts
BTt e Tt sifuferan B Tt | Tuneres ufteH
sifafeRan H Tga Tl i WA o STER W ST
fehan ST ©1 G | Frafhaan & sed @ ot € wd
1 T Tk QY F folu S STaR AaH Tt
(Heiferer fafia) ot orawen B, Sefh 9 Sfewe
AR T Y ST 2|

e B T ! A (Quantify) T &d B
373 | el o ool ¥ STeewel &l AT i o6
fau wh fafy wiferst 2, it 39 T&ds &1 g 9
&1 gad fafy sg srfafman & € a1l So-aiterdi o
Sirea w1 faft 8, s Trdt 1 Swrfeh! weld e
21 I SN e, SE—3Tidie e U A@
Tl H 1 T T i Tk SOATITaeh! STerer
Tl g1 98 AS UihA o 9y W s Y e

St off fepet fepma i o & S €, q
AT T ] TG e & STeaeel a1 31 2|
TE UK SO (q) Terma ® areyewen sQm ol
UHTE Tl B 1 8H AS i q § Helfed Fehd 2?2
I9e < € foh St b1 forawor S®@ @ W el
3l €, TSR o <) St €1 Tk S A1 ok R
o =1 a9 o e 61 gor o sifies steqaTen gt
21 o7q: ferdt ferm@ &1 a9 9ok woll 1 i
a1 o g1 Fe A W e e W @ T
SO 39 T i S=9 A R T I B S
1 G H ik STeTEE] w1 IO S dl g1 SHH el
<Al € o Tt afteds dqrq o S[ehHard g 2l

ITHhHINT TRl oF T 7 AS &hiq W& a9 T
Y 39 YR Hefod H Thd 2

qrev
AS = =% .
T (5.18)

forelt To: vafaa yeH o6 o freem Te afiEe
w1 A T ufEd (as, ) Fefafed e
g &= S gea 2

AS,, = ASsystem +AS,,, >0 (5.19)

S e fehTa Traen | @, df vt arfirenay
Bt § Td T # ufeda AS =0 ®
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TY HE Thd ¢ (% Th w@d:garfdd WHH i
T ¥ gfg 9@ d% Bl Wdl €, W4 q% 98
SR ad = 1 ST WremEeel W Tt § 9iedy =3
e 21 gieh TR U erEen Ol ¥, om: U
ICHAUIT YohH o SN 8 TIUi-Uads i T
frefafiad T ¥ 89 T TWehd 8-

_ qsys,rev

AS

B9 WA ¢ Toh guardg aRfeerfad § Sehquia
TS SFIHAIA—SH Yehtl o Tl AU = 0 =ial @, W
AS,m T (AS,, +AS,,) TIHTE ThH o6
foTT Y1 781 21 36 TR AU | SR T8 SR
e H faeig & wedl €, Sefh AS faug e B
SETEIUT 5.10
Farsy. fr fFefafead 5 9 fFad werdt sedt /
T B
(i) T S H1 3G e H giedq B
(i) Th foF=cl™ M T AT OK Y 115 Kdsh
TG ST B
(iii) 2NaHCO, (s) - Na,CO, (s) +
CO, (g) +H,0(g)

&

(i) SN 3T # IRexH BH o 9] 319 SHafed
S W T &, I7c: T2t T 2l

() 90K W gt 379] feer Bt B o W
<A B T AR A 115 K TF @R
ST, T S70] A HET AT H 2| © T
Y TrETeEe | <o wid § SR
atferen srerafierd &1 Sl 81 o1d: T2t =g
S 1

(iii) 3IF9HRE NaHCO, 3 & T gaah! T=2idh
%1 B SURl H T 39 IR I T 71 o7
IE I=d W2t il feerfd w1 gfdfafae
F 2

(iv) 8T Teh 1] ] U] el §, 3Fef HON hi
o St @1 H AR o & Hid eRgee
3T0] o Weh HIAl i ol | AT Trdt
@ 2
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ISR 5.1
Tle o SRR

4Fe(s)+30,(g) - 2Fe, 0, (s)

T gfeR —549.4 JK ' mol ' € (298 Kdd

)

39 Afufern  w=rdt ufadq o e o6
SWa ot erfafwan a: yafda F=i 22

(39 Afuferan o fau
AH® =-1648x10°J mol ™)
'

T Afafsran 1 @ gafad

AS = AS,, +AS,,, % MER W T |

AS,, 1 O & o fau g6 afew gm

1A HoA1 W fo=aR & 8, St —A_H°

@ qed €1 T a9 W 9REs &1 Tt o qfteds

~A,H®
T

T AS,,. = (feer T W)

(-1648x10° Jmol ')
298K

=5530JK 'mol™’
31d: SAfafsran o foaT opel Terd-aRada
A,S, =5530JK 'mol ™ +(-549.4 JK 'mol ')

=4980.6 JK 'mol™
399 e Bl ¢ T i o yafdd 2

("T)ﬁﬁﬁf@'{aﬁzﬂm

a0 g E E fae T e Terd e
IREdd AS,,, [dl YohH HI W@agafdar 1 o
F B R AR TEERE ket o fem
I g T w1 goit o e €1 era: stfueRiw
sAfafewanet § Tt @ wiedt — <A ufiedy o
g1 vd @ ° i T foeem 9 qg e @ R oA
sad Tl § wH SR 7 & ud ¥ 9fg w@a:
yafdd geral 1 feen i@ o gedt 21

R IE I CRIE

39 YAISH ¥q 89 T T SAFAhT Her fiss
St 41 filest ®eH G i 39 YhR qRI Hid 8—

G=H-TS (5.20)

e Ssil, G T fawdiol T sraen o 2

freera &t fies el § 9Redd AG,,, &l 39
YR foran S wehdl -

AGgys = AHgy — TAS s — Sy AT

feeR A9 W AT =0

- AGgys = AH,, — TAS

Il 9IEie (subscript) o™ &1 Bid g
THIH T W YRR foaed -

AG = AH - TAS (5.21)

39 Yo firsst Sefl o uRadH = woed | gRadH
- TUHE x T H uRadd U8 gt ‘e
GHfiRor’ o &Y § ST S €, S T 9 o 3t
el TN H ¥ Tk 7| F8T S T vt o
T gl Iei wt we-Ty o € ;S (AH o 96
o) T TR AS (STeHER HT W) | @ g o
T T 2| forfte SneR W faver ol S W By U
g TF AG 1 ZHE STl H1 THE Bl §, iR AH
TS TAS SHT Soll 1% € [Hf TAS = (K) (J/K) = J]

319 &Y faam ot ® fF A e yer stfafeman
1 Lo yefdar ¥ Hefud 2|

T 9 € fF AS, = AS, + AS_,

Ife fepra, aftest & @iy qrdg = | 7,
fEwr 1 a9, feE & 99 o 99 € s e
IR & el | gig e w1 woed § we o
e B

37 : YRS 1 Tt o uRedd

AH
ASSL”T = AHsurr — Ssys
T T

AH
AStotal = ASsys +| - T

SUI FHIHIO 1 GH: FaRed HH |
TAS,,, = TAS, -AH__

total

@d: WhA o faT AS,,, >0 ¥:
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ST AT

-(AH,,, - TAS,,,)>0
TR0 5.21 1 SYANT i T SIS THIHIOT 39
YR foet s gEdt -

-AG >0
- AG=AH-TAS<0 (5.22)
AH, e &1 T & oftad & 1as 98
Foit 7, S ST % o fu Suersd & €1 39 UK
AG ST w1 o fou e ST @ TS 39 YN g
Foll’ 1 /G 1 39 SR 30 AR T g Sl
off gl ST 2l
AG TR <@ T 99 W wd:ydfddar &l
FHE 2
@) 9 AG RUTHS (< 0) ¥, 6 YehH T&d: gafid
Bl B
(i) I AG ¥FHE (> 0) 96 YhH 3T=Ed: Jafad
BT
femuft— afs stfufswan o foe Toed qiadT oA
B Ue Tl uftedq oft eFeEes =, d eifufswen asf
w@d: g, 1@ TAS &1 5 AH o AF 9 3ife =
MU F% | YhR 9 B Hehall B—
(F) oHIcHS T2idt g +H of, dt 3| feafa o 7
1fes g1 =feul (@) oHTeHe T=rdt aRad stfereh
g, @t 39 feafa § 7w g =ifeu) vget aren SR
g dr § foh afemyr stfafspame S=a aig W
Huifed 1 St 81 GOl 5.4 § fafemenst s wor:
Yefadl 9 a9 ok 9979 sl Haifd (Summarise) f&=1
T R
(9) W=t 3T FeAnTfaent st et fem
T WA © Tk Tt foafim fem & fag s
e fifyea @ 21 gfe, 39 R & fem o
Tt 1 &A1 T : IR i TarHTiaeh S aqerd
2| aTEd W g SHNTRT ol SHY R #1 v e
o §AH W fem & off fafv= ger § foman s
ekl B SOHANTIeR! 1 SO o oo el @ o
T Werdl Soierdt eiffsrand o et A sl 2l
oerdt erfufsreneti § fehell el aTqeRoT | sTeEwen

161

a1 3 € SN e THetrent TR qReds s eHes Bl
T S stfufsren =1 T wafdd o < B

(=) e T=idt 3T SoAmTfaent st et foeEm
forelt urel o oo et Y@ A faelt oft oM wf
Tohd T, 98 WL HI WE U FX Tohel © IR U
o errey faw iR fachg Tehd €1 etupet ot @ wifEt
ST TAARRYT T, FOMT T Ta Shaa T haged
T 5a TehT 1 AIHE Sl € A Te TiaE St Su
B W € SR T 9 S 21 gEd iR S a
OIS S B e e R TR L i
forefera ueted o1 amM SR-S W I A 3R
AT & AY-N T oft I Y SR st $1 3
FHNTfehT oAl AT F1aw shgd &1 Ta gqfery g
& iifeh T Y W fpeed ¥ gyl %W e 21 9
HUA ohoiel (G THefad S|l q difgd © it
Tgifasr oo IR qrEifTes yar guiid & fF faaamt ot
sifaefiaferd sai i T=rdt 0 K W I &1 8idt| de
o 1 Hew gHfery € o 98 shael S effanel o
SR W Y5 Tl o Fdey Tt 7 aRenferd e
A e B 81 U5 i o fau 9w 0 K @ 298
qu;; gfgal =1 Siig X I fhan < Teha
2| TR TITE! 26 Yeh o qieher R e
Tt aiads qRepfad & & fau s &t S
TRt 2l
5.7 Ties Sori-afiada ua

HTH=TAEAT
T 2@ b § T 36 WhN U Sl ol [9g T
aferor- e & R o frfefed SRt < -
() THEteR stfafwar &1 wa gafad o1 gEgaE|
(i) THEtTR Affsha ¥ U B Wehd Atel SUANH

HE 1 qATIAI

e qh &H FAThAv(g AfAfsmane | qger Sl
TReRHl W R R ek ¥ o1 BH SahAvia sifufmast
o o SSl-ede 1 Sie w8
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‘SERHOTRET W SRR T o uRferfd 2,
fSEd T YHH H1 39 YR T S 2 R e
THY o0 UREY ® Yufa: w H W qEEte
srfferanati o geof o ‘ScraviEar’ w1 ol € 6
TR sTffsran <1 femstl o we-we =/ |ehdt
2, foraa T wrer wenfia &1 @eh | 399 wdid eiar €
srfaferan AT feemeti & gaa e § & & WY =9w
ek, S IHYE Tdid B Bl g quft dud ®, 5
Qe W R R e Sl ad gl At uE
Tt &, @ R wa: & &9 g e & ferfa
qfafda gl S|

3d: W o T wEE 2
A+B=C+D

AG=0

fordt sifuferan, foad gt sifvens T SR
A sfereet | e, @ files S A Ge, wrere
feoier @ TeAfafiga gientor g0 Gaifea gl 8—

0=AG°+RTInK
AIAMA G° =-RTIn K

AN A G° =-2.303 RTlog K (5.23)
T a8 ot 9d © R
A,G® =A H®°-TAS®° =-RTInK (5.24)

Tarel HEATENST SAfafshanst & fau A He =1 w4
e Td IS Bl 1 3 uRkfefaE § K %1 9e
1 § 9gd ¥ T ud ifufhRar | SAfie IR R
T Yofa &1 B Heaiad] sifAfhanei § A _H® 61
A Afeeh SIET T SRUMCH BT a2 A GO 1 A
At T FomeHeR Henferd @1 37 IRfeorfaat & K

R IE I CRIE

T 1 ¥ 9ga A4k STl TH Yael Seaiardt stfafenansti
o foIu =9 K &1 30 ¢ Gehd © W8 Afafswan
TRt B TRt €1 A Ge HT HHE ASe % HH W
off feft sman €1 Afe arfaferan o et afteds =1 ot

M W W ST, 99 K o1 94 91 ifaferar =t |

TH 9§ YHfed B foh A Se w1 HF oA Al
HOTHF 2
FHRTO (5.24) T FAN HEH W

@) AH® T AS® & A | AG® T °H T4

FHTep, frE) ot 99 R fRemEd ®9 9 3T i

wiftq o 7T K o T 1 70T 1 ST Ghdl B

(i) A garmemen o K @en &€ w9 foan s, o

frdt oft o= 919 W AG® o HE &1 AT hi

S Hehe B

IS 5,12
298 K W 3fadlsH o 3= H w9l

20,0 0,@% faw AT # WA #
UM hifSTl 39 SAfafRal o ferg K 1 HH
2.47x10° %]

&

T S @ % A,G®=-2.303 RTlog K, Td R
=8.314 JK ' mol’

S

AG® =
-2.303 (8.314 J K" mol))
x (298 K) (log 2.47 x 10°%9)

= 163000 J mol!
= 163 kd mol!

qrferert 5.4 3fuferar &t Wa:yafddr T a1q &t w9t

AH®  AS° A G° Ui

- + - gt a9 W sfafeRan o gafaa
_ - — (f=1 a w) =1 am R sifafsean @@ wafaa
- - + (3=9 AT W) I=9 q W Afafra s gafia
+ + (/=1 a9 W) =1 99 R sAfufwan sraa At
+ - (3= 99 W) I=d A W AffRa wa et
+ - + (|t 99 W) geft a9 W AfafRan % gafaa

* g3 f7e7 99 T 3=

a9 gorIES &1 fRet et sifafsar & fog s= a9 sifad &W &7 a9 9t g gHdr &
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SFT T

ISTIUT 5.13
frafafea sfufean & fau 298 K ® @
el &1 A9 1 Shifed—
2NH; (g) + CO, (g) = NH,CONH, (aq)

+H,0(1)
ST @ 99 W " fiest S A G &1 °H
~13.6 kJ mol! 21
'

A G®

SHd @ log K=—=
& & log 2.303RT

(-13.6 x10° J mol™)

2.303(8.314 JK™' mol ') (298K)
= 2.38

K =antilog 2.38=2.4 x 10”

SETEIUT 5.14
60°C T R TEEESH SZHEE 50 % feriferd

T 3| T STgHed 39 U6 39 d9 W OEE
T Soll-URade 1 TUHT it

163

Egl

N,0,(g) = 2NO,(g)

Ifg N,0,50% fo@ifsa grar &, o i aeref
T A 3T BhT—

X —1_0'5'x _2x0.5
Noi 1405 TN 1405

Pyo :O;le atm, py,, :Lxl atm

1.5 1.5
= fes
2
K, (Pno,) _ 12.5
DPw,0, (1.5)° (0.5)
= 1.33 atm.
kG2

AG°=-RTIn K,

AG°=(-8.314JK 'mol ') x (333K) x (2.303)
% (0.1239) =-763.8 kJ mol '

HIIIT

FOHNTIAeRT TEETTH T ifder Fehdi § ol qiad= o Tael @t €1 T 9 qRadAl sl A STeqe
T TN ST STFAH T § eH HerEd il 21 37 Hidl o fou g s w1 e ud aitew ¥ faefe
FTd T TEERTR T Afdh TehT S (q) S A1 TR o el B €, freh v an #wE (w) §
Al S Gkl 21 3 TR SR oF TAH FE™ AU = g + w g1 Haifed Bt 21 AU IR T sffam
e I TR Y1 ® U1 U ST el B, Selh g Uo w U W R d € qe Yo el Tl 2
T g woh o fog o 1 o s €, 9 3= e w1 & S Al 5% enee o 3d €2
S o Tk ehtd W TR TR W TR T A9 Y Tehd €, e @ § qied e €1 argae |
g o1 | Uil 1 SOHAEIRAT (C) W R a1 B1 31d: a1 Seafsid $1 q = CAT Bial 81 Afg
9 BT JEROT B B, A HE BT WO W= —p AV H F 2| SOHIUIE T H I o FeA] TRed
% T p_ = p 1 IF W@ Tk T 3 W= -pdV TH TN H TH T FHIHT pV = nRT T FAM
T Thd B

fEoR ST R w =0T AU = q, 312iiq 78 TEeR ST TR THiand S 81 W 8t sifafmanst
o NI o U en W feer T o €1 eH U SR STawl-Theld Tredl i R i €
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164 ECIREICEIE]

THEd-afadd AH = AU + An, RT 1 7199 €tg feer T R Soa-ufted § fan s g €, aaf
AH=q, 2|

TR -afedal o %% YRR 7| grae qiedd (-7, ariiehiu] T8 Seaua) S fer
9 W B B, T2 amrers woeft-uftada 9 stfvafad fan sar 21 foem woiedt, 329 woed e o
wHfer | uRedd 28 o e 1 S w0 96 TR ST ged 71 TEEtes sifafweet § woedt-uftedd

ArI—I i z (aiAprroducts) i Z (biAereactiuns)

J i

T e § A H® = (SRR Y ey ) -y, (SR HY A o)

SHFTIRT o1 Jod 1 qamEtTs sifafea 1 fSen & aR o o6 fRiva 781 S, stofq 97 =t
Tl o TERfTR Afafmen &1 W o @1 2| faefia fem &y Ay = o 21 31d: 9 39 & & foau
T Lo, S, T aRefid w1 1 T=idt STeaareen &1 49+ ?1 Tk d: yafdd o o fag
el T2l qRede G Bl §1 Ueh faetfita e o ffe AU = 0,AS > 0 @1 1a: T2idt aieds &oa:
Feifdd TehH b fasifEd ear €, Stelfer Sofl URerd el Hidll SEhHvT JehH o foiq Tt gied=-Seiehton

Aszqr% Y 9 fFan s g =1 q%v o R e 78 e 71

e erfershier TETERTR AR feor @ R F €, 91: ¥W U STHE-Whed fiew st G
TRefod w3 §, S R o TR e T ufedH @ g A.G = A H-TA S 3N Tafed 7

T A WhH o T AG,, <0 TF drEeel | AG,,, =0
e fiTest Soil-ufiads 9 feri® ¥ A,G° =-RT In K THi0 ¥ Heifod 2

TEH WEEW § A,GS W B W K 1 HH WA A ST WA €1 AGS W HM HHIH
A.G® =AH® - TAS® ¥ T fhal S Tehal T1 THIRROT H 19 Toh Hewqul %R 1 ST T2t
Ufearet %2 sfufwa, St #5 A W sREq: wafid @, 3% Se9 9 R WA yaiid S ST gehdl 2

SRS

51 8l SW -
TN STeee el Th TR E,
() S SeH-uRedH % foe W e 2
(i) TSEes oM 9y W FeR & e 2
(iii) S S-S HE BT MO FE H GgE B B
(iv) TSrEer 7F heaet @9 W R s 2
52  UH U o wgr uiferfaa § g9 ok fera—
@ AT=0 (i) Ap=0
(iii) 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

el el Bt T ST W -arerwen § et e

@ zhE (i) 3=

(i) <O (iv) Tft aai & forg fa= Bt 2

S o <@ o T AU® &1 7 —X kJ mol™! 81 38ek faq AH® &1 | gim—
@) =AU° (ii) > AU®

(iii) < AUO (iv) = 0

HeH, IhTEe T TEEEgeH & ot 298 K R <84 T o UM %991: ~890.3 kJ
mol™!, ~393.5kJ mol! T ~285.8 kJ mol' € CH,(g) 1 forem Tt 1 272
(i -74.8kJ mol?! (ii) -52.27 kJ mol!

(iii)) +74.8 kJ mol™! (iv) +52.26 kJ mol.

T AR A+B—>C+D+q o fau Tl aiemdd ocaes 9@ T 9%
sifaferan dea grfi—

() =9 A9 W (i) =Faa =1 a9 |

(iii) et off a9 o 7 (iv) forsl of A ™

T YA H T g 701 J 1 SE9ifid it @ T 394 J % fohan s 21 5
YA H T Soi § feRan ufkerd= gm?

TF 9H el § NH,CN(s) ®T stfferan essifaise & @ &1 T 1 AU &
qH —742.7 KJ mol™ 9@ T (298 K W) | 36 3iffehan o forg 298 K R Tiedt
REdd Fa Fife—

NH,CN(g) + goz(g] — N,(g) + CO,(g) + H,O(l)

60.0 g TGfa=™ &1 a9 35°C ¥ 55° C & o foau fvad fwat S o &t
SATEYIRal B2 Al 1 HieR SSTEar 24 J mol™ K 21

10.0°C W | Hiel A &1 % ~10°C W FHM W THedi-qied &1 T it
A, H=6.03 kdJ mol! 0°C |,

C, [H,0()] = 75.3 J mol K'!

C, [H,0(s)] = 36.8 J mol ! K!

CO, &1 &7 T ~393.5 kJ mol™! €1 T Te sifaiis ¥ 35.2 g CO, T W
IS ST T UM SIS

CO(g), CO, (g), N,0(g) T& N,O,(g) F faa Taedt ww1: -110,-393, 81 T
9.7 kJ mol-'&1 i1 N,0,(g) + 3CO(g) - N,O(g) + 3CO,(g) & faw A H *
HH A IS

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol NH, 7 % ¥ o=
Tt = 82

frefafea siwei & CH,OH() ®1 AHew-foxad Tedt ama Hifse—

3
CH,OH () + 5 O,(g) - CO,(@) + 2H,0() : A H° =726 kJ mol "

C(I%TEe) + 0,(g) — CO,(g) ; A H® =-393 kJ mol™!

1
H,(g) + 5 0,(g) —» H,0() ; AH® = —286 kJ mol.
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166 e CE M ERIE

515  CCl,(g) - C(g) +4Cl(g) =rfafshan & fory wéedt-uftad™ o sifsg s CCl, o
C - Cl &1 1 el &Y MO SHifeTg—
A, H°(CCl) = 30.5 kJ mol "
AH°® (CCl) =-135.5 kJ mol .
A_He (C) = 715.0 kJ mol ™, =&l A_HC % Tt B
A _HP® (CL,) = 242 kJ mol™
516 Us foa@fia fem o faw AU = 0, 39 faw AS &1 gm?
517 298 K W 31fufshan 24 + B — ¢ o fow
AH =400 kJmol ™' T AS =0.2 kJ K 'mol™’
AH T AS ol a9-foar ® feer Ad g sy for ford aa R eifaferan wm: grm?
518  sfafsRan 2Cl(g) — Cl,(g) o faT AH Ta 0SQ o fog == 8i1?
519 sffsRa 2A(g) + B(g) — 2D (g) & Tt AU® = -10.5 kJ T AS® = —44.1JK!
Al & faw AGe 1 UM HIfST 3R wasy fo #o sifafman w@a: vatdd 8
Tehell 22
520 300 W UH Afufmar o fow W feemie 10 1 AGe w1 WM @ EN?
R=8.314 JK! mol™!
521  frafafea stfafsransti & TUR W NO (g) oF SRR €efae W feouft shifu—

1 1
2 W@+ 50,0 > NO@: AH=90kJ mol

NO(g) + % 0,(g) > NO,(g): AH°=-74kJ mol!
522 <@ 1.00 H@ H,0(1) %1 #eh uftfeerfai # forfaa s €, 70 ufew o Tei-ufteds
1 TUAT HIFST— 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
g Ta qEmEte gfwast & 9=
qq AT o Ao i 31fiyemea
T Hohl;

frdt § T efafer o foau 9=
feoien =St for 9a;

K, ™ K & g Hay Td
W;

aAfafsran 1 ArAEEn Sl g9Ifed
A TafTe Hehl i ==
T

ST, FRLS-T 0o Tgd HRonsi
o MR W YA bl 3T AT &I
naﬂﬁ%ww

T qAT AR o W Hi AR
36k ST Feerishi & ®9 H &Y
T

YA ST AT HIAA HT Higel
TR I bl U hi TSR ohi =0
EsC
m@mwﬁwwaﬂpH
hdl o ®9 H gUiF Y Hohl;
w&wwwﬁmaww
iﬁgﬁaﬁ%ﬁ Jfieht &1 Ui HR

w%mﬁam( )T
pK,, ¥ fa%e =T weh;
WW&?WWWEW

ﬁwwﬁwﬁwﬁmm
ekl

11084CHO7

I Sfeeh T yEteRoie gimeare § wemEte qr Hewgt €
RN — AR Sl § HHURE q O, o ufitered ud foawor §
0, 3T o ETHFeifer o HeA T i U oitass fiewT 21 5
YR CO T[T G SHiallfer o Hed | CO i famerar &
O] ST B

el forelt &€ U ¥ weh g St B ©, S TSt Sl
At 319] S i Tde W a1 Y § 9ol S © a1 3k Sl oh
3] 5 1 Tde Y THUHT dT5T Faw U 59 Jrowen H guifed &
S B1 39 WehR %o el A1 o §eA Ueh TS W T 8 i
, ToTeeh qRoTHEEY 56 1 Hdg W T THivea oroq-gre Scoel gl
1 STel STt <1 o9 YR Bl S €, del STel 1 arsd-S1d sig ol
T 3R ofd ¥ feer = S 21 e feufa o w9 wed © o frem
(System) H TrEeen Tofad & T €1 F@ft T8 9 wifaw T
€ 1 5o 1 Wag W el TS 1% o o ek {hAheld B @
&1 T YR WrEATErEel T o9 w1 ST HeA-5X o SR 8 Sl 2l
T 39 YehR <9I S ©

H,O (59) == H,0 (dr™9)

75l < @1 d 39w o guild € fom S feemed & wfward
HU-H Bl & qe SATAThaeh] o Scarel o Trerereen W fasor i
‘e fustor’ wed €1 ifaes weeal qen qEmEtes stfafsmanet <=
o wreee @iy 8 Wehdt €1 tfufshan 1 e steEr wg e
IUHT THa Te e gRftefa w R w5 21 w" fer a
W UF d9€ UH § AfafEaes TR 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
arfafmanet &1 X w9 = Sl €1 T hRU 3H erEen o
arfafmen-fagor o Sufeerq fafie w2l & digor o =18 aftedq =1
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Bl 81 39 SMUR W R rereen wged ask Tl
Afafewan gof & Gt 8, Iu TEEtE stk
1 Frefafaa @ agel o affera feran smar 28—
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufret § @ sifufrst w1 g
Tt A Bl Wt € TR SR wdleror v gm
G el e 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 rfulemenat st @ e €, f
sifuferaenl Td IR HI Tigal G |
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer il SH—stfufsweRl &
igdl, O anfe) W R St 81 S qen yEnmeen
T uftareq aftfeafaat (Operational Conditions) <l
TRAHIHTU (Optimize) T 9gd Hewlqul Bl @,
qIfeh TT=TTeen 1 3hTd 3fead Scas i fem # &l
T Theh | & wifde a1 THEte ThAl § 9 o
TP HEEYUl TS o WU-"Y e fowed o
AP o T, T otrafeR W wEd ©, ot
qftgfea wa
6.1 ¥iifeer Wernl ® AR
it TehHl o STeIA NI GreEeeen H Rt freRa
o ATTAON I T TR T T Tehell T LN
®YIAL0T YshH (Phase Transformation Processes)
TH gfafed ST €1 Semeomed -
3 = sd
sd s T
M —— T

6.1.1 3E-Id ATATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
S (I8 T gU foh Toreh o W usre ue ufEae §
o 1 fafmg 7€ g ®) 273 K qen agHedE
T W ErEER | B €1 78 e s safererl
o1 9l 31 B9 I8l <@d ¢ foF g o -y o

e fagm

T STl o SoAHHI ol h1E Tiede &l 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 1S uftedd &l B €, Fifh Sel-31oet @ 9t
Y S H TG0 i &L T ST § 9% § TR0
F R 273 K 3R T IHSA @ W =K Bl 2l

g T € for ot Ud St oherel TRt T g
TS @ W E G | g ) agHesed e 0
ot 315 vate o for = ara, e 3 e 5=
reRaTd @rEraen ¥ gt ¥, usted @ ‘uren
eI AT ATk femies ' wgerar 1 I8 e @
o 1Y ohelel TST-| € UREfid eIl €1 39 YRR 78
frerma Tfaer rmeEen W e 21 3Ed e
foep e B ® -
@) < Tt wimad @e-wy e €
(i) < fwATd THE R 9 E ) T 9% T W
1 T TEeR @l 2

6.1.2 SId-di™q QEATTEAT

39 T i TTefafad YAM oF AeAd o FEen S
Gehdl 81 Wb U AR 1 Afetent, Toew a0 s &
(FAIHeR) , 1 T SiE (31 @IEF) o IRES e
Y Wig <d B| o § Tk arE Tow A1 udl few o
sieit ehfewam FANES (A FEHRY YIFES)
S ST TR i H G H FS el qh
@M Sl 81 39k I SR il SeX Fente
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 Sel 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 SEe 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
el | Teqifid B S € o e el g 2l
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THHT a8 2, o S-S w1 o Srupet ant Hem
et afereen W o ol ®, S9-a9 T sreen 9
ST oF T[S hi F-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 (I™)

qrererEel | S-S g 30 < fohet K
19 W R TEdl €, 39 5ol o W 9 <, (A1 S
HT ACA-E) Fed &1 KT HT G-I AW h =
Tl 21 4% 7e FA Aol Uesreial, THeH o ek
o T A S, q I Uferd eiar ® o 3ok A
arq-grE fafe=1 8 €1 STveiehd Seu o <& el
39 ek STSAEiel BT © TS SHR FHOMIE FH
g 1

I ara-TaE | THeH, e tehisia u
S H U H1 1 mL agHSd | ol W@ S qe
T WA H TH WA HW H T g9 o (99-fim
ST o T <A S A g9 I8 uid fo g gt
v H 5o 1 qol TSR € S 1 gof arse 6
AT (i) T 1 Gohid, (i) T T HAGT qAT (i) T R
et ta1 @1 W9 9 T I SHed § gar @i
ST €1 Al STSY Wi SR Al feeR et €, wg ard ok
] HH oF R A | el S §| Fd: o9 W
FI- TN H HeAA k1 X A HY R W HH BT T
TH% IROTHEEEY TUl 59 S1fSqd &1 S 21 98 T
ol e 1 ST @1 Gt R o e i
TG BT Hord e 2

o U W Sl T STel-a1 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 {97

fordll 5 %9 o forq & aHse™ <@ (1.013
bar) W € aM, SR 59 & arsd e ¥ g,
‘Zd T T FELFIR HEC | FS Rl FAYTR
agHee 6 R 9 A B T8 TWE o S
(F9E) W off R w7 21 Ao 31w W g &0
YR A B

6.1.3 STH-aToT ATRITIEAT

31d &4 U9 el W fomm i, STel S oy efewen
o Feduifad g €1 3% en i &l U o9 ue o
W, 9 FT THI GTA T A o9 S S ©
T HEA o WY-F1e T HT el § g et 81 0
9 THT I 1 1 i feer e S @1 59 feafa
o greeEy it e S g1 oTd: S ST
FeATTid Blehy SIS oTod el © AT Weereel i
T &Y § 9 < 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 ¢ foF &y U 5ot ) u
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 aft o) eifuss faeia 9 g
W, ar Q’@I faera =t ‘W‘H T, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
ot o s1upeti &t 319 eTeeen 14 faera o fooraa o
UL o e Tiden SrEER B

4 (Fem) —— = (3)

qoI T |,

= o geH Bl W = HHA o fhed &l

feamtfaeaageaa =+ 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 AeAdfoead Jaa = o6 1] & o, fhg
[reTEeel i Tfdeh Yhfa o RO Aeanfradgs
e fednfraaEE == & e w1 fafEy g
Trereene 8 2 71 gafery eanfd ud feanfradgs
=it ST 1 ST T T FGa Bl ¢, T T TS
T feeR A q% FEl Tg" S
gal o
e Grel-aeR 1 didel Sielt St 7, dd 90 el g8
He SEAFAEES T HT FO AGT oS Y Wl
e ot 21 o=t < R S | e estieEe
1 for foctadr & %Ror @ g 21 feer a9 ud <=
W TG % Afger AU Te w9 o ol st ok o=
e Tfyd TEdl 1 SSreRone—

co, (™) — co, (fama ®)

I QT B o AR #1 fSeh o19ER,
“ferelt A0 W &t T TE AT o faemaes W gelt
% T ot wen foemas & W W % e %
HUMUTH it 817 A9 9@ o W-T T8 A
el St 81 CO, T i He-aeX T adet § ek
@ R Hewss fHa 81 30 9 W T ok a5 Ak
3] g | o™ & S 81 S € et @ielt st
I € e o 59 H g W @ TS FH & S
2, T w1 o Feit g8 e SReiiemEe et
= agHeda @ W TS GHEEEA $i IR SRR
Bt B A% WeT-a1 #1 39 diqet i FP GHI Th
g1 o goll Big f&an o, df 39 @ @ g
IRETGAS Uil

IE WHFT ®9 § FEl S Ghdl © Th—

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 & fooiTar 9 % W T % @
(A1) o HHHE Bl
2 frerel w1 |roft 6.1 | fean wn @ -

ARUTt 6.1 wifcen ArTERen @t %o fagiant

WehH =)
gl = o™ e a9 W p,, R
H,0 () = H,0 (g = 2
IF = 5d e <@ W e e
H,0 (s) = H,0 () = 2
faog (3m) = foeia | foomm o fooia 1 @igar
(foemm) | ffved a9« feer 2 2
= (3W) = =i
(faemm)
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 WIETERAT o GHr

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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AT ERAT

Th w1 A e 91w fer g afiia
TreAEE i e

) T oft gag o ufvEt o 9 T i @ fw
YR dh UgeH o gd odifas wehd e
i1 T 3 GG Rl B

6.2 THETA UshAl 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 Gl 81 59 UH we gdig stfafmae o
<X FAM 81 S 2, @ STRIRNeRT qe ScTel S |igand
feor et B I8 TEEE W hl e 8 U
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H 9gat 9 ®) qen ydig sifafwer (e sas ga
PR o 9edl S ©) § THerrt Scoe Bt 21 38
g o fau gn fafafea Soraeia eifafean w—
faar = (e 6.2)-
A+B=C+D

T didd oF @Y IfYEReRl (A den B) Wi
Higdl Fedl © 91 SRl (C 941 D) %1 W=E Bl 2
31 sfaferan w1 <0 Tedt St @ SR wdtg st
%1 T el Sl ¢ Hereerey ek UEr feerfq et €,
el gHT eAffsanet i X wHE Bl St ¢ et feerfa
o frepr o HreraEe Tiftd B Sl 21 el W
C T D o o= Af9feran et off WIed ohi ST dehlt
21 9 Tt off foen @ 59 e w1 W
U 2 A+B=C+D I C+D=A+B

C 3Ydl D

HEa —>

A AYAl B

THY —> 9=

T 6.2 : U@ qreETaTe wi gife
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BeR-Tafy g1 7w oF Hyemor ® qEEfE
AT h1 TMideh Wehfd shi ST ST Tehall B1 BTeR
q IT9 A9 qAT @ W SRS 0 SRR Hi
fafsm ama AEnett oF @ sifafsean wae Fafia
SIAA T STHIMAT T T F | 3Hh STER T
I AfAfRan ® U9 SEAESE AU SEERS S i
g T w1 o 6.4, (U 173) <@ € T wh
fafeea ama o 9% F© SITHeRH o 30 T W off
I T QK0T T a1 61 Hered ot & el B
fhsror o e 1 Feear 59 o1d 1 Hehd 2l ® TR
e i 8 ¢ ?)1 eifufmen i gpfd
i THgH o feTq SHifTn 1 Gve 3% wiE-Hdd
IR aRfeafat (I s 3@ @ @9 ), fhg
H, &1 ST& D, (Deuterium) & foha 0 H, =1
D, & @ Af9fsran U T wrEEe WOgHA
ereTenen afafeEa-fasor gy wtar €, fag
Hfufsran-fH#o1 § H, To NH, o M T %A D,
TS ND, HISE &d ¢ W i g o 9%
Tl fagor (999 H,, N, NH, @@ D, N,, ND, B
?) ® g H e o g9y % fau oig 2§
a1 o =6 g0 &1 vl o S W gl e © 6
AR Y Tgar TuRafdd Tt 2

BTciiieh <1e 39 TS0 ot foveiaur SomM Seagmiet
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
egifemye faf smifn &9 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) ¢
S €1 399 78 Tk fieherar € o @meameen & a1g
o fasror & 1fim e wedig sifafewrand g e o Hro
U W H a9 D TEV[S &1 MU (Scram-
bling) BT wdl 8| e Tifid gH o a5 afg
srfufsren gaTa e St ®, @ 39 WehR k1 fhsmn g
BT Heya @l gl

i o gyewur o gueenfie (Deuterium)
o AN O I T g1 § TR e sifafmanst F
e GRETEE T 81 W STAM TF T sifwmanstt
*1 3 GUMH gidt & 9T 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

Rationalised 2023-24



172

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 woa T 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 @) Wd 30 cm <Adt i i <1 et s et @
E A1 Al T B Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl ¢ Wio faferet-1 o e W # aie
S (ST | qreREd WHTE %1 U e et Ui Sid 99d) s @ e fafaet-2 5 @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 w1 wE S gu @ weR
faferer-2 & fafere-1 ¥ 9o THiaia #3139 YR I Al st gerar 9 fafe-1 9 fafae-2 5 wd
faferet-2 @ faferet-1 o Ui ST 9R-9R q de TMARd H 21 S qeb el fafaed § OiF Sd 1 &1
TAE & S|

I 37 7 fafered o Ui faeam o1 TIMIER T 9 W ¥ &, a1 37 fafered J iF 9 & &R | 3@
g gfeda e g AfE 37 <t fafed 5 ¥ ot & &R i g0 A9 ATERE! Td SRl & qig0 & &9
o 3@ o N e Wehd € 1o I8 WihA W WihA o1 ek Wehtd i ST il €, S A STt oh1 T Tt
TR W off S w21 A TW 39 T ) i et &) Aol w1 gerd 9 e, 9 g6 ow fh 5
3 fafded ® ¥ a1 o TR 9= 8171 39 < fafered & U9 oiat & &R H @ fa = &) At o wro
Bl B

=y T2 =y T

(=) (@)

ferT 6.3 Tfde Qrraee &1 9599 (F) RIS 37aeer (&) S7faH 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 AR H(g) + L(g) = 2HI(g)
W forr Y| Al B9 H, Tol 1, o SIsR-ae GRf9H
qigur 9§ sifafan & &L, @ Afaferan s1fim feen o
SRR B H, T 1, 1 W& %7 8H @ ¢ T HI
T WA TG TN, 56 qeh SRl Tfd 7 7l
Se (91 6.5)1 TR 89 HI § Y& & TfAfRan i
foadra feom o g9 <, @ HI 1 9kl &9 gH TR
T H, To I, sl Higal 9 T Sedl ©I S qoh
qregrereer TATtad 7 8 e (o7 6.5)1

HI

Ear —>

HI

g ———> qEEen — T

faT 6.5: H,(@) + 1,(g) = 2HI(g) 4f#a1 # THEfaH
qreeEe el ot feon @ wnfyd 8 et 8

173

g fAfeea sTadT & H T 1 o A0St &
Fd HE& FE B, A IR TH Y ATRHGI o
sfafsran g€ =X, T YE IR T8 e
frgor e g 2

6.3 ATAeh QTR il fam aer
[raeen feris
e § A Re] Td SRl o 01 i H
g’ ®ed 1 Tk o T WM § 9 fagor o
e & Hey § 3 Yvl W 89 faeur &3 T
A= fasgor & Afiehien] e SRl i Figaredt |
ey B2 Ry Figaist 9 9 Sigaisd i hd 0
fman <1 Hedr 27 9 fHgr o HEed & % 9
FF qRAfdd FX ek 72 SiEifies sfic o swamh
TEEE S — (H,, NH, T CaO) % Heel & fag
SEYTH Tl h1 TuRe ohg feran Srar 872
T U9 O I o o g9 f=fafed amm=
IRl srfufsrar W famm w3 -
A+B=C+D
el 39 Hdfera iR ¥ A qe1 B 1R
Tl C 991 D IS 81 3k Schuvuit rfafsmaneti o
TR e oh STYR W Afe o TEEERl ohel
Hfeafafer Tee (Cato Maximillian Guldberg)
Qﬁftﬂ?{_orlﬁ (Peter Waage) af“v'FL 1864 | fqurfed
e & fodt fago 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 oIgut 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 sterem fafie wrnfites aRfarfaat
¥ B: TR g fRen -
Hyl@ + L <= 2HIg
1 9 1 A 2 T
Tl IR (1,2, 3 T 4) ¥ § YRY ¥ 5%
wE | hee T H, T T 1, 91 T&E FE

(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 10~

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
WA (F. 5 Td 6) heel THE HI oot ¥R T )
9 YR fauda sifuferen ¥ wrmemen wonfya gsl
et 6.2 H 3 @ ®: W@ o sifRe fRu T g
TAM-GEA 1,2, 3 Tl 4 ¥ I8 @1 S Hehel ©
foh— eAfoehd H, o Al 1§ = A9 1, o A
HI G = Y% (3] HI o T i &)
TAM-GEA 5 d° 6 § BH @A © fh—
[H,(@)],, = L],
e W AMMFHNR] T SRl i Fisdl oh
o Feer Tefud 3 o forg 30 g Haraed o fava
4 "W ghd 21 e Ry e gme oise W Ed
TR -
[Hi(g)],,
[H,(9),, |[L@)],

RO 6.3 3TFhHhl oh AR Higdl-Geel Ssieh
H,(g) + L(g) — 2HI(g)

N [HI(g)],, [HI(@)]Z,
[Hy(8)leq 1(@)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

ARt 6.3 T U TT 2Aiehel @i Ferda ¥ ik gy
AR RepT Td SR T ATATEIET-HISAT hl SUUR
ek § W, d@ 39 sk 1 9F feer &, afew
fim-fim gm (EReit 6.3) 1 afs g9 f=fafaa s
S

[HIQL,
[H, ()., |[L©@)],
@ &9 adn o weft ®:, v o g7 e feen
M 3 & (S| gt 6.3 ° fe@mn w@n @) | 7e 2@
S Tehal ® Toh 39 oo § YRRl T IE
jEﬂ?{”ﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferan o TR o fod 3o TqEHIeR oI
TW (Stoichiometric Coefficients) %I TrETeER o
TH S oF WM ) ErEEe e’ wEl S @
A T K Welieh GRS ST 81 36 Wb At
H,(g) + L(g) = 2HI(g) = fau K, sreifq wremereen
frerisr 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
I A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -

[HIg)]
K=+ 1 _
© [H@]LE] 6.3)

(6.1)

(6.2)
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AT ERAT

R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fohdt am w Afafsmar-samsl =t gisar e
SRR T Fxdl o OGS 1 3T FER @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! HGdT & =ik o6 €9
o s fopan S 21
Y YhR Wk 9T AfAfsHan aA + bB = cC +
cD o foru arereazen feemis =1 f=fafed =9 9
e foran Sl B
K _ICr
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o ATYHhReH
(A @1 B) B H B B1 Yl Higal (Skeoned- [C,
[D] 3Tf]) =1 Hdfera sAfafran o oI
I Ui o Wl o ®9 § o {ehal Sl B
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) tfwfswan
% fou wrereTen feeril® 1 89 3@ ®9 § o9
T B

(6.4)

_[NOJ" [H,0)°
¢ INH,I'[O,P
faf\= sre=al (Species) T HIeR-9IEdl i 3=
TSR ISk H TR I ST € 1 28 HAT STl
2 for 3 wreeren Wigad €| W6 o W SEvdsh
B, 99 dh wrEe feRis o ofwe § et
(39, 5@ = T\) T fae S g
T I SO ONE Sed 29 €,
S afg R fafwar gefiror wt fFE SeE (Fac-
tor) § TOT &, q HrATERe feerie o faw e
fered a7 =g gHv=a w3 =feq ff 97 =eeh 39
fadad 1 ot e H

afafshan H,(g) + L(g) = 2HI(g) 6.5)
o WO oS i 36 YN forad -
[HIP
== (6.6)

¢ H L]
a1 wdta SAfAfshan 2HI(g) = H,(g) + L(g) o fog
T Tt SH 99 W 39 YHR Bhl—
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, HL] 11
Ke=Tmr "Xk €7
T TR,
1
K.=% 6.8)

SohA ATATRaT ot wrETaen ferie 7 1fim
srfuferar oF wreETaRen fRedie & IeRT BT §
IR rfaferan =i 39 w9 ° famd w

Y5 H,(g) + % 1,(g) = HI(g) (6.9)
wreTerEer feeier 1 HH -
K= [HI] / [H)'?[L]'/? =x!/>=K?  (6.10)

39 YHR AT T THIH 6.5 Sl n & TOT &,
at sifafsha nH,(g) + nl(g) = 2nHI(g) W< 3R
T THh WrEeR-feudih 1 WM K» Bl g
RO T RO 6.4 | R A T 2
WU 6.4 Teh WHT SCRAUITS TTATHAT oF WT=TaweT

Teerishl W S91ok TUTERT § Hair
TETAeh THRTOT ATt
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-atawen
e &1 AM forad w9 Hqfad TE™tTe SHiH
&1 SeerE F
33T 6.1
500 K ® N, 91 H, ¥ NH, s o IRH
e o et |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|

&'A
sifafsRan N,(g) + 3H,(g) 2NH,(g) & foT
e feotis 39 &9 § for@n S wehdl g

K7 =(K"
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_ e (9T
[N, (¢)][H, (2)]
(1.2x10?)’
(1.5x102)(3.0x10)°
=0.106 x 10* = 1.06 x 10°
I 6.2
800 K T 31fHAfRAT N,(g) + O,(g) = 2NO(g)
o feru  QremaEen gigand fFefafad -
N,=3.0 X 10°M, 0, =4.2 x 10°M
AN NO = 2.8 x 10°M
sifafsran o forT K, w1 @9 @1 B2

&
sifuferan o foru wr feemis 39 Y& foran s
Tehell &

_ _[noP

° N,][O,]

. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

6.4 QU QTSR

frat gam frem 7 g4t feRe g 38 T
THE JoEe | 2 €1 331l ok feru— e sifafwen
N,(@ + 3H,(@) = 2NH,(¢) ¥ Sk e 3=
geft T -y § 2

T THR

CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
del Fe®* (aq) + SCN-(aq) = Fe(SCN)?** (aq)
afafeenett ® |t AfysRe qen S gHm
forera-wreen o € 19 B0 S guin afafwansti o
qrTaET-fefid & aR | TRl
6.4.1 TrEra Tepa H wwTERer feris (K)
T At Ik ARl T Sl o HieR |ig o
w9 | gree feoris & o feer © oaen 39
T K gW il 21 e sifafwerst & fo
e fEeish i AT @ o ®9 ° YRR T
ek Geemses 2|

e fagm

St TE-FHiToT (Theh-2) i 89 38 ®9 4
= A B

pV = nRT
a0
n
= —RT
b \%

aﬁm(p)ﬁbarﬁ,ﬁﬁﬁwaﬁnﬁfﬁ
T 'n' g SEEH, 'V i Tt (L) ° qen 919 i

Hfead (K) B o & | p=cRT(%=0) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl B

S n/V %! 84 mol/L H =5 &Yd &, @l T8
IS ¢’ 9 ] 374

p=cRT

feeR qI9 W T 1 I Ik [KI S FAU
g €, FAT p o [E] ord: Sod Hay ol
p= [T9] RT & &9 § *f foran s gea 21

Hreereen H SfafRa Hy(g) + L@ = 2HI(

_ [T
=+ K T, @ (@]

(Pr)”
Py, ) (Py,)

3121_O|TK0_(

(6.12)

%ﬂkag Py = [Hl(g)] RT Py, = |:H2 (g)] RT
dar py, = [12 (g)] RT
FHfeTT

w o ey _ [H(T[RTT
" (pw,)(p,) [Ho(2)]RT.[L (2)]RT

_ Mm@l
[H,(g)][L(g)]

ST ST H K =K, § $7eiq 3 S
feeRiont o I SR ¥, fhg g% =8 T T 2 R
SR W fog — sfafeEa Ng + SH@ =
2NH, (@) |

(6.13)
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(Pw,)  [NH,(g)] [RTT

" (py,)(P,)” [N, (g)]RT.[H,(g)] (RT)’

_ e, (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:

(5L RS
[AT'[B]

K, = 1T P (gryn _ i (geren
" [A]'[B]

78T Hqfem THEfTR HE § An = [(TE
e % e # we) (i st % e
F Hem)| 21 T STewrE € R K o s
THF @ F1 AH bar H WAl =AfeW, Fifeh <& I
YrIfoTeR STEEe 1 bar 21 Uheh | § &0 WA © fF 1
pascal, Pa=1Nm= d 1 bar = 10°Pal

TRl 6.5 H e AT AfAiRaATe o o K
@& o+ f&T T R

AR 6.5 H FB A STAfhATST oF wrmaen

(6.15)

feorties K, EoReIE
arfufsran A /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) = 2NOa(g) 298 0.98

400 47.9

500 1700
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SETETUT 6.3
500 K R PCl,, PCl, 3R Cl, T | & qeT
Tt HAY: 1.41 M, 1.59 M T 1.59 M T
sfafsan PCl, = PClL,+ Cl, & UK, 1
U hifSTTl

'
IR Afufsren o fou wmamezen feris 39
®q | e foha S Hehdl o—

_[peL][cL,] _ (1.59)" 2o
¢ [PCL] (1.41)

SETEIT 6.4
=9 fufean & T 800K W K, =4.24 &—
CO (g) + H,0 (g) = CO, (g +H, (g
800 K W CO, Td H,, CO @ H,0 & |
T FIEHS T T KIS, A IRA H ohore
CO T H,0 B 3ufeerd Bl e Goieh i Tigdl

0.1 M =l

'

frafafea sifafsen o fau:

CO (g) + H,0 (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
HM 0.194 1 SUT 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

FreerEd K ol 9 fHeRied S5 S0 1 mol L
H @ K <1 W fehrerd g SAiferh <16 F Pa,
kPa, bar 319@T atm ¥ =7 a1 ST §1 9 TR
HreTaen fEeish 1 AT Wigdl A1 {16 o [HE T
R €| IS W S5k o AW W =il
I B H WIihl ok A oh aWeR Bil stfufea
H,(g) +L(¢) = 2HI K d K, H s "l el
gl N,O,(g) = 2NO, (g). K. 1 A mol /L
e K, %1 "5 bar

g AfYhReh] TH IR ! THI0TH STawen |
fam wmu @ Grerewen feeriwl #t famEA
(Dimensionless) A= & =ad 3 ¢ STTRNER]

e fagm

TH SR Rl JEIUR SFereen H Y 19 R qrEifores
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 yHIfoTeh STareen B o RO e B gk 2l

6.5 Ta9HTT QTE=TIEAT

T ° 3Tk grereen arel e o Tonfud smmersen
1 * FroHiT GreTeEen’ el S #1 SR o fau-uw
9% U W SA-ar Td SA-59 o6 dfd T
qrereree *ferorei W’ €l

H,O(l) = H,0(g)

T W W UH AW gEwer qo g 5
e €1 T WE 39 U $Heh Gqw foerad & o
Toqifre ST ot T W 1 S

Ca(OH), (s) + (aq) = Ca** (aq) + 20H (aq)

o AreTeensy ® SAfued IS W A IS
59 9T o F T greEmeren (g 3 3| =@
IS 59 B) oh HEAERA-Sh h W A S
Thdl B, FifF g 39 TF G %9 T HeR g0
3! Al W et 72 e, afess frer gran @1 g
IR H— T R U IS X i A 5w o @,
[X(s)] T [X()] o HH fEer g 1 5ok faudia A
X' T T feRet fAfee s & aged €, @ (X(@)]
TN [X(aq)] o AH ff I €1 F&T ¥9 TH Toh 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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AT ERAT

%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
SHTeiTTel oh sie Tefyq faom areeeen (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 oI @ T aramazen wenfua g9 o foe g
w1 Suftefa eavaes ® (9ol € S /e eiet
Bl), forg 3Tk W0 A1 <@, ArAeEen— e o
=iss | 7 g o1a: " feafd | 35 %9 @ s
3T I G- el oF o § @l for@n Sl
21 arfafran—

Ag,0 (s) + 2HNO, (aq) = 2AgNO, (aq) + H,0 (1)
T e feemiss %1 79 39 w9 § fown S 8

c

K = [AgNOS]2
°  [HNO,J’

I 6.6
sfafshan CO, (g) + C (s) = 2CO (g), o fag
1000 K W K, %1 AH 3.0 1 A% e o
Pco,= 0.48 bar 9 p_, = 0 bar & 91 IS
FThTEe U &, @ CO Tl CO, & " W
3T Jr& et O i)
&
g Afuferan & fou—
I CO, @ H HHT x Bl q—

CO, (g +C(s) ==2CO (g
YRY # : 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+ (3P - 4(4)(1.44)]"/2 x 4
= (-3+5.66)/ 8
(<if x 1 I FUIcAS TE B, 37 9 °H
1 30 R T T1)
x=2.66/8=0.33
e T SRR 7@ o A 39 YRR Bl
Po,=2x=2x0.33=0.66 bar

Pgo, =0.48 -x=0.48 - 0.33 = 0.15 bar

6.6 TR ek oF U

greraen-feeris & yar W faur 9 ugd

T 3Hoh fAfafEd Fewayel aau W e 3

%, AEEN-feRi® &1 SF9e 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 T o fon ffvea am w= fafirse g
2, Sl A9 "o o WY agerdl 2

H 3opd Afuferan w1 armewen-ferd  eadt
sifuferan o ArTERe-feris o WF &1 kA
Bl B

T, fordl sifuferan o1 wrmeen-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 THRT FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrEATIE-feerish o URAT T TeTHar W e
1 HHT 1 STTHE T

o fYferan &1 fSem &1 war o TS
o TEATEEA-HIZUT i UM HIAT|

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 e foF armaen fee R 9 g
T 2K, K 1 IR SR] T WS 3 FEr
B © (R Te reRe-fenie FANEH &
(Numerator) ¥ forar S @) den ferarement &1
Tl o SFHHA el € (Fifh I8 SHoih o &
(Denominator) ¥ fer@t STt ?) | wreEeEe fes
K %1 3= A S| &1 S=d Wigdl & g &l 36
R K 1 F101 9 Sl o 1 A w1 gwifan 21

= fasgor o Heed 9 ety fHefafaa e
ﬁwwm%

Ik K, > 10° &I, a1 IAg AfYhReh &l o o
ST S| AR K T A HI] ST B, SArafme
T quidr o fehe BT B1 SereToned-

(%) 500 KW H, T O, & AAfhan Frameen 8

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%x10"

A K, < 107, AMTHERE &l o § IR FH
B A% K, 1 O 79 €, o sAffswar goiv staen
o & Hud et 81 Frefafiad seewl g 98 T @
ST 8-

(%) 500 K W H,0 %1 H, a1 O, # fosed =1
- frerieh 9gd FH € K.= 4.1 x 10°*®

(@) 298 K W N,(g) + 0,(g) = 2NO(g);
K.=4.8x10""

e fagm

If% K, 10° ¥ 10° 1 WWH (Range) ¥ Tl €,
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 J 1(|)3 sifaferan e qofar T
9 &t 7 AR S A ¥

st qen fRaThas -
A ) Sufatad §

o 6.6 K, W Af4fshar &1 Giar 1 (747 e

(@) 3 ThR T 3= sfafsRan N,0, &1 NO, |
faere 8, forger faw 25°C WK =4.64x 107,
ST @ HE T SR T SR o 9 fagon o
N,O, T NO, %I HiZd HdrTsmeh sl 39
THR=IF H1 o 6.7 B g@itar T 2

6.6.2 3tfferar =t faom =1 e
PR U Sl o forat stfuferan-fasmor o eifufsran
wi feom &1 Uar I H ot wrereRen femis @
Sun feran ST 21 39k forw g arfrferar Wit
(Reaction Quotient) 'Q’ 1 TOFT hTd B | e
e 1 € we ifufwran varwa &1 ot sfafsman
w1 forett oft feurfa o foe aftfim (der wism 9 g
qen sAifers <@ @ 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 sari # s
smrEfd e,
g @ =K @, q sifafswan o ammeeen
o Bl
H, & @ I, & T afafea | fa=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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AT ERAT

SR [HI], = 0.40 M. fern
(Fisal Fehd | UK t K1 q0d TE T TR
Tiganeti 1 Ao R TwE ¢ W e T g, 9
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 @, 94 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 sAfufwa o€ 9 E AR
AR et 2
o AR Q,>K B, e afuf € ¥ 96 R
AR et 2
. aﬁQﬁKﬁ,aﬁzaﬁﬂW%;f%ﬁﬁ“r%l

. e
15

AfiRE —> IAR AERE N SAWERS <— SR
I gremaee |

fe - 6.7 Afuferar &1 foom 7 @ty

K,

3alg0l 6.7

2A = B + C #f4fean & fau K, &1 w1
2 x 107 R

fu T o | stfafeman-fasor 1 g9 [A] =
[B] = [C] =3 x 10™* M ®| eifafeman =i &t fewn
T emufad Brm?

T

sifafsran o fom sifuferan srree 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 3 9= 9 38 uw wa-
ug 1 : sifafean o fou wqfaa g foat
Ug 2 : Fferd THi0 o fofe Tk grof AT, fores
sifafsren o fafed goier usred i geteg e e
(&) IRfYesr Frgan
(@) FreerEen W S o e |igar § giedT i
(T7) ETTEERI Higdl
ARt 99 H Rt afueRe i digar &

x o &9 H, S GrEEE W e i aReiig w3
Ty erfaferen =1 e iada 9 o = 9t i
Wil &l x o ®Y H o Hil
US 3: x &l 8 HE o G0 G THIEHWO H 9
Higaiel sl Giaeetid id &1 A S9! o7 gHie
A 1 B, A T8 A T 4, e qEEfE
319 2|
TS 4 : YRerfad HH o STUR W 9T 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

RN 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

Al

&

g9 WA € f% pV=nRT
e 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

W W (4.98 -x) bar  2xbar
$d: W R po = Pu,o, T Pro,
9.15=(4.98 - x) + 2x

9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
TIETEEe I AfH e,
Pu,0,=4.98-4.17 = 0.81bar
Pro, =2x=2x4.17 = 8.34 bar

2
K, = (Pro,) / Pro,
= (8.34)°/0.81 = 85.87
K, =K/RD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

I 6.9
380 K W 3.00 HId PCL, &l 1 L &% 915 H W@l
ST | HEATerE W fH07 1 GEed Ha Hifse
If% K. =1.80 ®I

&
PCl, = PCl, + Cl,

TRIH 3.0 0
WWPCI%Q‘%Wﬁ@meIWﬁH
B ) qE-

= T (3x) 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 wArHETaEAT Treier K, ITFOfeRaT
WITReT g de fiest Sl ¢ W Haer

ot safafsran o6 fae K a1 A sAfafsean =6t wifdent
R et T e B1 S R S The-6 ¥ T 4
& Ig sfaferen w1 SeAmfaet, foea; fisg et 9§

e T e e 8-

I AG RUTH® B, a9 ATHlHAT Tod: yafid
A St € den 3w e o wue g )

TG AG U ©, T ATl Tord: eifdd el
BRI TR ST W9 TR 89 AG Fe0Tcash Bl
37d: 379 Affehan o 3] SAfvewRa H aRafda =i
il

A AG I B @, AAfhan qrEEen wt uw
Eaxaif

Y SHMfAE qeF i R 39 GHIRTUT § 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

T AR gfders ToTw T R—

K=e AGP/RT (6.23)

37d: THIHIU 6.23 HT YA H, AG® & Tl &
wq o AUl ) Tord yafdd sl GHEE S Hehdl 6—

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 ® S® dw 9% @ @
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
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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 Fa 2

wrepreree feertiss K aRfver wigarel o e e

SETEIUT 6.10
TATShICTEAH H T oh HIChRISTRE o
faw AG® &1 M 13.8 kJ mol ' 81 2908 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 TA-30E ¥ TG 3R TR
freferfaa sifafsman o ear fiea 28—

Y + H,0 = T + HeRd

300 K W fAfshan & fau dnamewen feems
K, 2x 10" &1 300 K R AG® & H % UM

ifeTa|

BA
AG® = - RTInK,
AG® =-8.314J mol 'K "

X 300K X In(2x10"%)
AG®=—-7.64 x10* J mol*

6.8 T hl THTTAT A a1 Hleh

TEETTE GYAUU % FHE el W 9 U 98 © f
AdH FS o AT o WY SRR HT Il o
sfereham afterds ®f, fome el 8— sauRl &1
STf¥ehae Afed A9 2N 3@ &1 Heaw qRfEfa 9 8
7fe To 7L e ®, @yt gifefes o aiteds

el B T A Arerereeeet fohdt frenm o etfirerrent
71 IR | ¥ Rt Th o e § giedd fean S,
At Fren o rereen € @ it @ qen He sifafaman
T q9 q el w@dl ©, S dh (R § O
[reTeeel Tfud = Bl SU| Yraeell Jraeasel | g
T Y99 Td 3l i faeEd & 91 § B9 Ted € U8
9o €1 &0 78 ot 3@ 9ok € foh a0 %1 afadq feg
TR Bl €1 @ ot s S wehl @ o foRet qm
afg eifuferan o AraraEen-feeris =1 9= I @
fordl arfer wisor 9§ 39 SAfufshan o SAfvehen] T
IR} o GrEERe o QKT k1 MM TSGRl F
T8l qeh o g A G feerisr o1 a9 & @Y
Tfadd F& o 9 @, @ A= fku T er-vrafen
fagia &1 9a @ uRfeafaal & ufteds @ grmegen
TR YT Y9TE o 91 H oM R g 9 e
Tehdl 21 59 Togid o STaR ferdt frerma ot wreereen
ufifarfaat =t fuifta e wre (|,
TE U aw) § | el ¥ off ufedT g w
HrETaee 3@ faon # 2w g 21 e frama
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 armEeen W OHig,
T, A9 TE IAE oF J9E W faum Fi—

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 SuET € Tl
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
FH H o 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(9) = 2HI(g) fufrar W fom=m
H| AR | WAt fagor § 9T ¥ H,
9 Sefl WU, A WrEeRdl % [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 eN-¥Mafere o6 fagra
o 31eY ® TSEeh SguR SIfHNHh/SE o AN i
fearfa o 7€ T Tenfud entt oo Sifvere/3aR
%1 HZdl IHeh AN i & THF ¥ ¥ a1 g fHg0
q sifys g =few)

e fagm

Frefafea sifafsran arre o SR ot &0

ot frekd W UEE Hhd B
Q. = [HIP/ [H,IIL)]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 F 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 SR Searg w1 Srer
T T S €, 4 sifferan, S ot gu fomn amememen
R UgE TE ¥, [ M K # wer vl @1 S«
IR 9 R 19 8 A1 ardieha g e ugied @,
Al IR T S HET MG B T STHIET F
sfrenfer fmfo & smifan &1 geiwr & o, 9
e R foan s @ foeg sifufwan siftm faem o
2t @t ?1 T THR CaCO, ¥ CaO St 9o &M
1 T T A ¥, % s e § g
CO, i TR ek’ Afafehar qui w3 et ¢1 9%
I T =AMfeT fof TR AR Berd ©H | Q1 °H
K, U %A o Tear 8, fomw stfafsman sifim feen
# et T 2

WigdT T THTE-Teh TR

30 frAfafed sfuafean g0 wel¥@ feer s
Tehdl -

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 foet@™ 1 1mL

[H] b
1 ——_
[HI
T8 o T
W™ T E
H, S/eH ™

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 % W e faere e
A ! fee™ W T o1 1 ol 8 S €, St
[Fe(SCN)J?* S+ o shRUT BIdl €| el @iy
B T T 1 e TEeR 81 S 81 SRR A1 3
o1 srfuferan it arETEEen W e | |rreen &
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|
ATy, fagid o STER Fe® A &1 g2q 9
3T FIgdl a6 i [Fe(SCN)]2* o foisH 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),I2 991 &1 o
SCN- Il &1 HH THIHI [6.24] H AT hl 18
T [ 3 SCN- 7l 1 gfd 2 forenfaa et 21
W ArEEETe e W SCN- 1 WK 95 Sl
21 31: sy wreEEE 3 foen o (€ W) 9g
STt @ e faerad o 11 w1 e s Sl 2l

6.8.2 SMA-URdT ohT THTS

fordlt et erfufsman o e 9eds g <@ ager
Y IR 1 AN FAIfEd Sl €1 98 a9t Bl €, S
sfafsran 1 <N ol TEmEfE S § T
AFTRTER] o Hicdl 1 G qe TEE el o Hiddl
1 G | f=ran et 1 fami | W en-3dtee
fogid, o 9ga HE W 3 TE Fa W I@ ok
IR 1 IUET HT S Hehdl 2| R SE/EH H
A (TS Higdl) T R R 7 e 21 Frefafaa
arfaferan H—
CO(g) + 3H,(g) CH, (g) + H,0(g)

T SRl (CO + 3H,) o IR Hid § SRl
(CH, + H,0) % I Hidf o &1 ST sifaferan o
qreraee s it v a9 | e o
fafeet § @& @ IR HL 3T A AT hl
aen R T T 39 YR fFReRl UE IRl i
AR <19 UF 39k Hora®y SehT TIg0T 951 T
21 o7a g grerereen | 7€l ®© T ® 1 A-viee
fagia, @n] wer sAfafwan fa fen & s e
Hregreree]] TA1TUd et ®, SHhT Idl S S Fehdl
21 =feh @ T e T T, o7 wrEeen o fen
(fore el 1 TN T @ %Y el ®) W SR
B Bl (B9 4 € Tk <@ T o diell 1 @ o
QU e €)1 38 sifufka whd Q5N gwe
S Gehdl B SW & T WA oW 1 Afafmar o

185

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
o WZU i FEE I €| Se eafdfeman 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 o s eidt
2l C(s)+ CO,(g) 2CO(g) fufsman # w& T
a1 ST @ q ertafsman faada (a1 SoRA) faen o
el B, Fifen 31w feen § Hiel %1 e 9g St 2l

6.8.3 3TfehT T & ANT & YU

g e fer wad ® SR TH SAfRd T (SE—
i) S erfufsman & wm 7E ot €, i fire €
g eaiEfda @ar 21 it fEer e W fne
e fe W erfafman § wr o are ggef ®i Her
gl 31efe Sl § hiE ufedd el eran 21 Stfufsman
qThel § IRed eharel a4l Bl © S/a THelrs T8 T
srfafwan § W o9 9N SAfYERE a1 SR Bl

6.8.4 AMI-UadT hl THTS

& Ft @ AT A H REdd o RO A FWigdl
faerer Bt ®, a9 9= g &1 geed uRafda e
, it stfafsan s (Q) HrmaEen feer® (K)
o SR Tl T UMl Sifhd 5@ ardehd H IRedd siar
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
fteriehr qIUshH & 97 W 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-wmaiery fagid’ o
IR, AYHH S TR TR o &9 o THmaia
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Bl S © TS ST Y WreTeren |igdl S 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 A9 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 W Tk (Hhreell 1 G8Edl € 5ml
el WA o 531 Hd & <Ml 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 FH & AU A F TG
T F. 3 I A (363K) I ¥ R | & ST
AT 1 et |, 2 W T W €, a6 T %
1 1 digrar Toh woE K@ <t 81 o arg 9l
I | 8 - 10 T2 9% WAt i W o a1k 39
TRt T TWEAell Hi ST A, 1 o Sia | qel
THA @A Wl SR 1. 3 o S | A sfsRan
&1 feen W arg 1 g9e 39 wan 9 fafa fen s
Hehdl B HH A9 W AL 7. 1§ SOARIN 31
IR BRT N,O, & 1 Telg fierdt € T NO,
FT FHH EH S HRO R T FT dod Tt T, e
HT A, 3 H 3= a9 W 3Iopd AR i aie
fredt 2, 9™ NO, @Far 81 ufomHa: s T

ECIIC S
(1) (2) (3)
femenrtt fagor HH & qY (363 K) W A
AU ST (298 K)
(270 K) RISEN|
faT 6.9 : aff#Ear 2NO,(g) = N,O,(g) &1 Fr=aeer
W dT9 F 9T

e fagm

HrATEEl W 9 1 Y& Teh GO SHSATIS
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 ®H Sl
AT T AF SUcTed TRt AR o a7 ! 9@l
<1 8| T8 Teh & HehHUI- 3T § o aedl 37 e
it stfufsmaneti & S 1w <1 €, Seifsh Qe
! afEfdd TE1 Tl IERb T TS Jaid Afufepan o
fau dfpeor ot # wuE 9En ¥ w6 w2
IAE W Td Y9 AfafRan fAgm W wrEreen
oA ol qiEfda &t widl B 98 Gqferd THte o
7 g feeris Tl § yehe el Bl 2

NH, o ATgIsH ol gggrer § ffor w fa=m
#, S T cd et srfufmar @ sy S o
ol Hiedl o1 & SAHHRH] o Hiedl ° H et 2
HreeE fees qusd 1 oM § Hed g1 w9 a
R AR ST Sedl © Ud e R ugeH o 3ty
% GHA Ol ®, S Sed A W fEA & R
Garosier Bl €, T offed ¥ gl &l

S TEEAR B e A <@ ¢ R ol Sae
o1 Sufeerfa o rfafsran Haioses 52 9 el 2, Siafsh
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 7 S =fey, fRg SO, w1 SO, #
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SHIFHIH dgd it R ¥ g 71 wife st
TEUHfETH TRl (V,0,) SR &1 Sufefd |
st o HTRT &% 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

e T R W Aiga 9Radd o 99 arel g9T |
g FreAferfiaa et 9 o Hueh o ST -
Fe’'(aq) + SCN™(aq) = [Fe(SCN)**(aq)
& el B9 37 W o e | g watated ¢ 6
< o Sttt et o fag om0 wafed &t et €,
Safeh ST H HER 90 (Hiferw FaEe) faam
W Y fogd ¥R T YaTE BT § 9o a0l shi Al
aG o WY foIerd w1 el dedl 81 WEshd hie
J urefl 1 SR TR TeTshal Al o STHR W &
M | fieha foha— Wk ot o us1ed et faerem o
fered ¥ wenfed ed €, 3 ‘o s9eed’ seen €,
Safer TR S UET e hId, A 3 STIEA el
&1 e 7 foe Teeal &l YH: Yol e et aga
srqeredl § ofiepd femanl Welel S STUeed WA o
faea et e gof &9 @ i @] ¥, wefE
@ sryeed onifers ®9 @ smaftd w2
IR -HifeaH FANES o Sl faoed d§ g=A

187

w9 W Hfgan PF 6 FNEeS P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THHT R 7% ? T Gifead wiwgs #
T 100% ST Bl &, Sieifeh UHifesk 31, <
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 #, airafien ana
FHEA | 3T, &TReh AT e oEd STTeAT o o
T o Bl 3 Yool S1al gl dEd STIeEAl i aRE
HTER Hd &

6.10 3T, YRk TS Ul

3T, &% We e01 Yehid | o419k ®9 § 9T = 2
ST §R IR A6 (1.2-1.5 L/fe) o =nfad gran
21 78 U= SR o foru eifa saveas @)1 faen
& 1g7d THifed ot T g T HR F W H
fafew ot Ud UEHhifae vl qeN THeN H TR
T IR ST €| SAhiY 37 T@E W @ B ®,
ifed w1 Acidus @ 51 ‘T’ wIsg g Tl e
gran B, forent e1ef ® wee et it fetewd i o
F A € a9 FD ergeti W Afafar ek SReEgeH
I H §| THI YR &R ol foleHd ol e
# € qu1 @R H whed 3 Tyl § WA | 2l
&R 1 Tk QA S FHIS €H T Giel 7, <

TS 1 9 oS o I Tk GifHd GieE ol 9RER § g3 o1l 14 96 %1 39§ 9% U 341
fSieg@ (Book binder) & J&l %W |G ol S8 3= 39 fohdmal i e i B2 I ofi|
St fSeg a7 aear ol srEest €et 98 (Davy) 1 YERRIE HeEe S T e §Y
18131814 H HIE Ik WY HEIEIY 1 a1 W el T 3G AET o SR o SH GHT & g
SO SR o Toeh § MU 3R Sk ew7al @ wgd Han 9 1825 | ot & 9% o o
HEIM JArEensl (Royal Institute Laboratories) & fRem® o+ e 91 1833 ® o T@RH
I o §¥H Pl e (First Fullerian Professor) sH1 %€ =1 dgel EECku
T -fITero A | ol 9 1821 ok SR S SAfushar S TR ud geehed qe 31 Sgd
T fagTdl o Hafaa o 321 o fa=mi o ouR W ‘enyfie &= fagia’ 1 gfqaes gem 91 1834 H 3=
foregd e1oeres @ weifua <1 i 1 @ie #11 HIE Tk 9gd & o8 U A1 Wb o sfe o S qedt gee
i O § R Y A o weft SRR fenl @ R @1 A g STehel S T UGS e 9| SR el off weEs
&l @ Seiq fogm &t faa-fie a9 ye9iika (Disseminated) foar, foad 39ep /1 Ul 9em@ o 9RY
1 T Yeish YhaR ok Y9 ki SToreTen Gftmferd 21 ‘ Hidemit o Tamafes s’ fama o framg s
o TeTT & T 91| S TNIHT 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 |
faudia emafera wfieis o wea feer de@ vl o
HROT o o1 od €1 3 STael o e fer dgd =
HMeqH o qeEdl o SohHAl Bl B Sl
reifser foetae €, fSieen weRm 80 21 36 R
9 Hifeam NS &1 Sid § =il S S, 79 e
o e feord e STeRYUT St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
J AUl & Tl Seifed gkl gUe 8l W 2l

]
o O
oo N O
o9 9 o
0 cr vo
(+)®(_BF\ < g cl
\J( Cl N Néi- -
00 ClNg
Q Cl
. é o
oo L
(8 N& ’)ﬁ) : oo
© o y cr(\
0O

fora 6,10 5e7 9 Gifsaw Faiise &1 fagisi Na© a9r CU
ST Yt STeT-379] & |1 STeTeiferd glahs Tt

gl wrd g1
A H TR T o A i gor
tHfifew ot & A ¥ 3 W B T6 e ¢ 6
Tafy < & gt o) ®, R o el e
9 SFaget el § ol w9 9 sl e B, ug
tHfifesr et 37T &9 W (<5%) B @R e 2l
ST T AT oh Heq UMK S 1 |med qen
APl o SereH @t wen W R et @1 qd o
o den oA 98 fm-fiam steff o ygea foe s
® B oo o oA, S SUH! 39 staeen § off
foem™ wd €, % S W YUFH HI A
‘e’ whed € (SRR -giferd FikEe), Sl

e fagm

AR o8 ek <, Forae S o1 foere o e
Ao S <A € TRl 79 3 M R I A
FH Y B

6.10.1 3T qAT &Neh ohi TRTTIT UTT-
RfEE o Fagager ot 9 wged &, S 5o o
STEfed B BTegie oM Hi,) 30 & 9o &R o

T ¥, S EEeifede #EH OHy, 34 1 39 &R
S ° T 3T HX &1 319 fefafad aieon o
T et T o 3 W A w1 g @

HX (aq) —» H"(aq) + X" (aq)
q HX (aq)+H,O(L) » H,O"(aq) + X (aq)

Th U WieH, H* Srcatues fpemier g )
e w9 U wel foaeee | sEeh st T/ el
75 foomoe Si@ 1] o offedls § Sfud gt
i frafret ergifEm oM, HO 2@
(afed 3@)| B9 H'(aq) @=M H,0*(aq) 3 i &
S gEge STEM, St Siat Tupstl | o gam
T WEH B, o B9 H WA § @6 §| W e o
TH WIMTUE: HY(ag) a1 H,0'(aq) 1 3Adesd T
AN | EeRT A St e 2

34T YRR MOH 999 fohdl & o1 377] Seita

TIESIEH T EEgadet I
(3™ =10""%cm) B T& Sl 310 W T foeq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
iRt 1 g TR (ST -H,0"Cl) # 2
e § Y T B | SeAtd T o ety
A R | Sterifsd gl H.O;, H O @& H 0}
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 Qs
JO( 5, /S*
& % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd SR e

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 THG: NG R0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsfar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gforen w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), Sta &l €d (Origin In Life) TN fgH-F7 o HRUT (Cause Of Ice Age) Faelt &=l H I7eh
TEYUl ANRH @1l d TH g =fed o, Sl ‘I 389 g9’ i 98 A I ! ool il T
1903 ¥ forggd-sTereai o foreres o figia T W fomm o6 foaermd o sdent STAIfTar W 3= WA faam

foorma @ frafafea oieon & oar emaf
T &
MOH(aq) - M"(aq) + OH™ (aq)

TEeifod e ft Sefa faoem | et
T Y @l © (9 ) | T SR Y -
YR 1 3 HEW 2| TE had gl o Sl
faem ® & on] et 71 T8 it S8 sl %
& O ) T T Y Ul €, o g
g Tl B
6.10.2 AT AR A TG &k
9T WS SR 9728 (1874-1936) Tl 3
W 9FE T @ (1874-1936) A Tl U9
Q! hl Teh e =AT9eh TR < SRLs-ar
fagid o TIOR3 ured, S faeraa § e He 39 |
e ¥, ot € den o ugred, & faeeH @ e 1Y
Ul Y | WeW ¥, e 2

g9 H TR WieHaal U1 &N Wed Uil
&l

Z&1 B9 NH, & H,0 ¥ fae@e o 3@ |
foar =Y, fo frafafed e § <ot T 2,
I—uﬁzﬁém%

NH,(ag) + H,00) = NI} (ag) + OH (ag)
aicen A TgfAq o/ HEHd &N
|—1;ﬁz“|=r E[FH;T

F B

BESifd ool &1 3IufEAfd o HRU &RA
forea ol €1 STl SAfufswan § Sl Wield g @
q STHIE W €1 sufe 3R wEE: SRS
T AU IRk Fed &1 Schd AR § W NH
¥ OH ! TIFIANG Bl &1 787 NH, S==% 37ret Tol
OH FRT &R I w1 ¥ &1 H,0 T OH 37erl
NH; T NH, T 37 3R &R o I8, S o
Teh WIS i Iuferfa = stqufertd o &ro 3R fvm
g, GO T- ek I FEAd & T UHR H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 A% ST 31 Wael & al gkl 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 Wi ®H el B

S H TR T oh I SR R
fa=am &1 HCI (aq), H,0 3T7] i WieiH 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 e

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 &k € T HCL, Cl &R 1 Fgret
S €1 T R, H,0 i H,0" 377 ol T &
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 @ eifafewan
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
=fEW 37d: HId HIH &k HAIA: F, HSO,
T HCO; T
SERAUT 6,13
FLT &N NH,, NH, d@1 HCOO™ & fam
HTd seE o fafeam)
T
Tl 3T °h UM & ohi STUET Tk Wi
ek BT =1feU| 3Td: TITd |TH 378 Shul:
NH,, NH, d¢1 HCOOH |
SEEIUT 6.14
H,0, HCO,, HSO, a1 NH, S==83Td qel
LT AREH-SHl IR H F1T HR Tohdl 2| T
o feIT STa WY el A ek fetau)
T

S Trefortad aroft o fean e 2
H,0 H,0" OH
HCO, H,CO, coZ
HSO, H,SO, SO;
NH, NH, NH,,

e fagm

6.10.3 T3H 3T Td &k

SHUA. TR A 99 1923 H T Sl ‘TASR e’
AT &I ohl ‘SoIGR JTHSTET o &9 U Ui
Temam STef a% &a 1 997 €, SRR-alid &k el
9 aRE | *E faem iR € 2, Fifw A A
fagidl o &TReh ThTeh! TiaA 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 sHeRt Tk fafiTe 3SR €1 39 YR dRiRfEd
TS SoidE i HH o1en BF, A NH, o @Y
ToRaT Y SUHT THThT Seae JTH Tkl 3T hl S
I Bl 39 eAfuferen @ frefafaa wHieo g
Wt feRan ST Hehar 2

BF, + :NH, —BF,:NH,

ToTe &R TS, S — AICL, Co*, Mg
AR 58 Tt & Wifd IgRR HXdl &, Sk H,O,
NH,, OH ¥iflst Sl T el I < T Fehell
2, oY &N I TWE HIEN H 2|

IR 6.15
frefafed 1 ogd el da gRenl § fishd
HIFSTL 3R ST foF 3 T Feer i qwid 22
(%) HO (@) F (1) H (%) BCL
'

(%) = TS PH TH EH &RF B,
d: T8 TAHA FH T HT Gohal T
(@) Ik TIIANEE O T §RE ©, T
7E =N seiR W | 9 fRE @ # am
T Hehl 2l

() = 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
Y AR I o Gkl 2l

6.11 3TN Ta &Nehl oAl ST
it TEmEfTeh o Siferer Afafshamd Stefta wesm
o et €1 3% wHeH o forg emifaw @t gl &
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AT ERAT

STIER 3Tl T &R oh STF9 i foe=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 &1 TH YHR HfuEn BEeieEe (LIOH), difead
TGS (NaOH), W™ eEge™Es (KOH),
e gEgieEe (CsOH) Ud afFm grRgieEs
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 SER Wl ST Wehdl €1 Eh
SR, ‘Yad 3T’ | dedd U 399 WeHRal’ T§
Yo ek ¥ qeqd ‘39 SieuEl’ gl

ToA I HA o -8R foris & W
formm -

HA(aq) + H,0(1) = H,0'(aq) + A (eq)

A gRh T Tl WY &R

@e 6.10.2 H T <@ fo o (A &RF)
foaeH 9= UF WM o o ud ydrm fewm o
TAHIAROT H Jokd Ueh TIfieh STarE €1 376l 78 U9 Sl
2 for =fs @ ik @, 1 o w9 & wi TR feam
o S BIM? 39 qHIferd Hiarel Uk Sl i |
22 3 YTl & SR <4 & forg g9 feriem W o
gfmfad g ol (A1 §Rehl) oF e &1 ger &
Hof o foar 371 Swiea aftia s fadiem o= o
Sufeerd € 3wl HA T H,0" W fo=R 3| &4 I8
AT B T 0§ HIA-91 Yol WeHe 21 WeH
W & gt ot ygfa o= @ erfuss B, 9% ‘e
3T’ BTN Ud | Soel 377 ohl 9 H TR
T S, A HA, H,0* ¥ 79 37 ¢, df HA Weid
TE HAM, H,0* T8l fooa ¥ 4= &9 4 A
H,O" 3PH B | gad o7 e &R i fen o
TR B B, iTh Welel 3TRT Uelel &) Rl Wi
9 B

Tk ITIER, Joel 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 37 HI, TE(H 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 @ AEgH 37 (HNO,), BIEgIHsiifish 37w
(HF) Td uffess e (CH,COOH) WdlehicHe geicl
T B1 A€ A A e A @ T gee el
T N Td Jad eld 1 ST ok fAu, NH-
,» O T H- 3TH Wl 81 31: H,0 ¥ 3Ted e
I I | 2 [ B 1 1 M W || O [ e
foeta shTeifen ifiTeh geet el shi Hifd STeer S
g1 TIeh 3 (HIn) 9o S &R (In) =1 <
Turi #)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T I I ST T AR
-k -9
T TRl T ST T R STTAIIA H Gefh
% ®9 H H* A & wigd Feprer o fag e
Sl

6.11.1 ST AT I femiar wd 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— Il i /@
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 T €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 & TS 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

Rationalised 2023-24



192

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 e H
3R OH P &1 H& aer Bl 2,
BEgfoA STl i ®igdl, [OH] = [H] =
1.0 x 107 M
TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 10722 =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 THY Y[F el 1 ekl &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 si@ &1
S
107 / (55.55)=1.8 X 10%0r ~2in 107°
(39 YR 9 g&d: sifaditsd Siat o STugsti
FT A T 21)
T, e 3R SAA Weltd oo
H,O0* W& OH ! HWigdisdl o @i HEl gh
fasfea foran w1 wehar 2—

A [H,0] > [OH"]
ST [H,0"] = [OH ]
& ¢ [H,0°] < [OH]

6.11.2 pH &FeA

BRI AT 1 HieRkd § Wisdl i Th TLHE
HYshH (Logarithmic Scale) T e 9 y=i¥a feran
S ®, 59 pH @het el Sl 2l

BIESISH 3 1 Gishadl (a,,) o RUMHS
10 3T TEOUh T HH i pH Hed 2| HH Figdl
(<0.01M) W TESSH ATH &1 TAfhad, TETHS®
Y § HH] Hiewdl, S (HY) 51 G 1 S 2,
T Bl | BIEQISH I 1 Gieharal o1 whig gohe
Tl B T, T 39 G g uReifE feRer S
ekl B—

e fagm

a,. =[H"]/ mol L
freferfiad W pH TS SRS ST iR
¥ ey quifar 2
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 @ A 9% &K T, 9 SUH pH 7 U Ak
BT
ERRCEI
st foera &t pH< 7
WﬁwaﬁpH<7
I fae=A &t pH =7
319 298K T AR FHIHII 6.28 T THi—
K_=[H,0"] [OH] =10
GrfRor o M 3R 1 FMCHS 0 o W
-log K = —log {[H,0*] [OH]}
= —log [H,0"] - log [OH]
=-log 1074
pK, = pH+pOH= 14 (6.29)
M 3 A 9 ue @ R wmfy K s am
AMIHH o T qRafdd i &1 qenfa qosRE o e
pH & #M ¥ UREde 3a 7 e § T 8 e
IqHT YT HT I F
pK_ Setta e o fee aeweref afer g 81
7TE BIESIoM aT BESIaae STl i @igal 1 Fafa
T §, Hfeh $TRT UGS R el §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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AT ERAT

pH o SN T 1 Al AN ST Hehell €1 STTSTehed
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
il
i;t-:l. .
- REEENR
i
fara 6.11: T pH W 7 37 {Harc pH IR &1 9]
qfeear

<

Iea Feqeddl o faU pH WieX &1 S9Am foman
ST €1 pH e Tk TH 43 7, S wlero-faerad o
forga-fawa W amaid pH &1 AI9H 0.001 e
T YAl B STSTehel SSIR § el o ser SR Rare
pH Hie 9@ e U €| F5 m= g 1 pH
IR 6.5 W & T 7

IETRAUT 6.16
T S o T H BTSSR i "isdl
3.8 x 10°°M | THT pH I T2

kgl

pH = - 10g[3.8 x 10™°]= - {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} =— { - 2.42} = 2.42

37d: U9 uSred T pH 2.42 B 98 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" Wiz (i) S 9fefd HCL ¥ Wt et & S/—
HCI (aq) + H,0 () = H,0" (ag)+CI (aq) qen
(i) ST oF STEAIRTOT | Wi Bl &1 F8l <Al
H,O" 3Tl W o= & am—
[H,0'1=10"°+x

K,=(10°+x)x) =10"

FUal x° + 10°x- 104 =0

[OH ]=x=9.5x%x10"°

31d: pOH = 7.02 7 pH = 6.98

6.11.3 g1 3T oh I ek
BN, At faerad | oniftres &9 9 trf1d T geia
37 HX W fomR 3| fr=fafaa seeon o o fedt
ot gfteRtor gR1 ifaifsd HX Wd eT@Fl He(aq) den
X-(aq) o TeA Tonfud Grereen & g feen sn
Gehell 21
HX(aq) + H,0(l) = H,0*(aq) + X*(aq)
YRfYeR Higdl (M)

c 0] 0]
M o SRR 1 AGT B

igar ¥ qRadq (M)

-CO +Cco +Cco

WRUMT 6.5 FS WER Ut s pH & HAH

gd o AW pH g9 o AH pH
NaOH 1 9q« foeraa ~15 ST HRIHT 5.0
0.1 M NaOH farerd 13 THRT H ™ ~4.2
[ HT g 10.5 g U7 a1t qen fawe ~3.0
foaeeh st Fr=ffern 10 -t 2,0
31 1 WS WF, TRl 5 7.8 - ~1.2
RISCERIEL 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 CcCol
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 Jod a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed ¢ T4 dehfcush 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
T3 &, Forad ait itsiier et Higar st aeR-aTawEn
1M &1
FS g gU Al oh 3TIA-TEeish |RO 6.6 H
faw T ¥

BISGISH AP WigAl o Q. pH ATeHH ga1 AT
g for 58 pK o wifafiad o= wiefis o fer o
fau ff ygaa feman w2
'Y T,
pPK, =-1log (K) (6.31)
37 o I feeid K e URIWR Eisdl ¢
A BF W I TS T A Gl q ST o6
AP T AT W foer@d w1 pH 1 U H9E 2

ARUT 6.6 298K W FB T TU gaicT 3Tl oh AT

Teertier o @

A A feeiss (Ka)
BESHNG T (HF) 3.5% 104
TELH A (HNO,) 4.5x104
HIfHew 3T (HCOOH) 1.8 x 10~
e (C,H,NCOOH) 1.5% 105
uHifesw e (CH,COOH) 1.74 % 1075
g 3T (C,H,COOH) 6.5 x 105
BEAHARE 3 (HCIO) 3.0x 108
TS 3T (HCN) 4.9x 10710
T (C,H,OH) 1.3x 10710

e fagm

gt AYASTIA F1 pH 3 W&l A Fewtell T Tkt
T
ug-1  foue @ gd 3ufeerd wfefs i sRes Rl
TR/ oF ®9 W T fRan S B
ug-2  ueft geifer sifufsransti o o wgfera TR
fore S €, Se—wdfiefisr, St 3t U &N <M o
®Y § ®F w2
Yg-3 I=d K, el i w6l mefhe st
& w9 | fafeq fan sman 7, wefew o= sifafwang
T Afafewar Bl #)
uyg-4 wAfhs Afafean &t it wieis o =
A 1 GRON o &9 H et A s 2
() IR Figd, c
(@) I &t AR SR TH W AT &1 A6 o o
&9 ¥ gixar § g
() A Eigal
Ug-5 HEa Afaferan o fau wrmeen femis
THH | G Wigasl o WHl o o fau 7
F 2
Ug-6 & AfRaAT Tl TS Sl Fgdl Sl 7M1
F 2
Ug-7 pH I TUH
pH = -log [H,07]
ST fafer 1 30 I ¥ qHART T B

34TE{UT 6.18

HF &1 394 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

'
frafafed gie TR sfafwa g9 g
() HF + HLO=H,0 +F K, =3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=1.0x10"
Hifh K, >> K, 984 aAfafsman
HF + H,0 = H,O + F
YRR Fisdr (M)
0.02 0 0 (0
Higdl IREd (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 §9e &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 375t T pH 4.50 81 T
T H',A™ ¥ HA ! Higdl s AN SIfSQ)
Y Bl Thdl fRIF 37 o K, a1 pK, o AN
St ol TUET FHINT

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°7/0.1=1.0%x 10"
pK, =-10g(10°) =8

defeqs &9 4 ‘foaieH wiaeaar’ fadl goa
3T HY | I TUAT T STANT HIUHH B
39 39 YR fea T e

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 HOCI &1 fqaism-ufama
Al
&
HOCl(aq) + H,O () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grreEe & fog aiEdd (V)

- X + X +xX

e Higdl (M)

0.08 -x X bie
K, = {[H,0"[CIO] / [HOCI}
= x° / (0.08 —x)
x*/0.08=25x%x10"
x'=2.0x107° 30 YPR,x=1.41x 107
[H]=1.41%10°M.
SAd:
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

§Reh MOH b1 3TaA fefarfad dtentor g wei¥a
e ST TRl B
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 s
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= &R o AT Ht AT
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S G WW el @, qd 9 fenis
frefafed w9 9 foman <1 "ehar 28—

TS g1 U &I o AETH-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 FHTefTh ANTH TH HT TE oA &R &

T it &% ofew €, T koW eifuss
TIEISH TAY] 31 gl 5N giaeenfua g &) S8
foretd=, #IEH, foed= qan feifed, 9 aga
I &N €| T 39 K, o T 9gd B B &
it Sia | frefafaa eifafsran o werasa OH-
A S HIA B—

NH,(aq) + H,O(l) = NH,*(aq) + OH"(ag)

TIESIST ST Higal g pH Thel a1 STANT ©
o 39 o= i v Tl o6 fore off e fohan
T #1 T YER

pK, = -log (K)) (6.34)

IETETTT 6.21
0.004 M EESSH foe™@™ &1 pH 9.7 81 39
K, T pK, 1 0 Hif)

&'A

NH,NH, + H,0 = NH,NH," + OH"

T pH ¥ TR 3T¥H HIgdl i UM &
Tohd &1 TIEGISH S igdl Td hieh 3R <l

o AAM® [UARA § TH SRSIRIA ST i
Higal w1 TOMT L 21 39 TR,
[H'] = antilog (-pH) = antilog (-9.7)

=1.67 x10™"°

WA o

[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 ST 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,Cl T2 0.1 M NH, s g § =1
fore@ o pH T TUMT SIfSTl NH, foe=d st
pK, = 4.75 ®|

'

NH, + H O = NH, + OH

NH,, 1 313 e

K, = antilog (-pK,) 3‘[%‘??[,

K,=10""=177x10°M

NH, + H,O = NH, + OH"
YRR TS (M)

0.10 0.20 0
HreEE W 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 Thd €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
R ek 1 wed 1 g9id &1 Hgr - e g
T 3 Th-gR ¥ Welad ®9 9 Heifd g 21 A T
1 WM TG 8, @ TR H A FHA ST HRA 1 NH;
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AT ERAT

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 ®9 § a1 K, NH, &1 &
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 39 E=AeoT gRT S ST Gehdl 8— & 4T
et ATfufeRamatt st Sg W SeRt we o STfufgReT
w1 grEraeen-fretes y@ew srfirfewar o=
AreTeer-feerieh & UHEA & sk gl g

K, =K XK, X.... (6.35)
U YR T &R I o fau
K xK, =K, (6.36)

I Tk T AH TG B, A S HI A fRAT S
Tohdl B1 IE A <1 =IfET foh geet e1ret 1wl
&R ool e et 3T 1 HYTH! &R Walel ©idl 2l

JehfeTh 9 § STYH HHHEW K= KX K,
i e -fods wrmeen Afafsha 9 «f 89
F Thd &

B(aq) + H,0() = BH’(aq) + OH (aq)

K, =[BH'][OH] / [B]

S W F WEA fER w6 L oW W W
Y g G o ® SR femem femie o wimfed
F T T 1 Suged gl i O[HY] @ T
FE qA 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 S, @ ST ST qe &R °h Wl bl Sarud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K®T)

IETEAUT 6.23

0.05 M ST foe@q i STEEA 7 91 pH
TSI STHIET o ST-H-Eeris &1 AF
afaest 6.7 ® fean mn 21 emifn o wgr
3T T A feeaiar ot Fa wifsu)

Kyl
S H NH, & & 39 YR <04 S
el 3
NH, + H,0 = NH,” + OH
(6.33) THIHTOT HT ITANT T o EH BIES T
I T TiFAl T TN X Gohd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
o T T HH €, 37: THIH0 H T 3R & &
1 &1 qel § o 1 07 OF T 2
SIRK
K,=ca® or a=1\(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 9] Tsh o Afyues afa g
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Al W B 1 UW STl <Rl Sg-&TRehT A1 Gifeasifesh
3T o A G S S © 1 SN - fgeaneta et
H,X o fou st stfafsran frefafea e g
T St -

H,X(aq) H*(aq) + HX (aq)
HX(aq) H'(ag) + X*(aq)
AT G e et FefetEa -
K, ={HHX]} / [HX] (6.16)
da K, ={H1X*]} / [HX] (6.17)

K, W K, & 3 H,X &1 oM T fgda
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
TEfew v
THIEhING 3T

6.4 x10°
1.6 x 10
6.4 x10°®
1.2 x 107
5.6x 10
1.7x10°
6.2 x 107

5.9 x 1072
74x10*
1.7x 10
AAHH
43%107
74x10°
75107

4.0x 107
42x 107

T4 YRR @1 S Tohdl ¢ foF =g Hifess ot ok
S=a Fife & o (K, K,,) et & 7 fm=
Fife & STEA-feri® (K) ¥ %9 89 €1 39 HR0
7 ¢ for Teer foga-cil o RO UM 3@F 9
YT Wiei Fsehiied e qYehel 21 39 S
H,CO, Tl EfR[ HCO; | Fref ke | <@ s
Tehdl ¢1 T TR fEemaf HPO? U § H,PO;
1 G § W w1 ke e B 2

g Wiew a7t faerem o el &1 fhsor g 2
H,A ¥ fggifes e o fome, H A, HA- 3iR A2 &
fagor g 21 mufoew sifafwan & HA &1 foem
qe H,0* Wfmfe g 8, S s & yerm =xo 9
T B 2

e fagm

6.11.7 TFA-AHS hl AT FAATA HRh

3T qAT &Rehl i HAETCHS Tl &1 foe=m o
qeaTq B9 forelt ST gU 317 &l pH HH i TOMT &2
Tohd €| W e e So 2t @ o pw et ar
F1 ol § Yool I eid 87 3% Afesh Yo ST
FRE FI &2 TUHT I Teh Sifect q27 81 aAfeh ge
®9 Y TH I8 FE Ghd © 1 Th 3T 1 faaeH &1
T H- A 99 & 9Wed T8 gauar | R
Fdl B

AHE: ST H - A &% 1 G sedl €, stefq
a4 o faaem § srevas e ged ®, @ HA @
IA-gmed wgal €1 S YR e HA Ty feeh
gl g B, Sifq H de A WHEH % me
Y-l F1 FR d&al 7 X AL TR
gfterd e €, i ey w1 ferier el 8 S €, S
et | gfg &L 2

W FE A 3 A o 98 @ fm o av A
S AROf o6 3T WHE o % 8l, A 99 Hl Y
hfd I ol § H - A AEY gyl swefiadl o
freieor & yq@ wR g €1 o H = # SR 9w
W SA-G A T AR aGdl 7, - H-A 3Te
gmed Tedl € au 3Tl qHed Sedl Bl Seretoned—

AHR | g
HF << HCI << HBr << HI

s 9ol # gfg
T YHR H,S, H,0 ¥ JaIam 37 ¢
e
1 e e € dl H— A ST 1 georan 3eet-gmed
1 fifid #0 & Aoyl FRE 71 S g1 S-S
A Y fagRom sgdt ©, & o7 w1 gmed st
Tl &1 SSrETone—
A &t fageRa ¥ gfs
CH, < NH, < H,0 < HF
s 9o H gfg
6.11.8 3T UWd &Wehl o I W HW
3T YHTT

33N, UHifeh 37 o1 3Rl o, fordent foae 59
HreeEe gR1 WE fohan ST Fehdl 2—

Y

-

-
>
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RESIERS|f

CH,COOH(aq) = H*(aq) + CH,COO(aq)
AYAl HAc(aq) = H*(aq) + Ac (aq)

K, = [H'][Ac"] / [HAC]

Tdifess o o fooem o wHiRe oA &
e W BESISH APl 1 Figdl Tedl ¢ 36 YR
I e |d 9 1 e fuerny S, @ grereren
siferifo Ueifesw et o1 o foreenfud & St 2,
teiq =9 foon ® owRR B 7, food grEeer o
Higdl [HY] St €1 TE S WH A YA
3T 21 ot v uered o T @ S fersres @
¥ ud o Sufterd emafie wiefi 1 SR Sy
FIETHY e 1 faeerfud il ©, 98 |d
T TS’ el 2l

31 B9 HE Hohd ¢ Toh TH ST Y9G SAI-Sdferd
fagia W emfia 2, 79 &0 @ 6.8 § 9 g% €l

0.05 M UHeZ 3T¥F i 0.05 M THifewh 31
o el W pH w1 TN 9 39 TR Y Fehd &—

HAc(aq) &= Hf(aq) + Ac(aq)

RIS FEar (M)
0.05 0 0.05
g x THifewr 7 U A=A ki °E0 B, o
Figar | giEdq (M)
—X +X +X
g gigdl (M)
0.05-x X 0.05+x
T YHR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-X)
e o7 o felg K W B ? x << 0.05

31: (0.05 +x) = (0.05-x) =~ 0.05
1.8 % 105 = (x) (0.05 +x) / (0.05 - x)
=x(0.05) / (0.05) =x = [H*] = 1.8 X 10°M
pH = log(1.8 X 10 5) 4.74

SETEIUT 6.24

0.10 M STHITT foe@ st pH T TOAT hifsTu)
39 9@+ o 50 mL &l 0.10 M 3 HCl o
25.0 mL ¥ A9fsha F@M T pH HT TOMET
HifTT) eI 1 forrsm feedis K, = 1.77 x
10° 2l

Rationalised 2023-24
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&'A

NH, + H,0 — NH, + OH

K, = [NH,[OH] / [NH,] = 1.77 X 10
IR § o

[NH,"] = [OH] =x

[NH,] =0.10 -x =0.10
x*/0.10=1.77x 10"
x=1.33%x10°=[OH]]

THfery [H'] =K/ [OH]=10" /
10'/(1.33x10%) =7.51 x 10"
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft da
HC1) & 50 mL 0.1 M I faers (a1eiq
5 mL Ald NH,) ¥ f5an w 2.5 faet o
aﬁﬁmmm@ﬁwéaﬁélm%mL
foeed ¥ eTREed 2.5 fHef|a NH, 319
qen 2.5 foelidiel NH, @© S 2

NH, + HCl — NH;+ CI

-5

2.5 25 0 0]
HHITETET T
0] 0 2.5 2.5

ROl 75 mL faere | 2.5 faelmiel NH,
3TFH (0.033 M) a2 2.5 el

NH, 319 (0.033 M) T W &| Trqreeen § 78
NH, 39 YR T&dl 28—

NH,OH = NH; + OH
0.033M -y y y

Tfl%\i'y = [OH] = [NH,]

RO 75 mL faed, SR & 9eEn

2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
21 37: NH, ﬁwmwwﬁaﬁ%—

[NH,1=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
3M: y=1.77 x 10° = [OH |
[H1=10"/1.77x10°=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 eifwferan g/ s
T AU 1 STt | ST BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited B 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 ieHa 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% et STa-Aferd i &, STet-3Tqefed
TET B4 T | ST Yool 7wl a2 Yeel & © & e eol
o =iel SIEH B €1 A SR pH 7 Bt 21 Fafy
3= YR o ol o1 STl ST Bl

3@ W fAfafad @& & Sa-3Tqeed W

foe 5 €

() TS Tl UF Yol &I oh a0, IR0t —
CH,COONa

(i) el STl o Jecl &Reh] oh oidvl, IR —
NH,CI, qe

(iii) JoCT ST TS ol &TRehl oh U], IRRLOM—
CH,COONH,

Y| 30 H CH,COONa, a1 3+
CH,COOH Tl Yol &R NaOH 1 @@ &, Sl
Sfeft T o golqen emafia g st )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THRS 3 S o WY o
STqEfed gl UHifesh 3T e OH- I ot ffoT
F &

CH,COO-(aq)+H,0(l) = CH,COOH(ag)+OH-(aq)

THifes 3Tt T goet o € (K, = 1.8 x 1079),
St forerem | ermEfa € @l Bl 39k R0 faera o
OH" 31l &1 Figar ® gfg &1 <t 2, < fae=m =
AT oA B1 39 YR o9 foerad 1 pH 7 9 S
B 21

T YR A &Rk NH,OH @ Jaa o7
HC1 § 9 NH,Cl 5@t | qufean smafa &t s 21

NH,Cl(aq) - NH; (ag) +CI" (aq)

e fagm

SATTEH 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
R faerEs o 1 EH Higdl 96 Sl @ 31
foaea™ =1 sl o It €1 e1a: NH,Cl & 5ia
foera= &1 pH 7 ¥ %9 gl
Ta STFA q A &Rk G ST T A0
CH,COONH, o STel-3T99e &l 38| 36 51 faY
T SARA T ST TH YRR Bl e—
CH,COO + NH; + H,0 « CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥/ ®9 ¥ 39
TR ST @ §—
CH,COOH = CH,COO + H*
NH,OH = NH, + OH-
H,0 = H'+ OH
faedrR @ o fopu fomm e 1 Gehar © T
STe-3T9EEA 1 A faera 6t digdl @ s gl 2l
a1q: fere™@ &1 pH e—
pH=7+% (pK - pK) (6.38)
foeT@ =1 pH 7 | ST B, A} ST
Bl A1 pH 7 ¥ ¥ TAM, AR R RKUMHS 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 ¥ st pH W
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AT ERAT

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
faerem, TSRt pH O & 19T 30T a1 &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
U & 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 IR WEfteries %1 9F &8 T pH &
A fIerE o9R § WEEd i B AR 2@

o &9 I8 Y FT THd B

TA-THT ST

3TFA pH 1 %R 99 o oL g0 goa o
SR TH% §W WAE &R & WY a9 §H e
Ad0 1 SUAN H &1 B pH, o A &
qre feoish K #iR gefel et R geh wfed
& i Higdlel o TI H Ty T&Ad wE
el TR T hd &1 U g feefa o
el ool 9T HA STl § STaispa el €,

HA+H,0 = HO0 +A

oo foru wn frefofed e foe g 8-

_ [HO'][A]
Ko = TTHA]

ST ASTeh ol AAARYd el T
[HA]
KA
T TR T AU T o 918 TaI ! AeAafeerd
FH W TH I B 7

[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) TSUT- BT FHIEHTUT Haeldl
%|%,a’gﬁqaw(w) 3t fagor o
IUfEerd eTret Y FIEAIStl 1 STUE 21 3T ot
B o SR 9gd HH ST Bl § SR FiEdl
[HA], % a9 &1 fau Q@ o1t &1 @igar 9
e € T Bk €1 Wy €, iRt wefied
NF, [A], 3T o G0 o AFHIhd BH T W
eI B T TfTd Rk Wi WSl ofd0 i
sl ¥ hael o = grf safe Feientor

(6.40) Tfcfad R ¥ ®UEka &1 S o-
[T ]
pH =pK, +log
[emA]

g TR (6.39) H, [A-] ST Hixdl [HA] Tl
g o aUeR B @ pH = pK_ B8R, Ffh logl 1
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 =TT A
& Foreh1 pK_ 3TUfard pH o SeR giar €1 Uifee
ST T pK, M 4.76 B €, THfGT UEifesw
3T iR wifeaq tHiee &1 SR AT H Sl
AT T IH T pH T 4.76 B

gecl @ 3R 3Heh WfHd o § &
IR T T F favemy frefafa afems S,

[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 3YANT <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)
il aUeR & a@ 9w o™= &1 pH &R o
pK, oF SEX BN STHIMAT 1 pK, A 9.25 Bl
2, 31d:9.25 pH & a9 TH H9H Higdl o

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
! faemeea & w9 4 fef| &9 ¢, st 92
FOTcH eIt 21 37a: T ta gfswan & Sl g
Bl B | Taetentad St 1w foemas ®1 gehid
R faft et 21 sy (weEasw) faams o
foremaesh o et &1 A0 %9 erdl ©, S el i
SINERCEIREIRC U] (Overcome) HE | 99 el
2| uRumHEEy Tavr sy faame § Tl sera ©|
Ifg ST T Tk IE 20 ° S § ga g
2, 9 TSl faamEsiaT TSl oo wi Sl
et 9 erfuek BT AfEUl Yedeh e H1 Uk
sAfyenemia facad it €, st a9 W et
21 U @l 1 ot faferse factaar eidt 21 =g
A R ek w2179 3 dE i AT faeE
o YR W A o o fawifed s 2

It faermm @R st iEs fooee 9
TR S Hehdl 81 STHIEY FANES SR ST
TESFARE T a1 I faeq o foau g
(6.42) T TEY BT-

. +
pH=9.25 + log L3 <t BHT]
(57, B]

TR e o pH W TR0 1 TER &l
ISl Hifch U °h Sfqd STH dell U
Tfafdd e 7

6.13 TCUTTAT TN okl Taei=ar
HIETTE=AT

Y 9@ € T oo ® eratae Sl 1 factmar W
ogd 3R a1 21 39 § o dl gad et faea
(S8 hfeaam FarEe) © fo 3 yfa § smdanmet
Bid € au1 argHed ¥ Sa-ard wifad e o €l
FO I (S8 A wqsiuEe) w1 e
a0 %4 2 foh 3% g 9o Cerfaea’ wed 7
foretaar % aral W frudt s 2, o 9 g v,
AN I etk ST (Lattice Enthalpy) a2 faeraa

il | faom foc=ad > 0.1 M
0| T & faem 0.01 < faera <0.1 M
it 11| 31y faom faetTd < 0.01 M

9 80 9 faog omaftes <o qen sEeh
Hqw Seita faeem o &9 g | TR &

6.13.1 Taoraar oHwe e/

Sefta faere & dueh o 7, W foeaR ) sefed 3|
oIl Sk T faeras oh 3T oh Hed WTmaeel i
frfafad w5 v fhar s 8-

BaSO,(s) SN Ba**(aq) + SO,*(aq),

e feris frefatad g i weiém

fopan wman 28—
K = {[Ba*][SOZ1} / [BasO,]

35 39 g w1 igar fer e 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 Hgw faeew o @y
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AR 6,9 298K W TS WM AR AUN oh

Higaistl 1 [UHAE $Heh foretadi-ToHhe feeriss farcraar-Ture feois 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
1.1X1010=(S)(S)=S? A S=1.05% 107 gﬁg@ AgCl 1.8 x 10-10
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 10-5 mol L' g S e SR IS
= : T gethe BaF: 1.0 x 10-6
FIE A0 fadeH & woaey fod-fom e RS S 1.1 x 10-10
et T AR Y AF FOMEA A AT S TRl T | i wqsivs a0y 2 a0’
g Hiecm BEgEEe af 3 x 10-
I ok fefu— 3mey, BH fShifem wiehe (zrtY), o SRR Ca(OH) 5.5 % 106
: Ffeaam gehe CaC20 4.0 x 109
(PO,*), FFW a0 R forai Y, Sl =R e1eerare e géwg CaSOs 9.1 x 106
fSerifram g v SIS 4 BTEhe Srefirm gerEe Cd(OH)s 2.5x 1014
i . T 4 FHifam 313;13:8133 cds 8.0 x 10-27
®UrEl § Tt g 21 aft fSRifm wehe o) o e Cr(OH)s 6.3 x 1031
EPN% ENCIEES CuB 5.3 x 109
qlEII—iaE Idl 'S’ g)[, ?ﬁ sq '5ﬁ'ﬁ'17=h_ a; WWWTWTI mg CECE)S 1.4 x 10-10
CRRIn! TR HESESIES] 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
T FEHS CuS 6.3 x 10-36
ad: K, = (35)° (45)* = 6912 (S)° E%mgmsg F:COs 3.2 x 1011
— 3 AN1/7 = 1/7 HESIEIES] Fe(OH)2 8.0 x 10-16
T S={K, /(3 x4%) (K, / 6912) Bl POt S
FRet 319 oaT. fgeT S Pt - WY S5 FeS 6.3 x 10-18
i 3 ’ W My Xy TR FIANES Hg:Br» 5.6 x 1023
B, S T Hqw foerad oF e wreeen ¥ g qen | O STiERs Hg,Cl 1.3 %1018
o Hier-focia 's' &, &1 frefafad T ng e Taxi0r
- ’ & 22004 4 x 10
Tad TR ST gehar e— Aif¥Em HEe HgS 4.0 x 1053
s S 2 T TEEE MgCOs 3.5 x 10-8
. . ~ TRy weeh MgF 6.5 x 109
M.X,(s) = xM(aq) +yX* (aq) e MgOH: | 18x 10
(T x x p* =y X q) e e Macor | 1ex 104
HhEe n 3 8 x -11
ol sTe1 foeaa-THwa feee f=fafed A TS MnS 2.5 x 10-13
bt erEgleEe Ni(OH)2 2.0 x 10-15
GHIRTOT R oAk feRan S B A NiS 4.7 x 105
ST =SSy | 04 | SR = e
€ 4 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
T S=(K_ /xx.y)/x*y (6.45) TS RS Pbl, 7.1 x 109
SP oS g PbSO4 1.6 x 10-8
T H 9 Teh A1 37fereh TSNS bl Tisdl ﬁéﬁws% PbS 8.0 x 1028
X -28
ST T Wigd TE e 8, 76 K Q. H e £ R S
s o ST § (3 TEE 7-6-2)| W | wiwm awe s Lot
T. O X o
| WK = Qi 8, g et aRfeerfo | W’%” NI S50, 32 x 107
TJg SAIYUT AT T%IW (Dissolution) fsransti k1 o SRS TIBr 3.4 x 106
x 10-4
;%é‘cﬂ%l groft 6.9 | 295;1{?@%1;@1% T EET o A
foeraa-TUH%ae feerishl o A | 5% e ZnCo 1.4 x 1011
few IREIRIESEIES) Zn(OHs)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 a1 foretam o fordt T 3Tae 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,, T8 S A fordll et <kt 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
H el oh T W H Hishad (activities) 1 TN
F €1 39 YRR Tifea FARIEe o Gqw e 5 HCI
& ToriIer 9 T FARTES ST 1 Higdl (Hishad) g
S oh R WIS FANES T SFET0 81 Sl 21 36
fafu @y Fifeam Feikres o8d €1 IS B 81 39 TR
&0 Hifeaw steren Hrferam gothe St sTgfgal W
A €| IR fargeivor o et 31 o1 argd o faetma
ATt 3Gk 37y faeia oar o ®9 | quieyor srasifad
T W o T8 S q9TE 1 A R S €1 59 YR
TH RIS foveroo § faeer sTeM o1 sTaaur faeer
FANZS o T4 H, TReh 3757 T AL Bk TESFARS
o T H G STaEI0] JfEm 3T 1 JfE| Hethe o &9
o Y e B
3o 3T oh 19N i faerddl ®H pH T agdl
2, @ifh %9 pH W RUMF 1 Wgdl 6
HEHIHTOT o RO Sl B, S a0 hi faete
F e RN T K = QT A W I TH
1T I HEAT Sl § Sl K, = IM*] [X],
HX (aq) = H* (aq) + X (aq);

_[H'(aq) ][X (aq) |
* [HX(aq)]

[(X71/ HX] =K, /[H']
T T T FhH TR | ST W gH W
B

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 521 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] & @@+ A pH & ¥ed W foema
et Bl

ISR 6,26

g AMd BT foh el off TR o oA Sa d
sifafshan T8l 3d, Y 5T H A X, 1 feretar
1 TOMI HIU A,X, 1 F=d oEwe K
=1.1x107° 2

T

AX, — 2A° + 3X°

K, = AP X*°=1.1x 107

AR S = AX,, 1 foe=a, a

A% =2s; [X*]=3S

W FER K, = (29)°(35)° = 108S°
=1.1x107°

a:  S°=1x107

S=1.0x 10° mol/L.

ISTEAUT 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 % T Tau At faea 72

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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3IITE 6.28 e faeX 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 #

2 NaOH 9 I 0.10 mol L™ 3Jufterd 21
AT HifST Ni (OH), &1 ™S [OAwA
e K,,=2.0x10"°= [Ni*"] [OH* = (S) (0.10 +2S)*

2.0 x10™° @l .

= FfF K,, 1 W1 F9 81 25 << 0.10 3W: (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

% 59 @ Fiehearet st w1 G o7 @ 59 § dieddre STupel 1 Ge o ae @, dl o i
Bl Sl | TE Tiiiel Feptd w1 eial © | Wreereen ifde T THEtTen, <l WehHi gR T 81 Hehd!
TH STl W 3 S U ARl i U HHH Bidl 81 STl shi WKl i SATWehReh! 1 Higdl ¥ T <
W B Yk TS ] THHHIHOHAS e o W0 o ¥4 W feie K F 9 S 2

ARIFAT aA+bB = ¢ C +d D % fre K = [CID]*/IA]'[B]”

7ad T R W et w1 HF R d §1 39 oTeen ¥ qeft T U S Wigdl, @ oK
feerm Ted 21 feft sifufsran o forg wrewen feoms 1 K ¥ =1 FEd 8 30H A fenis og J
gl o TIH W &0 A0 <19 fored 1 ifafran w1 feen 1 orae sifafwan wmee @ & o i
, Sl T W K, % SeR g 81 - 9ee fagid’, o STER I, S, Figdl oK R § 9 R
TF ¥ qREd o 0T |rereen SH fewn § fazenfuq Bt 2, S URerdd % UWE H HH A T H G
THHT SYAN T HRehl SIH 19, W1, <76, Seh 3 3Afsha 6 o et 1 fGe W 996 o 77
T feman S @ e SCAIS shi TS b1 (70507 59 heh! o1 B sieh Teoman ST @kl 21 ifafeman fhasmon
o HreTeRel Hied i I JHIfad Tt e, forg siffsran @t fa &1 T 11 Soi-99t H AR
U SR g1 et SR 9 SAfThRes W a5 9 2l

9 gl weed, St Siefta faerem o ford 1 =eH S €, oy oraeed’ seem €1 ot &N qel
e * fergge STTerea’ © 1 A el forera W feisi a1 SIEA g1 GFTEA Td SROTEA o Sedled o ROl fagd
1 =eH H €| Fool T eraeed quid: fomifsa e s &1 gefet faga erased o emafid ue et
UL o HEA T el 81 SIRTIE o SER, Sl faete § e, gIEgie ST a9 &N, BIggieRTel
A 33 T W HITH ST Rl B H SR SIS -wli 3 37 i WSSl % hU H e &IReh FeuTel
o w9 B IR fohan e Tk SRRE-R 3T Ush ke 9 SAfafeRar el ], q9 I8 THeRl §d T
&Rk Te Tohal T aTel &1 o G Tt 37ret ki ST €1 39 bR GTH oTRd- &R § Shelcl Teh Fiei
1 AW BT T A, oG A ITA I WH &Y H R IR T &R 1 Sela= I o &Y
H witemfia foranl s &1 9 o STIER, 3a o7 o fomie o fau feemis (K) o1 3ea &R &
ferars oh e feeriess (K) o =ste 1 foskfaa feran o e &t w60 e 39kt Wisdl W i qen
TH 3 1 e fohan T @1 eEee ST Wt igal (Wiwadr) o T pH HIUHH (pH = -log[H'])
TEA R T €1 9o S T v & ot famfi@ fFA (pOH = - loglOH ) ; pK, = -logK ] ; pK, =
—loglK, 71 pK_ = -log[K_] 37f%) T 31 Sel & S 1 2799 % W g9 3@d § foh efieeor pH +
pOH = pK_ T Fq= Bl T ol 37 T qoet &R, Joicl o7Fet T Ul &R ¥R gaiet o7l 0o 3o
& o TN Rl STl e § Siol-STue el 1 IR foerae i qReTe de SUch Hew i Gfee Ju
o T 21 s1e farerr e 3 forcrran weieht T 1 vl ue faee o feerrs (k) 1 At w
T THHT Hey vl 1 ferera  wenftd fopan | faere | @ & Saeur A 3Heh 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 faee &) pH o & 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) AR fomnmera # pH HieX 3ua=d &1, @ o $§H pH A9 &Y 3T 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 ges arsg & WY 9 | W@ S 8 e 6
A SR el e S

(F) ar9-@ URada &1 IR aRomg = grm?
(@) YRY H o9 e GoAA 1 T Y agerd! 272
(1) T, 59 TR 9 qA: Sifon ®9 9 T@fud g ST qd Sifw ST @ 9 g2

fret @ o few K 3 0, afk 9 W g geied st @i € [SO,]= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

250,(g) + O,(g) =2S0,(g

T = d9 td @ @ 105 Pa W AN asq H STRETAHER 40% SAEEH
] B R

L@ = 2I(g

e & faw K, 1 O i)

frerfefed & 9 vois afufwar o forg o femi® K, @1 =i fafge-

(i) 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 o | 9 frefatad § 9 yeish 9 o faq K 1 6 9 R

@ 2NOCl(g = 2NO (g +Cl, (g K=1.8x 102at 500 K

(i) CaCO,(s) = CaOl(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 =St forad e 99=sT o s 5di Td Sl o1 Sufard o fehan s
Tehal 87

N, O, & " frfafaa sifafwan sid &—

2N, (g) + O, (g = 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 sfafsan o sgar Efer sAfwEe Br, ¥ sifufwa 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, fafs fohy s
€, 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | W61 91 Fifew|
|1 250,(9) + O,(9) = 280, (g) % fAT 450K W K = 2.0 x 10" bar #1 38 @
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T ek H T@l Sl €1 § W Hl(g) 1 3iferh
T4 0.04 atm 1 =l faU T W= % fAC K, A @@ e

2HI (g) = H, (@ + 1, (g)

500K 4 W % 20L 9 # N, & 1.57 Hiel, H, % 1.92 Hiel T NH, & 8.13 Hidl
=1 g femn s 21 Affwen N, (g) + 8H, (g) = 2NH, (g) & faq K &1 aM
1.7 x 102 %1 w1 stffsran-fasmn @ = 82 3 Tef, o Je sifafsren =1 fem = B2

T 1 At o fag

NEJ[OF
~[Nof (o &
9 5k oh fag Hfera qEmatTes g fafau)

H,O 1 T Hid U6 CO &1 T Hid 725 K a9 W 10L % 79 ¥ faw v 21 5
W 40% STl (9RIeHSR) CO ok Tl FAferiaa THiehtor o SgaR stfufman s 8-

H,0 (g +CO (g) = H, (g + CO, (g
aAfferan o fore wme feies &1 o wifsy
700K @9 R Sifafwan H, (g) + 1, (g) = 2HI (g) % fore o feeris 54.8 13k

B & ¥ HI(g) fo=n 81, 700K A9 | €=1fad &1, de | W 0.5 mol L HI(g)
Safterd &, @ 9 W H,(g) T L,(g) & Wigand = 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§ wfafren o fou wiza st (sifafwan-amrea) Q, fafaw (feoof : =@t
W St enfus | e € ue e off = )

(i) @ 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al AT IR H ford Se @t
afferm g fagor & 0,171 dict Tt Teiee €1 | feeris w1 o wife)

(iii) 0.5 A/ TIATA TE 1.0 7t THifesh 377 ¥ YRY i3d g 293K 9 W FD
T 9 UIA TEee & 0.214 Wid 9 T O =1 | w©fad 8 T

437K A9 W feid & PCL, 1 Teh T T Felresh | feran 21 | Tifid gF ®

PCI, %1 Wizl 0.5 X 10" mol L' o 7, afk K_ 1 7F 8.3 x 10738, @ ¥ W

PCL, W Cl, %! Higarg =1 eitii?

PCl, (g) = PCl,(g) + ClL,(g)

e Ik ¥ @ 90 99 S sifafEan g §, 97 S (I1) SAfdEe 1 wred

HHIFEE o g1 ST € T 69 wifes @ie T CO, faerd 2

FeO (s) + CO (g) = Fe (s) + CO, (g); K,=0.265 atm at 1050K

1050K W CO Wd CO, = | W AMMH <@ 1 B, Al S¥eh GRI9h 37iferen

T B

Peo= 1.4 atm T p.,, = 0.80 atm
sfafssan N, (g) + 8H, (g) = 2NH, (g) = fau (500 K W) &= feris K, =
0.061 3| T fagis g9g o fagor 1 Toeq 36 YR 2—

3.0 mol L' N, 2.0 mol L' H, W& 0.5 mol L' NH, 1 siffsan @ ® 22 3k
&, @ W Tfud s o o sttt fee faen o s ghf?

S THETEe BrCl faufed g sidie T aaie <d1 ¢ aen 9 wenfud g 7
2BrCl (@) = Br, (@ + Cl, (@

3Tk fTT 500K W K = 32 ¥1 3k TR9 § BrCl &1 9z 3.3 X 10° mol L&,
e W g0 § SHRT Figdr = B2

1127K T 1 atm @ R CO @1 CO, o T fasmn H wramemen | S eq §
90.55% (R ) CO 2l

C(s) +CO, (g) = 2CO (g

IWe q9 R Al % fag K o6 A7 &1 10 i)
298K ® NO T O, ¥ NO, ad &—

NO (g) +'2 0, (g = NO,(g)

sAfufsran o faq () AGe wa (@) 9= feemiss =1 ORI Hifsu—

Rationalised 2023-24
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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 Hill w1 HEA dgdl @ A1 T @ 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 < 9gM R SF-®E d Afufmard yarted enf? 98 o gard f&F e
qiedd 0 W AfAfran 3w =1 wdtg fen § fqas gi?

(i) COCL (g =CO (g +CL (9

(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 W 9= feeri® 1.6 x 10° 21

H,(g) + Br,(g) = 2HBr(g)

If% HBr % 10.0 bar Hiega o ¥ S/el oMY, df gft 5l o 1024K W 9 &
BRI

frrfafaa S sifHen o STaR Sfrdiwo g SEeRgeH 19 wrefaw 16 4
WS T ST B

CH, (g) + H,0 (g) = CO(g) + 3H, (g

(F) ST sfufshan = fere K 1 =ik fafem

(@) K, srfafman fem 1 9 R H9ed fohg gehr gefed g, 4t
@) =@ e fear s

(i) a9 s fan S

(iii) 3TUF TFF fRa SMQ

= 2H,(g) + CO (g) = CH,OH (g) T 941 =i~

(%) H, fream =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeacige PCL % famed & faw K, &1 71 8.3 10581 4z fomes
39 WhR SR WY, df PCL (@) = PCL (g) + Cl, () AH° = 124.0 kJ mol!

Rationalised 2023-24
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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 FfR (i) 3R ek PCL et ST, (i) 1@ TG0 S0 9T (i) @ agrE
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 sAfufsRer § ger e § CO e H, St 81 3§ 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 9 1 FHARK H501 30 YR foen sy fo

Pco=Pi,o=4.0bar, H, 1 Sl W S 16 901 &2 400°C WK = 10.1

Farsy for fAfafed o 9 fora sfafsran o s1fyerenl e SRl i Aisa gued sif—
(F) Cl, (g = 2Cl(g) K, =5 %10

(@) CI, (g +2NO (g) = 2NOCl (g) K.=3.7 x 10®

()  Cl, (g) + 2NO, (g) = 2NO,CI (g) K.= 1.8

25°C W 1w 30, (g) = 20, (g) & T K &1 71 2.0 X 10508 A% 9]
25°C A9 W O, %1 e igdl 1.6 X 1028, a1 O, 1 Higdl 1 BFi?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =1fufswan s frex % d 1300K T
TR ¥ €1 389 CO % 0.3 i, H, % 0.01 Hid, H,0 % 0.02 el T CH, &
T W 71 KU T q R sfufwn o fow K 1 7E 3.90 21 fasm ¥ CH, %1 A
BRI

G eTe- IR o 9 o1 @7 fefefaa wiefis & forg ggredt srey/am sde—
HNO,, CN-, HCIO, F -, OH~, CO} TiS?*

frafafad & & #1 9 o o 27

H,0, BF,, H* & NH

et sserl o foag S Rl o 3 ferfen—

HF, H,SO, ™ HCO,

T NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, 2337 T &Reh—ari &1 A i &
g1 T o W 3T qel el SISy

Frefafad Thefs & TE9 o7 q &N | afiehd ohitelg a2 Jarsy ff 3 fFd TR
TE ST-4NE o §OH w1 FW - (F) OH- (@) F- (1) H* (¥) BC,

T g U9 & T H TESeH AP F1 FiEdl 3.8 X 10°M 21 SH*T pH uiehfaa
HifSTl

foReh & U A *1 pH, 3.76 €, 3UH TEeH AFH HT Figdl A 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)

Rationalised 2023-24



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 ®ine faoae o I6eh & &1 A7l 91 Hifa)
H,S W1 J2iM ST feeri® 9.1 x 10481 3k 0. 1M faeem § HS- st &1 i
T UM HITC qe Farsy fF afs 89 0.1 M HCI ot 3ufeerd 81, @ wigd e TR
wofiferd BT, AfE H,S =1 fgdt 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 faers W gu fefafea fafes i & pH 3@ i)

(%) 0.003M HCI (@) 0.005M NaOH
(7)) 0.002 M HBr (%) 0.002 M KOH
frefafed faee o pH 3 shifsu—

(%) 2 7MW TIOH = 91 ¥ =ieeht 2 feex faeem smn sy

(@) 0.3 U™ Ca(OH), =l S | =ietsht 500 mL feferda smran s

(31) 0.3 IM NaOH =i 5@ ¥ =@t 200 mL fae=s a=mn sy

() 13.6 MHCl & 1mL &l & § G0 ek el e 1 e feren sy
SHICHifee S BT ST 1 A1 0.132 10. 1M 37 &1 pH q2 pK, 1 A1 T
it

0.005M #EH (C H, NO,) fer %t pH 9.95 7| 30! o feerish T Hifs)

18 21

0.001M Tl fera &1 pH 1 22 Tl &1 1o feerie arolt 7.7 9§ & gahd
T 9% W ST 1 SR feeRle | ifS)

4tz 0.05M TEiife 37 o pK, 1 HH 4.74 8, W ST 1 761 A0 Hiem) afg
T8 (1) 0.01M (¥) 0.1M HCI faeram & ren S, @ faese &1 461 f7g ya6R
goifed g 82

TR THA &1 2T e 5.4 X 104281 39 0.02M fore™M &1 ST &1 90
1 AT Hifeu| If€ I8 faeaa NaOH 9fd 0.1M & df SEAIfA THHE 1 giaee
AT T BAM?

frefafaa St o, {5 pH & 7T €, 1 SrReisH 1a" Wigdl ufshiord shife—
(%) HHET W 59, 6.83 (@) ¥9Ma 374, 1.2
(7)) HHa wR, 7.38 (9) Mg @R, 6.4

TY, I, TAR WM, 719 T 201 318 &I ¥hal & pH &1 91 %HA: 6.8, 5.0, 4.2,
2.2 91 7.8 31 Y% & HTd H* 3@ 1 Higdl T 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), foer =t focrat 19.23 g/L 71 Wi qen g s &1
qigar den foee &t pH 91d &l

Rationalised 2023-24
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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
EIRECIEI

IfE " 37 (HCNO) & 0.1M faerd &1 pH, 2.34 1, @ 37 oh 3T feeien
eIl ST i AT H1G S

i Mg2H 3T 1 SFA feeir 4.5 x 1048, a1 0.04M Hifeaw "reerse fae 1
pH T SIS 1 AT A1 i

Iz diifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ €M &
S feerish T1d FifSTl

Frefafed oo o Sefa foeet oF IEH, STl qe S 8 i IR hifu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARITE IR 31t o1 EH Teeiss 1.35 x 10381 0.1M 1= a2 36k 0.1M
Hifeam @01 i pH I1d &S

310K W S &1 A& UHE% 2.7 X 1071471 g6 dr9shd W SIH wet 1 pH
EIRCIEI

frafafaa fason &1 pH wRefaa Fifsm—

(%) 0.2M Ca(OH), %1 10 mL + %1 0.1M HC1 %125 mL

(@) 0.01M H,SO, %1 10 mL + 0.01M Ca(OH), %110 mL

(7)) 0.1M H,SO, %110 mL + 0.1M KOH %110 mL

faeer shive, IREw HiHe, hike TESlEe, T FaNEs a0 HR™ THeEs faeaq

T AR 6.9 ¥ U T foerar ToAwa femis &1 Ferd 9 faerar 1 sifae qen
YAE I H1 Aiowdl 9 A Hise)

Ag,CrO, e AgBr 1 faetal uHwel fEeris sH: 1.1 x 10712941 5.0 X 10718
21 S9oh Wgw Tao@ 1 HioRdl 1 S 6 S

I 0.002M HiEdET Hifean e a2l ek FARE foiera o HHM TR ohi THe
ST, il A1 <RI A R ST EAN7 (IR e & UK =7.4 X 10°)
SIS STt h1 ST e 6.46 x 10757 faeer S &1 K 2.5 x 1071
21 3.19 pH et I foerm & fea S=iwe Sl 1 qorn o fohan T faem gm?
T Hethe A WITESTH Heh1Se o THAICR foeraHi w1 Stfehad Figdl Saisy el Soh
TAM AFqd AN W TRA SewEs daefad 7 8l (TPRT 9ewiEe o fag
K =6.3x10"%)

| T Sh{eEH Tethe i Siei o foIq H § & feha- STaa STl w1 Sagaehal git?
(hfewam Fethe & fag K =9.1 % 109)

0.1M HC1 ¥ TESiSH Te%iEe § Hqw faemm 1 @igar 1.0 x 109 M 21 9% 39
foer@a 1 10 mL ffafed 0.04M fae@a & 5 mL Sten s, @ fo faeam 9
3faed 9l em? FeSO,, MnCl,, ZnCl,, T CdCl,.

Rationalised 2023-24
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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 1 299792458 W, T8 ms ! W W e fRan S €, Sl
Yo ®1 Hifeem emafa A/, & T& § ufenfyd faman s 2, & E 2

feretama : ferctium, fSTgeht Gehd kg €, SA9H &1 SI A 81 $8eh! IR, wiish Fadis
h &1 f71a G@Ies UH 6.62607015%10-% We 5 Js A o oFad fohan S €, i kg
m?s! o GHF Fa1 & el el iR Yohe ¢ I AV, o & § gRefid ke S R, &
T 2

Yehe : Tohe, foweht Hopd s B, THA 1 SI A &1 THH! IR, Hiwww s A,
St HfTEH-133 TRAT] Y} 3tefed Pl STare sifaged Gl Sgi €, 1 foa gers uH
9192631770 WY TS Hz AEehi, St s o SRR Bidl &, § oFed feherl o €, €t 8 ?

U : Ufter frgent dohd A ®, faga-omt &1 SI Ak €1 591 R, Tt 3Te9 ekl foa
T T 1.602176634x1071° Wk, T8 C #h Sl As & oeR €l €, W8l Uehe i
NV, o W& H ofemfaa feer st @, # e feen s @, & S €

ohfeam : Shfcar et Hehd K &, SOATIGe 19 1 SI A 21 ! TR, Sie@aH
fradi®, k&1 a0 9&® 7M 1.380649%102 @ik, 5 JK! 915 H, S kg m2s2k-
1 % R B ¢ Wl R, e 3R Wehe ®l h, ¢ SR AV, o T W gRefed fRa
ST €, oA TR St ®, T 2

'&lﬁztﬁﬁ(mole)ﬁlﬂwmﬁﬁ(mol) %,Wﬁaﬁmm&m%%ﬁaﬁaﬂiﬁ
6.02214076x10% & AYT U1 B &1 T8 HEAT, STETMR fEerish, N, 1 o e 7=
Il © 519 3H mol! AES H e TRl S € 3R 38 SIS S et S §1 ot frehma
o ugred T W, Wehd n, TafiTe 9ol SN 1 W@ 1 AWM Bl 81 3 G w1 Th GWH],
0], M, AR, HIE 3T HU1 A1 FI k1 fafere a9e e g B

IO : Sheell Ee Tohd od B, & T fen § Swfa-fioran 1 SI AT @1 gHeRT i,
540%10"2 Hz S died Teharofl fafetor shi <ie qeierehal, K, =1 90 S&Acsh qH 683
TR 59 IH Im-W-! ok Al B e fohdl S S ed-sr-W-!, AT ed sr kg ' m2s® o &R
< 81 Wl fohaim, MeX ok wehe B h, ¢ SR A, & § oRwfed fn s g, @
T R

(7T fEu e ydteh fawursdia o= are €, ferelt gadt a1 fepe ® 3% ufiafda 7t e
=feul)

Rationalised 2023-24
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v, STeh! UTHTI-HEAT 3T WeR-geqde

W fogm
qRfyTe I

a HeRd TR o™ a Tehd RACIE e

(g mol—l) [g mol‘l)
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
e Bk 97 (247) reiferas No 102 (259)
S Be 4 901 m Os 76 190.2
foremer Bi 83 208.98 ST o 8 16.00
St B 5 10.81 TRIERIE P 15 30.97
S Br 35 79.91 wife™ Pt 78 195.09
Frefrm cd 48 112.40 eIt Pu 94 (244)
e Cs 55 132.91 RURIEEL! Po 84 210
feam Ca 20 40.08 referm K 19 39.10
e cf 98 251.08 sfeeifefm Pr 59 140.91
Fr c 6 12.01 wrferm Pm 61 (145)
Hifem Ce 58 140.12 Trefrefrm Pa 91 231.04
Fer cl 17 35.45 feam Ra 88 (226)
Hifwm cr 24 52.00 A 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 926 247.07 wfafean Rb 37 85.47
gEtEm Db 105 (263) wefifrm Ru 44 101.07
fewgifaem Dy 66 162.50 TIHITETH Rf 104 (261)
aTEAfEm Es 99 (252) Tafem Sm 62 150.35
stfiem Er 68 167.26 whirgan Sc 21 44.96
ERUERE] Eu 63 151.96 wratfrem Sg 106 (266)
Wiy Fm 100 (257.10) foaefifran Se 34 78.96
TSR F 9 19.00 fafas Si 14 28.08
wigay Fr 87 (223) faeer Ag 47 107.87
Treifafem Gd 64 157.25 Tifgam 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
faeen Hf 72 178.49 EcaiiNpE] Te 43 (98.91)
2w 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
A 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 Ia 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
wiferrm Li 3 6.94 Tfeam v 23 50.94
wiferam Lu 71 174.96 IEEIE] Xe 54 131.30
HrAife Mg 12 24.31 zefirm Yb 70 173.04
a"'l‘ﬁﬁ Mn 25 54.94 g‘[;c:q'q Y 39 88.91
fafem 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
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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
it (59) 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
AR 0.460 25.1
AL 0.385 24.7
TgtaftEm 0.902 24.35
ikl 0.128 25.2
THTEE 0.720 8.65
@ HDS M i A 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

TR FARES 29.6 21.0 8.60 1.39

e HHISATFIES 29.0 21.0 8.00 1.41
Frawamore f

B IECAt it | Cati Y 39.0 30.5 8.50 1.28

HTET SRS 37.5 29.0 8.50 1.29
TEATHTIT

D5 53.2 44.6 8.60 1.19
*ehae] TAMIAUE TSl it

FEIMIaE, 9 3R ol S
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216 ECIREICEIE]
ufRfdre Iv
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 x108 coulomb/g 1.7588 x 10! C/kg
THHM Rl ST e/m
SRR ST e 1.602176 x 1079 coulomb 1.60219 x 1019 C
4.8033 x 10719 esu
fasma-staen o m,  9.109382 x1028 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 1024 g 1.674927 x 1027 kg
=[ZF w1 FHAM 1.008665 u
iR ferieh h 6.6262 x 1027 ergs 6.6262 x 103*J s
fargm- stareen # m, 1.6726216 x102* g 1.6726216 x10%7 kg
e 1 FHH 1.007277 u
Rea feemis 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
(Frata @) (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

FHAM T | & G HIAh
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 WAV SoHH HHh
1 THY] $eFHM = 1.6606 x 10724 TH
1 Wifet 29 = 1000 et
= 2205 die

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

1 forex = 1 =@ iR = 1000 ==

HIHR = 0.001 FFHK

1 foefiferer = 1 =@ FdH = 0.001 fa
= 1.056 x 103 FAS

1 5% = 28.316 foleX = 29.902 Fares|
= 7.475 oM

STt Rl |THT |
19 =1 x 107 ergs

1 S5 TEEE Sheari*
= 4.184 9
=4.184 x 107 ergs
=4.129 x 102 faeX agHeA
=2.612 x 1019 SHRMA e
1 ergs =1 x 107 @ = 2.3901 x 1078 Hart
1 SO dlee = 1.6022 x 107195«

= 1.6022 x 10712 erg
= 96.487 kd/molt

1 foret-amgHed = 24.217 ARt
=101.32 5@
=1.0132 x10° ergs
1 fofeer o1 w1 95 = 1055.06 S[A
= 1.05506 x10'° ergs
= 252.2 HARI
TETS Rl WA |
1 $91 = 2.54 WHeT (Afew)

1 Hel = 5280 feet = 1.609 fHaHRX
1 TS = 36 inches = 0.9144 HX
1 "X = 100 centimetres = 39.37 9
= 3.281 BT
= 1.094 TS
1 fel™iex = 1000 HIR® = 1094 T
= 0.6215 Hid
1 TTEH = 1.0 x 108 HIHXR
= 0.10 "R
= 1.0 x 10710 TR
=3.937 x 10° 39

qor* T IE@ 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 8, Sl Th Yohs @H R | fretimg sequm &1 1 et

gfd AT 1 A Y Hl Bl

* FoA] 1 o W, S | UH STl 1 99 14.5°C ¥ 15.5°C @ SgH o fou Evas et 2l
t oM ® T o A ufaeu €, = 6.022 <1023 @ TN %A1 e, difeh GEl-GEl ge €l wehl

Rationalised 2023-24
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W fogm
TRy VI

298 K W FWNqehid 3TThs

AT eh gared
; . e, : . i i
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
SbCl,(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
Elret)
Ba(s) 0 0 62.8
Ba®(aq) -537.64 -560.77 9.6
BaO(s) -553.5 -525.1 70.42
BaCOj(s) -1216.3 -1137.6 112.1
BaCO,(aq) -1214.78 -1088.59 -47.3
R
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

Rationalised 2023-24

(ST)
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Tated HeaT e, fiem dyaT 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
BT
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) 185.1 124.7 201.78
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
CuSO0,.5H,0(s) -2279.7 -1879.7 300.4

“ TelfeR AR o Ty e wroft g6t fawar & am & ) (1)



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,O0(l) -285.83 -237.13 69.91
H,O(g) -241.82 -228.57 188.83
H,0,(1) -187.78 -120.35 109.6
H,0,(aq) -191.17 -134.03 143.9
-
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

Rationalised 2023-24
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R 221
Taret HeaT e, fitest wwerd S, i, *
AH®/ (kJ mol™) A:G®/ (kJ mol™) S°/(J K mol™)
7
Hg(1) 0 0 76.02
Hg(g) 61.32 31.82 174.96
HgO(s) -90.83 -58.54 70.29
Hg,Cly(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,4(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,CI(s) -314.43 -202.87 94.6
NH,C1O,(s) -295.31 -88.75 186.2
s
0,(g) 0 0 205.14
0,(g) 142.7 163.2 238.93
OH (aq) -229.99 -157.24 -10.75
FIEHERT
P(s), white 0 0 41.09
P,(g 58.91 24.44 279.98
PH;(g) 5.4 13.4 210.23
P,0,0(s) -2984.0 -2697.0 228.86
H,PO,(aq) -964.8 — —
H,PO,(1) -1266.9 — —
H,PO,(aq) -1277.4 -1018.7 —
PCL,(1) -319.7 -272.3 217.18
PCl,(g) -287.0 -267.8 311.78
PCl(g) -374.9 -305.0 364.6
\ 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), HHIfATTR 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

Rationalised 2023-24

(ST)
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Taret HeaT 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

*IfTa Al o foau ek foera i o T 1 7 S § H o fau 0 ame fuifa fman s @ ok a9 gas st
1 Ui THer Wue YR w1 S 1 SHfOTY SEUTCHs Urdt @ ®, i Sl § H w1 o7en & 9 & 2l

Hreer 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
CyHy(g), 9= (Urdmeei) -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 (), 3R -5471 -249.9 6.4 358
Tehlgic? SR forrer
CH,OH(l), #eHra -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,H,OH(g) -1409 -235.10 -168.49 282.70
CH5OH(s), W -3054 -164.6 -50.42 144.0

(ST)

Rationalised 2023-24
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uaref EEa] RG] firsst wyvem

T, T, T, T,

AH°/ (kJ mol™) AH®°/ (kJ mol™?) AG®/ (kJ mol™) S°/(J K™ mol™)

FTalfFAfcT 35T
HCOOH(l), ®ifHer 31 255 -424.72 -361.35 128.95
CH,COOH(l), THifesw 31 -875 -484.5 -389.9 159.8
CH,COOH (aq) — -485.76 -396.64 86.6
(COOH),(s), 3ifufas o 254 -827.2 -697.9 120
CzH;COOH(s), J=ilzh 3T -3227 -385.1 —245.3 167.6
doeteree ik #iaH
HCHO(g), Hga 571 -108.57 -102.53 218.77
(formaldehyde)
CH,CHO(l), e -1166 -192.30 -128.12 160.2
(THRewETRTES)
CH,CHO(g) -1192 -166.19 -128.86 250.3
CH,;COCH,(l), Wra=H -1790 —248.1 -155.4 200
(TEer)
IHT
CeH ,,04(s), TEHE -2808 -1268 -910 212
CeH;,04(aq) — — -917 —
CeH ,,04(s), RIS -2810 -1266 — —
C,,H,50,,(s), T -5645 -2222 -1545 360
CO(NH,),(s), Jfen -632 -333.51 -197.33 104.60
C H NH, (1), tfefd -3393 31.6 149.1 191.3
NH,CH,COOH(s), @& -969 -532.9 -373.4 103.51
CH,NH,(g), Hfererasi -1085 -22.97 32.16 243.41

Rationalised 2023-24
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qfefors 225
TfRfdre vII
SEA TETEfe RH W 298 K W UM fawa
aTuerae atel arfafsran E°/V aTuerae atel arfuafsran 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
S,0% + 26 — 2505 +2.05 O, + 2H,0 + 46" — 40H #0.40
Ag +e— s Ag' +1.98 CIO; + H,0 + 2¢" —> CIO; + 20H +0.36
Co™ + ¢ 3 Co?* +1.81 [Fe(CN)g* + e — [Fe(CN) " +0.36
H,0, + 2H" + 2¢" —> 2H,0 +1.78 Cu”s+ 26 —> Cu .34
At b e Au +1.69 Hg,Cl, + 2¢” —> 2Hg + 2CI +0.27
Pb* + 2~ — 5 Pb2* +1.67 Ag3(+21 +e — Ag + CI' +0.27
9HCIO + 2H' + 26— Cl, + 2H,0  +1.63 S St +0.20
- o SO? + 4H" + 2¢" —> H,SO, + H,0 +0.17
Ce+e——Cer +1.61 Cu®+e — Cu' +0.16
2HB1:O + 21:1 + 2_e — BI;% +2H,0 +1.60 Sn* + 2¢ — 5 Sn2* +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 —s Ti** 0.00
Au® + 3¢ —> Au +1.40 OH' + 26— H, 0.0 by

Cl, +226_ — 2CI° +1.36 'qﬁgq]'q‘li'\qﬂ
Cr,07 + 14H" + 66 — 2Cr*" + 7H,0  +1.33 Fe® + 3" — > 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 Intf+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' + € — 5 NO, + H,0 +0.80 Ti" + & — Ti*" -0.37
Ag +e —> Ag +0.80 Cd> +2e — Cd -0.40
Hg?+2¢" — > 2Hg +0.79 In23+++ e'_—> In*2+ -0.40
Fe® + ¢ — Fe?' +0.77 Cr2+ +e — Cr -0.41
BrO + H,0 + 2¢ —> Br + 20H +0.76 e +2e ——Fe ~0.44
Hg,SO, +2¢”— > 2Hg + SO +0.62 ™+ 2¢ — In 0.44
MnOZ?+ 2H,0 + 2" — MnO, + 40H" +0.60 ISn: -2+ee-—_>>81n2+ :;ig
MnO; jr e - MnO7 +0.56 U™ + e s U —0:61
I? F269— 2I +0.54 Cr¥* +3e —> Cr -0.74
I, +2e — 3I' +0.53 Zn® + % — 5 7n 076

()



226 WA fagm
oo 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

Rationalised 2023-24



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 ©) 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

Rationalised 2023-24
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228

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 5) 5 6
64 8062 |8069 | 8075 | 8082 | 8089 | 8096 | 8102|8109 | 8116 |8122 1 1 2 3 3 4 5 5 6
65 8129 (8136 | 8142 | 8149 | 8156 | 8162 | 8169|8176 | 8182 | 8189 1 1 2 3 3 4 15, 5 6
66 8195 8202 | 8209 | 8215 | 8222 | 8228 | 8235|8241 | 8248 | 8254 1 1 2 3 3 4 5 5 6
67 8261 (8267 | 8274 | 8280 | 8287 | 8293 | 8299|8306 | 8312 [ 8319 1 1 2 3 3 4 5 5 6
68 8325 (8331 | 8338 | 8344 | 8351 | 8357 | 8363|8370 | 8376 | 8382 1 1 2 3 3, 4 4 5 6
69 8388 (8395 | 8401 | 8407 | 8414 | 8420 | 8426|8432 | 8439 | 8445 1 1 2 2 3 4 4 5 6
70 8451 (8457 | 8463 | 8470 | 8476 | 8482 | 8488|8494 | 8500 | 8506 1 1 2 2 3 4 4 5 6
71 8513|8519 | 8525 | 8531 | 8537 | 8543 | 8549 8555 | 8561 | 8567 1 1 2 2 3, 4 4 5 5
72 8573|8579 | 8585 8591| 8597 | 8603 | 8609|8615 | 8621 | 8627 1 1 2 2 3 4 4 5 5
73 8633|8639 | 8645 | 8651 | 8657 | 8663 | 8669 | 8675 | 8681 | 8686 1 1 2 2 3 4 4 5 5
74 8692 |8698 | 8704 | 8710 | 8716 | 8722 | 8727|8733 | 8739 | 8745 1 1 2 2 3 4 4 5 5
75 8751 |8756 | 8762 | 8768 | 8774 | 8779 | 8785|8791 | 8797 | 8802 1 1 2 2 3 3 4 5 5
76 8808 (8814 | 8820 | 8825 | 8831 | 8837 | 8842|8848 | 8854 | 8859 1 1 2 2 3 3 4 5 5
77 8865 (8871 | 8876 | 8882 | 8887 | 8893 | 8899|8904 | 8910 [8915 1 1 2 2 3 3 4 4 5
78 8921 (8927 | 8932 | 8938 | 8943 | 8949 | 8954 | 8960 | 8965 | 8971 1 1 2 2 3 3 4 4 5
79 8976 |8982 | 8987 | 8993 | 8998 | 9004 | 9009|9015 | 9020 | 9025 1 1 2 2 3 3 4 4 5
80 9031 (9036 | 9042 | 9047 | 9053 | 9058 | 9063|9069 | 9074 | 9079 1 1 2 2 3 3 4 4 5
81 9085 (9090 | 9096 | 9101 | 9106 | 9112 | 9117|9122 | 9128 [9133 1 1 2 2 3 3 4 4 5
82 9138 (9143 | 9149 | 9154 | 9159 | 9165 | 9170(9175| 9180 [9186 1 1 2 2 3 3 4 4 5
83 9191 (9196 | 9201 | 9206 | 9212 | 9217 | 9222|9227 | 9232 | 9238 1 1 2 2 3 3 4 4 5
84 9243 (9248 | 9253 | 9258 | 9263 | 9269 | 9274|9279 | 9284 | 9289 1 1 2 2 3 3 4 4 5
85 9294 (9299 | 9304 | 9309 | 9315 | 9320 | 9325|9330 | 9335 | 9340 1 1 2 2 3 3 4 4 5
86 9345 (9350 | 9355 | 9360 | 9365 | 9370 | 9375|9380 | 9385 [ 9390 1 1 2 2 3 3 4 4 5
87 9395 (9400 | 9405 | 9410 | 9415 | 9420 | 9425|9430 | 9435 | 9440 (0] 1 1 2 2 3 3 4 4
88 9445 (9450 | 9455 | 9460 | 9465 | 9469 | 9474|9479 | 9484 | 9489 (0] 1 1 2 2 3 3 4 4
89 9494 (9499 | 9504 | 9509 | 9513 | 9518 | 9523|9528 | 9533 | 9538 (0] 1 1 2 2 3 3 4 4
90 9542 (9547 | 9552 | 9557 | 9562 | 9566 | 9571|9576 | 9581 | 9586 (0] 1 1 2 2 3 3 4 4
91 9590 (9595 | 9600 | 9605 | 9609 | 9614 | 9619 9624 | 9628 | 9633 (0] 1 1 2 2 3 3 4 4
92 9638 (9643 | 9647 | 9652 | 9657 | 9661 | 9666|9671 | 9675 | 9680 (0] 1 1 2 2 3 3 4 4
93 9685 (9689 | 9694 | 9699 | 9703 | 9708 | 9713|9717 | 9722 | 9727 (0] 1 1 2 2 3 3 4 4
94 9731 | 9736| 9741 | 9745 | 9750 | 9754 | 9759|9763 | 9768 | 9773 (0] 1 1 2 2 3 3 4 4
95 9777 |9782 | 9786 | 9791 | 9795 | 9800 | 9805|9809 | 9814 [ 9818 (0] 1 1 2 2 3 3 4 4
96 9823 (9827 | 9832 | 9836 | 9841 | 9845 | 9850 9854 | 9859 | 9863 (0] 1 1 2 2 3 3 4 4
97 9868 (9872 | 9877 | 9881 | 9886 | 9890 | 9894 | 9899 | 9903 | 9908 (0] 1 1 2 2 3 3 4 4
98 9912 (9917 | 9921 | 9926 | 9930 | 9934 | 9939|9943 | 9948 | 9952 (0] 1 1 2 2 3 3 4 4
99 9956 (9961 | 9965 | 9969 | 9974 | 9978 | 9983|9987 | 9997 | 9996 (0] 1 1 2 2 3 3 3 4

Rationalised 2023-24
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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 3
.09 1230|1233 | 1236 | 1239 | 1242 | 1245 1247|1250 | 1253 | 1256 (0] 1 1 1 1 2 2 2 3
10| 1259|1262 | 1265 | 1268 | 1271 | 1274 1276|1279 | 1282 | 1285 (0] 1 1 1 1 2 2 2 3
.11 1288|1291 | 1294 | 1297 | 1300| 1303 1306|1309 | 1312 | 1315 (0] 1 1 1 2 2 2 2 3
.12 1318|1321 | 1324 | 1327 | 1330 | 1334 1337|1340 | 1343 | 1346 (0] 1 1 1 2 2 2 % 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

Rationalised 2023-24
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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 3 4 %) 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

Rationalised 2023-24
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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

@) () (10°mm, 10" pm)

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

(i) 2.43 x 10°g (i) =

(iii) TTESSM sTfafshan &1 &M 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

(i 3 (ii) 4
(iii)) 4

39.948 g mol™

(i) 3.131 x 10*° 9]

TAA g5 CH, AR 98 26.0 g mol ', 310 I3 C,H,

0.94 g CaCO,
8.40 g HC1

(i) 1.099 x 1027 g/

(i) 13 TR

Tehth 2

(i) 5.48 x 1077 kg, 9.65 x 10*C

() 6.022 x 1024 s

Rationalised 2023-24

(it) 7.8286 x 10>* TTHI]

(v) 6.0012
v) 4



232

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> T@ K*
(@) =) 1s2 (@ 1s? 2s? 2pS; (M 1s22s22pb
n=>5
n=3;1=2m,=-2-1,0, +1, +2 (¥ T M)
(i) 29 WA
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 AT (&) 4f
(), (M 91 (=) Foa & 2

(@) 16 ZHRM (@) 2 TRM

n=2dn=1
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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 A9 B o RN SAEH ¢ HU IR B &, 991 Tioh A9k W HH He e
% U KT ¢ H01 Toefid e 2

foret feu U a<a o gEeenfieRl ® Wield St e THH a1 9HH WHTY] $HiE o fu seram g
=1 81 gehdt 2l

81
35

mer

Br

56 3+
ke

Hife fohTol > X0 > AUATT (amber) T > ARHIATT > TH.TH.

3.3 x 106 J

(F) 4.87 x 1014 sl (@ 9.0 x 102 m (7) 32.27 x 1020 J (=0 6.2 x 1018
10

8.28 x 10710 J

3.45 x 1022 J

(&) 2eelt o 2ef 652.46 nm (@) fafwTor #1 el el 4.598 x1014 571

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

4.48 eV

7.6 x 103 eV

3, 5

434 nm

455 pm

494.5 ms!

332 pm

1.516 x 1038 m

Rt =&t foman S Hehan it WEl A A=A ° w9 2

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

4p

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

Si

(=) 3 @ 2 (T 6 (=N 4 (&) zero
16
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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 0TS € (3Tse Soll Gt €It 1) A1 AH 0TcHsh 21 (S70pef § Remvpes &) qor o %8

ST Bt 21)

0.164 kJ, Afafman Tod: yafdd =& <
-5.744 kJ mol!

NO(g) 3=l 7, 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 1075

[N,] = 0.0482 molL", [O,] = 0.0933 molL", [N,O] = 6.6 X 102 molL*
NO 3 0.0352 mol @@l Br, 3 0.0178 mol

7.47 x 101 M"!

4.0

Q, = 2.397 x 10°. &I, sfufshan wr=mewen | & 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 = [pBI‘Z]eq = 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=1.5x 10", HCOO= 5.6 x 10'!!, CN= 2.08 x 10°

[l )= 2.2 X 106, oc = 4.47 x 105, Qifgaq ®iAce foe=a 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

[AT] = 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, =1.6%x 10" pK =5.8

a=6.53x10*% 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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HCI [S*¥]=
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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. %! 3UIfd § 0.01M HCI, a = 1.32 x 102
K_=2.09 X 10 T ¥ 1 A = 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) 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; S{FH HHS S = 1.1 x 10-°M; Ba2* Gl CrO,> Y& 1 HeRdl =

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

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

Cl- %1 HIORAT = 3.18 x 102M; AERIH 3TEEE S = 2.24 X 1071°M;
Hg,?" %1 HIGRAl = 2.24 x 10°°M 1 1 S A = 4.48 x 107°M
fear e eifes foo™ @ qen HioRdl =1 9 = 91.9

g rFaT &

feer deiue 3.317 1 s foed B

et &t SAfushaRy HieRdl 2.5 x 10°M

2.43 WX =t

FHeHEY geee foeaa § gavor g
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