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C2IECD 6.02214076x10%* & TAYT U1 B ¢ TE HEAT, &M fEerieh, N, 1 o
GEATHS M Bl @ 56 SH mol ! A | =ek fohall STl © 31k 36 &gl e
el o 2| FeRdt freh o usred w1 9, wehd o, fafere o wi w1 gen #
AT Bt §1 A A HU1 Teh AT, Y], A, TAGRA, FHE A FT A HON

o1 fafere Tge & 9 2
ifa-digar &1 |Fem | hSen FTHeRT Tehd od 7, S T e § Sfa-iear 1 SIAE @1 s8Rt i,
HqHAE 540x10'2 Hz 4 el Teherolt feifertor st < weifareal, K, 1 ad Hemcrs 1

683 WhY 99 3H Im-W-! o HEhl § e fHdl ST S cd-sr-W T cd sr
kg m?s® o SRR BT &1 e fehaimm, Hex 3R Fehe Fi h, ¢ 3R AV, F W
¥ ftfoa foren s 2, @ R 2
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HIUS oF =T |k AT TTILI0T

SR SO ST ST TR €, AR 1 Fer (ufRfere
‘%') T TR RGO THT S HY-|ie uRafdd
Bt €| 59 ot T fagial w1 eroArRy fRdt fae
TS o HIA &1 Feefal | 99w gig i T, HeX
Gy (T 1875 H BE1&iia) o HeH <30 SH HAEAH
1 Sfo=ies aRer  qRed S o Ty eHd
B T 9 GfEd TS e et <w |
T T 119 foaam S (NMI - Re Hiiersit
Theeqe) , S AT o W H1 @ w2
7z foriert ¢ el fro T siife g
(NPL e Tthfsishel oleiled) =1 & T 21 39
AR § W99 o HEeh] o STHR el Sca-
HTehi i ATl i o forq i Feiia forg o @
AR A9 o THT AMFH] Hi @A HT Wl
Y= sty o o] 59 W] i ol fawdl & 3T
T AT o S =0 | wiafted Amel o
T T S 2

AfeTeRT 1.3 SI UGld § Wga gaer

TR Fohd

10724
10—21
1018
10"
1012
10
10
1073
102
10!
10
102
103
106
10°
102
105
108
1021
10%

e BE B D -0 NS

EEREEEEFEELEFEER R EAL

<~ N© w3 QRS

e fagm

1.3.4 AN 30T O

ot erel 1 T SHY Sufterd §e7 H WM ®,
Safer fordll % 1 YR SHW eNHarel o o 2l
forelt arel 1 gorwE feer g ®, WY SEe WK
Ted § e o &RU T & ¥ S M W
ST-3TeT Bl Gehell B1 391 37 <A1 181 o M
R foue e @A =)

T § fRdt usiel oF gerdm o eAfues
TR A o forg avelfoes qen (Fast 1.5) @
IYF TR ST ©

TR dleh

\

w’T
\
RIEREES
CIRED
e
i
\

J / \
T S A
IRLENED
ferT 1.5 dveifie gorr

S diferent 1.1 | o= e ®, Se9HE &1 SI A
‘feprelioma’ €, wq YR § 3Hoh sid W um’
(1 T = 1000 U™) 1 940 foFan ST e,
FHifr TEEtTe Afqfmanst # ot usief i
oIl W T € STE fehar S )

1.3.5 3TTEaT

fepedt wrel GRT SR gU T i A hed B 1 ST
o ue (aErg)’ @ el 1 eTd: SI UG H St
1 WS m® Bl §, W TEETh FArnensti ¥ gad
Yk S o1 A 7 feman Sl B1 314 SFA
%1 3 IR W em?® I dm® o Teh] § ook e
S 2

Tal o STEdA W Ao % fern g faer (L)
T &1 YA fhan sl ®, St SI Aee e 2
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WA fagm #1 $8 qa STauRemg

1L = 1000 mL 34l 1000 cm?® =1 dm?®
fa 1.6 § 319 39 o 1 STEr 9 2@ g 2

JANTITE B Soll A1 faer i o ST i "I o
Sl B AT GRS SYEN F1G A
forere M o foru foran S 81 |19 o 39 YOl
w1 fo 1.7 o T = 2

1.3.6 g
SR afofa Al o = w9 g gafua 2

SAHT

Y = ———

ERCEl

fordt ggrel A1 S STk Ufd ShTS AEAT I

AU BT 71 37d: T o SI A 39 YhN I
fFT o T © -

¥ T SI A =

= E'&n kg m—3
mS

SSIHT hl SI HIFh
AFIAT pl SI HIFh

g U SEd Sgl ©1 WA WA: Sl i
g em® ¥ T HW B, SRl FoAHHE H AW (g) H IR
I 1 cm® ¥ = TR san 2 forelt wered e
el I Al ¢ Toh SEH 1 fehad TrE—ur et
T AT ol Aferh © @ meht 1ol € fom wwied oF o
g TH—H e

1.3.7 diI

Y H A % O g Yme € - oc (fenl
fewaw) , oF (feilt wReEe) 3R K (Shfcem) | =&l
K (Shfeer) SIAME 21 37 UHMT OX menfia draeiay
=1 ot 1.8 o fe@mn o 21 |reroaEn Sfewras Jue
et ATt i 0° ¥ 100° d SAvNfeRa feran e
2, STel 3 < dI9 HEN: S o fedieh 3 Feerw
21 BRAEEE A W1 32°F 3R 212° o Hed o5
fan Smar ®1 e I YO R 99 TH-g I
frfafad w9 § Hafa 2—
°F=%(°C)+32

Shfead Yo Sfcoag 99@ 9 36 YHR gafd
F

K=°C+273.15

2020-21

3MIAT : 1000 cm3;

7 7 77
7 7

Z 7 Z U

v a
Z

Z 7
s 77

v

lcm

— 3 e

e— 10 cm =1dm —>/

Nl

1000 mL ;
1dm3;
1L.

T 1.6 g7 F1 FFF F & A9 q5F

s ro o Bl
{0 MV KV OO

(] v

)

25mL

q
=
@O J)

(

i

|

~

ENIETRES

feteX

STITTHMT Sedlth

fer 1.7 3= qr9+ & fafy—= 3y

~

373 K|+

310K |3
298 K

273.15K

U

100°C

37C
25C

0C

~

~

Hle—STel Rl 1| 212°F
FUATH
He naﬂa&mr;ﬂw 5|/ 98.6 °F
HeT qrq 77°F
STl <hl o
. 32 °F
fewis

Ffeam  afewaw TRAETEE
fara 1.8 a9 & fu=1-=1 dar aret argardt




10

wEH-AHh

foretiomy a1 HeX |SW WUF oF TR i GRHT
fafead w0 o TvEr SRl o weef-weT Y
STETTRA ST i, Ak T HATI-STHN i
A& fohal ST Hoh| Hiex-oef, fovada ganstt
I SUHTON ohl ok Trfansti gr sisnfena feman
T R, difh o favea /e weh, Wy e 9o
YA IUHN Tl FREt T3 oF HATe] HHehiha foha
T o1 T 1889 ¥ TSN 1 HIH fehetd 7, i
HIY o Toi H wifeT-3Rfeam (Pt-Ir) fafdst &
FoAM o ®Y § URWITG fRan W ®, S 9R qen
A9 oF AU U H T gaes fesl § @ gal
21 39 Ak ok feIq Pt-Ir s g 1 = fran
T, e TE et stfufma o i et @
SR @fq G HTe 6 THE T § FIE AR
T ST

FoAH o U B o Toly, SRfifehTor FereTefier
£ SHeh foIu STeTs feerisr o1 Fenefuver feftor
foran 5 1?1 Tk faeel w1 guiaiia somE o
T[S hi T&AT o Feed 9T W $H AT HHHh TR
F Hfxd 71 T Tk sfa, fad rfafas fafem
o fohted o TEATIENE B i Ta-Y SR AT STt
2, 1 g1 10° | TF 9 21 38 1l % e ok
w9 H TR & R mn ?1 iR off ugfeEt € wy
T 9 S o USfd o1+ Pt - Ir B o fahed & &9
o gref & T ULl Smren 1 S Gehdt @ foR oA
Tk W IS GYfed dehfeudh A faehfaa o s
k|

WA ¥ 0°C (273.15 K) W W T Pt-Ir B
R g ff=a fogl o e &t oarE o ' Hied! gy
e T oMl ¥ 1960 | HieX ®i g wl fohed
TSN (Laser) § ScfSid GRSl i qUT-S=d
1.65076373X10° A1 |1 Tl FEU I8 Tk
ST 1 WEl ®9 | g9idl €1 T 1983 § CGPM §N
i qdRfa foren T, s frefa o g gw
1/299.792 458 Wehe | T I TE T | waE AR
ToIHM 1 wifd o= e et o forg off wae
A 2l

R IE I CRIE

g A1 TfaeR BT TR 0°C | ¥ 9 (3120
HRUTCHR W) WfewTE YOM W Al §9d €, W
ehfce THM W A9 1 BT A G9e & @)

1.4 Ao W rFAf¥eraar

A o 19 W 3 IR g9 Ui Sfihel &
Y WY Hgifass TS W R T g €l
GEmel 1 Weldl 9 GEe w qel el
- qva fAfveaar & @y Fend wgfa wH H
iyl afier ot €1 3t wdl W A= fawr 9 faew
feran S w1 ?

1.4.1 dATTh Hohad
T o R SR eTupst & sterad 9 e
Bt 21 37d: TRl TR hi 26 BESISH o STU[A o
feTw 662, 200, 000, 000, 000, 000, 000, 000 SIE
IS & AT TR W] oh FAUH % AU
0.00000000000000000000000166 g St B HEA
o T 1 BT IS Hehdl 81 THI TR e e,
T T A, HON W e A § off W Y 7w
RO STE IR 9l gead gt §1 Th el o
e el BT A A A ) e SR e
TSGR o Tehdl €, Wq 39 de&mell & Y W
TfoTeTa e (S — ST, ST, O STl A N
<) T b A €1 S & TE fere &1 Wb e
e i oy fafEu o AW wiE it i
eI ShifSQ S/ 319 T o &9 | o =ed 8l
fSed o9 TEt YR ¥ I8 96e 9ok foh gened o
A T BT o o e 2

TH HicE &1 37 FeAet o fau o=, e
SRETAIhT Hohde oh SYANT §RI B fehal S Fehall €|
T Tehad H fedl of 9@ &1 N X10°F ®9 o
foran s 8, foed n =XErdis §1 SHE 7 e
A1 AUMCHE & Thdl © 3R N &1 dH1 1.000... 3R
9.999... o HEA HIE W HEA B Hehdl 21 N ! fefsre
= wEd 2l

3 A=A Hobd | 232.508 1 2.32508 X
102%F &9 ¥ feran Sran €1 &M <ifeie o tan fomed
Y9 TYHAE h1 o T 9 SR o S W e 3R
SR Fehed o o (2) 10 1 =R 2l
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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
o S A R SN AR Gohdd | (—4) =REiF

Aeh Hehad | oFekd TEAeT T Tfordg g
A 999 &4 fefafed ol 1 eaH o W =g
T[T 3R WRT ST
T q FTE 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

(9.8x10?) %X (2.5X107°)=(9.8 X 2.5)(10%9))
=(9.8%2.5)(102°) =24.50 X 10°®

=2.450 X 107

e

-3
%ﬂzj +5.5)(10°*) =0.4909% 107
O X

=4.909 x10%

TANT /AT AT TS
T wE & fau Tee demst & 36 YRR fore
TSdl ¢ o Sk =ETdish FHM Bl SEeh a1g HEa
%1 STl o1 SR S Ghal 2
37d: 6.65 X10* 3N 8.95 X10° T AT i o foIu
el SRl =R THM ik 39 bR foran St B
(6.65 X10% + (0.895 X10Y)
THeh 9IS &S i 36 YN S S Hehell ©—
(6.65 + 0.895) X10*= 7.545 X10*
T YhR & HEAE 1 Al uE S Hehdl B
(2.5 X10?) - (4.8 X1079)
= (2.5 X102) - (0.48 X10?)
= (2.5-0.48) X102 = 2.02 X102

1.4.2 Aredeh 3Tk

T YRS O0E H 9 A 9 AHedar steva g
2, THR SIR01 W I o1 WiTHaal To /9 ol oo

11

1 STl B SR Rl o 1 S W S

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 arffYEar B1 W qRomE Hed uRys R

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

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

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

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

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

el ffyea ot for@ o € e erfiye oish !
sffem o7k o &9 o foran i €, reifq Ak eq fomdh
oMy &t 11.2 mL o &9 § fad, @ &7 7% 99d

& fom 11 ffyem oiik 2 sifafyea € qon sifow of o

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

ﬁa?%ﬁﬁailﬁwﬁﬁaﬁmﬁﬁ%ﬁﬂﬁ

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

Tef feu o1 @ € -

(1) |l R 37k G1efsh B 21 S0 o feau—
285 cm | F @iefem 3 3R 0.25 mL A T
el 3 B

(2) oM - % U Ted A A I qrelh
T Bl TH Y[ ohad SxMad &1 fefd &
A &1 27d: 0.03 | heel b Wik 3 IR
0.0052 & 31 Grefer ik B

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

4) TFEt & &+ 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
IUFE BId1 €1 8H Ueh Wik 3k o forg 100 i
1x10%, 3 ek 3fehi o T 1.0x 10° Td A
refeh 3Rl & faT 1.00 x 10% fer@ wehd 2
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(5) o w1 T, 3 o foau 2 7 =41 20 Sl
o weler 3Rl i TEA 34 €, s 4 A €
Tenefueer G € $IR 3% Semerd foraeht SUeh
o Fd g for@et oreR TRl S Hehdl €,
SE— 2 =2.000000 7 20 = 20.000000 ek
Fopae o ford! gemst § w9l i e i 2
Id: 4.01 X10° ® i W 8.256 X10° #
TN e 3 2
R R W T % R A %

g 1 o Hdl ¢l WG qemefueRar fendl

fafsre yreifites 7 o ardfas 99 9 el W@ i

e HAT 81 SR o feru— afx fere aftomm w6

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

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

% Wgd UM B °h ®RU I UM URYMg €, W

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

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

oo 7 df aRgs € SR T & Fenefuten| ey fernedt

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

B 81 A A aigs off € SR Tendwen ot 59 diferht

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

HrefeR 3fehl Rl SISl 31T =ErT
e a1 ¥ °h 9% WIW URomH H IIWAd Hi qE
3R g o M ol foret ot wen ° stfusw 3w
Tl B =few) S —

12.11

18.0

1.012
31.122

TW fRU MU 3[R A 18.0 H WM *F AR

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

g 3% qh, A 31.1 o ®I H & T HTA AT

R IE I CRIE

ek 3Tehl SRl UM AT WRT SHTAT

37 YAl o URom § Wiefd ST i e AT &l

B =ifen, o =JAan el i el §en o

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

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

! YIS L AF| qh AFd HH o fou gemsti

o fereaq (rounding ofﬂﬁﬁﬁmwaﬂ &

@A A8y —

1. aft Ted <€ R aren 3 (S99 geFi 8l) 59
sifer 81, A1 389 T8 a1al 3% o HH T
arferen T T S @1 S - A 1.386 | 6
TSM1 &, @ 9 fehean & 9 1.39 ferem

2. I a9 IR AR H @1 9H arel HAh 5 9
FH B, A SUH TS oA A% hl agen el
ST S¥— 4.334 | =g eif<m 4 1 g2 @,
qr 9T 1 4.33 oF ®9 | fer@n smom

3. Ifc a9 I SR K1 g A el 3 5 @,
T 3TY el i 99 g i frufq ¥ agen T
ST, g fove gF W e 9er fTar s 2
SH— A 6.35 i 5 TR Fehean wET B, Al
BY 3 ! 9GIRT 4 HEA BN 3R 36 YehR IROmH
6.4 = foran ST, W A 6.25 A1 Fehedd
HE L @ 3 6.2 forar s

1.4.3 fariar fagawor

IR hid T HH-%h TH Al hl Th ISid
T 3l ugfa o Ui w1 ved B1 UE A ok
foq RNED waa fafy (factor label method), THTS
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 TAaTs F B2

'

%‘?H’Fﬁ%?%" 1 inch = 2.54 cm
TG G101 o SMYR T &H fore Hehd © foh
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WA foam #1 F9 ga stEuromt

linch _1_2.54cm
2.54cm  linch

linch 2.54 cm
i 2.54cme']ﬁT linch A 1 TR
&1 39 ST I geRTS TUTeR HEd 2| AR FeRel
AT &1 U7 59 Sh1S T[UIRI (AT 1) | TR
Se, @ 9% aRafdd 9ei gritl 7 et foh 3|
U T 3 1 TJoN ST Ui W feran ST B) e
2.54cm

linc

Tl IW THE 0 W 0 fRA S ¥ (FW

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

251‘1*;““ S e ) s q A

S Uk o I H I8 WS B @I, S
i | g g

TR T T ST G AT @ T ¢
HEhI o W ot FEAsT &t e wM fRar S
ekl &1 3% Il S Hehal & X W, 7o, &
T fepan < Hemal 21 TR, $ IR SR
<d|
EEIEEL ]
Tk S W 2L g9 Bl ¥ K AFAT m?
qRehferd it
&

&0 9 & R 1L = 1000 cm?

#R 1m =100cm

1m ~ 100cm

orere =1=
100cm 1m EIT‘?T@HT%I

T THE TR 9 m® W FH & AU T
T U 1 S O TSl @

3 3
(o) =0 =1= e
100cm 10°cm

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

13

3 3
2X1000cm® X 2 =21 _5x10%m?
10° cm 10

3ETEITT
2 fet o foran Sohs (s) B9 &2
k|
T WA © foF 1 f&A (day) = 24 512 (h)

1day 24 h
a0 24h lday 3ﬁT 1h = 60 min

lh _,_60min
60 min 1h

31 ﬁﬁﬁaﬁmﬁwﬁaﬁiﬂw&m
2fd -

Wﬁﬂﬂﬂﬁﬂﬁ@ﬁwﬁ%‘mﬂww@
TH YhT O fRAT ST Hehell -

2day X 24h % 60 min x 60s

lday 1h 1min
=2X24X60X60s =172800s

1.5 @R GO o HEm
Al o G | ATt w1 s Frefafed o g
fraHi o sidid g 8—

1.5.1 TSHAUT-EILIUT <kt =W

30 e & ogEn g T @
AT S Wehell &, 31X 7 & T
feram ST Wehel 2

g fam 1 sidieT emefan
|1 1789 H T om =i <@ A
siffspansti &1 gEIfiTe 1A :

sffarT

i SO ‘jﬂﬁ_{ ff s (1743—3111732{:‘;I
fu Tu s W wgd fm fohdt
qifder Tl THERR GRedd § el AT § whig
Rerd Tt Bl TEE foRE T aIE i e Gehoud
T W aneia € aree o fyeRten] 3R IRl o
STl o TR AT 3 AEET R A R
AMYaeh i o HRU THT 9a g3l
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1.5.2 T¥&X arqura o1 Frem

I5 frm wrE W S
TR A & ean 3 SIER,
ferdit iifirer o avail & geauml
T 3T Fad FHH Biar 2

YRE A Ffyh FHEHe & T
T o W gam e, o 9
Tk WIpfdeh IR TEU Gealfoa o
I N TR 9 S T H a1 HEed 9 o,
S = e T 2

TEF WS
(1754-1826)

AT Al T | ST AT | SRS <Al
yfaga | wfaga gy
UTehfdeh 51.35 9.74 3891
RESIEGH 51.35 9.74 3891

R IE I CRIE

Tl AfarfisT o SoomM (31Uiq 16 g SR 32 g),
St eRgeH o ffved seIuM (2g) % WY 9YE B
€, Toh T SO 16:32 771 1:2H B B
1.5.4 N-oTHeR AT T et v fHom

7% from f-qd% 510 99 1808 | = mam =i wrn
fop S Tt sfufwmanet & 19 gy ad © W
STl €, 1 Sk A Wil 9 | B €, a9
Teft 9 wHH a9 SR <@ W e

37d: BIEGISH o 100 mL TS o 50 mL ok
19 g BT 100 mL STl 3 €

eEgeH  + SATRdSH - v

100 mL 50 mL 100 mL

3Td: TEgIeH TR 3fiRdIeH o TR (S 21rag
¥ wa, #fq 100 mL 3R 50 mL & §) g §

31d: =i TRy fepten o &g W Ak 9+
B ot Aifiren o Sufterd qed & oM T0H 31U
o T S &1 39 M g gE g wentd R
S gl B1 38 wef-sheft Fafyera dae @t fem’
off gl ST B

1.5.3 TfUTq rqura <Rt frrem

75 f7m STeed g 91 1803 H fea
T 39 fEw % eER, afe &t
T WA BT Tk | STfaeh
TifiTeR ST &, T Ueh o~ oF |1
T
qufeRt ézﬂ%'qm_@%%l e w———
STTeReToT oh 1T TR BRI (STt 3R BIggieH
WHFAEES) T 2
BEESA  + SiESH o E|
2g 16 g 18¢g
TEESA  + S TR WeARIRES
2g 32¢g 34g

el UM 2:1 H e €

T-o[deh o 3T Gael o guifer STural i
QIS arEqd | e o d98d | feeRr o1guma w1 fraw’
21 Y s T e S 1 e germE %
g # B1 -q@® & w # uRgol @9 1811 H
ARSI o BRI i TS|

1.5.5 GRS <t aw
91 1811 H AR Wed
fopen fopr @oM @ 3R <@ W Esd
e o HEE Tl | STuEt i
@ 9uH Bl =ifeul STEms |
THE SR STUET o diE SR
RS i, Sl 3T ST o 99 o
IR B A & BT 3R SHerdieH
i S I i AR HT AN W, q T8 FHE Fehd
T o erEeiS o < 3T SR SRS 1 Tk STEH
TG T TR TR ST o & I < € 3R Ao
e o 2 st 21 o 1.9 § e s Ry

TS
(1776-1856)

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

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

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

e BTEgIS 3T SfRISH i fg—TwH a
S StEn ereft 7, a S Ry T aferat s gEe
HTHRT AEH 21 TR ST THT Tleed IR g 31 aAnll
1 98 Ha o Toh T S8 I TE W WY e 8l
Tehd SR BISSISH A1 SRS o < JRATIET ot 370
Iufkerd & B TWehd| STERNS! 1 TEAE Wi |
(Journal de Physique ™) YT g3 W&l EH o
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
TEenstl SRl 3 -3 R =R wwqd &
YU GRS o 1 o Hewd W o &

1.6 STee ohl aHTIT fagia
TR 57 o SIS AT FHUll,
5= Qﬁtﬁ‘a (atomos) 31%TfFL
‘eAfaa’ el Sl o, gN e
g4 o faar #1 safw e
T fefshed (460-370 BO)
o HHY §E, W] s WEh STl
(foreit Swrera fomi =t <= feam)
% FaEaey 39 W R 9 four
ERIESERsu
T 1808 H Teed 7 TREH-SUMRIG &1 T T8
Ygfd (A New System of Chemical Philosophy)
TeRTeTd i, o s frefafed e weafaa fee—
(%) Foa Afa9md ARt 9 &4 2
(@) foet f<u gu o< o Ift TS o T 969H
a9 afed Tk guE o e € fafie
Tl o W] e fae g €l
(7T) U ¥ Afeer qal oh TEpS o a1
o wAeH | Aifien s d €
(%) THEER Afafshanst | 9] qIeareed B
g1 wEEts sfafEast § 9 a 5w s
Gehal €, 7 T fehan S Hehell B
Tleed o 39 fagia o qaEfe gasH o fHaat
1 A 1 S Hehl| FE 369 6 T o

S Eleed
(1776-1884)

15

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

1.7 UTATO] g9 30T 3Mfuaeh

TIHTA
wEmEtt 3R eruysti W ufifed g & e o 4%
g Sfed =M f wem] gemE iR snfvas
FIUE 9 gH 9 9He €

1.7.1 UIHU] GSHHTT

T FAM, A foret TR 1 S2ME aaa o
9gd A Tl B, FFifh TLHTY] 3Td B B €1 ST
TE-TE TH] FATH FA R I 98A dehATh
(SH- FoH TegAfafd) AR T SUes §1 W
S TES T4 T 2, S v § A
TRHTY] 1 SAHM 3EL oF 919 TR w9 9 fuifa
FX Thd A1 TEGISM WA Hi HIY okl €H h
FNU s 9 H 1 FoEaH (fo fedt 9@k oh)
& T 3R ARt Wl qedl o TS o Ko
3IGer Hoel U 7Y, WY WA SHEEl 1 SAdHA
TGfd HEA-12 TFE W Teid B 38 T 1961 H
Tltepd fohan T FET hra-12 1 Toh HHEne €,
58 120 @ Frefta faran sman @ 59 12 RA-SomH
Y% (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 B
ASTRel amu o I T u &1 T TR S €,
9 ‘Teniehad g&WM’ (unified mass) 8T STl 2
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9 & OIS o Tt IXAI] Sl Rl TAN
FW €, T aTEd H o0 T TH] S BT ST
Fxd 7, et i = foman < @ 2

1.7.2 3iHa WUl geIET

Yfd H e I Ush O e gueentienl o 9 §
U S B1 6 B9 3 GEEfen] i Surefd 3R
IThT TR ageddl (Ufaea-Suciedd) i & |
@d €, d Tordll e o1 STEd TCHTY] ST ek Terd
fFan S Tehal 81 SR o fAU wEd oh

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

TR f&u 7Y stfemei @ e 1 SfEd WA
S 39 YRR U SR

A IRHTY] ST

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

+ (2 X109 (14.003.17 u) = 12.011 u

T YHR, 9 al & fau off hgd wum
ST qehferd fRT ST Fehd €1 el w1 eTrerd Aot
H fafs= 9@l o fau e ¢ e ] se9m 39 aw
o 3 TRATY] S99 B 2
1.7.3 3Mfuaeh FIHA

frel e10) 1 enfvaes geadH SuH Sufterd fafd=
A<l % TCATY] SHAT T AN eIl 1 30 Yok e
o TR FeHH IR Sufterd W w1 e o
TUFE o I GRT T TR ST Gehdl 1 ST 6
ferw - Aem (R ek e TR S =R gRger
A UL B €) W1 Aok FoTHH TH R
HIe oA ST Hehel -
U9 (CH,) o1 eMfvaeh §eomM

=(12.011u) + 4 (1.008 u) = 16.043 u
Tl YR, S (H,0) K1 AfUedh FHHH =

2 X TR w1 TV FHAH + 1 X s

T AT ST

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

R IE I CRIE

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

A

THE (C4H,,0,) I 3Mvash A =

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

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

1.7.4 9I-gIq=

9 Tl (S9 - WifeTH FANEE) | TR uIh
THEA o Y H U] e ¥ Iufeerd R el T
Alfirehi § Griceh (Tifeaw ME) SR o (FivEs
3A) 1 Fafaeia S 99 1.10 3 78R =arerm
&d €1 78 oAH < A ¢ o diferm sange |
Hifead 31eA ©: FNEe Al 9 oy T § 3R T
FAEs A ot B difegy Al 9 o wd R

fag 1.10 Gifsgw FakiEe § Nat @ik ClI el &1
Sraree

79 YR, G (S — NaCl) 1 T30 TI-5e7qH
uferfed & & fau fean S €, 9 fF enfvasw
$AYE o URehed o faq, Fife I oTewen d
difedy saige o o1 sufted & 7=l el om:
Hifead FAREE &1 T FATH =
ifead w1 TAY] THAH + FART 1 THTT] FEHH

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

1.8 HIA-Hehed T 3R Al geaH ™=
THI] SR U] SR § STed B e §, Wy R
Te1ef i agd A AN H o IR &A1 9gd Th
Bl 21 o gST HEMst o WU W FH o T
GlereTsieh TR0 o ek WIS i SAEaehl Bl ¢l

59 7R &7 12 Twget & fau ‘uw <=4, 20
aEgetl o U ‘uw TR’ (Score, @H®) R 144
aﬁaﬁﬁm‘wm’ (gross)aﬂWTaﬂﬁ%,Sﬁ
TR Afaged T W w0 (8- AR, st
FO, gl X)) 1 fre o forw die &1 Saan
fopann e 21

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

Hid (mole) TSERT Hehd HIA (mol) %\, e
1 T 1 SI AR B T Hiet 8 Sieh 6.02214076X10%
& gAY & T 21 T WEAT, AR feriw, N,
1 f7aq geds 9 g1 € S 38 mol! AEH H
e Tl ST @ $IR 39 STENTS] e el Sl 2l
forelt frpm & 9=l &1 9, dehd n, faftre q@
HU hT HEAT T SAHT BT 21 F Yol HOT Teh TRATY],
3T0], 3, TOH, hlg 3T U1 91 FHUN o] fardme
TE B Thd g1 TeT I8 &AM 31 1 9 ¢ f et
<ol o Tk Wil W HON s WA Wed A BT,
ad & 98wz off usef g 3§ wen o uEl
fAuftor & fau ®EF -12 TEU] &1 FIHM,
A TFRTAM R F@ R T, 9w 91
1.992648 X102%g YTwd 3TNl h1ad o 1 HA &1
TEM 12 g Bl ®, 31: &Ed oh | HiA H
AT T T 3 YRR BT -

12g /mol™ C

1.992648 10 ®g /> C

=6.0221367 X10* T 0] 9fd Aia
| Ot & O %I H&A o mewy € R 38w
T AT 3R Hohd fean o, fg (smifea smanmsy
& TEE H) ‘emanTgr femis’ sterar ‘stanmgt
W&’ #ed € @R N, ¥ = Hd g

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

6 022 136 700 00 00 00 00 00 00 00

17

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

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

T 2

far 1.11 fafs= el &1 & @7

A &l IRWId e o o) fRdT aied A
IGeh HSHI oF Tk Al oh A i SEHT 9 I
foran s w81 forelt vl o T e & I
o T Rl SHAT Wil g0’ Fgd 2

UM H e Al SHHM FE&AS €9 9 TR
FEAAH/AfIa S/ FAHH o S Bl ¢l

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
R = R @ 9, g FE AR F A W
forgio axel o WTd shi STeh shi STTEgeshal gl 2|
M A o 2AT9eht hiE 3Taa =1 =2 Atk fean T
21 3T Tt e WA YST TR ST T 9 € A1 TR
Th HH-HH U € IR 9 fohg orqua ¥ sufterd 22
A AR o fau of 39 Sl ¥ 98 gd o o
e foedt @ fF 9o fau T o a1 9@
wfaerd &, S 95 A | g wifeu) g vl 6 3
stfnel o fovaivo & 78 SFH o e e © fo
fean = T s © A A
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Y, ST (H,0) T IITET TR 38 Heh| ek
el ¥ BRSSH SR SRS Sufterd 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¢

9X1.008
STRGISTT T % AR = 1802

=11.18

5 _16.00
SRS T FoAHE HAed = 570

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

X100

X100

- _ ig.géixloozsz.u}%
BTEGIST il ST Ffererd
= 6:0988 »100=13.13%
46.068g
SFHSH T FeT9M Hfewrd
~15:99948 1 0= 34.728%
46.068g

TAIH-a9d o IReherl ol THSH o 915 376
70 I8 3@ fF faee-geed siesl O F ISR
YT ST S Hh 7

1.9.1 GeATUTt g T Nfuaes g
AT G ferat difiten o Suftera fafir aramogstt
% W{EaA YUl HEAT-au W e ol ©,
Saifer wATfoaes ¥ feret difiten o 1oy H Sufted
fafe= y&R oF wuUreh W WET "en @i
ITiaT B

Ife ferdit Aifie o Sufeerd eft i A1 59~
gfaerd S1d 1, @ TR Fengardt 7 FuiRka feran sn
ekl &1 A% AieR FeaWH A 81, @ gadt 99 9
anifareh G 1 feRan S Gkl ©1 3 <Rl i ST
1.2 H g1 S@en T 8-

2020-21

R IE I CRIE

IETEITT 1.2
T Afes T 4.07% BESSH, 24.27% Hiad
3R 71.65% A B SHehT Hiek Fo7HH 98.968
21 3T YoIuTd! G SR Sfvesh o 4 eli?
&

TUT-1 guH-Hfava &t um o uRafda
T ik TAR UM SeAHM-UeE STaed €,
3: 100 g AfTh 1 AHHL GRhe T
gaurse M 39 9K, TR KT 7 9ifTw &
100 g 9fasel ® 4.07 g TRSISH, 24.27 g HTaA
71.65 g AR Sufeerd 21

TRUT-2 Yedeh dvd i Wil ol &M o
yftafda s

W T qcl o FSATHI Rl AW 381 ql oh
wE-geHH 9 faufea wifw) s difrs §
IUREIA SIZehi o Hicll 1 W& U & Sl 2
. 4.07g

BIESISH o Hiell o1 G _1.008g_4'04
, . 24927g

HTe o HicH i HEA _12.01g_2'021
) . 71.65g

wﬁﬂﬂﬁnﬁaﬁaﬁw—%!}%g—z-()ﬂ

TRUT-3 HUT AT Uedeh HieT HE&AT ohl 38 o

aH Bt FEr 9 fawrtsa e

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

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

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

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

=RUT-5 3nfuaes 97 foran



WEE faH # 9 99 EyRomd

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

_ 98.96¢
SUESLE Gl L BTy
(37) JATIATH 3 1 SR I n § TOM FH T
g T W B T
AT I CH,Cl 3R n=2 2l
31d: enfgs g3 C,H,Cl, 2|

= 2 = ()

1.10 Eigfmarder 3T
Eigferaifeer ufiteras
‘wisfrael’ W T WE ISR - w=ifEea’
(stoicheion), TSt 39 ‘aa’ % Gﬁ'{ﬁ@? (metron),
g @1 ‘mr’ @, @ faee o 21 e
IR o Sidd TEEe sififshen o sifufsherent
AN IARl oF FEEMl (A K- ) w0
IRehe Al 21 U€ THEH 4 Yed T frdl THEte
sfafeen o fedt eifafeas &t feat amn =i
STETIhl BRT AT fohaT ITIE U BT, I8 ST o Tk
frdt & T vt afufea % dqfaa Tt
TR ¥ o SRR W el €1 Sy, WO o
Ted W faar &1 38 sifafshan o fore Tgfera st

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

el N SR SrEetiadier = ‘erfufwas’ =@
AR el STl © 3R e SEAfeEe qen wid
%! ‘IR’ FEd B AN ey T sude sttt
¥ eft srfuferas ok e 19 € SR 38 3ok gl
o 9% hISH H g AR hi fer@ey =aa fean S
21 SH YR, Gl 37 gal o fery HHe: (s) SR (1)
fore < 21

19

0, 3R H,0 o feIu Tumten 2 o ‘wiglepaiifess
TR’ el Sl €1 39 kR CH,, 3R CO, 3Hi & forg
TE Ol 1§13 oles ST § W o @ A ol
BT I T (A e T Gl i e W

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

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

H,O(g) = &I
e CH,(g) &1 T& 31 O, (g) 7] o & LA oh

A SAET FH CO, (@ F TF A R

H,O (g) & & 317 31 2l
e 22.7LCH, (9), 45.4L O, (g) o |l fHfshan

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

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

F T Gl o MR W fRu MU sfesl

TH-TW ¥ 39 YHR qRafda foman s g € -

T

—— =
EIETE]

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

&

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

() 16gCH, TH Hiel o el 2|

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

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

H,0=18gH,0 = —28129 _
1wt H 8502 T o H,0

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

=36g H,0
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SR 1.4
T o foha Wil oh <87 § 22gCO,(g) I
1 W 2l
&
TEEIE THHI o SFATAR -
CH, (g) + 20,(g) — CO,(g) + 2H,0(g)
16gCH, (g) ¥ 44gCO,(g) W< @il B
(- 1 9= CH,(g) ¥ 1 ¥ CO,(g) T eril ©)
CO,(g) o Al &1 F&A
=22g COZ(g)xM
44g CO,(g)
=0.5 Hi@ CO,(g)
HA: 0.5 WA CH,(g) & <@ ¥ 0.5 Al
CO,(g) U BNt a1 0.5 Al CH,(g) 9
22g CO,(g) <l BN

1.10.1 HHTa 3T TRhAh

Fs aR Afferareti  Wfaq THR o SIHER
YT ATHIHIR T AT Sufeerd &t eidil Tt

feafol o ek sifafsras g’ &1 sTdan sAferman

5

IJufterd gian ©1 S tfafsraes %8 7 o Sufterd g
2, o D I AE THIS Bl Sl 8| SHeh o1g 37 3T
sifafsran 1 =rdl, 9l & SR sl i foRet
&1 O Sufeerd i1 ord: = sifuferaes uee SET gia
2, 98 S H WA 1 WG #2121 EiT =9
‘dimia sifgeRde’ (limiting reagent) #gd %l
WigferaHifger TG ¥ T I a1 &AF | W@l

=ML |

3IEITT 1.5

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

2020-21

R IE I CRIE

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

Hiel 1 aRehed

N,(g) o Hidl i HeA
_ 50.0kgN, x 1000gN, 1 T N,

1kgN, = 28.0gN,

=17.86x10*> Hid

H,(g) o Hicll ol He
3 1000gH, 1 Hd H,
=10.00kgHt, x5 i 201680,
=4.96x10° HIA

TR U T TR o STgER, sAfafwa & 1
A N,(g) o T 3 | H,(g) 1 STaedehdl
Bt ] 31d: 17.86 X10°HiA o foau eTawash
H,(g) & Hidl &I & = 17.86 X10° A A

3 T Hy(g)
e N, (g) ,(©)
= 5.36 X10° W& H,(g)
g A 4.96 X10°HA H,(g) ST 2l
3Td: TRl H,(g) Hwia st €1 o
NH,(g) Fadl 3UeTsd H,(g) &1 T
(4.96 X10°Hi@) & & 9ra ghM
<feh 3 Hid H,(g) § 2 "Il NH,(g) ST
et ©, 37d: 4.96 X10° Hied

2 Al NH,(g)
3 Hiel N,(g)

TH YN 3.30 X10° HIA NH,(g) <t 8rfT1 AfE
U UM (g) W URAfdd 1 &1, d@ 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)

H,(g) X =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 AfTfeRansti | fa=am #X -
4Fe(s) + 30, (g) — 2Fe,0,4(s)  (F) Hdfera FHieRo
2Mg(s) + O, (g) — 2MgO(s) (@) Hgfad e
P,(s) + O,(g) — P,0,,(s) (1) sTEgfed FHiRTo

THIFTT (F) SR (W) Fferd €, Fifer aeieon § 9 % 21 SR Heiftr o 3R siefer % aeamgs
1 TEA THH €, W GHIHOT (1) G el €, Fifh SoH hIehRY o TRAT] Al Hqferd §, Wy Sfeis
o TRATET T T TR & I SR WA TET ¢1 39 Hgferd i o for weiwter § o $iR st & 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 FHihIor
3TN, 376 W WA, C,H, o Sg W forR i1 g6 Wit i Frefafad wa o wqfera foman s deha € -
ug 1. stfufRashl SR Scael o wet g fafEu) 7= 9iie ud stiedee sifafwass & iR e SEsieEs qen
WW%
C,H,(g) + O,(g) — CO,(g) + H,0(l) STHJfeTd FHishIur
g 2. C WHIRET #T e qqfed X din afufwrasw ¥ 69 ¢ W €, safae < $iR f co, srogei
1 T AT 2
C,H,(g) + 0,(8) — 3C0,(g) + H,0(l)
U 3. H WS 1 e Hqferd w1 : o S ATkl § o8 H WA ©, Sl % & A9 § 3§ H WA
% safere < 3R H o 8 WA o fAu ot % =R S19] e =T —
C,H,(8) + 0,(8) — 3CO,(g) + 4H,0 ()
Ug 4, O WAV 1 F&A TJfed H : T ST T9 SRS WA (3x2=6,CO, H T 4x 1 =4 A H)
37q: TH SifeRits WEvEt o faw 9w O, T[S i STewashdr ghi
C,H,(g) + 50,(g) — 3CO,(g) +4H,0(1)
U 5. Sita Y o sifam Gt § g q % WAEIE w1 W Hqfed € : Gt § 9 3R 3 e
TCAY], 8 BTEGISH CATY] SR 10 ATRdiSH TRET] B

T Teft TR, ford el sifufsracht qen Searel o fore W'Y A 1 SUE g e, Sqferd fRar ST Hehdr 21 g Hem
I W o gt Ggfed i o fory ifafeashl @ik Sal & & § 9 (subscript) &l 9%t ST TR |

1.10.2 fae=mt & srfafRamg

3T, 319 Tk 9k H fa@r & S|

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

;AT S Hew U T o 5@ I 9 6 o frafafaa gey g 9@ e S 2
& ®Y H SUMEYd Bl §, 99 SUR! AEN fRE YR

e o ;ﬁéwwxloo

TG S S el # A frefates s oA

TRl 1 ST Wbl © — 2. Hret-319T

1. SoHH - Wfaerd a1 TR-UeE (w/wo%) Tg foredt fogiw wrees & Aet @t | ol oo
2. HE-sw % HiH ot el AT I I BT 1 AR
f{ m el A forelt el B g iR e el @
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T A ¢ n, 3R n, B, T 3TF A N 39 THER
e fery STan —
A T HIA-39

AT HE@ ® EEl  n,

foc & Hiell 1 & n, +n,
B &1 HIT-379

_ B AHG ® A n,
-~ fge@a & Hiddl ®1 @@ n, +ng
3qEYUT 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 gfeed = . AP % X 100
[FdATT hl KSTHH
— 22 %100=-22 x100=10%
28 A+18g Sl 20g
3. Hiedar

TE T MY TIE AEE 21 T M gR e R
ST 21 9 feret faera &t 1L oo ® suftem
el & |& Bt 2 o

fae@@ & Ael & 9en

T (M) = faem &1 eI (L ®)

oM ifee fe gar e fee uee (S -
NaOH) @1 1M faera" € 3R g9 SH@ 0.2 M el
oo e T =Ed 2

1 M NaOH &1 1ef 8 for foerm o5 1L A
1 9t NaOH 39Teerd g1 0.2 M faera o fag &4 IL
fae@ ® 0.2 9t NaOH &1 STE¥Iehdl BTl 37d:
NaOH & 1M fae@d ¥ NaOH &1 0.2 M faerA
T o fT g9 1M NaOH oM &1 a8 omaaq
w1 B fSEE 0.2 M NaOH Sufeerd &l 31X 38 sl
BN TIH0T Heh 1 L oo aamn grm s| |ig
1M NaOH &1 a1 emaas faen <, fSed 0.2
TIel NaOH 3Ufeerd g1, 381 IRehe eHifdfad &9
o fra <1 "o © -

R IE I CRIE

FfE 1 LA 1000 mL 3@ | 1 Hiel SUreerd 2,
9 0.2 T Iufeerd grm—

1000 mL

1 A

37d: 1 M NaOH 3 200 mL @& 3TH 3a1
S THeman S ©, difeh SEad 1L o ae) 8@l
Sy

Tt oS H WEE G M, XV = M, XV, %
off FoNT fehan STTaT @, STl M 9@ V shHel: Hierd qe
ST 21 FRl M,=0.2; V,=1000 mL T2 M,=1.0; S
et w1 G H W@ V, S 39 YRR 1 R S
Fehel &

0.2 M X1000 mL = 1.0 M XV,

0.2M X 1000 mL
p 2" 1.OM

X 0.2 A = 200 mL 3A&aT o

=200 mL

=M ST ff 200 mL ¥ Fo1 (NaOH) o diall
FI F& 0.2 off 3R 78 q9 HH W (1000 mL) H it
3 &, e1eriq (0.2) W 7, Fifeh T Sheet faomas
(STet) =1 AE 9Rafdd w1 ®, 9 fF NaOH 11 wifeh
fae@m &7 |ixar &9 8 .

4, HATdAT
W 1 kg faemaes o Suftea faora & el ot
HEn & ®u § uftarfua fear sar 8138 mgm
= T S 7

3T Hieed (m) = ferett < il 1 Hew

faemaes &1 SoaHE 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 % / NaOH &1 HieR §&HM
- 0.250L

Hfer Hewar (M) =
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WEE faH # 9 99 EyRomd

_4g/40g O1FR o oo
0.250L _ 0.250L

=0.4mol L' =0.4 M
Tg o9 W for fordt faetaa &1 Aerar a9 W

(iR ¥ = 1.25 gmL ™)

fooem ¥ a7 1 sEE = 1250- 175.5
=1074.5¢
focta o Al st gem

23

ot et @, ifeR ot ar W R o 71 Wﬁm(m):kgﬁﬁwaﬂw

SETEIOT 1.8
3 M NaCl foer=M &1 ¥ 1.25 g ml' € 39 __smol _,o9m

- - | 1.0745kg
] T FERTTensTi § aifed Tigdr T foead S

Afereh g forera oh Aeh0T U SR ST 81 St
i arel faerem i i foeem’ (Stock solution)

m=3mol L

1 Lf9e@™ § NaCl &1 §&9H = 3 X58.5 .
ot ed 2
=1755¢g
[ — 1000X1.25g e ® o foo=m =1 Aidad a99 = % 91
' wfEfda el eidt, wifer serdm qaaE @ srgsed
= 12508 w2
QR

T fo=M &1 19 Sgd Tyl €, it 78 Sio o qeft veqe 1 yfad s 81 e
wrell ST GO, el ST uRed i o SR H sremEd e ) qeft uered w7 g o B ®1 9 A sifas
SR~ 29, 9 IR 19 oF ®9 | U S €1 37 qi Srareensii § seeh-shvll i oraeen 9= gl 21 3
sfereenaf o safreerfuren Tqurerd B 1 o i ol ARt 3R fasol o w9 § off enffea feran ST HeRar
2| forth a7 & % @ YHR o FU T €, S URATOL A1 10T B Tohd! 1 5 1 AT SAfueh el o W]
e e & Hged e ®, ql Afies 9w B €1 Mo e wnn § 9y Wi © S R e Sufterd
3k Tt fagon §)

e fenlt gered o TuremT 1 seFEA feRan ST R, 9l IO SA9wdeh € Sl €1 UL Sl e
R T ok fAT AT 1 Tgid S A Y SavEehar eidt @, f afvri st e feRan S weh )| woe
1 % Tt &, T it agfa i wieh ugfa o1 s famr o foman St 81 wq o=kt 4 ¢
fava & wh St gsfa 59, ‘S1ugf’ wed €, %1 gdur gA S #1 Geatd S )

e AT W AfeRe] i Rerle e ugdl & IR 3oH Hed e 7 Fo ATvedd o+ @l 8, gHiey
gl o1 FANT Sk Y HLAT Igd Hewqul | e foe § aferi o A7 § 10909 102 S geand
et 21 ST 32 e A ok foIu SeAThTeR Wehae w1 SUA foRan Sar 21 YN o wrefen afent
TEA ! TAH A=A 1 A @ o Gehal 21 feaiia fageraor @ ardt 7 afyE w5 ARt w1
T Tsfd ¥ 3 usfa § ufafdd feman st gt 21 o1 9Rome R Tk Tsfa o A § g gsfa
o Rl 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, fer e w1 fram, o e @ frew, -l @ 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 fREl a7 1 UREiey geEue Fied o 2c gueefie (R S 12u
o feran T ) o Wrie oe feRan S @1 STHdR R Rt aed o forw wE e S S W] sere e
€ A FoAHM el €, T8 gl geeenten o1 wiepfash sTgeadietl i ea o TRt qrw oA S Gkl
B forght @10] o Sufter fafem=T TAEAT o UTHIOl-SemET o @M §R1 SMfvesh SoqM i fohal ST Fehel
1 ferelt <ifiren 1 Srur-g Tud Sufterd faf= avei o geau-wiaerd 1 SR snfvesh geaHE i fuiia
H<eh qeRferd e ST ehell 2

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

faf= ol @i Aifient o TEmEfT aRedal w1 TEEteE afafmaet & w1 e TR s 2l
TS Hferd TEE(eh G ¥ FIh! TSR W et 71 et foe sifafran & om o © el & i@
3T O 1 Fe SATAfHAT o THIHTT o TUhT W Wt 1 S Fehell B AT SATHIHIHRT S o+ Sl
1 AT A TS TRATHIE’ hedm 2| WRiElhamics qimha ¥ frdl Scg &1 fafeme amn 1
W o fu sevass sifufsmae 1w 1 guek faqda fuifa fran st gemar 21 ke 1o foere o
e H Sufeerd wsrel 1 A i faf wehR @ wefdia foran S 1 S<reons — gerdE wfaw, - e,
AT a2 A

AEH

11 frefafea o fo der seawe 1 aieher wHif—
() H,0 (ii) CO, (iii) CH,
12 wifesm "ehe (Na,S0,) W Sufterd fafi=t qwl o geomM gfmrd &1 9ieher sifs)

13 ST o 39 SAES I JArgadt ¥ 9 Fwitse, S $o99H 510 69.9% 3R
3 30.1% AR T

14 U< HET SESTFEES & A1 H1 IR Hitw| 5@
(i) 1 et e HI g B JoIEr S g iR
(ii) 1 HicT SIEF 1 16 g SIS o ST S 2|

15 Hifezd TEie (CH,COONa) &1 500 mL, 0.375 HieR Seita e oM o foag 5o
Toha SeImH 1 STEvaehal eiil? |ifeas THIde &1 Hiek So™ M 82.0245 ¢ mol ™ B

1.6 Wx i o7 o 39 Uiaast w1 Hiel Ui feex § Wigar 1 ufeher sifoe, s 39
T WATd 69% € 3R 5@ ¥ 1.41 g mL @l

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

1.8 ST o SIS 1 SAvash I @ R, [FHH SAERA qon SRS 1 FHTH
Wi HHT: 69.9 g T 30.1 g B

1.9  frefefea sieel o ¥R R S o AEd THY] o0 1 e HiTeu-
% YThfdaeh aged A~ FAA
85C] 75.77 34.9 689
97C] 24.23 36.9659
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WA faa 1 §9 ga e 25

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 el W ITHT 3TIGH 2L 7 ST,

12 22 11

v =i oF 39 facrad i gigar s ei?

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

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

1Pa=1Nm?
I TYRAA T T A1 SFAM 1034 g cm? B, T TEha § @ &1 IR HITaQ
T 1 SI A 1 €2 30 fohd wehr it feren sn @72
freffafed qa-ami =t 37k TomeRt o T faeee—

Td &= TR
(i) WIS 10°
(if) ST 10°
(iii) =M 10
(iv) frm 105
v) &= 10
el Rl W MY R THE B2

U et o AU H FARIG, S SheRe €, ¥ rcafish Hgitd o T Hgul i T
15 ppm (5&9H & &9 H) ol

(i) T FoadH wfaead | ey

(i) o1 % TH B FARIGY BT Gl Fq S|

foreAferfaa w1 S Hehad § fofan—

(i) 0.0048 (i) 234,000 (i) 8008  (iv) 500.0 (v) 6.0012
frafafad o wefs il o1 Tea Ty

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

(v)  500.00 (vi) 2.0034

frefafaa st &9 e il aw ferfeq wifqu—

() 34216 (i) 10.4107 (i) 0.04597 (iv) 2808

(%) <& STEAEeSH AR SrateisT sfafwan g fa= Aifie aamd €, @ frefafed
ffehe W el B
AEISH hT FTEH SIS T T

(1) 14 g 16 g
(ii) 14 g 328
(iii) 28¢g 32¢g
(iv) 28¢g 80¢g

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

1.24

1.25
1.26

1.27

1.28

1.29

1.30
1.31

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

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

I RIS 3T 3.00 x 10°m s~ B, A 2.00 ns H TR fere g 7 Ham?

et sifaforar A+ B, — AB, ¥ frefafaa sifafswan fasmi & diwia sty (af

S B, q) @ HfeL—

(i) ATH 300 TRHY] + B 200 377

(i) 2 W A+ 3H@B

(iii) AZF 100 TRHIY] + B3 100 317

(iv) ATh5HA + B 2.5 Hd

(v) ATh 2.5Hd +B% 5HA

SRS SR SEeEeeH HEfaad THEen FHieo o SFTHR SR T € —

N, (g) + 3H,(g) —» 2NH,(g)

() A 2.00 x 10° g SEAELSH 1.00 X 10° g SEETSISH o T AR Tl 2,
T U ST oF FAHM 61 et hifad)

(i) A H W A Afulrgw e s=m?

(iii) =M €, q HIT-T1 SHRT S| T B2

0.5 mol Na,CO, 3R 0.50 M Na,CO, H T 3R 772

fe SEEEeISH 19 & 10 3 SIS 19 o 5 SARaA o e SAffHa #,
ql Setarsy o fohae a9 B2

foreiferfiad @1 T W § uRafdd i

(i) 28.7pm (i) 15.15 pm (iii) 25365 mg
frferfad § & fored WA F HEn T s an?

(i) 1gAul(s)

(ii) 1 gNa(s)
(i) 1 gLi(s)
iv) 1gCl, (g
TIATA o UH Seltg faerem 1 Hiewd i i, e wHie o1 @e-39 0.040 21
(9 & T STt &1 e 1R
Teh 12C HTe TLH] HT W (g) § FHHH 1 SN2
frfafea afierei o S H e @neds sfd gH =few?
0.02856 x298.15x0.112
0.5785

(1)

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

1.32

1.33

1.34

1.35

1.36

Thfa | SYTS S o HieR FeAEM i TUMT ok fore fefafaa arfert o fxu 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 HIa SRATHES, 0.690 g el o e 3R hiZ SR &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 ITUMT HifSTT

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

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

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

TR H FAKE 1 foRem HTS SReeEe (MnO,) i Wefid HCl faerem & @
sttt grn frefeiaa Tt o SEr faan s 2—

4HCl(aq) + MnO, (s) — 2H,0(l) + MnCl, (aq) + CL,()5.0g HTS SEaiiwEs & Y
HC1 % forae am sifaferan 3?2

2020-21
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TTAIU] <l ECAT

STRUCTURE OF ATOM

ELE

39 Thdh o 319 o oI5 M-

oI, WIS qel =2 i @Sl 1§
Ioh Sfacreror | yifad & geh;
ATHEA, WIHIE T dR oh T

qisell &1 UM L Tehil;

TV o FdleH AR Aied o6
TETYUl AL HI THH TR
foga-geasta faferwor &1 yfa
Td ek o daiey fagia =1 v
Tohl;

gehTel fag[q-TTa qef TRHTIS <
TYFH] o AU BT UM R Fehl;
< St Fel e BTgSier ST
fagia & sAfyere &Y goht;
THI] & ! FeH HEASl o
w0 & R B a;
SATRaTS, fagId, ISl 1 STIaSiA
Tagid den g 1 Aferehad agehdl
7\ =1 v T o

TRH[S o Selaeie fo=ard foa

Tk

11084CH02

fafy= el o TaTarish FAER 9 U (Afaerar, 37a Garsi’ &t
Tafter Geer ¥ ffga fafagar @ gerfad gidt 81

IR TS AT SRIRT R 9gd 98 | & (400 £.9) TESH %
A i YwATfad fohar T ol 37ehT fo=R o fof o] 57 o
ol GTEAIAS 9 B 21 S0k SFER g1 & R fasrsy 9@
Ifqd: T T e §, T e fawifea = feen s weRan
‘T’ (atom) Ve Wek A W Seq= §37 ®, TS atomio w1 31l
‘q e S aTel (uncutable) 31 ‘ ATIT’ (non-divisible) %ﬁT%I
TEt 3 fouR Sheet shoudl W MG & 3R g1 Wi qleror
I I F9E TR o1l 9gd 99d 9 ¥ foem fRdt gmmn o fom T
& =ord W@, W 180 wrarsdt § SRt 7 3 W R 9 =t < g
Y e

T 1808 H S Sleed e Teh fofe¥] Thal STeATaeh o ugalt
AR AR SMER W %4 o1 W] fogia weqa foman s+t fagi,
S “gTeet o1 uRmTY] faegia’ e S 8, WA i u<ied 1 g
FT (Thh-1) T

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

TH Teheh 1 THH S YRR Yeroli @ 1R feman €, S 19
ISt o S qe 20 o IS o SIRY | SR g feRw T 9
oY I wRhfud gaT foh REm] B HON (STTRANUEsE HON) W A
TolFE, Tie qe <[ ¥ 9 B §1 I8 RO Teed i uRom ¥
faopar et ot
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TIA] HT G

2.1 ITFUIHTIUSh ShUTl ehl WIS
i W P fere S i A RO 9 T
1 AT o 9R A 3N SR 9 gg1 g qRomdi
I =@ HH W U AN HUN oF FOER o aR H
T I8 o a9 w=E | W@ e R e sy
TH-E I Yfaehfd qe faodia Tl Th-gER ol
AR e B
2.1.1 TAGE ht @ISl
T 1830 ® uEeha e 3 <uiar R afx fed
foerem o faeE wefed &1 S 2, @ soREl W
IR e 1 fagsa ﬁ?ﬁ&iw (deposition) %ﬁ?ﬂél
3T s Fram aare, fomes fawa o o9 12e wen o
T2 | 7 IR ¥ foRq 1 ol Yepfd oF 9 o wa
<ordl &1

1850 & WA | e oAk, fareiwert thae |
e w9 § faffaa afeereti, i< heire famor
AfeTehTd e S 7, W forgd-foms o1 stera o
foraml 58 fo=1 2.1 (%) o <ifen @ B heig femaom
A Ha F T e 2, P o % 9w
o fagq-fagsH =1 fae 79 3@ @ 3= fava =
Uferd fepan ST @ehar B1 e 1 Afasmet o fafa=
i o <& o Tata g et feman T 5@ weR
9 Toleeiel W 3=4 dleedl o] & TE, @ Afcrenl d
FHUI H N o §N BOTHS SoieRE (hUe) 9
YIS Seraelie (UAIE) i i fagd 1 JaTe 3TRY
Bl TN STh1 ohelre TaRol sturen SRS feRvoT wuT
Fed

] ﬁahftrﬁ i
e 1l g

T 2.1 (&) TF Sele for foags o

29

helle @ UHIE a% FaR[uT & yarg 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 <t
o ) st g
Te®,

Forg 2.1 (@ ) G55 CliegaH T helie- 170 fagst i

(1) Hefre TRl (cathode rays) Fefle 9 @Y
BIhY TS 1 SR T Ll B

(i) 3 fortol T fe@rg et <cff, W 37eh HARR
T den o ffved ywR & ugel (Tpa
an wiadie) 1 Suftefa o <@ <1 @k 21 4
Teref 27 oLl o Zohie © =HeRd §1 Sefteis
fes Afetent Shefts fertor Aferen et 21 e, el
T we fadied qeref o iftd e € o W
o wfadi B ?

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

(v) fagd ok gewia &= w1 suftafs o e
foreoll 1 oTeRR FHUmfe wOi o sTufar
SRR & THM el €, S 7 fag w2 fw
whefie feol  smomafa o Bd B, o
TR e €|

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

TR Gl TRETEt % 9ol Sew B B
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2.1.2 S R STAYT FIWE U
fafeer difaer fomrt AL ofdq 3 97 1897 ¥ e
fepeor AfeTeRT o1 SUFNT ek 3R SRl o 9Y W
fore oIk gaehia &9, S Tk g & oead o, @]
ok AR o TR SO (e) 3R FHMM (m)
o= T &t " (o 2.2) 1 o foag &= &t
IufRefd ® soaR oTR Y ¥ fadufad gt fag A

(fet 2.2) W kel fortor e § ehd 21 3d

YR ohdcl Gk & i Sufeafd ® soee g

C W hefis fHor-Aferht @ 2o € fo 3R

JIRE &F HI JEadl o FEgHgds dged 9

TRl 1 U T W SE 9L W G oA

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

e Ig 9 W fag B 9 e €| UiWEA 4 98 ok

fon fF A TR AR e g AE

Iufeafa H solaeil o o1 Uy 9 foge™ &1 #@mn

frefafea ol W fe e 8-

@) U TR HOMER hHT HE Atk BH W o
SR &5l o WY 3T TR g S € 59
R feraer atfues g 2

(i) HU H FTEAF-H ok Tokl BH 9 faem
ffures g 2l

(iii) ToRIA s1ereN Gahia &5 I YAl oISl T
Jieedl 1Al FFIhE & hi Yaadl @ |
TSR 1 ol 9d § o 98 S g

R IE I CRIE

oI & 1 e a1 g &3 i1 gererar §
o fordt T 1 3uftafd o el o fa=em &1 A
1 TE-TE WY ek 3N IEh UHU W e,
e/m o A %1 LR HT Foh—

e

= 1.758820 x 10'! C kg (2.1)

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

2.1.3 TAGRET U ATAIT

IR, Al (1868-1953) F Soiae W &9 o
frericor o forg s fafy dam #1, < 9o de wE@n
(1906-14) Heaw |

I T 5 SeeR W SEY -1.6 X 10-19C,
fagq &9 &1 F=a9 TE 1.602176 X10°19C &1
ATHHA o e/m_ 3TUI o A ¥ 37 qROmH sl 9
ek AT w1 geadd (m) fAeifa feam

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

m =
€ e/ mg

= 9.1094x10% kg 2.2)

ferT 2.2 soiagia o Y1 3R SAHA o dre U W 60T X T STHIT

2020-21



TIA] HT G

faforer =1 ¥ w5 4% fafa

z9 fafy # &9 (atomizer) §N 3= FB™ &
w9 § qd *I g ! foaEq ¥uf (condenser)
IR H = § sufted SR @ fox 9§ TR S
T 9 & I HT AR A R AIGHIHGHT A ok
B @M T S SRl o R T ST Rt ARy faferehe
TS T S % FAHM I HI k| R o T I
g X-frorgs wenfed wven smaf@ foman
et et qon 9t dai o woug W Ao §]l W TRy
ORI TN dA HI T g1 W R smew
X-TohToT g1 3cq SATURITOT Al A G SO
TN 3T STAfIG I i &l T fRAT AT S TR
%, @i fhan 1 wear @ stean feor fowan ST ok
213 I W AEY IR e W AN Sicedl hl YIom
T georan W R Fw T 9 w1 IR # I W
TRl &5 YaeIa o S W1 e " T fHfesh
A 7 ke frepten fof 8 W fagd e (q) ®
TR THeN g e, () T U Bl €, i
q=ne, @ n=1,2,3...

ferg 2.3 sawr ‘e’ w97 & forg faferse @1 da &1 g5
SRV Fegh H AEE T FT 55 T BIARRT
aT: TecAw Y, fogq &7 & RO Agqeias

T I TAHTIIT FeT

2.1.4 WEM agqT < &l @it

ufafda shefe fewo Afasr o fow U fagq
foqsit @ yAaftd +o w1 @ g, N e
et oft sher St 21 39 eFEfiTa woll o stfirererr
aferfiad € -
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() <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
g 2

(i) HON o AN IR FHTE T STIC 3H T R
et e B, foed 3 s g 2

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

(iv) Feshra den fagq &= ¥ 39 Ful *1 HRBR
TR 1E Shelle ot g Uferd eHeRR %
fauda 21
G Bl 3R ekl ¥ EA TR 4 Ww

B A1 T W ®ed B 3@ YAENE H

TR0l 3R THok S&TuT i gfte T 1919 A &S o

% H W] § TH R ST HUT BT ST

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

SAfTTH T oc UM o6 TR H Fi| 9 UEH o R 9

FD Afeh qR Al fogd SIEE w0 frithE gw

IR g7 HUN ! ST Hel| 57 Jol HUI o Hewequl

o7 Wt 2.1 ® faw g 2

2.2 UIHTUT HISST

Td AT § FAC T YA | U Yaon | I8 719 gl

o STeed o Afa™a TRV § M el FUTcHe

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

g freafataa ger g of -

() TXEIY] o T T SIS

() e o O A Hifder 9 WA HeeR i
g

(i) fafa= S oF HUeM 9 faft= geR R
TSl o S i ST q°l,

(iv) TRETORT §RI SAANNfud steran Scdferd fafdme
o gosta fafweor &t 3cafa qen w&fa =i
TH
T ST HN o TRA[S | foaaeor i S

FE o fau fafa= o] died gwafaa few )

Ay 371 ¥ B HISH g U o T sl s

TE HT S WHI TAH W UH Aled Sl ATHEA §N

R O SR IS g T f&har @ geh

foraror sTRt ez T 2 -
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R IE I CRIE

WROT 2,1 A HUN ok 0T

2.2.1 UIHTU] kT LHEAT HISHA

T 1898  SI.9I. oA 7 It foRan foh owemo] T
T At Wen (= @ 10°m) g €,
S eree w9 w9 9 faafa @ 21 38 W
TR 39 TR o B € foF SHE Tl feer S
el W €l St € (Forst 2.4) | 39 wiget i fafia=
TR & T T T T SIRomei— W YRET (plum
pudding)] LSk e (raisin pudding) 318 S
(watermelon) Hied| 39 Higd i LA o O
1 GRET el WS o GWH WA T €, foe
TR HHI: W Al oS H1 @ Iufterd g1 39
Hied %1 Th Hewqul ae01 7% 7 o SoH TRAm] &
AT QU RA] R G &9 F = g3 T T 2
T I8 Hied AN FHi fagd STEA Hl T
X o, forg I8 wfosy o6 YAFT o 9RomEl oh 9
TEf qrE T ofEEE 1 E 1906 H Hifawt § A4 w1
foregq wrerehar R dgifaew wd yEife St & fog
o R ¥ TEIa foman @

CEIREERI G

feard 2.4 THET] &1 91997 Hed

2020-21

195 Wt o TR erefw ¥ faf=1 geR & feRton
%1 @ gel faeed U= (Wilhem Roentgen,
1845-1923) 4 & 1895 | TN o eheiig fervmr
Toit d SUfterd Ui @ A W Soleed Ut
Y0l S Y ®, S heiie fohtor eft o Wt
@ gfasra (fluorescent) wsred ¥ wfasifa sca=
F GHA 21 Ak Teod &I T Rl # vfa
1 qa1 T8 A, : 3B/ 3% X- fRION 1 AH
fe, St oe ot yefed 21 W@ @ T fE
ToaRMl oh Sif¥e BMd e U1 UAE dsd |
THE o HRO YAE X-fRl S et ?1 X-
ool fagq den gasia &= 9 fasfia (deflect)
T e T o fen % wwd § e w=
e (penetrating power) et ©1 F@l
FNU ? for aeqell o ondlte etemed ® 1 feReon
F OIWA B F o fETON w; w-eA
(wavelength) <gd <H Bt ® (0.1 nm) 3R
JEd-JIHIT FIRR W § (TS 2.3.1)!

1 g% (Henri Becqueral 1852 —1908)
3 @ for o o fafwon w1 S W R
IEH 30 fFeT i eanfaeaar (radioactivity)
FE qel ga fF W@ @ HeAnfea o
FEAW 21 TH &4F H W Fh, R i e
qe weler et 4 fasfaa fean s99 dF TR
F RN, o, B dA ¢ H IESH I@T T
RS 3 I T o fFon & HEE oA
AAY R IR THE WA FAHH a1 I Sl
FU e &1 S Te frewd freen &R oo w
Aferem Tfss B €, i & o & ™




TIA] HT G

et o U1 e @ 9= ww@ 2P
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 (o UM W 100 T AfueR)
o g SAfusk y ROl & (o FO " 1000
T SAfR) e 2l

2.2.2 TEIHIE Sh ATTHERIT U] HigHA

THIE 3R Uk ot 4 (39 7R ek e
AEeA) 7 9gd Ydel @ &1 9= (gold foil) W
O~ U1 T SIBR | TIHRIE & FTEG o-H0 THT0
AN i fom 2.5 ° @ @ R

M 1 qaet 9= (100 nm HI2E) T 3T e
ek Teh ASAUfFa B 9 3=d el arel T HUT
H OGS TN TH UACl U= I BRA U FATHT
yfasifasiial (fluorescent) {5 ewTEs T 9 BhiA
TG TN SE R ST HOT 59 ShiT W TR B, Al
TRl 1 TRREIE (flash) Sea=1 gidt 21

YehIv STYART o aRomy HTRT eFufer ol
AT oF THY] Hied o SI{UR Tt § SufRed 9
o Ueh TLATY] 1 SHM T THN] T T THH €9
Y < g3 BT e T HON A Sl ga-1 i
2t © Toh o goqu o UH THE faa &1 ot @ R
Y S| S 37U off foh Uxit | <o o 1% Ul
1 TIfa el 81 STl 31k SRt e wgd % v 9
] S| 3=H @ fe—
() STeRTe ST &1 9F i Tt 9 faafia gu

IERIREET R

g

SEfcol el

(h) TGS HT FHI9T F91T

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 Tl ol TR HT S B

() P & wERE o o fGef@ g g 9.
g st g STty wfaendor a9 (repulsive
force)é]?W%ﬁTﬂlsﬂ'@ﬂ%’WW%ﬁF
Afrge o foam o faudia oaT] o 31e eHasT
TAA €9 U de1 gl & T EHe Fgd HA
S oh S Hehfsd 21 =1fet, Ted gamefim
3T HUN o1 Fidertor AR faeivor gan el

(iii) SIS A UM ek @R foh e 1 ST,
TR oF el ST i gorll | 3Td HH (FT0)
B 21 WH Y B e 10°m B R,
Safes e i BRA SR 105 m Bl
3TMHR o TH AR HI S 3H a1 § T 5T
ehel ® Tob afE ifes w1 fopehe ot Tig S =
M, O TXATY] Y B S 5 km @R

faafa -

(@) 94 i 9= 1 TS o

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

(i) TAIY] T G qoAl SARTY SHHAM Teh 3Tfd
3o & § ohigd i1 1 U] o 39 31fd 31eq
AN ! WEIHE 7 A1’ FEl

(i) 9w oF IR AR oo JAR Al o=
THET (orbit) F8 w1 8, | agd dsil ¥ IA B
Iq: WIHIE 1 WA Aied GRASA @
foretan-S[eran &, fores g =i o g9 g @
AR TE AHH SeeRi o §HH B 2

(i) TR IR TR oG § ST % frer e
Tl % g oY TEd €

2.2,3 UTHIU] AT qAT GHAT HE&AT

e T HEYT Ik FISAl % RN Bl 1 S

TE TfUd B YT €, WA W A& SoAa[ ok

O o aeR, ifer faqdia fag 1 eiar 81 g8en

aref 71g © o ifyer o Sufter dieiql 1 G e

TEA (2) o TR BRI € AU WMl ®T HEn

TESISH AMWE H 1 SR Hifeqw § 11 g6 ©, of:

STRT TXATT] hHTeh ShHTT: 1 QT 11 BT GRHT] <

ITHA T WH % fAu SHH gl @ EeE,

el I TEn (WHV] &N Z) o el gl

IR — TIES a HTSaH THT] | Seraeql i

@ HHY: 1 qel 11 Bt B
UYATY] WEAT (Z) = URHI] o AT H

Wit st e

= SITEH uuTy o
FagHl

& (2.3)

TR 1 HAERT SHH WA o SR B €,
TR AR 1 T T2l a1 FB 3T IHH Holl
(S99 g&® 1 SHHE Wi o SHM o ol
e Bl €) o RO Bl g1 3 S Rl h
R (n) Fed 1 AR | Sufeerd WAl iR =gt
6lﬁ7*-"‘([%!334'77\':[(nucleons)5%?[% ?{W\%ﬁaﬁ
Tl AT i TR 1 FFHM GEAT (A) FEA T
FEHN W& (A) = WM & §E& (2)+

e[ ht 9& (n) (2.4)

R IE I CRIE

2.2.4 QUM T HHTR®
foret ft TET] & TEeA @ d@ o Wik (X) g
eI < R 7, forqd a1 iR weh gd-or famn
S ®, S AT S WSl (A) Bl €1 o S A
SITTE o T H A wen (z) fadt s g,
AU 4 X FAWTRe: THF So2ME Hel, g 9=
TRHTY] HEA o TCATY] BiHT; IEEONA— 14 C den N |
e R 9 WA B &, et T ge (2)
TAM T g e (A) T gt 81 g vl W,
THIHIN 2.4 & AR, Ig W ¢ fF gueenfiei ®
3T HT RO AHE | Iufeed f9=-fa= =gt &t
T B S o fou R & gregiet W] |
99.985% BTESISH THIIST § shelel Weh Wi &Il ¢,
o wifeam ('H) Fed 21 99 eEgeE T ¥ |
e B B EgEiad (2D,0.015% ), foraw
1 T T 1 =52 B § iR rgfeam (Tritium,°T),
e 1 Wi qen 2 g2 B 21 2o gesht §
A | A1 S B | el o e o Sl o
&; S9— whreH, fSd 6 WAl % St 6,7 9 8
A (120, '3¢,140) B €; FadH A, o 17
WAl o ST 18 [N 20 =2 (B¢l ¥7Cl) B
TrEenteni o foma § sifaw Hewyel @ =% @
o T o TEEtTeR T seel S §e gR
it g €, S ifwes o et =1 s g fawifa
Bt 21 s o Tt o W el w1 ge &
Y9 Sgd A B ¢ 3T: TEEieh sifafwansti o
ofi wEeeh Tk W STeER S B

ITEIT 2,1
SOBr H WA, Il 1 SeiaRHl hl Gl I
qfehetd i)

&'A

Z& ¥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)

2020-21



TIA] HT G

SETRIUT 2.2
TRt wielsT o sorae, Wer qen =52l i S
FEI: 18, 16 AA 16 Bl THHI YIS Uk
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
e o SIeR € = (18 - 16 = 2) THeh! Fdleh
2SRl

e : AX Hopd ® TN FE ¥ Ted I8 Ul
R o fr A wiefis SSEH o) § st
AT A1 HOMEE €| AR I8 IS T €,
TR (2.3) W= €, foraw

Tl ohi T& = SeaRHl ohi Tl = T HE&
B Bl A winie o ©, @ 98 fwifa
FHife foF Wl &1 T&N SolaeHl ol e 9
feren © 1 8 9 31faes ® d sherd (&)
3R A 7, A TR (F0E) BT =g St g
T A-Z 9§ 9 2, 9 Tl SqdE @
37 3T &I

2.2.5 IST{0hIS HiSA o T

S fF ST S R § WIS 1 ARThRE Hied
YrHee %1 Tk B2 ®9 o, forqw s 61 9 g
1 e SR AT ! Booh el b1 a¥e el T4 o
e GRAEE TR TerEra Fitent* i on] feren s €
A g Jea @ 7' g % =R @R ffvea wee

35

% g fean S wehl 81 ST m, 31K my, FoH, 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 @ Hel @il 2l

grusd 3R TiWhd digd o FHEd 9§ 98
gera foeran © f selaeiq ifas o =)l @ik ffv=a
wHenet § A A T, THh oifafem soleR SR
s & o Hem a9 (kq,q,/rd) B S, S q,
3ﬁ'{q2 W,rﬁ%ﬁ%qwaﬁaﬁﬁ?k
ST feeRis €1 el et TR 9 § Tecrehyor
91 % TUM Bl 81 Wy 5 hiE fug et wman o ifq
W%ﬁ%ﬂﬁw (acceleration)%ﬁﬂﬂﬂ%@l RIS
fie fondt hem o feer a1 @ 7ifq X T &1, ot fwm
TRE o TR0 ITH @01 BT =1eU| 37d: Aeht™
Hied | wensti ¥ IAd US Hl We sl w1 ot
R BT 1feu) Hedee o fagq deshia fagid
STIER, @Rd STEfT &l &l for@a-gawa fafeo
HT IS HE MG (T o W W@ Wi T
BT, TR o STAfeT F&l BId) | sty fonedt e
Sufeer gotae 9 fafeor scafsa & z@ fafeor
o foTe o1l gefaeieh T & T BT 39 YhR el
(orbit) BT BIdl ST | TOHTET § =18 qaT werd ¢ o
séagﬁaﬁﬂﬁiaw (spiral)@ﬂf%ﬁqgﬂﬁﬁ
108s o, fohg ora o wEr €l 2ar 21 39 WK
IS SR hi I SRl FoRewd ekt qen foaeq-ges ™
fagTd o SITER T fohan ST, @ WXl 1 T
Tiga fRelt TXAT] o T &1 AT @l &Y T
21 Y I8 YD Tehd € T AR hemafi § gorael i
T & TR SRR B S €, @ o e W getaril
1 R o TR SR feer 7 o 22 %R e © fe
g gl 1 for 7MW 2, @ STfus s
e TR 3R et o s feer deq s o
T SoaeHl ! AE w1 AR Giw o, fad airee
THIY] Hiedd 1 Tk o5 €9 U &0

TIHIE o W] Hied H Th a0 TR I
7 © Toh 78 TAIST 1 geieeieh Wl o AR |
Fo ot gui &l wr, ST SEH F% Ul el <o
o Toiee e o =R IR ford YR foaemm & 3l

mlmZ j

H ord €1 Tel & o= TRy §el i (G- 2

STRT Sl T B2

*Ferceerd e Agifaes faam 2, i =12 & ‘T & frel’ W enuiid 21 9 Toel aggai & ‘T & e’ =1 guerd 2
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2.3 SR oF UIHIU] Hise o faehmd
EI A )
faeifas €9 H 53 o Wy fafeo &1 ==
foramstl o STEM W Ui URomH W e ud
T[Sl 1 WLE °oh HaY H STAMH o W gal
Hi R 7 34 RO w1 ST Lk "IES GR
giqared Aied ® uR TR aR o6 W] died o
o o < fagedt =1 een gffew W R
() TorE-seesra ot &1 g =eer g, feew
o 77 B for fafercor o den o1 <M o T
i w2
(i) ORETY] TEH W HafHd Y 9oy
e g fagd gasa fafeo o §d Faer &1 ==
AN IH] WFH ok YEfTE qRomd S == @ve
2.4 | &t ST
2.3.1 Taera-gaasta fafewror st @
Wehfa
IEel Wt o wem o sifaenifoRl 3 TRA oeqge o
TP Ud Icfsid g arel fafewen &1 aferaar 9
e fhan &7 fafeon ot et fafewor wer s
21 S TE W 1 RN w1 fom T fafeo
fohed o B1d €1 o1 98 el — wifq 3 € fom i
JHTE T G T B § TE SR M SFeeRomaR
W MG © S T S=iaelt 9t & w2 a9 e
off| Foita fafexor o fomi @1 gduem afsraar o
FIT 1850 H g3 1870 °h IRT H STH Fleh
Hogae A ge fagia fasfaa fran fr faga gewm
T SERE HU gN IO Bt &1 39 fagid #
TR e A% H 2 529 7 foam wet 7 forgq
Jahig fafeot & foua & = qeai & s S
Hagdel (T 1870) = oM Teet Maferd et o o=
=11 femamatl 1R Tl wR R foreqq qen ekl &
o FEAER hi AT &l I8 I8 g g &
farg A ol w1 S wfid fohan s €, at TR
fagd @ gawta &7 S B €, 7 &7 fagq
ﬂﬁﬁﬂ'ﬂﬁ@ﬁ(waves)%@ﬁﬂ?ﬁﬁ@ﬁ%,ﬁ%
?ﬁg@aﬁwaﬁmﬁm—wm
|

R IE I CRIE

TeRTeT ot ffertor =61 Tk w9 7, fSrEen! SHehi
o qd @ % SR T W T e % A
TS I IR *T T g H (RJA) THTT HI HI
(Wﬁ’ﬁh‘l’i, corpuscles) T &F1 3T AT Il A1
199 TRl | YehTRT Wi TRT-Uhfd Afqariad gEl

el SR Hereel J Sdrn o Wehtet a3 Qe
ferga e gk 1a =aer § Gt g € (Fost 2.6),
eIy SEA-gae T T I T B GH Sted e 2,
dfer g0 el 2 9M O W faEm S

V4

N 83_)[
fagﬂl/m
Y/ HE
IR & TH 1 fem
fad 2.6  fagq-ga=ig @7 & fagq a1 gawi &7

2| 4 e GHMA FI-554, gl T a9
A a1t Bid €, fbg 9 Tk gER @ oleaa
el 4 @97 #d Bl
() SEHA ERE wON g S fagd den
JeH &7 Teh L ok @aad i ¢ 3 A A%
o ROl 1 fwm o off oiere 2R 2 fea- g
T 1 Th WA €9 o 2.6 | @@ m=m
(i) =AM el SA-am o fouda faga-gas
T k1 fepelt TIeam 1 STagaehal TE Bidt 31k
3 frafa & Tfd T gedt 2

(ili) 379 T T T e T & g1 © o faege-
oo 9 TeIfehTol g WehR o €I €, TSTeht aar-gead
T g Tk T W f B 2T T Ay
fereRR faeq-gaia T s € (fo 2.7)1
TerzA o - & o fom-fa 9w 21 g
I & %%aﬁ—a@ﬁr (radiofrequency) &,
(10°Hz o TTT) , fSrEeRt SYART JERoT § fopan
STl %; H&H T (microwave) &7, 102Hz &
o), e S9EM R H R 9 oe;
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TIA] HT G

3TeX (infrared) &3, (10'3Hz o TR1S) , et
IUGN TRH T B € 94 W (ultraviolet)
&, 106 Hz o ST+, it ¥ ot fafewor =1 wah
AT Bl 1 T 10'5 Hz o 9ig 9 &%
YR S99 (visible) T Hed €1 heel e
¢ &7 T, T8 Tt offe <@ (Hgfaa oY) Tkt
g, 915%9 &1 1 Y= o fou fawi WehR o
I3 T SERTHA Bl 2

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

TO-<EH o U oelE o U g =Ieu
T ST 19 HeR (m) H St 81 <k foregg-garehia
fafertor o Bt W-354 1 a0 Bl &1 3heh Ty B
k! 1 STEeaehdl gl & ora: fast 2.7 o fafu=
-l e erghel areft - g Wt
forga-gaeta fafewol =1 fe@mn = ?)

frafa § |t vhR o fagd-gaswa fafeo,
R ST qCI-3o pw ot 8, Tk wuE T, e

(iv)

37

3.0%10°m s (2.997925 x 108 m s™') ¥ =eid 21 6
T Sl WeRTST &kt 7T (speed of light) &d g3l ¢
g 4 <uiid €1 e (v) Ta-S=d (L) 941 TRl ok
AT (c) i Fr=ferfaa TR (2.5) R Hafyd
F
c=VA (2.5)
T 1 adqM o g T gl Ui, qer-gen
(V) &1 STam fwan S @1 9fd g oerE ¥,
?1'{."'[—%93? H & i GT-GE&AT (wave number)
FEd F| THHR HEH TT-94 o HEH HT Ik
g m! BT 7, AR Q= : TA B el JEs
em (SI 9 &) 2l

2.3.2 faRIa-—<asma fafezor st woita
Uehfa : Wik ekl adied fagia
o= (diffraction) 921 SAfdHIIT ** (interference)
St o wrEifTer fteeiet i faeq-gaenta fafanor
1 T YhTd g HHHE S Gehdl €, Alh HO
Jeruf 1 195 St ok i fowm (SRR
e’ FEer ¥) & fEr e fagid F GerE
Y ot aftrq =&t feran s ehan 3 Yeror Fefefad 2
@) T\ fie ¥ fafeor =1 e (Hitoren
fafertur black body radiation);

16 1
L(Hz)
Y —fereot X-fwt | UV IR T M | AM| e e @i
Ffear @i
T T T T T . T T T T T T A(m)
10 10" 10” 10 10° {:{10° 10" 10 10° 10* 10" 10 10
................... W _@m
l l l l l |
400 500 600 700 750

TR A (FAHR)

forg 2.7 (%) fogq-gaepta (6o &1 Tagw (@) 599 TagH| | Tagq 1 T o 91 97T 998 8idl &

* fopdlt o1em o STHY T o g i faedw wed €

** T GAM SMgfa arelt < a6 faert Tk T @ St 2, fomen fSfem o yoe fig w fasiy, v @@ & 349 fag W
faetis =1 sfsforda =1 Gfeer @ giar 81 N 1 39 YR 1 G SAfqeuT SEdl Bl
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3ISTEITT 2.3
sita sfean e (fReeht) =1 fafay wRdt v
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 =%

ST ¢ Frafq ® foreq-gesra fafewor &1 3 iR
v g g1 KT T wE o gfaeenfua e W
C
14

A=

_ 3.00 x 108ms™
1368 kHz

_ 3.00 x 108ms™
1368 x 10°s™!
=219.3m

g el a1 Afrenafies - 2

ISTEATT 2.4
99 TFH o T84 1 W ST (400 nm)
Y ol (750 nm) T €1 37 T-<=AT b g
(Hz) ¥ Yohe HIfST (Inm = 10" m)!

'

GO 2.5 o STTER, ST Fehtel i STgf
c _8.00x 10°ms !

V =—
A 400 x 10°m

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

-1
V=S=3'OOX108mS =4.00 % 10" Hz

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

30T 2.5

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

R IE I CRIE

'
(%) TET-G&A (V) I TOAT

A=5800A=5800 % 10°® cm
=5800 x 10 °m

_ 1

_ 1
V:_
A 5800x10°m

=1.724x10°m™!

=1.724x10* cm™
(@) =1 gfd (v) i T

3x108ms!
5800x%107° m

v=%= =5.172x10% s

(i) T T Fag W fafrtor o TR W el H
TR (geRTer-foagd 9+me);

(i) 3 H AYHM o HeH o 9 H SHEATRGT
e

(iv) fooet BEged o deyd o W ¥ 3@ T
& WeH|
3 ufteremd gfir et @ o fenm she freht

g A § € Sl o Gehal 1 Gt Herferd Seid

TR AYET IS &l i Sl Feha |

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

T ¢ foregd T W fergd ekt a-SeAt
o fafetor ScafSa et &1 S=a am W fafwor
g AT A o g¥9 WM W el € W a9 serEl
ST ® ql ot X <= (fren yehrer) stfush A 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 fafewo fordht faom @ = eifeen
g e € qen g foRdt a9 R A fafewr sifuw
e e B ererfq T aegent grn SedfSia fafae
et o Taferton =t dierar sreqeti o ara W e
211850 o 3id 7% I€ T & o1 o Tk fafa= st
g fffa squ afg fafs= araf = &t & @t ot fafa=
e | fefertor Scafsia st 81 3Heh tfafie 78 ot
for @ et o #1 9de W v (foga goe
faferzor) faferfia feran tman € 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 ARy fie S e WhR i emgfa o
faferTon =hl Tk THH IcAfSTa aen SreEiia e
FORT (black body) FE@M ¢ del W fig @
I ferfertor i wHftorent faferor wed € araa
H UH H1E e T il i with SRR Hiwrht o
g GAM Bl 81 HO0TehT 1 Teh 371 ek dfehe
g 3% 99 U T B ¢ [fee 2.8 ()] o T
% o STcTen 31 HIE R Rl BTl a1 H 8% 9 e
B I e R
Bl el € 3R o1 W 7T shi SeR g Sfewiia e St
1 pfoorent, faferzolt St
it omey TR oF Bt
31 v e o
37T IRAET oF WY A
e ¥ 2t ¥ T R Ty
A H T SRl aha |
I Sl TR L ©

ford 28 (&) P oot 39+ 9fE@w @
STERNG S offl iUkl & IHfod Wl i A
(faferzor =t o) den S Teaed § foamor shae
39k a0 W Rk s 81 R T amee w, s
Tafertor ot o ai-<ed o " o WY wedl ¢ TR
T W24 W e Afhad Bl €, STk oI q-<ed
% 3R FgH W IE T I Bl ¢, S o 2.8 (W)
T fe@mn T 1 sEeh Al S-S 1T wedl € ok
1 SFeS (maxima) oY TUT-<54 1 IR TFIARA 8
S @1 fafor 6t sk %1 qaigEE o % ferg

39

faferor 1 el 1 -9 o W o ®9 H T
FH & 3R T g

TR o T FGIa oF STYR W I TROTH i
TS oA el i ST Tkl Hed ik 4 T
Tl o ¥R W HameHe giom g fear R
fafereor o1 sraioer IR Scas ferl (Hftoepr i
ARl & WA ¥ T BN ¢ T8 AR T
Jaata fafewrwon o e o @ e w1 ARH-URH
F ®d € w7 g A fr fafwr w el o
fafers (discrete) Wl § @l S Gehdl &1 Held ik
J A o aE) SiR 219 Sheret fafaeR (discrete)
e H el SedtSd (A SEwiia) #%d €, 7 T
3eRd &9 H| faga-gasa o o &9 1 Se1 &t
TSR =Jqm A 1SS (A SHeRi) B §, 59
WWW(quantum)WﬁWWlWﬂTaF
Teh FAICH i Soll (E) 3Heh! TG (v ) o FHIgAw
eIl B1 38 Wi (2.6) g1 ek feRan e B
E=hy (2.6)

T,>T,

drgar

1000 2000
— s F-=mm)

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

STuTfaeRal feeieh, h, &1 wiieh feerieh gl
S @ SR SHRT UH 6.626x10°% Js BIdl B

FATIH0T T T Hifedl | TS T & &l T
2 HE o = difedl o frdt ot 9rRE W Ee
Bl Wehdl & W SHoh oI Wl o < UEREl o |
o wel B w9a el @1 Sl b1 we e
T W 9 1S off 8 Tehdl @ W 37 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 & daar-faaon #t smgfa
1S U5 % WM o €I T AR L Goh|

o0 &
(1858-1947)

o ik Weh S k! SRR
g1 I\ T 1879 H Hf@
favafaeme @ Sgifasw Gfawt o
W.TAEL. T UMY TS0 il F T
1888 H wfer fovafommem &
sfeage e ferifesa fRfSe (Institute of
theoretical Physics) ® e fga foe mu
3o g U T e fgia & faw 3% ¥ 1918
o ofifqent § oo R ¥ FEIa e T
I ST SR Afqewt ok o &= § oft
el e A

LEINEEECREIC]

T 1887 H TH. BH 1 Tk 9gd Bl for=ed g foran,

e o et (S8— defirm, wdiferm, Wi,

TAIR) T Tae W IYI TG ATl YT ST W

S fos 2.9 § fe@mn T 7, e e ) 39

U 1 wenteT T wame #Ed 21 39 wEm 9

e 9RO 39 YRR B

(i) ®Tq ! Fd8 ¥ YRRIYSI oh T &f 36 Hag |
TR feherd €, e1eifq g ) Idg 9 solaeq
FTehTE T Faqe W YhTRIYS| oh Zohi oh i
FIE THI-HWA (time lag) & BIal

(i) TrRIfaa Solaeil &1 W& Y1 &I el &
A et €

(iif) IR ©1g o foIq Tk sifenerfires =Fad sTrefa
2t 2, i et 39 (threshold frequency)
FEd € IR 958 w1 e1gfa R ehmer-fog v
TRR T B €1 v>v 3Taf R e see
1 FS TS Hetl Bl 21 Tt ol T TehTeT
1 G o T o WY Fedl 2l
I GR TR 1 oared IRYe Hifdent o

el o STaR W 72 1 ST Gkt | 39 1wl o SR,

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

R IE I CRIE

“‘iﬁ 5
forea :
wrlﬁ(P ﬁBﬁFTEF?;T

%2.9Wﬁgq—yw$wwwakmm/w
frafq #& & T 41q H GF 9§ W T [A0=q
g arell g HT 0 ewwdt 81 g @
gl (i &l &1 3 U g GRT fird s
g S It AT Forl w1 AT F @

forefy et 1 IR vl W, i soeRAl 9 e
AR T8 Helferd T ST shl A Tl 1 dieral
T o1 S Gehdl 71 FEfd o <@ T € Tt
TSRl 1 HE& Y3l i Aol T 9 et €, eifer
T SRl T TS Sl diterar T s e e 2
I o e, WM o Zohe W Al fepedt off diera
1 TG T 1 ThT9 [v= (4.3 ¥ 4.6) x 104 Hz] F3 Hel
Toh STeT ST, <t o IS Geh1IITeh Serargil ol FTehTas
&l il 8, W 9 & diel 11 1 A el s Tl
v=>5.1¥5.2x 10" Hz Tf@Ed W el S 2, d
TehT9T-foregd wume fR@rE 2ar ?1 dieferm urg o forg
Tgeft 3T (v ) 5.0x10% Hz B

foeq-gas T fafeior o wie o6 Faren fagid
T TN i U R (1905) TehreI-Tor[q g+
I THSH | %A gul

g I Fde W YHE G F THIA Hl HUI
(BIEAT) o YT o1 ST THS ST Fehell €1 579 1S
T Fell ATl WieH ¢ oh UXEIY] ok Soided o
THAA 7, 1 I TAFH Kl THI] F X e R
<1 21 IS i Sl TSl SAfeen B, Sat € Sl
T Seig i S 3R Fehifed Seieei= w1 Tiast it
3t & sifereR BT S vl o, FsRIfad sereei i
TSt Sotl Toefq-gaehia fafertor st sTgia o A
BIiH| <ok T Al I i St hy @ IR geee
1 k1 e o foTu sfaeares =<ad st hy, (59
FHEEAT, W, ft HEd ©) T H FR (hv - hy)
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QAT i HCEH

eae MR
(1879-1955)

SR & a1 gu smafeR! sifaet
R Tee S fawa o
e et aefehi § 9 Th 7=
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) & = &
SO0 ¥ U FTshifad solae@ @i Tifast St
TR 2.7 B & A 2

hv =hv, + émev2 2.7

el m,_ Seidei 1 FHM € 3R v SEeH 9 ¢
iq o, sifuss daar arel TR | Il St GE
siferer B &R aRommeersy freniia soel i
e off 39 JE & qer § At enht, e vy
el oF WehTel T STEM fRA T R
faea-waera fafetor @ ga saaEr
WhTST 1 U1 HHH Fehfd 3 SAThT o WA STgH
1 Teafa a1 Y <11 Tk T o 56 HioorehT fefertor
3R YehTI-foeq 99Td k1 oS SARAT i, W
HAfTHIOT 3 GREAS T SRS HT ST Fehall off,
o T FfRETd a1 oAl 39 S i 5 H F Th
& S o1 fop 9 WM foran sy o wenmet o @ 3R
AT A S 01 B B 37eifd YRl 1 5d SRR
B 81 WA o YR T 89 U ¢ foh Tehter @ @
H01 & GHM IR Hdl €| e 54 ok @1t fafenon

41

1 I TR el €, 99 T wu S e weie
A B ST TafehTor o1 Heor gl 7, 99 g T S
o1 (SAfqeRor 3R faeda) <eriar 21 %o SR fafeon
%1 Fafad URIST &l <@d gL I8 Heheddl Thad T8
off| ST h1 3 THR HH § HIBT THI | ST
AT AN W, F GeH HU (S -golaq) off
TR Il 6 HRR FEE F ©

IETEIT 2.6
5 x10" Hz 3Tgfd ame fafeor o & A
TISH 1 o1l 1 TUAT SIS

&

T Wi &1 e () FeAfafad gt g/
S 2

E =hy

h =6.626 x10%*J s

v =5x10" s (fe=m )

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

Th A Bl bl 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-5
THIU YehTel ST HIdl &1 ded g U
Tehg IS HISHl sl F&AT i TUMT hifeTd|
'

dod 1 forRpd-wfek = 100 9 = 100 Js™
Teh HieH &l Sl = E = hv = he/A

_6.626x10* Jsx3x10° ms™
400x10°m

AW 2.2 FT At o AU wEwEEE & WA

&g Li Na

K Mg Cu Ag

W, /eV 2.42 2.3

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

100 J s™

Zoeoxio=g 2lL2x10ts
. X

ITTEI 2.8

S 300 nm aT-<= = fafeor wifeaw Og
%1 T8 T ZHAA 7, @ 1.68 x10°J mol et
TS ol TR ScAfSd B4 Bl Hifedd o
AR o T o fau w9 @ w9 fha
Foll AEvAE BN? fRE yeifetn soiee o
IS o foau siftrran a-<=d @ Bhi?

BA
300 nm FREH FT el (E) 39 TR 3 STt 2—
hv =he/A
_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 "

difesm ¥ T A soiaeHl o s o foag
STMETIH =LAAH Hol
=(3.99-1.68) 10° J mol
=2.31 x 10° J mol*
T ol oF fou sTawdeh =[Adad Sl
_ 2.31x10°J mol™
~ 6.022x10% electrons mol™
=3.84x10"°J
THHT G TIT-354 39 TR afi—
aaste
E
6.626x10°*J sx3.0x10°m s™
3.84x107"°J

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

@A fagm

ITTEITT 2.9

forelt g 1 el emafa v, 7.0x10% s 1 AR
v=1.0 x10"° 7" agfa aren faferzor &g =t
Gde ¥ THUA ¢, a1 Scarid Seie i s
Sl St TUET I

&
3SR o FHIHIUT oh TIER TfqsT el
=1 meV2=h(v— v,)
= (6.626 x10°* J s)
(1.0 x 10"° s~ 7.0 x10" s™")
= (6.626 x10* J s)
(10.0 x10"s™'- 7.0 x10"*s™)
= (6.626 x10™°* J s) x (3.0 x10"s™)
=1.988 x10°J

2.3.3 gdifea™ sAaieh el &R ok
T ymmoT @ URETUaes W

RSl T T S HEAW i Wehfd W R et ®
R =g ToRd! 21 Tk A1 ¥ g de 9H W TR
1 FRT0T T g U9 W g Wt © e STudfdd
(refract) SN %I

e S P e 5 e g e
<@ T foh HH GE-S8 1 X el qUT-o5 i A
# o | eIfuss g S €, Fifen w9t
T H 99 WE H gl qe-<s ol 9@l et 2l
TS YehTYl 1 Teohor Tl wfeali ot U Sf@en o el
Trﬂ'cﬁ% ﬁlﬁ!ﬁaa:n (spectrum)ﬁﬁ %I e,
et T-o=d gag sifues Bl ©, 1 foa=e ged
FH N G HH W94 ol 1 w1 feee
o Afueh BT €1 Whe T o Yeh1yl, S B4 f&@rg <
2, % TegH 1 W 7.50 x10"*Hz o ST W ¥
AT 4 x10"*Hz o el T dh Bidl 8| 36 T i
Hdd Fﬁ«?}l (continuous spectrum) HEd %— Hdd
gEfT, wRifer ST 41 el 1 H SR e @ 8w o
fireran €1 o= i o W oft wE € B B S ST
H S5e o €, a9 off TE & weed e < ?1 AR
Fau foh 3va gehmen fagd-gahia fafeton 1 T =ga

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

e wmt g € (o 2.7)1 @ fegq-garhia fafemo
T4 o WY AR TR el 7, df T 1R ST 3
Froll kT STEIITOT T Tehd & TS Sod Soll T W TG
A 1 ST Sl R W Y et sraren ° g €1 A
e A Sl arel St Tl derey staeen | wied
g, @ o fogq-gaa ez & fafu= &5 & fafeo
I e
IS qAT TAINTUT WeaT
forelt agTel | il STRINYUT o W18 et fAfoh<oT
T Sea T’ HEeAdl 1 TLHTI] ST0] AT ST
fafepzor & sraeime W A 8 S 21 SeEsi
TR W i o fau fme wfaest = ™a wh
tore faferfora ek Sott <t St & SR < gfagef
STeifea ot shi Frrsshifa v 8, df Scafsra fafszon
1 T-<=d (A Ag) Hi Repid T fern s 2l
STORINEY] ST ICASF TaH o HIeHThE
frifea =t @ a1 €1 <14 sk Faa fafewor i giagst

43

W STl Sl ®, 98 fafhio # g aw-as &
STIIOT R AT &1 oA G STeRnfoa fafshaor it Tma
A T-<5f =TT Had e § et T i W@
& ®7 ¥ 7 e 2l

IS A1 TN TAH o STE2IH h TFIH
(spectroscopy) F&d g1 S SR Faq= W%\'W
ThTST k1 TIFLH Hqd 2l 7, i STH 39 Yk
H ol ¥ O qen gl qe-ded sufterd gt )
THeh Toiia T erereen ® qXATOLST 1 Scasi Wed
A W ST qT-3e | T ®9 9 9| 6l
2, Wq 379 Shae gty a-3=Af aren geRre et
B €, fSieh ot o whrel oM e €1 U8 WeRH
Icfoa fafetor Taen § aasiet W@iel & &9 H
wf¥ B € (F 2.10)1

SRR LAl o 1T § LEl-Scdei Tiaey
%1 eIy Hew Bl 81 Tk axel 1 ST Tk fawiy

ﬁ»—«qm

T 2.10 (&) TRHTUENT ST : BRI WATSH (7 4l iR aw) o Sferd Ghieel GRT ScAfSTT JHIT H1 T
o8 @ R (Al @n-35 &1 3@ d gere fHa S &1 37d: Seqsid TIagH, S e ai-ae]
GBI Gg= 8T &, %1 ‘3@ Wazq’ el Sal 1 ot Ffver SR & qfaqel o agd i e @ wEr
gid &1 greiife HIs T WA 9 Uh GHg W 0% & 9o e d g ekl €, fohg warpsi & gqg 7
guft Gora ST ST gt €, S 4 QEI] e Seil-wR WS €, df Scaford YT 9 Wagd I gl 2
(@) THTANT ETNT: 59 Ghs FHT 6l STalord eEgie WA @ (et s (slit) ik ey fis
T TIRT SIAT 8, @ 91 gl § e @-a=a (S A 2,10 % F Scafoid g5 off) @t digar &1 s g S
21 78 ggfua waeq 4wk @ Wazy gl @ iR e Wagd &1 BIerEd ifed glar &
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@1~ Scs T Bl 21 TEEte fageron o qrem)
TFeH Y SARTATEAITR [T ST WA BT e
o fory S&ft YR S o W@ W ®, TN geR
S o e A= 1 9earH o fow s |
AT S €1 A a7 o WA o ISt Tagh i
el w1 gened faem o ufasel i Eed 9
Tl &l TEaH oF fow Ja g9 (1811-1899)
gagem R

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

BIESISH oAl 1@ WagH

< gregre T H farg faast yenfed foran < 2, @@
H, 31] foiifor it 3= Ssll arel BTeg ST WA <
&, S ferferer el aren ferga-geenta fafertor Seafsa
F 2| TRSSH Seaed | et & wE St e §,
S8 ST SMTThIeh! o 19 & ST Sl &1 &R A T
1885 H WM YeTuli oF STER R aarn o afs Segdt
{@sTl &l WT-H@ (v) oF €9 H H A fRAl AT,
3 TEE T F T T ) et

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

Sl n ek quifr €, et 9 3 =1 3 @ aifren
e ®, AUfd n=3,4,5... €l

39 3 51 Af01q {@nstl i ‘arR 9o’ (Balmer
senes)ww%w@m@ﬁa@ﬁaﬁms@%ﬁ
1 TErd foed-eeh Taed & 99 &5 ° W gl
Bl Tied & TH WAl deieh Sierd gt |
Farn fF eRgeH Waen & |wedt gfve # @

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

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

109,677 cn! o A Wi TEgeH &1 Rgant
Terien (Rydberg constant)%ﬁ % n=12,34

R IE I CRIE

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

gRo 2.3 ¥ eEge TagA w1 A Ao ke
€ g1 fo 2.11 o STESIST WA 1 wEH, 9 AR
IR S o HeRHo w1 femrn T R

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

Sroft n, n, WeHr a7
QIEEE 1 B UL
AT 2 3,4.... e
RINE 3 45.... ST
Ahe 4 5,6.... ST
TS 5 6,7.... ST
OE====—RE-—e-———--——-——— nzZy
n=>5
n=4
*VV T SOl | STEER)
n=3
TR AT ()
n=2
EREE
AEHA S (T
YYVVY n=1

ferT 2.11 gI3gieT WA § 392 & GHAI (TeT
GFAU 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 Afuew wfed giar €, g it Y@ Waed %
FT AA THH B 1 - (i) Tk axd 1 @l
Tegn foei™ YR 1 BT 1 (i) Y% ad o @l
Teen o frafad gt 21

3790 78 Y9 331 © foh Teh SR 37 RI0l R
HROT B Tehdl 87 1 ST Gaiel 3 el o TRAroetf
1 Solaifeh G W BT 22 39 YN o U9l ok
IW A TG 81 8 A W R 37 e & I
Y gH 3 qwl o WETet i Soldeitieh dLEl i
g9z # gfaen gl

2.4 ETESISH UTHTYT o T &R dtse
TISSISH TXHTY] i G191 9k TaH o HH=
AN HT TEEA HHATHS AT e’ 9 3 99 1913
T | S ik oh ol oh IR0 i STALRIT
w1 3yEn foeam Fuft aR fagia eyt FEied
IRt 81 o, qenfd TXAm] SEE qe Tal H s
Al I THETd ®Y F A H 9T STAM Tz s
Tehell 81 9R o1 Aiew Frefafed Sl ® e
T
() TEGNE WA § SoaeH, Ae o 9’ W
fafeara forean IR il ot JarRR weli | S| Hehdr
21 T IR T hl W heT A1 T ST
T AT Sl TR Fed &1 A FHed AfaE
TR 3R Hehga &Y § aied el gl
(i) el H Soiae i el THA o WY TR gRafad
eIt 8, TN i soreri e T ') @ =
TR TR R T S, 5 98 SATa9Ie Sell hl
STARIYUT HUM AT ToFH o Iod TR TR
T 19 T W T & 9] sl 1 Scds el
(THIRTT 2.16) | Hli-9REd Faq alieh § a1
B B
(iii) AETh TR aTel &1 TR STowensti oh HWeRHUI
& THY ITERNNd S1ger Scafed fafwwer
frefefea w9 o f&an s " 2-

_AE _E,-E
h h

(2.10)

45

RUSHCIEY

(1885-1962)

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

Sl E, 79 E, %A f 3R 3= o7gma St
et 1 39 T Il ST T AT Rl
T et S 2

(iv) SoioR 1 HIUNT Ho eeifed s ®, < g3
Tl ofeeen ® 39 f=fatad wHieto o gN
Tt S Hehdl B

nh
myvr=— n=1,23.... 2.11)
27

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

S+ I Haw 1 7F h/2n 1 Ul 0T BRI
ThH A § HIUNG HAT Faifed gl 81 S S
vl T o el T Faifed T hi B T
M W shial € dl fafehTon sl STariiooy S1efe Sedsid

RV HaT

519 YR §o9H (m) 3R aes a7 (v) 1 OEwa
Yaes Ha Bl ®, SH YR hivid Ta (angular
momentum) ST TE (1) 3R FHI0HT T () T
TUFEE BT 81 m, TN a1 e o fa, S
ek o = 3R (r) B 1 gareR Fan ° 5|
@ R

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

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

Tl e T€ wRU ® Tk g ffvea wer & emma

B 81 9 T T st 1 St ok foreer o

faoa & < T faegd SRR SI! Sfed @1 3Td: SH

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

TEgIST WA < fefe—

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

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

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

S “aIR e’ el S 2, #1 B 52.9 pm @ 21

IR RGN WA § Serared 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) TS W Fefed Tod Heweyul o1 TR eTae
1 Sl 21 38 FreAfoad g gry fean s 8-

1
n

Eidl R, w1 Reart feerian, (Rydberg constant)
#ed &1 TERI WM 2.18 x 10-'8J Bl 81 faw
STTET, S ‘Jorer eteren’ (ground state) o} hed

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

. 1
2, % S E,=-2.18x1078 (137) =-2.18 X10"5J &
n=2 acdl T sEe o fau S E, =-2.18 x

1 .
107 (57 )=-0.545 x 107184 gl fes 2,11

BIEgIS TR i fafe= Tt sreenat | Sefl-wll
1 Soatl 1 @ T g1 Eeh! (SN R emaE’
el Sl 2l

e TR E o YuE 4 Yo Bl 2, qd
Foit 1 A I forn S @1 uE feafa | seiee
& W& n = co 1 TR 3fereen § Hafad il ©
TN AT ETEGIS UTHIU] FHEAdl | 5ol Seiaeia
MR gRT AR 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 wiin B

TESIS WA & fIU RUTee geiagiieh

it (E,) a1 o ot 272
TSN THTY] H T 999 el § gerded o AF |
v Tog Bl 8 (TR 2.13) | 7€ k01 g =
Turten 2 38 0 foag #1 oref 7w ? fom Ay
AT 1 SHoll [ER T H Toad Soide ° Y
21 TR (rest) 1o § w6 Tl 98 SdeRH
Bl ®, S TR W od g0 W el SEHT So i
T uH o S 21 i § shen ol 9w € R
FHETT (2.13) H n = @ W, 599 E.= 0
TS B 21 S E SR A o U S ©
(S¥— n ¥ed €), ¥ & E, % fRua 9 qea
STl € SR Fg 3Afeeh FTcHsh Bl STl 81 W n
=1 B, q9 Sl bl qF a9 31 HOMHS BIar
2 @R T' wen wag atfue w@rf e 21 eW 3o
‘qerey ST’ wed B

(%) eEgISH WA | SUREd Th giaE o THM,
3 AT, T ohelel Teh geleRi Bl 8, W At
R < Tagid 1 @] feman ST Hehdr 71 Sreonsd -
He* Li?*, Be®* S| 39 YR o 3T (BTESSH
o T TN wedd €) W HelHd T
sraEenstl i Heid frefetea g g
ST Hﬁﬁ% :

-18 Z_2
E,=-2.18x10 [nQJJ (2.14)
e w1 f=fafad g g fean Sar 8—
52.9(n?)
- = pm (2.15)

z
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
21 551 @1l Ig ¢ fon goiea iy 9 ggdrgde s
g 1
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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 B

2.4.1 EISEINA ok I@T e shi ST

TR o Hise 1 SYAN Hich @ 2.3.3 H Fd T
TSN WY o @1 TaeH i AR AHHS €9
T 1 S Hehell 81 S o 1R (ii) o SR, e
Y 3= g JEICH &N H1 el § T HH W
fafepzor (=) o1 erEeivo g €, Sefeh fafenor
(SSTT) T IS SR o Sea | T e &t 2R
TR 1 T A W Il €| ] hened o |ie oh
TS o 3R I 39 FHIHLOT g T S Heha 2

AE=E, -E (2.16)
FHIHTOT 2.13 3T 2.16 &1 SAgd W

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

1

3R sifem e 1 REE FW@ §)

1 1
AE=R,|— - —
H[? n?

1

2
A

. 1
J: 2.18x10 ISJ[ﬁ— ](2.17)

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

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

~3.29x10" (%—L)HZ

2
ny ng

2
i Ty

(2.19)
TG qE-HeA () T8
Ryf1 1)
hc(nf anJ

3.20x10°s' (1 1
3x10°ms™®

7 -_— l/ -_—
Ve (2.20)

2 2
n. n

1

47

1 1)
2 )
P (2.21)

Wﬁi@?ﬁnpq%ﬁmﬁﬁﬁ
MG ¥R il © al Sl 1 STETOT Bl €
T AR IS TaeH § > n 861 R, AE R
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] o STEIyol
oIl IS WA H YIS WaH W@l T fowm
GHUU & WA T B hE BEGSH TRt %
T 7R H e G99 GHAT 2@ S THd § 31
I e Tt W@ urw g ©) fRd weedt Y
FH1 o 39 ad W R w7 R T wEe
T3 T g ol fehdd Wie Steifyd =
IS B 2l

IEEITT 2,10

BIESIS WA H n=>5 3T § n=2 3Tl
A HHHU oh SN ScASTd hieH Wi S
IR TaT-3=A @ T?

=1.09677 x107 (

'
Hifh ni=53ﬁ'{ n.=2,

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

TR (2.17) @

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

T2 IS el 2

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

AE
vV=—
h
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_ 4.58x101°J
6.626x107 Js

=6.91x10'* Hz

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

BA
2.18x107'8J)z>
E, = 5 ) atom ™'
n
He'svfauw, n=1,2=2
-18 2
g, =-218x10 JZ)_ g 755108

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

" Z

Jfh n=1 3R z=2

r - (0.0529 nm)1?

" 5 =0.02645 nm

2.4.2 9 AleA dHt HHQ

30 I Gig Tl fF BESeH WA #1 SR Hied

TIHIE o AR Aled W 98X 91| SRS URHTI[

T TR W I SRl (SE— He', Li2*, Be®*

TEE) oF W WA 3R a1 oare 9

Hhdl o, Wfeh R @1 Afed f=fafaa fagst i

AT T8l HL FH

() Rehd Tieedl el g1 W BIEgST SerH
T & G [f5F (doublet), 3 IE-9H
feora <1 @md] 1 A w4 § fawa w©oTE
TiEd BEgIe oh STamal 3T THIV[S o Tiaed
F A HH H ATHY @I ST o+ o,

R IE I CRIE

Eiferem weamy, fSaw oheet 31 gefeei[ 8 §, 4R
o1 fagid gashia & o Tagdt T & faaeq
(S worE) @1 fagq e et sufefd o
TegHt @t o faured (Weh-9are) &l T
wE H O fawa @
(i) ofd H, 9% TS & qEETER STEHl §RI 10
TAM HT AT B RS Tl HL Gh|
TR IR H, ST AR st v e o @
T WA o H&A AN I AT HL Honl

2.5 UTHIU] o Felieq AfAehid RS i 3TN
dR Hied &1 HFA I H H WA gL THAE o6
fau eifuss Sugad iR GERY Aied o fakm %
v foRT ) 39 9N & Aied & o o 59 9
wewaqUl qeti w1 sAfush AeE T, 3 ffafed g

(%) 54 1 5d FTER
(@) BTESar &1 STHfe=aar &1 fagra

2.5.1 T Rl gd HAER

i fifqer S 2 sl 3 O 1924 o gfqid
foran for faferor &1 @ o 1 ot g0 Feer v
FHEA AMEY, 3T 5T § HU q T— A e oh
o7 BH =fey) s 31 7e B T S @ wie &

o 2 st
(1892-1987)

TR i SRR e < el
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 foreaforame™
q SLug-H. & 3wy 9 H
T 1932 © AT STEhR W § T 1962 T o
IR favafaemea # o =r R

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

o Ue a2 B €, SHY dE geleiq il W WA
3R -2 g =R ivelt 4 39 deh o MU’ W
ot arel o o1 o foa -3 (1) @ Ho (p)
& o fefafaa gay sdaa-—

Ao v _h

mv p

SEl m U 1 GHEM, v SHRT o SR p SR
T 1 2 ittt o 3 fa=mi 1 gt y@n g7 ad g,
e T @1 T TR geieR[l o S o faeda e €,
S @ T weror 81 39 TEgid o SMUR W SoieeH
S e o 0 S e i e
W IE YRR S 7, FoRT Jeahi Tremor gewset shi
T TR KT T UG R oM@ #1 emyf
I S § goe geusell U Hewagul
SR 7, e 399 R aifagen w%g ® 150
ARG T TS HIh @1 S ekl T

Tg eAF 31 arg o1 ¢ R < el % S ER
Yedeh Tasiiel oRg W @ o @0 8§ HIER
3Tl 1 IUE FTHAM TH °h SRV ITH FafHd
- gt H el € Toh SeToh AT S it ST el
TET =t T, T e 3 T STIHII T,
fSTeRT So7AM S5 wH el €, T Heiferd aRr-seaf
AN gRI YEe S @1 w9 W Ky T afen 59
ToTeeR ®9 9 fHg i B

(2.22)

ITEIOT 2,12
0.1 kg SoT9H 3R 10 ms™ o1 | T &Y &
T WS FT G-I F e

&

3 el FHiRT (2.22) % SIER

h _ (6.626 x10 **Js)

~mv  (0.1kg)(10 ms™!)

=6.626 x 10°*m (J = kg m” s™)

IS 2,13
Teh SoaH 1 FAEE 9.1 x 10 P°kg B AR
A TS Sl 3.0 x 100 7, A gHH
- & e

49
'
<fer Tfest Sott = émv2

v (2><777%FIWJ1/2

m

(2x3.0x10% kg m?s> )"
9.1x10° kg

=812ms™

L
mv
6.626x10** Js

(9.1x10°"kg)(812ms ™)

=8967%x10°m
=896.7nm

SO 2,14
3.6 A° T34 ©eE dlel Teh HI2H o FeAuM
! IOET HIfST

&

L=3.6 A=3.6x10""m

RIS @1 a7 = YehTST h1 o

h 6.626x102*Js
m=—=
Av  (83.6x10°m)(3x10° ms™)

—29

=6.135% 10 > kg

2.5.2 EgSEl Rt Tfyeaar fagia
g AR TafeRur o 2e SRR o HoRa®y Tdh A
ifder IR R eEsert 3 9 1927 H arffyeraar
=1 Tagia fEam ook oraR, frdt soiee@ =t @el
feorfa 3Tk w&Y a1 o1 Feior W e e sEYe 2

h
AXXAp, > —
Px 4n

(2.23)
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3o AxxA(va]Zi R AX XAV, > h
4n 41m

wiEl Ax w01 i feufd § siffemmar iR Ap,
(Ap) T (F1era ) H sAfelaadr €1 THF TR,
ot seieeia & =endd feafa sk gened am w1 fufo
Tk 19 HET G T TR VR H, I g w1
faoepar Tel frorfd 9@ 8 (Ax 9 ), d9 SoiaeH o
a1 | sfHfEar (Av) s Brfl g @, afg
TF w1 9 fIegd ¥ 96 © (Av, FH ®) @
TR 1 feufa (Ax @iftrer) o e B 36 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 THL S Fehal 1 WA oAifoy fop Hiex o foreht
Afafed T @ fordl ®r &1 GeE 7 % fag
AITY YN Sl &1 T W GROTH Tl e B e
1 WK WE-El WA ok o1y SA9eh] TS i
el ¥ ¥ THE a1l Fafgd STRT 1 ST ATl
BT 39T YR soiae i frafa =t fuifa +6 &
T amaeR! U UH WM 1 erEveshar el frEen
YR ST i famreti ¥ S Ul | 81 Seiaei
o1 fearfd T 3 o6 fow 34 36 vermen = foega-geehia
fafertor gRI WeTe AT BT Yok FehTRT Y AR5,
SeiaeA i faHiel § &H M A1feq, T UH Yehml oh
I 1 ol 9gd Afuek B TH YRRl 1 34

. h y y N
o [Iij ST Il S | THUA W SHehT

ot § gfeds & < fredde 39wk 9@ '™
o # Rl A SE-gE it A
THTA T UfhAT o ILA &H STk o oF aR H a8
FH SRR B
rtfYeraar fagia =1 "~

BTEsiar oh STfvead = o1 T wewyul Mfeard
7 & fop =e fram fafvea ont =1 weiw 997 (trajecto-
ries) o fEdda o1 Wed %Ll ol frdt fie =1 yay
Y fg=-fa= s W sHet frufa wd an 9 fauifa
foman Tan €1 4fg ed fdlt fowm e W ww fUg @

R IE I CRIE

feafq wa o qen 39 W 3T &40 1 FI W© dal hi
SRR 81, 9 98 ol Tehd @ fop 9= o fRell wHg
¥ firg el W 8 31a: 0 98 oy feed €
fordt fire =t feafd wa 9 @ 34Ut wev-ver fafvem
B I B ik soeeH o Rt sty fig
o fou U 1 3Tt ferfa ua o &1 e fedt
&1 Frenefen o Tt aifsd &< qo dud e 81 gaferg
TR o WEU-UY o SR | o weA g Tl 2

Bsa STfEdar fagid &1 uaE shad g
fiel =t 7fa o forw 2; Tya el & fau 95 9w
AT T 21 39 SRV F TS U ST Tehell T

I} Tk el (10°kg) SEAH ale fie W
stffeedar fagra @m fean e,

h

4n.m

6.626x10°* J's
4x3.1416x107° kg

AV.AX =

~10%m?s™

AV.AX =

WS Av.Ax 1 HH SEE 69 TH 709 2
TAfAT 98 el 1 Fehal € T frefium emer o U=t
(o 359 = fUel) & fou faar w3 w7a dag
rffyeaand frdl arsdfaess aftom &1 =& =il

TH WH seiaeH o 99 Y& e & foe ara
T IR ek gl 81 U srffieaand arstae
ufome & B ¥l ST TH 9.11 x 10°kg
SHAM a1C] Selae oh ToTg gleser] SAffy=aan fagid
o ITIAR—

h
4mt.m

AV.AX =

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
FHI S, A o H AMREAd Av ®T HH BRI

10*m?s™

10° ~10*ms™
m
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TIA] HT G

g sffv=ad gat aifers ® T soiee &1 AR
HefsT H T hIar gT T il FoEd STALROM hi
SAYTITOTR e Y Weh| 3rd: guent aref g § TR
T ot fafa we wWaw o ufiyrg wuw @t
UIfehar sheM | Ufawernfua T R, ST U
TR TIU T T T He W T 2l W E
THIY o FAlH A Hied § Bl 2

AT FTgSert (1901-1976 )
R e T frvaferarer
9 1923 ® ifdent & dros e,
T IUITY YT 1| ST a9 Th
o Her o o T1e =i o qen
0 o 1 U T H et IR F
e oA & B 1927 | 1941
e it T o sifaest o wheR @1 fgda favegs
o SN 9 TR 99 R SET U & J9H &)
TG & 9% 5= TS | Hifdeh] o Her wiish GEIH
o1 freeren ifea foman T 3 W SH-TH gearigt
91 9 1932 § 5 Hifqent o Feiel [EhR 98H fRa
T

SMIUT 2,15

T GEAIM STFH Bl Rl STANT hieh TRl
T § S & 0.1 A g & Sida et
fearfa ST o foT w211 1 59k S W
¥ siafifeq sffeaaar = €2

T

Ax. Ap=4£ or Ax. mAV=4£
T T

h

Av =
4. Ax.m

Ay e 6.626x10°* Js

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

51

3ATEIUT 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 H 206 i A= €, St
45><i=0.9ms‘1
100
TR0 2.23 T STAT Heh

_ h
4tm

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

S gEdt QY] A oh ST T ST
10'® &f 9 21 S| wEe S S gkl € 9%
ol o T Affredar fagia aRygs Ao &t
F1E srefyof T fawifa T war 2

Y HisA i TareTar o SRl
379 SR Hisel &1 fawetdr o HROT i 3779 THH Tehd
&1 IR Higet § Uh T i Tk TERIE H01 o &Y
o e o I/l IR fAfved Jameer wenstt | gua
B T S 8| 59 Wied H oo o qii-o1efol W
FE faer 7 fvan T 21 3@ v w g w®e qsft
uRkenfra fohan < Hehen €, S solee 1 Tel feufa
AR W& AT— HI TH WY A6 Bl gESeT o
fagia o SEN, & g9 T8l 81 36 YN gEgeH
THIY] 1 GR Higd 7 had 9 o el HAgR &l
ARG XA 7, Sfeeh ‘gTgee AT fagid o
fauda ot 21

T YR 1 T&S HHSN b HRUT IR ASH hi
3T T[S W AR T foRA S WeRTl 3T TLAI]
HEAT o 91 H UY foami 1 stavaena of, fa g
A Higd Fod o dI-HU dd el R 3R
‘grgsen SAffyeaar fagia’ o %9 Bl T Jaied
IRt o6 I g 9 g3l
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2.6 UTHTUT SRl FAeH HAfAhd HigeT
<1 gd G H SqetrEn T €, ed o (fd o e
o fUR W fowfaa faama it gro s emeff
(S9— fRd 8T WeeR, weRt o 8¢ Uel offR),
ST SAaeR U1 G 2Idl €, T T 1 Therarges
quia feran <1 "ewar 7, fRg 19 39 eifa gem o
(S getarHl, STt @Ik warEt) W ooy fwe
S €, il 718 fathet 81 <1 €1 UHl @ Rl SR 98
2 fr FoRama ! 559 T W SR FHU o
e STAER i HehouHT qef ff=rar faw =) Suan
Tl 81 o7 o el HFER i A | W@k i
fogm =1 Fartew afrent (quantum machanics)
Fed €l
1fq gew aegett 1 Mfaat 1 steE foman S €, S
T R FH A F O @A | AE T e w
Tt ok frei st fafye et 81 St saieq Fifent i
Ty g (Feh forg qafta o eifamg B ) W
o] foen < €, qe Feraea it o wfom s9
& 9o W e 2l

T 1926 H o gSe SR 3R sifesw g
ST 3T FalleH AR o1 farenrd feman | =&l ™
B sifesk g/ faepfaa ‘Feien Aifaent’ W & ==
Y, S TN R T b o 9T e 2

Faieq AR H1 Ja FHRW fEsR gm
wfearfea femen o sHek fore = O 1933 W wifeht
T oA R YSE fHa1 T g8 gHieRw, |}
el g ST T U % w07 3R q ATt qed
HIER I A W WAl €, HIhI Sied 81 HH e
FH o fou s=a 7o 1 afiued I e STavas
21 39 g i i femEl ® o 6 & 9"
< Bell o IR H AT SN i e H TRl

W R (SH— Tk AT A1 370, FSEeht Sl
Tag % G uRafdd T2 e @) o fau gifes
FHehI0 i TH YR e S g—

Hy =Ey

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

R IE I CRIE

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

EISGIS UTHTY] q&AT STTSSR WHiehTuT

T4 SAifESR THHRTO F TR WA o forw gd
e Sl ®, a9 SHH SoeRi o H9E Seli-&R 3R
Ik HA - (y) T el 21 A Faifed Sofi-
TR qAT 390k FIA TT-He AfSsi-THHR o g
& HAEEY @ B §l IR A Feq-Gesi-
[f&4 #EH-§& n (principal quantum num-
ber) farett Feiey & l(azimuthal quantum num-
ber) T Faehd FleH TE&A, m, (magnetic quan-
tumnumber)lmﬁﬁgﬁv_ww%,ﬁ sgifest
GO o Wihideh 8 W W Bl | 5d Seierid
et Sof wR o ®ar ®, A Uk T -t H
TARM o a8 H TS THed fammE wd 2l
TI-HeH Teh T ®er €, fget 7 wam) o
Telae o fdunel W fad wwar ®1 zEe e
difqer etef T e 21 wEgeE iR SE% gAM
el o UH U Soaed aul-Hod @i IET]
*esh ' (atomic orbitals]sﬂﬁ %I T YHR Teh
AR TR o -%ad T SaaeHl &

e Aifesr sifegan & sdifdent

o SR 91 S §1 1910

H gifoes difqt & form
fovafaerea @ @ TaEl &t

S T Y| Ak ok hed

W G 1927 H IoH dfed

fovafaere™ & wis & 9]

FEIR Fe T 1933 |

feeer 3R Asht &1 Hifear o

foiy & o HROT AfeH BIEHT T 1936 | aA9H
A dlie Tu) A W SHH o STHH o 9
S 3= 1= % U% 9 g A T e, § eteels
(Safer) =t T, el 3 T Wi 96 @1 H 1933
o 5% My T fete o e wge &9 9 ifieht o
o qERR ¥ TG foRa T
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TIA] HT G

FeAd &1 T ] | fore fog W geleei™ o sIH
F Wb 39 fag W |y % T ed 2
gESeH WA o fau F@ied Al g 9T
TROTH TTEgeH THV] o Waed % gt Teqst &
FheldIgash N (predict) Y €1 $&eh Afdier
g 31 F qREeet w1 ff e w3 ®, S AR
Hied gR T &l &l S el |

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

TTHTY] o FAIEH AfAhT WSl o UHE A8l

YTATY] <1 FAIEH Ffeh1T AiSel TLHTI-HT=A1 1 98

o & S wemet W gifest i an) w3 9

W Tl €, WA % FeiH AR Hied o

Tewqul wemn frefate §-

| TRHET § SoiRi # e aaied et 8 (S
T hael $o fae oM € 8 gehd ) | ST
o feru—sfe AT o e e ¥ &Y B 2

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

3. el W] ¥ s St wal feerfa den 9' o
1 Tk T 1 TRl R S Heha @ (@Tgan
sTfeeaa fagia) ora: fordt wam] o soieeq o
w1 % grfea T T e s TR ?1 siferg
79 W] ok faf= foge W seiee & g &1
WIfaekal (probability) 1 Heheadl o aR ¥ 1
% E1 38k SR § 9 A TR

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

53

et ToeRA 1 STen # Sl 2, 9 8W g
Fed € T o9 3H werek § Sufterd ?1 i
fendit goierei o foTT wIgd © aT-Whetd & Hehd &,
3F: TATY] W S UXATY] ek B §| IRArIE
%1 SRR e, 37 T Soiae hardh auTl-
el A1 Herhl W E SMeIRd 1 Uedsh sheth |
TS 1 SHoll v erdt 21 Rt off hereh o
2 Y 31 e el T Tehd 2 TRl ag- gt
] | Tell o 9ed gu %A | fafy=r weeht |
TR W W F| o: 9% goeRA WA |
YAF ISR oh A0 Uk helsh qiT-%eld gial
2, S S ek 1 sfenafves e €, fored
TSR SURYA Bl 1 WHI] | Sl o AR
T O TFHIE SHh helsh a-held y |
3ufterd Bt € qen FH AR & g ¥ H =9
SRR T WIS HA GHE @ a2

5. forelt oemm] © forelt fog R Soreeia o6 Sufeerd B
%1 WIfaehRdl 39 fog W & T-Had o o o
T Bt 2, St 5 foig W || s e
¥ (probability density) el Sirdl IR
THEN o B ) TRl uRmmoy o fafu=

fargell W |y’| o W & ek & WY elT
IE AT T Ul AT G0 &, &l UT Sela
& T W St WETE 3tfeeh g

2.6.1 haTeh 3T F=Aleq H&AT

et wam] ¥ o etk W9 B ©| [ONCHR ®9 o
T herhl | Ieh MR, Ml IR afafa=mg &
YR T 3T a1 S ekl €1 BIS 3MHN o halh
%1 31¢f Ig ® foh ek oF UMY SoieRi o 91T ST
Wiferen 1fer 81 SEl YR, STehia 3R arfafa=ra
Ig I 2 T gl aIe ST ki wifgeRar et gad
feam Y erven w foen o atfues €1 Faien wEmet gu
AT Shereh] T SR TRl ST Hehdl 81 eieh heteh i
T aren @St n, 1SR m, R ST S €
T e W& 'n', Teh IS qUlieh Bl 2|
TR T 12 3...... M B Tohell T A Faleq T
Y heeh oh R 3 HIH! 88 qh SHb! Holl o &)
T 91 =erl 21 BRSNS 3R 39 S e (He', Li
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a7fE) o foTu I8 31ehe B et oF SR a2 Sl hi
fefifta an &1 g Fdich 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 FHeTh FeH G,
HeTeh HIvNE o (orbital angular momentum) a1
g Faieq wE (subsidiary quantum number)
off ed €| 98 e o Hfeid SfehR 1 R
FA R N ML AR & AU 1 F 0 W n— 1 d%
n OF 8 "ehd 71 FAfq n % KT T A ok forw 1
A 0,1,2,...(n—1) B Gohd Bl

ISR 5 n =1 Bl ¢, A 1 1 Shded Tk OH
08 8, n=2 % faq | & Gwa AH O q
| 1 Ehd € n=2 o foTu [ o H9e W 0,1 3N 2 B

YE W H TH A ATk SR (sub-
shells) 1 SU-&R (sub-levels) Bd 2| fHedl q&a
IS W STRIN H1 G ;o SR Bl 1 S0 —
TS HI (n=1) § hdel T IU-HRIT B 2, 5 1
=0 % 9T TN T TH YRR (n=2) W F q
IT-&T (1=0, )n=3 ¥ 44 39-HF (1=0, 1, 2)
B Bl p o 3 HA ob fa off G fomn St genan
21 Tl 191 o SU-shivl =1 fewieia seien e (1)
SN YRS e €1 1 ok fafer= |l o | Sq-shiel
1 frefafed fogl g sofan s 8-

1% 9M : 0 1

IY-HIY & foaT

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

groft 2.4 H < TE g F9ien g o fau [
Huel W 3 G SY-HITN oh Hehed 4T T B

R IE I CRIE

AT, HeTh TS TRl Hg<d
‘me’ e ‘eheren’ T e WEM R €1 e (TS
AR A yfqaifed foran) Tifes o 9/l 3R T gaeR
9o B 7, T geee Tfa a2 ‘BrEea o
siffeaaa fagia’ & ST9R, Soieed o 39 9 &
&l THeiRor T STHeE B 3d: | i hemed
H1E arEdtesh 31¢ TE 81 3ok e i et off
AR gRT <RI TET T Fehdll 38k foadid etk Th
FeH FHE RN T Te WA W fRd T
TR o Q- W FUH I 21 39 A
FieH NS (n, 1, m) SR YRR fohan <1 wehet
2| THH WM TelsR o EsTishi WX el e g1 o
Al y 1 RIS difaen orel TET e B, WY -k

o o, st |y[* B e o1ef € €, Rt ey
o fepst fog W |y|” 39 fog W wifererdl w7 &1 79
<@ 7, Miaewar we |y 9T 3T ST e
F WH e B |y R wE wR emw (W

ITH SIId FHE W &) HT [UARA AR R
IM I o UIT S 61 Gl 1 o5 L 2
(Tl W AT O H TF HRO T8 2 o |y
o Fifem & Tk & ¥ TR 8 | Seel @l €, W
T BT A T99d | Uk UM 1 RKeR AM1 =7
Teha ®) | Toret e 7 e s o seiee o
T ST Y e A |y| SR W S st
o HE UGS i SIS WIS 1 S Fehdl &1 W
YR fordt wereh | Hefad soige™ faawor &1 aar
A e B

W'q Heh FEH HE&T (magnetic or-
bital quantum number) ‘m ¥H<ET AH EUG
werehl & fafom sfafama & R S 3 2
forelt Su-1 o fAU m, & 20+ 1 9H 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 B, FA| 2(0)+ 1= 1, Th s Hewh Bl &
1=1 % T m=-1,0,+1 & ¥&a ¢ [2[1]+1=3p
Feh]l (=2 F AT m=-2,-1,0,+1 T +2 (I
d &) B HhAl | TROE & foF om, %k AH | W@
AR | % AE o W W@ B B

2020-21



TIA] HT G
TR 2.4 SU-RIIT Hehdd

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

fereit oA H Yok FEF nl 3R m, T
e gRI gt femen e @1 e Faen wemnst
n,=2,1=1, m=0 §N A0 FHerh TH FHarh e ¢,
S TR W F p STEW F A @ @
At ® SU-shier 3R SUH Hefud wHerehl &1 g
w1 Fery fem w3

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

TR WRIhUT ‘g : fohddl WA herh o fog
fafed <l oeien WEmel wl ST Sell, TR 3R
sfufarrg &1 TR w0 H W R ST S €,
AR og-Soier TR | <@ U - ki S
T H 3 Feien T v e & T g Y fgw ()
T TE-a) 7O g @ B (@1 e o)
B <1 A 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 @'E[?:WT e (Samuel Goudsmit) 3 Teh

55

‘TSIl FEleH W@ (m) e T Th
TR 30 318 W 3l 99 & TEHU il §, S
T & R IR FERY FHed I9F YA 3T I W
TR HIA B TR VR T Sola[ H 6 SR
TAM oh AT EE| (intrinsic) 9dsh Ul RO T
@W%IWWWE@TWWW&tOﬂT@T
21 3ok Ferel T gU 3181 o wrder 31 sifafa
Ted €, 1 § eeku F6len W@ 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 IR RS IR 1 (S94 T=HT, spin up)
3R | (Fr=rel w1, spin down) §RT S9MT S B
fafi=t m w1 a1t 3 el (T +1/2 SR g5
~1/2) faudia w=eww ot Fean g1 fHd weas 8
T Afer goae S B Wehd €; T I SoeRAl
foudia w=hor g =)

HeY § B9 I e Hehd ¢ T =R seH HEA

freAfafaa SHeEr dt §—
@) n 9 I H A Bl S| TE HETh T HR SN
FHIHT B doh o1l Tuid L =l

() n® Y H n SI-H A S| 1, HEH I i
AN €| Y&h FehR o SU-hI1 | (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 7 6 faw m, & 21+ 1) 99 B
21 Ta € W Y SU-%Iv H hee| &
Bidt 21 HenT 27ef 7 ® Ton hereni 1w e
sfafer=rai 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 FHewl w1 A qE&A
=1+3+5=9 T & G&A = n’, 374q 3
=9 WaY & ITAN Heh o TAE TF 9=
fohT w1 wehd B

SETEIOT 2,18
s.p.d f Gehd" T FAN ek (T=fafEd Faieq
HENsT dret el o 9 H Sdgi—
(F) n=21=1 (|) n=41=0,
(M) n=51=3 (A) 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 TTehiaal
TRt X1 | Solae oh &R qUT-had S1ea v
T 3T ATH i Aifqer 212 &l g 81 € ahored
Sﬁa@'ﬁa?ﬁﬁﬂ?ﬁ (coordinates]aﬂWW
g 71 =afy fafa= sl & fau - (Tifaew @ @)
o HeH o B9 § FId qU-e e 9= g B
[ 2.12 (%) 1Is(n=1,1=0)an 2s (n=2,1=0)
Hefehl o 3@ TN oh 3T i oo hidl 2l

S Hifqer Tt g @i 3 waren T fadt
fog W qTT-%ed &1 o1 (Ui y? ) 39 fag W
TAFTT o T 1 WTRehdl 1 switan @1 [fE 2.12
(@)] H 1s q1 2s HeTh oh g \IJQQ'TTTT:{H?&TEI?I
roh ®od o ®9 W <A T 7| e 9 3@ Hehd
g T 1sau 2s o o 9= | T€ <@ S Wehal @

R IE I CRIE

50

(%)'® “
10 30
T o S
EO =
40 "
0 P A —F—————
0 0.4 08 04 0.8
r(nm) rinm)
(5000 300
4000 1 240
T 3000 < 180
S 2000 S 120
1000 60
0 0
04 08 0 0.4 0.8
r(nm) r(nm)
fag 212 (F) Fe&E WI-%ed  yY(r) & IRE

(@) 1s UF 2s &bl & o718 r & HorT & &Y
o gieRdr A i (r) H TRedq o sIRa|

% 1s e o fou wifdehar sM@ T W Afehan
2, S AR | A T e S 2 e AR, 28
Hefeh oh faw UIfFeRdl oM 98a oSt § ¥ T6
e €, fhY =1 9RY e @1 S9-Si9 r & qH
m%é@—éﬁww Afyehad (small maxima)
% Y 98 YA: Y[ o e q Tedl €1 9 &,
el 78 Wifashdl e ¥ B 5l €, ‘e gag’ @
‘e’ Syl B WHEIE: ns e o (n -1) S
B €, S1ufq g e & n o @i el &1
T 95 Wl 81 T IR |, 25 ek o forg et
1 GEA Tk qU1 3s ok forg <1 2t &1 317 o shefeh
o fou off 78 sl wehR "gdt 21 3 wifshar s
Rede A - 1Y o IR H gug o gehd 2 (Fo=
2.13 &)1 & Tl # fagsh (dots) 1 o7 39 &7
o gelee Wiewdr sHe i 2

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

1s 2s

ford 2.13 (%) 1s UF 2s THY F&h! & [0 Fifrasar
T SIRG (o337 7 T 3T &7 7 seiaeT
wT S & GifEd-TAe & quilar 8l
(@) 1s TF 2s ®&dl & faw IRAH-Ta8
ARG

=1 sTfEa forn st 2, o whrera we [y &
o feer #1 Ugifaer &9 o, forelt sherm o fog 0@
% IREH-Hde STE F9el B §, W femdt f5y 7y
Feeh o fou feerR wifgear s o shead 9
UREH-Tag SN@ & ®elh i SAPfd o 3T
fregor A 9 7, fores g1 freifa e an e §
TR oF UIT S 1 Iehdl ikl SATHeR (S
90%) Tt Bl 15 Td 25 hemeh! o fore qREm-Hae
Rl 1 foe 2,13 (@) W I T /1S IS gehd
g 5 =9 um uiys om@ w T o ®, fow
TAFH UMW ST o1 Wkl 100% B1?7 THhT S| T8
2 for iy @ forcht fafeea g W+t soeeH o T
ST & h WAehdl 19 Bl 8, 9ol & STHT °H
Sgd wH A Bl gElen Fived R @
IRET-Hde SRl i S G5 T2 ¢, fer #iet
TAHH o 9T S i Tl 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 & <X ol & qIT ST i
Il 909 Bt 2

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

o 2.14 5 @ 2p wehl 1=1) o GREH-
e oM@ femm T € 31 sl | Tifasw qa g
W B € A&l s Hewhl oh Tawid, IREm- wag
N TR T 8 €1 SHhT T4l Weish p- oh
T 9N B €, TR ‘iferdl’ (lobes) el S@T €1 A
e T T a1 dd o ST 3R feord €)1 STt <At
iferatl Tk S T Tqel el F, 3 qo W AR
¥ ®eld Y Bl 71 Al p HeTRl &1 STEfa
AR Soll Tk THH Bl 81 A ek shae A o
srfafa=rai o ew o =1 B €, it 3 wiferat
Xy A z A& F AR = A S HewEdr
Ul 3= 2p, 2p, A 2p, TR I W T TG
I SeaieHd & T m, & 9 (<1, 0 3R +1)
AU xy AR , &l o o= wIE G T 21 TR
fo = == T Wi € fF SfF m, & @\
M B ¥, 31: @ p etk B, feh ater e
o TH T o oAd9d e &1 s hewhl Hi W&, p
FHehi oh fau ot & Faen 9@ o dgd oh |
THeThl 1 MR SR FHofl =g &1 3r: fafq= p
Hefeh] 1 3R 3 Fsll 4p > 3p > 2p ®H U B
215Uk Nfafied s wethl o THM, p Hewhl &
WIfhdl- e el i I | ToRd g1 el &1
@ n-2 5/ § Wl 2, $1iq 3p Heh & fag
9 9 ©h, 4p o foau 3 iR zEd om ot &
%9 ¥ e 2

*fe iR e |y|” T D gE W W el 21 d 39 wae W |y| oft wmh e |yt i y] o fo uftdm-ad

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

1= 2 o foTU ek, d e hedl ¢ 3K &
FeH @I (n) 1 9 3 B &, Fifh [ 61 qH n
~ 1 9 sifues T 8 "ehar 21 399 m, % W HE B
T (=2,-1,0+ 1 3R +2) 3N 3@ TR 9= d FH&h
B &1 d Herhl o qREH-gde @ T 2.15 #
feame o 2

9 d Hehl H d, . d,, d. dy TN d, FE
Sl €1 TB R d e 1 AR Tk Sl Bl B
R wfee d2 Y o Bt 2, e et shateRt
FSl SUaT Bd 21 n > 3 dd d HEH
(4d, 5d, ) ! FHFA R Bidl €, eifeh ol qel
e 9= 2 €

=g el (Ui 5ia Wfaesha-o9@ ®er I
é)@Wnp@Tnda?W$mm—W
T a9 W I B €1 I8 AHh Y ToRd §¢ e T
fasft e €1 e o Y, p wa ® xy 79 Aed
T 21 d, FeE | AAE 9 TR g N 2- 8 W
Xy G 1 95d ET & "ed ad 8 | 3% ‘R
e’ el Sl & 3R o el w1 wea 19 6 S
2, NG p HeTeh! o foIT Tk, d merhl o forg & e
31 o foy 56t Wb vl Hig B &1 St el et
& (n -1), 3toiq wivig g 1 i1 e 9
(n-1-1) =T AT BT

R IE I CRIE

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

2.6.3 HAAHI ht HAT

TR W] H Sea™ &1 el had & Fdied
e g Teifia eidt ©1 31a: eTggie WA § shefhi
H1 el fEfatEad w9 § Sed 8-

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

3R 5= fot 2.16 o <wifan 70 B1 Bl 25 R 2p
SHeTeh| i SThiaa f9= it , TR oft 57 Sl hereh!
2s A 2p H Suftufd goiaeld &1 ol SR B
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5w sa |4 =
_3_,;
3s
2s 2p “2p
_25
_ls _1s
(%) (9)

o7 2.16 (%) BESIS WA 3R (@) Tg-FerH WA
& T T BV & FHil-TR STRG| S Y
o @TEgiSTT WA % foTg THIT G FIeH-HE
8q fr=r-fy=7 fgmreft Fareq 9@ &g W ot 391
Sl TE BT 81 Tg-Feiael TAre § ThT 5
FaIeT &I AT HeH! H1 Fil 19 G Feq
T T werhl @ g =T gidl g1

THH o1l ol heTeh] ol THEIT (degenerate) shgl
ST &1 S U8 S T ®, BESSE WA | 1
etk Tad TRl feufq o §d B 81 U8 dereer
3T (ground state)WFﬁ%l TH heh § SuRer
TSR e g Halifesh Yererdl | AR @l @
BIEgISF WY H 25, 2p A1 3=d Hewhl § UM
3@3@77[ 1 IATST ITaET (excited state) 4 wel
S 2

RIESISH A1 o Tooia Toh oI geiereiA AT
% IAFE HI Tl ohodl U HEA FieH HeEAl
(IT) W& T, dfceh et FoeH 9= (ST-HIT)
W off fasft St 21 ereiq § T e Feien wen o
Ws,p,d,f...aﬁwﬁﬁ?:f%ﬁ?ﬁ%lfm”@ﬁw
T JIcH WAl | Heehl bl el 1 H s> p>d> f
B &1 So9 Tl Tl | I8 R 31fush Bl ¢ heteh!

59

F H H TE HH dSES] hdl © I B
45 < 3d 3R 6s<5d=4f<6p M| SU-H &
=1 Seristl &1 RO Tg-SraA TATIST | SerargiHl
o 9 H Uit Y AT 71 wTeger WA |
SRUTERTG Seleri 3 e A1feh o o= eyl
ThTH g S TR €1 ag-selaei et ®
TSR A e o e AR o STelel T |
Iqfkerd Teh Seiee o1 R © Wiaeuor off g 21 5H
YhR Ueh Sg-3iag WA § Seided 1 e
HieRtor 1 qor | atfueh SRt s A €
Yrd: 9 9§ S ol o 3
TSR W Hiaentu S foher eifees wewegel )
TEA AR Ah | G (Ze) 9T o HRUT Serarel
o SRy 3= TR wedl €1 SiST vl § Sufter
TARA o HRO SEA HIN BT ToIERE AAE h
A (Ze) T W e Tegy &l FI U@ T, i
AN STl gIRT Ak oh €T T SRR 3TmeRoT
o HR0T 3H e 1 IHE G0 T&1 g<dll 36 STaieh
AT R SRl TAFA BT AR § gfwerur
(shielding) el STl & 3R e 1 el e, <
TolTel T YHTE Al €1 WATe AR 31a Z, e
(effective nuclear charge) shecildl %I ATIRE 3@3@'@
BRI URIEIUT o Aes AR STeRT | gfg o |
e IS gN HegH fhal sTeRdu-e =g S 2l
TR vl o, AR 3R g & die e T
1 S (AT HeFh o) Y] HEAT (2) o S
o WY T (37T ek Huesk &) W
STMRYU e iR, M1 ST foRATT SiRT o6
STHR T U U hefeh i Ahfd (9 oA
Iofeerd 7) R fR et E1 S & fou- TR
TP oF HRU, s HEh H SURYT TARM p HEH H
SUfeerd goieM T gl B SEd SeiagHl T A 9
TfREEroT 3R Tl aieh W LT €1 6 Wb, p heteh
o Sufterd gomeM d ekl ot gorl | fus afee
FW §, 9% A qeft Ferh Tk & W H €1 T STl
T & I | TR 3R o HRT s FHaeh Sl
p eI Soiri shi ol | 3R p hereh SoEgH d heh
T 1 orl | ek o I Sifieh T ol il
T W VR H- TR TH FW (A Hiew Tel) &
o feieht sFfizd Wt (1) <@ o W Seidg g Hedd
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foran Z,, ¥ ST €, 319 p heh i GO H s HEh
3R d T GoF | p hereh ek O e gaar ¥ wen
Tl € p Heh & SoidE Hi ol H s helh o
TR 1 3R d HeMh o SR i ol H p e
& oz F S w7 e 3, T <hn A % 9
e 1 wen f-fae ekl o faw R 2R R
37: Th & DRI (YT FaleH &) o sl @l i
g (splitting) B ST €, 37eiq ST Weet sIdrRm S
hT €, Heieh T SURd Seiel ot Soll n 92l [ o |
W R @ B ORI €9 W on SR | W HehT i
Tt st FeRar st Sifeet B ©, wifeh n e 1o
TRt A o foIT U et o 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 ¥ A < A o1 7 o ® fon fendll foeiw s
% et 37 i (dg- TR AR ) i
fi-for 2t &1 2Tl SRS WA § TRt St
TAA 2Rl €1 3fd W T aqen Sfea g R e den
(Z,) 91 o W T SU-HRI del HER i HIC
T B STl €1 SR o el eTEeist WA o 2s
FHefh i SHoll, THIUFH o 25 HEh Hi gol H 3TfEewh
Bt 3R Wifeam 6t qorl | ohferm st ol iferk it
T M f W @S-

E,(H) > E, (Li) > E, (Na) > E, (K).
2.6.4 UTHTU] W heTehl Rl AT AT
faf\r= ReTysTi o wefen! | Soigeld Sihars, & o
ITER R WK B ‘3ffhers FEw’, qeelt srges
&8I (Pauli's exclusion principle), o Afeshan
Fgehdl T1IH (Hund's maximum multiplicity rule)
3R Ferhi 1 eI Seistl W HIRE T
3MwaTS: I
S o H etitherss | weg w1 ot B ‘femior g
‘perehl w1 0T B 1 212 B— Hereh! 1 gelRAl
g 90 I 39 M % SgER-— ‘uvEmurett st
AT STSTAT U, hafehl ehl ekl ol o 9gd thil
T T AT B

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

HeTohl hi ST
n <hl
HUH 1 n+l
qHA <hl AT <hl HIA
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 1 2+1=3 | 2p (n=2)h!
ol 3s @
EL A
3s 3 0 3+0=3 3s (n=3)
3p 3 1 3+1=4 | 3pn=3)
& Solt 49
EX R
4s 4 0 4+0=4 4s (n =4)
3d & 2 3+2=5 3d (n =3) %!
Wﬁ4p@
%4 et ©
4p 4 1 4+1=5 | 4p(n=4)

TW IR H— TR Tec G99 & FHel arel
U etk W S € SR SRl W o oIS 3= Sholl
A HEh! 1 WA € 3T Tg I Yo € o TR
ek i Sl g A 3TEe R R et © IR
faf= YR & herenl W @ qiE fa= e 2
THfAT TE i ot Tk e T © S wel WAt o
fore @@t 21 qenfy Swewehl i Sl o1 Afarad g
W, AUl ST W S T HH AT ITA B

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

T8 %0 &l T 2.17 # fewi  fafy g o=
el S Hehel B1 U SN U Y& i g N I
fE9m herehl o WA 1 A Tl €1 STed Warstehdl
ol o fau a® A 9l e o fag
IR €9 T T T S0 ok forg wforem o
STl Seiaei oh oIt 3d 3R 4.5 herehl 1 ferehed
? R St fop 39 o | g feman ST HeRar €,
TE TR 4s HEH W I ST © SUUK A h
e TR H WA % A FHEAS ANRIE AT
e Sgd IR Herehl T Foll &R THerd—Seran g
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T 2.17 w&/l &1 T FT F9

© ST AT T T Tesh—H URedd Harh
G oh ohH W URerq ol Wehal €1 98 Bl g Al
SR A Y] KT el S foen ok faw
T ITERT ARSI € AfE u s T W fw e
IS & T T
qTSelt 3TuasiA fagia
fafert el § SR ST 6t ol T e STaee
i gra foaifm <t %, oy sifegan < ot araeh
AT Teh o J fan o 59 fagia & STEm—
ferglt wRwTy o Suftera & goEREl Wt SRl
FIET WS Teh WA TET &1 Hehell| TSeA STqars
fagid 1 39 YR off Fel < Tkl T
“Fat A FAR T FEE F T T 8
T Sl o WelshUT faudia gM =few)” sqe
@ & fF < TRl F A TR Fed, nl @

61

m, T U B Tl &, TR STRT F=HTT Faie
e f9=1 gt =ifew) fordt weh & ol o
et SfuesH fagia g e wn frEser fee
IY-HIY H ST SeiaeAl ohi &Hdl i TUE hd |
TEEF el §1 SN o o, 1s H Tk hersh gl
21 39 TR 15 ST-HI9 | giai shi feshad ge
T B Wehdl €1 p AU d SU-HI U Iffeehad wEA
FHHI: 6 AT 10 B Gehell €, S| TH T&T T TohR
TN ST Hehel B—

T Fled & n 9t hIgT B Sl ot
WG 22 o RIS Bl 2
TS Rl STf¥ehan Sgahdar ot =
g 99 T & IU-HI ¥ Fafd el hl T R
foru <m] feman S 21 57 Hereh! &1 Solt SRe et
%I IR YT HEH (degenerate orbitals)ﬁﬁ%l
I 199 39 YN T: Teh BT SU-ShIIT o haTehl |
TG HT IT A9 qk €I e ], W A
I IU-HIVT oF AT FHeTR! § Th-Th soagiT
3T S

T A p, OfF d o T fHaF B 2, o
p. d 3R femerenl § A HU9l: WY, B39 R 3
TR & W W YR BN T8 @ T © f e
R R T N TAYY Fefhl F1 LN ST Tafafa
o HROT A Tl T 3W (TS 2.6.6) 1
2.6.5 UXHTULRAT oA SCTREIeh Ta=amd
THUST oF hHefhl W Soigeidl oh IRl @l 3!
Eﬁai‘jﬁﬁﬁ fa=ma (electronic configuration) &gl
AT €| A T ] herehi § st o W SH
q wafyd g ol &1 w=m § @ s, @ fatee
THST o Solaeieh fa=ardl i T ¥ famr s
Gehell Bl

RATIRT o golaieh fo=mE & % ek d
freftd feran s wehar 21 & 8-
() S p° Ao Hepad
(i) HETR-NG
o S o C T T 1T 11
s p d
Tedl Hohad § SU-hIW hi Gd 1R fog 9
frefua fepan Sar @ SR Su-shiwr o Sufterd gl
aﬁﬂwaﬁﬁﬂﬁ?a,b,c ......... TS o &9 | T
g1 faf= =l o fau fefia wo@ su-m &
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favisd 3Tk WA Y- o WA Y& FieH &
w1 faet fFa1 S B g Gohad W SU-FIT h
Y% heleh hl Ueh Wi gl <Al W € SR
TR o HF-TIHUT 1 T S A 3 SRSl
H | S R " 9 S Hehdl €1 98l Hobdd Wi
o | T GoheH 1 o9 I8 € fF o 9w Faren
TSt shi 9T S Gehdl B

BIESISTH THIY] | ohelel Ueh &1 ol Bidl ©, il
Tl FH Sl oIl etk | S €, TS 1s wee
ed B 37d: TIESISH LAY o Felari(eh fa=md 1s!
B 21 sheht o1ef qg ¥ T 3Uh 1s wesh B U
TR BIal 1 Eferan (He) o1 <O gaiaei off 1s
weh W S Hehdl @1 o7d: Elfeldd w1 Sl
fa=IrE 152 BT €1 S| SO S T - < selae
TH-TR Y fawlid 7= 7 2 €1 39 Ferh omE o
@l T Fehdl Bl

H [t | He[ N |
ls ls

e (Li) o1 90 SR USelt TS
f9gId & &R 1s HeH | &I S Fhdll 37d: T8
T HEHh 2s W Al B TE YRR AlEH
ORI fa=ma 1s22s! gl

2s FEF § TH Soioe 3N 3 Gehal 21 374:
A AT 1 fa=E 152252 el © (WO 2.6
H Tl o GEATIE o gl [oaarel i <) |

TS B: Tl § 2p Heh Ueh-Teh Hich T o
S| 37: 39 Tl 1 SR fa=IE 39 YK oidl 6—

FRA (B, 1522522pY),

FEA (C, 1522522p?),

AEISH (N, 1522522p7),

SIS (O, 1522522pY),

T (F, 1522522p9),

9319 (Ne, 1522522p°).

2p HEH B T I Glerar A W TR
U et 1 3 qxdl o shen-Tes S Wiy MY €

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

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

T o W ° fefya fean s difeam 9 o a%
o gewRifTe fo=mrg @l U§ fo@n ST Eehdar -
(Na, [Ne]3s)), (Ar, [Ne] 3s523p°)| U1 &9 § R eI
o TRl ‘IS Toia[’ wEd B, 3 A goleRi,
T SeTAH HET G9ieH G o SHaE e hivT |
W WA 2, GASThdl SIa( Sheelld &1 SS8L0 o
1%111— Neﬁsﬁﬁgﬁ,aﬂgsﬁﬂ?ﬁ%ﬁ'{NaﬁAr
Toh TSR HANS SoieR € IR (K) 92 shiewad
(Ca) § 3d & &I I H 45 Heh hl el HA
B oh HRO Y AR 5 selagla wue: 45 FHew
o = B

hiedy ¥ 9RY w3 W TH F91 A0 e
<A1 €1 3 HeTh i STl 4p ek H1 ol § HH e
o N1 THH TR Ted WX B | URuTHEeEY ST
TH qodi— WhiedH (Sc), =M (Ti), sHfea™ (V),
HITHFE (Cr), HTHIS (Mn), STEE (Fe), Hiaee (Co),
fohet (Ni), T (Cu) 72 51 (Zn) © di= 3d e
T olagH SR R S 1 89 T8 @Y dfhd @l
Hehd B fop ITHa a9 i § 3d e § =R ae
T AT h1 SR HEI: U AR TH TAFA B B
TR FRO T8 ¢ fF oMY wH R R wew Afuw
Tl B ®, AT ST ST W Bl B1 pB ps, b,
dw, f, f+ senfs fo=ma, 5 serk a1 @ sie
W ¢, Afeeh Tl B €1 3T: HIfEm qen shiw |
o R o Tl st grerfierar ferd! © (E0s 2.6.6) 1
o ¥ fF evarg off figerd 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 1 WfSem (Cs) 72 9fem (Ba) W 2H
heeh W HAY: T IR T Tl B &1 SHeh 9%
AT (La) § Wbl (Hg) G Af 3R 5d ekl o
T W S €| Uk 1% 6p, 7s N Fdd: 5 fTS
6d HEHT HI W S 21 RAFE (U) & 9% & qd
1 TR B ® SR 3% W ®Y ¥ W e S
21 GROMt 2.6 W T dwall o gelaRien foere (SeeHt
faferli g fwifta) feo o €

AT IT IS Thd 7 foh oMfer 33 fa=ami =1
SHEA W F o g7 STy e fou ok
AqATd H [EER el GHeH N SU!
R I | ST I 1 &1 SER AT ST
21 IR & U 5w qel, S¥— < ;A A 9 ik
AT AR 0] A S €2 IS avd €1g S
3T A BIaT 82 He 9 Ar 519 a<d fepamefier o=t
&l B €, et geliei S ae framlie 8 2= &
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Ta o IW S o= o SR W T S Fehdl
T STee & THI] Hied ¥ g TSR TE R
ST Hehdlll 37q: MYk WA faa™ o6 % 9eqst &l
el YR §HeH o fau soieeie W & 9
SRR B @A aTreveeh €

2.6.6 YUT&UUT gRa U Teiufia Su-hion

T T

Tohelt T T qoTEd ST Soraiieh [a-ard SHeh!
ZAAH Sl o Heiferd Tereer gt 71 ferenier wRarogei
o SodRIeh fom=a 9N 2.6.5 H U qorqa famt
1 TR Fd &1 R FS awll (S¥8— Cu de Cr
o, &l < ST-HIT (4sTAA 3d) T Feisti § +4
SO BT §) TH TG FH ol A STRW s H
Ao Sl aTel SUHIY W LA B Sl 8, a9
Y T W IYHIT o qft =9 Fell dTcl HeTh
9T 81, S qUigRa A SrEgRa 811 81@: Crdem Cu
% AN Saaeieh fa=amd ®asT: 3dP, 4s! qA
3d°, 4s' B, 71 foh 34, 42 A 3°, 452 TH =T
T B TR 51 ot fammal o erfafte wenfae
B 7
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@A fagm

U AAT YUIIRT SU-HITT oF TATII o SHIUT
UIGRA e STEIYRA ST oF Tl o ShRul fefead
3

1. Gl Rl Tt faavor : 97 weit-«ifq fafga
 for wmfaf wenfre gem #T @) ofa: W g
37efqfia ST | setagiql 1 faawor gafha i 2
3Td: 4 Ak T B € TE & s § (TRt
3d) Torel @1 el qHE B 7, WY swe 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
B ) U SURIY oh GHYY herehl § Sufterd g
E1 A gt 1o T fafme e w5t ygi W@
g 79 fafma o wro gaa S, ‘ot st
(exchange energy) Heard 21 Guifaa fafmaf
T T q9 AfIHTH Bl 7, ST IY-RI YOIT; T
T YA (half filled) B4 € (fo 2.18)1 30k
TerEaEy fafe St stferad il € qen sEt JehR
Torfres oft atfuehan e 2

3T W fF T8 S €5 o R 1 SR €,
15 STTHR— THI Hell oF hefehl W SHaETe
TG o JATHTS TAMIG TeIehUT B B
A vl H, HAHYRA qen qoigRa SR <t
T (i) MU €9 9 67 IR, (i) F
HcAfareh GiaehtuT Sell qel (iii) 3= faf = Sei
o &R 2?1 fafta et & fama o faer
Y 39 STTel hefet | TRl

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

axdq
Na
Mg
Si
P

— 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

2020-21
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10

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
Sn
Sb
Te
Xe

*STTMA 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 2 6 10 2 6 10 14 |2 6 10 2 6 2 2
Pa 91 2 2 6 2 6 10 2 6 10 14 |2 6 10 2 2 6 1 2
U 92 2 2 6 2 6 10 2 6 10 14 (2 6 10 3 2 6 1 2
Np 93 2 2 6 2 6 10 2 6 10 14 (2 6 10 4 2 6 1 2
Pu 94 2 2 6 2 6 10 2 6 10 14 (2 6 10 6 2 6 2
Am 95 2 2 6 2 6 10 2 6 10 14 (2 6 10 7 2 6 2
Cm 96 2 2 6 2 6 10 2 6 10 14 |2 6 10 7 2 6 1 2
Bk 97 2 2 6 2 6 10 2 6 10 14 (2 6 10 8 2 6 1 2
Ccf 98 2 2 6 2 6 10 2 6 10 14 (2 6 10 10| 2 6 2
Es 99 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 2
Fm 100 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 2
Md 101 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 2
No 102 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 2
Lr 103 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 1 2
Rf 104 2 2 6 2 6 10 2 6 10 14 |12 6 10 10| 2 6 2 2
Db 105 2 2 6 2 6 10 2 6 10 14 |2 6 10 11 2 6 3 2
Sg 106 2 2 6 2 6 10 2 6 10 14 |2 6 10 12 2 6 4 2
Bh 107 2 2 6 2 6 10 2 6 10 14 |2 6 10 13 2 6 5 2
Hs 108 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 6 2
Mt 109 2 2 6 2 6 10 2 6 10 14 |2 6 10 14| 2 6 7 2
Ds 110 2 2 6 2 6 10 2 6 10 14 (2 6 10 14| 2 6 8 2
Rg** 111 2 2 6 2 6 10 2 6 10 14 | 2 6 10 14 2 6 10 1

#4112 9 3G AU TAN-HSA I I 4 ¢, R TThT Tk fo=me et e g w2
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QAT i HCEH

|9

TRATY] qdll oF TS AT B €1 A a7 o U8 s 9 €, S q9Ete 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 IS o Hew@qul o-H01 o Feh10H FANT g1 Terd foeg 83711 TeXwhie o 98 fepd frrehren fof o
% % H Tgd SIS MHR F1 YAERE TR Bl € 3R 9 30 IR SR AR Fell § 7 Hd
Bl TIHIE Aied, S GrAee 9 fierar-Serar o, ffvea 9 9 S died 9 d8d o, Wy g8 W]
1 feoran &1, 19fq 98 59 o1 1 =AM T R qrE o o e o 9 e R S €2 3Hek st
g TRAN] 1 SRR T, Fiq Afw & IR AR el o a0 3R STt ol o sR § $9
TE 1 HehT| WIHIE HISd Hi T HicAedl &l 1 1913 H 1 IR 7 TESeH WA o6 3704 died o
T foran qen Ie wEdfad foRan o fass o 9Ri iR JareRR weil § ToeeE T B €1 had 5 Hell
o1 € A B Tkl 8 A1 ek hell shi FHi¥=a il it ©1 &R 3 fafi= el § seigei= 1 it &1
T ST SR Yedeh el o ferw e S Soiaeq &1 g 1 3Tehold {5l gielife IR Hied gRgisH &
T T GAges TI I o, Ak I8 Ig-Seiaeid TAET o TaeHl &1 el T8l L Il SHehl
FHRUT Fgd Se & TG & T AR Hied § Telae &l AT o 9N 3R Uw (f¥Ed JuhR e # T
T U AT F1 oF F9 H TET 77 11 THH SHoh T Y AN o 9N H T G T4 o1 T Hal
s ffi=a o g ® oI 36 Uy 1 g @@ asft qRefia /e S wehdl €, S6 T € 90T W gee
1 Tel fefd @ik wel 3 W e egene % ¢ Afiieddr fagid’ o SHER UE W9e T ?1 36 YR
BIESISH TWHTY] 1 &R WIS 7 ehelel Seiaiq o el STaeR o1 SUal hidl €, diceh ggsiaT A=
gt =1 oft foRie s 21

T 1926 H e AfESR 3 T gefisheor o, g ¢ sifesk wefierton’ shet Sl 81 g6eh gy foifem
o golaela o faauor iR wAret | o1Hd Sl Wi o1 9 foman ST Hehal 81 98 GHIH0 7 Sheet < sl
% A0 del Qe AL HI Heheddl Hi eFH | W@l €, dfceh gesie o * SAfiyeaar fagia’ o ot
A 21 ST 36 THIHOT 1 EESISH THIT] § Soiae o foq el foman T, af Seleeiq o Hwe Soll-&l
R H T Bl (S I Ferd Bid €) o 9R H SRR Wt g2l A deifed Sel- & IR Sk |
TI-FeH S T Feled HEAs— TeA Fen T n, feia Faren @ |, 3R ga J6ied W@ m,
% gN TedH S €, ek il & gl o URUMHEEY W €id €1 39 oA aeied st o /el
R yfqee off SifeSt-ginor & g @ Td: I B 2| SESIeH YY) i deie Fiehid Higed @eh
Tagd & Gt TEqSH H1 AT w1 © SR SHoh Sifdfiad o UE uftmeAtett &l off Twemar €, S 9K
Tied §R T & & Tl

T o FAEH AR Hieel o TR Tg-Seiaei1 TATS o e~ foeol &1 &g el | drer
T B A I Tk A1 Ak ST-HIT ok 54 T B Tohd € AU T ST-HIT H Tk A1 M(UF hersh & Fohdl
2, T soieei Sufted gan 21 eEgieH S R < feml (Seewnd— He', Li anfe) § fedt
U MU wrer o T Ferhi KT THE S B €, WY Tg-IeiF WHEH H Ferhi k1 Sl n R [ H
ol W fef B1 foRe et o fAT (n + 1) 1 A AT 9 B SEe! et i Sat € % e At
SHIE < HERI BT (n + ) TH T B, df U Heh 1 Sl wA eit, TGk fauw n w1 7= w9 21 R
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@A fagm

WA | UH ¥ Herh T9G Bl €, G901 S0 Soll o wgd W W goie UISel oh eivesid fagid (fRet
wAT] B Rl Q1 el R TRl FeleH-@A 1 HH GHH T & ehdl €) 1R g2 o sifushan sgshdl
1 (T YRR F FHerhl | golagHl w1 I q9 % URY TEl ST, ST I Ydh heh § Th-Th
T | 3 W) ok R TR W W &1 A 1 gelari-eh Tl 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) UF UM IR ¥ Tl &t T &1 Iieher Hifeg|
(i) T T TRl o SeIHM 3R STEEl 1 Uieher it
(i) HIF o T O H SR STl i &A1 1 URehe HifeTd)
(i) 7 mg"“CH =Ml & (F) Fa & A (W) Fa SFAE T HISC
(R &1 T = 1.675 x 10”7 kg A <ifeiw)
(iii) M T SR I (STP) R 34 mg NH, ¥ Frfi
() el Gl 3R (W) hel FeAHH Ty
TE SR A H qfedd § 1 S ufietdd 8 Sam?
forerfefias e § suftera =i SR el @ GE aaEe-
'3C, 130, 13 Mg, 50Fe, 53Sr
e X TT TRAT] FHAA (A) 3R TRA] G (2) STt WA 1 qof wefieh fefan—
() Zz=17, A=35.
(i) Z=92, A=233.
(i) Z= 4, A= 9.
Tifeam oIt R ST dict FehTer &1 T-54 (1) 580 nm T1 THHT T (v) 3R
TE-H&A (v) 1 IRk HifQ)
Y% UQ HISH hI o1l G HIfTT-
(i) S 3 x 10" Hz gfa a1t YTeT o TG &l
(ii) forrert a@1-<=4 0.50 A @I
2.0 x 107'° s TeT ITell YR T 1 TI-4e4, Mg SR TT-F&A T T Hifer
T FehTeT, TSRt RT-<54 4000 pm & SR S 1J Sl <, o B2 1 HE&A FarEy)|

I 4 x 107 m -4 Gl Tk ®ieH 2.13 eV G diel o1g 1 9de ¥ 2k
E

(i) HRM & S (eV H) (i) Soas I Tiast Hei AN (iii) TR Seiari o o
%1 gRehe™ HINT (1 eV= 1.6020 x 107°J)I

Tifean wAT] o A o fAT 242 nm -S54 T for-gaewta fafsmor waie e
21 Fifeqw &) = Folt kJ mol ' H T Hife)

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

ol o 1 T W 6800 A TI-3=4 Al fafertor e ¥ I 9 A geiea
3R B &1 o1g 1 @l A (v,) IR FEEH (W,) F1d Hif)
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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
TE-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 F A Tedt ¥ 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
sttt fshan de a4 B ?
(i) TTESSH o 9UH Hefh § Fetud F -2.18 x 107° J atom™ 81 WEE wEH
U gafyd el daqsy)
(i) TTESISH T o Ured SR Herh hi 5 H TvE Sifem)
BIESISH LAY 1 ST S0 o fereham aiiT-<e4 el TehHUT 1 q1-FE&AT 1 0T
Eainiy
BIEGIS TWATY] H SiaR ol Teell shel | U=l el deh of S o ot STrevah Sl
T S T FIU S TE ST T g ¥ diedl 7, A fhg qir-aud @
RSl SCHTST BIM? (Sl ohi qorel Taeel Sef —2.18 x 107! ergs ®)I
TEGeH WA § TARME # e E = (-2.18 x 107/ J W & S 2l
n =2 FHE Y sAFRA & U e e o fau Aewess S el TUHT hifT FehmT
1 T wal -5 (cm W) 241 €, TSR 9T 39 HhH0r | feman ST Heh|
2.05x 10" m s o ¥ 7fq X @ fordl soieeq o1 a-sd @ Bhm?
TR T 59 9.1 x 10 kg €1 A€ HakT Tt o1t 3.0 x 102 J @, ot 58k
-3 1 MOAT HiT
frafafed & 9 &9 gu-smart T 7, stefq frd soeeEl +1 Tam g 72
Na', K', Mg™*, Ca™, S*, Ar
(i) fr=fafEa s @1 soie fo=me fafaw —
() H (@) Na* (m O™ (=) F
(i) =7 T HI WAN-GEN TRy, SR Ty aed seee & FEfated 9 |
i s € —

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

9 1100 n A1 g g % 1 AR STgAd B2
T Toiae fhH 3d Hek | 71 38k T n, [ 3R m, & T9a 7 i
et T o5 T ® 29 Tolde SR 35 =g B () 39H Wi %l Hen waEu)
(i) T H1 SRS fa=mg sarEu
H;, H, 3R O}, Tfefis ¥ 3ufterd seiaeii %! ¥ear sarsu)
(i) forEh A Seh Hon= 3 T IHF AT LR 2m, & HIG AH F B2
(i) 3dF&F & SR ok AT m, 3R | FEH T@ABH o TH TR
(iii) Frfafed § @ $9 9§ e 999 —
1p, 2s, 2p X 3f
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70

2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41
2.42

243

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

(F) n=1,1=0

(@ n=3;1=1

(M n=4;1=2

() n=4;1=3

HWU A g TR fo Frefefaa Feien e o % ¥ °F gud 1@l 7 -

(F) n=0. =0, m = 0 m =+ %
(@) n=1, =0, m = 0 m =- Y%
(M n=1 =1 m = 0 m =+ Y%
(& n=2 =1 m = 0 m =-1%
(¥) n=3 =3 m =-3 m =+ %
() n=3, l=1, m, = 0, m =+ %
ot T AR e WS A R T A
(F) n=4,m=-% (@) n=3,1=0

g IIMSY foF SRS THM] I R Hel ®i IR 39 wal § a9 s &t
T-sret qr-3ed w1 qof ure e R

He' @A & n=4 9 n=2 9 SHA0 ¥ W@ a0-ed & e arell Sl
BIZgIe Tagd | 1 ghm?

He'(g) - He™ (g) + e Wfha o foIU STaveeh o1l bl TUMT TS| BISSIS URHT]
T qoRY T H A Tl 2.18 x 107° J atom™ €l

I HTe TRATY] 1 418 0.15 nm €, Al 7 e WAET 1 G i T Hife,
5= 20 cm Thet T oAGE H TH-Th Hleh SAAIEd a1 ST Hehal B

e o 2 x10° WA Tk Ha’ § afeed 1 A 39 =Iewe &1 @aE 2.4 cm
T HTE YTATY] S SATH hi TUMET IS

e 7] 61 A9 2.6 A ® — (%) e w1 =0 pm @ 9o (@) 1.6 cm
FT TAE § HIR § TMAR IUFEAG TATIST i H& I TUMET Hifew

ferlt =t A1 feeR T oMot 2.5 x 10-1°C 21 39H SUfkerd gelagiAl i W& &1 oM
HifsT)

faferra & gam & dot 1 95 R SHHd Xl g gra @i faeq-smaw g
fopa S B1 9 1 98 W AR wifdes foge omee —1.282 x 10715C ¥, df sE@H
Iufeerd sSR! o1 G&AT 1 AT HifsTul

T S T A, W S S A F e T o F g A
1 St B1 Al Cegffam onfk S ook T 1 vl gl oft S, o SoRie aiomst
¥ F AR T2

JoBr Tl °Br ¥di® W €, e 50 Br 9o $Br W T &1 Herd # FHRO Sy
T 81 ToHAM HE&A O awl | W i qorl B 31.7% I SAfeish &1 $Uh1 THT
Tdter fafag)

37 SSAHM TEA 91l Teh 3M1FH TR FUMA9l 1 Tk 3T &1 AfE 31 § gelagi 1 gor
T =2 11.1% aifus €, @ 5 o1 gt fafe)
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2.44

2.45

2.46

2.47

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.56

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

freafafea fafeon o gl &1 eTgfd & 9ed T %7 | Hafked Hifag —

(F) HEHEd 3o (oven) T faferor

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

(M) TETE. e ¥ e fafezor

(o) el ok @ wigies fmeol

(F) X-fortoi

e SR 337.1 nm 1 -5 W U fafemior S it 21 A ScHfS wie w1 Hen
5.6 x 1024 1, A1 39 TSR 1 &GHdl I TET FHifC)

et 1 i e Hohd siet | W TR S 81 4K 98 616 nm R Yeor 9 fafmio-sasH
w7, @

(%) IS &I g (@) 30 Tohe | =0 fafwtor g0 @@ &1 T 0 (1) Fien &1 el qen
(%) Sufterd Faren w1 W@ B A FITC (IR TE 20 B S I A )

it Yeronl & T a)i @ oM ool Gohd 9gd HASR 8 §1 9f% e 99=% 600 nm
fafertor @ el 3.15 x 107'°J Ul <aTl ®, o Ggweh NI W Il ki T F1 AT HIFoTQ)
IS STeensti | STU[sti o SfaehTel 1 AT UH: THISHT 1 Tohe I aret fafehion a1 3uam

F¥eh TR s 21 A faferor Wi o1 @1et 2ns @R wfed fafwor 9id o SR Seafsa e &1
H& 2.5 x 10'° 7, @ G 1 S 1 UM KIS

o el fgrfor ae-ed fen Stemioe HHH0 589 3R 589.6nm W @ Al €1 T HhHAT
T rgfa 3R T Sferd Sreensti o e Sl o 3faY 1 Ul SIS

Wi A %1 FHEEH 1.9 eV 7,

() Scdfsa fafetor %1 geft w34 (@) eelt sl &1 o FifSw) A difvan o w5
500nm 1 -4 o Qe fERifo fehan STu, i Fehel EU hieigeiagi 1 TIfdst St AR o i
UM HIfST)

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

% (nm) 500 450 400

vx 10° (cm s™) 2.55 4.35 5.35

TEell q1-3o wte feerier shi TOMT iU

TeRTel fareq Ira W H foeer o1 ¥ WieEaee w1 s 0.35V i deedl §RI UehT ST Hehdl
?1 9@ 256.7 nm % Tafehor 1 Swam fohan S 2, faoer o1g o forw srfter 1 1o shifsw)

g 150pm WI-<54 1 HIEH TH WA ¥ THTA ¢ AR T@eh A o gIH gl
1.5 x10"ms ' a7 ¥ STeX feherdl € o SH Sl ! UM shifery, Ted o s 9 o1 gan 2|
Y STl T IS HHAU n He W AN B 21 F n=3 H @A Bl © a9 W v = 3.29
x 10" (Hz) [ 1/3% - 1/n% @ <3 <1 @bl 21 4f€ AU 1285 nm W Ufed gar 2,
n % HME &I T HISC U1 TaEH T &5 FqEt

IH IS THHT o G254 R MO BT, S 1.3225 nm 541 a1t el § a9 3R 211.6
pm W G Bl 21 TH HHHAU I 00 H1 AW SR WaeH H &3 off wawy
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2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

2.66
2.67

@A fagm

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

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

IS S o FoH el | gela[ 1 o 2.9 x 10°ms ™’ ®, 1 TEQ Helfud 2 sl ai1-54 &1 MO
HifsT)

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

I Wk geree[ 1 fefd sl 1 0.002nm 1 Ysal o A STt B, o Seler o e § St
T U KIS AfE Teierei 1 W h/4n, x0.05 nm &, T 1 39 HH i e ¥ FiE Hfarg
a2

T: SATRA 1 FeH T A G TE 1 SR ol o 9gd hH § oaieerd Hita) = 39 o fomedt
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 THoh 2p helh W ®: Solad, 3p e | ©: Yo a1 4p
etk W Uie goe B B1 TH W i W1 Solae IAad WS AR SS9 S LAl €2
freafoafaa & @ S 9@ e STt TRTRT AT 9 wm?

(i) 2s 3R 3s, (i) 4d AR Af o0 (iii) 3d 3N 3p.

AL T Si ¥ 3p Heweh W YA ol Bid 1 i TN Seiaq ek 9 fersh qoe AR
ST STIHS M

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

(%) n=4 Y Fafud foraT TR 272

(@) 39 ITFFT § fhad soree Sufeem g, fower fa ms=—%®r’n=4 2l

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

o ok -
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ATl T SIIGRTUT TS OISl O ATafear

CLASSIFICATION OF ELEMENTS AND PERIODICITY IN PROPERTIES

ELE

9 THheh oh AFIF o TN 39 —

Sited o fafs=r =i o W foam o
ﬂ%ﬁaﬁww;

Tl o TUIEH oF STHR W3R
FATRTOT Tl Gehod1 gRI SATad TR
o foerTd W STavTd = Hohl;
mﬁﬁ—ﬁmaﬁww;

3Tt afieRtor o e wREm-wen
A SRR [ITE o STER &
Tefehdl i THY Fohl;

100 ¥ 3Tfeeh TRETU]-ShHThaTe awall
o ot [UPAC 4 for@ geh;
Tl *i s, p, d T fAleh | afigpd
WETQFJBI;

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

Tl i sfafwamsierar w1 ga &
TohTl 3R 3% ST Ypia § Sufefd
@'FI'EITS'EF{'FIT;F:T;
AT T TS s Ao o
o Telel adr Wehl;

T ¥ HeAfYd S Hewqul qoTeHT,
S — e, ] e e
e, goeeH, afed e, faga
HBUTCHeRdl 3R Garshdl 9 dafda
ToreI ol =kt e o foru Wt ofieh
YTt T SYFNT T Fohl|

T AR YA |iT 9T Y@ YA T 3Tld Hgvqut faren
&1 ufafe fereme & s6Q WeTgar ferdt &, @iciawien @t 78 faom
firert & 3iiv sgafierd w9 & YUl TATE I T QI qui fierar
&1 77 39 AT T T QYA ISTENVT & Toh EIAIE Aol sTeAAteerd
g o farant g¥ g el gia, 3ifuq 3 =afkgd augl & qarr
gefvia &a &1 St @ 9g ST =TEd & o gl sid-wie o @
& o, 3% fo7q 3Tad AR Sgd Syt &

o 2t et

39 Uehe | BH I0HM e ARl o1 UfaeTiae foe™ TE syfe
3TTEA- I\ T STEFA | T hT SR XTI oh Seiaieh
foma o1 aftomm 21 efd o w9 awdl ok wifde qen TEmEte o w5
Tt ygfd W fa=ar &

3.1 dwal ohT SIIehI0T Rl STME9AH &2

e T &H IE 9 gk § foh I Teft YRR o gl Y 0o IS
B1d €1 T 1800 H heiet 31 d7d A <1 T 1865 dF 63 <l
ST 81 TE off| 2TISTehel B 114 el o 9R ¥ qa1 81 399 9 B
o @S MU ae ga-fafia €1 99, sreft oft 7w a1 Rt w
o TAE ST €1 SaH GR el 31K Soh 3TEEd Ao oh THE
T STAT- 3TN HT YT g i3 B1 39 HISTE Fl W HH &
U SfeR] 3 q<al T SITROT ek 39 SR W GUSd TRl
R G =N 3 &) e, 3 Sk adieh @ weft el o Welfea
O L T T ThATd €9 § a1 H & Gohl, o §
TS WM o 3T qel o oremad | oft ueg foeri

3.2 3TTad ARUN <kt Safa
<l 1 fieRor gl H SR Syefdar fraw ud efad wRoft @6
forenT SRITRI BT ek STerclienHl de TA o1 GRmg &1 Teyerd
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a0 YTHTIT-HTT daxd YTHTIT-HTT daxd YTHTIT-HTT
Li 7 Ca 40 Cl 35.5
Na 23 Sr 88 Br 80

K 39 Ba 137 I 127

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

TAER *1 Tk @1 o’ o & a@l & fag
TE U T SH(AY $H HES Th HAN THEHL SHRT
foar Brg fean T sHeh wwE Wit e
E.'s:.iﬁ. Al %ﬂaﬁ@w (A.E.B. de Chancourtois)af
T 1862 H Tl T AU HIA 1 TAH TRl
3EIM Tl i 3Tk F@d gU WHV-9R o %A H
Tl oF TUTEHT | 3Tad! gAUgd sl {¥ie T g off
3 &AM o= T8 HT Hehll U AT Sl
TATIEX Joie 7 T 1865 H a1 TEW (Law of
octaves) i fasfaa fean 3= Il &1 37k a&d
U TE-9R o %9 H Fafked fean o = f6
fodt off 7@ ¥ URY & W ARE d o 07 AN
T o F9F o (AROT 3.2 3W) | I8 HaH IH TER
<kl QJTQW 3134 Giifaes @R (eight musical note)

1 Gee JUH Hitlifaeh @R oh WY Bl 81 FAS H
3T I f9% Ca 0% o T dh Wal Udrd gal,
TIClch ST U9 3 ¥R ki A9 HI=dl &l Hed,
WY 9] H UgA SRl (ded) R O§ 1887 H
Zeie w1 Sl USH TR GWEHA HX ST HH H
A= & TR

T WA I Heald (1834-1907) @
STHA THRAR A B (1830-1895) o Had gl
o HoRaE Y SAad-9RU ok fohm™ H Therdl ur g3l
A & § 1w gL A WEAA A T 1869 H
yEdrtad fohan fof 5@ awal sl 3ok aed g IRHTY- ARI
o %0 ° ot foran sar 7, 79 frafia sfawa &
YT 3k ifash qe TEEttE qon H§ gHEd a8
S Bl SR W A ofifereh O (S8 TRATvE S,
TTefish Wel sFereiieh 3R AT~ 9R o HeA ogh el
(curve plotting) fer, St we ffeem =T EI]
Tl H HHAM S A1 T 1868 Teoh LR H=R A
Tl 1 Uh WRON 1 foswm X fa=n, s enygfe
STEA-IRT ¥ HTHRT fHead-Sadr of, ofeh 39k
T 1 faawon st Heelia & wm & T @ wed
WeRTITd -T&1 B Il STYfeh 7o |Rvft oh faehre
AN 1 99 3 deda e w2

TTCATeh 3Teil! Felelf o TEFH h1 AR SR
3 fan o, forg Hecfa 4 oo om0 &1 Teelt aR
WIS feranl e w39 wehR & —

ARUM 3.2 AT ok A=H

Li

Be

B

(o3

YTHTIT-HIT

9

11

12

14

16

19

Mg

Al

Si

Cl

YTHTIT-HTT

23

24

27

29

31

32

35.5

Ca

YTHTIT-HTT

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 Fgd §T THI]-9R o TR IR § 39
e ®9 H W@ o 99F U 9w 9 T d
FEAlR-T A TEl H T ) Hedld g a6
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
Jifder To TEEfE T 1 SR e faRi w9
T dedfid 7 T g W AR S gerrard g
(empirical formula) T 3ek TOTEHT 1 FHA i
YR THN 98 I8 W & for afs Tm-9r & &1
T qUia: WeH fowan S, @ $® 9w 39k 5N R
T HH | STEd-URol # @ W S "hd 1 3=
UM TEEMAE T LA et Tl Rl STEd-gRof o
3fad M 39 & fau 39eh - IRf % W
UL 1| SIEI0T ok AR W A, FSraerT TR
IR GHE VI o a7 ‘3AfEm’ § w1 o1, il 99E VII
T qARE, FAE, SEE ST oh | quiEm |
AT o YR T W@ T (9 3.1) 1 3= §69H
TUTEH! Tt Il SRl Teh THE H @ i Wil i
JER A4 gY T8 TErferd fohan o s aeat (St @St
T T ) & forw oroht § gw fga wm s kg
M| 3RV oF fAu— S@ Head hi e -ARon
YR¥d g2, qd @™ (Gallium) den SHfEd

75

(Grermanium]?1t_°ff7=h"T@\_YT:I%'T’@'Sc ﬁlﬁﬁﬂﬁﬁ?ﬁ'ﬂ'ﬁl
AR Tafasi o F9 Th-Tw o wH sig 3k &
Tl SRl A HHL: ThI-UGHITEH (Eka-Aluminium)
T Tehl-fafeth (Eka-Silicon) @l Heelig 3 |
eheret Tferam 3R S awel o e &1 9N &,
dfeh 37 aeell o pw wifass qoredl w1 =0 ot feam
9% | @ISl T § q<all oF UTe OTEE qe YR
ToTr 1 AR 3.3 H geas fRA T ¥ dedda
1 A R 3T heliad § Seh! Therdl o
FROT 3% R TR Aad GRON i wwl glafy
firef| Heolid ®1 ¥ 1905 H YhIRTG e |t
o= 3.1 o gerfan T 2

3.3 IMYfIeh - =w qar 3T
WRUT kT FdU &E&T

Tl I o A <F AT € fF S deelid | e
groft &1 faskrE o, q@ WREs & WA S
STARER T h1 T 78l ol dieel Yaeal o TR
H STIUHIE HUIl 1 foh@ g3fl &1 1913 | 31
Aifgert TR 81 Histel o el oh SAfenafitn
X- oo weenl § frafaaa o€ ok @ f&
(STl v X-Tortor &t o1gfa ©) IR TH-shwish (Z)
% A O AifEd HH W Uh G @l 9 Bt
%, W W] TAAE ATy, o M@ B W W
T ST S oTd: Hisel A S R Ty geme
1 o | TRl a 1 THN]-hHIS 39 a<d ok 01
! TUH W eAfres Hem €1 Tl o ER Heeld &

ARUlt 3.3 el gRT Tenr-Uepitam (diferaw ) qem uehr-fafeasrm (sifeam ) ot @t wrrfea

T[uT T eAfufem Tiferam e Tafer St
(wfa=ges a) | (@S T A ) | ( Sfesdes av) | (@S T AR )
YIHTU]- TR 68 70 72 72.6
TS / (g/cm?) 5.9 5.94 5.5 5.36
e ieh /K = 302.93 3= 1231
ATFATZS T G E,O, Ga,0, EO, GeO,
FANEE & GT ECl, GacCl, ECI, GeCl,
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wgEt qen gfore | awa i rafdar

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 P 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 A4 Cr Mn Fe Co Ni (Cu)
38 39.1 40.1 44.1 48.1 51.4 62,11 55.0 151{8) B9 B9
Copper Zinc Gallium | Germanium Arsenic Selenium Bromine
5 Cu Zn Ga Ge As Se Br
63.6 65.4 70.0 723 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 1@ 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 = 18}
224 232 239
HIGHER SALINE OXIDES
R RoO RO RO3 RO 2 RoOs RO3 RoO7 RO,
HIGHER GASEOUS HYDROGEN COMPOUNDS
RH4 RH3 RH2 RH

farT 3.1: dscita grT g3 enad 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
TRATUT-ZHHTeR o STTEd et 1A 61’ (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
WA T o e fien sk S steur |
el i @ gl

M Ted UG ok & b fordl a1 WA
I IH T ok AT STET (HSHI T F&A) a0
I W] § IR SOl i HEAT oh SR
BIT B| Heh UYET deieH HEmst s wiefhdr $iK
TR o=l st SATafar ohi THSAT WX Bl STl
21 379 T TR T fora 7o ® T aterd e et
A1 I7eh ARl ok ifceh qe TR Ul 1 e
2, S el o SeleRifen forarE WS Bl

HI-9HT T TEd-9Rvlt o fafv= &9 g&qa
fohT T €| o T Teal i THERR SfatEIe qen
TASRT R T 30 ¢, A FT A ToiRih
fa=ma W g9 anyfier wey (9 atred |roit
o €id TeY wed §) Tgd W q91 ST STAn
2 3R 38 ot 3.2 o <wiian B &fas dfea (R
Heefta 3 ‘ot el 8) & ofred (periods) el
ST § 3R FHeate Tl i a1t (group) FEd 1 FHH
T TR fo e aTel aedl ) el el |
S 8, T ‘ant’ =1 ‘after’ wer S €1 IUPAC o
STAIEA % STER, & 1 I U5 1A, VIIA, VIIL,
IB...VIIB, o TJIFH W3=< | ¥ 18 T &I Hemet §
FHferd weeh frefua fman e 21

HEd-GROT § el T A B S-S

77

3TEd | awd &l SAfshan T J9ied 9= (n) &l
Tt B1 U STEd § 2 el SUfkerd ©1 gHeh WIE o
e o wH: 8, 8, 18, 18 3R 32 awd B Wiaal
ot Tt e 31 i T @ wed o # Aw
Y q<dl it Iferehay & FdieH RIS o SER
TR 32 € BN 39 T H TEd-9RU o B39 T Grag
e o HUY: TEAES SR RS o 14-14 a0
H= 1o 9§ 3T S| ® B

3.4 100 | 37fereh UIHIU-hHIh

AT daval okl ATHERIOT
T4 § WA €9 9 7T Tl 1 AR 39 a7l ok
TMeRaistl o6 A W T T San o aen gwaifer 919
HT T 311'5‘.1‘?[.@@. (International Union of
Pure and Applied Chemistry) g/ sh¥ {1 ST o1
TR T & H 39 5, R faaR = T 359 TWA-hHiR
aret AU % 3a9 AR B € fR St Sha ged
G (3R - @l eheaet B TH] 46 &) 9w
Bt €1 37 Al o Hyewor 3R a9 i o st
o foru wET qen snyfie STHTO SR WA i
TEgEhal Bl 8| forve 1 e € yEeene § wyut
FI T Y T H B &1 wf-wef dmnfren fo
foramrta sfieng sheg o, Tq Tl &1 @i &1 T
FH o U arenfad g s €SS % dR W
ARl 3R &, I & W oh SRRl 3 104
TH]-SHHI% dTel T i @ISl 1 I Rl STHRERT
AaeR 3 TH ‘TEWIeTH’ (Rutherfordium) 9o
=g aﬁfﬁ'cl—ﬁ 3 3@ ‘Wﬁ'ﬂ'ﬁ' (Kurchatovium)
W feEm T8 WE # FfeTE R R FH F A
IUPAC 7 ggia fsan fe 59 o o &1 @ fag A
Bl ST SR A w1 qHedA 7 g WY, 99 q% T TS
1@9WF@T3ﬁ$WWH§T(numerical
root) &1 TAM HId T Aok A Hi TH]
FHHHI oh YR W Y g S os9 wwref
3.4 H fean o 2

* 75 2 "l & HT Bl YOS FGE] VARl & T HE (T 1940) H TRl H1 @S ° g1 59 915 TIH & aR
At (94 @ @Y 102 qF) el SEd-GRoN T F5era S SR UfHAEe FceAEe % A+ w@r @ g 1951 1 diet
T I HT b [EHR 375 B & o8 71 1 3% ST 7 & [o7q dw@-g&r 106 &1 98 ‘&g’ (Sg) W@ Tl
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. Representative elements Noble
Representative gases
elements GROUP NUMBER ]
GROUP 18
NUMBER_‘ 1 0
2 H 2
! Is' 3 4 15 16 17 | e
! [A 1IA B IVB VB VIB VIB| ;¢
3 4 d-Transition elements 5 6 % 3 9 10
2 Li Be B C N (0] 17 Ne
25" 257 | GROUP NUMBER | |22t | 2927 ooy | acapt | 250 | 28
3| s o4 s 6 7 g8 9 10 11 12 11\31 ls"‘ ! P5 136 ICZ fr
% 3s? 3S§ A VA VA VIA VIA <—VII —> IB 1B | 5, 3S% 2| 35 | 3t | 3 | 3w
= 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
24| K | C | S | Ti | Vv | C | Mn| Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
n 45" 45> | 3d'4s | 3d45 | 3d%s" | 3d%s' | 3d%s | 3d%8 | 3d4s’ | 3d's’| 3dYs' | 3dUs | asap | astpt| 4sap’ | asapt | a4y | 4s"4p°
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 | 1 | Xe
~ 55" 552 | 4d'5s’ | 4d’ss’ | 4d'ss' | 4d’Ss' | 4dSs | ad'ss'| 4dss' | 4d® | 4d'ss'| 4d'ssY| sSsp' | 595p | 585p | 555p' | 555p | 55°5P
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6| Cs | Ba | La*| Hf | Ta | W | Re | Os | Ir Pt | Au | Hg| T/ | Pb | Bi | Po | At | Rn
6s' 652 | 5d6s® |4 5d%6s| 5865 | 5d%st | 5d%6st | 5d%st | sd6s | 5d%s | 5d%s' | 5d"%s*| es’6p' | 656 | 6s%6p | 6s6p' | 656y | 65°6p°
&7 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 Fl Mc Lv Ts Og
7s" 75> | 6d'7s

f-Inner transition elements

x . 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanoids Ce Pr | Nd | Pm | Sm | Bu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
4/°5d"6s 4£'5d°6s| 4F'5d’6s 4 5d'6s| 4r5d'6s’| 4f'sd’6s | 4f 5d"6s”| 4f5d'6s’| 4f'sd'6s lar5d s |4t 565 |4f Sd 65 ar 5 d6s* a5 d 65 f 5 65"
o 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Actinoids Th | Pa| U | No | Pu | Am | Cm | Bk | Cf | Bs | Fm | Md | No | Lr
5f6d" s 5£%d"7s* | 5£%6d"7s°| 51°6d"1s’ 51 b6d"Ts | 5£%d"1s*|5176d"Is* |5 6d 752|151 64" s> |51 64 15" |51 64 T |51 264" s |5 26" 5|51 H6d"Ts |51 6d TS’

ford 3.2 T & WH-FAF T T ST Seiaei-ih = & qrel Sad GRvil &7 315 &9/ 7 1984 % IUPAC 3 ST7HIRT
& IFER o $I 1 4 18 a% I T B1 §9 YHR HT Gahad a7 [ A-VIIA, VI, [ B-VII B Tq O @ =i %34 &1 [T dgfd
&1 glaeeqifya #ar 8l
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el H AR T O H e

79

yfafafe o5 wagM | Tl AW qen Ydtes fea s 21

|RUMT 3.4 AvAl oF IUPAC AHERTUT Bq Wohad

i ™ Hftra wu TR 99 T 39 39 H A YL 1 AW & Hehel |,
0 nil n el 39 a1 WISl g8 ¢ Al HG Y I ok
1 LEs u T ot it Sifeh ot =1 €1 Tehell | THIT-hHish
g 311 ]: 118 T Tl 1 @IV &1 9! 21 Weft 7wl o STfd
4 quad . TUPAC i T ST 2 g1 21
5 pent P
6 hex h W 3‘1
7 sept S .

8 Gl o 120 9IHY] shHTh 91l a1 [UPAC A/ den
9 enn e Tdlsh (symbol) FT B2

Teil 1 ARl o HH W TH WY W@ Sl €, Exgl
SR TR UTe BT © A 37 ¥ ‘33T’ (jum) g TR 3.4 % FTER 1, 2 T 0 ST o g g
fean ST 21 100 W WA FHF A T F (root) FHH: un, bi A4 nil BRI S 120
IUPAC 79 §RUl 3.5 § S91iQ 7T 2|
TH YR, T % ! Tged SRR AW AR o Yeiteh Ubn &I

&L STl Yelteh f&a1 el 21 91€ § 8¢ 29 o [UPAC

TH[-hHIsh dTel T 1 A Unbinilum el

WRUMT 3.5 UTHIUI-hATeh 100 | 3ifareh aret dval AT ATHeRtoT

THTU]-hHTh ™ Teiteh IUPAC 3TfIhd 19 | IUPAC 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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80

3.5 ATl oh SoTaI(eh (=T aaT
Tad -|ot

el Teheh ® &0 T WM T ferelt ] o geveia
1 TEEH WX FeicH Heel W i S Gehdl 21 gE&A
FleH &A1 (n) TT] oF & e wR), 54 ‘e’
(shell) ed ¥, %1 =k hdl €1 e T ot ST fom
e T W] H goeed fa=-fa 3u-mm | R
S ®, T €9 s, p, d, fed | W] § el o
foraeor =1 €1 S ‘gl fa=r’ wed B TRt
T &1 3Aad greht § feafq 39 R SHar sifan
el 1 FAlCH-@A i <eidl 31 39 90 H e
refeh R 3Ted WRON def a<dl oh Soaei-eh fa=ard
o A WY ey o 9 § SRR W H|
(h) 3Mad H sHAeE(+eh fa=mg

3TEd & Sl A1 9el RN o fAC n 1 HH S
%\'I fEd RO | Y SAUm e (successive
period)aﬁ‘lﬁf WWH@JWW n=1, n=2
s @ Gefed it 21 e 3@ 1 Fehdr € & g

e fagm

N A (n = 4) B IRY W W, 45 FHerw
o W % WY B ¢ F8T I8 9 Hewyui § fF 4p
FHeh o T | T4 &1 3d & 1 T IE & Sl
g, S Sl (energetically) ®9 9 dehd 2l
39 YHNR, W dw@ HT 3d FHAV-AUM
(3d transtitian series) 9T &l STt 21 I8 whfeam
(Scandium:Z=21)@91Tﬁ%ﬁ?ﬁ%,WSﬁﬁ|§TﬁEF
fa=ma 3d! 4s* Bl B1 3d Hew 5k (zn, Z=30)
W ol &Y W W @2, foent seiaiten o
3d 10 457 T1 AT A 4p FEH F T o @™
e (Krypton) ® GATE Bl 81 el THereh =i
Ed § 18 a9 BId | UiEal Sed (n=5) ®iafeam
T I B0 €, Y SAEd o WA 21 SHY 4d 3EIH
(ytrrium, Z=39) T 4d FHIT IO (4d transition
senes]slaﬁa?%wzawﬁ@mmﬁ% T W
W(Xenon)ﬂwm%lmeﬂﬂﬁ n=6) |
32 % B Bl SRR o9 6s, 4f, 5d 991 6p

aad | dal bt G, R SHAT SHell-&R § SyeTs
TRA-Sheieh! H1 FeA W T Bl 81 39 YHR JUH
A (n=1) T YRA To¥ F9e1 TR (1s) oF T 9
& el 21 SEH T a7 B 2| e il o
(1s!) den &= (1s?) 81 39 WK, H&H g0
(K s19T) ol &1 Sl @1 S84 3ed (n=2) oliferm
Y IRY Bl € (Li=1s22s?), Forae diem soisei 2s
ek W WY il B 3T dwd sifeed | R
o S B §1 SEeRT SoiRite e (1s2,259)
21 THeh 9% SR a9 Y® i gU Wi 89 e
< I T €, df Zp ke Ul ®U A oAl @
ORI B TH YR L 19l i (252 2p°) a7
el gl B S 1 o7 SO SMed W el i We
S Bl B1 @ WRUN 1 AE Ed (n=23)
Hifead awa o WY URY B 2, foeH e 3s
Hefeh W Sl 81 ST 3s Wo 3p hefeh! § gelaal
o 9 o YN dER STad | q<l ol He Hifedd
T A q el TR S 8 Sl 2

Hefhl H W A B Af HeTRl w1 W EiEH
(cerium, Z=58) Ee) RIS ET Fﬂ?ﬂﬁﬂm (Lutetium,
Z=71) W TS Bl €| W 4f 3Ndier HhAT Sruft
7 oFATaS Suft (Lenthanoid Series) Fed %I

Tradl e (n=7) B e & quE 7, ford
TR IR 7s, 5f, 6d 3R 7p Heeh § W Bl
T W fafert (artificial methods) g1 HMHA-
fafifa featedt aw 1 Hidel eTad 1189 AT HHi
e (A @S S 9rel) dw o e el g, S
Septe TH-uReaR @ Faferd g

W= (Actinium, Z = 89) % I¥= 5f e
T I BATIEY 5f ATAeh HeRWUT- AU
(5finner transition series) W< 2t %I '5115[ ‘ﬁ%ﬂ?ﬁg
AU’ (Actinoid Series) Fed 2l AfAU 5f 3TANER
HhHUT- AT ST 3Tad TR o6 & 96 9 9l Wi
T €, feh SEeh! T 1 SRV @ ST Heh 3R
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el H AR T O H e

1T & A TOTEE a1l awdl Sl Th & W9 H Wh
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 Bl €, @ 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 SoaEi+eh fa=ma

T & o o1 SEaieR WY H SRR awl o garstehdl
I TR fo=ITe THM Bd &1 Teh el hereh!
o Sufterd sotgHi 1 T wd e off g9 B €
3[R ok faw & 1 % dw@l (FR Hgst) o
TASTRAl IV SR [ ns! B ©, S =
fe@mn T }1 39 YRR FE T @ ol € & fE
T o U ek WAl W W W €, |
for 39h Aufeen TRET-SeAHE W

3.6 SRR fa=mra 3T a<al <&
Ychi¥ (s,p,d,fm)
3rerdt SRTTeRT0T 1 Yegifeh G * Siithess 1 fagid’
(Aufbau Principle) G2 WIS 1 Sl fa=ama
%\'I 3Ted GRUM o SHedier ol (vertical columns)
T feom = Teh T (Group) A« qREar (family)
1 T L ©, ST FHE QHE U < §) 98
YU 3Gl Bt §, Sifh 39 qal oh dRIaH hig

81

o gl 1 HE& SR T T € YR & el
21 31 a1 faurer =R fafe=1 stent s,p,d 30T _fF
o feman S el ®, S 39 W W R e € T
fohe TR o ek SoidRl gRT R W W@ E1 3 fa
3.3 ® <urtan T R

T YR ok TR0l § < 3T9aTE 3@ i ferd
T TEel YA Eferad 1 €1 SH s- wlish o awdl |
oG BT A6V, TG TEHRT €A fed qRoi | a9 18
o el oh WY p- =i | ¢ SHeRT SAEe 59 MR
™ % fo €iferam &1 ISt v (valance shell) U
9 g ® (He=1s?), T5T&eh Forea®sd 98 Sepe T
o eIfircterT YR et 21 T STYeTE BIEgIe
%1 2| SHY hae] T s- oA ¢ (H=1s)| 39 TR
I TIE o 1 H G 9gei o W 3E1 =ifeul
T R, T8 TH IO UVl hich Sche
(Eiferm) w1 Seierieh forame are Y Hehdl €1 39
YehT ST SHaeR o 17 (2eisi IHaR) i wifd &
Tkl 21 ik 78 T fau feurfd 2, ora: sEgee #
e IR B W SR ST W T < eAfus
e W T ® (Fee 3.2 3R 3.3 W1 @) |

319 e AR H @ T IR YR o6 awl o
T AN i ==l €9 HT| 37 awall o 9 | 3ifue
SRR 1 faawor a8 ® fean S 39eh Aot i
== i o forg 59 srsgreredt w1 SuanT fohan T €,
IR RO AT 3.7 | feRan w2

3.6.1 s— soligh o o<

i 1 o qeell (&R Gigel) qen e 2 o qwl (qE
T]1 ¥1q3T) oF STRIaH Shivl oh HIHT SoleRieh o=y
ShHIT: ns! dA nsz%lﬁﬁa‘ﬁa?ﬂﬁaiﬂaﬁw
& s =lich @ Heg B 3 el femarsiict eqd #1 h
AT Tl & AH HH B9 F| A I WAdEE

TRHTIT-HEAT Yeileh TARI R fa=ma
S Li 1s%2s! 3T [He]2s?
11 Na 1522522 pf3s! 3TAT [Ne]3s!
19 K 15225?2pf3s23p°4 s! AT [Ar]4s!
ST Rb 1522522 pf3523p63d1°4 s24 ps5s! 3TACT [Kr]5s!
55 Cs 152252263523 p®3d'1°4 524 pf4 d'°5s25pf6 st AT [Xe]6s!
87 Fr [Rn]7s!
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ferT 3.3 fAf=7 werl & WA & YR W AEd GR F aedl & §hRI dcdl B A G Wl
(COr ) 999 (] ) U9 394g () & &9 § {9ifar 7 &1
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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
sAfufareiaa ¥ of e 21 sifus sfafmamia e
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-sieh o o<

3TEd AR o p- &l B o 13§ TR I 18 R
#WW%Ip—W%WﬁTS—W%
Tl ol §gF ¥4 ¥ %Us a9 (Representa-
tive elements) a1 &I T F dd (Main Group
Elements) <hgl SIdl %I T 3Tad ° ohl dl=’IdH
ORI a8 ns?, np! ¥ ns?, np® I% URATdd
W%Immnsz,npﬁ,mﬁ'ﬁ@m
T o T TEE Bl 81 S W | G i
o @l et ol ¥ R W B B SelaHl
gIHT AT TEHY TH TR e &l aa T agd
wfed B 2 sEifee spw W w1 THETE
sAfafsmameiicrar sgd w1 g 81 Ipw T4 & TR
T Il AR o THETTR €9 9 & wewey o &
ﬁa”’f%lﬁaﬁ%%ﬁlﬁ'—[malogens) qem 169 o
o dd =ETehie (Chalcogen)l%‘lﬁﬁ"ﬁé*ﬂﬁsf
1 ITH RUNHE Solged dfed TYedl (negative
electron gain enthalpy) 2t g1 3 T @ °
FHI: TH A1 & ST WU FR L IhR 9
TR T Wil & ofd €1 3ed | oS 9 <
3R G+ TR el ok Aefeareh et | gig gt @ qen
fordt anf § TR @ = 1 WE T R e e
o gfg et 21

3.6.3 d- =feh oh axd ( WehHUT a<d )
3TEd WRON o Hem H e o 3 9 o 12 9 @
- o T e ©l 39 sl o dwal i
e 3ok ST (- 3Tfaea H Saiaeil o TR S
& YR W H 6l Bl FE FRor ? A a
d-=feh o v Hedd €1 T awdl & HE=
sé?ﬂjﬁm fo=ma (n-1)d" "ns™? %\I I gl a9
Ty €1 29 deell o 3P W T B § qen ufed
% ®9 ¥ 9% B €1 Zn, Cd A1 Hg o GHEM

83

TR fa= (n-1)d°ns? B Y A =gl
GHHOT Aol o agd-9 AN ! YA T w2
d-scifh o avd TEEEE dit W srfafwareie
s-&cleh o Al aefl A fhamha 139 a1 149
o el o e U YR § Uq 1 1 Hid &1 gl
HROT d-<clish o el ! “WeRwuT avar’ ot wEd 2
3.6.4 f ATeh oh a<d
( eTTafer WehUUT a<H )

A ad ROt | = 5 awel ol & st ufera
¥ w T R, 3% oeNEe (Ce - ,Lu) T
T (, Th - L) %&d g1 3 afor & qeal
FH TEAM IAh MM SO O [(n-2)f"
U(n-1)d'ns?] GRI i W Bl & awdl # sifaw
TR fSU-HIT A Rl &1 S SR W 37 v
& T H f-oAlR oh dvd (T HWHHT q)
Fed g1 A Tf a oiqd B1 yAE 9ot § q
T[0T SIS THE B | IR YS9t o el ot
3k FIfad SRR STaeensti o Hwora®y o
el 1 TWEE ok G RIS SOt o el hi
o | srcafee Sfedt e 81 UiHge 9t & T
et (Radioactive)%ﬁ %I dgd g Qﬁlﬂﬂﬁ@ awal
! TfeRTa stffwaet g Bl (Nenogram) &
IEY off %9 9 H Ww fmE 7= {1 g al o W
1 A 0 w9 ¥ T @ un §1 g o AR
e q CREREE qw’ e 2

SETEAUT 3.3

TXHI] A% 117 TG 120 aTct Gl bl @IS 37d

ek el 81 Ui B o fo 37 el b1 T S

gt o forg afar/eant o g1 =ifen don uois

1 SR fa=ard = g2

&

o 3.2 4 & T grolt @ T @ R o
HHE 117 I q@ HI TIE TE GROT H
Bare RER (et 17) | At oh < @ qen
TUHT SARIHH fa=a™ [Rn] 51 '6d'°7s°7p°
BT IRHIY] ShHfieh 120 el a7 oh1 T&IH a7 2
(e g1 oqe) H Ra o < €T AT SEehT
SR f9=I4 [Uuo] 8s” &M
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3.6.5 T, 3TuTq AR IU-oIq
Tl & s-,p-,d AT f-5eATh] B IIHL0T o STETEl T
O o SR W A R T 3R Ut qen sterqet o
fafsa feran s wehar € (Fo71 3.3) 1 3 Tt H 78
wfaer o iferek e rgeti 1 ®, S efred WRoft i
¢ 3R feord B1 orqu R % q9 W G 3
Bt E1 (el 3heRT STk 7, fiferem iR wifsem o
Tl oft 9gd %H, HAI: 303K 3R 302K &) wrge
o Tl T FeHh So B €1 3 a9 qen T o
gErer B €1 3 ofEraesd (gedie | ded W udel
=T | Qe S Foh aret) qen a4 (freeh ar @iw
1w ) B g s e W % A i
feera &1 el atrerd WOl o ferelt ot # qxal o enfeaen
T S S A A P S s e
o o1 3R ¥ 36 AR 9 R eferk 01 w9 Bd 9
T 7Y Ferd W 39 TE 1 Bl &1 g6k el
T FALAIR HH B & (TR IR e SR ©) |
3 g qen foq o 37eq =ik €1 9gd | st
3 9T (Brittle) g1 €1 ¥ & o194 IR a1 &Y B
& Tl o ifersh © Srertfessh Toil | uRedH e
(abrupt)ﬂﬁm%,mﬂ%méﬁﬁ—ﬂﬁﬁi@
(Zig-Zag line) % &9 ¥ @ &1 e 21 (f97 3.3)
e Aol 9 ferehol (3E1-He) T o HArer feerd
Sy, fafasia, sTHfe, = 9o Sqiem o ,
uTgett T Sregeti— ‘IHI o Stfueer <wiid 71 39
TR o el bl SU-#q’ (Metalloid) F&d 2l
IETEITT 3.4
THY] Al SR e RO H fefd i e
¥ wad g frefafed aw@i @l 39 9ed gU
uifcleh @YU oh HA H HAAMEYA hifell—
Si, Be, Mg, Na T4 P

'

3fTed IR o o H S99 9 i 3R SH W
el o ek O | gfg Bt € qen eved o
T B W S A W e i A A
21 39 SMUR W Y T awell o Sed g Hifersh
&I hT HH TH TehT BITI—

P<Si<Be<Mg<Na

ECIREICRIE]
3.7 @<l oF TOT-SHT § TEfadar
e AR § AR 79 S F A= R WE E A7 9
T <€ AR W, ol o ifaer qen et Ton o
T yEd RER a2 Seweond - fed emed W
T foRamefiaa gem avf o «1gstl H 9gd saml
2, U q%h Tl U€ W B Widl @ S A 17 ok
AN R T W TR Fgd SR & S F| g
e e Tt & 9gE | (SH- aiE uget |)
e Rl § SR 9§ A9 S W frewied sed ©,
S TGS o WE W (8- TAE IREaR) SR
T e I R fpamie edt 21 i o qoremt §
T i 2 W@ € IR W Tafid i 39 Sy HHe?
3T A TR o W <A o foT gH T i HE
o fHgid & WA o Uil ®t SR A <A ghm
4 9 | &H Hifqs Td TEEtie qoreEt 5t et
1 foaer H AR SR IO i GEn ad
Fol-&R i TR FHS |
3.7.1 siifaer Turerdt =t wafa
el o ohg Hifcreh TOT (SW— e, e, Hela Td
SO ) ZHSHT, RIS TU-Sosfl TS, Tt e IReH
T €1 39 STA H ©H WA Tel e B, S
@F@T (Ionization Enthalpy), 3@3@77[ KIE] Qﬁ?‘ﬁ
(Electron Gain Enthalpy) R SolaReA SR UTCHRAl
(Electronegativity) ¥ 3Ted o 1 AT FH
(eh) uxHmg fr=

A o SR T el Fei sga & wifed 2,
Sefeh Tk g 1 Boa S| 9 A S gl 2
T Y] THHT HRU A 2 Tl 91 @t I8  foh
A 1 B 9Ed B (| 1.2X10°m) Bl €1
I o =N 3R E@EFQ'T"T AY (electron cloud)aﬁ
w1 e g fAeifi F& 21 o1 W) @ SR
&t a W fauifa 7=t foran s weRanl g YIRS B
T oo W&t el A S weRdt| riies fafy ok
R W WA] o 3R 1 el Hag @l R
T ST H T[S o = i U hl SRR
o YR T TIATV-3THR 1 3ehcl fhal ST Fehdl
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el H AR T O H e

21 Ushd 3TEY (Single Bond) SN 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), FAR i THT0] 521 BhMT| ergst &1 e
1 (Metalic Radius) &1 AF ifaes feea o
feorq o1 R o1 A TR gl (Internuclear
distance]aﬂwmm%laﬁ'q?%ﬁﬁww
AT % s 1l 256 pm Bl ¥ IR ok fog
HTfceteh 511 3T A 256 pm T ST, 3721 128 pm
ZNMI 39 Tsk | Hewdrst e qen enfas e o
foTu ehael wRHvE 592 (Atomic Radius) 3T 3R
foha T 21 AR 9% q<d B A1 ¢ A1 TG, WArve
52 &1 x-Terton qen ot SeRiehitye fafa @ T
ST Gkl B

D qeell o fIq weHTY] s &1 /e St
3.6 () o fear w2

T YRR 1 Ggiaal T Y F @A Hi Herdt
T, et e &n AfWehia e el Sl ¥ o

85

Tohd 21 3T | € SR g T TRA- 3R Sl 2,
S fgdftar amed o el o THII-3TRR § T B
(IRUTt 3.6 % HT TR HY) | 9 g AT HR
g ¢ T ofred H T SR sed W 9 SR U
TS v o o ¥, T $ep AR TE9 | g2
i o weEEY Rl Selael 1 SATHY AMTH hi
3R weal < €, feh SR wam) e w2 St 2
3TEd AR oF a7 | IRHTY[-ShHIh o WY1 TLHTT]
et o off frafg w9 9 9fg 86 ®, S aide
yrgetl qen gedioH el o fow @relt 3.6 (@) ®
Tgien T 21 ot W S g A 5t R 9gd €, al ge
0 H& (n) 1 HH Sl § q1 GAST Sela
(valence electron) Tifer | EQ BIdT ST %\' Eﬂm
foh STafeh Fof-wR solagHl & R B ©, S Fad b
w9 H ol sogel W ANHE 6l STHY0 HH T <d
| TheReRsY TCHTY] T SR Sgdl Sl §, S TCHTI]
5w o &9 uRefed g 2

& < I SAEYIRd € foh T8l Scpte i i
] e R foeR @l o T 81 uehel W) g
o SNl ! SrEfud B wgd e @1 sEfey
Ipt TG T ol S Al 1 gedasts B 9
T Heh areEed B ° & =feul

WRUT 3.6 () 3Mad ¥ URH] Fe=n o "7 (Wi ) (pm)

RHTIT (TS 10 ) Li Be c N o F
RGeS 152 111 88 77 74 66 64
O] (MEqMI) | Na Mg Al si P s cl
RGeS 186 160 143 117 110 104 99
|RUT 3.6 (@) o ® YA B o1 WA (Ui )
ATl (SR 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 B
TTHIY] ShHI (2)
ferT 3.4 (&) fadia sad § WA w91 o 1o Tl &t
e 5 i

(@) e B
e TAY] § TH 3o epra o ST @ e
ST €, STelfeh Weh Solgei THel ST, af 9T SRomaa
o S @1 ST 5 1 St st T o
feord oMl Td FRomEAl & = &g o R &
YR W A S Ghdl ¥ WHRUEAT el i
e B oft oy B w1 wgih € e 2
¥FE SRR H 3T9H S Y] (parent atom) ¥
SEfeh AYHTT AL, Sk [H] S & @l 2l
SEUTEA 1 SR Sk TAI] H Afereh gl 8, wiifeh
T A Afue SifaRed soieed B | soleeHl |
Hiaertul Sl € SR §Hel AWt ey H
3T 81 S & AR W FANSS 3@ 1 ST
90 (F)136 pm ©, Sl TS i WA
55 Sad 64 pm 1 A 3R, Hifegw a1 &1
AT 5591 186 pm 3R Na* 18 &1 a1 1 A
95 pm

SE R[S el ATl W Solgel i HE
T it % ad WE@HT{Fﬁ RSN (Isoelectronic
species)*%?ﬂﬁ %I Wﬁﬂ%ﬁ"ﬁ T o BEUSuUl %
O, F-,Na*,Mg?*,0%| e Tefist § soiaeil i
@& 10 81 Yk et s e fa-fae i,

e fagm

300 —
250 |~ Cs(262)
Rb(244)
g K(231)
84200
E Na(186)
150 Li(152)
E //’/‘1“33]
100 Br(114)
Cl1(99)
50 F(72)
| | | L1 ]
TIHU] hHTeh (Z)
fere 3.4 (@) WA FHHHI & Gre &R gei e gens
1 T st 5 aRadT

iR Yedeh o1 MR e fo=t 21 2tfueh eRmefm
$FA SRl ST 551 61 A %9 8, FifR TR
Yk e SRl o s SATHYUT 1fersk B 2AfrR
TOMAT O i ST e &1 A sy
T, iR ToFel oh o= TUl Hfast T g
AYhRTE STERT  Afeeh 81 ST Gl 3 61 SAHR
9 S|

SATEITT 3.5
Frefafea wdtefs § frae! oo sifusan qen
frgent oo =gAaw =rir?

Mg, Mg2+,A1, AP

&

e H A ¥ T AR T W A e
1 WA Sl €1 U W SR SHoh S
AT FT g B BRI B B HHSCIETR
e | sifirer ARt sTaeT arelt TRRiT
1 5 B B B

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

(TT) ST TSredt
ddll g T N i HEAHE Yhfd ‘ STAA

* ozl TSI 3 =1 < 9 ek wftefier S sTupei SR SO goiereHl 1 T WM B 9o G ST 81 9 dwl i g off yehid 2l
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el H AR T O H e

T’ HET S B T e (Ground State)
¥ foafia i T (Isolated Gaseous Atom) Ee)
AR el hi STed Fiehter o S Sl orrel 8, 39
‘T HT A TR FEd § TR IR H- q
(X) T HH EH Ted! 1 0 THEE FhH 3.1
o woedt ufedt A H o SRIe e

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

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

TRATY] | TS hi YAk i H SHIM Ho1f i
SRl Bt §1 o7c: ST Tedt BHYN GTcHeh
Bl 21 qd ok Tgda e Tt 1 6 SEeh gUd
AP Tedt | A B §, i IS WA
FT AT § GERG STEE | geiaed ol g T
AAfern wfaT B 21 76 YR gAF A= T
oM fgdia a7 9 et g ¢ e
Tt ug &1 Atk fafafe (Specified) T fRar wn
2, @ 3H YoM A el wHgE =neu

T HHIE 60 T aTel qoal bl GIH ST
Tt 1 s Fost 3.5 H <wiian T #1 Wk W syt
IFERY 21 79 o @ 78 W ® fF 9% (curve) &
3feTs (maxima) W S 19 €, S qof gorere
IS (closed electron shell) TEdr % adn 3‘@7
TR fommg ogd & w1 gEd SR 9%
A8 (Minima) W & e1qe feera € den g7 engeit
1 ST Tl 1 W FH Bl 81 TET R § T
A ure oA frarsiiar gt 81 sueh erfaftem =w
<@ T oTad § 91 9 T W a6 W dwll o g
AP T o qHE § WHAEGE ghg Bl € ael Se
g9 ot ® e &1 3N 9gd €, 99 S "Hl o wHl
Tt 81 W YR 1 ygfa fgdta omed o axal qen
ver ot o e gl o wHen: o 3.6 () SR
3.6 (@) ¥ T ®9 4 fK@dt B1 g1 wRO < dei

87

2500 [~ e

2000 =

1500 4

1000 [~

AH/kJ mol”

500 [~

TIHU]-ShHIh
fera. 3.5 | T 60 WAT-FAHI arct Tl & THH
I W & Al d RadT

T SIE B— (i) A qe SoieRiEl o HeT RNl
AR (ii) TR o HeA Hiashyon|

ai | shie™ Sé'c@fﬁl (core elctrons) =t fegfa
AfTes qe TS Selaeid o o9 o7 SH o Hheraey
AT getae A § Uffed (shielded) a1 Safa
(Screened) &1 Sl ©1 39 YHE &1 “GRITOT-gHTE’
(shielding Effect) = * SrEaur-gre (Screening
Effect) Fed &1 STeRU-TE o RN THY] S Farel
TRl N SNE fRar T et AR e
(Effective Nuclear charge) s H§ SUferd amfoeh
TR AT (Actual Nuclear charge) T $9 8
Sl ?1 SerEvoned— efifer w1 aRAd 2s soeRH
(TS SeaRM) IHeh ST 1s HiS Soiael g/
STTEROUT-HTe T 319 Hdl ¢ Ferea®yd = o
AT TSR ardide +3 AR ° HH YAE H
YR STINE M| STERU-I9E 3§ gRfeafd #
Tl el Bl 8, el SAdfieh hIeT o hereh qoi
®9 9 W B 21 39 FhR 1 fefd en e urget
o 9 €, Fre TRkl ns! TR (n= STRIdH IS
Y Y8 T H SR T 1 SeieA- T Biar 2l

g 7H fgda oed # fiferm § T ia i
AR Fed ©, 9 FHAY: TolRH Tk & GEA FoieH
Foll-TR o HEh § W § qe e WA
S s@a‘tﬁr (Inner Core Electrons) sl | g
SMEU-g9d | sat gfg &l Bt foh e den
W%Wa@ﬁ@qwaﬁ{ﬁﬁ(compen—
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2500 [
Ne

~ 2000 |- (2080)
IS
g
2 1500 |
T
<

1000 [~

500 |,

3.6 (%)
Fig. 3.6 (%) [5di7 3med & aval & 999 3977 Tl 4, 37 awdl & WHI-%Hl% & Bord (@) &rid

gTqgeTl & FH SFAT Tedl WA Sk YA HT BT

sate) T ok | Ut aRfEfd o sgd g Tifveta stmem
T dRAH A WSl T SRS UI-Y9TE
SAERU-JATd i ol | 31fesh 81 Sl 81 hereasy
AR Se Al el W &Y S § qe 3ed o
M a5+ T el o SMF Tedt & 7El | 9 et
St 21 e # A @ SR ded W aRAH SaeeH
Tfass | eifesk T W wd € qen e ol o
FHROT e T AR G ek giar g1 WE g9m
¥ o o e it AR dg W AN STEST i o
o STeRu-g9E fieh Hewaqul € Sl 81 T8 RO
TRIAY SR I e o fau &1 et &t
TRl Bl € qe o | 9 1 X g W i
o E T 1 A SEdl Sl 2

o1 3.6 (%) 4 T & foF 91 (2= 5) & vem
A Tt 1 7 SRITaH (Z = 4) & JUH 3TFH
TOeh o WH W FH €, Sl AR w1 ANGRE
A Afeh T S 70 T & g FEIed Sel-wR
W R Y ®, @ -3 p-gelad i qor
TRy # R efek teRfia war B afRferm o
STEIH ST, S STerT fohar S, 9% s-goiei
B, Safeh SRA o SR Seee[ (S st fea
ST, o) p— 3o B Seo@Hd € o =i
HT AR 23—3@3@'7:[3!?[ REE| (penetration) 2p—3@'°|‘g"vl=l

e fagm

550"

500

4501

A,H/kJ mol”

400}
(419)
Cs(374)
350 | | 1 1 1 1
0O 10 20 30 40 50 60
60 TTHTY] hHHI (2)

3.6 (@)

F g § Ak B ®1 39 YRR AR H 2p-
SO dfRfera™ o 2s-Soiaeid @i g B SR
FIT oAl g Sifue RARd (Shielded) BT 21
3Td: dRfeTE™ oF 25— SOOI 1 qorl H aRMA I
2p- TR AR ST § gUeh B Sl @1 oF:
Aftfem 1 o o 9 o YU S e
U % o 0 sfafHad gH sffefs den
TEISH oF YO A T o HAHl § @ i
forerdlt B 1 Sfferdior o forw wem e et 1 aH
TESH o YUH A Tt & 0H G FH 2| 36H
HR0 TE € b AIgeed | il Seem 2p-soieeH
fafe=1 p-erhl o faaf@ & (g &1 fom), w&fs
Wﬁ%ﬂﬁ2p—3ﬁﬂ§ﬁfﬁ@ﬁ2p—3ﬁﬂ§ﬁ@
& 2p-3Mfdeal § 8| Teld: Soie Siqehyul §¢ Sl
2| TheTEEy SIS o <l 2p-SeieiFl § ¥ Ush geiee
%l Gk T hi TSI SRS o @RI 2 p-Seiagi | o
N TR I ST HAT A B S 2

ITTEITT 3.6

T emed o awdl Na, Mg 3R Si &1 9™

A Tt A H 1 B 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
1 A HHIREE o WF W e g wiey,
Fifeh AMHH W 3p— SARM 3s— SaFHl o
SN IR B 2

(o) ot oifer wOedt

S hIE SIEF T WA (X) SoldR TeU HT
W(anion)ﬁtlﬁﬁrﬁﬁm%,ﬁwwﬁ@
Tt qREd 1 39 qd i gl ate T’
(A H) &ed ¥ a7 TEedt 39 e i HIY Hel o
Thdl € fop fohe oXoiar O WA ol Rl TR
Yok SROUTEA S ofdl 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,
g a7 o @aE W e Far 21 Sga-d a5
T TeUl Hd §, q9 ool e e 21 UE
e | gl e Teied SRoTcHeh Bl | Seretune—
179 ot o el (BellSH) i SoieR wfed Teed
HT A STAfHF FOTHE Sl 2| THHRT HRY 78 &
TGl Tk SoeeiA TeUl &ieh o TRl S T &
TR (eh T WIwd oY oid 21 36 N8 Sopte T
1 gl oIfed Tt 1 A ST S Bl
2, iTeh Selaeiq o1 oqu Felied &R U ST Fared

89

TR H JA9T HEAT Tl € S 9gd € SR seiaien
fa=ma gnm Seoie ® foh Sope 9l & wed S
e 3fferd RO § o€ N S T SR feurd €, 59k
U seree ofey el &1 7 STcatue ol
Bl B

I e 1 o o gl afed T
o TiEdd 1 %H %9 (e 8 g e o
IIER e RN o Ao H 9 89 I Wh T
g, 99 9&d Y TWHI] Al b WY Soie olfed
Tt SAfueh SBTeHes Bidl €1 3Med wRon o o 9
T AR H W gHE TS @y | ghg gt
Ty BIS WA | Tl i SISl Te Bl €,
Fiifh Ffas g7 Seiae HERa e oh Hf-Tdhe
B A S T W eeEe w T
1 |1 W SOTcHeh Bl Sl €, FFiifeh AT STehR
Tl & qe Hiee g geiee e ¥ 9T el ge
YR i Y AHRITET 2T IR § 3@ i et
Bl (WOl 3.7) W@l W 3H q%T 1 Sooid wTAl
Hewoqul & fon fieRiisT ae Teiity & g sereeH
wfeel Tl 1 9 HEST: S=I o o o AN e
el ¥ HH HUMHAS 21 THH LR 36 GhR
B—STel SRS T TS RATIEt § g FoT
F B, q9 UV foha T g e seien wem
el ol & (n=2) § Youl il €1 56 YR 6l
FleH Toll TR H SURET Soarql gi1 31fereh qiqerdor
B 1 FeH ®R n=3 (S Cl) H YoIeT e T

ARUM 3,7 @A a7 o %D dval ol TAEE dfed TEed* (kJ mol)

i1 A H i 16 A H i 17 A H o A H
H - 73 He + 48
Li - 60 o - 141 F - 328 Ne +116
Na - 53 s - 200 cl - 349 Ar + 96
K - 48 Se = 185 Br - 325 Kr + 96
Rb - 47 Te - 190 I - 295 Xe + 77
Cs - 46 Po - 174 At - 270 Rn + 68

*Igd G JEal ° TGEAE G 3.3 ° 9T MY weicyt TRadd & HONHE T Hl SoHaeiT-a4al (Electron Affinity) (A,)
& &Y F qROIGT fFar mEr @1 WA gRT $eaeia T FXA W Sa SHoil (14 gidl &, q seiaeia Syl # e 39
a1 &, St S $1 aRaret & fawdd 1 afs fFE waEr) 4 geagia 34 & 9T 96T @ e 341 gdl 8, a9 gelaeia aydr
& FUIHE SO ST 81 FAFA-TYd H WE YA W GRYIGG fEA Srr #
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Sﬁaij'*f, ﬁih}«ﬂ'l'*l (space)  aAferer T Bl %I ERS)
YehR SeIeR-Selo( et sgd & & Sl 2l

ISTEIUT 3.7
P,S,Cl @1 F § 9 foruen! siferan momeAen

ToiTe wfeer Tt qo foReent <A o
wfer Tt 2it? e Hife)

&

aed | o ¥ [ R g W Solaeq dfed
Tt eifren RUTCHe den o | A Rt 3R
TG T HH FUMCHH il 81 Sp—herh (S 5er
?) 3O IO WEN HH ! qe § v
2p e W SR YAY HUAl WAl ®, a9
TARA-soeR faku e BiaT ©1 31a:
Helifeer SROMcHe Soieri wifed Toedl sl
1 B qel Wed HH Soigg ofed Toed!
IR i B

(=) faga FwomersRdar
WA & qEEtE Gfie | eddth ey o
SAFA T T TN TR STHRTHA HL i AW T
ol |19 foed SeoTeHeRal 81 STFA Tt 8k
TSR e el 1 W S Hehal B, g ferge
FUTCHFA HIOH I7g = &1 fRR ot aeaf
%1 foR[q HoMcHehdl o foT 2 Her-ga
M (S— WiferT YeET, Hfersh St YA,
FAE TE A oK) 1 AR gew 2l
Tifer YA TeE SRl SUAN W S B
SUTRERT SR e ifer 3 w9 1922
T ST &1 TRl RomcHshal i 4.0
3fehTl TG qX I TRl I AT 3R
TR FHT FT e Tag 31w 1 pw
Tl i Tag ucTehd o6 A GROT 3.8
(s1) ¥ fewm 2

SelaR okl fhdl XU T4 T
% o feer 7 2: 391 AH 3 9@ W
AR Fa 2 fF o T P @ @ @
ST 21 BTt Te WO Ay i A1 €,

forera shomeRshdl
qeHY]

e fagm

T off < T TE o fohe YR o 9o 9 I8 ®,
THHT TR T 1 MR <t €, Torgep o) & a1
ST ST

HIEROTA foRq- R oeTehd! STad | | 3Terd
oo 9 wWE (Li @ F) M W agdt @ qen ai
o e (F 9 At) 91 R &9 gt 81 98 y9f 54
U SC? 1 o[- RuneTehal w1 qwATy] oo 9
Geiferd | ST Hehal §, S 3ffed W W | e 3 S
W oHE © du i § A WM W Sed! g1 e o
AT 5 o RH B U G goreRl SR A
o SrehvoT Sl © qe fagd- R ocashdl Sgdl 21 gl
AR W S B9 o W A= W €, SE-Sd W]
5 agdt €, S9-o ToRIq- TS HW Bl St
21 78 wgf e Toedt o HuE 2l

39 39 forgld RUMCHehdl Tal TLHTY] e hi
Ty S T B A o1 3 fed Smomeshar iR
HUGA o o= GaY B HedT HY Wehd B2

31T Yl § Solae ofsd @i Yed Wgra Bt
B gEifery fere-omeashal =1 Fie Geer 1emq qwoli
¥ R W 31 Te TR o § A #
SFEUTCHeRl Sig- o T1el & 37erg e | gig gl ©
(= o ToreEt ® e g ®) 1 g wehR o o A
SH W a1 agd- NSl HH BH W ST

= AN
:
:

[ o wlfed To

[ AR et

>

el _afe et

wREY] e |

| g

ferT 3.7 sad arvit 7 Gl ®t swad gt
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CHEMICAL BONDING AND MOLECULAR STRUCTURE
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HarseRdl o6 fafa= fagral o1 faema qen qomafes stael i
Yhfd I AR 1 Gel oY IRad § TE-HEAT el o
TR forme qen 3trerd HRof w1 FHe 9 @I 2| Yos e
Afer Tt BH T YA w1 21 e s wfae U ok fag
ST i HH HT H Gehiaeh e Bl
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TS, AEET qal Afvash  GXe

4.1 TETAh 3T skl hidcT-
T TR

AR g THERS SEdl o a9 i A o
fau = yar fhu Tu, AT 91 1916 ® w18 3R
TqeH W €9 9 Haree A <4 H g% gul
IR FAYIH TSIl Walence)aﬁﬂﬁk@ﬁm
1| I A ek TE o1 3Afeharar W aenia of|

T WRHTIST il Tk o7 AR 3ifte (STl
AR T AMHgad) q aIl Hehi o &9 H
frefua fean s wel | ifuewan o8 Soree
afed B Hehd 81 S8 7 off 7 5 3 o1l el
T o 331 Al W SUTEd B ©, S sk 3Afte i
IR T ¥ R WA B1 T YRR Fiieaq & ol He
H Iufeerd Tohel Solae 59 o Tk s R e T
2, St Scp 6 | 5H % o8l HAl W TH-TH
TR SUfted ®d €| SOl 1 T8 o UHh
fagm ol fammm fefra & 21 oge 3 T@
AR o foh qeATY] T qEEiTes ey gr
T BT 70 TR 3T Rl U i B | SRl
& fau— difeqn wd sk ¥ difeaw 9 T
TAR FARIA 1 TSl oY ST T e
e HXAT & qA FARH Tk g W T ST
TRt sreesh i e ®, erefq Gifeam e (Na')
T FAREE A (CI) 90 1 31T SR (S9-
Cl,, H,, F,, 31%) H TCATO[e # 3Tey TRoR sedei
1 gewreH g1 i g €1 39 uferan grT 5 sTopet
o THIY] Ueh STEl TR 3Tk STeed] Wi whid R
T2 Udiieh : TRl 319 oF & H TRA0[ST o ohad
el I AR qEEtTeh WAoo few o €1 3
Eﬁm’&ﬁmsﬁa&rﬁ (Valence Electron) Sgald
%I AR WS@T{T‘[ (Inner Shell Electron) =St
TR 9 G Bd € 9O gea: gasE gl o
Tfmferd 7 gid &1 Tk St Weee SO, gy
F AT H HASTR gersRl i fEfd w o fog
WA Hohedl &l gEIfaa foran, 92 g9 Udie
(Lewis Symbol) @ Sl 1 SSERonef— ol 3frerd
o el o ‘oEd Wl 39 WehR B

L] ° ° oe ° o0 o0
Li Be eBe eCe oNe 0?2 $F?: o Nes
° ° ° ° °® °o0
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T VAR W e : WE ¥ S SR e

fogatl =1 HE W] o FAISiohdl Seiaeil sl HE

1 U T TE WA q@ K| AW 6l WS

ISRl o URehe | Ferd It g1 HI TS

TATSThal A1 @ TR Tdieh § 3Ufeem fagsti &t e

o SR Bl € A1 8§ W o fagei sreren westeRal

Tl H1 WM I SR 39 Uehterd fRAl ST

Tehal 21

TR 3TEiEH o ey o shidd 3 FeAfafaa

qel ol ST e 3MeRiia ferar—

®  IEd WRUl H I=9 fagd-uneTehdl ael sallsi
T I=d ToRq- o TeHehal aTel &R o7 T g8
¥ I T g U W@ M

* TS RAMET W FUMEE 9 &R ¥ S H
foaior Geiferd TAETOET R HEN: Th el
TBUT T A1 U AR Yokl BlH oh Therearay
T 2l

®  TH YR FAfid HOMEH qe ¢FEA St T o
Tl gt T 1 W d B 1 S
T T SR 19 T S SSRH| orel (37524 )
Wnsznpe,ﬁﬁﬂwﬁwm%l
Sifeam T oTeR €, e TR s o
heel & goERH (Sgwie) B g

®  SHUTEA Qe YFIEA TEeR Sgd STeRul g wfe
TR0 Hd 2
IR — ST FH5Id oF T8RN, |ifeam qen

FARM ¥ NaCl &1 a1 f=fafad €9 o ggiien sn

kel &—

Na —y Na'+e

[Ne] 3s' [Ne]

Cl + e_ — Cl_

[Ne] 3s” 3p5 [Ne] 3s” 3p6 YAl [Ar]

Na" + CI’ ___, NaCl 319/€ Na'Cl°
CaF, 1 91 39 YR ST ST Tehell &

2+

Ca — 5 Ca” + 2e

[Ar]4s” [Ar]

F +e [N F

[He] 25’ 2p5 [He] 25’ 2p6 YT [Ne]

Ca” +2F __, CaF, sIgd1Ca” (F),
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YA T RO oF Sie STRUU o hoeaed
fffa sty =t ‘é@\ﬂw €Y’ (Electrovalent
Bond) &1 9™ f&& T 39 YR dgd Al
(Electrovalency) 3T& 9 IYFEA ATET i S'OI—TIS'&IBI
1 WA o SR Bl 81 3Td: hiewaH i EHH
A HAISTehdl B €, STelfeh AR i SRUTcHeh FTSTehdl
T 2

Tl TMIARUT §R 3T 1 -1 a2 7 feh
foreeclta Aifiehl o a1 & 9N o 3o HeheuaTd
T afmgﬁ?h (Postulates) W 3TERd %\‘I A
AlfiTeh] oh SHORN i THZH qU1 STeh! hAag & o
FHiUd o foul ¥ SeoiEdg gerd et @y &
Y I=H 3@ qeF h W iR A ® R emew
iR ST STAURONSA o 3TTEY T |

4.1.1 3t=er =W (Octet Rule)

1 1916 H HiEd qA1 EE 1 TN F o=
THEH G o Tk "yl fagid i faesfad
o 38 ‘TraTafteR T W e ehT Tagia’
el Sl 21 39 Togid o STUR, WATYST 1 HaeH
AN SoleeMl o Ush O] § gE WHY] W
TGO oF GRI STl GASIeh SoiaHl o HguTsH
(Sharing) % SR Tl €1 39 Wik § WA 31
GAISTehdl 191 § 3k Wl Hid &1 28 * ereeen e’
FEd 2l

4.1.2 GEEAST TET

T 1919 § ATER 7 oEw Afwdifdet § wuem
TRl 32 feeR =1 3Tseeh i STAYROT &1 TREM
fpen qen ‘weHASE STEY’ (Covalent Bond) b1
T R RS- TER % fagid w FdE e
(CL) T4 o 3T F FHA S Fehal 2| FAA
AT 1 TR TR [Nel3s® 3p° B, e
FARH AT § A o fa=ma 1 ura e & fag
T Selded 1 A 21 Cl, 3] o o i & FARA
AT o ST Teh el I oh WeWSH o &Y
o e S Ghdl B1 39 UhA § S S wRA)
TEAIS 3o g7 H Th-Tsh Soiaed i areH
F T T TR ATEd HIT FHAE Iep T,
AT o1 ereeen Ta=me W T o 2

e fagm

*Cle + :Cle —>

G

8e 8e
g C1—Cl1
3 FEIRIT WATSA F ST GEqarei e

TEt fog soeRl & Trefua wta €1 3 geEn
311 Ul < forw off ofgd foig Seamd foedt <
Tohdt &, f e g aTel TeATY] qee e =
8 Thd 21 38 forw g fram frefafea ©-
* TYAE AEY T HI WARH % HHA TH
TR T & TEWSH & hoawy Bl Bl
* g T N Y% WA Hedisd FH A
TH-T&F e 1 ANEH odl 2l
® SOl oh WEWISH o Hela®y Y M T
TRATY] Y S B9 o Spte 9 gy
F o €
Y YR, S qAT HIeA HARIGEE oh T[T
e 25 P 1 9 3 YRR P R A

€30
- B~

H RAT] SeeRAl 1 e

A AT =R FAN AT
(Tgeh) e 2d & (He formame) : ¥ 9§ yd%, ToaH oTeE W
o1 SiFASH AR A FA Ll e B

T Feie 1 I G WY <1 0RH] Thet
uga‘zilsil ) (Single Covalent Bond) gRT
ST wEed B FE AR H AR o
ag- IS (Multiple Bonds) Iqfeerd _E?I?T%I a’g’—?ﬁlﬁﬁﬁ
o1 fmtor < et oF wem uw § oifud ot
T o TEHSH o ThoRa®y gl &1 &1 UTaTureil &
Te gfg ar olai gl ol WEWISH BT ¢, o
ISk o<1 Rl WEEAISH 3Teer ‘fg-a1mee’ (Double
Bond) HEATAT &1 SIENY— HTeH TE- AFES
30 A wIEA ql SATedieM  WRETS oh Hew
fg-armdey Sufted g 2
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TS, AEET qal Afvash  GXe

T YR TAH (Ethene) o A9 § & HTeH
WA T fg-emsiy g fua e €

(300 et

8e- 8e- 8e”
CO, 31 ¥ fg-3may

H H
\C:C/
/ N
H H
C,H, &7
T WA WHTILST oF Wed i g Iret

T HEWTSH BT &, SIET N, 3707 & &7 TIgerem
TRATULAT o WeR A1 TATG § AT shrai UTATIat o

e B, 99 3ok Ued Ueh TI-M&ier oar 2

GGy e

8e” 8e-
N, S
N, 37

e e i

8e” 8e”
CZHZN
413 O AR I EH T&uur (TE9
H=y )
Tw fag wrorelt g wewifw goraeiT ol
qqr e AW % AR AUl UH ItE H
JMeiE ot oot femam Sirar &1 7=ifa =g fasror a1
T SfEYd T IHhI UHfd i U €4 § W T
AT, W THh YR T 379] o fai= (Formation)
Tl 3k TUN I gATT HH T WM H Wl
foerdt @1 ord: STupeH I oy fog WA eted
St et €1 3% frfafad 1 & R W fer
W Fehell 2l

2020-21
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e G foare o o stawaes o seieeHl
FT FEA FIFEA B Alel THTYST o6 Harsiehdl-
T o AT GRI W 1 Wt 1 SEreuned -
CH, 3] ¥ &l 373 HASThdl eiee (4 hieH
T W Tl 4 TESSH o @R WHST W)
ST B T

HASThdl SAaHl ot el T&N H FOMIA ok
Safeh oAl o fau gfq e T SeaeH
T fa S €1 e - co? S o oy
FTe dAqT AR GANTRA-SAFHAl
I § ) 3o Sig KU 9K € coz e W
3fEerd 3 HUTEY I7 W T R TW oA o
S TR g RE T EAST el |
ToeA fes §1 NHE oTFF R SUfeerd +1
O Teh FAGA i I i <0l €1 37a:
NH;, 3 o fau Serfia wwempst gr e
A geER § ¥ T Soide el Sl gl
Y H aTel WSt o THIATTeR Ydeh! qe
3] Eal SR Y& (Skeletal Structure),
e b W A fehe AL ok Wi evetea
&~ 3 914 FT 9 BH W WA & 5= gft
SAFHl 1 Toawur eTafua weTsh Seae gl
o &9 § qo1 9l TS w1 F@A o T o
A B S 2

qEra: 9 H =JAad foRq SRR el
TRATY] S AT ShT T U1 81 STEge qel
TS o TLHT] WILROTAAT STqeel T (Ter-
minal Position) 9 €1 S/ NF, @1 CO> ¥
HHIT: AL AT HIeH hed W] & &9 §
o smim

Tkl el o fou Hewifed selaeia 3 forem
o YA ¥ Seiaeid gOHI hl ST A1 @ -
e 3 fu fha S € a1 o Tt oA
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
o5d fag wweel il groft 4.1 § o @ 2l

ARUN 4.1 FT SMURN qAT AT Hi AW =AY

STUT /3T g9 G feuur
H, H:H H-H
O, :0::0: :0=0:
A0 Ny
2 0. 0 Q/O\.Q:_
NF, F N F F I}T—F
F ‘F:
o :ﬁ: F
cor O ¢ O :._C._)—C—:CZ):
o E
HNO, o :_Q:H T
0

WHW%ﬂﬁmaﬂW (SR 1 TFwe)
e I 2

ISTEIT 4.1
CO & 3] & g9 fag w= fordl
&
1 : e qA AT TATILST o Farsit

TAFA I A G HI A
I q SRS T[S o 9 (GrSTehan)
1Y o fa=mE Has: 2% 2p” @4 25° 2p* Bl
Td: IUCTS HANSTRAl Selagql 1 TE
=4+6=10
U 2: CO il SMERYd HE= : CO
g 3: C AU O & o Uk Thel 3T oA
(e Tk HEwST el g ford)

c:o
SRS o 9T W e qui i

c:0:
9 BU I TAFRM, C T THH! Se IH &
w9 H T9IC

CO’JT C—O

W TH G W hle hi 3 Ui T
Bl B1 ST C q¢1 O o A= ag-3Ts i

2020-21

e fagm

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

GG e

91 4.2
TR M, NO, o fau ‘o 9=’ foel
T

1 : SIS qAl SIS WIS o
AR AR 1 HEA—

N(@2s”2p%), 0 (25 2p?)

5+(2x6)=17
TS RGN ok foTy T Feisrg STl i

17 +1 =18
g 2: NO, I 1 SUNHd L= i 89 39
TR for@ e &

ONO

g 3: eSS qfl Y& SIS o6 e Th
Teh 3T S (372 Teh HewIiod geieeq I
fore) den siferiiS o TSt o 3Tk qui
FW W AELOA W UG A IORE ThH
THE SR I T 2

BBy
<feh 39 YRR TeeioH WA W T YU TEl
Bl 81 TEAT N @1 O o ot ag-3Te i
ATl Bl € AESSH qe StfeisT o
fret T TN o A9 U f5-3mey HH W
e frefafed og fog 9= ww gt 8-

OuN: b’:]
a0

=5 [i6-¥-]




TS, AEET qal Afvash  GXe

4.1.4 GO ATIAIT
24 g SR A= st i arkdfae SThfd
Tl gwiidt €1 sg-wRavE el § gyl e fapd
forers weaTY] R Iufierd 7 et R STA W o g
2| BTeiTeh Teieh TRHIY] W WhiHel STeT S S HWehel
2| TEAHI[ 370] 1 S ok ferdlt TRaTy] W Sufer
HIHE STEYT WA S Tehdl ©1 SR 0]
3T oF ToRdl TRAIY] W Ifeerd HiHa STeel Sl 3Hh
fomifera (Isolated) feerfa (eteiq qa TXATT] ofereen)
T Gl Seiael ol ol HEA T e Aa §
THTY] i YA ToaHl i @ ok 3R F &I H
uRkefera e < Tehar €1 39 39 YRR Stfyere fapan
ST B
R A | WA oo e )
S T R
1| eTeiferd (F@wiST)
_E[Wﬁﬁ%ﬂw}
ThIHE STEET 1 TR 56 STEURUM T STHRd
? T o) ereran oteM ® Gefud WA W
eI I § 9 T Sia(a qefl Uehieh! T8 ok I
TR SUfked ©d B
BN, AR (0,) o A Hl | O, H g9
Wﬁsﬂw%@ﬁw%—
257 N5

tfeRdis o AT 1 1, 2 qen 3 g fafEd
fepan T 2
e | gW fafgd &k O W] W ®iHA @9

=6—2—%(6)=1
e g fafed 3id¥ O WA W HiHA @A
:6—4—%(4)20
e 3 g fafed Sid¥y O WA W ®iHA &
1
=6-6-_(2)=-1

3d: O, oh 3TU] %! HIHA AT oh 1Y 39 TR
WW%— o+o

O -
SRt
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Tel W &AM 7 9 91 e 7 foh wida e,
3] § IRdfaeh e YUHA he el i € -
GTE § GOSN TR ST Rl S © A0 H HaArSThdl
TR R ATl T o e ferdt 81 wid
3Tl i Terd | fodl Tfefis &1 &% 999 <9
et ® § 119 el &1 9= 1 99T w |
el faerd €1 eruTa: <Aas St arelt JerT
o Bt &, Toder TRamurstt uT gaan widet ST
N TRIGET AT AT THgia STeie il TG, Hedarst
Ugfa W ameniia €, food ansfaa uwwamoEy &
e TASRAT o WIS WA ®U § Eiar 2

4.1.5 oT=eh THaw i HHET

Tafy eres oM oreid STANT ©, wg e 9ed o]
& a1 ST Tehal B1 9% B &Y @ A6 R 6
g omad & dwl W AN ST § qen sk
TSI AMTeh] i TS ! THH | ST B
B a1 T % A YE e B

G UTHTUL RT 3TYUT 3Teh

T AfeRl o g WA & SR AR Sufkerd
TRAl T @ S W A Tt B TE qEud: S
Al ok TR | Fran 7, S et seieeAl &t
& =R ¥ W Bl 81 3@ o fAU- LiCl, BeH,
T BCl, T T

Cl
Li:Cl. H:Be:H.Cl:B:Cl
&1 W Li, Be 991 B % GAIShdl Siail &1
T HAY: 1, 2 91 3 81 3@ YR o 3 M
AICI, T BF,
Tfauw Eﬁiﬁj_-f (Odd-Electron) 3107
37 st fo sl 1 et e fom| (Odd)
B B (SU—EfeF RS, NO 991 T8esH <13-
HlF1EE, NO,), W |t W] 31k = <1 e
TEl T U
e
gara (Expanded) 3T%ch
3fTad HROM o dIER qAT $Heh 3T oh 3fadi o axell
¥ Ty o folu 3s @ 3p Hewehl o Sifafed 3d
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Feeh off IUASH BId &1 I dwdl o STk ARl §
ST THI] o =R SR TS W AUk sele B 2
74 TETRA 9T (Expanded Octet) F&d 2| T ©
for g “Aifienl W eres oM @ A& e #1 1@
TR oF FB AT §— PF,, SF,, H,SO, T ¢
YGRS AfireR|
F F 10
. '/ |/ h—5 85—
F F :0:
PF, SF,
P WA % WR AR S qimm] % AR SRS WHW] & 9w SR
10 3@ 12 3PEA § 12 3§

Uoreh 924 I ® o Tow W] u§ eHe
ik oft e ®, e ereees w1 rer g 21
ITRN— T SEFANEE H S THV] o =R 3R
TSRl T 3Tk Iufterd el 2l

a Cl

H,S0,

Cl—S—Cl S Cl

e Tam =t 9 o= wiuar

e g ww ¥ fo ores oM Sepe W W
TR SAfhad W THRd €, Wy 5 S
T (S9— S den foreld) el qen
T W off wafa g ® aen e difien
AT T S XeF,, KrF,, XeOF, S|

° e fagid 1] 1 epfa Toe & w2l

®  IT 3] HI FHoll, G ITk WU TAAS K
IR H o Hend 7l 2l 2l

4.2 ITATTR AT JEIA WA TS

ST TEY foR= 1 Hide a0 TEH STEERI |

7 Frehe Frienerar @ & 59 el o6 foer g &9

¥ fAfafaa qei fad som-

* I WAV W Hafyd oMl TH FOMAAl ok
I T TAAT qefl

®  YEIAl UH HUMEH i 3 H Fafked g &1
fafy, srefq freeia Aifies =1 STas (Lattice)
a8 w1 faful

e fagm

YA T AT SRR, STefq IS 9RHTT]
T 9T A UF 9 s o o fsheE g
HO=1 Bl €1 S YehR S AT g1 Sl TRl
HE Y RO U B 2

M(g) — M'(g) + e ; 3T Tt

X(@+e - X (g) ; SO e Th

M'(@ +X (g — MX(s)

o Afer TS, A H, T wewen #
] G Uk Soiaed TRVl hid o Hora®d g
el Tt IRede @ (Theh 3) | Seigei afe gfehan
ST ST ST & Wehell T TEA SR AT
ed SO & Bl B1 geiee-olfe o hereaey
B ATC HS-9REdd 1 HUTCTh T Soee a4l
(Electron Affinity) B %I

g e ¢ & smates s = smam
et qur stiemeRa e gorRl wfer gt
Tl ATl o St oTfie Wt ¥ S B

SAfeRTe AR ARl o oA e awell
Y qe1 RO Aulfeaes el 9 M9 g ?1 |
srenfeash a<al @ 9 9Tel STHIHIH 3T U 2T9aIS
21 I8 3F AT H g F w9 H Bl B

A AfTen! o fhed § eFeE 991 SBome
ffofta w9 o frafig 9 9 saftad & 713 31H
H@quf I} (Coulombic Interaction) 9 g
TR S @d 1 3P o SR Sok F1a=M (Pack-
ing) W T 311 HRON o MER R & Aifies fafq=
freeia dwEme o ferefad 89 81 Seew &
fau—wifeaq seitEe, NaCl (@S 9) &1 fhea
e A 9 T R

5 2 P
A , >
H—F
y N T
\}" y ) )—
\’ -
,\)‘ prs P
»
¢ ¢
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TS, AEET qal Afvash  GXe

AR 3 o fau soreR Afer Tded qen
A USd 1 AN oA B Gehal B U9 H
forea 9 &1 wWifTd 3Tk S o o |
IO G Sl o HRU BT ¢ ST ok fau-
Na 91g ¥ Na' 3T o a1 i 3T el 495.8
kJ mol" ¥, Si&fF Cl(g) | Cl(g) 71 ! seiaeH
wfe Tl sheel ~348.7 kJ mol ' &1 3 < 1
M 147.1 kJ Bl €1 € URAM (Value) Hifeaw
FANES o Toer Seieh Toedl o O (-788 J) &l
aTden stfrer gfaufkd eidt €1 36t JhR Tqul goRAi @
el B ol Sl SN ol § el affush el 2l
ara: Tt amafses difier & Tenfae =1 U
M 36 i % foRe Sieeh Tt oF W
frdfr adt 8, 7 fop et avereer ® 5@ smafaw
wiivia gRT effeee writa x|

<fer At Afitenl o foem § Sors Teed
Tewaqul aftert furht 7; ora: o=y, &0 9@ faug o
FD R AR W |

4.2.1 STAek TS (SATeAeh SHet)

forett smafer 3@ o T WA difieR w0
JEXAT § TWHEH A H YU® (A o U
MEYAF Foll Sk 3H AR i SeTeh T
TEd &1 SIEWN & fau— NaCl &1 St oo
788 kJ mol' 2| 3HH Y TE B T wh At 3
NaCl ! Ts Hidl Na'(g) 9 T Hid Cl(g) ¥ oTd
T T JUF T o AT 788 kJ Sl i STE¥TRl
B 21

39 gfep § faudia o7aeT et oAl | SRk
T qAT THE A A SAFA H HAH T TSl
g1 o 21 Hfe 3 feea fifadia g ®, em:
Shael STHUT qT FiaemsuT Sl i == foran 9 &1
SeTeh Tedl 1 IReper & G969 e 21 e
sfafa @ Gafed +rel o1 ff 399 gfmfera &
T B
4.3 AT UTeA
43,1 MG TS
ferelt o107 § srrafera weATOLeH o feRl o e
AT X ‘3TTSeT TalTd | Theeldt g1 STe e
TegHt, TaH-foRtur foada aen e faad (Elec-
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tron Diffraction) faferai =1 g 9 @ &1 S
21 T qHAhl 1 SeIEA M S wensli § i
STETA I 1 Yeh TLATY] STEE-TaTs § AR <l
g (foa 4.1)| veEast omey o Yot W]
IS 3T CAM] HT  FEHE e’ weendt 7
et araen o fwdt wHT o e, S
W= UAIU] O RIS o WUeh ¥ BT €, i freen
SHeh! HEEASH F5eam At STt ¢ Fegarst e
T & A § STEfed S UHEY WAV % o i

Ty Iy

| ! I
1 | l
|

|
1 | 1
| |
| |
|
1
1
|

A B
ferd 4.1: GgqaISt 19 AB H 374 TTals

R=r,+rg, 8T R SW‘UHW?\HQNrAarB

FAV: A 9 B WA Ht qeqai e g
T 1 ST AT B 2| aretarer e FTstia
areReT ¥ WIS iyt WiEd URHTI] T WHT STHT
Tt ot 21 aietar = 2 staeen | fafa=
31U oF 3 HEY WA oh o9 hi G 1 ST
AT Bl B 1 A 3T0] o foIu TegErst qen diet o
et &1 fomr 4.2 o <wrfan @ 21

ferT 4.2: FaRK7 & 379 89 g4 TF il A
3 & g9 FARIT o WA FT 3R 37T T &
(ro, T r, FG: FETA 3R Gegared e
39rld €)1
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FD Thd, fg qon 1 emael &1 siiwa ofareat
ol 42 B @ R ¥ F5 W st w1 oTey
Sfareal RO 4.3 § § E T, S Fo wE= aw
%1 Heqdsh et 9ol 4.4 § wHEg &1 T B

4.3.2 3TSI—<hITUT

forelt 310] oF ST URHTY] o STTEU IUfeerd ST
AR I I YRV A Alel Affeiea o oid a7
ATl 10T ol * A& 0T’ shed B AT ol i Feult
o ¥4 H oo feral ST © qe Wi AR o wegH
faferml grr o feran STan €1 STeier v 319 o el
TR o STHU Sfifdea & faaer wt SAHER I
21 ord: THY e eTuy/Sifeel 3P Wi SRl i w
FH o gErEar et §1 S-S o 319 § H-O-H
e I H1 T IR Fefaa fhar smar 2
:0:

PN
H H

4.3.3 3eer TEedt
et fearfa o < wATpet o dre fafire sl o T
et i e o TeTq 3Tewaeh Sl bl * 3Tee Toredt’
#ed Bl TEY T %1 WE kJ mol ' Bl Bl
I — BIZSISH o 310 § H - H 3T shi 3Tee]
oot 435.8 kJ mol ' Bl §, @7eifq
H,(g) — H(g) + H(g); A,H® = 435.8 kJ mol '
T YRR, SgITEe e WS (- O,
qM N,) ok fow stee woedt gt
0, (0=0) (g) = O(g) + O(g);
A H® =498 kJ mol '
N, N=N) (g) — N(g) + N(g);
A H°=946.0 kJ mol '
Tg e Ty § for Afg ereer fase oo
atfures ®, il emmey 31fueh geiet BT HCL S T favm

Tfeertar fguRams o1] o fag
HCI (g) — H(g) + Cl (g); A,H® = 431.0 kJ mol
TEIHANER AU H STEy-wmed w1 MR
aAfersk et g1 81 SEomed-H,0 v ¥ & O-H
el o faesad 7 Tavas St que T )

e fagm

AR 4.2 B Tehed, Tg aen fir arreiet @t oivwa wergat

e T TGS 2ATaer TaTg
AchTT (pm)
O-H 96
C-H 107
N-O 136
c-0 143
C-N 143
¥ 154
Cc=0 121
N=0 15
c=C 133
C=N 138
C=N 116
C=C 120

ARUT 4.3 T WET VRN wt ST FangAr

3707 TS TS
(pm)
H, (H - H) 74
F,(F-F) 144
Cl, (C1-Cl) 199
Br, (Br - Br) 228
L,I-1) 267
N, (N = N) 109
0,(0=0) 121
HF (H - F) 92
HCI (H - C)) 127
HBr (H - Br) 141
HI (H-1) 160

AR 4.4 WE WASH Beumd™ r /(pm)

cov

H 37

C 77(1) N 74(1) O 66(1) F 64
67 (2) 65(2) 57 (2) Cl 99
60(3) 55(3)
P 110 S 104(1) Br 114
95(2)
As 121 Se 104 I 133
Sb 141 Te 137

* fEU T 0 ke el % fAe §1 o YR o enel o e o
Turtan T 21 (3Tt ggth o fou wehe 3 off 3@)
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TS, AEET qal Afvash  GXe

H,0(g) — H(g) + OH(g); A H} = 502 kJ mol '

OH(g) — H(g) + O(g); A, Hy = 427 kJ mol '
AHHH | iR 7% <eriar § fo afafda et
RfEafd & w0 fgd@ O - H o1&y ¥ $s aRadd
T 31 7 HRO1 € o O — H 31ey &1 et faf=
gl (- C,H.OH UgHTeT) den wiat # o= gielt
21 THITTT SEURATULER 27Ul W Wieq areram 3iiee
MEET SHell T0eh IS T WANT fepam Srem &1 29
W s o foIT opet e oo qeedt o A
foeafea emeel ) " g fawfsa feman s 21
ITE o fau— S 310 § O — H & i
fra sTree Tt
502 + 427

2

=464.5 kJ mol

434 IMET hife
HEGAST ATE i og@ ST o AR fowdt
3707 | Y URHTULA oF W MMl shi WE e
T:l'ﬁﬁ‘(Bond Order)mﬁlma?m— H,
(foed s wewfom et g™ ©), o, (o =
Teuiea e W B ) ao N, (fFed 3=
TEISId Tei9e I Bt €) W ST hife FHA: 1,
2 @ 3?1 T YHR CO H, Sl W e d
TS ok s i Tgaferd 7w €, erey whife 3
21 N, 1 ey HIfe 3 ¥ a1 38H1 A H A 946
kJ mol” ¥, S f&Et fg-wmmeia o) & faw
Faifess 2|

HOZAEE ! STUTAl AT STl B IT&e hife
TUE Tt §1 SEeXur & few- F, qar oF #
e wife 1 71

T U N,, CO T NO' i 3TTaiel whife 3
R 3uTeil & Tt R WEER o T U SueEnh
AT TEhse 98 ¢ foh smeig-ehife aga u s
Toedt st ¢, Safw orEe wag ged B

43,5 TTAE HEATT

it fAuifa gt (Parameters) & ged o
forelt o1 o &9 o fou T TEE-TEAT & aR
i T el €1 SN S 31] o Frefafed

109

FEART (19 1) g0 ¥9H ®9 9 fefya fean s
el 8-

%Q@ © ]‘9{0 \Q@ O ’%:o

\V/ \@ < > / \@

0t 0 o .0
I oI

N7

NG,
& / \O)
0 O

I

o 4.3 0, o7 &1 SR QLA [Feer 1 9 11 3 fafeaq
(Canonical) &Y T91d &, STafer GeaqT I RIS
T (Resonance Hybrid) &9 gwifdl 8]

T € TAEst B Tk O — O Tt 3TsY 9 Th
0 = O fgemeiy Sufeerd 1 0 - O Tha qen fgesiatl 1
YT S ASTgal HH9T: 148 pm @1 121 pm 2|
T g 9w ® fF 0, o H M 0 -0
ST S TaTE T THE 128 pm B g1 3F: O,
3] H STTeRdToT - ATeRdTSI 3T, Tehel qen fgaTrael o1
Hezerdt &1 o1 ST ofgd SISt [ 9 11 6 § i
off T T O, 319 ol F1&fud Fal L Fehell|

0, S8 STl &1 STEfas AT Hl T HIA
= foq SIRGIE YhHeUdl (Resonance Concept) En|
T foha TN $6 Hed oF ITTEN S R
30T Al Shelel Teh 3@ GToMT gRT Frafua &t
fear S @R, @ @uE Wi, e W wuE
Waﬁmﬁlﬁ?wanonicanma?
w®q U et st 21 37 fafeq gt &1 o
HHhT (Resonance Hybrid) 3U] @1 ar«fas feefd
%1 Frefud w3 71 o1@: 0, Hi ST J T (1
9 11) SHH! fafed SEAd € qen Sl Hehfid &9
(T 111) SEeh! aTEdfaeh G=1 i Fefid o 8
AR I T ATt IR gR S9IE S @) e
ST AT e SEATFARS Y] TR L= ok |
3T S &
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IETEIUT 4.3
COY A &! W& &l &A@ IR g1
Hifs|
&
e qAT SIS WS oh HeA & Tkl
3TEY T Toh f5-TEY el oEd-Hal hEre
EE 1 ardfdeh G &l e & &
fau s €, wFifer $9eh STER i ehre-
SRS el i o f9=1 8 =fewl TR
YIAIfTeh AR oF STER SHTai-e 3 o -l
T 3TferdISH STael 1 e GHE B Bl
3d: SIS AT i ardideh G i -
fafea @= fafeqd St (@ I, do0 1) &
TR HehY o &Y W I S Fehell B—

:0: :0: e

I «—> | «— |
_ /C\ _ //C\ _ _../C\\,
0 :O: :0: :0: :0 .O-
I 11 111
ferg 4.4 COZ o o7 Ht T I 1 3R 11 @7
fafed qe=mg
ISTETT 4.4

CO, 31U] T HEAT i A Hi

&

CO, o Y § HeT-ATrfIS 3Tee il Aarg
%1 AR W 115 pm €1 QHR ShieH-
STFESH fg-3T&Y (C = O) AT hHIA-SArRdTS
HreTeeT (C = 0) T oATeal HAWA: 121 pm A
110 pm &l CO, & e~ oo  3TaeT
S (115 pm), (C = O) T (C =0) i I
ATgal o o= Bl B 399 I T el § R
CO, 3] %1 ar&dfersh HT=1 I hael Teh 39
G o STUR W YRR &l fohan s dehanl
3d: IE SAEYTh & Sl ¢ foh 39 forg wh 9
Afesh @ WA fat S den co, &t
T 1 3 fafed st (1, 11 9@ 100) o6
Hoht oh &9 | YRR fRar S

105:C 0; <>:0:Cii0: <> i0ticio]

I 11§ 11
ferT 4.5 Co, o719 # STgAIR =AW 1, 10, a9 1T
di fafga weamrat 1 qord 21

e fagm

WET & | °9g Hel ST Gehdl & TR

* AR U] i T YSH wl €, Hifw
TR WL i Soil fopelt off fafed dw=m &t
TS @ % el 2l

® IS o HRU Al o eI Ed W U
F3d €1 T YHR O, 3] T AR Tk &Y 111
I Holl, AR &9 [ T 11 1 el o AH
g ot w9 B 2

TR Fehoodl W Feiferd 3 difaan €, foan
e aTaveeh B Sl TROl @ fh—

* grxa ¥ fafed G=AmsT &1 &z At
&l g 1

o W & B T o w W o foau
fordt fafeq @1 & &9 ° Iufed &
€, Steifer o1 T fenelt gl ferfea weemn
1 ST &

o fofed Tt § weedl (SHiel a i)
o HET U S oTel 9 S| i 9
T g 2

* grdfa® Y H U HI had Uk L&l
Bl €1 SH had TH g WA 5N
e &t feran s wehar 21

4.3.6 ITHAL-YAUTAT

ot emmeier 1 W faemd emafew =1 GEEAST g
T Ry feufa ®1 Wy ardd H wiE oft ewery
ifiter qof &9 T egarst a1 s T B 71 7Rt
o foh 1 BTESISH TRHIVET oF o a9 alel Sedrsi
e H Wepfa ot enifver ®9 @ et B )

S HE HAS STEY & FHHE AR & &,
(S/- H,, 0,, Cl,, N, T F,) =1 &, qa Garsft
T T <M TRAT[ 5 Y9 €9 § TR g
21 Heh IROTHEIEY el 8 < GHM AR
3% e § Sufterd ET B T AR WK e
‘STYFT FegaArS Sy’ HE ¢ 39 faufid HF
S fovm TR o] o < wAmst o s gaifea
TR I TSN #1 SR faenfi @ S €,
Ffeh TGN 1 T MR BT3gIS i 3TUaT
affuess et 21 38 whR fffd H-F ey T e
TEEASE e B
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TS, AEET qal Afvash  GXe

§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 S S
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 foarard aerm fgya smgor &
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 (u) = STeT (Q)x STl YoFFRRTT 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 wfd €1 W
o UR T TF BR IR gRI I < €, forgem
Tesd Tl oA ohg R feerd giar @ qen s faw
A % 1 3R @ Tl 81 W WEA ¥ fgya
3TUl bl IUREIfq ST0] FY SEd WAl o SW g
T () g IE S B AR HT w7 H
TeAE R W SR 3 Homers fR W g @)
I & feu— HF ¥ fgya ool ol 39 YR 20
S Tkl &

+—.
H—F:

TE IR 3] § IR T o agald i fEum
Taetal g1 e Sy i i diX i fen fgya
ol o |iew 1 uEiess e o faoda 2

T AU H gy oTevi shaet STae oh
o faya, f ‘ erreier arepof’ shet man €, R & fsf
w® @t fR wa ?1 w@ A gy e & fafu=
sl o fgya st o) & fafw=r stael o fgya
wwﬁaﬂm—ah (Vectorsum)%ﬁﬁT%lWéE
fou— <t o a70], forgart aepfa aferd &1t €, & &
O-H 3T&9 104.5° o v W & &1 39 17 | pel

111

fgga el &1 WM 6.17 x 10°°Cm [ID = 3.33564 X
10°°Cm] B T, St & O—H el & fgeai o
AT ok WRY-T T I B

H H
N — N\
0O — O+—
) (@)
ey Tyt qfeom fgga st

Fd fgga smel, p=1.85D
= 1.85x 3.33564 x 10°°°C m
=6.17%x10° Cm
BeF, & fort fgya el 1 74 9= & 2
TH THieT B € R 39 oty H I wEe eve fgy
faudia faen & & € don Tw S & 99 H gHS
(Cancel) X =Gl %I

F—Be—F (¢— + +—)
“—t+ +—>
BeF, 310] H BeF, 310] &1 &l
S-St fgya s

BF, S8 =% W 7] § fgya el
I Bl ®, FEfU 39 319 § B-F e 120° o 0
W B € 3 0 W S -l ok GHH el
faadia fewm o i 21 59 hoRa®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,
T8 eSS o WA W TH THH! TR I
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!
Seiae ITH 1 Hheeh Tgyd S0l o N— F 3T ok
faya-smeont o5 aftomHt fgya-smeet @t fauda faen
I €1 e fgyd STovl TR SoieRi g o R
N-F 3Tay-3Teul o IRt fgya-3meet o ga@
1 H AT 2| THh Ferea®d NF, o 310 1 fgyd

ol 9 B 2l

IQ I I
A

H

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 stey H onfde smafte
AU Biel ®, SH FhR @ ey § ot s
TEEAS &0 Bl @1 AR M€l oh SR

e fagm

Hegarst @0 &1 fae=d N (Fajans) A
frefafea fadl & STER ®i-
® A ok STHR ok T qAT FIMI oh STHR ok
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
SolaRleh o &R de & ga1 eigsti oh
W?W%Wnsznpﬁ T TUET
Tehuu Gqell o STEY (n - 1) dns® B B
¥, FEOMIA oF Solaed STeRT hl SThfId
IU ¢fefd Tl 1 Hold: Sk HeA SAORT Shi HE Sl
B T8 Wfsha Tewasl Se v o ey ¢, T €
AMeRi o HeA SiHIA STeRT Sl | Ifg Bl B &1
i YAU- ], SO ! gad] a1 UM oh gavl oh
A A o e €, S fwferd w9 9 Rt s
T h1 TEHANER o Uiaerd i i s 8

AR 4.5 S T 30RN ok fgga-mgut

U T YhR ISTET fgga-smgut TRt
(AB)
HF 1.78 fieco
HC1 1.07 Faw
HBr 0.79 Faw
HI 0.38 faw
H, 0 RileE
(AB,)
H,0 1.85 el
H,S 0.95 el
Co, 0 fitecy
(AB,)
NH, 1.47 Pramay-foatae
NF, 0.23 Pramae-fuafae
BF, 0 PramAdE-awad
(AB,)
CH, 0 EGEavce]
CHCL, 1.04 FJOHCR
ccl, 0 EGEavce]
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TS, AEET qal Afvash  GXe

4.4 QIATSTRdT ShivT ST TH
ufaersur fagia

ST Tt ST 1§, gH STRON S0 1 TR
1 oaren o @) . W € 0. e fagi
e 3Bl 1 GHeH & T Ush Tt ety
3T AT 71 I fafer gegem 9 1940 & fasifas
qel didd (Sidgwick and Powell) - TRHI[SA ok
TeroreR P SR TeE T & < wfE
I fopaneti o oMaR R gfaifed &t offl 39 fafy
Sl ArEad au feredt (Nyholm and Gillespie) q REN
1957 ® IR eiferer faenfaa qen genfua femam)

ot . & W, o, fagi w genm awomt ¥-

® 37U I ATHIA, HET W] oF STIURT IUfeerd
R o g (T ST SR
1 G T A w2

o e R S e
e
Sﬁfﬁfﬁ Y (Electron Cloud) W R UcHh S IEN
Bl B

o 9 TomR o fafm H T ferfr  saer
BH 1 I L B, STHeh womawy S
Jfqehyor &1 ¥ %Y 8| 39 feafg § 376 7
sAfermam i =it 2l

®  TANIHA-HIY HI Th el & &G H T S ©
N S ™ el (Spherical) d8 T TH
TR W arferhad g8 W feer g )

® WIS i Th Thol Seiog 979 o &4 H qo01
TH SgITEY o < AN A Serded I ol Thd
YW T HEHA S 2

* IR U & Y A SAfE FATE TS G
IgTr S Tk, o 39 feafq o & wE. € W, e
Higel UE Yedeh GOl R @ gl 21

TSR Ul ok sftel UfdeRduT 2= fepamd -

fefiaa w0 o Tedt §—

THTh! JH - ThToh! JH > TeHIh! JH - TE I >

(Ip) (Ip) (Ip) (Ip)
> 3TEet I - oAEE I
(bp) (bp)

113

TR qo feredt 7 golagii o TshTe! Il qe
STE I oF HEwerqUl STaRl i SATEAT id §U 4. TH.
3 W R Hied ® gUR o Uwehl soleed g
Shel9 THEIY] W T (Localised) Bd €, Wellh
Tk STt T < WHET o oY Hewifid g 2l
31q: fordll 10 o STrall Seiaei T8 i STUET TehToh!
T 31feeh TM =R &1 $Hoh ThoRa®q Tehidh! ol
T o S Tkl FrH-TE R 0 qen et -
afreleft T T TN STk FieeR ol gl €1 S Wi
el o HROT 3T0] Ht Gefad eMRfd o fa=rar g
@ 1 ] o oTee vl ot Sfa¥ o1 S B

ot T 3 f. R Aied &I WEHdl ¥ U &
ST STl 1 JaA™ @ oh fold STopstl i
< gfor o sfer S 28—

@ o o7y, fer St ey WS oft TRt

T Ut & g 2
(i) o 3707, TR Shgie URHTU] WX Ueh o1 Tk ©

atfrer TeRteRt I Sufeer@ g 2

qRoft 4.6 H Tenteh! JIERfEd hard T A o
AN 3T el JTHI i AT Tl AB UHR o TS
gl erer ST ki snfufEl <9iE T €1 wrol 4.7
H o 37 WA SR qe Al 6 senfhfa 9w 2,
STeR eI TR W T A1 U § Aok Ththt ™
Iufkerd eid 81 WROM 4.8 3{upe shi st o faeqon
(Distortion) i =& &Yl 2l

I "Rt 4.6 H <9I T4 €, AB,, AB,, AB,,
AB,, T AB, YR o MMt o s o S
] A T =R IR ST JrHl qe B WA i
el HAY: 3W YRR - @k, i guad,
TIqoheeh g, e ia-fefafiel aun sewashia|
TH YR &I SAfEfE BF, (AB,), CH, (AB,) el
PCl, (AB,) 33T BT T St €1 39 o1opef
sifafaal @l fig-SLt (Ball-stick) #iedl gR1 A<

wefSta fmar T B
180° 00°
120°
BF; CH, PCly

BeCl,

foT 4.8 for1 TTH1 7 oI hRIT WHIY JH ST BT
swpiaar
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TR 4.6 ThIh FTAIET FHigd UTHTI] Jokd LT i Sriafe

e fagm

i TS hi e rfuta

180°

2 L a N B—A—B BeCl,, HgCl,
kscip EeCip

3 BFg

CH,,NH,

4

5 PCly

6 SF,

* T T 1 STAR Shac WYUl S I 9 % faw e w0 ;3 sweet w1 wE qwid €
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115

ARUMT 4.7 FO T UL /ATIA St MRfaatr (wafata), T7or FHga WAy W Tk o Th § A
TeRTah! g I Sufterd )

37T F
TR

ot
Ht T

TehTent Tl
Ht &

FoaR gt et

T

ABE

S

SO,, O

ABE

Prartuita furfust

NH,

AB,E

272

S

H,0

2

ABE

SF,

AB.E

3772

CIF,

AB.E

BrF,

AB,E

472

i T

XeF,
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e fagm

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

Ht G Wl W&

S

i STaEAT

TR

TR 3Tehfd

i ST

AB.E

ABE

272

4 1 O
.
1R AN “ °

oo 1195° &&°

X

T

T

Ugifaer dR W gHHT 3Tl
formToiT T S e,
E | Ig 319 HeT g3 Ao
V37T 1 Bl €1 THeRT HROT
T% © foF THTRT gro-eTeeh g
o o9 Gfaeyul, STeE -
STEe I giaensr g SAaEt
I IREOT i STUET He| Aok
B €| HoTerey ST ol
TE 1200 W FEHI 119.5° @
ST R

IS THThT FH o TIM T TR
~FTH T, WS HT B
FIURChIE BT, WY FE U
TR g SuRted 1 ey
ThTh! JH-TEH g o o
yfqedor oF ®ROT (S SATEEt
ST T T T A
BT 21 sl i o <fter aTery
HOT 109-5° T TIHL 107° Bl
ST 21

Ifs gt st grH-areeh 3w
&, W T FT B FGoHeTRT
B, WG & THHT JH
IUFEAfd oF HRUT THH SHR
faghd aqsFa®a a1 RO
e Il B1 TTHT FHRU T8
2 fF THH! TR g
FiaehuT STEEl JH-eTEH
T ST AR BN B T UHR,
3EY I 109.5° H FEHT 104.5°
@ T 2
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aw o g e A wwe A o s
Core w WSt WE T Eale e
AB,E 4 1 . epett STfd () W I 1&g feafa
ee T f"/ﬁ # 31 T N1 T EH H 90°
@ F S\F F\.—,\S\! W A TEE - g
[TF feriol 2 €, g st (|)
F F H wehTeh! g fergerdta feofa & @
- F AR 7w feafa & 90° W ke &
B |’/F TR -1 s e
@) ,S/ o S i B 1 sEfee sifufa (@) sAfes
g, T N el 31 () § < et
| o fafer =m w7 ¥, S forpa
F TR, AfAId  (Folded) o
31Fa Bl
5 F
AB.E, 3 2 | &4\ T- SafAafa (%) H THRI g
. | _JCI—F forgaria feerfer  Sufeer &1 fer
® 8 —F ’1” 78 wfifi § TR -
| F 7 giasmdor 31 senfafaar fom
TR e feafe § 7 w1
F o B e B ¥ T et
i F (%) T8 TR R 37: CIF, i
ﬂ‘l\\ T -3 BT 2
| /¢l -/—::F
(@ = )
F
F
. _§or
(T F— (.:} \ F.:\ Cl i
F \6§%

9. TH. 3. 9. AR HiSd I HEEdl 9 HH

upet, faeie &9 ° p-seites o el g1 Ffa st
1 SAfHfdE 1 qaigaH 8l €9 9 A S Hehdl
B 7el Ak fop Heferg Gearen & Sl &1 3 7 BH
TR+ 5ok g ARKfoeh LT Rl Yo HHeIgaeh
T ST Gkl €1 SMfUae SAfAfd W gelae g’
YfaeRsUT o geTrel oF oo # off. TE. 5. 1. AR Hied
1 Tgifae MR T 7 1 39 fawa | eneft o wioprd
33K St € wera: 78 fad=a &1 fawm 5 gen 2

4.5 GArAehdr Taer fagia

ST 39 S € g9 STaURN | S0 ) Gearet
&1 fore o Herar e €, Wy THmEfTen s o
F e FE W g7 w21 S SFAHR I8 W
e T wedl fF eTuet w1 erey oo il
(Bond Dissociation Energies) el ey W‘I%Tﬁ

SRi— H, (435.8 kJ mol ', 74 pm) 3R F,(150.6 kJ
mol ™, 144 pm) =1 == %\' SEIERRIN ﬂaﬁ o
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Haftrd AT o o Uk Sl I o G
% HORaEy Tshel HeEdS 6y adl 2| 98 Hied
TEIHE AU I ApfaAl i fafa=ar @ o
TRIST &l STerdll

O YR o1 wE. 3. 0. AR fagia e oA
I APId & IR H RN 2l B, W T8 AR
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Tl oh Seigeieh fa-amal (SIS 2) , TLHTT] heThi oh
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ST foru o € foren Sram e1sT, YRY ¥ Weraw
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e cfifse f gegeM o § WET] A 9 B,
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ST W e, 3R e, BN TWEA T €, Th &L H1
R Fd &1 59 A I WA Th TR G T
W B €, q9 3ok e g A fepar TE B
S5 ST IR Uh-g| ok O 3 W €, ol
Ieh T SRYOT G YiaeRuul ge 3= Bid S 2

SR o Frefafed § e 82—
() T YA o AR q1 IHh SARAl oh e

N,-e,, Ny—¢g
(i) T TLAY] ok AT TN S TXATY] oh Seraeil
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@) T TS % Seeel o a9 e, — e, A
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L
7
7
X}/ R
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€
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STREUl F& IHI TATIST i TH-THR o I
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RO~ WET M THT] TH-SH ok HAG A T
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8, 2 ST gl q FiqeRor del o SE g Sl
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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

ERECTUIE] g

—> S (kJ mol’)

Y H

435.8

Y S, 74 pm

faT 4.8: H, 317 & for= & fau H wwamoeh & e
SRy §4 BT iy Refas Feif F R,
oRE d =Aaq F fefd H, &1 gaifys e
e Tt 2

siaifus® i —>

4.5.1 heToh 3TfdeaTu_ 3TALRUT

BEEIeM o0 o fo=d ® 3§ ofewe ¥ =AaH el
e YT Bt €1 9 e § & Y] S e
B S B o ok TRATI]-heren SR ®9 U SRS
‘TRTU]-heTeh AT’ el 81 STk URUTHETEY
TR GIfHa B € stfaearad i Wi gedarst
e 1 elerl i Feifia et &1 gmra: st
ifqears < wEpst o Wi Yad STEd 9 |
Tafud T 39 YR, Herd AfdeATT STFEROT o
3TER T WHEV[S o e Heddrsi e HT oA
ARl & W Iufeerd fawid =shul (Spin) T
TRl oh WA o UROTHEEY Bidl Bl

4.5.2 &Ll o TgymceR IOTAH
S Y WM €, WedS AT WA Herhl o
oA T S 71 S0 o oAU e1ggier i 317
T H THeh 3 YXHT[ST oh WA H 3k 1s hetehl
1 Afere e 2l

CH,, NH, T H,O S¥ JgWHE v o
STEY 9 o Y- 0] i SAMHG o FEwergot
B TSI o+ fAU- CH, T ] FT S
SIqheIshid W il € 3R HCH 3T/eY vl 1 0
109°28' i T ©? AT NH, 9] ! STHfa
frfaet @ it €7
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‘GAISTeRal sTre fagid’ o SR W CH,, NH,
H,0 3Tf SguANE SIS i 3Tehfd, ITH 3Ty
T e 3ok feemeTeh U1 ohl TRHTY] Shefeh] oF TRl
A AT T HeEdl ¥ W fhA S Hehdr 1

4.5.3 UTHTU] ehglehl oAl STfqeamds

e < WA ey foerer o forw o e €, e
IToh HeTehi o1 TSI &I, VA a1 I &l
Tkl | 78 3fifeeet 01 e & M (amplitude)
& feepeeam (¥9) 7 fom iR fog (1) W fasR
#ar ® (fast 4.9)1 Hiw- Hqe @l W g9 Ty
TR 3R SROTcHeh g @ e w1 fom ()
A 1 TR AT W HIE Hee T eranl Sfe
T & fou sifdeal =1 fog (1) @i erfufa=mg
T GHM B SIeT| S8 UM (oA %ed 2l
s T p U] hHeh| oh ¥ACHR, FUMHS A1 I
e w1 fafa= sreeend, fasr 4.9 & TwiiE T &)

i) T

: (% 3TeTT w

gFTeeh 3Terar e 8 affaeamus . o 2r)
OO~ -OTDD~

(a) (e)

95 45
% v
¥hd

2 S
(b)
5 © 0
)

N

+

N
N

2 S

()
)

py; P py; P, (h)

I AfaeTuT (T S

AT wgem st faen ¥ srfufa=ma
STET B o SHIUT TTHeATUT &t 2rr)

o oy
P, (i) P Py ()

ferd 4.9 s @1 p WA F&H & HIHE, FUHE a7
9 sifaeraT
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TeHarst ay o fat=d o &1 FRe 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
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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 Herhl qe qEgeH
o de AT o herawd g fafied e |
B 1 I o TR A hereh, T 9 g o
T[S o Th-Ueh TARI 1s Hefhl o 91
AfeeaTT Y Tehd €1 g 79 ¥R Fffd ¥R ¢ - H
TS THEY & 87| HTe o O 2p HETH| o qLA
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C - H 389 TH-THR oF ¥ 90° 1 HI0 I
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f&qu CH, ®1 o sHfa & Ha & @ €,
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o HAfdeATTH o STER W CH, o 37 oh feeiete oi
1 T T foRa 1 Gehdr 21 T dehl & SER R
NH, 1 H,0 393l § HNH e HOH iUl oh A
90° BH =IfET, it arEafaek deai o SI9&q & 81 NH,
dAM H,0 H oI&dfoesh S 0 AL 107° T
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4.5.4 IfqATUT oF UehX dqAT @gEATSH
MY ehl Wehfd
FeThi o AT o YHR o SR W Tegars
e o T WehR Bl B—
() Tom (o) oTEY q (i) TR (n) A&
(i) T (o) MEET— T YHR T GG Y,
e werhl o STAAihE e W FaER
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(Head on) AT A1 3184 (axial) fdeamd=
#ed &1 TH YHR h1 37w, THIY] Heehi o
frafafed § 9 fFdt ©F TR o GAeE gR
o feRu ST " -

¢ s IfdATTT- 3 YHR & GaoH H
314-9d (Half Filled) s-h&dh 3Tqienta 3781
W AfaeaT W §, S A e ™ -

e - W
ShETh s-heh s-s Afq=TT
® sp IfAEATUT— T YR H AT TH
TV 1 AH-9q s-Heh A THL THTI]
aef-93d p-herh o < B R

k + < —>& <
STHEF pheEH s-p ST
® pp AfaATTT- T THER F fqeqo=
ARt % 3H-9d p-herhl & o9 e 2l
o TRRT o - o N 2
pREE pFEE p-p AT
(ii) TS (@ ATeEr)— U ST ok o o STfvad
Feeh TH YT (G Hd © o ek e
Teh 8L o THI Tl SR T Hel § e
B4 €1 3@ YHR e AT o herwy
faffq e o WSt o 9 oF S| e "

T wISTH PR Y B 2

-

D N § C—

v

9

pFEF  phEH p-p AT
4.5.5 Taar qor arg ITsEn St WeeTar

Terd: ST 1 Yaoral Afqerad i dm | [
Tl 81 Fmn ateier § sherehi w1 Afdearan stferes B
21 gHfere T sy, o e (Fraw & sifqers
Bl 8) 1 o § SAfeh Wael Bl @1 3Heh SYeral
g WA Sft Hewqol ® fF < wemet & | W
by ) Tepel T8 Ul S ©1 g8 Fed fgmH
aTrier o 1T S B €1 TS Tsd 3 AU H g S
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4.6 Heh{UT
CH,. NH,, H,0 ¥ 9guAms e 1 fafere
ST STRfaal i T T ok foTw gifert = Tear]
FHeTehl o HRUT 1 Tagia gEartoa fohanl difer ok
STHR TR hefeh FAlSId BIehY HHCH H&hI I
THE A &1 T Heleh! ] Hehl Theleh hed & ST
foR=M o 9] Y[E hefeh] oF T W Hhid Heeh!
1 YA HG 21 39 GRES I BH WO Fed 2
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h ey Ydoidl \'qu.ﬂ ﬁﬁﬁﬁ g)lﬁ %|
sp WeRTUT AT STUT3T oF ST
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2% BI1 | S eree | U 2s g Rem 2p
Feh § Be i fg-HaShal o &R W4 (Pro-
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HIU T &1 YH sp TR HeH AT o 2p
FeTh | T Afqeard 5/ & Be - C1 fawn a1ay
T &1 39 ot 4.10 o g9t T R
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y
Z 4
(=)
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sp 9HhL HEH
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S C1-B-Cl 3f/e® 01 120° 1 Bidl B

2020-21



122
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T BTEgIe WHTIRT o 1s Herehl o |1 StfqeamH
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STAIE, NH,
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4.6.2 sp°, sp> aAT sp TIUT ok I
SR LUT

C,H, 310 ¥ sp® Wah{UT— 387 o 370 § FHiad o
ﬁWspSWﬁﬁ%’IWW%WSpS
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C - C fammr sy s ©, Seifeh Gcish e RAT]
o T T sp” WHL HETH TEGISH IHST o WY
sp’— s Tam erEy T &) TH HEd WA h
SRR hefh 2p, Ul 2p, TA HEH THT 6

123
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Tel 78 M <A 9 91 7 for ki ffafad
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fafyr o wer feman S €1 3@ fafe st wwaT] et
w1 s g’ (Linear Combination of Atomic
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ferT 4,19 31 WY FHI: A T B W 57 THY FHefohl
v, @y, & UEH AT G ST (o) a9
TGS (0%) STfvas werehl &1 (3]

e fagm

e I R 3T shefehl ol o1 Ham
FHE A GHTS o SAde aN oh &S
(Constructive) formst (Destructive) SATdEHTIT
(Interference) ?WﬁWWW%I SR
snfvaess e o fmf o eeeh wuoeH @i
TARIA T Teh TER i Felferd edl 7, ereifq 3w
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el oF o= STHYTT 39 Hetdh | Saiael o ara
O YiARH0 ¥ FH B @ SN 3TH e B gehd
gfg Bt 2

el M 34 9 o1d 98 ¢ o ufdetee wew
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e o e B St @, S 7 o st anfuaes
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IS o fau— = el W s 1s el @
Maer G T MfUaeh HaehR] i SO HI Bl S
e 317 o Ua: §Efad B 81 3% o, 99 o,
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3 enfuaeh wetehl o Sell-&R YEeh dr W
et fafy grn Wi fore S 81 fgdfar evrerd o aeall
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Hereh! 9 eI gl 2
4.7.5 SCTERMT T9-TH 99T AU TR
faf¥r= sfUereh sharehl o Soreril okl T ‘sl eh
o’ ShEeldl €1 TRl i Hefeh! i el o Fed
TUHH T 9 S 2

3 o Tolgeieh ford @ o] % WR o
Hewqul e W & Wehdl €, S ol faafea 2
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3Ufeerd SelaReil ohi W@ N, el UfdsTeer saenl o
e N, @,
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(i) 379 STEmft BT, A N_ >N, @
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eI B SO AR (if) W HTd- AT G Ferel gl €,
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ey hife fRdl o] # Iufeerd wg@drst
e T Hen Sa g1 Ak N, > N, @, @ ey
Hife oo BTl den S70] TR B R Al ey
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4.8 GUATIIRIT TEURATOTER 21U
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== S|
1. BTESINIT 3] (H,) : T TTESISH oF a1 TR oh
G © o1 81 I BIESSH o 1s Hefh § Th
TSR BIdT €1 37q: BIZSISH o 310] H el 31 Tl
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BIZEIS 39 &1 STEY HifS hl 30 YR URehfed

o ST Hehell B
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ey Hife= R
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2, iHferam 3797 (He,) : Eifc=m WA 1 el
=g 1s° 21 Y& giferm T | < s e
€, a1efd He, 310] ® el =R Seiarz &hll
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U] SRR BT AT ST e el B 3E YR
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3. FTIE® 37T (Li,) : <o &1 saieri-eh fo=amd
1s?2s' B <liform & gcish wam] § 6 seseites
g1 THfET Li, 319 1 Soiarieh foamd grm—
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39 fo=Im9 &l KK (02s)” g1 o J_I¥ fohan
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Li, 370] o Soiaeifer fomamg @ v ? fo gqd
IR TAG e ivaeh wmerehl § qen q goiaeH
ufqersiel enfuae werr o Sufterd €1 erd: sEeR!
mgm=%(4—2)=l BNl 3HeT S 78 ®
& Li, 210 Toml 21 < sod K egfia seiae
&l €, TEfeT 7 Wiageshia Bl awde § T8 I
T % R STod wiere H Li, ST0je o1 St g €,
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4. FHET AT (C,) : FHEA H o o=
1522s%2p2%1 (C,) o 319 H Fel 12 TS il
T SHRT SR fa=amd gl
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C, ! Yfagaenta BIAT <1ET) Reqd: aTod Sfereet
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STfUash Hefehl 1 HH AT ITH SAaHl Sl G
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o &Y H S H1 T HIA T AUeh hetehl i GG GAN HIAA THIY] FHefehi w1 T o SR

2020-21



TS, AEET qal Afvash  GXe

Bt 71 SRt Snfvash etk AR o e Teiae S 91 9 § 9T SR Holl SATHRRTT YT HEThT
1 o1 ¥ HA Bl 8| WiaeTae anfverh ek W W] o TeA YA TS T Bil 81 7 HeEH| H
o1l IRRT TRHTY] hefeh! hi STUET =4 BT g

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
Y goreAl 1 gen uia-sree nfiesh ekl § Sufterd goieAl %1 Wem 9 Stk et €, i 31 T

B 2l

e Teh BISSISH TRATY] & 3Teeid T SRoMcHeh WA (F, N, O) o siel 8l 2, ol SUH EIggre e
T B T8 ARSI (FEH 1 T U o STo-STenT 10t o sie) A1 S-S (T 1] H &) YRR
1 & Tehell 31 BEGNH 3Ty 2 AR Hl TS q ol R Jeerhil J916 S 2

4.1
42

4.3

44

45
4.6
4.7

4.8

4.9
4.10

4.11
4.12

A

ORI T o 994 i AR Hifad)

frefafad Tl o WAt & e fag wde fafe-

Mg, Na, B, O, N, Br.

Frfafed T a0 STl o oEd fog Ui fafau)

S 3R S>, Al @21 A%, H iR H-

freAfafed sTopsti den el i oEd e fafen—

H,S, SiCl,, BeF,, CO%", HCOOH

aresh T w1 IR ity qen 56 o0 o wewe SR e w5 fdtay)
SR S S % et TR SRR W fera)

frefafaa s #1 stefa 1 =aren ot ™. € W R fagid & STET Hifau—
BeCl,, BCL, SiCl,, AsF,, H,S, PH,

Zafd NH, T2 H,0 <Mt S1[3H 1 sefafa foerd aquhereh @ gidt 8, qofa et § stee
SHI0T AT T 70T HH Bl S foe=r whifey)

TS YTl il Y- oF €9 § 7 fhT YHR o H1?

TS g i g S

CO* ™ o 3 § IR oh A= Teqistl &l T FHifaq|

e & T WSt (1 9o 2) 3R H,PO, i YRR R ST Hehel €1 4 A < HLEAT
H,PO, & 1K HehT o fafed (Shrishet) &9 AF ST Tehd 87 Af% 7, 1 S9ehT HR0T
Ly

H
H:O:P:O0'H H:0:P:0.H
:0: :0:

x
(1) (2)
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4.13
4.14

4.15

4.16
417
4.18
4.19

4.20

4.21

422
423
424

4.25

4.26

4.27

4.28

4.29

e fagm

SO,, NO, @ NO; %! $TAR-|=Am fafau)
FrAfafaa TEmst ¥ SoiaeiE TGl §RI SFEEl 9ol oAl o fok=m &t
4 fag-udiehl &1 HeEd | <wIisu—
(%) KNS (@) Ca q1 O (1) Al dN
geiter CO, de H,0 IFl HaRam® o1 €, W H,0 317 &1 31hfd sfhd el T,
wEfh CO, 1 s g et €1 faya omvl & TaR W Heh! =men Hifsm)
foga eyol & wewaul ST STl
forga- R oTcHeRar 1 URIf T 78 seiagq Syar 9 g yhR fa= 22
el TEGS ST W ST 1 G ¢ 2 SIEHEd S Hitey)
frefafea st i steel &1 aedt smafte yefa o w0 o fafen—
LiF, K,0, N,, SO,, 7T CIF,
CH,COOH %1 I it T &fa1-wiem Tt €, Wy F9 o7 Ffequt <wfe mu &1 ufgfesh
A 1 Wl opH-ge fafen—

H :0:
H—e—t—o—n

JI
TR SATAT & STl CH, 319 1 Toh 3R o sefafa of-waaet 8, foad
TIESISH o 9 TRATY] Toh o1 oh R HFl W B ¢ WA HifSY & CH, &1 317
Tl -maedt T e 2
TEfT Be-H Tl 4™ &, 24 BeH, 319 1 fgya el ¥ €1 e &ifSw)
NH, 9o NF, % fo@ o7 &1 fgya-omaol aiferk € iR =2
TRHTY]-hefehl o TehIUl W MY 1 THS B sp, sp? AU sp® Tk HeTeh 1 AT
1 A Hif
frfafea sfafwan & Al WA &1 Gehtor sraeen  ufteds (9% e €, )
HHATRY~
AICL, + CI” - AICI,
1 frefafaa eifafwan & weesy B aa1 N TETI[sti &1 Hehiul-sTaeen | iadd
g 772
BF, + NH, — F,B.NH,
C,H, @ C,H, 37Ul H e qwArsti o o= shaw: fg-awmeer qen B-swmee o fmion
EIREER-RE AT IS
frfafea st o fam (o) o1 W (r) oM w1 Fo g fea 72
(%) C,H, (@) C,H,
X-318] 1 FATHHT e A gC oSy o Fretfetiad o &iF 9 ek fam (o)
e TE S 3T w2
(&) 1sTA 1s (@) 1sde 2p, (1) 2py?'[911 2py (1) 1s @ 2s
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4.30

4.31

432
433
434
435
436

4.37
4.38

439
4.40

freAfefaa sroei ® hree TH] S ¥ Gkl Hersh TG hid €7

(%) CH,CH, (@) CH,-CH=CH,

(7 CH,-CH,-OH (¥) CH,CHO

(¥) CH,COOH

TS o A T AT TRk g W A9 F1 U B2 TAF o Ush S 5N
T HIFT|

T qen Wi o7y H S T wifSul

ARl TEY fHgid o SER W H, 370 & fat=m 1 e st

TRHIY] et oh g HAN 9 Aok sheteh o o foly 3fagdsh vl i ford|
ek hareh THGIA o SER T HHARY & Be, 310] o1 Afeded =l &l gl
Frfafea Tfefs o smifee Tenfa &1 a1 FIfT a1 3ok gaid o1 3R
FIT— 0,, 0}, O, (R AFES) qM 02 (RATFES)

Herehl o EUul § SUgHE oA (+) q1 mon (-) Rl o @ Hewd e 22
PCI,_ 377] H Heh01 1 90 1| 304 taftar straer forqerdta sterel =61 sraan sifes
e

TIESISH oMY 1 aRe S 78 IreteTed Sl i STUe Yo eid @ o1 gea?
‘e i’ W Y N T §2 Frefatad W ere-shite %1 uieher it
N,,0,, O; @ O,
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STATES OF MATTER

ELE

T Weheh oh 31T o oIS 3I—

FHUN F [ -3k @l el
ST Sl § TER HIeH o STUR
-

31eet TG o =eRr Wi Frfd we
o N
ardfaes e w1 fafy= aftfeafasi &
Bcs| Tl Rl STHAHT Y Fohl;
. * oa 1 g
i qen ga staen § et =
TEHH T Fohl;

i atereen qen Ay | fa9g T W,

SA-STUF SRV o IR W
o U I T HT Fohdl|

11084CHO5

fira & a@ae fRauT gt °f &1 M & 7 &1 uia aaf 3ifaes a7
e oMY 3% ATy 3R UETSt g uv agd FAr @i witer aar

T 3T BN

af=a
T 79 o 1A H T 557 o U U1 F Halferd ToT S THifves
MY, ST TEed!, Soieieh ST S, e SRR, e 3
&1 eRE fran TaEfte dFf o sifuser dfea oM, fR Ew
TR ¥, 551 % T i PR R E, e S R o A
TET W Uk e, ARt A e o WHE W Fefud e 2
I 59 1 ot e o1] T, g SR GHE Secr 21 e
T 1 U ST o AT o e 1 Bl © U S19] 1 el Wl 5t
o &9 H, S Tk 39 ¢; T ST H T 91T 1906 99 o &9 H W
e H Sifide W @l 1 9%, Sl 9o ared § e o1 fae-fie
B € i 2T sTareensti § Wit o qEEE Heed H,0 & Wl 81 S
i A STeesti o UIEH Sel ok 31U Sl St a1 3ok T8 H TR
B % TR W Rk w1 §1 97 o= ueiel & faw st T 9

foredt wred o Al o SHeR oiftes stewen wRafdd @9
¥ fafda & € €, W TErEtn il S difde st W
9 et 1 we-Rlt TERT o Sfiehel i UM i THA S i
TETE o M h1 STATAhdl Bl g1 37d: el skt fafe= srareensti w0l
T et sifies el <1 SR Ueh TR o forw sTreeesh g
T 0 ek H eH 507 1 T A Wik stereenati, feria: a1 qen e
TN oF aR H AfYeh TRE| AqW SfUask Sell i Yepld, SMfvesh
SR SR RO et T T SO Holl o THIe ol TR | THEAT
AATIF <, Fifeh $Toh < Tger & a1 it sraren Fref e 7
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5.1 3TdT-3TIUgesh oA

STAFATRATRTY U (TRATI[ST o U[eti) oF HeA
SR R GiqeRyoT Sl b * STaU-3Tvereh ot ed
21 39 I 1 qe9d < foadia SmafE e o e
agd 91 W A1 SH o ¥ S 0] | WHAGST i o
T ®, e R

A - SATMVeeh SHV-FE ! SeH AieIaed
(1837-1923) o THM ¥ ‘Gietarcd &t %ed 2|
Tleteed 3 ey SHaer ¥ ardfash 16 o oo
H I el o gN TS, TSR qeAEe 'W W
A H AWM HN| dietded dall oh R o
fafaqeran eidt 21 sueh siaia ofed =, fgya 5ar qen
IR fgya a1 o 21 Uw a9 ged R I
feya-foya e fspan erggior o 21 hael o
3107 &1 ETEgIo sier fomior ¥ 9T of Wehd 21 3T
TH goreR Hat ® T@T T §1 39 S fRa o aR
Heq qd ¥ uhd 4 ¥ 9@ g <l

Tl M <1 A 99 98 ¢ T Uw e qen
& fgya & A e 9d, 5% eem-faya o’
el Wl €, ‘Sietened g’ Tl 2l e 'H fafae
YR o ety dell 1 AT FH|

5.1.1 UehlUH oI 1LaT g oA

T Qo YA ] Sgd WAAG W 8l T
foya el & g 8, i T ol ey
Ay TAftd €9 ¥ faala ®ar €, Wy SSEE wEmge
71 erupett ® off fgya fafa w9 § 3= fwan o
Fohdl ¢ 38 T YhR THE S Gehdl &1 I TR <
TCAI] A 991 B Th-TR & g € (fo 5.1 &)1
TH 81 Tehdl @ T hIE Uk WRAIY] WA A dreaifoen
w9 9 STEAMNA B ST, A ST AY Th AR
sifyes 81 ST (91 5.1 @ @ 1), @ $§eh! IRomm
Ig el € o A we) § oo wmg & fau e
fgyd SO= © WM ¥ qE STeudias  dreaforn
feya o= T B, (St 39k fke €) & Toee
el faefud #X <1 21 gRomesy WA B §
R feya st & S R

WA A 9o B % et fgyd UHh-gEt i
TR hed B 3 WehR w1 URA fgea sropei o oft
I foha S Tehdl 21 TH YR ok STRYOT oA

B

Sl eh STATT 319 T WA fgaeor
(=)

+—>

TIATY] A TRETTeR @] B URd
¥ i B
(@)

erJ,Aars’eﬁI wBﬁﬁa

m“w %l M

T 5.1

Teelt aR S fifae fame fRes ded 4y
foram sHt ®RO 3 oo fgya o dE o SR
H1 TeT o1 Fel WAl g1 3@ g HT Th 3 M
WehIUI oIeT &1 39 Yeh oh sct EHYN JATEREUT et eid
& q1 S SAARRARN HUN % HeA H U F B3
oA o SFehANU! (31Uid 1/r°, ST r Y O ok
e ) B €1 3 9 Sheet o T (~500 pm) T
& Hewaqul B €| SeRT AT Ul i g | F1eR
Tl 21 Wl HI H YeRio Sol SUfed w@d Bl

5.1.2 fgga-fgyga a1

Rl fgya e st & 7 fgya-feya o
# # B1 fgya o f ‘ eiferen smeen’ W €1 5%
e 1eR 2o (5) W e feran smam 21 srifyren
A9 T ThIE TR AT (1.6 X 10719C) 9
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Y Bl 81 et 3] Fepeed @10 @ == e
F@ 21 Fod 5.2 (%) TESNA FAEe & fgyd |
SO 1y faawor &t qen o 5.2 (@) I HCI
st o wed fgya-feya o= foean &1 wef¥m
H | T8 A feopa M-8 Y gl o el
Bt €, ifer T sheret MYt STEen € W o €
foya o T i Se ¥ A AHHY T I W
Tei off swe feafa =1 & W STtk w1 el
yferd e1ueti o we g0 o ok HIdl Bl 81 TEeR
yferd erupe (SH— Sl W) o WA AR i
Sell 1/1° o a1 Ff01q ¢fad STt o 7 1/roh
FHET Bl €, W81 r ¢eta STupef o we i gl )
el 370] eie dall o6 g i 3= fohan Y Hehd
&, foraeht wfmfaa g = g @ fo ydia stopet &
el Ha-3NTvaeh ael 9¢ S 2

& o

i

) FAR T 3R 31feren
ST T

& & & &

(@)
o7 5.2: (%) T 379 HCLH Seragii-ieh STaT o faaxor
(@) 3 HCL 3197 & 77 fGYa-Taya o7 foher

5.1.3 fgga-ufa fgga ==

9 YRR o STRUU gd, iRl fgya @rere g
STUfeT den TRl fgya @l WHere STust o He
FEE T T T f5ye TEaren o1 Sgd SIiE
310] o IR 1Y i fahd ik fgya afa &
1 B 3H YRR 31 0 W YR fgee S © S
21 7 feafa & off setor 1716 a1 o GHEAET B
®, Sl r 3 e1opel o med i g0 21 URa gy sl
ol fgga o fgya el qen fomq 3= o1o) o
¢ferl T 99 e €1 Tohen 4 W B9 98 UG b € T
T AR ok V[ i ST & yfad foman s Fehar
21 I=4 YAviiad SR Sl hi GHed § gy el
21 3 frafd § o yivl weli qon feee-afa feem
== T (Interaction) o E’{LEH ERICEC)
i g 2

—
& &
TR faya sryfor &1
(T yfad 1)
> >
5
ol fgya aﬁgsaﬁf%ﬂa
(T yfed sT)
fora 5.3 Tt feya aer 9Ra faya st=—= forer
5.1.4 TISSIA TEe

T Theh 4 ° € 78 W@ goh ® (S @E 5.1 g9
T ®) fr e fgya-feya o= fean =t s fawm
frarfa 1 BEegem emdy S etuEt o iy @, fomw
3 Yot N—H, O—H 31281 H—F 37y 3qferd B
21 Ty eEgieH SEEH N, O 91 F e & HifHd gl
2, T C1 S W] i eEgieH Ee § 9 oid 2
TIESISM @Y &l Soil 10 ¥ 100kJ mol ! & TeA
Bl 21 98 TH wiefm Aen W oS B @1 o:
AferhR AR (ST~ T T ferersh 37wt
T G q1 N ok TURe | TRgeH oTeY THh
HeIqul et &1 Teh 210] ok Tae[qazoil WA qon g
3T0] & Y-S STEgIS IXHIY] o HEAd STRHU 9a1
SN BESISH STaY 1 wmed i gidt 1 == fean
T fost BTESiS e o IO i UERE i B

3+ o— o+ o-—
H-F.--H-F

- anfveaes oo, et saren s #1 T 2,
ARV I BId F| IS o A TH-TW & Ul
iRy o B 81 59 & T TH-GW F Hoh §
3 €, q <HT S1UET o geeRA 319 (Cloud) o e
e ST STupsA o ARl oF T WfaeRdur o et
?1 < g SuE % meg w1 g8 s ¥ wiawdu
1 URATT g STl 21 e R © o 59 U 3
Tiifeq e wfoq €1 3 feaferd & oy g # &
THh-TR o e gueh o g &1 o1: A qA: Fateq
%1 oyl wLd €| sy giaensu S e o
gfg 2t 21
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5.2 S HAl

Tk Ugred o STU] AT WRATIA S (A ok RO S
TS el Bt 1 98 U1l o A1 o WHEIl el 2l
To7 oh RN I SEd TAS ST 1 AT B o HI
€ U o T o Ty SErE! Bt 1 Ul o 39
T ) S T w7
5.3 3{aT-3TUgeh ot SATH S

== R
&0 W § o sfqu-enfvass ot erupe @ qrE-a
Tl €, T T St U shi Teh-gE W g R
21 %A 1 I TR AU o AT MU el
T FHF ol o HEA e 1 IR0 2

i ST fsha 98 gaal 8 ohl 3TaEen
T, & qF 9 FH Fleh Soll w7 FI T, qd dh
] y-TY e frarfa o 7 el © qen o e
T B T 1 sherel Hdted g fad wEt feman S
TR €, A T AU TH-TW & AT Fwe oM
WA & qAT SR U o ATk & Sl €, ey
IS A9 T FHeh TSN 1 HEHI el Y I Sl
?, 99 9 1 A W gfaa fman W1 "Rl B1 T
qred Wi A TR W SHE Sl qen effves
3= foRan ot qergwifaan =61 g9 o g1 gwirn
Hehdl B—

W—» 50— I

-3 T fohal BT qEyIfera

< Te—— %9 «——3J9
S HS w1 gEgHad

S HI A ATENST ok I o HRON ohi
&0 g4 ¥ € THe 9o €1 379 o T 9o 59 st
3R %A 1 37 3yt i f=fa sweart femt o
foR O TR 3 7T T ATF BH Hell X1 H
Eauf
5.4 THT 3TaEAT
I 5 k1 IO TN T BH 319 YUl SHeehTel
H 917 % He@R ¥ g9 wd &, S A4 1 fason g

139

21 B9 agHed ®1 HeW A= Wd AR, S
T ot o gRI geelt ¥ oeft @l €, § Ssfte e
F &1 IHEH HI e Tdell W gER Se o ferg
Tew@Ul ¥ 9% WA TR BIThR fafmn | T
FHIA B TEH  SESATHEISH, SEASEISH, Hiad
SRS, SedTy e Sufterd et €

319 TH 31T A Ui % ST FaeR W higd
FH, S A9 TS <@ 1 G aiikteE o e
e § Bl 81 W yifefadt § sferd aneft |
Fad 11 ae 6 s § wd ¢ (o 5.4)1

HHE -
- 1 g 151 16 | 17 | 18

H He

N | O | F | Ne

Cl | Ar

Kr

Xe

Rn
fora 5.4 199 s1Eee O @d 7ORE a9

e ereren w1 frefataa difdes o gr =ita
fopa =1 wepar B
o T sy Eited e 2
o T weft fewned H wHF <@ Ui et 2
o 3Gl qen gdl *1 o | TG %1 U ST
%1 2l 2
o T w1 YA qen S A= B 21 A
IS T SR 9 B SO et B
o Ty Tt Fifer Hemar o fo yew U
H qof fafya et 21
Tl 1 W 36 qed ¥ uRerterd et € T
TToh S o HEA SHYUl 9o 0T e &1 gk
T gRI @i T 21 A e i o A i o
T Few w TG € T Fw 0 (SE- M@,
A, AI9 Al SHM) Sgd WUl §, Fife &
=R o AL Heel € T T 1€ Y AN HAl €
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T W o w9 Sadey T el s gean e €
A @ o en 19 o fEm o 9r o H@iE
5.5 g ok Tam

| o fem, e ereee o e i, 9 %
iferer ol W T TraTfesal qe oY T Wit o aftomm
1 71 o 5 il W v fevere | Tl SR
SR Sitge 5 T 1662 W fehan o1 = forem, Tt
M Swei feran, sitaet w1 e’ e §1 91g |
TRH A o TR 57 a1g H 31 o T A 3T
i 1 @i o fau Swd Tl 9o T-ode H
A foram SRl qeun S SR A o T
e o aR A 3 GEAd |

5.5.1 Stget Rl =W ( STa-3THaT 9o )
AT FA o MR R Tad aiget 39 Fohd | 789
for ““feer W frm A Tafyera e (eratq wet
W TG ) W A IHeh AT oh SGHATTATT
BT 21" 39 ‘ot w1 M wed €)1 i w9 9
T4 3 YR o S wehd 2—

D 1 (FeR T q9 n W)

v (5.1)

= p=k —

v (5.2)

3@ (p) M —>

600K
400K
200K

v

AT (V) dm® —>

ferg 5.5 (37) (A= dr9i W T 99 & FaT V a9l p
& g7 g%

WA fagm

T (p) M —>

v

I (1/V) —»

faT 5.5 (a)ﬁyakwaw%a%www

Tel k, T feeris €1 feeris k, &1 7
g I A, 9 % dI9 9o 34 gREAl, {9 5] p
TN VI o W €, W e R 21wl 5.2
1 Jedafted & W ed U € T
pV=Kk, (5.3)
i ‘feer a9 W T4 w1 A= 71 #1 S qen
e 1 OAEA feer g 71’ afg T &t fAfvea mmen
1 FEeR 19 T W <& p, qM A V| H T fepan
Al 8 (S 3T v, @ < P, &1 S, 1 ‘afa
o |’ & STER

p,V, = p,V, = feetisn (5.4)
p V.
p—; = 7? (5.5)

ot 5.5 ® @iga o 99 1 3 YR o AEg e
g e e mn @1 fae 5.5 (@) fafvs @l
THIRTOT (5.3) B AF 21 k, H1 HH Joh T 6
o gerep-gereg ©, Fiffs ot T 3 g Ty g
o oIt 8 ohael a9 o T gREfdd e g1 T
% (Graph) f a9 @ Hefuq 21 38 wwardt ek
(feeR 99 %) B4 ¢ =9 9% S=d d9 § Fatud
B €1 98 A <F A o1 ¢ TR A T o < aen
fopell a1 &, A1 719 o1 SAIGH ST 81 Sl 1 WRoi
5.1, 300 K W 0.09 HieI CO, s 3f¥aq T TE o
H i g B
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|RUt 5.1 300 K W 0.09 HWiel CO, o 3T&aT WY I1a 1 TN

T/ I/ /vy)/ pv/
10* Pa 103 m3 m3 102 Pa m?3
2.0 112.0 8.90 22.40
85 89.2 11.2 22.30
3.5 64.2 15.6 22.47
4.0 56.3 17.7 22.50
6.0 37.4 26.7 22.44
8.0 28.1 35.6 22.48
10.0 22.4 44.6 22.40
fot 5.5 () pdA 1/VeF HeA AF hl =
p,= 0.2 bar ,

#2198 U fag 9 et g Wt W@ €1 S S
T S o M 9 foreer guid 81w aRtferfaa
o e o el TEr g T2 B 2

AT &9 § S % g9 98 g w9 8
o e srfuss wdifed gl 8, it o Th 19 &
fEU T geque w1 wdifed fran S €, a9 SHeh 3]
T T ST & SHHT qIe9d I8 € o S=e g/ Wy
feren o B St @1 Si9el o o BT ST
T o @ 91 e oh HEA Uesh Ga 9w erl 2
JRET & STIER ¥Mc d, 3T¥a VAl §99H m o

Ty d=%%laﬁ%ﬂaﬁaé€ﬁm$aﬁw

53 H § AFad &1 0 39 o9 § W, 9 74 I8 gau
oI BT B—

L (m)
“k,JP
e YT e © T feem @m0 w i o fafvea
ST 1 @ S oh FHMEA Bl 2

ST 5.1

e oft 81, T TR § I 6 d9 R SRS
T ot St 21 A€ <9 H 0.2 bar ¥ AR
7 S 2, A T TR He S 7 A 1
bar €@ W T 2.27 L &0 9l €, qf foher
AP T TeAR I Gl S Fehdl €2

T

sige o 89 p, V,=p, V,
I p, =1 bar @, V, =2.27 L,

v _PVi _lbar 2271
Va p, 0.2 bar
<[feh TSI 0.2 bar <€ T F S €, $EAY
34 (R &) 1135 L AFH a6k Farn ST

Tehell B

=11.35L

5.5.2 ©TH okl 99 ( aTq-3TTadT HaieT )

TR TohAleh 1 S—1d oM oh faT <med qen
TH-qfe 3 |l W el gEm feu) Sen srEeE
T & fop feer <@ W ffyea goomm ol 1w &
A A9 9@ W S@dl a1 d19 % HT T T B
=M e fo a1 v feilt § gfg @ dw
fafe=a A o oA § SR 0° C 19 o ST |
%émaﬁq@%ﬁ%lm:aﬁowwﬁcm
ferelt 19 &1 STEA wET: V, qe1 V, @, @
t

V. =V, + 1%
¢ ©  9273.15 °
=V, = V0[1+ j
273.15
273.15+t
L = (228152
¢~ Yol 797375 (5.6)

3g fearfa § g9 A9 o U ¢ HYHT Hi 39 THR
fuif it & & 1T 99y | toc # T, = 273.15
+t T 0°C &I T, =273.15 5N faa s €1 59 7¢
T WU i ke dd WUgh 37eaT UTH arg
(Absolute Temperature) AIAhH wed %I
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31d: YfeTad ATIHH T 0°C; THATT HIIHH T
273.15 K & SR Bid1 81 & 7 A 924 98 © T
W d17 WUehA § a9 sl foaa aue et o fog
T T @ T Srar @1 shfes A9shH g
T SR ATTehA f hEd 8| SHeRT I Teish
At #1E | feran S 2

o1d: Ofews ™ OTUshy 9 shfead AMIHH e i
o fou gm 273 (Ifus afys €9 9 273.15) S€ 3d
g1 afs TR 5.6 § §0 T, = 273.15 + t 9 T, =
273.15 ford, d frefafea dee 9 g 2—

T,
vo=v 1)
TO
Vi . L
=>70 T T (5.7
3d: Th T GHIHIU 39 YRR feran s 8-
V2 — TZ
v, T (5.8)
ViV
T T,
vV .
7= fers =k, (5.9
3 V=k, T (5.10)
4
T" p<p<P/
_%:5;315' J J J ?
-300 -200 -100 0 100
g (C) ——>

farT 5.6 3797 TF a9 (°C) F TET IRG

WA fagm

feeRioh k, &1 WM 9 %I A, TH o I qel
e T (Toed e v oo fven o ®) 9
fruifta fman s 2

THIFHT (5.10) =ed o oy &1 T 'Y
2, S = w © fF Rem I W T W @t
Trfyera amT T TaaT SHeR UTH AT oF FHIAT
Frar 81 =g = g T fRu e 9w (Sfeaam
) qe I % T UE Wl W@ § el 21 TR 9
I T deM W U @l i 318 o —273.15 °C
W 3id: Ge T 1l e W @it e fae
WIS B §, Ry Y SAFH R Fedeh 1@l - 318 |
-273.15 °C W fherdt & (1 5.6)1

9 qAT AT oh HEd TTH bl Jodeh 1@l Fl
HHSTE @1 Fed 2| AfE e 5.6 § t o A
~273.15 °C R o &Y, a1 = oh Y&I0N ol Had
fohan ST TR 21 W @ € fR R T 1 st
-273.15 °C R Y[ € Sl B1 31 qreud TE ® R
T 1 fede & T@a 81 ardd o 39 A W Ige
¥ 7d & T T xfod 8 S 71 9% <AaH HieutTeh
T, fSRamR T S ST BReft 8, 1 U0 9T (Ab-
solute Zero) & 2| §gd hH T TAT I= dd W
ToIsh T ‘sigel o e’ T e il 2l

3qTeIUT 5.2
YeId FEEFR H U& WeN 9dd "{Hd dm
23.4°C W TH &R i 2L 91 & 9 =1 56
weTSt &% WeTarR, WET a19 26.1°C W UE €,
o TgEm, A9 eI 1 STEGH F B ?
'A
V,=2L T,=26.1+273
=(23.4+273)K = 299.1K
=296.4 K

e o HIAER

ViV, VT,
=V, =12
Tl T2 Tl

2Lx299.1K

= =2Lx1.009=2.018 L
296.4K
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5.5.3 {-oaer Tom (STe-amg deier)
Terferd el o <A | e 9 : WHE Wl €, W
T o fe i W U srcafies W Wl @1 A g
7= e gHrEfSd el fohan Se, af SRR %e S|
el o foi o &9 U € foh e oF TR < !
%W B Sl 21 919 TS < o [eA Mg Heie i
S o 3 v fe, B f-orien fem
FHE I T TTh SER— “feer A W TRt
THfer wEm ol /| @ I SHeR IMEAH
[T gar g1’ e w9 6

\4 .

—=femia =k,

T

V,<V,<V,<V, v,
T 1 V2
5 v
E ' / V4
— T T T T

0 100 200 300 400
a9 (K) ——>

faT 5.7 : T 9 & @ g9 a9 (K) & 7eF SRG
(GH-3Ia 3IRE)

T g9 i A1 o 9 91 =ed o 199 g

ot freftd foman ST Hepan 21 e Aol 31Ead W e

q a9 (Shfeem) o A @ &! fa3 5.7 § <9
T 21 SHhT YAF W@ ) HEEEH FEd B

5.5.4 AR & ( STATT-HTET HaleT )

T 1811 H Tl o dwIfTeh STENTR H eTeed
v fagia qen -l Hge e fagid o

143

gy frepd o we uferem 3, @ strarmst frem!
o &Y H W1 Sl 81 $6eh STTER— aTq qeT I aht
T gRfefaa § SuE Eaqeret | § g e
T | 3107 B | 39T qe9d T2 ¢ foR W a9 ue
T feor @ 2, df T #1 T SHok v i
& T A1 3 S § 19 1 A0 W R e 2
ot w9 o en foe "ehd g

Von (SEl n 19 % Al &1 9&41 ©)

V=Kn (5.11)

T Hid T A s w1 G 6.023x10%
feifta =t 7€ 2, for ‘ emais) feerisn’ wed €1 98
o€l we 8, St oare Theh | § Hiel i i
o "2l 4 g w2

<Jfeh 9 R AT Al FT @A S qEI
Bl §, 31 Yo 119 &1 Tk Hiel, W 19 6 <&
(STP)*, Tt ard 273.15 K @ 1 bar (10°
Pascal) Bl 8, SHM 3Fd W@dl 81 STP W g
T 1 HeR A 22.7 L mol ™! Bl 81 s 16
HieR Fae |reft 5.2 o fean wn 2—

|RUM 5.2 : 273,15 K dT 1 bar (STP) W &S
Tl @ forex wfa et o Hier-sraas

A 2237
e SEATFAES 22.54
SRR 22.69
EESICRINE] 22.69
I EHEEEE| 22.72
aTeel T 22.71

Tk 19 o il 1 T ] AT 59 YRR
S FRd B

m
n=—

v (5.12)
&l m = 390 o SN T W1 SeIHM adl
HeR §99E ©, 37d:

V=k4% (5.13)

* STP-YRY ® STP w1 GRS 0° §. A1 1 Bar W il 30 YR & IER STP W &Y 719 I Ao 3TFd 22.4138

Litre mol™! I 21

Ueh UREY a10 Td e (SATP) 1 uRfefadl Fo o= @l W o e 2, sl STP uRftafml @ aregd 298.15 K
el 1 Bar (10° Pascal) 21 &d:, STP (1 9 g2 298.15 K) W 3Ty 9 &1 Hiol T&dH 24.789 Litre mol™! &l 21
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FHRIUT 5.13 I TH YHR YHAfGATTd foman S Fehar
Fa

M:k4$:k4d (5.14)

Tl d 19 o1 e & T 5.14 © g9 Frehd
fepterd € o forell T o1 oFca SEeh HieR §eFEH
1 G e 2l

T 19, S SEe o T, =l o e qen
A& o o 1 gola: qren w §, atEst |
A €| T8 T hieqieh ¢ TEl HH Sl € o
eyl T o sl % WA Wl S-S o
Sufted & B €| afas T ohad $ fawm
Tfifeafaal §, & 3= ot Wi 9 9 0T g
€, 3 Tl 1 wer et €1 o el uftfeerfaet o
o€ 3yl Faer 4 fa=er it 2

5.6 TETT T AHIHIUT

A Frreml, fent 1o g9 o/ dh R ok §,
Teh ISR o gRT SISl ST Hehdl 81 3H 1S9 4
HHRTOT Ed Bl

feoR T @9 n W V=t tae 1 frag
p

R p @M n W Vo T 909 &1 190
R p @M TR Ve n SAEME &1 20

T
d: Vel (5.15)
p
T
V=Rn? (5.16)
R U& gudfas feeris €1 GHieor 5.16 i
AT 7 W ed I € T
pV=nRT (5.17)
_pv
R=— (5.18)

R &1 ‘T fodien’ ed €1 g 9t 7@ & forg
A Bl 81 37d: 39 wratye 9 Fradiew o wed
21 gt 5.17 1 anEyt T\ wHteuT wEd B
et 5.18 <3t & fF R o1 A 39 Shedl W
el o B, fS¥ p, v @& T 1 |9 ST 21 A
Giffertor § i =) F@ e, a =i i M Sy oS
Hehdl €1 39 THIHO ¥ € Ed ® foh feer a

WA fagm

<@ T R 19 % n A 99 ST W@ §, FE
nRT

V=7 Tl n, R, T 4 p Teer 81 wa forelt T

RN 3EY SIEeR oh T BT §, dl I8 HHIH
et off g W o] & "l 21 STP uRfeurfaar o
(273.15 K @1 | bar ¥@) T Aicd < T 1
ST 22.7 Litre mol-! BT €1 37 uRfeufrat & w
Tiel et 19 o R o WM %1 0T 39 TR 1 S
ekl B—

(10°Pa)(22.71 x10° m?)
(1mol)(273.15 K)

_ (10° Nm)(22.71 x10° m?)

~ (1mol)(273.15 K)

=8.314Pam?K ' mol (& 1Nm = 1J)

=8.314 x 102 bar L K! mol!

=8.314 J K'mol!

STP uRfeerfaai (0°C Ter 1 agHeH™ @) ™
R &1 AM = 8.20578 x 102 L atm K'mol! gIdl

2l

et 9 gt 1 Hay 39 9] =Y 9 @
fdt 79 1 Sfeen H1 AN wal &l Id: 39
JTTEAT HHIRTOT ot hed &

e TS T TRl WG foer | 7 =
o wHerfre IRede o faw @1 =fg et fafyea amn
et T H1 AW T, A V, M@ p W,V
q p, T UREfd e €, @ &9 fora wed € R

T, T
bV _ PV,
= T, T, (5.19)

T 5.19 T ST THHT ¢ A ST
Do H 9 U™ W % AH A e, o SR =R T
TOET RO (5.19) BRI T ST Hehell 21 36 HHIHLOT
1 Bge | Fem wed €

I 5.3

25°C T 760 mm (Hg) I@ T TF 6 600 mL
AFAT B B fRE ot TH W, Wl a™

10°C. 3T¥dA 640 mL B, 19 1 <@ =1 B2
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'

p, =760 mm (Hg), V, =600 ml;

T, =25+273 =298 K

V,=640 mL, T, = 10 + 273 =283 K

V. V.
Hop e e % STER p;—f—”;;

Dy = Vi T,
= > T1V2
(760mm Hg) x (600mL) % (283K)
= Dy =

(640mL)x (298K)

= p,=676.6 mm (Hg)

5.6.1 FHa uated T 99 UE HioR
T
AT T8 HHRTO T YA T W EH I © 6

(5.21)

HHRTT (5.21) 1 YAHGREd HH W TH Th
19 o Hiel SeTHM 1 TUHT i o oy fefafed
oY g W © —
dRT

M ="

D (5.22)

5.6.2 Slceq ohl VTR STd okl HIH

30 a9 #1 S Sfeed 7 99 1801 ¥ wfawrfed fewam
3T TR 3 Toram & fadi= Tt ok fustor ar
Fel ST6 Yok T o 3TT9TeR 1 o 31T o SRTeR
BT @1 7ufq 9% @ w9 39 TG H 9w gHH
gffeefaal o, TUH ST aTel U § gUrh-gerg §]
fohan ST 2, Yo 9 gR So R T I@
3NifoTeR g1@ Fed 21 o w9 6

145

Pyo = PP, * - (feR T, VW) (5.23)

Sl p,.. T % fagol %1 el < 8 @ p,. p,,
W%Wm%

Gl I HHRIG: S % S TS R S 2
Ia: A 9 it &1 TG 1w, foew Stetersy off gt
2, % IS | ¥ Seiaraee M W Sk T % 9
1 TOMT &1 ST Gehdll &1 STTa™d gRI1 T SHeled
T h TeAlT a9E’ wed &) fafem a" W S &
AT aE i GReR 5.3 ° feEn wen B

S IEEEICS (5.24)

Py i = P

|rul 5.3 fafus 9 o) ST SRt St 91 ((aeT-2e )

qra/dm
0.0260

qld/bar
0.0060

qia /K
295.15

qm /K
273.15

283.15 0.0121 297.15 0.0295

288.15 0.0168 299.15 0.0331

291.15 0.0204 301.15 0.0372

293.15 0.0230 303.15 0.0418

S 39T o w9 | 3PTeh @ a9 T |
V STIaeTe 9 | 9 T, SR i e e
D, D, 981 p, %T@'TTI'SC%HBI
- uRT

D v (5.25)
_ IR 5.26
Do v (5.26)
_ ngRT 597
P3 = v (5.27)

Sl n, n,, 91 n, & 6 & Hiell B gen §
Py = DT P* Dy
RT _ RT . RT

=N — 4Ny — + Ny —
1V 2 SV

(5.28)

R
= (n1+ n2+ ns] 7

plaﬁpﬁﬁﬂméﬁmmqﬁ%ﬁs—
D _( n, JRTV

Prota ntn,+ng ) RTV
_ n _y _
ntn,+tn,; n
STl n= n+n,+n,

X, e |
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3‘|ﬁ:p1=x1p§m

Tl YR 311 < i ok Ty e n for@ weRd -

Py =%, Ppy T P3 = X, P

3T Teh T FHIRTUT 1 39 YRR foran s
kel &—

P;= X Ppy (5.29)

W&l p, A x, i 79 % FHEAA: ACAH T SR
At @91 &1 4z TG & fasor 1 Fe 3@ 7@ e,
GHIRIOT 5.29 o NI Ycsh T8 W Scq= AT 1l okl
Ja foran S wepen B

3SMEXUT 5.4

T ArsTi-grstiods fagm o 70.6 M
STEATSRAISH q1 167.5 UM et €, 9 i o
a9 &1 e @ 25 bar B, A 70 H A=
oI SIEATRATS 1 T & A B2
&

SRS & A 5 gen = 008
32 gmol™!
=2.21 mol
A % el %1 Hem = L0108
20gmol ™’
= 8.375 mol
Sleeliom o el 31 =5
ST 2.21+8.375
_221 _
10.585 "
8.29
=222 _0.79
AT o5 HIA T I

37 €9 § 31 ol Hidd 379 =1-0.21=0.79
T T SARE @ = WA T x FA I
AT 1 AR

=0.21 X 25 (bar) = 5.25 (bar)

R ERCT R INEC

=0.79% 25 (bar) = 19.75 (bar)

WA fagm

5.7 Tfast St TS 37Uk fA

i o 310 fReR fq e Ted €1 i e wme
g TH | SR U 1 Gari o WY T B
THeh HRUT UL i T SR Sl ufafad erdt
@dl B gEfay et off emor wsft syopeti @ wfa
3R Foll Tk GHH &l eI 3T: TH STUSH ki
nﬁrméﬁmaﬁwnﬂﬁaﬁmméwﬁ
H‘Eﬁﬁnﬂ'ﬁﬁﬁﬂﬁ"ﬁmu ....... u,
e @ ST W SiEd T, u antrﬁwqﬁt-r

ghR 9§ foRar ST ST 2

Fdd iR diesmE 3 wi¥a fra %
T w1 aTEdfaeh fodeor 9 o Sfveesh §euHM
FAR a9 X R e 21 Heae 3 e o fawi
T I STUS h F@ T h o AT Th
T3 61 gor foran- fem-5.8 # < o=t @i T,
SR T, R i # Hemn iR enfew a5
T Y% I T 7| A H fE@me e nfadt &
foqeor w1 wfae 1 Hegad-dieesTE  ferdwon
FEd &

Frga
T M (u,,) T,>T,
Afq g9
T (u,,,) / culif
B < T ()
Bl rm=
B | 9%
B

(0, 0) e

fere 5.8 Tfal 1 HeFgde-aiceTa faaRor
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T W Ial =t © TR oga eifush iR wgd
T TG ST S H GEN ¥gd HH el 2l
T w1 v fag @ wfa wei¥| s © S
AfpaR e+ e ?1 zw wfa w el
e M,y Fed B AT A H i T
o wgd e B B1 419 SgM @ eifa Haren Tifd
93 Sl 81 SHeh 3TfaRferd S=a 19 W T feraeon
o5 gl B Sl €1 a5 1 =iel B feEn @
o sifaer Tifd @ TIfame STopstl st W ag St
g1 a1 oo et o germm W oo fek
T T THF d9 W 3AfUeh FeAuE orel STupet
#1 Tfd eeeh AU w1 qo W i B 2
ISR, FHA q9 W gesh SIS AU A
FARA A0 | o T w21 erd: fepet off
XU T M9 W A o T[S & AT A
T A o SRl © St Bl ¢l A
AR TgSSH o Ul Wi TiaAl o o @i
fo=-5.9 # <fEu Tafy fed Ff a9 w® 7ot
1 froft nfq ufafda ekt wdt @ w= it
foaeor =t Tl 2l

¢
@ u,, FAE o fag
;E u,, T & fo
=
E
afoger Tfd -

e 5.9 300 K @9 W FARIA iR F1seierT & s7oeit
&1 Tl #1 faawor

Y S © T fordt o1 &1 Tfast St ol
frrefafiead =ster gro fean s 28—

147

Trf%m“m_vﬁ:%mur"
Tafere afe &a 19 & Hu w1 et Y o

TN W A T S, %muz,waﬁf
& & W e F U o % shw,

W2 Hl YERIdRal el 38 e YRR 9 Wi
fopa ST 2

J— 2 2 2
e Wt u,

n

T o o w1 SiEd T o STupe Wi eiiEd
TSt STt T Hem @19 g €1 A gw e %
o1l o 3Fd HH T el of df e Tfa & S
HH U i € 98 Al HHe M IR S i
¥ =1 Biel 1 9 T % =t weT get o (Root
mean square speed) Fed € 3R @ Frefafaa
v g & S gl

a2
urms_ u

ot Are g o, ofi|a T @ik eifa Hearea
fg ¥ frefefed gy g 8-

u_>u >u
rms av mp

A et w1 e fefefEa e 2

uocuocu 1:1.128:1.224

mp

5.8 TEl whT 3TUTTiaer fagta

T8l B4 o Tl (siae fam, =red fem enfe)
1 7ee fman St afent g0 U U wreEfites qet
1 Tfer HeM 71 3 SRR fafe 1 e SeeiEes
W W EH U € foh hig e fafv= aitfeafaai o
Y SFIEN H ¢ S YR det wfid 8 S €,
9 oA I8 WA o T Segs ®d € R e
39 YHR 1 HER F i 87 serwnd — 79
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o 5 ® fof ST <1 srern i 7, 9 T Hifea
et ®, W g9 98 o W =R foR s e wditea
1 Sl €, q9 ok 3AfUaeh &R 9 o1 Bl 82 39
e % S <H o fou wew fagia s e g9E
fagid sUR STaciiRl i oT=Sl e WHEH H UHh

WA fagm

fafma = g 7, srefq fafere smp #1 S ®
Red B Wehdl B, Wq P ol FEeR o well 21 T8
AfTEla 39 qea W eneia € o 79 o1 T vider
I SO T B €1 AfE T ok Squpe R I B S,
a9 TS B WA, S arafas Yeror & faada

Higel 1 1wl ¢ o8 fHgTd, S TH o HeuER
1 TR0 1, T T AU Tagia’ e
21 I8 Ty e aTfvaes fagid % YER 2

G e fergia g e A
T F| A AR 3T 0] qe WA ¥ Heifed €,
fSeht 2@ & S Hehar @1 or: 4 fagla T %
geaaell gfeey 21 fEl & epfa fagia w snenfa
UM G STHH Sk TETiTeh Yeroil o 3T&d eI ©
T T A o HYG Y Hl LG H T —

9 eAferen HE | GEEY Ul (AT 91 377))
Y TRt Bt B1 3 U1 54 BR-BIE qel g
TR e T FF TH-210et &1 el e STk T
o o T 1 qor § 0 g @1 g e
i i S GEHdl i oFed Ll B

Y= A9 Ue < W TH-RUN o HeY g
RN Se1 T el B 39 AR 1 SMUR T €
o 19 gafia ee S fofy, Suetsd T &1 gufa:
B ol © 991 W o9 U <™ W geighd 7el
B 21

9 % U AR e ST § ®d 81 9K
3 07 Teer sraen | B, a1 19 U e ersfa
TEUT T oidl, TR T Werd giar et 2

T o 01 Y dd e o dielt Y@ | e
F wd 1 AT I % A A 9 | st I
%1 AR ¥ THA Wd €1 T o gR1 Scqd S, U
Rl W 19 % Uil gR R MU ERl %1 ufomm
g 1

T o AU o HeA WeeE YUl WedreY Bt B
TR A I8 € T Heree & ud ud uveq Srust i
Foll GAE @l 71 HeeZ H SYUS oh Hed ol ol

gfdehel BT

forelt oft @ T o fafem ol o1 o fam-fim
Bl €| Horaey foafie Tfas $d it 21 98 qed
& 3k o H ufied @ war @1 A weft eropen o
SR A A A Ha % T s
TSl HW Bl Sl 81 TR SHeh A fae-fare
g S B ¥E o7 AR uRefdd g Edl 21 56k
FrerR A= a9 R ol T fIawor gue =4 T 7

g weh 310 § fafem am g €, @t STkt fafie
Tfast Soitd, BT UE uRfeerfaal & &0 ohae i
TS Sl i T T Fehd §1 SO T o U
AT T © T T8 o Sruetl T Sfd TS Sl SHeh
A 19 o GEEU S 71 TE S T ¢ fw A
TG W T 1 FHR B € U A% e feer @
ST, | < dEd € (Aol 9o Nl w1 ) | T
T fRT SW W FO #] S S a9 S €,
a8 3 1= A PR W Afuw dSt ¥ TER HW 2
Hed: iU I I BT 2

T 1 STopfa fagia Ssifas €9 W -2
o TeA Gey g T o fram (Ree sreee wn gd
el o Y ek &) ol Hiquiied i B

5.9 3ME9f =HagrR ¥ o=

i w1 Sgifaes gfaey gl sl o 1 2
FfeTE T I B §, 9 BH I A hT T
# € fF pV = nRT &1 Ga¥ e qoh T4 o dqr9-
-3 o HEA Ha®l o1 S1C Tdl 81 39 927
Tl O o T &9 T4 % pV Wi p oh foeg 3@
e 21 afe & Framgar, fer " w pyv fer
B W6 G pV 3R p o HeA 3@ o et @
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(S 181 & FAFIR 7) 9 e =nfew) (fast 5.10,)
273 K W fafim 76 o orafass stfel W anenia
T YR oF IR@ I <M 2

pv —
T
©

0 D —

e 5,10 39l 9 e et 9 @ 7T pv a9l p &
e SIRE

€ AT W <@ S Gehal ® foh fEeR a9 W
arsdfees 6l & fg pv den p % weA @ o
et Y@ w7 Bl ©1 3 eyl e er 9§ T
forarer fe@re 21 @ a1 9 YR o o fo@rE 21 2
39 9% § SEeEgeH o gifaad o fau 3@ sgH
W pV o1 TH i G Sl 81 e AAleiedEs au
e o foru fedta R o1 oo fietar 81 36 ThR &
Ik § YR H 3TSY FeR W FHoncHes fagen fierd

149

ElrsIcCokic

| b

A\

A —>

ferg 5,11 375 9 qe At 9 & 7T /-3
& T SRG

U <@ T T arsdtaes 16 et aitfeerfaar
argd, A qel &Sl o | 1 qol w7
FHedl T 3 I I SR T
@) T ey SRR o oo w6 <ud €2
() o i o gifeafaai €, s T ®i Tesia 9

ferafera st €2

IfE g9 Gi o e1up-Tfa fagia i eifiremon ©
AfER *, d@ 4 39 T 1 S U S| g9 i
& fF eru-wifa fagid =1 1 Fegmd get 7 &1 9 T
() T o Rt o HeA IS SARYU-a TEl el
(@) TG o ST HT AT T R =R T A i

21 I 9gH W IRT § pV T AH F eHh, AaH
TR doh gl ®, TR o € @I aneel 7 ki Y@ i
N H{eh ST ST Toreier Sl 1 31d: e g
¢ ToF areafess 14 stge Frm, = fram qen stemeE)
e 1 qul: oo welt feerfaai o & et €

e CE-AEA e Wie S 8, 9 ey
EeR § faeer Sl €1 Sl 1 ordfersh Tl oh
T a3 3T o Wi 3fiehs qen eyl Ty
& foau afFe & faugar dgifes &9 &t ToEd
ot B =few fas 5.1 H ¥ o fem §) 3=
T T AT S IR S 9 Sfue g @,
Safer 7 J@ W AU 92 IReRfad & Th-35R
o T B €

g | Sgd 9 Bl 2

AR () kol da Tl €, 5T 719 heft off
gellehd A @1, oifeh 89 S © foh 381 i W a
Tifed o W TG i Selihd fopan <1 Gehal ® qen
59 & et &I gdifed & s g @, stufq
T I Ta TS B © R gaw et § st
& emdd w1 foly & 21 A el (@) @@l
2, A -3 @ ¥ ardias 19 o TR
HAiwe qen atgel o e W i dgifae Tl
Th-THR o FUrT 8 =Meul

Iredferh T 3T1Ret SRR ¥ fa=er safery guidt
g, Fiifer o70] amaE W = fRe N B e
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T HUST I UE-UE A T YA R 2, Seih
JITREUT 9 AU I Th-TR d T L H1 TIH
Fd T =9 @ W A9 ok 210 qof giae o G
o T R W T T €, Fifen snfoeae syreRtr
I oF HRU 9 U Hi SR ST TR oK WY
ARGV I TegE FW | T TG & st g U
1 R W S e 1 FAIfeId el &1 o7 Idferh
T o BN S q@ AN T o 9 Y FH Fe ¢

pm&f:paﬂaﬁm’LC\l;
Uferd <@, SefEa o]
el a T Teea 21
7 frofq o wfqedo oa o el & S 2
Hicrertor ==t forard e W § Eidl € 9 S/ 3]
Tsh-GE o T Heh § BN €, 79 3 Tiefsh &l St
g1 7% feufq S=u @ W S et 1 Hiaedor o
31Tl hl e, WY AT Tt T g F_R HH &
fau aftd wxd €1 Sropet o g S T etHdA o
el B S ®, Hifer 3] Vot | foeror &
WA W (V- nb) 3@ H fo=ro & & fag
Hidiferd 81 W €, el nb T o 3YUfe gRI R MY
ArEdfesh ST o oIS ek 81 b Tk e 2l
TE STEAT oh T WIMEA Hl AW H W gL BA
FHERIOT 5.17 i 3@ YN for@ ehd e—

(5.30)

2
[p+ ;;”2 ](V— nb) = nRT

(5.31)

GHIRTT 5.31 I ‘AT THER Fed Bl n
9 o Hidl 1 G Bl a A1 b aletene fetiE €,
SepT 7 19 o =i i W e e 21 a @
T T o STU[e | SHqU-STU[H STRNU Sl 1 URAT
g, S a9 e qe W R @ s R

% A9 T A - 5l el B S ¥,
Fifer 0] wH S ¥ T HW €, e A )
TH-TR F MHY o Y 59 B | Srdforeh 19 qa
eyl SR YR il €, 6 -3k &
T &Y § UG Bl S| St 9 e ot et
HIER YR HLAt §, 5 @ YA & S

WA fagm

3Rt FeeR ¥ foree &l Sdigadl #Re Z §R
AN S Hehdl €, S p, V @ nRT o UM%
I B B1 o w9 |

pV

nRT

el el o e z = 1 e B, it @t A

TS §@ W pV = nRT Bdl 81 Z T8 p & T4 3@
e W e W 9 St |, S Qe 278 o GaEial
gt Bl (st 5.12)1 37 6l § Z 1 7E s W

(5.32)

N
1.8
1.6 N,
1 H,
4 O, cH,
% 1.2 CO,
aTest g
S 1.0
Q, \/
4 0.8+
0.6
0.4
0 1 1 1 1 1 >
200 400 600 800 1000
p/eR

fer 5,12 o 4l & giiggar FRF ° TRadT

foafera & < 8, S emeyie @ fawem i@ €
et </ W e |9 T ok Tt 2 < 1 g ©
3 3TeEl T w1 G SRR H 7, W I T R
Tl 7 o few z > 1 2 81 st 3 Hiifed e
wfad g &1 geAed! g™ W Z < 1 gl @) 3a: W
T GIRT SR TR STTEaH Sgd 3ifieh o, A aretadh
Tt frarfar & STUTeH T ST TS WA ST Hehelt
Bl o= vl § — @ e agd 9 g €, o i
SRR Afeen TEY 81 S €1 fohe < ek T ared
ol 1 e HT, TE TE H FHEA qe 99 W
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el s 21 9% qm, fSEw 1 arafas 19 i
<@ H AR W Sy T i eER wl €,
A A9 1 S fog, FEerd 1 Th 19 H1 g
fag 1@ =) ypfa W R w21 afga foag @ o
ArEfereh T STEITd W eTeHeh forrer uidl € el Z
1AM Tk U 31k eial €1 T0pAl S WA SRl ot
Tgd &l B 21 dfF fog @ N 3@ W W
ArEdfeh TG w1 Z 1 HH R W %W Bl © a1 I :
T dGH W Z 1 HE AR S&dl Hell Sl €l
ST AT ¥ I T el € o $=a g qen f=
@ W ArEdfesh 19 31eel wraer guiid 81 faf i
o foru 3 wRftefaal fam-fae g 8

Ifs g0 frfafed o= &1 @, @ Z & Hgd
o g 3fi stfrer e 9T Bl 2

— pVEIT{?ﬂ%W
nRT

g 9 a7eyl SHaer <9, at
v =nRT
@t p

niTésqmaﬁwﬂwsss T @ W Ed

a © R
7 — _ e

(5.34)
VC‘}TI?{‘\’f

THIHI 5.34 ¥ T T R Giegar i T
o SEfereh AeR AT qel ST a9 Te 3re 9T S7eel
T o HieR 3T <1 3T 211 ¢1 39 T § &1 21877
1 fop et qen 5o eraen | fadg e qu9e e
T Ao FH ST 3R =9 SfUad Y & |
%8 1 119 o1 7ad Sferee HH ST Gehdl 21 84 I8 ot
ST o T o A % A S e
foIu woard =kl 1 ST e YR fma S @)

5.10 FAT RT FEATRIOT

Toreit Tl h1 T e S TN oh foTu Sa-3TedA-ad
geei oF Ul SATRe YW GR oMY TS A Hed
TrReiEEEe % fou fKul sl fafem ardl W
STESTMFIES o THAYT @ W9 (o 5.13) 1 I |
=g U T TR aredferes T e SeesiieEe o HH

(5.33)
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ferT 5.13: fafs ardi @ Sh1e SE37aIES o Hard IRE

EER <t &1 Urgsl + =@ foh I=d a9 T HHardt
ST SR 7 & TATH ST % WA A | S
g ot wrn fop S=e <@ W f 19 6 gfaa Tl fman
S Hehdl 21 59 A9 Y RIS 2, @ 99 1 Sl
Refda gl St € qen e oTeyl R 9 fawed
T €1 30.98°C W 73 TIRHSHA @ W Y shia
eSS Y 5o sraee ° wd 2 (faw 5.3 4 fag
E)| 73 AASHE I@ W HTe SESAFIEE Tgall aR
%a el W Yehe Bl @1 30.98°C A9 e
TEATRIES 1 hifdeh 1T (T) e ¢l I8 o8
Afereham qm 2, foIR 59 w1 SEeiiEe e gt
2 qen AT 99 W ¥E T B 2

hifdeh O9 T Tk Hiel 19 1 A= shifaeh
I (V) q1 39 9 W I Fhifaeh I (p)
el

Shifdeh AT, Shifdeh Q& QAT Hhifdes ST ohi
‘shifaeh feerien’ hed €1 TH: @ d@H R X9 e
SRlaEe Hdifed & Wil B @Sl Wl %9 e
SESFIES % GHAM SR@ w YERE w2l
ST @ TgM W Fiead H Y =JAd1 Fal i
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FH Giead &I Y[ Fd 71 21.5°C W &5 B d%
e SEAFES T e ¥ wdl gl g B W
fafire e1maae =1 59 9 el 21 9ok SUia gted
W @ qREfia T e 81 59 qen T e SgsiRe
Y- wA BT YA @M WO HT G
arferer e € e fag ¢ Wi e 21 fog ¢ W gd T
GEfT &1 St §1 qeeee I < 98 W g 9gd
FH HAifed g1 € a1 T stfagen @ faed €1 v,
YV, T AFE W ged wdied p, ¥ p, T H
srfegerr s @ (Forst 5.13) 1 30.98°C (hifaes @)
Y 9 Yo% a9 T YR 1 WI TR e 2l
Y AT T heel &fast @1 %I @arE ¥ gig sl 2l
wifaer fog W &fast 9m wek fog o faefia & s 21
31d: B 2@ ® fk fo 5.13 o fag A g sreren
1 T HA €1 D foIg 59 Sraeen i yaf¥ wHn
2, ot 39 fag @ F9 acqw mpfa o e
STEATFAES hi g el TE Sfereen Freeen | gl
21wt T feer 90 W e (HEard wded) W
e SRATFAES o HHH EEN TSR Hidl 2
SR e 78 ff <wid € & i o faw Tt
1 hifcer ar9 @ == 381 feman ST Hehan 81 shifesh @
o SAehRan a9 gl 8, T geiehd 19 gem 4R
fe@r <t 1 ol i (sreiq 9 T, Sz % AE A
AR ST foree Taf¥a Sedt &) o Seiehion &
fau a9 § & o Wg-Y gA| ghed Aavas
gl 21 Wled, 9 o e & uE-a A €,
SR A9 HH FE Y TS F1 T FH & S S,
31T STV 3= fopan &1 A TIfaefiel S7opsti i
G-I HIA § 9T 79 gelhd 8 St 81 Tk T
%A W 991 59 i 19§ T Weed | @d g giafid
fepan < wehar B1 SRoned— st 5.13 W A9 AgH W
S g9 fag A @ F 1 3R 9 €, d9 39 GHard! ok
(31.1°C) o ®WER TEeR aM R 719 =i gdifed wH
W fag G fierr 21 sHoh U W A9 HH Hich
FeateR e i R fag D W W €1 99 € g fag
H & TR &3 ¢, 99 & eH 59 91 g1 7, W el
off q yreemd sufterd & T € Ak @w wREe
Fifdeh d9 W G B €, A uSref had TH €
e | Tl B

WA fagm

31d: g8 qen W sraeen § gqe (Fan) @
TH Hqcd SEE 1 TEEFH o foq 19 91 g9 o
T 9t U R TAN H R S 8 3T 59 I g
& Huffd &9 H @1 S Gehdl 1 Sa a0, Hifaeh ard
Qo A9 W E § (qU SHRT S T[EETA T
o Bl d %o aun 1 o fadg fma s e €, Fitw
7q ufifterfq § ga qen 19 wremeeen § 8 © 3w
e o we fadeent) wd faar <t 21 75 favd
A w1 sruferfa H ww feh off fafy g @
sraeenat | fase 78 w2 gad 71 wifdes a9 WA |
%d 1 YR 19 qel Had el ©, & Wl
Yok HIATCAl T 21999 & Sl € (T 5.11.1)1
wifaes a9 § = frel ot 719 1 herel @ agET
Fellehd fehal S Henell 81 38 S® Ugref w1 o shed 2|
Hifqs q@ | = FraT SEATFAEES &I HTEA
STEATTEE O’ ed &1 e gait o shifadh feerieRt
& WA 9RO 5.4 § fRw T 7

ARUT 5.4 FS USTAT o whifdeh (eelich

T, /K p. /bar V,/dm® mol*

H, 33.2 12.97 0.0650

He 5.3 2.29 0.0577

N, 126.0 33.9 0.0900

0O, 154.3 50.4 0.0744

CO, 304.10 73.9 0.0956

H,O 647.1 220.6 0.0450

NH;, 405.5 113.0 0.0723

ST 5.5
s g Tiifter wifas qu @ 2, fee
RHTOT T o STU[SH o HeR SYaNIUEh Sl W
it Shear 1 STHITR qe e SESATRIES o
Sifdeh a9 HHY: 405.5K 921 304.10K 21 4
T 1 500K ¥ FHETGT d19 deh HH HY, dl i
o T Ted Feiehd eil?

'

ST T FAHIOT TBS BN, Hifh SHhT
Shifdeh A9 el U< 81 ST e SE3iiaaEs
o gelehtul o TeTu 31X eAferek itder s i
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5.11 o 3197
T ST HY IO W, T TR H S
afferen Jeoel B4 81 Seh 1] Sa4 UG- B § TR
Ik T o T Sgd A el 1 O aiiefaEt
" g %) go o 59 eifesk g B 2

Tl o 3] SFASU[H SAHY FcAl g S T
& gdi 1 eI HfYEa g &1 iR 7] T
T gk €l e ¥, Sefh 59 o 0] Yo &9 H THA
F wd €, oo 59 yafed @9 €1 59 I TR U
Y TR I H STl S Tkl € a1 g o o 39 @
A1 B, S 1 ATHTq Te0T T ofdl 21 TH @S § 8H
59 % FS TN, S~ TSR, TSI q A H
ST R

5.11.1 dqUgTa

7fg W faifad ot &1 53 9 e ®9 9 9 S
2, dl S 1 D A AR Bl UTS o 9T SAFA
1 9 B YRS W Fa A1od Bl © qe o o g
%d &I g W AT T I (arF I@) H ghg Bt
STt B F® THG UvE 98 feR § S ® qen
T~ UF ar]-STGXN o Hed 9 i @l
Sl B TE ARl H ATEe W SATeeTe e
I ATIETe el g i TS i giehar ad W
e it ©, o7 Fordlt 59 o araerE &1 == e
G A9 1 Seoid HET SEYTEH el 2

e 5ol 1 Gel a5 § TR TR S 2, 99 98
T Hag § arsdighd il 81 Sl g 1 SIS el
T o A B W1 €, 9 R K T ORI B
ST @ q1 |TSg 379 IRESt H ged Y | gEifd gl
21 9qUl 59 & e ety fefa i Seer
ed g1 98 a, SR fFE g9 &1 amIRE 9™ e
o THH B S §, U€ SH <6 W Ke 1 e’
FHEAM Tl TP WH Tl o aAEE A 514
T Y &1 Teh AGHSA Sd W Sl i |TH=
TR Fed 7| AR & TH bar &, @ TR H
UFeh FaHleh %ed 8| el 59 %1 A e
T FGoHi% | T W Bl ¢ i Th bar &
T AgHSA T ¥ HO %Y Bl ¢, 3 Sl &
Y FELAIR 100°C (373K) §, Sefeh A FaMish
99.6°C (372.6K) &I
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900 A

800 4

760 -+

700 A

600 -

500 A

400 A

araere (THfH Hg)

300 4

200 A

100 A
60 T

|
|
|
|
1
1
1
1
1
|
|
|
|
|
|
|
1
1
|
1
|
|
|
1
|
|
|
1
1
1
1
1
|
|
|

0

lzgsx T T T T
273 293 313 333 353 373
a9 (K)

forT 5.14

I=d AN W AIHSHA < HH Bl §, 3
TEAA &1 ol H I=d AR W 59 HH q9 W
el 1 e TeTel W St %Y A9 W Saeldl §, 37d:
A Hl TR o AT U¥R Hehl 1 SHHA BT
el 2| fafreqerl ® vea-fwan o #m e
IUHION T AlFerd H IaTeTeh AMIRfed fohan Siar
2, Fifer siiciata & 7@ W 9 W@ <6 a51 9
3o fHfed STet o1 Faeris g = €l

e B 59 1 &S U H S ©, a9 FaeH el
BIal B T A oY S TR SougTe Sgdl €1 IR |
e q1 TS S HeA Uk e Tt fewrd & R,
Fifeh %o SIS 1 gorl | ATeeh To Bl 81 -y
A9 G S ], -S89 SAfreRTfyeh 7] STy e
H ufafda gt € de TSy 1 S Sl S 21 Hfeh
3] - B €, € I TR B &1 4 o qel
917 T T THM 2 Sl €, T 59 91 oY ok TeA
1 G- 21gvd @ S @1 g ag ‘shifass
e €, fEeh! =ren g9 e 5.10 § w9 2l
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5.11.2 U dAld (Surface Tension)

Ig Tefafed 9o B & <9 U 1 TR T HT o
&1 wehdl 1 < Tag W held i S TMeAwR AivwehT
& ¥ H & et 82 0 ok dd H g F H0
YrE-geh ol B § qe Sred Rl o W Wiy
e sl S €7 ShfSteRt Tell bl %9 ol o Hueh o
M W RIRT Tl § S W@l Ael Saial i 8?2
3 geft yeeA 39 & fafre o, 9 ‘ge-awa’
FEd &, % HRO A T 5T F TH G § TH 0] Tt
fegmatl | THH STRT el S Tl § el gRomH
RT Tt I BT €, T Hde W e 310] v
1= oF STUL3AT o R 59 o 31T Hi 3T AR I
I9d A 2 (Tt 5.15) Fifeh gk SR 1] e
Bl

Hag! 3] :
za H 3T &I
3R SRt
gt feemed
w | H e
—
ferd 5.15 : 59 &1 Ga8 W 77 59 & 377 9T 877 |/
SR &t

59 STTH T i AdH H F1 YA HIAN 7, TdE
o SUEHT T A o A T AR B © AR ST e
gS o Sufterd o7ups w1 el 9 e B @ wifw
TS o [ W 2 g &l g1l safe e it ggfd
g R Y U] TWH 1 el ¢1 A G H T 9] e
TR AR HAg I TR ST Al SHRY FcAl hi IR
AT BN Tk foq St =59 Bl 81 forell <9 =t
qag | Uik ghg o (a0 STEwas ol &l ‘O&b
S’ Fed 71 TH! 3HE Jm? T 71 Tw W i
TE Teh W@ i Thish dae W AT dic] TAded 9l hi
‘gs3-qera’ whed €1 38 e wsk y () 9 weiE
F% T TEhT 3T kgs> q1 SITHE H Nm! €l

WA fagm

21 frelt a1 1 Freae Seie a0 Bl €, S 3Eeh
I3 & freaw = 39 feufa & mesfa d@qs
Fd T L HRO1 § fop i R S e wehd w1
AR R Bl & Gl hi= o 1807 Tl hl TRH Hieh
Fereh el ST ST Eehell B TR fRT SIH O hi=r forerern
2 1 59 1 TR el ST o o1 TS Ll @,
TSy fepmrr ferehel s e 81 39 ‘i b1 Stfiq-difersr’
(Fire-polishing) ®&d &

J3-T1d oF hRUT Teh ShyMIaiehl H §d Fgdl AT
A B 5 TGS B A9 HL 21 ¢, FiH a8 e
WA o &Y H o] 1 Hde W el Sl 81 GST ok
F0 IH-U9 Bd ¥, Fifh Sl H Udell wWd
TS-qA1d FH & Sl 71 T8 Y3 qF € § | 5 K1
TAZ ! T HT 07 31 2| T[Eed-FTd ok HROT gt
S R e S A e e
el | g8 gl Merer gt 2|

Y3-qAd 1 IRETTT Sk STUST o WA
AR Tl W R L 81 S SeRuv-ae 2t
I €, 7 eS—aTd 31feeh el 21 19 s W S0
FI TAS-Sot I8 W € qe SR Sk fRAr
FIfEdr A 8 St 21 $7d: A9 g W YRE-a1d wH
Bl T 2

5.11.3 9IACT

Ig 5ai T Afaenefires o1 21 %9 S JaTg 1 STaEen
Y S @A I T ThH-SH o H e €, 79 STk
e I W] el o WY i A’ Hed ¢ T
UL o HeA Yool SAqU AU Sel o I il @
ST TRell T Tk G T T € SR SR Th - W
e 1 Fieliy i 2

Sa g9 1 YaE fedl fer Hag W g €, 99
3G () H 98 WA, S HqE & G § e g,
Tl B S €1 S-S Tl W W S aal
T et S €, S-S TR <RI o el ST €1 37a:
9 YR 61 YA, S99 T d ¥ g0 TG &1 o
HUYT: Sgdl el Sl ®, T Yorg | wmeeldl g1 Atk
B Yaited 59 § forelt ot ©@ &1 99 (o 5.16) @
IO S TG THHT O SRl ©, Selfeh el o
AT H FHA HET 2
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ﬁl

a

u+du

e
/

A o

farT 5.16 :

I g dz T A 1 ST du IREfdd e €, @ am

Wﬁ%@wﬁmmw%mﬁf%maﬁ

TAIT WA o It Ueh oic 1 STE9Fehdl Bt 81 98 o
Huehgad Tdl oF &hel AUl AT-Yaurdl o HHIY
Bl 2l
3 Foc A (A HTH FT 4T 8)

du

F o —
dz

(et S A ¥, sl g % W A d
Tfad 21)

Foe a3 L ponady
dz

A_
N dz

el T T et €, o9 ‘v qunies’

T gaT8 d o T GO

ed B| AN Ok oF ol ®, Se av-Weurdl ae
HYeh 1 &A% SHIE Bl 39 YRR 1) foemifaar +t
A1 | T ToTish 1 SIThTE 1 =24 Hehe wfd
A, (Nsm™), aﬂﬁqwﬁaﬁpas=lkgm’l st
Bl cgs TS H wAMQl OTE HT TR RS (HEH
S S ogd TEseiel & AW W) T

1 poise=1gcm's?=10"'kg m's™

A 3T B W 4 %1 YAT8 agd i B
2| BIESIST 1 qfl Sistered ael o Ul Taehiied
93 STl ¢ i T A fadfaw 59 81 98 300 W
el € fop gweh stferenter o1 S @ firerd ©

A9 S T YANAT 1 0 HH B @€,
Fiifeh ek a9 W Tupe T fast el Ak Bt
2, TE8 s ool Rl WA H TH-TR W
fhgerdt 21
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WA fagm

RI9T

%54 o HUN oh HeA SAUH o B B A oA 3 Fawia Mafvra St o Hed Sea e Al fEer S
aait o fo=1 g €)W € A 39 el w1 o gEfEd T2 €, S gegdsn §u 0 < e S o
Tl 31 ISHIT Sl qe ARV ST TR o weA wfigfgd s 1 eraen wi fuifa et &1 55
T U (S TG 1 SRR, ol qe Sl o 0T S STRT e | qRed, sredet Huil qe ek HeA
= fopan R FeRk hed €1 =il o Tt o1 SUhT steen o U | gt el e €, W Skl
fepamefierar Wiifdsh staeen w el w2

TG % U o HeA AHYU-IA A A B § qo AR THEAAE Yhfd R et ffR T
£ hw Yeruita o7 (S-S, SR, A19 G SoAHH) hi Siareiar 3 T o Wi STeEEl oh S
fafam T foerm fRw) sitge o FRERER gead aifefael & wh Hived wefa el 19 %1 <6 SHeh e
o SRAA Bia1 &1 Wl 1 e geemEt aRkftefal o ofee qen W q19 o qed Gee i S 2
79k AR, et fafvea wefq arelt 19 =1 e1Fe" &@eh WA 19 o SHEE! gl 81 4 71 1 g
S p VlamTlﬁuﬁﬁaﬁmamqﬁaﬁﬂﬁpz, stﬁITzﬁmm,ﬁﬁﬁWﬁéenw

il 1 i o g e S = P e 4 o e o AL
Tl =R A1 foman ST Gehel 21 SAENTS! & STER, A9 TS I 1 M aRfefEt & 6 & e e
H 37upst 1 T sft guE et €1 Sleed & S <@ o PR, sifwarfa 6 o fasm # pa I
3ok SR T ok A o SR FaT €, 1M AT, e, I 91 Wil i WA ok 9o siadey 9 &
e 1 i ear 21 39 N9 &1 STaee g0’ wed | ey 19 o fory st e py =
nRTE 8, Sl R 719 feemish 31 <@, SIFa a1 a9 &1 g T 3§ W 3Tk 7 F1eR e 2

= T AU HH A9 W G ok Ut % WeAd S -ael el €1 S §, itk ¥ 370] qre-ure
3 WA €| Y TS <@ ki Suge qRiefad | 9 i geied fhan S wehdl 81 %9 Rl i SAFdA &5 o
T hT HdTe e HHT ST Gehell 81 Feiel SV SARTU-sel oh RO 56 o s 107 TS, Al
a7t &

A

51  30°¥. @ 1 bar 3@ W a1g o 500 dm® 3TFAT 1 200 dm’ T HUlfed & oh foag foma
IAqH e TSI SN2

52 35°W. A9 Ul 1.2 bar <@ W 120 mL AT ol 91 | 9 et Ffved wnn wf @)1t 350
Y. W TG HI 180 mL IR oIl sk | THARG Rl S ®, @ T w1 S S g

53 STER-GHIHTU T STAN Hd gU T HifQ fo KU 10 a9 R 719 H1 57 719 ok 9 H
FHEUT B 2l

54 0°C W @1 2 bar & W feHHl T4 o A(AEE &1 T 5 bar T T SEAELSH o S
o HOE , A ATHEE H SU-9R F 72

55  27°9 R TH UM S TG 1 I 2 bar T T GHH 19 T I R 3TH I TH A TG
e St &, A <@ 3 bar @ S {1 3 TG % 109X § Few Torfuq wifew)

56 Il IR T 9l SHeE § ged A A UgAtEm g 21 98 Sifes diel 9 e w
STZEESISE T qd1 €1 A 1 bar 4€ 20°C €9 W 0.15 UM efdt=m stfafwan wam,
i SRS ®1 A 1 g?
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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

5.23

Jfg 27°C. W 9 dm’® NidreTe Tk | 3.2 | T 97 4.4 UM hie- SEAEs &1 g
B, O SHHT <@ o B2

27°C @9 W 54 1 fetet & % | 0.7 bar W 2.0 foleX SEeiiasH a2 0.8 bar W 0.5 L
SEEESISH 1 90 S ©, d 6 g 1 g @ em?

g 27°C 9 A1 2 bar 6 W Teh 19 1 5 5.46 g dm® 8, @ STP W 3G ¥ 1
ghm?

I 546°C T 0.1 bar & W 34.05 mL HIEHRE 15T T IR 0.0625 ¢ €, Al BHRE w1 Hiel
AT F1 B2

T fomnefl 27°C W MA UL o FoeEw | SIAfRA-TaYT e o T a1 39 Tk &l
ST R @ T 5 999 9vEn] 39 AU A 1 SR gl 38T STl i Hewd
Y TR 1 A9 477°C T A9 FqEC o a1 1 foha 90T waren § ey e
3.32 bar W 5 dm® 3R G 4.0 mol T ok 1Y i TUMT Hifery|

(R=0.83 bar dm® mol ™)

1.4 g STEAESSH T | SURted el Selagiql 1 W& 1 TUHT HiTS)

Ifz T "ehe H 10" 7§ o I faafa frw S, aF smanmei-Hen o aveR g faafa s
o foraT wHg @

27°C A9 W | dm’® SEAE TR § 8 UMW SRS 91 4 U SEEEgSH o e
1 e <@ a1 BrM?

TeIR o IR A foeenfud 91g & IR o i H ‘Ueiie’ Hed €1 9K 27°C W 10m FeamEm
TR H 1.66 bar W 100 kg Efaad v SQ, @ Yale &1 MM FHifs| (AF H =TT
=1.2 gmm™ ¢ R = 0.083 bar dm’® mol ™)

31.1 C 91 1 bar ¥ W 8.8 UM CO, SR *R Y I 1 UM Hifory)
R =0.083 bar L mol™

THM T W Rl T o 2.9 g TAHM HT 95°C AT 0.184 g SEETEEISH 1 17°C W I
TAM €| SRy foh TH 1 HeR S| 9 el

T bar <19 T TEEESISH qU SEAFHSH o 4201 § 20% TEEESSA (WK §) Tl Sl
2, Al SEEESSH W1 SR @ T B

pV2T2/n T & fau SI s&E F1 BhM?

wed o o o YR R GHEy R =Ean Hed a9 -273°C g 2

THTe SIESTRAIES el WM ol Shifdeh AT SHA: 31.1°C TE -81.9°C 21 310 ¥ fohad ol
W AMveh &eT & e 2

Fi-etaTed el %1 A wiefehdar il Ty
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E2 R G CA

THERMODYNAMICS

ELE

T4 Usheh o 31T oF 915 30—

o fyerma Ud wftew wal i wwE HWehl;
o T3, Gaon Ud foge ™ | 3T &

Tk

. mﬁ%mﬁ,wwmaﬁw

Tk

o SoATIfdeR! o YUW THaH i e T
\'ﬁ tgﬁ ﬁ ﬁ ?EFI ﬁ \.\;
o TEEfR ™l § Hei-ufledd @l
F™ T FH o IMEH o ®9 H

qfiehfera R Fehl;

o FXU-Ted U, H &l 90 ehtl;
* AU TS AH # a4 N1fud T Tohil;
e AU TS AH &1 URifiTe HOF &

W;

* AH o foq UMer 31awern sl g

— \'F;

o faft= TR &1 sAfufsraneii o faT
et afterds &1 UM T GehAll
o 39 o feR-woql Heher 799 w1

TR SR STTANT R Fehil;

o foiivl ud T ON W SR FHT Teh;
o Tod: dUl ITEd: FAfdd WRHI R

qﬁﬂﬁﬁﬁ?{'&ﬁmﬁs{;

o Tl I FEANTIIHR] SToE-Thel oh
w9 o Rt 3R SEehT STET Y

o TF-Fell UREH (AG) 1 THH Tohl;
o ATl 3R AG T AG 3R |

frerier # Haer Tenfud T Tehl|

11084CHO6

TE Tre e Sideeq T ehact Yt fagia &, faes g & age &
foh gwak wifersh Fagial st 3ThT SUGFAAT o WTEY A w4l THRT T&T
ST kT Bl

arcae 3B

el S SR B T, TEIE 19 A1 kel g § S ©, @ qEratin
srfufsran & <N eopel W SUda TEEtTE Sl So & w9 |
et 2t 21 S Tk g5 | $o ot €, d9 TR Sl A1k
% o T 8 Gehdl & A oo T (Ih doA) R Sl
TR HIA T TH YRR e o fafa w9 fae aRfeemdt o ue-
T ¥ R Gefd e € T TF ®9 Y g T H o<el o Tohd
g1 51 FOl-BUON T I € SR h1 faw-asg
SN o o Te R, f sgd-9 o10] e §, 9 waifea
e €, 7 o gew frepri 9, fod 9gd 9 219 g €1 Foniaeh!
39 91d 4 Gatad T8 @ foh 3 Uiedd ol Te fRY o 9§ sEited
B €1 T8 IRl fent o1 URf9es W fam sreren 9 Helfua
& Swmfash! o fm qsft @ B €, S e wrEeen § e
T o1 U T ¥ R e ¥ S 2 fhE e & 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 At AfafEa aRe o gH Seli-ufdad ohd fuifa
F € 2 I8 qRad g stuen TE? U q|Etin sififma g
oy URA B 87 TEEe stfufwan fee w9 e 272
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ST AT

6.1 SSHNT Aeh! ok doh-iehl I
TN Scgehal qEEfTes ifufwansti w3 gHar
F-qREdl Sl S 1 Bl @ 3HeR faw e
IHfaeRT H YgE M ATt S dehdlhl I
ST B ShT At e feEn T @

6.1.1 e wa ufigsr
ot § R w1 e sRie % 39 WM 9w,
TR Yero fory S & aen sHeRt 9w Wi ‘afesr’
FHEA &1 TRe o e 1 Siea) Ud 9 aftHfer
B frpma w e AT faoreRt SeIe e 2l
e + afew = s=re

frem 9 srfafiea |qui srene e § gere
RedAl @ geriferd el eiar 21 sEifere wrEifies st o
o srere w1 @@l WM, S e 9 sAdfean s €,
qftast & &9 ¥ e S 2l

MG : Tt &1 98 &3, S 1 o6 STeard
B 2, ufew o farid feran S 2

3T o fau— afg g0 uw i | 3ufted |
yereff A Td B i eAffsman @1 teme 1 ®©
st (Tora stfufsran-fason €) fere® e e wua
(TS st ®) aftasr =1 & swam (o 6.1)1

forT 6.1 : 9R9 Tg [

w7 © T Trerm siifaes dimet (S—die =
WEel) | qRefd e s wehdr § 1 gAfe § T
fafy=a eI o wdig e (Cartesian coordi-
nates) awaaa (set) ﬁqﬁmﬁqﬂmww%
TE OIS ¢ Toh e i oredfosh o1 shiedren
AR A HH o N R § Yk |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

6.1.2 ™M™ % U

379 BH T A Sl oh Gl o STER R e &l
aifferd hid e

1. QW'F*IW (Open System)

& ga MaE ¥ el @ §3-gH &1 e @
ufewt & "o fafma (Exchange) @ Hehdl €l
3N —AH RS Tk ol e § ferd sl

2. &g Ma= (Closed system)

ag T | f1om wd ufew o 7 g1 =1 fafma
e el €, g Sl 1 At € wehdr 21 SE—
feer o et o ferd sl

3. Tacitia erra (Isolated system)

& faafia e § fem ud ufast o 9 53 1§
Fell— S o1 € Taf e See T2 g 21 Sewond—
e T ove v o fod W) e 6.2 |
fafi= YR o T Teie T €

.

’l l P S

(

() foafi[ feem

faT 6.2 : gan, @5 Tg faafa &E

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

frelt ot Soamaes! ferm w1 9o % T, SE-
T (p), FFA (V), T4 (D W FwE & o
(Composition) %I ff<® (Specify) Fer fohan S
21 g Frenm =1 affid e o ferw g7 it w1 afterd
¥ 7d g wEn e wE ved 21 oemmH ifasw
e | U@l g T At o foRdt g &6t afores
sraer &t e e o et sa-fageti & 3§
&7 W el we a7 o SMTUR W T STl €1 SOANTIehT
T STIET 1 Ueh 3o U9 Wal ®9 y&fed fohan T
21 ST Yok U1 1 T o osgd I T SAEvIhdl
T €, it el g e o Siga wo g T
1 TN Shed & BH T1enTd ohi STerell ol “STaeeT-thetal’
T ‘FTERAT-ZR’ & §N I L &

ST | T &1 3Tewen &1 9uiF 3Tk
HIOTETE S1erl Tl U o g TRl ST B1 8H U
T HT TR HT IHb I (p), FG (V), 99 (D),
AN (r) 37§ a0 T Hehd Bl p, V, T o1 STeET =1
R 79 HTar B, 7 o g@eh! 9w e o alies W foRelt
T &1 s1aen ! qui ®9 9 qRefid & o fag
et o @edt T[T 1 AU S HT STEvIR el B,
Fifer P 01 & W w9 § uRafdd & gwd 21
TON <t T R 1 WehTd W R et €1 g AR
%A 9 Y T H T T TN i 99 L 54 S, @
TRt HR T 1 O @d: FivEa 81 S )

6.1.4 ARk Sl : Ueh STATAT-Thet
e BH S THEeh Rt i == e €, o st
o1 Tt =1 Y& Bial €, 99 6 Uw UH O @
AR et €, S e w1 St b1 glaffue
F BN TE el A, Sgd a1 AitE el @l
Thdl 81 37 Geeh! A & e w1 Sl B 2
Fomast o 39 Tl Fell U %ed 21 g8 uRafid
B ©, el

o T H ™ ¥ yow = AR e e,

o T W @ e g & fR T e,

o T 9 g3 &1 yEw A e g el

R IE I CRIE

(=) &

a8 Tedl g9 w1 wH W R w1 ondfi et o
B et IR 1 S 31| g Th o e o
T, ot o vk a1 S diet | Sl
9 A1 21 T9H TR ue uRewr & Hem oA
HaTe &l 2, UH R i &9 HgIW (Adiabatic)
T wEd 2 W T o areeenr-ufteds @i
HEIH UehH had ol 390 T we 9fiEw & ue
Fi2 Soa-fafma &1 gt g8l | e v ufew
F1 Yorh FEEE AR “egE o’ e §
(fax 6.3)1

forT 6.3: T wgiw fAr, fogd gidar @ sr-fafa
g 781 81

319 B9 (T N F© F1 Hlch 9! STARH
o o ufterd # 81w T e w1 il
ST A € TS THHT AU T, A1 AN el U, T
f5oRTT 1 TerEeN i < WohR § el Y Hehd ©—
UIH W -0 foF B TSl | Sl ol AR &Y
1kJ 1 % €, Foeg e 1 72 eraeen 9 B
TS IEH! AT T, T W | AE 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 80 9@ § T fidsed S
(Immersion Rod) STeish 3d-l il a{l)’d Eqp] (1kJ)
F © T e ¥ qu-ufiedd 92 w5 21 8W 2Ed
€ for am-uiaeq 9o & wAE T,-T, € @ R

el H TS TAN SLAL. S[A 5 U 1845 oK
S fRan o o 3= U fk e W feen
TN fafyea & e ot steen § 9 uftads o
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ST AT

g, 9R *r foRet ft TR (WRT) g1 R S, St
&1 W 9 o Yadd g <@l T 2l

Iq: I8 SUgH fe@ar € fo6 ww uwh iy,
MaRe el U, 1 gReifia fean sme, foae am
et T 3Teren w1 SAfeneiiten B, STl TSI ehd
H fopan w1 wrE w, T SrEeensd § U 9ierdd o 4o,
FAq AU = U,- U =w_, 2l

31q: THehT 1 Al el T Sferee-thed 2|

THREH FFThT § JUPAC T oh 3TIER
YT T o € fof &l w, Fehmr @R femam
2 qon ™ &1 ofiafie Sl o St 21 36 YRR §
Ife fremr g0 & ffen S, @ w, RO B
Fiifer Fem H1 eTialtes ol wH & Sl

F1 3 Tt o1 URfad STaee-weHl o |
o1 Hehd 82 V, p U6 T o 1= URfed STaeel-thefd
gl 3T o foau- A g9 fadt frh & qm o
25°C ¥ 35°C d 9@ &y, @ ar-aRad 35°C—
25°C = +10°C BN =18 T4 Hie €t 35°C d ¢ 21
ﬁwﬁﬁ@ﬂ?ﬁmegreawﬁﬁﬁ'{
fire ferma =t 2ifam QM9 (35°C) dF o WU| 39 YR
T Teh SFAE-WheH 21 a9 o IRed e 7 e e
AT 21 Teh qrelsl § T ol ST Teh SAoeel-her
2, ik gEeh Sl & FdT | qREdd 39 o9 W
e & whtan B fop drens b 9 T B— WIRY g,
ENEEE-CUR I AR
(@) s
7H fa &1 forw off afaer & o @Rt = aRkast &
ST L Teh hT™ 1 Ade el 8 giadd &
Gehd B| T8 HSI-Taf9a, Sl drdial 1 9RO €, S
q e T T T UE dick o & forg [qd o
e 6.14 (%) H FAC STIER I IR TE A
qY] S EgrH SER w1 U SO e Sen
(fo1 6.4) BRI %o o e | gl 8, W fo=m w4

o o6 did &1 T I (et <en ey
s €) § T, a9 W W o 2w
92 Fe, fSwem am T, ¥ ¥ W 7 feE (S)
SN SEWNG S g I q9-IREd T,-T, g

161

forT 6.4 : T o, f7d 9REIET & 3IR-YR ST 6T FaTE
q9q 2

AT S Hehell B1 F81 W A SAiafes el § e,
AU = g B, Vet feer e @ g e T2 fan
TR

TEREh FAFIhT § JUPAC T oh 3TIER
REWT ¥ S T TH 6@ § 81 W g &F S
B € 3R Frepm 1 St agdl © T oAl o R
T qET 1 3 TEIARG 8 W™ g RO il 8
RoHa: e 1 Sl %9 8 S
(1) "= feerfa
W TS 9 feafq W foem &, Sefe safes e
o oftad I € ThRI (T FToh TS 1T
)1 B 39 feufa o &9 snidfes St o Uftedd & 3|
TR fora Ted B

AU=q +w (6.1)

T fafire srewen-ufiada o qRady o YR &
AR q T w & AF 99 & Tehd €, W g+ w =
AU et YR Td Sifam efaen X R =am 7'
IRedH & YR @ A 21 AR S A HE ok &Y
H Fel-uiadd 9 8 (foafia feem) steiq afk
w=0Td qg=0, 8 AU=0 @

THIHRIT 6.1 A AU = q + w, SHRTR] ok
verg o o1 oIt e #1 gem e % STER,
“em Tarefita e ot St stafad=ia gt 217

* qgel frrrg W T ST a1ed 1 S STk fae o R g foRT SR ol i @ eATeHes faes fean T em ifaent
FI Gl W ord oft S e T SO @ W1 © g9l [upAP A ot Tl e w1 fawifer w51 2
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wee i T faetfia feme € om: faw 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 T
F Whd §, FJAMY Aaier Sl § IRedd AU
o S Hehel B

IETEITT 6.1

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 foha ST, W 7o
HT G g T @ afEew & % < Sl
frea #1 <eR fF9 gwR &1 7l

(iti) 1™ SR w AN &1 1 TR SN W g
e &1 o e & S IR fRe
YR o1 e g2

&

@) AU=w,, SaR TS B

(i) AU= - g, oK S gares il
(iii) AU = q - w 7€ =% Fm B

6.2 TTUANT

#% qHEtE sfafEast § NE Saw B §, S
Tt T HE A FH I FE W HEH Bt 2
3 YRaddl o GRET & UM W9 3R SATdReh
Fell-giedHl ¥ Hag wE Hedqul B <@ fF e
Y Bl B

6.2.1 I

FEYeH Teh TR g1 fohT T T 1 Yepfd W e
TR I &1 W haicl Fifeh kT, Tl e S
FE W fo=m w3

R IE I CRIE

‘c{lﬂ:pexAV

&Aw, P

. pexg ()
k—1—

faT 6.5 (%) faferex 4 ferd a7re9f 319 0w 92 9 feer
§e /9 P, GR1 &1 T g g
ERR &5 g’ 9 T 8l

- F H THSH o AU g0 FUURfET
e fafer W faam +wd ®, food s o
et T 9 g€ €1 79 1 Pt T Vo ud faferex
¥ H1 @ p T AR TR @ p, 7, S p W A
g, @ fiies ik &1 3R 9@ o TIfd &4, 5« qh
AR & p, oh SR B S| HA o 78 dfterd
TF 9% | € qen Sfqw s v o R
g o e 1l a9 hea € U T 1 Sruey
&Fel A © (fe1 6.5 &)

T AP | IR = [XxA=AV = (V, - V)

7 e S E T e

d: A Wad =p . A

g fea 9am o fem | fwan w1 & w
g,
w = 9d x faema =p, Al
=p,-FAV)=-p AV=-p (V.-V) (6.2)
Tel HUTcHs g & gHferw eevas € fw
RUE! (Convention) o AR Hdled H & W
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SFT T

1 B TR, RS B RS (V- V) A
FUTCHS BN STd S0TcHs o 20T <hT 0T B,
q w T T HFCHS & Sa|

Ifg Tpad o TS U8 W IE ) 7 8 W
%2 TRfad I ¥ SRerdl |, 9 el Hid gue ugi
H g HME 1 A B T — Y pAV & qed B0
[fa= 6.5(@) ]I

g 3@ R 7 8 6 39 YR 98l & fh I8
TSN & T % <@ W aged e €, a9 G
o Y% U8 H STEAH SHAgsH "l dV ST 39
fearfa o w R0 forw T e w6 o BY e
ey ¥ G F Hehd B

vy
w = —jpede

Vi

(6.3)

Vf A (V) Vi

for 6.5 (@) SRR &7 IR 7s1 o a5eid gu SifEer
T W RIS T 4 ifaq engad d%
T d B 7 F g B

Hpad § p_ T&AF U8 W (p, +dp) F T B
[fe 6.5-1]1 ¥ uRfeerfaal H y&eor  <m@r g«
AR <« W A FH B, FAq p, =p, - dp
= ¥ § &H o Tohd & R p_=(p, + dp) T
A ‘ISHATIE YhH' HEdd
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Vs 3 (V) v,

ferd 6.5 (1) pV a% & GRIY% 8@ V, d V, %
YgeH & [0 SewHuitg aRfkefaEl | ermar
T §U STEeR J1F W 37 UGl H [l T
#1d SERR &5 9 AT T 2

Teh WehH o1 U@ awft ‘Seruvia W'
HEATT ¢, 5o 30 ferdlt off gror arfagen ufted=
o T Schidd (Reversed) foham ST HeR| Th
ITRAUITT UehH why ATETERNSTt U 3aged Tfa &
TH YR W wgar § TR Frem v ufiawr ghen
T WrETEen W TEd € SeRAUiE WshW o
fafiad o7 AR Wkl @l TERUUNE WehH
FEd £

TR e | agd o U e o €, o
A H & fau &0, 98 R fha & ol <@
o IR e i SEvde usdl ¢l

TH gHIT 6.3 1 FAfafad &R 9 faest
Iepuita gfifeafadl & el & o7dfie 39 ¥ Has
F A o
Wy == f P dV == f (p,, £dp)dV = - f pndV

(dfeh dp x AV 1 5 0 ?)

W=~ [ PudV (6.4)

@ G % T p, ey T FE 5w
TGeh 3G o Ual H e TR S Gehdl g1 TR
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S 19 o n Gl o fT (pV = RT)

nRT
S>p=—

3d: Toh FeR a9 (HHAE 9shH) W

vy vV
jnRTd—V = _nRTIn—-L
; v

W =

vV,
=-2.303 nRT log %

(6.5)

HFIYEIT : T 1 faid § R/ (p = 0) Jo TER
el &1 el TGl o g gERer § wiE e
BT et € Ufoha ShTu Bl A1 SR U, (THIR
6.2 T 6.3)1

379 TH HHIRI 6.1 i fafsm yehHl o TER
FE YR § forg Fhd B

w=-p, AV (FHIHI 6.2) I FHHT 6.1 |
T & W

AU=q-p AV

e Yoht TEeR A Wl € (AV = 0), 99 AU
=dqy q, ¥ URIH v (Subscript v) Tt @ for o
feer 3Tad W g 1 T 2
TSIl 39 AT Gerd T GHATHIT FETOT
TH IR TG A e UH WHATME WEOT U
(T= feeriw) &, w=0 g, it p, =0 21 St = FArii
TN fauifa fFen f&F ¢ = 0%, s8fee AU =0 =l

FHHW 6.1, (AU = g + w), &I FHATHH
ICHAVY Tol IR TohHl oh fIT 36 FehR &K
o S Hehal B—
. FHAME STIGRHTNT YohH o faT

q=-w=p,(V,-V)
2. GHATIT ITHAUT YehH o fau

Vs Vs
g=-w=nRTIn % = 2.303 nRT log %
3. TG Y9 o felg, g =0
AU=w,_,
33IgL0T 6.2

10 atm T 3R 25°C a9 W fre eyl 19 o
T feae Tmadia w9 9 fafa § a9 9 39ia
B &, S I STl el A 10 fa 7 @
S| 39 TSRO § R e sEeifid B @
we feraen w1 foren S @2

R IE I CRIE

Y
TN E frg=-w= p, (10-2)=0(8) =0
1S 1 T a1 8 TS i ST S el
Bt 2

IR 6.3

IfE Tt TR0 § feeR 1Rl |19 1 atm &1, @ FA
BA?

&1

TS & fhg=-w=p, (8)=1x8
=8 L atm

IR 6.4

T IO 6.2 H TS FEROT ISHAUT ©9 9 &
qr = Brm?

&

&9 o ¥ fF g=—w= 2.303 X nRT log“//—f

=2.303x1x0.8206 ><298><10g§

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

6.2.2 'Q‘vé?ﬁ Enthalpy (H)

(h) Tk SUART AT STAXAT-FeA
Y W4 ® for TeeR etmra W erawiifog o eniaies
ol H R o ged, Seiq AU = g, B €, W
siferenTer TmfTe sifuframe feer st W T g
TR, T TS H fEer angHee™ 3d W gt
21 27 uitfearfaal o fou 89 W T Seee-ther &
STETIR BT

&H FHIHTT (6.1) 1 R 6 WAU= g -pAV
% w9 7 fa@ ¥ €, &l q, Fam gr erawifoa
T T -pAV R g A T gE-e 2

R STIE ! Ui 1 9 TS 3Afan e
1 2 ¥ <A 2

T ST HHIHI0 i 36 TR fora Hehd B—

U,-U=q,-p(V,-V)

T Fafeqd s W

q,= (U, + pV,) - (U, + pV)) 6.6)
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SFT T

e Y Th 3N FHANIAR] el sl g
T HHd ¢, T el (e v Cweifewed’,
former a1ef ‘T wE @ sfafifed e B @)
Fed

H=U+pV
3 THERO (6.6) B S 8:

q,=H,-H,=AH

AT q T e e[ we ©, qenfd g v @
TS 1 T H U Se-%er ¢ (H.U, pUs V
1 T S| A Gt STeE-thed §) | I YR AH 99
Tods TR B

feer 3@ W uffaa aRadHi o fou g 6.7
%! feran s Fehar 2

AH = AU + ApV it p feerisr 2, ora: &9
@ Hed &

AH=AU + pAV (6.8)
JeciEHd ® fop o feer @ W o et gidt
2, @ @enel ¥ w9 woedt § 9Reds |9 ®© ' 2

IR W R AH = g R g W e
e

Feadt srfufrarel o faw AH wUTeTE
grar 2, et tfuferan o SR wer Seat ar
2 e wegi stfufwateh & fAU AH T
EIAT &, gl URA9T § HOAT T JIAINTUT BIeT 2

TeeR & (AV'=0) WAU = q,, 3Td: FHIH
6.8 B Sl 81 AH=AU=q,

G P, T et A e e
T AH TS AU o AeF S Tefsh & grr, FHifeh 3
TS gal B TRH 3 W T | iz a9 aledd Tt
B FfE T sraEe B, df 399 A wiefe 8l s
21 B9 T U i W famr w ® fomd T
i &1 feer 2@ T a R v, e sifafmeet
TSV, T IR H e SAFTH B ql n, T
SAfafoei T n, T SR % el w1 g @,
ar emeel T R % SHR-

pV,=n,RT

e JhX pVB=nBRT

(6.7)
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a0 pV,-pV, = n,RT-nRT= (n,—n,)RT
p(V,-V)=(n,-n)RT
pAV=AnRT (6.9)

el An, T el o Hiel w1 Hen ue e
sfafsraent o Tl H1 TN H AR B

THHET (6.9) W p AV HT AH THEHWT (6.8)
¥ W W

AH = AU + An RT (6.10)

THIHIOT 6.10 T ST AH G AU AU AH
1 OF 6w | R S 2l

3alelul 6.5

Sa™T Wi AR T HEA W 100°C TE 1
bar @ W TH HA A & AHHOT o
TfedT 41kJ mol’ UM ATl AR
H-9REdT i TUFT HifSTE, S& 1 Hidd ST
%l 1 bar ¥ T8 100°C W arodiehd fepa
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 '

(@) fawitol ©df e ur

foreeiiol el et T ® 95 e e 21 ool o7 @
o1 2, Fraert 7 e ¥ Sufterd g & A/
(drEs) R fAei e 21 SEe o feru-gerH,
ST, SR STl Toedt, Srorenfiar enfg ferdiol
T 2
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3 T, S R | 3Iuferd 554 i HE/STRR
(TrEst) R AR T ¥, T O FEAd 2
I ok felu— a1, Seel, 1@ S1fE T8 707 €| Wier
o1 ¢, Toret fepm o W el o 707 o A o gl

2 17 5 H I 0 B, W K =, S5
1 A § WA 1 T IR W A V, T
HeR Ferefiar ¢ 2 forefiof oo e o # S 7w
Teh T ] SR V o U6 H T A9 T ekl Y Hehd
g (fa7 6.6 ®)1

V. T

(=)

R IE I CRIE

Ifg ¢ R B, @ SO 9 ardig gig e gt
21 S B FoAeniar st §, gue o1ef U7 © f
THHT A9 FGH oh T 9gd SAfeh el =ned)

C v=ref Y A o et g @1 fret agred
! Aol SERA Cm =% Teh A i SEATRAT

21 € SoA1 &1 9 AGN €, S T Hiel 91 1 a
s feift fcem® (o wF ohfeed) seM & fau
ek Bt 21 ey wvomn, 5 farfyrse. Somrentiar’
ff hEd €, o8 SO €, S SohTE AT o Tehdl ugre

NI<
ﬂ
NL<
ﬂ

(@)

T 6.6 (F) 37997 V U9 a9 T R TF 19, (@) [G915/% & R S7aa &1 S7e1 &1

3@ AR faureis oF R 3T=aA 3Ten & e
S (et 6.6-@) , TE@ @19 e V/2 @1 Sl @,
W I8 9 T & T 2| o: T € eae
fordiol o1 2, Srefer dmg e o 2l
(1) FeTETREr
T STEE | g9 2@ € for e ot efdafta o ok
AT S {1 A R 5 S TR T S, | 9%
a9 o gfig oF w9 § qieterd gl el

a9 o iy fafa wo o FHE gl 2l

q =TT x AT

UMk 1 A M o TR, Feed Td ehfd
w9t e 21 39 B TW ywR ot faw wed €
'‘q=CAT

Tel Tk C I FEEEr Fed €

39 YRR SOEIRAN A4 B W &H i g hi
AT R YSd S G F Tehd &

1 a9 U feilt Afeqad (3 U Hhfcad) s@M &
fau ermavass el @1 fee ugiel @1 A" ser %
IR U TEvIF FH g T H o faw q=ef
fafsme A1 ¢ &1 89 SEEA m T d9-9Radd AT

3 o £, wer

q=cxmxAT =CAT
() T oewt | & faw ¢, wd c, # wam
FoEiEr 1 feeR e W C, | Te fer g m
c, ¥ Sifhd Fd T 379 &H S H Hele @ HW 2
q o fau feer smEa g foe ghd 2—

q,= C,AT = AU

T fer g@ W q = C,AT = AH

st W % faw ¢, W, % = Fw =
TR JT Tohal S Skl ©—

(6.11)
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ST AT

T Aol 3Ry W o ot AH = AU + A(pV)
= AU + A(RT)
= AU+ RAT
.. AH =AU+ RAT
AHTE AU AF @A ™
C,AT = C,AT +RAT
C,=Cy+R
c,-C, =R

(6.12)

(6.13)

6.3 AU TS AH <hT HIUA :
Shentata

AT Te e TehHl § Gated i, IRed i
(Calorimetry) Wﬁ%l Wﬁﬁﬁwwqﬁﬁ
foran s 2, o/ Shediieiet’ sed 81 sheliiHie T
%9 o F TG H S @Al 71 5 hi SN To
HARIHI T SOHARIRAr I eF W arg-9Red o
SMUR R YehH W Icq= HoAT 1 1 ST Fehell €1 HIGA
T feafeai & fore o €

(i) feer-emad W, g, (i) ferR T@ |, g
(%) AU T |G

TErEfe stfafeansti o forg feer sTras W srenfia
] ST HIOT oH ShelIHeX (Bomb calorimeter) i
foran <mar & (ot 6.7) T=l U Wiel 1 9 (SH
HARIHI) STt W g Sl €1 Lid 99 o Ao
JaTfed S Saaeiiel Ufaasl (Sample) i STl STl
21 afafren § Scm S STl 1 3fala 8 S 2
SHh 91K A H1 AW G FL e S 21 i o
HARIHR QUi %, € oTd: THR AT W IS
s & BT 3R RiE wE T R S 21 Fw
e o TIEl o et et stfafmanet § off wig
% & B iR AV=0 Bl 81 eI 6.11 i
TETH Y FARHI shi FOATERE 1 EF R Arg-qRed
&l g, ¥ ufafdd & femn s 2
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THTER ()
HrERT ofe AN
N L
\
JATT-ER
\ \
PINE
EL P
<@ Ffed
CIEaiSEl
w1 CST 9
far 6.7: a9 et

(@ )AH T HUT

TeeR q@ (FH=Ia SgHEd Td) T AT TRedd
o 6.8 | 39T T heARITHeR g AGN ST Tkl
&0 WA § fof AH = g (feer T@ W) | o7d: feer T
TR IHId el STavifyd oA g, stfafwan e
ol fafeRar TIedt A H Fear 2|

sfygferan fagmn

forT 6.8 : ReR 3@ (FrgHEEAT J1) W FH-IREAT qra
& ferg el
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oA sfafwaneti § o feds et € qen
frerm @ ofier # w5 weE @ 21 sHlan g
SRUTCH BN 9 A H it SRUTcH &Ml 36l @
ST ifufcrenet # S sferiiia gl o g
SR AH T e g

IR 6.6
frfefad @il & oER, 1g U®Ee @l
SIS 1 3TUehd § latm @ T 298 K W
9 SheAHI | <@ HIEE S 2l

C ( =S ) + 0, (g — CO, (9
srfufsran o <R T 298 K § 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 Tt qited == gim?

&

M AT W U ST g Te SheARIHel i

FHENGT €, €, T ShallHI g Taeifoad

SHTHT,

q=C, X AT

rfaferan 9 Wi ST ST HF SEE B, /g g

FOMHS BRN, Fiifeh e (Afafsran-fasmor)

SN Y HOT hoARIHIE GRT T80T i T8 oAl

o ged g

q =— C, xAT =-20.7 kJ/K x(299 — 298)K
=-20.7kJ

(F&l SoTcHer Tom tfufswan o Foad en =l

i w3 ©)

37d: 1 g IhTee o T@H & I AU=-20.7 kJK

1 Hiet IhTEE o <@ o oy

_(12.0 gmol ") x(-20.7kJ)

= "

=-2.48 x10” kJ mol "

Iel An, =0

« AH-AU=-2.48 x 10°kJ mol "

R IE I CRIE

6.4 ATTeRaT o ToT w=eredt
uftad, A H 1fuferan wEedt
Tt At o sifafwae sk o seed 81 59
Ui 1 T YR WA o— AMAHIHR — IR
sifaferan o SRA Toed-uftedd stfafewmar-wied
FHEA 2| AR fafEa § Toed-ufedT A H

fog 9 Twifen S 2
A H = (SR} 1 w3 1 2m) — (efufmasi
HT Tt 1 4n)

= ZaiHm - ZbiHafW
el Y (famn) fog &1 3w Sied & fa

fehan S € TS a, T b, WIeT@ THIETT F HH:

Affsraehl Td SRl o WEfRAmE onE € St

o fau— frefafead sifafean 49—

CH, (g + 20,(8 — CO,(g +2H,0 ()

AH=YaH. .—->bH._.

=[H, (CO,.g) + 2H_ (H,0, DI~ [H, (CH, , g) +

(6.14)

2H, (0,, g)]
el H, HieR THed €1 Teedi-ufiedd T a5
I T 21 R T frer A W e sfenfien
TaEtTer ifafshan | SeaA A1 viider i ASH a1
T 3{evaeh 81 SEh! Sevshal U TEeieh i 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 @it uaTe STUAt Wieh atarerad W gl
Tt uarel it e sraven fadt fafde am
T 3T 9% IE ®U 8, W 298 K 1 bar I W
T ST B 3SRl o feu- a9 Ut #i A
3 298 K TS | bar W Y 59 el &1 <Al 1
T -3TTEA 500 K TS 1 aR (bar) T YE S Bl

2020-21



ST AT

21 3ffhe WA: 298 K W Tty s €1 wen uffeerfaat
% AH R g8 © (Superscript) @& e TR
ST €1 3N ok feu- AH
(@) T T § THedt-ufieds
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%TAIUSHe T STl H e T 81 9
el 9 H Seeldl ©, o 39ok Toradid YW BIA1 © qel
I € AN § He qREe o =l St @
ufe Wt 31 uaTed & e § grerer Tt
Tfads & uEred w e Tt A HieR e
T A, He FET I €
S T T FEARTH S B, I Wl Ter
TOfeTd] FTeHeR Bt 81 STel o SToeR<ol | oAl
ST BNl 81 THF FAUAH T, T FEeR @ W
H,O(l) - H,0(g): A,,,H® = + 40.79kJ mol™
A, H® STOFET Y A T 2
(T, SR T, HURN: TeIR T FFIE 1)
TRt 59 oF Tk AT Al ReR A0 Ud Aok 9
(19R) W SUAiehe St oF foTT STayeh o1 Shl SHehl

169

Feduad | 2/ @Y € T H 95t 9w @1 23|
e SESATHAES I [ o (dry ice) A_ H® =
25.2kJ mol "' & WY 195 K W Feduifad gl 2
Juerel oy H ef-efit Sresurfaa B @, frmer o
A, ,H®=73.0kJmol !

fopelt 3 & T W A eR A wE "
TE (1 9X) W FeAured ¥ g areit et
qREd= o SHH! A SeauraT Tt Fad &l
TEedt-afiada 1 7 39 geref o Sfai-eaufae Sat
F1 ga W R a2, g geeen-ufada @
@1 21 SN o feau— 5ot o S1upei o Hed Sufeerd
JoIcl BISSISH 99 ! o 31Tl | S o IS ohl
Hererdl @ oY @d B etk 59 (SH- UEieE) |
SiR-enfvaen fgya-feya o= foean favw €9 ©
qdot Bl 81 39 YR 3Tk | Hiel & oodiehd e o
T oF 1 il i ATSdiehd B ohi Y& HH ST Hi
TrEgshl Bl €1 |ROM 6.1 | o ugel i Mo e
ARl T HFH Toedt & TE )

3qMEX0T 6.7

Teh @ (Pool) | ket o i 18 g Tt
%1 T ¥ @l (TMen) B T T hl 298 K W
iftad g9 o fo fohaet oA eTawass gi?
298 K WR STSHIeh0T i AR Sl ahi TOMT
Al

O T A AR AT TICW A H O FEd B
ARUN 6.1 T T e o feIT UMeh TEedt qfited= 7

Substance TJ/K AfusHG/ (kJ mol’) | T,/K AmpHOI(kJ mol?)
N, 63.15 0.72 77.35 5.59
NH, 195.40 5.65 239.73 23.35
HCI1 159.0 1.992 188.0 16.15
CcO 68.0 6.836 82.0 6.04
CH,COCH, | 177.8 5.72 329.4 29.1
CCl, 250.16 2.45) 349.69 30.0
H,O 273.15 6.01 71 40.79
NaCl 108.10 28.8 1665.0 170.0
C.H, 278.65 9.83 353.25 30.8
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el o eIt 208 KW A, H = 44.01 kJmol’
&

TSN o YohH hi §H TH TR TSR H
Hhd B—

H,0()— T 0(g)
18¢ H,0 (1) § e #1 wem - 158
18 gmol™"
=1mol

1 mol S oF 298 K W orsqq o fou <& 5H
A Fot = nAmpHe =1 molx44.01 kJ Mol *

=44.01 kJ

(T AT U T a0 oTeel 7 o THM SRR
2
(S} O
A U =A H-anRT
vap vap g
1 mol a9 & faT
By H = (1 mol) (44.01 kJ mol )
=44.01kJ
An = (1 mol — O mol) = 1 mol
A U=A H_-AnRT
vap vap g
=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

ISR 6.8

STl arsd Wi SRy TE WA gY MO shifey fw
100°C @9 3R 1 bar @ W 1 mol Sc-aT5q i
0°C a9 &t o § age H AR ol § foha
oRedd erm? G € fF o @ Ten wed
6.00 kJ mol ' 3R STet &t SeATaT 4.2J /g T 21

'
Tfads = TR 9 g 2

BT - 1
1 mol H,0 (g, 0C) — 1 mol H,0 (1, 0C)

Tt IRedT AH,

R IE I CRIE

=T - 2
1 mol H,0 (1, 0C) — 1 mol H,O (s, 07)
T IRade AH,
% T gieda gm

AH= AH, +AH,

AH = -(18 x4.2x100) 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 |

Sd STIET W I Iae H yRedd sF W
AFTA § TG IREde g § oAdi—
PAV=An,RT=0
=AU =AH

=-13.56 kJ mol '

(M) AeR fore TEed A He
et <ifiteR o TeR Tt AT SHak €1 dxal, W 370
od Wt wu ¥ fed e (W ®U A
‘Hau-srerar’ of weEd ?), ¥ ¥ forfom 7 W
FHETe AT TEredt Uftads ol SHeht Bk Hie)
fore Toeh A He eT @ g

Sl ueieR ‘) @ f gefua dife w
| HieT ST o, S 310 T Tl w9 § €, 9 g
foran S 21 e e etfufwarg St T ot
Hier Tl & e & T &

H, (g) + 20,(g) —» H,0(1);

A H® = -285.8kJ mol™

C (I1E2, 8) +2H,(g) — CH,(g);
A H® =-74.81kJmol

2C (%L, s) + 3H, (g) + %0, (g) —» C,H,OH(1);
A H® =-277.7kJmol
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ST AT

TET 9% T Hewul € o A fore e,
AH®, A He %1 T foeiw fearfa 3, fomrd 1 ot =iffrer
I el W S B S S e stfafmansti § v,
U e TIAT § § Y 1 | el ol @)

CaO(s)+ CO,(g) —» CaCOg4(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 7 T fowe wéierdt A Howe 2,

171

dfosk W st TEed B

H,(g) + Br, (1) - 2HBr(g);
A H® =-72.8kJmol "
Tel W SIS o ek Hict k1 3TU&T S et 7o
qw § 999 ¥, A, H® =2A H°
Hferd FHieRTo | HE o] i 2 9 faafea
%X HBr(g) o foed Toedt & forg et 59
Yo foran S Wk 8-

¥%H, (g) + ¥2Br, (1) —» HBr(g);
A H® =-36.4kJ mol™

ROt 6.2 S T EY YA Wl 298 K W AR Hiow fewer Thed, A HO

garet AsH' [ (kJ mol-?) qaret AsH'/(kJ mol-1)
Al2O3(s) -167.5 HI(g) +26.48
BaCOs(s) -1216.3 KCl(s) -436.75
Bra(l) 0 KBr(s) -393.8
Bra(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg(OH)a(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
CesHil(]) +49.03 PCls()) -319.70
CO(g) -110.525 PCls(s) -443.5
CO2(g) -393.51 SiOxa(s) (F=rEst) -910.94
C2He(g) -84.68 SnCla(s) -325.1
Cla(g) 0 SnCla(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
H20(g) -241.82 Clg) +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 TRl i 298 K W WM Aier fa=
TR A He Wl 6.2 H & 2

TRl o SFTEN, Th qee o Gad Afen
T ol oTaen H (Hgs-tawen) e fat=
Tt A He A Y fern s 2

T ST o 319 Tk ohfiehel SRR &
3R S wed B fob afg an weref sroet W
e ® € df chfedam e i <1 T e
Tretiase | faufed & o foau feat wom
FT ATEIYIHAT B,
CaCO,(s) — CaO(s)+CO,(g);A H® =?

TRl & e Toer Toed! oh1 SN o Tehd
& ud sifufsran 1 el aRtedy uRenferd Y gend
T Tt e w1 M i o e gn Fefetaa
YT THIHTT 1 STEN T Fhd B
A H® - Z:alAfHV Zb Ava(aﬁqW)

(6.15)
STet “El'g:r?i'cl H#O Ha U6 b HAEW:
sAfaferaen T SRl o oNE T SIS THIH
1 ShicHaH e o foeeT W @] % 21 78l
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 ™)

=178.3kJ mol!

3d: CaCO,(s) 1 fasres Sroamt stfwfsman
21 a1d: sfoad Scue U U o foT sTgeR! =9
TRH AT BT
(9) FERTATIMS AHIRT0T
Toh Hferd THrRfeR iR, fSeH 39 A H %1
oH i femn T 8, S IR e
21 B9 Th e o uerel i i sreremd
(3TREY afeeen & 1) off fffe #@ 2
IR o feAu—

R IE I CRIE

C,H,OH() + 30, (g) — 2CO, (g) + 3H,O(l) :
A H® =-1367kJ mol™

IWFd e ff¥=d a9 @ 9 W 349
T T S W1 1 Toedt URed 1 oS
fag <uifal ® fF I8 Tt St sttt =1

SIS Tl & wed o fefafea
ftarfedt i AR W AevEE T
1.  wqfad qEEtTe THee | e stfafeheen

Td SRl o Hial (rupett 1 el @ fFfe

Hd B
2. A, H® 1 T 7 SR gRI R ok wie

1 & o Ge H Bl 81 Wi Toed qied

AH® HT THE kJ mol ' BT B

IS ¥ROM hi THAH o fow g9 f=fafea
st o foru stfafma—som 1 ToMT #d -
Fe,O,; (s)+3H,(g) — 2Fe(s)+3H,0(1),

e foed e H1 Aol (6.2) ¥ 8H UR B

A,H® (H,0,1) =-285.83 kJ mol;

A,H°® (Fe,0,,

AfH0 (Fe, s) =

AH(H, g =
qad,
A H =3(-285.83 kJ mol™)

- 1(- 824.2 kJ mol)

= (-857.5 + 824.2) kd mol!

= -33.3 kJ mol*!

& © TR 37 TSt W 9gE O Ys He
2 S 3faa wifrafufa TRl (Stoichiometric coef-
ficients ) % J& §1 A H® F1 T kJ mol! 8, Fwaht
a1 ﬁmwgﬁﬁa%lmwmwﬁ
TR THROT Sh1 Fferd oY o €, e e Affehan
o Teh HicT ! IR HLal &1 &H THIeR i fa=
TR 9 Hferd hid &1 SIeIone—

1 3 3
EFeZO3 (s) +§H2 (g) > Fe(s)+ EHZO(I)

s) =-824.2 kJ mol;

0, URUE & STTER

q9 Afaferan 1 7% AE T Ad Afafean g
W A H® B
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AH, = g(—285.83 kJmol ™)

L -824.2kJmol™
2

=(-428.7 +412.1) kJ mol!

=-16.6 kJmol'' = Y%A H
T8 Ty g @ fF oot we fawdiol afin 2
3. w4 fordl TeEfTe T ol Sae foran S
2, T AH® % UF & foag ff 9=a S 2l
I o feau—

N, (g)+3H, (g) —» 2NH,(g);
A,H® =-91.8kJ mol™

2NH,(g) — N,(g) + 3H,(g);
A H® =+91.8kJ mol ™

(=) 3\ o1 Tram

<feF T T STET-Tho €, 37d: TIed aied
RIeh STereen (fehrehl) Sifcm stereen (Scmel) i
W A o 9 W WA et g1 g U H- Th
sifafsran =@ Tk WS W B A HE IR w1 @ |,
Tt qfitgd guM wa @1 8 ‘2 fae’ &% ' v |
T YFR e Tohd -

3Tk U H a1 arett ferdt Traraten srfafsrar
i AR T 37 |t srfuferanet ot T A
W ureR CfeuEl st A gt €, T 3| waot
stfufamar ot fawfaa famar < wewar 21

3N, B9 39 799 &1 Ue<d Uk SSE0 o g
gl Frefafead stfaferan § woed-uiads w fomm
HRI -

c(ﬁrcmz)+%o2 (g) > CO(g);A,H® =7

Tl CO (g) T9@ 3SR 7, Wy 79 aifafeman o
B CO, T FH I BNl T 37 STt SAfafeman
& fou & Toed-ufadT &1 @Y a9 T T2
FR Thd| A% 79 1= W fufmard ge e, o

173

Heiford Taefist =, df Sued GHiertor H THed-uftad
1 ufiher foran S Eehal 2
19 &9 ffafea sifafsmenet w foaer =@
g\‘_
C(ierzz,s)+ O, (g) - CO, (g);
A,H® =- 393.5kdmol™" (i)

CO(g)+50, (g) - CO, (g):

A H° =-283.0kJmol™ (i)

T SRIF THIHN i 39 YR I Hid ©

for sfoa aifufsran o &1 wu <€ IR TH A

CO(g) W FH o foTu THiehul (if) i §H STl HLd

g, fod ==t e 2R 6t S sraeiifoa gt 2l
d: TH AH° o WM &l fog 95 <4 €l

CO, (g) - CO(g) +5 0, (&):

A H® =+283.0kJmol ™ (iii)

[HEROT (i) TS (iii) P! SISHT &H Srosd THIHIO I
T B

(e 5)+.0, (g) - CO(g);

39k faw A H® = (-393.5+283.0)
=-110.5 kJ mol!

=9 &9 ° A Th ifafRa A 5B &
faq wh wrl @ el oot uftedt A H ® ud
TR AR ¥ A H,, AH,, AH,.. S9 3% B
g ¥ fafys woef-uftead 1 gfaffiea s
g,
AH=AH +AH,+AH,..

T 3@ &9 | 7 feman S Hehar 2

(6.16)

A

H
[A]———[B]

lArHl TArHS

[c]—"2[D]
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6.5 fafita uehe =it rfafsmaren
o oo TSt
sfufmanet & g ®1 fffe w5 wedt &
THHTOT HET AU Bl 8
() We e TIS A_H®
T AR Tpia § FoEd g g1 3 sE,
Jone, fomm wd Sie o 31 eqsti | Hewayul gt
2| UM <8 e i 39 YRR TR e S
2 T 7% fordll urel &1 9 o o Toedt afterd
2, S TH% e & HoEY Bl 8, 6 GHE
sifufsraes T IAR T fafire a9 w eTo AFE
sreenati o B B
G TeRE drelt 19 o faferer o gemd: oA
(C,H,) T Bt &1 2 o Tk Hict o I § 2658
kJ S fe et 21 3Heh fau e et
srfafeman =1 39 YR fora wehd &

1
CiHyo(g)+ ?3 0,(g) > 4C0, (g) + 5H,0(1);

A.H® =-2658.0 kJ mol ™

T YRR M F T84 ¥ 2802.0 kJ/mol
o fdaa et ], foger forg g 23—

C.H,,04(g) +60,(g) - 6CO,(g) + 6H,0(1);
A H® =-2802.0 kJ mol™’

AR IR ¥ off 89 o YhH i e o 9

Foll S0 et B, TR Sifqn Scurg hE YRR o e
STt afeEme # At ¥ R ¥
TTEH 1 3TN Bl 2

IR 6.9

19 o 1 "I A1 389 298 K TH 1 atm W

Il B1 T84 o SWId CO,(g) T H,O (1) 5 &

qM 3267.0 kJ FoA Ffe @it @1 Si=fA

fore e forem TR &1 T SIST) CO,(g)

R IE I CRIE

TS H,0 (1) & foau o9 foed Toeht &
TF HHI: -393.5 kJ mol ' T8 -285.83 kJ
mol ™ %I

T

g~ w1 fomm fefafaa gt 9 o
ST B—

6C (¥1e) + 3H, (g) » CoH, (1);
A H® =?.. (i)
| Hid S o fow < woied 2

CGH6(1)+%02 5 6CO, (g)+3H,0(1);

A.H® =-3267kJ mol ... (ii)
1 W CO,(g) o fore forem Toetht 38—

C (em2) + 0, (g) — CO, (g);
A, H® =-393.5kJ mol ... (iii)

1 Hid H,0 (1) % foe for=m woedt 8-
1
H, (g) +§O2 (g) = H,O(1);

A H® =-285.83kJ mol ... (iv)
IR §ii Sl 6 F T iv ! 39 TN HH N
6C (iwre) + 60, (g) — 6CO, (g);

A,H® = -2361kJ mol ™
3
3H2(g)+502(g) _>3H20(1);

A, H® =-857.49kJ mol™
ST AT FHIHIN hi Sigd T

6C ez, )+ 3H, (g)+ 20, (€) > 6CO, (&)

+3H,0(1);
A H® =-3218.49kJ mol™ ... (V)
THRTOT ii Rl ST HEH W
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6CO, (g) +3H,0(1) — C.H, (1) +§02;

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™

(@) HIF TIST A_H®

3B, TTEEESISH o HUH o 39 S R fo=ur
—

H,(g) — 2H(g); A H® =435.0kJ mol™

39 2@ Fhd ¢ T 39wl o SEeEgeH o
H-H o o 224 ¥ H ] 9 eid 81 56 Fieha
H BN 9 TUed-uferd w HUH T, A He
HEd €| 98 T srereen W TRl off gl & wh Hid
o ufeerd mee ot quid: dieshy TAMET | a5e W
B ATl TOT-aiiede 81 S <Y 7T SEaEgSH
S fguATTss STust i hUM TEedl SR e
e Toedt ot gt 31 U T o 9 3T
SereRu Frreforad 2
CH,(g) - C(g) + 4H(g); A H® = 1665 kJ mol!

Ig M 37 A 91 € 5 TR SR Shaet T
e W ¢ 3R H A B

Na(s) — Na(g); A H° = 108.4 kJ mol!

79 ST A HUF Tl 3R SeEua Tedt
T g9 2
(1) oy T A, H°
A fafsmene  TEEte eey 22d T W g
aTree] T2 ok TIT STl k1 SATEgehdl Bl @ 3R e
g | St e et 21 foRe ot sfafen 1 e
i qEEE STEH o <2 Td a1 | B aTel SHeli-
TRed G Sigl S ekl &1 TEEAE e g
TOed-ufiedl o fay FHmfaRT W < ST U]
IR BId B—

() ererer foriem wroedt
(ii) HTEA ey T

175

STEY BH 3TRT = fEueE we Ay
supst o Hey | wi
fguraroyes a0y : ® fefafed gfwar ) faar w3
% Hiel SEERgSH | faeme Tt ey e T

H,(¢) —» 2H(g): A, ,H° =435.0 kJ mol!

™ i ® eF o Teed-ufed H - H
A& i e foem Q‘*’j?cﬁ (Bond Dissociation
Enthalpy) 2

ey faaem Tt 3| ufshar ® g aren
e-ufteds €, foad fdt e wegee
TR o Teh Wit e Zeaht TEE Setg ol

o 2 foh 78 Ted-aReade iR SEergeH i
FHUH TACH T T 21 3T Tt fguemyes sTupsti
& fau of a7 9 7)1 SSremed-

ClL(g) — 2Cl(g); A, H° =242 kJ mol

O,(g — 20(g); A, H® =428 kJ mol™

TEIRHAIIGE U] H 3TEY foisH el ol AH Th
o) % fig= 94 o faw fa=r g 2
SgUTHIUIh 37U] (Polyatomic Molecules) : TH
T TEWANE 9] (SE- CH,) W fa=R & g
THoh UM o TIU SoAUHElTeR afshal 39 TR <
STt 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 i SMEY-g0 T Aae-Fel ot
Teh HHA §, AU Y&ieh C-H 3T 1 digd o foag
AETTH S o-foet €, S e & 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 e 7 ok fafew 2ifment,
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 SAfYeR AR T B 79 o e 1 3w
T oh SEY THEH I TUAT i S Wehdl 81 HO
Tehet 3R ageTe & el ot 6.3 § Suersd 2l
rfuferan Toedt Tgd weweyel el ©, Fiifh T8
& o T2 TE AT AEHl o T oF HROT 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 ST Te stfafsmaent i eteiy weifeudt o 5
TR Gafed erdl 8-

R IE I CRIE

A HO=Y ey Tt o S e TR
(6.17)*
Te gy SH wHY fagie SwEh g @, S«
AH® &1 91 A A el TR sAfufwa w1 g
T -uRted sq erfafwan o sifufras st o
geft 3Teell i digd o AU STavas Sel Ud Scdml
o TSt oF Aeft oTEHl i A ok foTu eTewas e
1 IR Bl 21 oA ® T T8 Heier ame Tl 21 98
I §EE Ar] B, S& eAfdfeRr H o9l uwred
(sfuferas T SaR) e stewen §
() Teter Tt
Th AEME AN B Ao Tl o8 o
e €, STe U Hiet 1At AT T sewen o
Ao Al ferifa e 2

ARUMN 6.3 () 298K W FB Tehel A6l o i0d THedt 7 (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 = 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

ARUT 6.3 (@) 298K W FB 3iHa Sgaay THedt 7 (kJ mol* )

N=N 418 c=c¢C
N=N 946 c=C
C=N 615 c=0
C=N 891 CcC=0

611
837
741
1070

O =0 498

* Fl g ey [FFT TSIeY aor Silgd STEYy TSeYl & o1 GHIA fag &1 YN fEEr S 8
oy g ey faved gt (AHP, ) F WA W, SO wEel g7 fH FHER % U A Sy a9 H

qa%q?—qﬁaa‘v gl, a9 AH® = ZAIH;W& ST _zAfH;ﬁW' ¥ oy
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<Ifer STrersh TEIedt i w5 e [
FHYE ®, 36: g9 U W faf # 3w w1 €,
el T el oM@ W9 2 SH SiH-gel ©Ieh
(Born-Haber cycle) &gl SIrdl 2 (fo7 6.9)1

Na'(g) + Cl(g)
t . )
g 1/2 AporqgH v'a
2 E | A H
2 2 eg
Na'(g) + 1/2CL(g) g
-~ <
- P
g | AH
2
©
§ E*(g] +CI'(g)
a
Na(g) + 1/2CL(g)
?“. "_O‘ Asub He
% g
o
¥ & A H
a(s) +1/2Cl,(g)
a'g| AH
- g
-
¥ 2

NacCl(s)

T 6.9 NaCl &1 Siois TSieqt & [T TSiedt ke

ammeu, 89 fAfafead 9k § NaCl- &t Sl
T Y T HE B
1. Na(s) > Na(g) Wifeam g T Feadurad,
A, ,,H® =108.4 kJmol ™’
2. Na(g) - Na'(g) + e '(g) HfeaH T T AT
T

AH® =496 kJmol ™

3. %Clz(g)HCI(g)aaﬂﬂ'—r =1 fodiem| 39 Afafman
FH T Ay foRieE e w1 ane 7

% Ao H® =121kJ mol ™

177

4. Cl(g)+e ' (g) >Cl (g) FANH T N UM
TR Afe| 39 Wishan | geteRi wfed e

A H®=348.6kJmol

MO Teheh 3 | ST TEIed! qen gl wfed
Tt o SR H YeT € arad § 4 9% SOATaent 9
& fod MU R TR T TR R e A S W
ST Sdl IRl T YA fohan Siar o (S <fEm)

T Fell ol gelagaear
ST el TS Soiae el Ta1 hl TR I aqH=
T aRefye feran e @1 feRdt = droEe W S
T SAMTHRR] T ITET I SEATHRAT FT TR
Y ufisrfora fman s gevan 21 Frefafea stfafwan o

M(g) — M (g) + ¢ (3T o fam)
M(g) + € — M (g) (3eeRM & fau)

T T R Tedt giads 919 fo@ geieon &t
e § UReRfad foram S dehdl a—

T
AH°(T)=AH(0) + [A,C2dT
(0]

I aAffETet § 9 o © yod ueie
FEE C,.5/2R (C,.3/2R) 8 THfAT
ACS=+5/2R (33 & fem)
ACS=-5/2R (3R A= o Q)

TH YHR

AH® (ST ) = E, (SMFHH %)

+5/2RT A H®°=-A (SCRHeYd) —5/2RT

5. Na'(g)+Cl (g)— Na* CI (s)
7 fafu= o= 1 % fost 6.9 | <wifan @ )
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

e =+ 788 KJ

NaCl (s) - Na'(g)+Cl (g)NaCl & faw,

A
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39 R o fau ordfies o1 399 2 RT %A
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® +Ahdee

NaCl(s) o T&H Wil oF faq el Toredt
Ao H == 784 kJ mol ™ (FEH-J&I% ¥)

o A,H® =788kJmol™ -784 kJ mol™
=+4kJmol™

39 YR NaCl(s) Fi faea-ufshan & sga *d
FeT-afierde g 2l
(=) foeam-Toedt A, He
fret Tgd #1 foeEA-Ted 97 wed-uiEdH
2, S THeh Th Wil i Toremae w1 ff<e wmn o
HeH R e {1 e aa R faern-rdedt o7
T ufted €, 5 oated i faemas w1 o W
o ST Sl §, Stk Sl o (AN foer o SrogE
%) Te = fRa T El

S Uk AR AifiTes i faeaes o =ien s
2, 79 3Heh 3T foheed Sieten § 379t fafia feafa
1 Bl 3d 1 a9 A foer o atferes e e €, Wy
IH A 37 A k1 faamEeiea (faemes Sa |
STeftreRtor) off el B1 39 Ueh STk Ak AB (s)

& fau smwa w9 o i T 2
AB (s) —>A5"lH A'(ag) + B(aq)

A H® ApaH®

lattice

A'(g) + B9

3q: 5 § AB(s) &1 faoed woedt A 7
SeATEeRT e, A, H o HHl 5N 39 YR o6
HT S FHdl T

R IE I CRIE

A H = Ayyice H + Ay H

sol

sAferenter emmafter AfTehi o faw A H oFcS
BI 2| gHifeT arferehter Fifitent w6t se1 o fereteran a9
IGH W agdl ¢ A ek Toedt agd S 2,
Aqifier 1 foerad & a1 ©1 9gd W weiNEe
FANZEl 1 oien U faeid i B 22 Ted
RedH o SAM STy Seitel (TAferal) T S
Fetted (Tfewr) w1 grivE & STEm g fey S
Tehd &
(B) TIHT S T
e T € Tor foe-oedt, feer @™ o T@ W
faea &t fordt faftre amn =i faemas =1 e
fafyre oen & Hied @ B o Toed qied
Bl | T8 U oS W WU o o5 fRd ot
faemes o fau @ fean s @ €1 T
gESH % 10 mol %! 10 mol 9l ¥ e &
B ATl Tl qfiden frefafead gHeRor gr
for@n =1 wehar 81 gfawn o fow 29 S 1 aq.
¥ TR &

HCI(g) + 10 aq. - HCL. 10 aq.
AH = -69.01 kJ / mol

ey &n frefafad woedt aRedHl o 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 Yeiid & © o foe-woed
1w sl foerm 1 /e B 81 S-S
foerm &1 oifuss AN T @ S ©,
foerA-Toedt S o9 de TgEdr St @ A
CTn B G o or B | e s T A Bl R )
A & folu 7% SWea e (S-3) § fa
T AH % HH B
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ST AT

IfE TH T FHIRWT (S-2) H § 9_el

THIHT (S-1) T § o e W e g

HCl1.25 aq. + 15 aq. - HC1.40 aq.

AH=[-72.79 - (-72.03)] kJ / mol

=-0.76 kJ / mol

AH 1 78 HM (- 0.76 kJ /mol) T shi Tt
2 TE gE T ¢ S faeEd H S etfusw
foreareh THeM WX arder 9 o st 21 faerm
o TR HI Tedt foaerE w1 ger wigda iR
e T e w1 wEn W AR w7

6.6 A :UAfddr

SSTIeRT 1 Yerd T &d fodt fem gru stawiifya
S TS 39 W AYST STk gN HT T 1 § Hee
A 1 T8 HOH1 o WalTE i 9N W i whiser el
S €, Sfesh SO 1 Yele $ed qrq o e A et
AR THieeha B 1 orEdel § Wiehfaeh ®9 9 gl
ft et o1 ifder TehH T € e w1 3R o
= Tfud 1, Td gdfad gl SSedl o fau- uew
9 o1 YT T i W o Telq TEOT, Hled
SIS H STeteht hie SEsTieIEs a1 S|

T o1 3T a5 W TRY 9% I 3R T T
T T I § W T R wE A wa: g
T BT A1 hTe SRSHRIEE Tod: hie SR AR
¥ ufafqa =& grfl S YR o 3T Wd:U%hH
TenTeeiia afterds gwiid €1 379 99 Sodl ® foh wm:
@WW@?‘WWW (Driving Force) <=1
22 U TA: A I fen k9 feifa e 22 T
@e H B9 31 YhHl o foaw Auss M i fw 3
e ® HWehd € A1 T

Teol TH HHSMT =feT fh oayafda Y =
2?7 M9 GEHE ®Y ¥ @9 GHd © f6 @ atd
qEEfTR Afafwa o ®, S ifehienl o @k 9
T & BN ol B B SRS TS eIggeH o HaAm
%1 Tefa =1 oid €1 37 7190 1 HW % a9 1) e
Heh 3ME aul a& foa fordt SeeiaHa 9iads &
W S "Rl 8| TEf s Hew sifafEA B @R,
R agd & i afd 91 3w q@ ot wasgafia
arfferan’ €1 ed 2| 31d: Td Fatdd e 1 37

179

foret a1 WeH (Agency) &1 foaeT WemEal o fohdt
YohH o B I U B FEfy S99 SAfufswar @
ThH & BH I L HT Idl &l =ordl €1 Lo yaid
TRHI o TR TEE] § &H @ ¢ R 3 T oTo famm
Y IohiHa T8l 8l Fehd €| Lo Hafdd JehHl o forg g9
o9 o g hd © foh —

& aTI U Ua SThvTe Uoha giaT &1

Ig fowdt @@ arege (Agency) & GRT gt

Sahlud fepar ST 9ahar &l

(%) & Tt T hH BT EdHaidar <t
AR 872
7fE B9 Ul et S — YerEl 9 Wl fRA a1 s
R TeeR A &) gfewansti W fa=ar &, 99 <@ f&
T 1 faen § frer w1 feorfas o= o %4 et 21
T YHR B9 T Thd © T T THES SAtaiman
39 foen o @a.yafda erft, o foen o =it o &t
B, S oAt erfufmaet o g €
32T 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° =-92.32 kJ mol

m®+%%®emmm
A, H° =-285.8 kJ mol™!
fordt oft Somerdt 21faferan o fou eifereni 9
IAR & T W T § 7€ HH H Th T
am@ (T 6.10 (F)) ® <9 <1 Hevell 2

Al |y
& g
et AH
H
el Tt
Sk eaten S
arfafsran fdems

T 6.10 (%) Foaieldt fufear & foru Teley-siia
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379 T YT JHIUN oF SR W 4 I STILRN
a1 Whd § T fedt waEfe afafwen o fou
Q‘ﬂ’ﬁ?ﬁ Y 2 HH YR Weh a9 (Driving force) %I

a1 gu ettty sfafsmanet ™ foar ot 8-
B N,(g) + O,(g) — NO,(g);

A, H=+33.2 kJ mol™
C A%, s) + 2 S() — CS, (I);
A, H° +128.5 kJ mol™!

3 HfafRaTT Tord yafdd WehH Td SoARIS! &
woedt ¥ gy &l u Teedi-smE g S W
(foa1 6.10 (@)

®I Fd
o

1 P
Tt

T 6.10 (@) SN ST & 7T Teledi-siRa

T SSEIN W I8 oI Bl € o wedt o et
W yafia & fau ww wfawers wRE €, W T
gt yerHl & fou g & 2
(@) Tt Td @A yataar
Toh T yaf weha St T feen § 9 4R =i /2
oMEU, 'H UH ud feafq w1 ovemem #, fowd
AH =0 , 1ifq Toedt § #1E ufady & €, fbe oft
sfafsran =1 yhH @aaia 2

TH TH 9% UF o 9REw 9 foafia (Isolated)
2,9 < i 5 forafia w ©, S o 6.1 ° gwitn
T 2

Y T A W B, R FEN: W T vEd
forgatl | <wfen o 7 qen wk faue 9 g fawan
T (fas 6.11 &)1 Sa fauss ge@n S @
(fos1 6.11 @), 7 18 9w | fa@la e ot 2l
9 THF gy faaer qof e s 2l

R IE I CRIE

fag 6.11 7 4 F7 faawo

379 TH 9 YohH 1 ST i §1 faere @ ud
Ifg &9 91 A o fEed @ T o 1t i e,
at fifvea €9 9 3 T A o e g gR Al 7w <
S % Feet § o] e, @ 3 g B % ) @
TR A favreie e o 9] 9] ekl SQ, af 89
e IR R & e and € TR fashren o e10) T
A F1 T A 79 B F1l ¥9 %8 Thd ¢ 6 Faw &1
TN 1 ST SeFafierd 8l T B

9 TH Y SEUROT AW §: Tk fowfi
e o frerm 1 et o gHE Afue sTerafied g
1 Y9 el 81 TE T yaaal i T HERt 8
Tehell 21

TE B9 Th 3T ST e i aid i €,
S U=t S’ wEd B SWea el T i
sAfrerfem 81 U AFTES 99 9 o fog s =t
el Tkl € Top Gt fendlt Forehrr o stezrereen 1 |
T e foafia freem o foraelt aiferes svezrereen 20l St
& oifuw TR THA B SRl O U TR
rfrferan o1 99 €, T uRer wRArpRt steren i
& TH U (AfulREE) ¥ ¥ W (SAR) § T
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rafeerd e 71 A% SR} ki WA fRARRT i
G 9 SAfues steafierd Rl @ Terdl § uRomed: g
BT Tk e sifufman § TR § Tk ufted
siffshan o T aiel ot ST o STER W STHIG
fehan ST ©1 G | Frafhaan & sed @ ot € wd
1 T Tk QY ok folu S STae AaH Tt
(eifeer fafim) =t oeRen ®, Sefh MW e
AR T Y ST 2|

379 B T 1 AT (Quantify) €9 34 €
373 | el o ool ¥ STeewel &l AT i o6
fau wh fafy wiferst 2, it 39 T&ds &1 g d )
&1 et fafyr gm0 erfufwen o e ot Som-aieEda 9
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! STereer
Tl g1 98 AS UihA o 9y W s Y e

Ste off fepet fepma i o & S €, 9 9
AT T ) TG e & STeaeel a1 31 2|
TE UK SO (q) Terma ® areyewen sg@ T
UHTe Tl §1 1 8H AS i q § Helfed Fehd 2?2
I9e et € foh St o1 forawor S@ g W el
3l €, TSR o <) St €1 Tk S%e A1 o R
H f71 a9 o fm &t qa | SAfie steraRen Bt
21 o7q: ferdt ferm@ &1 a9 9ok w1 Al
a1 o= g1 Fe ae W e e W @ T
SO 39 TR i S=9 a9 W T I B S
1 G H STk STeTaE] w1 IO & dl 8| SHY el
<Al € o Tt afteds qra o S[ehEard g 2l

IThHINT TRl oF T 7 AS &hiq Td a9 T
Y 39 YR Hefod H Ghd 2

qrev
AS = rer ,
= 6.18)

forelt To: afaa gsH o6 fo freem Te afia
F1 o T2l qiEd (AS,, ) Fefafed gt
g &= < g 2l

AS, ., = ASsystem +AS,,, >0 (6.19)

9 e fehT reaEen | B, @ vt aifirenay
Bt 8 Td T # ufEda AS =0 ®

181

TY HE Thd ¢ (% Th w@d:garfdd WHH i
T § gfg 79 9% e W@ T, 99 a% a8
HfthaH 7 B S Hrmeee W T | 9fierdq =
e 21 gieh TR U erEen Ol ¥, om: U
ICHAUIT YohH o SN 8 TIUi-9eads i 7O
frfefad Tiehor o &0 Y Tehd &

_ qsys,rev

AS

B9 WA ¢ Toh guardg aRfeefad § sehqoia
Td ShAUTE -3l THl & flq AU =0 2l 8, g
ASyw I (AS,, +AS,,,) IHTE TFH &
foTw 3= 78T €1 39 YR AU |, Schuvig Td Sehuoie
e H faui & wedl €, Sefh AS fa9g el 2

IETEIUT 6,10
Ty fr fFefafad § 9 fad werdt sedt /
Hedt B
() T 5o 1 W Fereen § gRed giar 2l
(ii) T el 3 HT AT 0K T 115 Kdh
TG Sl 2

(iii) 2NaHCO, (s) — Na,CO, (s) +

CO, (g) +H,0(g)

&

(i) o TaEn H URed oM o 9R 3T7] A
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
Afereh STerafterd g1 S €1 37d: T2t 5g
S 1

(iii) SRR NaHCO, 3@ € Td 3! T=idh
#4921 SR § T 3 3R < T 7 3r:
IR 3=d Tt 1 feufa w1 wfdfafua
F 2

(iv) 8T Teh 9] ] U] el §, 3Fef HON hi
o St @1 H AR o & Hid eRgiee
310] oF T A i gordl § 3Tk Terdt
@ 2
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IETEUT 6.11

We o AR

4Fe(s)+30,(g) - 2Fe, 0, (s)

Tt afeR —549.4 JK ' mol ' € (298 KA
)

g srfufemen o =it uRedd o 8H &
S o stfferan @: yafda @ 22

(38 sfafsran & fag

AH® =-1648x10%J mol ")

&

T Afuferan 1 @ad yafad

ASm = AS,, +AS,,, % MR W T I
AS,, & AT &W & fau W afew ga
STERIYG HoA1 W fo=R & 8, St —A_H°
@ qed €1 T a9 W 9REs &1 Tt o qfteds
—A H®

T
(-1648x10° Jmol ™)
298K

g AS,, = (feer @ ™)

=5530JK 'mol™
31d: SAfufsran o foau el Trd-aRada
A,S, =5530JK 'mol ™ +(-549.4 JK 'mol ')

=4980.6 JK 'mol™
399 e Bl ¢ T i o yafdd 2

(“)ﬁﬁﬁf@mzﬂﬁﬁm

= Fm T & B R T % A e e
qREdd AS,,, (9l T H1 w@ayafaar o1 o
F B Ry AfreRTe TEERE skt s e
T g T w1 goit o et €1 era: stfeeRiw
aifafspanett § Tidt v weedt — I o uftedy
P Ee i e e w o= fF T @
et Tl H wH SR T & = ¥ gfy @
yefdd el w1 feen feifa o gwdt 2

R IE I CRIE

3T YA 2q 89 U U SNTh! e e
St 41 filest ®e G i 39 YhR GRI Hid 8—

G=H-TS (6.20)

fiest wit, G ok foreiiol wo stareen T 2

e &1 fiss St # 9ftadd AG,,, I 39
YR foran S wehdl -

= AH, TAS,, — S AT

AGSyS - Sys - Sys Sys
TR A9 W AT =0

- AGgys = AHy, — TAS

Il 9IEie (subscript) o™ i BiEd g
THIH T W YRR foaed -

AG = AH - TAS 6.21)

39 YN it Sefl o IRadH = Toedt | gRadH
- qUEE x T H URadd Ue gt ‘fies
GO’ o &Y H S S ®, S THE 9 o At
Heeu! THIHON H ¥ Tk 2| F8T A T i o
oI ST I=i wht me-Ty T € wei (AH o e
H) TH TR AS (TSR HT W) | ST g
T T4 2| forfte SneR W fover ol S W B U
g fF AG 1 9T STl 1 THE Bl §, Wi AH
TS TAS Ml Foft 9% € [ TAS = (K) (J/K) = J]

19 g1 foeR ohtd € foF AG e wenr etfufsman
1 Lo yefdar ¥ Hefud 2|

T WA € fF AS,, = AS, + AS,,

Ife e, aEst & @1y g 9= o €, q
fEwr 1 a9, feE & 99 o 99 € s e
IR & el | gig e w1 woed § we o
e uil

3T : UfEw 1 T H uRadd

AH,,,  AH,,

ASSLUT — SuIT J—
T T

AH,,
AS i = ASye | ———

ST FHIHOT I IA: FARYd HH TN
TAStotal = TASsyS_AHSyS

@d: WhA o faT AS,,, >0 I:

total
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ST AT

-(AH,,, - TAS,,,)>0
TR0 6.21 1 STINT T T SIS THIHIOT 39
YR foet s gEdt -

-AG >0
. AG=AH-TAS<O0 (6.22)
AH, sfafean 1 Tieh # ot & 1as 98
TSl &, Sl SuErtt T o fou Suers e B1 39 YRR
AG ST w1 o fou e ST @ TS 39 YN g
Sl 1 /G 1 39 HROT 30 AT T g Sl
off gl ST 2l
AG TR <@ T 99 W wWdydfdar &l
FHE 2
@) 9 AG RUTHS (< 0) ¥, 96 YehH T&d: gafid
Bl B
(i) IR AG ¥THE (> 0) T8 WhH T&&d: Hafda
BT
femuft— =fs stfufsman o fore et gitads s
B U Tt uftedq oft eFeHes =, d eifufwer asf
w@d: g, /@ TAS &1 5 AH & AF 9 3ifas @
MU F% | YhR 9 B Hehal 2—
() YHTcHS T=2idt gfiedq A f, dl 3| feafa o 7
1fes g1 =feul (W) oHTeHe Teidt aRead sAfereh
g, @ 39 feafd § 7w g wifeul vee aren SR
e dr § foh safeemiy sfafspae S=a A W
Huifed 1 St 81 GO 6.4 § Afafemanet w1 wr:
Yafadl 9 a9 ok 9979 sl Haifd (Summarise) f&=1
T R
(9) W=t 3T FeAnTfaent ot et fem
Y WA © T Tt foafim fem & fag s
e fifyea @@ 21 gfen, 39 R & fem o
T 1 &1 T9d: IR i TarHTiaeh S aqerd
2| aTEd W T SN ol SHY R @1 v e
o ¥AH g fem & off fafv= ger § fomar s
ekl B SOHANTIeR! o1 O o o ol ® o
T gl Soaiedt SAfufwand ot 3 i el 2l
oTerdt erfufsraneti § fehell el aTqeRoT | sTeewen

183

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
ot arel ok ooy Wil W o fRdlt oft R Mfa R
Tohd T, 98 WL HI WE U FX Tohel © IR U
o errey fgw o fachg Tehd €1 etupet &t @7 wifEt
ST TAARRYT T, SO 71 Ta Shoe T ke
T 5 T 1 AI9HE Sl € A Te TiE St Su
B W € SR T 9 St 21 g 3 e drg
ECEIES S B e R TR o i
forefera ueted o1 amM SR-S W I A 3R
AT & AW-IN T oft I Y S wedt $1 3
FOHTfeRT ahT dIERT o ohgd 21 UEn safag e
¢ aiifeh T Y W fred § wyul %A e 21 9
HUA ohedl YG Thfed S|l q difgd @ it
Tgifass ek IR qrifiTes yam guiid & fF faeaamt ot
srfefiaferd sat 1 T=idt 0 K W I &1 Bidt| dier
2 1 Hew THieY € o 98 ohorel St Sl o
SR W Y5 Tl o Fuet Tt 7 aRenfad e
A ek B 81 g5 w9 o fau 9w 0 K ¥ 298
Kaisq;;” gfgal =1 Siig X I fhan < Teha
2| TR TEITE! 2H-FM YehR o qReher R Heh
Tt aiads qRepfad & o fau smme &1 S
TRt 2l
6.7 Tires Ssti-ufads

HTH=TAEAT
T 2@ b § T 36 WhN U Sl ol [98 T
aferor-srfferan & R o frefafead SRt < -
() oA sifafwa 1 T gafaar s gergaH|
(i) THETR SAf9foha ¥ U B Wk dtel YA

HE 1 qATIAI

319 T BH STchuvia sifafshanstl | qgea el
TReRHl W R R e §1 o1 g1 SchAvia sifufmast
o o Sel-ede 1 Sie w8
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‘SERHOTRET W SRR T o uRferfd 2,
S T YA H1 39 YR T S 2 R e
THY o0 UREY ® Yufa: wr H W qEmEte
srfferanati o geof o ‘ScraviEar’ w1 ol € 6
TR sTffsran <1 femstl o we-we =/ |ehdt
2, fora T wrer wenfia =1 @eh| 399 wdid e €
srfaferan AT feemeti & gaa e § & & WY =9w
Tk, S IHYE Tdid B Bl g quft dud ®, 5
Qe W R R e Sl ad gl At uE
T2 =1, @ T @a: g wH g e i feafd §
qfafda gl S|

3d: W o T HER 2
A+B=C+D

AG=0

fordt sifuferan, foad gt sifvens T SR
A sfereet | e, @ files S A Ge, wrere
feoier @ feAfafigd geietor g0 Gafea Bl 8—

0=AG°+RTInK
FAYNMA G® =-RTIn K

AN A G° =-2.303 RTlog K (6.23)
T 8 ot 9d © R
A,G® =A H®°-TAS®° =-RTInK (6.24)

Tarel HEATeST SAfafshanet & fau A He =61 w4
Aferh T TR BT 71 3 aRfefaE § K 3e
| ¥ 9gd Y B UG Afafhar § 31y IR 9 A
1 wafd T8t M| Feaardt sAfufsanet § A HE
A Afeeh ST T SROUMCH BT a2 A GO 1 A
Ak T TSR Hefad 1 3T aRfefaE § K

R IE I CRIE

T 1 ¥ 9ga A4k STl §H Yael Seaiardt stfafenansti
o fIu =9 K &1 30 ¢ Gehd © W8 Afafswan
TR i & Wehell B1 A Ge T HH A S° % HH W
off feft s 21 Afe arfaferen o et afteds &1 ot
2§ T WE, 96 K 1 99 21 Afafsan ot g
TH 9§ YHfed Bt foh A Se 1 HE oA Al
RO 2
THIFHT (6.24) T TN HH T
() AH®° W AS® o HIO9 ¥ AG® &1 A STTAI
ek, frdl off 99 W fFwmEd ®9 9 SR i
yiftd & foTT K o WM 1 TOAT 1 ST Hehell 2
(i) afc varmRmen ® K dien € # faen s,
fordt off 371 A9 W AG® o W i UM Hi
S Heht B

ISR 6.12
298 K W (ST o 3Tsiid | ®qaol

goz(g) - O4@h fau AG® o WA w1
UM hifeEl 9 SAfafRa o ferg K 1 HH
2.47x107 2%

&

T 9 € fF A,G®=-2.303 RTlog K, T8 R
=8.314 JK ' mol’

SAd:

AG® =
-2.303 (8.314 J K" mol )
x (298 K) (log 2.47 x 10°%9)

= 163000 J mol!
= 163 kd mol!

ArfereRt 6.4 3Tfufehar ot Wd:yafddr uT a1q &t 9T

AH®  AS° A G° Ui

- + - [t a0 W AffRen wa et
- N - (f= a9 M) e a9 W sAfafsean werd At
- - + (3=9 AT W) I=9 q W Afafra s gafia
+ + (fF=1 A ™) = am R sifafean srad yafaa
+ - (3= 99 W) I=d A W AffRa wa et
+ - + (|t 99 W) [t a0 W fafsan erEa yafaa

* 93 e 9 UF 3= a9 g 21 fHdt ey sifufwar & fow 3= a9 sitgd FA @1 arg o g gear @

2020-21




SFT T

IETEIT 6.13
frfafea sifafear & faw 298 K M 9=
feerier T WM A1 hifSTT—
2NH; (g) + CO, (g) = NH,CONH, (aq)

+H,O0(1)
ST @ 99 | " fes S A G &1 °H
~13.6 kJ mol" @I
&'A

A,G®

SHd @ log K=—=
& & log 2.303RT

(—13.6 x10% J mol-l)

2.303(8.314 JK™' mol ') (298K)
= 2.38

K = antilog 2.38 =2.4 x 10°

33U 6.14

60°C MY W SEAESISH LIRS 50% foifsid

Bl 81 Th aHSHd @ TE 39 a9 W A
T Soll-URade 1 TUAT it

185

'

N,O,(g) = 2NO,(g)

Ifg N,0,50% fo@ifsa gar 2, o <l aeref
T Ui 39 BT—

X —1_0'5'x _2x0.5
Nos 1405 TN 1+05

Pyo :O;le atm, py,, :Lxl atm

1.5 1.5
= fes
2
K, (Pno,) _ 12.5
DPx,0, (1.5)° (0.5)
= 1.33 atm.
kG2

AG°=-RTInK,

AG® = (-8.314 JK 'mol ") x (333 K) X
(2.303) % (0.1239) = - 763.8 kJ mol "’

9T

AN TEETTS T ifdeh Fehdll | SHofl-qiad= o Teel @l €1 7 9 qRadAl sl A STeqe
T T SUAN A T § e HeEdl idl 21 37 il ok foIq e Sl W Feh e uitewt o Tt
FXd T TEERTR T Aifidh TehH ST (q) S A1 R o 1ol B €, freh v an #wE (w) §
A ST Fehal 21 3 TRET SN o WIH FE\ AU = q + w 51 Gaifed gl 81 AU R el aifom
e T TR Y1 ® U1 U ST e ®, Selh g U w U W R d € qe Sferee e Tl 2
T g w ok e fog o) o1 oo e €, 9 3= e w1 & S dt 3% e fog 3d €2
T % Th FE @ SR Fm | Triaon s 9w gehd ®, fEd a9 o afed| g 21 dmeEe o
g o1 | U1l 1 SR (C) W R w1 21 31a: a1 Seafid $1 q = CAT Bial 81 Afg
9 T JEROT B E, A HE BT WO W= —p AV H FW 2| SOHIUIE TR H I o Y] TRed
% faT p_ = p &1 9F W@ Thd T W 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 TMiand S 81 W et sifufmanst
o NI o U en W feer S o €1 eH U S STawl-Theld Tredl i R i €
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186 ECIREICEIE]

THef-afeds AH = AU + An,RT 7 199§ R <@ R So-ufads § foan 1 gar €, a8
AH=q,

TR -afedal o %% YRR 7| grae qiedd (-7, arsiiehiu] TE Seaua) S fer
9 W B B, T2 et woeft-ufads 9 stfvafad fman s 21 foed woiedt, 329 wded e o
wHfer | uRedd 28 o e 1 S w0 96 TR ST ged 71 TEEte sfatmeet § woedt-uftedd

AI‘H i Z (aiAprroducts ) m Z (biAereactiuns )
i i

T SR § A HO =) (SAfhReR 1 ey o) -y, (IR BT A i)

SSTIeRT T Yo from Tt Afafsran &t faen oF ar o g6 R 781 s, e1uiq a8 7=t
Tl o TERfTR Afafmen &1 W o @1 2| faefia fem &y Ay = o 21 31d: 89 39 % & foau
T Lo, S, T aRefid wd €1 T=Idt STeaareen &1 "9+ 81 Tk d: Yafdd o o fag
el T2l qRede G Bl ©1 Ueh faeifit e o ffe AU = 0,AS > 0 @1 31a: T2idt aieds &oa:
Feifdd TehH b1 fasifEd ia1 €, Stelfeh il TRerd el hidll SEhHvT JehH o folq T2t IRed=-Seiehton

Aszqr% Y 9 fFan s g =1 q%v g9 T AR & @ 2

e erferhier TETERTR AR feor @ R F €, o1: 70 T80 SHE-e fiew st G
TRefod w3 §, S e o TR U weedt uftedH @ i A G = A H-TAS 3N Gafed 7

T WA o T AG,, <0 TF FrEee | AG,,, =0
e fiTest Soil-ufiads 9 ferid § A G° = -RT In K THIH ¥ Hafod 2

TEH WEEW § A,GS WA B W K H HF WA A ST WAl €1 AGS W1 HM HHIH
AG® =AH® - TA.S® § T fha S Tehal T1 THROT  q10 Toh Aoyl %R 1 ST T2t
URearel %2 sfufward, St F5 d W sREq: Tafid ©f, 3% Se9 99 R WA yaiid S ST gehdl 2

A

61  ®El IW -
TN STeeel el Tk TR €,
() S SeA-uRedH % foe W e 2
(i) fSEer oM 9 W FeR & w 2
(iii) S S-S HE B MO FE H GgE B 2
(iv) TSrEer 7F heet @9 W R e 2
62  TH Uk % BgroA uRfefaal ¥ g o foa—
@ AT=0 (i) Ap=0
(iii) g=0 (iv) w=0
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6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

eft T FT TOTH ITRT G-I § B o

@ zhE (i) 3=

(i) <O (iv) Tft a=ai & forg fa= Bt 2

U9 o <8 & fa AU® &1 99 -X kJ mol™! 81 38 fag AH® &1 | &im—
@ =AU° (ii) > AU®

(iii) < AU® (iv) = 0

T, JohTee T TS S o few 298 K W 387 TEewt o 7 %He: ~890.3 kJ
mol, -393.5kJ mol™! T -285.8 kJ mol™ €l CH,(g) ! for= Tt = grit?
(i -74.8KkJ 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 T=rd iem s 9@ T ag
sifaferan daa grfi—

() =9 A9 W (i) =Faa =1 a9 W

(iii) et off a9 o 7 (iv) forslt of a9 ™

Tk WA W TR gR0 701 J ST STEeiifa Bl € o 394 J s fohar S 21 59
YA H T Soll § feRan ufkerd= grm?

TF 99 e § NH,CN(s) ®T sifaferan ssifaiise & @ &1 T ud AU &
UM —742.7 KJ mol™ 9= T (298 K W) | 36 i o fory 298 K W Toredt
REdd Fa Fife—

NH,CN(g) + goz(g] - N,(g) + CO,(g) + H,O(l)

60.0 g TMH=™ @1 a9 35°C ¥ 55° C & o foau fvad fhalt S[@ o &t
eI B2 Al 1 HieR Sl 24 J mol™! K 2

10.0°C W 1 Hiel S &1 9% —10°C W SHM W Ted-uied= &1 TMT i)
A H= 6.03 kJ mol™! 0°C T,

Cp [H,0()] = 75.3 J mol™* K™

C, [H,0(s)] = 36.8 J mol! K!

CO, &1 &7 TITH ~393.5 kJ mol™! €1 T Te sfaiis ¥ 35.2 g CO, T W
IITSId ST T TUMAT hifTq)

CO(g), CO, (g), N,0(g) T& N,O,(g) 1 faa Tiedt 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 HIS

N,(g) + 3H,(g) > 2NH,(g); A,H® = -92.4 kJ mol NH, 7 & ¥ o=
Tt o 22

frefafea sitwel & CH,OH() ®1 Aeh-forad Tiedt ama Hifse—

3
CH,OH () + 3 O,(g) - CO,(g@) + 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 kdJ mol™.

2020-21
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188 e CE M ERIE

615  CCl,(g) — C(g) +4Cl(g) =rfafsran & fory weedt-ufad™ 7 sifsg s CCl, o
C - Cl &1 e el &Y MO SHifTg—
A, H°(CCl) = 30.5 kJ mol .
AH® (CCl) =-135.5 kJ mol™.
A_He (C) = 715.0 kJ mol™!, =&l A _HC %V Tt 2|
A _H® (CL,) = 242 kJ mol™!
6.16 TH faafta e & faw AU = 0, 39 fw AS =1 gim?
617 298 K™ Ifafa1 9A + B —» ¢ & fow
AH =400 kJmol ' T AS =0.2 kJ K 'mol™’
AH T8 AS I a9-fawar # feer 7 gu sy fo fhe a0 w eifufkan wa: gri?
6.18  afafsman 2Cl(g) — Cl,(g) & faw AH & 0SQ o fo= = =i1?
619  sfufsRa 2A(g) + B(g) — 2D (g) & Tt AU® =-10.5 kJ T AS® = —44.1JK!
aifafsran o T pAge &1 oA HITST 3 "arey fF = sifafean wm: yafda &
Tehell 22
620 300 W U IAfufwar o fauw W T 10 B AGe w1 WM S B
R=8.314 JK! mol*
621 frafatea sifafsraneti & TuR W NO (g) o SN €emfae W feouft shifu—

1 1
5 M@+ 50, > NO@: AH>=90kJ mol’

NO(g) + % 0,(g) > NO,(g): A H°=-74kJ mol
622 <@ 1.00 H@ H,0(1) &1 " uftfeafai # forfaa smar €, 7o uftem o Teit-ufteds
1 TOAT HIST— A H® = -286 kJ mol ™
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HEITEAT
EQUILIBRIUM

ELE

39 Theh oh 1T o 9% AT —

wAifder w& qEmEteE giEwmet § 9=
1 Tfdes THfa H1 Te= o
Aifeer w Tt fEae & e
qn 9T o STfacreton o ifirerea
Tm'_{ﬂél%'ﬁ;

frdt < eAfufeen & fou amg
feerier =e/e ot wehmt;

g%? K, o HeH Hay wfyd e
aAfafsran 1 ArAEEl 1 gWIfed
A o Te Rl i e
Hohl;

SR, TLe-T Td oY RSt
o YR T YA hi 3T A &I
T aiffepd HT Hehl;

A qen & o qmed & amen
3ok I il o6 ®9 H
Hehl;

YA ST AT THIAI HI gl
T AT T TET 1 FeRan &1 =men
Tm'_{ﬂélﬁ;

BIEEISH 3T 1 HieR Agel 1 pH
Thel o &9 H g T Tohl;

A ok 3TET Ud SHeh! 3T el &1
& ®9 H el fae & aviE

S AR HRA (K,) e
pK,, ¥ fase =T geh;

'QT:[
foreraan UHEe feerie HT MU X
ekl

11084CHO7

I S T yAteRoie gimeare § wemEte qrE qewyt €l
SN — AR Sl § HHURE q O, o uied ud foawor §
0, 3T o ETHraifer o HeA T 1 U it fierT 21 5
YR CO 3TU[3T G SHiallfed o Hed | CO i famerar &
O] ST B

ol ol &€ s § weh g9 anfoud B ©, S TSt Sl
At 319 5 i Tde W a1 Y § 9ol S § Al 3k Sl oh
3] T 1 Tde Y THUHL AT JIawe ¥ 5o Frowen § guifed &
S B1 39 WehR %o el a1 o WeA Ueh TIids W T g i
2, Toteeh aRoTHEEY 56 1 Hdg W T THivea oroq-gre Scoel gl
21 STe STt <1 a9 YR Bl Sl €, qel <ol b1 arsq-S1d sig ol
T 3R ofd ¥ feer @ 9 21 U feufa o w9 wed © o frem
(System) o Greeen Tonfad e T @1 F@fy T8 9 wifqw T
@ 1 5o 1 Wag W 5ol TS oI o o ek {hAheld B @
&1 T YR WrEATerEell T o1 w1 ST HeA-5X o SR 8l Sl 2l
T4 39 YehR <9I S ©

H,0 (3d)  H,O (3r™)

75l < @1l A 39w A gvild € fom S feemed & wiward
HU-H1 Bl & qe SATAThaeh] o Scarel o Trerereen W faeor s
‘e fustor’ wed €1 ifaes weral qen qEmEtes stfafsmanet <=t
o wreee @iy 8 wehdl ¢ Afufhar 1 e steEn wg e
IUHT THa Te i gRftefa w AR #ar 81 we fer a
W UF d9€ UH § Al T % g S §, @ St
Higdl #R-¢R w7 el S © U SR Hi Figdl gedt @t 2
forq o THF qvE T a1 ifafwaenl & @igu ¥ R T & SRl
o HiZ0 § g qiedd e 21 G feufq o e o wiivers e
(Dynamic Equilibrium) Tnfa g S 7 qen o TS EEIH
srfafmanetl 1 X w9 Sl €1 T hRU 3H erEen o
srfafmen-fagor o Sufeerq fafve w2t & digor o =18 afitedq =1
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Bl 81 39 SMUR W R rereen wged ask Tl
Afafewan gof 5 Gt 2, Iued TEEtE sifafmae
1 Frefafaa @9 agel o affera feran smar 28—
@) vom T ¥ 9 sifafemand et €, S omrer gof
Bl St ® e SATufshaen! o1 Figan T10g @ St
2 o afufrwet § @ sifufrst w1 g
31 HH Bl ST © T ST THE0T yE g
Toya i @ a2
() fofa oge o o sifufeard ot €, fod @rga
#Y AEN H SR oA € al HrEeEEl W
FAfafsresl @1 siferra i STafafdd & S
(i) T TE W S arfulemenati st e e €, f
ffepoehl T Scuel i Wigdl GrEmeEer
o A
Qe W AR fohe wn qe gof et @
IE SR gEifer it SH—stfafsweRl &
igdl, O enfe) W R St €1 S qen yEnmeen
T ufareq aftfeafaat (Operational Conditions) <l
TRAHIHT (Optimize) T 9gd Hewlqul gl €,
qIfeh TT=TTeen 1 3hTd 3fesd Seas i fem # &l
TH Toheh | &Y wifder e THEte ThAl § 9 o
FB HedUl UBQel o WU-"y Seid foees o
el o wre, TS smafies @ wed ®, i o
qftgfea wa
7.1 «iifer Wernl ® ATETawT
it TehHi o STeAIA g AreeEen o Rt freRm
o SATTAON I ST TRe T T Tehell & WL
®UIALUT UshH (Phase Transformation Processes)
o gfafed ST €1 Semeoned -
3™ —— 34
™ — g
I — T

7.1.1 3ME-Sd ATEATIEAT

Wﬁ%ﬁ (Insulated) WW'&T@H‘@TQE{
S (I8 T 8T T Toreh o W usre ue ufEae §
o1 1 fafma 72 g ) 273 K qen agHee
T W HrEEE | B €1 78 e s safererl
o1 9l 31 B9 I8l <@d ¢ foF g o -y o

e fagm

T STl o SoAHHI ol ShIE Tiede T8l eidl € aen
fler Tea €, W S Wits 7€ 21 9% TS S
o wer et oft g wfaferand gt 21 <9 < & e
I T THTH ITH GHITEA &1 S € 91 5k ok b
0] 59 Jreeel H 9ol 9 21 o U St o seaqH
o h1g uftedd &l B €, Fifh Sel-3Toet w9t
Y S H TG0 i &L T ST § 9% § TR0
F R 273 K 3R T IHSA 6 W =K Bl 2l

g T ¢ foh 9% o 5ol ehae fRE fawie qmg
TS @ W E G | g ) agHesed 9| W
ot 315 vated o for = ara, fowor 3 e ==
ey @rEraken ¥ gt §, usted @ ‘uren
Tk’ a1 “ATies Tetieh’ shgetrr &1 8 fem T@
o 1Y ohelel TST-| € UREfid Bl 2| 39 YR 78
frep Tfaer wreEen o e 21 3Ed e
fepd o B ® -
@) aF foreft wfwand wmu-wy B 2
() S wfmad THE R 9 B €1 se o U o
%1 goEM e & 2

7.1.2 SO-d™ QEATSTET

g qeF i Fr=fafad w=m o oerg 9 9uen S
Gehdl €1 Th U 3R 1 Aferent, Toed 9/ o &
(FAIHeR) , 1 T SiE (31 @IEF) o IRES e
Y Wig <d B o § Tk 9rE T A1 ue few o
sieit ehfewam NS (A FIEHRY YIHES)
ST ST TR S 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
e o= T (A1 S €9) ok iy @ feEn S gl
A 1 3@ W g4l Tord € % 9 gma g
THHT < ol | IR - oear § SR fad: fer
B ST €, Al S H I TR Tl © @R
o B Sl 1 9= T ford T Sl R S o
%9 g St @ (Fo1 7.1) | 9 o sifeq | Sietered e
Bt € A1 oSt T el Tkl ©, T ST Wet 1 Sou
B W T rerwen | Siol- 310t o SEeH o SRl
A1 &G Sl 8, 0 o1 g w1 ST fEer el 2|
TH o WIY-91 T H1 gig- H HH e e 2
el | weqifid B S € o el el g 2l
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THHT AT 8 2, o S-S Wi o Srupetl ot Hem
et sraeen o ded ot €, dH-99 T srawen 9
ST oF T[S hi F-3TaEA H oA i I AT
Ty B d el Tedt /1 teiq—
eI T ¢ A0 i W ———  FEAT I
H,0 (W) —— H,0 (I™)

qrererEe | S-S g 30 @ fohet i
19 W FEeR Ted €, 39 STt o1 9 oo <[, (A1 ST
T GTSY-T) FEd &1 K9 K1 AOU-SE AT ok 1
&1 21 A T8 T Ao Toshieiet, THeH qer 2o
o T e S, I8 Uferd e @ R 5o are
arq-grE fafe=1 g €1 STveiiehd Seu ard <& el
39 SAferk STTEiel BT © TS SHH FHUMIR FH
g 1

afs A T e, ufor Yo T
A H U H1 1 mL dgHSA | ol W@ S q
T YA H TH WA HR H T g9 o f9a-fim
ST o T <A S A 79 g% i fo g gedt
v H 5o 1 qof TSR € S 1 got arse
AT (i) T 1 Ghid, (i) T T HET qAT (i) T R
et ta1 @1 S 9 T I GEHed ® gar @i
ST €1 Al STSY sl SR al FeR et €, wg arod ok
0] HH oF R @A H el S §| 3Fd: o9 W
FI- ST H WA k1 X A9 HT R W HH BT T
TH% IROTHEEEY TYUl 59 S1fSqd @1 S 21 98 T
ol e 1 SR @1 Gt R o e i
T BT Hord e 2

&% U H O TH So-aT Tk JHeed e
(1.013 bar) @& 100°C a9 W @ feufa # €l
1.013 bar <6 T Sl 1 GHEMT F&2HH 100°C |

191

92 feur # S@
forT 7.1: R @19 W ST &1 Grraee] &1 arsq-31a qI9T

el s %9 o foq s aHse™ <@ (1.013
bar) R 9% dM, TR 5a U5 a7 A ¥ 7,
‘S 1 WM Tl A 8| T T FaAqTh
agreeE 6 R 9 A 81 T8 TE & S
(S W off F79 e 21 Aferss S=aier ™ g
TR Tl B

7.1.3 STH-aT] ATRITAET

31e & U9 el W fomm i, S8l S oy efeen
¥ Feduifad g €1 4% e A &l U o9 ue o
W, 9 FT THY GTA T A o9 S S ©
T A o W-F1 T HT il § g et 81 oW
9 GHT I 1 1 i feer e S @1 59 feafa
o HrEERy it e S ¢ ofd: S ST
FeATIid Blehy SIS oTod el © AT el i
T &Y § 9 < Gehdl ® -
L, (3) —— 1, (ar)
TH YR o G o 3 ISR e
FR (M) —— HR (aTH)
NH,CI (3®) —— NH,CI (ar™)

714 ¥9 ¥ 319 A9aT 9 Hl Tevierdr-
wae ar

ol | 3|

B T 39 W T WA ¢ o &y U 5ot ) wh
Tafy=a amEn | 9= a9 W a1 =i 1 e did
A & Serd €1 A B0 S g o = = S
3R 39 Se1 Y, il =it o fereed g 8 s fRd
a9 Ry Ty foerm | 9t ek stfuss foem T o
H@F, qar ﬁ@ faera =t ‘W‘H T, (Saturated)
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Fed 2| faeid =1 faeiga v w feR e 21 Hgw
oot o s1upeti it 319 eTeen 14 faera o foerae o
UL o e Tiden SrEER B

4 (Free) —— = (3F)

qoI T |,

= o geH Bl W = HHA o fhed &l

o =+ FeEar 9 SR <A
ol WETE 1 Mok Yehid 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 feanfraaEE == & e w1 fafEg gE
Werenati ¥ B 81 e Yeanfad we e e
=it ST 1 ST T T FGa Bl ¢, T T T8
T feeR A q% FEl Tg" S
gal o
e Grel-aeR 1 didel Sielt St 7, dd S99 Hoil g8
He SEAFAEES T H FH AGT oS G W
e ot 21 o=t <9 W S/ | e estieEe
1 for foctadr & SRor @ g 21 feer 9w 9=
W TG % Afger Ao Te w9 o ol st o o=
e Tfyd TEdl 1 SSreRone—

Co, (M) —— co, (faem= #)

g WrEE] B o TEMER €1 e oen,
“forelt a0 W S T TE W oF faeaes o gen
% T ot won foemas & W W % Fe %
HUMUTA Erdt 817 A9 g o T-Te T8 A=
el St 81 CO, T i He-aeX T aidet § ek
@ R sk fHa 8139 @ W T ok a5 Ak
3] 5o o o & S &1 S € et @ieft st )
I8 € diqel & 59 HT Yde W I 3T=FE FH € Sl
2, ford o o Heit g8 e SEeiiemEe et
= agHeda @ W TS THAEA $i IR SR
Bt B1 A% We-a1eX 1 39 didet i FP GHI Th
g1 o el Big f&an o, df 398 @ @ gt
IRETGAS Il

IE WHFT ®9 § FEl S Ghdl © T

e fagm

() O ~ 5o, g o for argHecd @ W
(1.013 bar) Tk € a9 (o) TH Bl €,
o Al yreemd o S 71 A ofew o
o &1 fataa 9 @, @ SH wawenstt &
T e B 2

() o™ = 34, e o fau fedt ffyea am
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 & fooEa g9 % IR T F @
(ga1) o HHHE Bl
7 fremel w1 |roft 7.1 | fean wn @ -

ARt 7.1 difaer wrEmaen w9 favean
ke Trreepel
Bl = o™ ffyed a9 W p,, fEer
H,0 () = H,0 (g = 2
3G =7za TeeR 3@ W e A=
H,0 (s) = H,0 (1 = 2
foera (3W) = faeia | foerm o faeta &1 wigar
(foera) | fafeem qo w feer 2 2
= (BR) = =
(ferera)

T (9 = T (aq)

[T (aq)1/[T¥ (9)]
fafyaa am W feer g 2
[CO, (aq)]/[CO, (g)]
fafv=a am W feer g 2

Wiferen UehAl W WTEITERT o @

ITFeTeroT

S ifeh el § Feft FHepm-areee o 9

sfeter frefafed B

(6] fafy=a a9 W ot &g e (Closed System)
o € wrEee g9e 2

(i) @rETEE W S foedt stfafwand e 3 9
Bl ©1 T Wiiaen, fohq Tl srerern Bl €

(i) R o @t WA A qo-ue fer B €

(v) & fRel difdes wwa o e i 8

St ®, 9 "Roft 7.1 | aftd Aade) o 9 e

CO, (g) = CO, (aq)

7.1.5
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AT ERAT

Th w1 A e 91w fer g afiia
TreAEE i e

v) fodt off g 53 iyt &1 9+ g% <9ia € fw
YR dh UEeH o gd odifas whd e
i1 T 3 GG Rl B

7.2 THEIEAS UehAl H QTETEaEAT-Tdeh
|

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 HOH B Gl &1 59 UH we gdig sifafmaed o
<X HAM 81 S 2, @ STRIRNeRT qen ScTel S |igand
feor et B I8 TEEE W hl e 8 U
Tifaer ArEaen 3w Afufean (g 1faeRes 3ag
H gt 9 ®) qen ydig sifafwen (e sas ga
AR o 9gl S ©) ¥ Toerrt Soi Bt 21 38
e o fau gn fafafea Soraeia eifafean w—
faar = (o= 7.2)-
A+B=C+D

T didd oF 1Y IfYEReRl (A den B) Wi
Higdl edl © 91 SRl (C 941 D) w1 S=E Bl 2l
31 faferan w1 <0 wedt St @ SR wdtg sifafwen
1 T el Sl ¢ Hereerwy Tk UE feorfq et €,
el AT eAffemanen 1 T THE 81 St ¢l e feefa
o frepr o HrereEe Tiftd B Sl @1 el S
C A1 D & o= Af9feran et off WIed ohi ST Gehell
21 9 Tt off foen @ 59 wreEerEen w1 e
U 28I A+B=C+D A C+D=A+B

C 3Ydl D

Ega —>

A A4l B

THY —> 9=

e 7.2 : TErEf# qreEraee s e

193

TeR-Tafy g/ S| o dyav vl § e
AT h1 TMideh Wehfd shi ST ST Tehall B1 BTeR
4 I=9 A9 U1 T@ T SRS a1 LSRN hi
fafys s/ amEnew o WY Afafwar wue Fafra
ST T STHAT T HET T4 HI| Tk TR T
IR AfRaT | I SRS qo1 SRR hi
g T w1 fo 7.4, (U 195) <@l € 6 wh
fAfeea ama o 9% F© STHeRE o 30 T T o
STHIT o1 WK W fHS07 st Weed oel a1 @l €|
fhsror o e 1 feear 59 o1d 1 Hehd 2l @ TR
e i 8 ¢ ?)1 eifufwmen i gpfd
i T ok T T 1 T 3% HUd-Hd
IRfYe uRfefaal (36t o1 3@ we a™ W), fhg
H, %1 ST& D, (Deuterium) &e¥ fofa @m H, =
D, & W Af9fsran U o ErEEe WOgHA
gereTaren afafea-fasor yrea wtar €, g
Hfufsra-fH#o1 § H, T6 NH, o M T %A D,
TS ND, HISE &d ¢ W @i g o 9%
Tl fagor (9999 H,, N, NH, @21 D, N,, ND, B
?) ® g H e o g9 % fau oig o 8
o o 3@ g w1 favelun s W g e © 6
ST 1 Wigar Tafafdd wdt 2

BTeiiter St 39 s o1 fageiyor oM St
(Mass Spectrometer) gl IE RIS %\ ar sﬂﬁ
eifemye fafym smif=n 319 (NH,, NH,D, NHD,
T ND,) T STgelsglsH 319 (H,, HD 1 D,) Y
S &1 394 Te Trend feherar @ for @memereen & g
off fiygor o fim we wdig safafsrand gid & o SR
U W H a1 D TEV[S &1 SMHH (Scram-
bling) BT TEdl 8| reeee w@ifd g+ & oI5 afg
sfferan TaT B Sl @, 9 39 YRR o1 a0 W
B H9a e gl

i o gyewur o gueenfie (Deuterium)
o YA 4 € T Bidl @ o g9 sifufsmanet 5
T QrEET YT g W ST T gaty sifafEarsi
%1 ¥ GHM gidl & d97 599 [4E0 & qued q @iE
g9Te gRad 7&1 siar &1

qrererEel ] fRenel g TIyd i S Sehdl
€, 9% H,(g) T N, () ! sifaferan FTe NH,(9)
e i ST 31 NH,(g) 1 o Ut N,(g) T
H,(g) I i S
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e fagm

Tfeh ATATERAT-BTE % fAT TR TERT

ifrer =1 THEfTR SAfAlmaTe § e w1 Yt euwn i gl 81 FEA e Tueeht o ¥ g
79 927 ! YSRT foran ST gk 21 fong Ferelt foremera =kt waremen & @ Wi e wowa € 21 Frefatea
TN Yok 9 AL i 5-6 TEEl o THE i a9 @ S ush § —

100 mL % < A9q faferet (fm 1 qen 2 for@n 81) Wd 30 cm <Adt i i <1 et oifsw) et @
I A1 dl T & Hehal € 91 S0 3 ¥ 5 mm % el 8l Wehdl | WIo faferet-1 o e Wi # aie
S (ST | IR WHTE % U e et TiF Sid 99d) W @ e fafaet-2 1 @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 ® i) fafet2 § @it el @y S gu @ weR
faferer-2 & fafere-1 ¥ 9o TuHiaia &3l 39 YR A1 Al st gerar 9 fafe-1 9 fafae-2 5 wd
faferet-2 @ faferet-1 o Ui STa 9R-R q a9 TMIARd $ 21 S qeb 2l Tafaed § OiF Std o1 &1
TAE & S|

I 37 7 fafered o T foeam o1 TMIRT T 9 W 9 &, a1 37 fafered J TfiF 9 & &R | o™
g gfeda et g AfE 31 <t fafed 5 ¥ 5o & &R & g0 A9 AfTERE! Td STRl & dig0 & &9
o 3@ o W e Wehd © 1o I8 WihA W WihA %1 Tk Wehid shi SOTd il €, S THA STt b1 & Tt
B Wt S @t B A B9 36 WA i fafiw sarEeret | Ao 1 gerd @ <edd, af g9 <@ 6
3 fafied ® ¥ a1 & TR f9a 8171 39 < fafered o U9 o & &R # @ fa9 = &) Afaai & wro
Bl B

= = =7 =

(=) (=)

forT 7.3 Tfde Qreraeer &1 Y599 (F) RIS 37aeer (&) S7faH s7awer
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\smsﬂw (ATTFRE)

oeR digd@ —>

SRS (AT RI®)

T SaUs

qqq —>

a7 7.4: sifafwan N, (g)+ 8H, (g) = 2NH, (g) #t
qrEIEee] &1 &0
N, (@) + 3H,(9) = 2NH,(g)
2NH,(@) = N,(g) + 3H,(g)
THT YRR B AR H,(g) + L,(g) = 2HI(g)
W forr Y| Al B9 H, Tol 1, o SRIeR-ae GRI9H
qigur 9 sifafan & &L, @ Afaferan s1fim feen o
SRR B H, T 1, 1 W& %7 8H @ ¢ T HI
T HISAT TG TN, 56 qeh SRl Tfd 7 7l
STe (o= 7.5)1 7R 89 HI | IE& & AR il
foradra feom o g9 <, @ HI &1 9igar &9 gH TR
T H, Tol I, sl Higal 99 T dedl @I S qoh
qrepTaEe w@rrfad 9 @ S (e 7.5)

HI

Ear —>

HI

g ———> qEEen — T

faT 7.5: Hy(g) + 1(g) = 2HI(g) 3if4lskan 4 a7
qrerEey el st fren | wenfyd g gedt 8l

195

g fAfeea saaT & H T 1 o TEsT &
Fa HE& FE B, A IR TH Y ATRHGI o
sfafsran g€ =X, I Ys IR T8 remeen
g e g 2

7.3 AHeh QAT o fam qar
[rTaeen feries
e § ARl T SRl o 0 i H
fagor’ wed 1 T o T WM § 9 fago o
e & Hey H 3 Y9l W 89 faur &3 T
A= fasgor | Afiehien! e SRl i Figdrett |
ey B2 URIYeh Figaistl 9 9 Sigarsd ol ol 0
fman <1 gl 27 9 fHgl o HEed @l %A 9
FF qRafdd FX gk 72 siEifie sfie o swEmh
TEEA S — (H,, NH, T2 CaO) % Heel & fag
MEYTF Tl 1 TuRer ohg feren Srar 872
T Tl O I o fow g9 f=fafed amm=
IRl srfufsran W famm w3 -
A+B=C+D
Tel 39 Hqfera iR ¥ A 9o B 3R
Tl C q91 D SIS 81 3k Schuvit tfafsmaneti o
TR e oh SMYR W Afe o TEEERl ohel
Afafaferm qee (Cato Maximillian Guldberg)
Qﬁftﬂ?{a’ﬁ (Peter Waage) af“v'FL 1864 | fqurfed
e & fedt fagor o wigaet & F=fafed
- HehT0T GRT ST ST Hehell T
x - [CI[D]
NN (7.1)
78T K W feoris € qon 6 SR 1 e
‘e feeier oo hEddl ©1 TE AT -HHIeRTuT
H ‘g oIgdt fwen @1 W’ (Law of Mass
Action)‘lﬂ_clﬁﬁgl
T[] A1 ATt g fadTisd geral i T=s! TE
W%WWWW(SeaIedVessel)ﬁ?Sl
K W 9 H, T T4 1, & o= sifafemn ) TR
| 39 srfufsran o1 stemm fafie wrnfites aRfarfaai
¥ B: TR g fwRar -
Hl@ + L = 2HIg
1 9 1 | 2 T
Tl W) (1,2, 3 T 4) ¥ & YRY ¥ 5%
uE W hee T H, T T 1, 91 TS A

2020-21



196 W fogm
ARt 7.2 YRFWE UE WEmERen W H,, 1, Te HI @t |igand
IR W& TRtk |igar /mol L7 WIEERAT G |igdr /mol L'
[H2(g) ] [I2(g) ] [HI (g) | [Hz2(g) ] [12(g) ] [HI (g) |
1 2.4 %102 | 1.38 x 102 0 1.14x10° | 0.12x 107 2.52 x 1072
2 24x102 | 1.68 x 10™ 0 0.92 x 102 | 0.20x 10> 2.96 x 10~
3 2.44 x 102 | 1.98 x 107> 0 077 x 102 | 0.31 x10° 3.34x 10
4 2.46 x 102 | 1.76 x 102 0 0.92x 107 | 0.22x10? 3.08 x 102
5 0 0 3.04x 10~ | 0.345 x 10° | 0.345 x 10> | 2.35x 10
6 0 0 758 x 102 | 0.86x 102 | 0.86x 10° 5.86 x 10>

gIEgoH Ud e o faa-fie digor o @y e
T S GHI 9% 9% 95 H HHO o W1 H Ao
feer 7 T, steiq—grreen wfad @ M =
AN (. 5 Te 6) ohelel T HI oot R4 fer Ty
39 YR faqda sifuferen ¥ wrmemen wonfya gsl
grelt 7.2 § 3 @t ®: W@ o stk fRu e g

TAN-HEA 1,2, 3 T 4 § F€ @1 S Gehdl @
foh— eAfoehd H, o Hicl o1 & = Af9hd 1, o A
T & = Y (IR HI o Tl &I G&A)

TAN-HEA 5 q 6 W BH 2@ © fh—

[H,©@),, = L©],,

el R e Nehl Ud SRl I Hisdl o
e Hev Tnfyd & o Ty 9 &% gemamnet o fom
¥ W9 Ehd 21 e U T e oS W OEd
faamr -

[HI(g)],,
[H, (@) ][L©)],
WROT 7.3 3TRIRHehl o A Aigar-Gaelt Sisleh
H,(g) + L(g) = 2HI(g)
. [HI(@)],, [HI(@)]Z,

TS| @l (@l | [, L@,

1 1840 46.4

2 1610 47.6

3 1400 46.7

4 1520 46.9

5 1970 46.4

6 790 46.4

qrot 7.3 ¥ fU MU Aihel @i Ferd 9 Ak gy
IR TS SRS i ATATTR-TIEdT 1 ST
otk § W, a1 39 s 1 99 feer T&l, afew
fym-faa g (SRt 7.3) 1 afk &n feAfafaa e
S

[HI@T,
[H, (@), |[L@],
@ gm wd fm | B, wa ¥ 9 e fer
M <1 & (S GrRont 7.3 | fa@en w0 €)1 98 <@
S Tehal B foh 39 oS § YRRl Te IE
W?(Uﬁﬁsﬂﬁ(Power) aﬂmaﬁ%aﬁwﬁm
ifaferean o TR o fod 3o TqEHIeR oI
T‘W (Stoichiometric Coefficients) %I TrETeER o
TH oE oF WM | EreEEe e’ el S @
A T K Welieh GRS ST 81 36 Wb At
H,(g@) + L(@) = 2HI(g) % feTT K, 7 wremreen
frorisr =1 39 ®9 ¥ foran s 2—
_ [HI@L,
© @), [Le)],
W 3T 7T Ao, WS o I_Ih o6 9§ Sl
‘eq'ﬁ@w%,%ﬂw:ﬁﬁ@w%,m
I8 A ST € R K % oS H WiEdl w1 HE
e W §)1 ord: gH forad -
_ [H@f
© [HO)L©]

(7.1)

(7.2)

(7.3)
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AT ERAT

R ¢ 3w € fF K T W EiEm %
A mol L ¥ =k foran T 21
feu e fodt am w Afafmar-sasl =t gisar e
SRR T Fxdl o OGS 1 3T FEeR @ar
21 TH I A Wigdl oF H o fou Hferd
THEE T H ARl TS SARl o ™
YHIHIOIAAT TN i STh! HGdT & =ik o6 €9
o s fopan S 21
Y YR Tk HHH 39fRAT aA + bB = cC +
cD o foru areraRen feemis &1 f=fafed =9 9
e fopa <l B
K _lCr o
[A] [B]
sifuferan 3R (C a1 D) A9 ¥ o AfYHhRH
(A @1 B) B H e B1 Yl Wigal (Seoned- [C,
[D] 3f%) ol Aqfera eifufsren # ToeietoHd™
I Ui o Wl o ®9 § e {ehal Sl R
S— 4NH, + 50, (g) = 4NO(g) + 6H,0(g) #tfwfwan
% fou greewen ferid # g9 39 ®9 A e
T B

(7.4)

_[NOJ* [H,0°
© " INH,]'[O,P
faf\= sre=al (Species) 1 HICR-TIEdT il 3=
THR HISeh H TR I ST € A1 78 HFAT Sl
2 for 3 wreeren wigad €1 W6 o W SAEvgsh
B, 99 dh wrEe feRis o ofwe § yaeend
(39, 5@ = T\) T fae S g
T T SO ONE Seed 29w,
S afe R rfafwar gt wt fRE s (Fac-
tor) § TOT Y, A HrATERe feerieh o faw e
fored a7 =g gHi=a & =y ff 9% e 39
qRadds i ft e wRI

arfafshan H,(g) + L,(¢) = 2HI(g) (7.5)
& | S I 39 YER forEd B
[HI]?
T IH,IL] (7.6)

a1 wdta SAffshan 2HI(g) = H,(g) + L(g) o fog
TrTeE- Tt SH 99 W 39 YHR Bhm—

197

, HIL] 11
Ke=Tmr "Xk 7.7
T TR,
1
K.=% (7.8)

SohA ATATRaT ot wrETaen ferie 7 1fim
srfuferar oF wrETaRen el % SIeRT BT £
IR rfaferan =i 39 w9 ° famd ®

¥ H,(@ + ¥ L(g) = HI(g) (7.9)
TreTerEer feeries 1 HH Brm—
K/= [HI] / [H]'°[L]'/> =x'2=K /> (7.10)

39 YR IS TH FHIHIT 7.5 i n § o1 &,
al SAfAfHa nH,(g) + nl(g) = 2nHI(g) T BH
T THeh wrEEd-fedied ® WM K® BNl OEA
RO i HRON 7.4 | FRRTE fRAr w2l
ARUT 7.4 Teh WTHTA SSRAUITE TRATeRam o wTeTere
ATk THIRIUT ARSI
feertien
aA+bB = cC+dD K

(&

K =(1/K)

cC+dD = aA+bB

naA+nbB = ncC+ndD | K, =(K)

TE1 % &AM T =IeT & K 9 Ko 3Tk
7 fom 2 €1 sufe a7 savas @ o ar-steen
e @1 WM forad w9 Hqfad TE™te FHiH
1 SeerE F
IITEIOT 7.1
500 K W N, 91 H, ¥ NH, s & <RH
e o et |igard 9w g9
N,] = 1.5 X 10° M, [H,] = 3.0 X10> M @I
[NH] = 1.2 X10 > M. Srereen feerie & om0

ifsra|

&'
FAfafRa N,(g) + 3H,(8) = 2NH,(g) o foT
e feetis 39 &9 § for@n s wehdl g—
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_ e (9T
[N, (2)][H, (2)]"
(1.2x102)’
(1.5x102)(3.0x10)°
=0.106 X 10* = 1.06 x 10°
SETEA 7.2
800 K T 31fHAfhaT N, (g) + O,(g) = 2NO(g)
% fore wreeRen Wiz ffafed 8-
N,=3.0 X 10°M, 0, =4.2 x 10°M
T NO =2.8 X 10°M
sifafsran o forT K, &1 w9 @1 Bhm?

&
sifuferan o for wr feemis 39 Y& foran s
Tehell &

_ _[nop

° N,][O,]

. (2.8x10°M )’

" (3.0x10°M)(a.2x10°M) ~0:622

7.4 QU QISR

forelt T g o el eifves wd 3R w
THM JIoEe | 2 €1 Sl ok feru— g sifafgwen
N,(g) + 3H,(g) = 2NH,(g) # YN qo1 g
geft T -y § 2

T THR

CH,COOC,H, (aq) + H,0 () = CH,COOH (aq)

+ C,H,OH (aq)
den Fe®* (aq) + SCN-(aq) = Fe(SCN)** (aq)
afafeenett ® |t AfYswReE qen I gHm
foaera-wreren o €1 o9 B0 S guin fafmansti o
AT fefid & 9 ° TRl
7.4.1 T T ® wrETEwer feris (K )
T 1ot deh SAYRRehl Td SISl o HioR |ig0 o
®Y § grEe femis %l e R § qen =9
T K g @i 21 e sfafwerst & fo
e feeieh i AT @ o ®9 ° YR T
fereh gaerere 21

e fagm

RSl TH-HHiRToT (Teheh-2) i W 3H B |
e H o

pV = nRT

T

n
= —RT
b \%

&1 <M (p) I bar H, 19 T G ! Al i
T 'n' g SEEH, 'V i Tt (L) ° qen 919 i

hfead (K) H e it | p=CRT(%=C) ESRED

'R’ %1 | 0.0831 bar L mol'K Bl B

S n/V %! 84 mol/L H = & €, d 98
IS ‘¢’ T |1 31a:

p=cRT

feeR 9 W T 1 e IR [KI S FAU!
gl T, A p o [9] o1d: S Hae i
p= [T9] RT & ®9 § +ff foran s gear 21

e H SR Hy(g) + L@ = 2HI(E

_ [m)7T
* K i 9T (@]

2

SPEI K. = (p(}f};l()plz) (7.12)
E‘ﬂ%ﬁ Pu = [Hl(g)] RT Py, = |:H2 (g)] RT
qen p, = |:12 (g)] RT
FHfery
w _ pa) _ [M(@T[RTT
" (p,)(p,) [H:(g)]RT.[L,(g)]RT
[Hl(g)] (7.13)

“meLe] -

ST ST H K =K, § $7e0iq 3 Sremeren
feeRiont o I SR ¥, fhg g% =8 T T 2 R
SR W fau - aAfulEd N + SH(g =
2NH, (@) |
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(Pasr, )’ _

[NH, (g)] [RTT’

199

" (py,)(P,)
_[vH, (g)] [RTT”
[N, (g)][H, (9)]

i K, = K, (RT) &l
TH YRR Teh FHiT T sifafma

K_(RT)™>

aA+bB = ¢cC+dD
K = (p(cz)(pdn) _ [C]C [D]Cl (RT)(C+d)
’ (pi)(p;) [A]a [B]b (RT)(a+b)
[C]: [D]i (RT)(c+d)—(a+b)
[A]'[B]
= m An An
K= [appp T R

[N, (g)]RT.[H, (g)] (RT)’

(7.14)

(7.15)

el "o TEEte Tl § An = [(TE
SRl o HicH i TEA) — (i sifafwast o He
F dem)| 21 T TeEwrE € R K o s
T T T HH bar B WA 6T, Fifh @ Hi
rETfoTeh S7ee 1 bar 81 T | G 8H 9@ ¢ fh 1

pascal, Pa=1Nm™ d 1 bar = 10°Pal

el 7.5 | e A AfuiwRanet o o K

@& o+ f&T T R
WRUMT 7.5 W FB FAa STAThATS oF |rmaeen
fertien K o w0
arfufsran /K K,

Na(g) + 3Ha(g) = 2NHs 298 6.8 x10°
400 41
500 3.6 x10”

2502(g) + O2(g) = 2S0s(g) 298 4.0 x10*
500 2.5 x10"
700 3.0 x10"

N204(g) = 2NO2(g9) 298 0.98
400 47.9
500 1700

2020-21

3TET 7.3
500 K W PCl,, PCl, 3R Cl, Sreaeen | § qen
Tt HAY: 1.41 M, 1.59 M T 1.59 M T
sifafshan PCl, = PClL,+ Cl, & UK, 1
UM RIS

'
IR Afufsren o fou wmamezen feris =9
®q | e foha S Hehdl o—

_[peL][cL,] _ (1.59) _ L79
° [PCL] (1.41)

SETEITT 7.4
79 aifafsan o fu 800K W K, = 4.24 &—
CO (g) +H,0(g) = CO, (g +H, (g
800 K W CO, Td H,, CO ¢ H,0 &% |
TR FIEHS 1 T KIS, A IRA H ohore
CO T H,0 & Iufeerd Bl a1 Gieh i Tigdl

0.1 M =l

s

frafafea sifafsen o fau;

CO (g) + H,O (g) = CO, (g) + Hy(g)
IRT H :

0.1M 0.1M 0 0
g I
(0.1xM (0.1x)M xM xM

W&l " R CO, T H, %1 W51 xmol L 2l

314 g feeier 1 39 YR foran ST Hehel 2—

K,=x"/(0.1-%"=4.24

x> =4.24(0.01 + x> - 0.2x)

x> =0.0424 + 4.24x”— 0.848x

3.24x°-0.848x +0.0424 =0

a=3.24,b=-0.848, c = 0.0424

T fgamd Tl o fatax®+ bx + ¢ = 0,
(—biM)

2a
x= 0.848

X =
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+./(0.848)” — 4(3.24)(0.0424) /(3.24 x 2)
x=(0.848 +0.4118)/ 6.48
x, =(0.848-0.4118)/6.48 = 0.067
x,=(0.848+0.4118)/6.48 =0.194
AM 0.194 1 SUST sl ST Tkl B, iR
igar § e 2
3T TSR W HiEa 3§,
[CO,] = [H,] =x=0.067 M
[CO] = [H,0] = 0.1 -0.067 = 0.033 M

IS0 7.5
39 9 2NOCl(g) = 2NO(g) + Cl,(g) 3q
1069 K MY T 91 s 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 A

el K o1 W fehieid §99 FiEv s mol L
H @l K <1 W fehterd g SAferh <1 F Pa,
kPa, bar 319@T atm ¥ =9 61 ST ¢ 360 TR
qreTaen fEeish 1 A Wigdl A1 {76 o [ T
T B 1 TS WreAee S5sieh o 39 § SIish! i
I B H SRl oh A oF aWeR Bil sifufemar
H,(g) +L(¢) = 2HL K qM K, H %S I el
g1l N,0,(9) = 2NO, (g), K, %1 7% mol /L
qeM K, %1 5 bar

g AfYRReR] T IR ! GHI0TH STawen |
fam wmu @ gremewen feeriwl #t famEA
(Dimensionless) A= § =a 3 ¢ STTRNER]

e fagm

TH SR HI JEIR Fereen § Y 19 R qrEifirs
FETE T bar il 21 36 YR 4 bar <@ JHE0H
37X o WU | 4 bar/ 1bar=4%ﬁ?ﬂ%,3ﬁ
fommeia 21 Tk forer o ferg wmmifores stereen (C) 1
HIeR foera & 9o o= Tixand s6t o |rder o ardt
STt €1 |reEfeRis 1 Sfifhd 7 g gg qraes
T W st R B1 39 R 36 woned # K,
q K, S fomea aferet & forg seent stifher W
ot yAIfoTeh STereen B o RoT e B gk 2l

7.5 Ta9UTT QrETSRT

T 9 3Tk grereen arel fem o wenfud e
1 * FroHiT HreTeEen’ el ST §1 S0 o feu-uw
9 9E H S@-ar Ud Sa-5d oh dd eenfud
Frerereen *fawmi wreeEen’ 2

H,O(l) = H,0(g)

T W H UH A grEwRr qo g 5
e €1 Tl TE 39 e 39k Gqw foerdd & ot
Toqifie ST ot ferorei W 1 S

Ca(OH), (s) + (aq) = Ca** (aq) + 20H(aq)

Torsm AreTEEenst H Sifued YE 39 A IS
59 A o &1 T gremeen (g 3 3| =@
I[G §9 @) o WSSl hl T Sl S
okl ®, FiTh G 9 T IG5 %9 1 HeR HK0
St A W et 72 e, afess frer grar @1 g
YT H—ETRATeEe W T 31 X Al S Al @,
[X(s)] TS [X()] % 9 R e B s fawda af
X' 1 A ferdt fAfyea emad o seerdt €, @ [X(g)]
TN [X(aq)] o AH ft e €1 78T ¥9 TH Toeh T
TETqUl faoHT TERS Sreee shfcHad Hare

& i foe @ foamr -
CaCO,(s) = CaO (s) +CO,(g (7.16)
SIS TR & MR R &9 forg wohd € &
_[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,(@)] (7.17)
T K, = Peo, (7.18)
T T B ¢ 6w fAfvea 9w W co,(g)
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AT ERAT

%1 T TiY=Id Higdl 1 <€ CaO(s) &1 CaCO,(s)
o WY GrEEE | @l €1 YA S W OTE udl
e © T 1100 K W CaCO,(s) Td CaO (s) &
Y FrEerl W 3 CO, %1 < 2.0 X 10° Pa
2| THfT Swlie sAfafsren o foru wremereen feenis
1 O 30 YR BAM—

K, = Peo, =2%10°Pa /10° Pa =2.00

T YRR TFohet, e AFISTRIES Te Hoha
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 wIH R T areareaeen Tenfya g9 o foe g
w1 Suftefa eavaes ® (el € S /e eiet
8l), Tohg 3Tk FIX01 A 3@, AreATearee—fer® o
=ies | 7 g o1a: " feafd | 3g %9 @ s
3T F e e oF ek | @l foran S
21 arfafran—

Ag,0 (s) + 2HNO, (agq) = 2AgNO, (aqg) + H,0 (1)
T e fiemis %1 WH 39 ®9 § forr S e

c

K = [AgNOS ]2
*~ [ano,

SETEIUT 7.6
Sl CO, (9) + C (s) = 2CO (g). & fag
1000 K W K, & 7 3.0 21 A ure
Pco,= 0.48 bar 9 P, = 0 bar & a1 Y5
UhTge Iufterd 81, @ CO ¢l CO, & 9 W
SRR TM@l i AT TS
'
39 sfafsran o fou—
I CO, 3@ H HHT x Bl q—

CO, (g +C(s) =2CO (g
URH ¥ : 0.48 bar 0

201

H W : (0.48 —x)bar 2x bar

_ p(Z:o
% Pco,
K,=(2x)?/(0.48 -x) = 3
4x” = 3(0.48 - x)
4x°=1.44-x
4x°+3x-1.44=0
a=4,b=3,c=-1.44

(—b ++b? - 4ac)

2a

X =

=[-3+ (37 - 4(4)(1.44)]"/2x 4
=(-3+5.66)/ 8
(Sfeh x 1AM FucHH T eI, ord: 39 9
1 IUeN HT A B1)
x=2.66/8=0.33
ey W AT el oh A 36 YRR Bi—
P.,=2x=2x0.33=0.66 bar

Pep,=0.48 -x=0.48-0.33 =0.15 bar

7.6 TR RReRieh oF STWANT

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 TR 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 R FAN FAfared foget 9 dafud gei
o IW 3 H w4
o TrATIE- eIk o URAT Ft TeTHar W s
1 HHT 1 STTHE T

o fYferan &1 fSem &1 war o TS
o GEATEEA-HIZUT i UM HEAT|

7.6.1 STFAfRAT st HHT T STTAF T

TrTae- TRl &1 oAffeher AW AffRan &t i
1 1 €, W F ST Hewequl @ foR wreeen
T @1 &1 IqaTa foh aremeen fee R 9 g
T 21 K, A K, %1 TRAT SRS T HEd 3 G
B © (R Te rareRe-ferie FANEH &
(Numerator) § forar S @) den ferarement =1
Tl o SFRHAN el € (Fifh I8 SHoh o &
(Denominator) ¥ fer@t STt ?) | wreEEen fems
K &1 3= A S| &1 S=d Wigdl & dids 8l g6
R K 1 F101 9 Sl o =1 | w1 g@ifan 21

= fasor o Heed 9 ety fefafaa e
ﬁwwm%

Ik K, > 10° &I, a1 3AIg AfYhReh &I o o
ST S A K T A TR AR R, @ st
e guidr o ke gt ?1 Sreumed -

(%) 500 KT H, @ O, 1 AAfhan Frameeen 3

feeidh K, =2.4 x 10"1

(@) 300 KW H,(g) + CL,(g) — 2HCI(g);
K. = 4.0 x 10°'

(1) 300 K| H,(g) + Br,(g) — 2HBr(g);
K.=5.4x10"

At K, < 10°, sifYsia &1 gor o IR FH
B Ak K, 1 9 3769 7, @ sifafmar geie stawen
o & Hue et 81 Frfafad see g 98 v @
ST 8-

(%) 500 K W H,0 & H, a1 O, # foered =1
ar-frerieh ogd %9 € K. =4.1 x 107*®

(@) 298 K T N,(g) + O,(g) = 2NO(g):
K.=48x10""

e fagm

Ik K, 10° ¥ 10° 1 WWH (Range) ¥ Bl T,
@ IS qe AR R AT T WigdTd Hardseh it
2| FrefefEa 3 W foaEm i w-

(%) 700 K W H, 71 I, ¥ HI 974 R K, =57.0 T

>W

a:rq»‘”rw| K,
sifuferan wfeT 1(|)_3 l 1(|)3 sifaferan emT qofar T
9 &t 7 AR S A ¥

sifet® qen fRaThas -
A R Sufatad §

ferT 7.6 K, W Af4fsha1 &1 91 1 (749 e

(@) 3 ThR T 3= sfafsRan N,0, &1 NO, |
faere 7, foger folw 25°C WK =4.64%x 107,
ST HE T SR T SR e | fagon o
N,O, T NO, %I HZd Harasmeh sl 36
= 1 foae 7.7 § <ertan T 2l

7.6.2 rtuferan st faom = Sy
TR Td el o ferdlt erfaferan-fagor & siffsran
HI feom &1 Uar o § ot wreraRen femis @
I fepan a1 B1 5ok fow ew srfaferar wrTwet
(Reaction Quotient) 'Q’ 1 TOFT T B | e
e o1 € we ifufwan armwa w1 ot fafsman
&1 fopdlt oft feerfa oF fore ol (AeR |50 6 Q.
qen ST <@ @ Q ) o T Wk 21 et T
arfuferan & fog
aA+bB=c¢cC+dD (7.19)
Q.= [CI[D]* / [AF[B] (7.20)

s @ > K_#, i sfafsran siferesl &t 31
swEfa et (foadia sifafsan)

e @ < K @, df sAfufwan IRl # sk
smrEftd e,

I @ = K &, qf srfafswan fasor armeeen
o Bl

H, & @ I, & T afafea | fa=r
T B

H,(g) + () = 2HI(g
700 KT K_=57.0
A foR g9 [H,]=0.10M, [L], = 0.20 M
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AT ERAT

SR [HI], = 0.40 M. fern
(T Hehd W IR t HT Ao qE T TR
Tigaed 1 A fRE ww ¢ W fRe €, 9 f
e W)
3H N, ATAfhal AR @ Afufhan w39
feorfa o fean &
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) smds
T Ik HIKU q9 qh W, S q% Q =K 7 &l
B
AffFa-9IThel @, 94 K o WMl i ol
HTh Afafwar-feen 1 ay s | swEnt 7
70 YR, sfafsean w1 foen o Haw 9 'H
frefefad oM sRon 71 g &
o IR Q <K @, @ e afufma o€ ¥ <€ @R
SR Bt 2
o AR Q,>K B, e afuf € ¥ 96 R
SR Bt 2
. aﬁQ;Kﬁﬁ,aH‘aaﬁwm%g%ﬁr%l

C e
g

AfiRE —> IAR AERE R STVERE <— SR
I gremaee |

ferr - 7.7 Afuferar &1 feem &7 @ty

K,

ST 7.7
2A = B + C dAf4fean & fau K, =1 w1
2x 107 2l

fRu o g7a | sfafwan-faso o1 95 (A] =
[B] =[C]=3x 10 M ® fafsan & ot fem
o swfad grm?

&

siffsran o fom sifuferan arree Qﬁliig

203

[A]=[B]=[C]=3x10"M
_[3x107*][8x107™%] _
: [3x107*P B

3 YR Q. > K, g6fer sAfufsean fawda feen o
sfad it 2

Q. 1

7.6.3 QT HEAr3l ki TUMET

g, @ fAfafed @@ & ¥ 39 9 w1
ug 1 : fafean o fou wqfaa g foat
Ug 2 : Fferd THieR0n o fofe weh grof s, foes
sifafsren o fafed yoisr usred 1 geteg e =
(&) R digar
(@) W RS o fag |igar § aftedq iR
(1) HrEATeERN Higdl
RO o § TRt T iR i Tigdn i

x o ®Y W, S GreAeEel W R i Rt B SR
fr arfufern =1 odiemiada @ o= agiet i
A i x & ®I H A Fi
UE 3: x &I A HH o T A U1 | A
Higaetl o wfaeeiid i 81 A 3Maeh! o Tt
A T B, A T€ A T I, e qEEfE
a1 7|
U 4 : URepfad O o MUR W A Gigdishi i
TUMT R
Ug 5 : IR U THEW § yfaeenfud & s
oM @) St i

IETEIT 7.8

13.8 UM N,0, &I 1L I | TN 5l © df 39

THR | Tfd e e

N,0,(g) = 2NO, (g

Ife Greareel W el T@ 9.15 bar TR A,
dl K, K, 91 Sremeee B SAifireh T i o1
Hife)

&
g9 WA € f% pV=nRT
el A (V) =1 L
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IR (N,0), =92 g

Tq o At =13.8 g/92 g
=0.15
T9-feei® (R) = 0.083 bar L die ' K
a9 = 400 K
pV=nRT

px1 faeX = 0.15 d9@ x (0.083 bar L
mol ' K') x 400 K

p = 4.98 bar
N,O, = 2NO,
YRY H  4.98 bar 0

T W (4.98 —x) bar 2xbar
3d: W& W Pga = Pn,o0, T Pro,
9.15=(4.98 —x) + 2x

9.15=4.98 + x

x=9.15-4.98 = 4.17 bar
T W A qE,

DPn,o, =4.98-4.17 = 0.81bar
Pro, =2X=2x4.17 = 8.34 bar

2
K, = (pNoz) / Py,
= (8.34)°/0.81 = 85.87
K, =KRD"
85.87 = K (0.083 x 400)'

K,=2.586=2.6

SATEIU 7.9
380 K W 3.00 HIel PCL, i 1 L &% 9= | 1@l
ST &1 HrEE W T 1 HEeT [ it
Ift K. = 1.80 @I
T

PCl, = PCl, + Cl,

TRIH 3.0
WWPCI%Q‘&TWﬁ@meIWﬁH
B ) qe-

) T (3-x) X X

[PCL, ](CL, ]
K.= "IpcL

e fagm

1.8=x"/(3-%)
x*+1.8x-54=0

x=[-1.8 +V(1.8)°- 4(-5.4)]/2
x=[-1.8+V3.24 +21.6]/2
x=[-1.8 +4.98]/2
x=[-1.8+4.98]/2=1.59
[PCL]=3.0-x=3-1.59=1.41 M
[PCL,] = [CL] =x = 1.59 M

7.7 ArETaedr freier K, ITFafeRarT
WNTReT g T fiest it ¢ W Hae

ot safafsran o foru K a1 w1 sAfafsran =6t wifaent
R fieft T e $1 S o ST TR - 6§ UE qF
g, 7e aAfafwa 1 somiawt, fagva: fies s o

fadd W R e 8-
I AG RUTHE ©, qd ATafwar w@d: gafid
T S © qen 31w feRn o wue ' 2

% AG ¥FTH €, a9 Ifufsman wd: yafda e
BAT| TR ST U9 STTIfeRan 89 AG Fe0Tcdsh Bl
31d: W Al o IcaR AfTRRE H dRafdd @i
S|

IR AG A B @, TAfRar FrmEEen &
Exuifl

T SHMIAE qed i R 39 GHIHTT ° i
I TR B

AG =AG® + RT InQ (7.21)

Sefeh AGe HFeh fiTsst St 21

el W S AG=0 I @ = K_ B,
HHIHTT (7.21) 3@ YR B

AG=AG° +RTIn K =0 (K o M WK A

B0)
AG® = - RTInK (7.22)
InK = - AG® / RT
T AR Yfders ToTH T R—
K=e AG/RT (7.23)

37d: THIHIUT 7.23 1 SN T, AG® & TGl &
w9 W Afshan o1 T el shi THET ST Hehell 3—
I AG® < 0B, @ —AG®/RT &S BRI 37d:
e3¢ 51 BH Y K> 1 B, S ifaferan ot o afdar
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1 quien € steen o fgen ® s@ i 9 Bl @
g 6 3R ety o &1

g AG® > 0 @, @ -AG°/RT FHUTHE BRI
3T: o86°/RT o1, BH W K< 1 B S stfafeRan
#1 eradyafdar <eiar @ erfufwer sm fewn o
39 W qF e T, e S| =gFam s
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1 SRR B IIEMI— N, T2 H, ¥ ST o
HYIT0T o B UohH H UEifieR aRftefa w1 e
Ireqa | 3Tk w9 W Hewqul 21 fava § et @
aiftier Seared 100 Tofer@ 27 81 gde1 g1 s
ST o B9 H Ea 2

wregreree feertiss K aRfveh wisgarel o e e

IETETUT 7.10
TR G § TR % HIThRISAYH oh
foIT AG® &1 91 13.8 kJ mol* 21 298 K W
K, 1 | T i

&
AG® =13.8 kJ mol" =13.8% 10° J mol ™
AG® = -RTInK,
In K, =-13.8 x 10°J /mol
(8.31 J mol ' K™ x 298 K)
In K_ = - 5.569
KC — e—5.569

K, =381%x10"°

STEAOT 7.11
T o Sol-E H T IR e
freferfea sifafsman o eaR fiea 28—

GhIE + H,0 = ThIE + He™
300 K W afufsran & fau dnarewen feems
K, 2x10" %1 300 K ® AG® % T &1 TUHT

ifera)

&
AG® = - RTInK,
AG® =-8.314 J mol 'K
x 300K x In(2x10'%)
AG® = - 7.64 x10* J mol ™’

7.8 | ol YT A a1 Shileh

@RS G % Y@ el W W U 98 © fh
AT HS oF A9 oh WY SRR HT Il o
stfrehan afterds ®f, fomer el 8— saRl &1
STfyehay afed a9 qe I i Heam qRiEfE 5 2l
Ife T 7 e ®, @yt gitfefas o afteds

el B T A Arerereeeet fohdt frenma o etfirerrent
71 IR | ¥ fhdt TH o @ixur § giedd fean S,
At Frena o reEeen FEl @ U ® qen e st
T q9 d el @dl ©, S dh (e § A
HreTeeel TAfud = 8l Su| JTaeel Sraese W) arg
1 Y9 TF 3l i faerEd & 9R § B9 Yed € U8
9o €1 &1 78 ot 3@ 9ok € for qm %1 ufada frg
TR Bl €1 e ot S S TRt @ foh foRet qm W
afg erfuferan o Araraeen-feris =1 9= I @
foret Rfve wisw § 39 ifuferan o Ayl @
ISl o GreATeE | WISl i UM ki S Gehdl 1
T8l qe o g A G feerisr o1 a9 & Wy
Ifedq & ot 9§, 9 e fKu T en-vmafen
fagia &1 9ag 9 Rfeafaal & ufteds @ gremegen
R YT Y9TE o 91 H oM R g1 9 e
Tohd 21 39 Fagid & 7eR ferelt Torerma =it wmearerear
ufiftarfaat 0 fuifta e wre (|,
TE uE aw) § | el ¥ off ufeds g w
e 3@ faon # arEw g 21 e e
T TN E3T YA T AYST GHIA &1 W T8
off ofiferer Tl TR TrEEEnS | @ g €1 Th
g fagor & Heed &1 yiafda @ & fau e@ s
FHRFH F1 ITAN AT S HehaT B

frfafad SuEsl ¥ g0 arEmEEen WO,
T, Y TE IAE o J9E W faam -

7.8.1 Wigal-URadT &t 9

A S9 foedl SIfYeReR/3eg w1 sifufewan |

fre =1 e § wreErereen gREfdd B ©,

THHRT ATAA - fagia’ o SER T o

ST Hehdl B—

o IYFHRH/IER & fHAH ¥ Higd | IS I9E I
1w o foru eifufean 39 fSen &1 IR 3R
Bt €, difer fHere 7wt <1 SUET € T
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o AfYHRH/IAR o TR ¥ Higdl W a6 Hl
&Y F o fou sifafean 39 fSen &1 8Tk s
Bt ® aifer safaferen o faerel @ aaref 6 ofd
Bl ok 3T ISRl H—

‘e Tt eiffsran o SRRl o 3R § 9
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

BN, H,(g) + L(9) = 2HI(g) Affshan W fo=mr
H| AR | WAt fagor § 9T ¥ H,
9 Sell WU, A WrEFeRdl % [H: T o oy
Hfufsren 37 foen o smrex gnit fom 9 H, Suifi@
B a1 SR iferes H, w1, R w HI ferfem
HON q 3da: e IR (Afm) foem o
foeenfya s1ft (o= 7.8) 1 I8 @-vidfa o fagia
o 31eY ® TSEeh oaR SIfemNe/SE o AN i
feorfq o =€ wreerEen Tenfud entt foad SifiehRes/3aR
%1 HZd IHeh AN i & THF ¥ T a0 g fHg0
q sifys g =few)

t1 tZ

S r Ewmgj—r:w
[H] !

[1,] —_‘\ :
[HI] —*/

!
e
™ T E

H, ST W

fax 7.8 H,(g)+L(g)=2HI(g) sfufear 7
e W H, & S W SRS TF 3Rl &
Tz F gRadT

e fagm

frefafea sfafshan areha o STUR | ot g4

ot frekd W UEE Hehd B
Q. = [HI]?/ [H,]IL,]

IfE FrEeen W H, faemn S, @ [H,)] Ted
T SR Q 1 HF K ¥ %7 & S €1 zafe sifafwan
T () o R AR W SR A T S [H,] qen
[1,] 5/ & 3R [HI] 798 Tk 9gdl ©, S a% Q_=K_
T B WU SIAfq AT WreEeRen Tfyd 9 @ Sl
AT YRl § SEUIE ol 3Tl il SAferehal oga
Hewqul Eidl €| STl TrAreree] W R Searg w1 Srer
3 ez S 2, sifafsran, it qof gu fomm grereren
R UgE TE ¥, Y Afm G ° wer ot €1 S«
IR 9 R 19 8 a1 ardieha g aren e @l
Al SR T e HIA G il B SN
streifiten fmfor o eyt 1 et w2 &, 39
aerT o foran san ® o erfufspan eifim feen o
it Wt ?1 g6 THR CaCO, ¥ CaO St 9o &M
1 T e A ¥, % s e § g
CO, i TR e Afafehan qui w3 et ¢1 9%
IR, T AT, foh IR AR g2 ©H § Q_ 1 AN
K, BHYN %7 o Tear 8, foww stfafsman sifim feen
H B Tt 2l

WigdT T YHTE-Teh TR

39 fAfafea ifafean g w_¥@ feen <
kel &—

Fe™ (aq)+SCN" (aq) = [Fe(SCN)F* (aq)

et TR el &t

[Fe(SCN)[*" (aq)

°” [Fe3+ (aq)J[SCN’ (aq} (7.25)

Teh @ | SARA (111) e foeta™ 1 1mL
AR IH A I IR R faeEE SRt
TG ! fee™ W T o1 1 o 8 Sl €, St
[Fe(SCN)]>* S+ o U il €1 Srereeen Tenfud
B R ATt e feer g1 Sl 1 tfiehies A1 S
=1 srfuferan it TrETEEen W e | | &
ST =1y femstl # oo seergER fawenfua &
Thd Bl [Fe*]/[SCN] Al &l &l &
rfierRent =t e ® ar= fauda faen o fowenfua
F TWehd | SH—emifereh 3 (H, C, O,), Fe®*

2 2 4
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AP ¥ foran wten TR Hepel 3PE [Fe(C,0,),1*
T &1 o7 GoRd Fed* M i Tigdl &4 & Sl 2|
ATy, fagid o STER Fe® A &1 g2H 9
3T FIgdl a6 i [Fe(SCN)]2* o foisH gRI Fes*
A Y gfd ) g foran St 21 =R [Fe (SCN)P2*
1 Hgal Sl €, o7: olel U1 1 digal 8 2l Sl
1 Sefa HgCl, faam | <t ara 1 &1 e sH
Bt 2

Fiifeh Hg?* 3T¥H, SCN- 3Tl o ®ef 2Afufehan
FT TE Hpd A [Hg (SCN), 12 91 &1 o
SCN- 3Tl i HHT THIRT [7.24] H A 1 918
T [ 3 SCN- Tl 1 gfd 2 forenfaa et 21
WM UrEEETe e W SCN- 1 WK 95 Sl
21 erq: sfery Qe o fen ® (€ @) 5g
STt @ e faerad o 11 w1 died s Sl 2l

7.8.2 SA-URdT ohT THTS

ot et srfafsan & s aRed g S« ager
Y IR 1 AN GAIfEd Sl €1 98 a9t B €, S
sfaferan o1 <9 el TEmEtE SR § T
TSR] o Hicdl 1 G qe TEE el & Hidl
1 G | fa=ran et 21 T | W en-3dtae
fogid, o 9ga HE W I @ Fa W I@ h
IR 1 IUET T S Hehdl B AR SA/ZH H
A (TS Higdl) T@ R R T e 21 Frefafaa
arfaferan H—

CO(g) + 3H,(g) = CH,(g) + H,0(g)

T sifasHRl (CO + 3H,) oF IR Hid ¥ SRl
(CH, + H,0) % I Hidf o &1 ST sifafepan o
areraee s it e a9 | e o
fafeet § @& @ IR F 3T A AT Rl
aen K o T 39 YR AfFReRl U9 ARl Hi
AR <19 TF 39k Hoka®y SehT TIg0T 95 T
21 o1a g grerereen ® €l ®© T ? 1 A-viee
fagia, @m] wer sfafwan foa fen & s e
Hregrereel] TAIfUd Hedt ®, SHhT Idl S S Hehdl
21 =feh @ T T T, o7 wrEeeen o fen
(fse el =1 TN U @ %Y el ®) SRR
B 81 (B9 4 € foh <@ T o el 1 @ o
QU e €)1 T8 ke whd Q5N gwen
S Hehdl Bl SW & T WAT aH w1 Afufmar o

207

[CO, [H,], [CH,] W& [H,0] fshaf¥ehrehi sl Tremereen
& iU H YRR Fd | S Afafeman fasor
R e FR & < 2, df ok AR < e
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.
© @[copE[H,]f 16 [CO|H,] 4
Ifk Q, <K, 7, ora: ifuferan smr faon o s eid
21 C(s) + CO,(g) = 2CO(g) #ffeHan & <& =
G ST @ q ertafsman faada (a1 SoRd) faen o
el B, wifer 3w feen § Hiel %1 Hen 5g St el

7.8.3 3TfehT T & IANT &1 YT

e e fier wad ® SR Uw SAfET T (SE—
FAfiA) S erfufswan § wm & ot €, bt fre €
e eaiEfda @ar €1 it fer e W fme
g e W erfafsan § wm o are ggef S der
gl s1efen Sl | i ufiedd el eran 21 Sttt
qhel § IRed eharel qfl Bl © S/a THelrd T8 T
srfafwan & aFT o 9N SAfYERE a1 SR Bl

7.8.4 AM-URad hl THTS

Ta FHt @ AT A H uREdd o RO A HWigdl
fagger Bt ®, a9 G g 1 Geed uRafda e
2, it sifaferan amwe (Q) TrEeen feori® (K)
o SR Tl T UMl Sifhd 5@ ardehd § 9Redd srar
2, wreAreen feeish (K) 1 HF 9Rafdd g S )
M q9shA W feemies w1 fefar sifafewan & AH

o fag o faedt st 2

o oMt SAfHfeRaT (AH RUMH®) T ARIEEe
fteriehr qIUshH o 9g W Hedl B

o oA AMMHAT (AH HFTHS) 1 ATRTEEel
fterieh qIUshH & 9T T wedl &
AR | e arreaen feris e stfafea

o a7 § qfteds o 2l

Frfafea sifafsran o STTER THif= 1 Scared
N, (g) + 3H,(g) = 2NH,(g);
AH=-92.38 kJ mol™
TH IHET THH 2 ‘en-vmanay fagia’ o
STIER, AYhH a1 T TrEee 915 fSun o mm=aRa
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Bl Sl © TS ST 1 WreTeren |igdl % 81 S
21 3 =Rl |, U qI9H S h) 3= Al F
AT S ©, Wifehe Wi &9 9 STcfees %9
W erfafman 1 Tia il e S €, o1 S W
o fomn s =

AT A Y9 - Teh TART

NOZﬁH (‘{{Df) Rl N204ﬁ'ﬂﬁ%ﬂ'ﬂ? (Dimerization)
1 Tfaferan oF gRI ArITeEe W ArY 1 99re YRR
o < gl B

2NO,(g) = N,0,(g); AH=-57.2kJ mol!

() (TEH)

% HNO, ¥ Td &1 Fier Srerh &9 NO, 14
TR T © A1 W Tk (HeRreel 1 98l € 5ml
el WA o 31 Hd & Al W §
T ! el GUE SFT A1feTl 376 TSRS (araldit)
aﬁm@wﬁa?@m(stopper)aﬁﬁw
2 Tl 250mL F o ST TR FAA: 1, 2 T 3
sffend ed €1 ML . 1 1 fensrt fag (Freezing
mixture) ¥ SF 7. 2 HI FW & qUAA A F TG
T F. 3 I /A (363K) A ¥ R | & =1
AT 1 et |, 2 H T W €, a9 T %
1 1 dierar Toh ToE K@ <t 81 s o a1 9l
It | 8- 10 T2 9% WEAfel i W & &% 39
TRt T TW@EAell Hl T A, 1 oF Sl B ael
THO @A Wl SR 1. 3 o S | A stfshan
&1 feen W arg 1 g9e 39 wan 9 fafa fe s
Hehdl B HH A9 W A 7. 1 W SOARI W
SIffsRa BRT N,O, S 1 Tefg fierdt € @ NO,
FT FHH EH F HRO W T FT dod Tt T, Jeten
HT A, 3 H ST a9 W 3Iopd AR 1 aeie
fredt 2, o™ NO, =war @) ufoma: s T

ERIRC S
(1) (2) (3)
femendt fagror HH & qY (363 K) W A
T ST (298 K)
(270 K) RISEN|

ferT 7.9 : aifafwar 2NO,(g) = N,0,(g) FT Frraeen T
arg & g

e fagm

rATEEl W A9 1 Y6 Teh GO SHSHTIS
srfuferan & ff Toen <1 W B
Co(H,0)>"(aq) + 4C1™'(aq) = CoCl3 (aq)+6H,0(1)
et TR e
FH % qY W [CoCl, > o HROT HrTEee
s &1 1 Hien & S ¢ 5 2 ferhry fagor o
31 feran S S 7, @ fason 61 9T [Co(H,0), % T

HROT Tt 81 S 2l

7.8.5 3Tk ohT THTS

SO TohamRRal o IRl § 9REdA B FH Sl
AT T AE SUcTed TR AR o a7 ! 9@
<1 €| T8 Teh & HehHOI- 3T § oA aell 37 Te
el stfufsmaneti & S w1 a1 <1 €, Sefeh e
o1 URafdd el Hd Sk 37 T Y sifaferan o
fau dfpeor o # wHE 9En § wH w2
IAE W TA a9 AfafRar fasm W arEreen
oA 1 qidfdd &t il B g8 Gqferd THe o
7 g feerie Tl § yehe el Bl 2

NH, o A1gIsH o gger § fHfor @ fa=m
FX, S T rcda et srfufmar @ e S o
el Hicll 1 H&T SARTHRR] o diell 9 A gl B
e s qushd 1 9o § Ted g1 w9 a
TR TR S Al © Ue Wl W g o Aty
% T oAl ®, Sdfh Sed a9 W fmA w1 @
Garosieh Bl €, T offed ¥ gl &l

ST TR Wi e 7 g9 § foR ol SR
1 Suftefa o erfafwan Gdreme < 9 el 8, S
NH, %1 Sereel Figdl Harsme il ¢1 i g
o el 1 HE ARl & Hidl w1 Gea ¥ wH
€1 37d: NH, 1 3cq& q@ aereh sfue faran
Tehal 21

NH, & H¥IY0 B A9 o <6 1 STperaq
Rfefd@i 500°C T 200 agHSH™ T el 2l

T yER, Uk fafy g7 wewrfe o &
fomfor &

280, (g) + 0,(g) = 2S0,(g):K, =1.7 x10%*

qreeeer feemie o qRomd oF ST ER ifufema

%! T gl B S =fey, fRg SO, @1 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

7.9 Tae@= o smafver ArTawen

9 i T R Fixar 9oy o 99e ol 99T |
a9 Frefafea smafes 9= & g o oy &
Fe®' (aq) + SCN ™ (aq) = [Fe(SCN)J**(aq)
& T2l B0 7 W o St | 9 watered § R
< o Sttt et o fag om0 wafed &t et €,
Sefeh ST W HERO THE (FfeTm Fase) fHem
W THY fogd ¥R T YaTE BT § 9o el shi Fiwdl
9 o WY foIerd w1 Aeiehdl dedl 81 WEshel Hhie
J Uil 1 SR TR STeTshal AT % STHR W&
ot | afiehd fohan— Tk &t o Ut Sefr faerm o
fered ¥ Wenfed ed €, 3 ‘o s9eea’ ween €,
Sefeh g S UET TRl A, AYd 3 AT FHEaAn
&1 e 7 foe Teeal &l YH: Yool Td el aga
srqeredl  afiepd femanl Welel SR STUed Wt o
foer ge o qof &9 9 afid B §, Sefh
d@ srgeed oriferr w9 @ smaftd wd €
TN -HIfeaH FANEE o woig foaee °§ q&

209

w9 W Hfgan PF 6 FNEeS P UT WK
Safs THfed o § THRe oM TS sEefTEm
M B &1 THH R 7% ? T Gifead wawgs #
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 o1 arg o §, airafien ana
FHEA | 3T, &TReh AT A oEq STTeAT o ol
o o Bl 3 Yool S1al gl dEd STIeEAl i e
HTER Hd &

7.10 3T, &Rk TS aUT

3T, &% We oe01 Yehid | o419k ®9 § UIT = 2
MRE g/ =R 460 (1.2-1.5 L/f&) o =nfaa gian
21 =€ U= SR oh T @it saves @)1 faen @
T 197d THifed o B g T FR F W
fafew ot Ud UERIfdd v qeN THeN H TR
3T IR Sl 1 SAhiYl 37 e W @ B €,
ifed I8 Acidus ® 51 T’ WIsg g foI e
el ®, Torent e1ef ® wee e it fetewd =i o
FR A © N FD ergeti W Al ek SReEgeH
I H E| 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 T Tk i GreF ol IRER § g3 o1l 14 99 %1 39 § 9% U 341
fSieg@t (Book binder) & J&l %W WG ol S8 3= 37 fohdrel i g i B2 I ofi|
SRt fSieg a7 dfear onl 9reest Sdf 98 (Davy) 1 SRl 9eEe S T der §
18131814 H HIe 3ok W1 HEIEIY 1 a1 W el T 3G A6T o SR o SH GHT & g
ST SR o Toeh § 1T 3R Sk So7al @ wgd dan 9 1825 | ot & 9% o o
HEIM FAFRensl (Royal Institute Laboratories) & fRem® o+ e 91 1833 | o T@RH
I o §¥H Poiiad 3= (First Fullerian Professor) sH1 %€ =1 dgel el
T -fIgeioor A | ol T 1821 ok SR ST SAfushaR S e U gaehed qen o1 Sy
T fagidl § Hafaa o 321 o fa=mi o ouR W ‘enyfiew &= fagia’ 1 gfqaea gem 91 1834 H 3=
foregq e1oeres @ weifua <1 el 1 @ie %11 HIE Tk 9gd & o8 U A1 Wb o sfe o s wedt ge
1 OF W IR R a3 geft SR foamel | X W1 A T STohel T T TS A 91 S Heft off T
&l @ Seiq fogm &t faa-fie 9l 9@ yE9iika (Disseminated) far, foad s9ep /1 Ul 9e@ o 9RY
1 T Yesh YhaR ok Y9 ki SToreTen Gftaferd 21 ‘ Jidemit o Tamafes s’ fama o frama s
o TeIT 9 T 91| S TNIHT 450 S TS YRy fRu

HqEFT 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
@ &1 @il % FT HHT 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@ v o
HROT o o1 ofd €1 3 STael o e fer dgd =
HMeqH o qeEdl o SohHAl Bl B Sl
wrafren foremes €, fordent queRis 80 21 36 YR
9 Hifeam NS & 9id § =il S S, 99 e
o Te7 feord e SRl St 80 o U W gl @l
S 2, fored a1 foerad o g &9 9 T A 2
Y S-Sl & Tl Seifed gkl gUe 8l W 2l

]
oY _©o
[+ 2% NE 9
o9 9 0
0 cr vo
6®% N cl
\’( Cl N Néi- -
00 ClNd
Q Cl
. é o
oo L
O N& ,)) = oo
CO O O C_(\
L |
“oO

ferg 7.10 51 9 Gifeam FaRise &1 fagrs1 Na© e CT
ST e STeT- 317 & Hrel ST gt Tt

gt s 2
A H TR T oh EEA i ga
UHifesh 37l o SF | & W gH T Bl @ R
Tl S &yt o1 €, fR off eEgeiis st
A SFaget el 6 ol w9 9 st e B, ug
Teifeen ot iR &9 9 (<5%) € Tt e B
ST 1 U Sk Hed IURRerd df i ammed qen
APl o et @t wEn W R s @1 gd o
o qen oA ug fim-fim steff o ygea forg s
® B facig & oM, S STl 3 srewen § off
faome wd €, & 9 H QYR &1 UhRAT i
‘et hed & (SSrewned-Hifean FiREe) , St

e fagm

A 8 Wk ©, Fored S o) foerem | 2o
AT 3P o €| F=T &H T <Al UK BT STdeRd
FH Y B

7.10.1 3T AT &Nk hl NTIT &uT-
RfIE o Fagager ot 9 wged &, S 5o o
STHfed BT BTESISH 3T Hi,, <0 § T &R o

T ¥, S EEeifee M OH,, 39 1 39 TSR
S ° Teh 37 HX oh1 394 f=fafad et |
Y fordll wh o g0 R fohan ST wehar @-

HX (aq) —» H"(aq) + X" (aq)
q  HX (aq)+H,O(L) -» H,O"(aq) + X (aq)

TH U WieH, HY Scaties fememier g 2
s ®Y 4 Sofd faermd o e e Tl 2l
78 foamoe Si@ 1] o offeRdls § Sfud gt
fraivia ffadl ergifem omeH, HO* 2@
(afed @) | B9 H'(aq) @=M H,0*(aq) 3 i &
Sfed gEge 8TEH, St Siat Tupstl ¥ o gam
TH WM 8, % ®9 § 94T H O 21 39 e
TH WIMTUW: HY(aq) a1 H,0'(aq) 1 3Adesd T
TN w3 TR A St deF 2

Tl YhR MOH 999 fohdl & o1 377] Seita

TIESIEH T EEgadet I

(3™ =10""%cm) B Ta 5ol 310 W T foreq &=
T o HRU W T SA- 3] TR IY(EAT I THTRT
gl § foRdl Tk & WY JeR H,0* I 71 W
TitefisT 1 &% AT (IAEME—H,0*Cl) H 3
e § Y T B | oAt faere o ety
3T T 9 Serifer ge HO;, H,O0 W& H O}
Ty TS oAt €1 SE YR BESiee SEE
Serifsd Bl 3 Seoerss wfiefis H,0,~, H.O,~
a1 H,0; 1t = <1

H,o\—H
Jred ) 15, X
& % ,9/ \~Z~

HO'
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@i ARI4

(1859-1927)

1 AEd SR e

SN &1 S TWed | Iu9en & e gom on 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 T8 o1 1897 9 1902
% o 39k W ot W T 1905 W 3T G % o Wicheld o Aoiet JeH 8 fifeert
WA o fR9e 98 W M Hd W S 9 qoh agd-3TIEed faerdql W &M S
W1 1899 W I=IH Tk TR, S TS THMG: SRTE 0, FHeam &, &
MR T AMfRa-3T sl a9 W Fsar =1 gl fwam

ERdE| Eh_sp &5 | R fowam gforen w@EE (Immuno Chemistry), ERIEACEIE]
(Cosmology), STta &l Ed (Origin In Life) TN fgA-F7 o &R (Cause Of Ice Age) Fadll &l § ITeh1
YUl ANRH @1l d TH g fed o, 9l ‘I 389 g9@’ i 98 A I ! oo il 91
1903 ¥ forgga-sTereai o forerest o figia T W fom o6 foaermd o sdent STAIfTar W 3= e faam

foema @ frafafea ofieon & oar emaf
BT &
MOH(aq) - M"(aq) + OH™ (aq)

TEeifod oF ft S faoem o Seitaa
T W @l § (S ) | T AR Y ST e
YR T R HEE §| 98 ohee Uil o el
faem ® & on] et 71 T it S8 gsiel %
e i 2l
7.10.2 AT AR A UG &k

9T WS SR 9=2] (1874-1936) Tl 3
WA AT T o’ (1874-1936) H 1%l T
&Reh] ! Ueh 2fereh =amger qiaren <t Seg-art
fagid o TIOR3 ured, S faeras § we He 39 |
e €, 3 € Al o Ui, S faerd | e He
TEU T § He ®, &N 2

9 § o YR qdl &Re Wi el
2

T&1 B9 NH, & H,0 ¥ fae@e o 3@ |
foar =Y, fo frafafed aieto § <ot T 2,
I—uﬁzﬁém%
NH,(ag) + H,00) = NI} (ag) + OH (ag)
aicen A TgfAq o/ HEHd &N

| e ]

F 2

BIESiiodel 3ol &1 Sufedfd o RO WA
foerm aar 81 ST erffsmen § Sl die g @
TN ST YR €1 TEiY 3R wEe: gRes
TS AU IR hed & Sohd AR § W NH
¥ OH ! TIFIANG Bl &1 F8 NH, S5 37Fet Tol
OH FRT &R I w1 Hxd &1 H,0 T OH 37erl
NH; TS NH, T3 37 3R &R o I8, S A
Teh WS i Iuferfa = stqufertd o &ror 3R fvm
g, G T- ek I FEAd & T UHR H,0
T G RF OH © 92 &Rk NH, 1 TIHT 37t
NH! 21 af% ST 31 Waed & l 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 WiEH wH el 2

S W TESHC S % 3 SR W
fa=am & HCI (aq), H,0 319 %! UIeid 3T 37 i
ifd T& H,0 &7 1 i ZesR i 2

I—uﬁzﬁﬁm%l

HCllag + H,00 = Had (ag + Cl(ag)
qgfd e 9T e

Sahadl &

2020-21



212

SRIFT TR F @M S Tk 7 R St of
TR Il B S S HCl § WA Tg0 shdl 2,
H,O* Tf¥fist &1 fmio1 g €1 31: Cl 37 HCl
3 1 G &Rk € T HCL, Cl &R 1 Hgret
ST €1 T R, H,0 i H,0" 377 ol v} &7
TS H,0, H,0 &% %1 T 37 €|

T T 924 € foF STt U 31t qe U &R
1 @e el it <wiar 1 HCl o @ afafewan
H ST &N 1 Te IR &idl &, Sefh T &
Y WEH I Teh 37 i Hifd SqeER Ll 2l

IEEIT 7.12
frefafead F=2T el % foru TRt ame @
€2

HF, H,SO, @ HCO,
T
TE o G &R H TH W wH e
=MW 37d: HId HIH &k %A F, HSO,
T HCO; T
ITTEIT 7.13
FLT &N NH,, NH, d@1 HCOO™ & fau
T seE o fafem)
T
Gl 3T oh UM &N ohi STUET Tk Wi
STfeh BT =1feU| 3Td: 90 HITH 378 ShH¥l:
NH,, NH, d¢1 HCOOH |
IETEAUT 14
H,0, HCO,, HSO, a1 NH, S==g3T el
FRT AREH-SHl IR H F1T H Tohdd 2| TIh
o feIT WTa WY eTel de ek ferau)
T

SR Trefortad aroft o fean @ 2
H,0 H,0" OH
HCO, H,CO, coZ
HSO, H,SO, SO;
NH, NH, NH,,

e fagm

7.10.3 T3H 3T Td &k

SH.UA. TR A 99 1923 H T Sl ‘TASR e’
AT &I okl ‘SolaR JTHSTAT o &0 U Uiy
Temam STef as &a 1 997 €, TRS-alld &k el
o9 N U w2 a9 ofR T 7, Fifw <+ &
fagidl o &TReh ThTeh! T T A1 7, Wq
e Togid o STER, 9gd 9 UQ uqe off e 2
o wieft 7 ¥1 %9 soiee[ a1 BF, #1 NH, 9
Affsran sHeRt Tk fafiTe ST €1 39 YR dRiRfEd
TS SoidE i HH a1en BF, A NH, o @
ToRaT Y SUHT THThT Seae JTH TIhl 3T hl T
I Bl 39 eAfufean @ frefafga g g
Wt TR ST Hehar 2

BF, + :NH, — BF :NH,

Toiae &% TR, S® — AICL, Co*, Mg?
oTfE TEH 3T 1 I eER HI 8, Sk H,0,
NH,, OH ¥iilst Sl U el I8 < T Fehell
2, TEY % HI WE FIER H <

TATE 7,15
fretferfad 1 o o qen AR ¥ S
FIT IR Y foF 3 T HeeR i <9id =2
(%) HOO (@) F (1) H (%) BCL
&
(%) = TS PH TH EH &RF ¢,
d: T8 TAH FH T HT Gohal T
(@) dfh TIANES AFH oEE aRE €, Id:
Tz 91 Toee W | ¥ fRE TR a1 M
T Hehell B
() = W[ o o €, oa: TRl
R T TSRS AT, S— &Rk o
TR T o Hehdl 2
() T IRA TRFARES BCl, E9 3T T,
3T STHITAT ST 3THI STUfsti ST eTehi
§ R A T R
7.11 3TN Ud &Nehl ahl STEAA
AfH TR e S AR Siefta qieam

o Bt B1 3% THeE o fou SfEE 1 g &
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AT ERAT

3TTER 3TFell TS &Ikl o I i foeem Suim
BT WA 377 (HCIO,) BEgleiliieh 317 (HCI),
BRSBTS T (HBr) TESRTAISH T (HI), TRfeh
=1 (HNO,) W HeHeh 1= (H,S0,) 3 37
‘Y1’ e &, Fifeh I8 Selld wied o Wi STl
o T quia: foifsa gt Wl s o 9aE %
T €| TH YHR AfEn BEeieEe (LIOH), difead
TGRS (NaOH), W™ TEgeES (KOH),
HIfsad SRSlFIEE (CsOH) Td dfad TRgiaRs
Ba (OH),, S/eitdl /1&g | S Al H @ qoid:
fom@ifsd gl H,0 9o OH- 3T < ¢ smfva™
fHgd o 3TER, 3 Yol &Rk €, s 3 Hiemm o
Tuiq: foaifsd el wuer: OH- 3TPF UM &Y &
fasheud: o7 o1 §IR T G Tl Ud &Rkl o
TN fagid o SHR Wl ST Wehdl €1 Sk
SR, ‘Yad 3T’ | dedd U 399 WeHRl’ T§
Yo ek ¥ deqd ‘3S9H dieuEl’ 2l

a3 HA o 3T-&R fadieH 9 |
IEEIdETS

HA(aq) + H,0(1) = H,0'(aq) + A (eq)

A g T ST WY R

@e 7.102 H T <@ fo o (A &RF)
foae" 9= US WM o o ud ydm fewm o
THIAROT H Jord Ueh TIfieh STarE €1 376l 78 U9 Sl
2 for =fg @ ik 2, 1 o w9 & wi R fem
o e BN? 39 qifd el Yk el S |
22 31 9 % SW < & fow eq foasm g o
gfmfad g o7l (A1 §Rehl) o e &1 gor &
el 7 foam S| SR afviq s faaeT are o
Sufterd € 3l HA T H,0* W fo=R 3| &4 I8
@A B fh T W HIA-91 Yool WEHe 21 WeH
T & fEt o ygfa 3= @ erfuss B, 9% ‘e
3T’ HEATEN Ud | goel 3R ohl 9 H TR
T S, A HA, H,0* ¥ 79 37 ¢, df HA Wi
TE HAM, H,0* &l fooaa ¥ 4= ®9 9 A-
H,O" TP 81| | gad o7 e &R &1 fen o
TR BT B, Fifh Wealel 37T Uelel &) <Rl WISl
Ely

TR ITIHR, Jel 3T Sl | quid: STafTd e
21 ARt e STed g B, STl Weet STl oh
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G &R 3T goel Bl &1 Yool 37l S TeeAlieh
T HCIO,, SRS 3 HCl, BEgEts
3% HBr, BEgISTETSs 37 HI, TEfH 37 HNO,,
TR 3l H,SO, AME Wael erwedl oh W
& ClO;, CI, Br-, I, NO; 3= @i, St H,0 ¥
affursh oot &k 21 38 YR 3Tcid Jeel &I, 3T
qdot 3 M, SR Ueh gl o7, - HA 7]
Iufterd @ AEZH 37 (HNO,), BIEgIHsiifish 37
(HF) Td Uffess e (CH,COOH) WdlehicHe geiel
T B1 A€ 9 A e A @ T gee el o
T N Td T eld 1 S0 ok fau, NH-
,» 0% T H- 3TH WMl 81 31a: H,0 ¥ 37ed e
I I L | 2 o B 2 2 1 M W || O [ e
foreta shTeifen ifiTeh geel el sl Wifd =Taer wd
g1 g9 e (HIn) 9o S &R (In) =1 <
Teri F)
HIn (aq) + H,0(1) = H,0"(aq) + In"(aq)
T gIh I ST HHT AR
-k -9
T TRl T ST T R STTAGA H Gerh
% ®9 H H* I &1 "iga Fehter o faw fean
S 1

7111 S T 3 el wa s@anT
AR UHAEA

T WE 7.10.2 ® TE 3@ T Fw wwed (S8 S
310 fafdrse Tonf 26 HRUT 37 TE R — AT i /e
IR H Fehd & 3T HA 1 Sufeafa o =g g
TN YAl © U &N 1 TE TR Hidl 8, Sdieh
& B- ! 3Ufefd ¥ 9% e I 3T i T&
SRR Il €1 G Wl H,0 1 Tk 370] W a1 2
TS 3TFel 1 T HFER HIAl & 91 STet 1 T 3]
TH W TEU A & TS I THA &NF H WE
BN a8 FreAfeaa wrereeen Tefd et -
HZO(I) + HzO(l] = HSO*(aq] + OH7(aq)
8RR T[T TG AR
foare feeri® #i 39 39 We WRRE wd 2
K=[H,0°] [OH ] / [H,0] (7.26)

STl 1 igdl Sl e W B2 A B, s sHeR!
Tz fEer Wt ?1 [H,0] F o oot wfmfaq
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FH W T feRid KWW B 2, oS @
IR U Fed 2|
K, = [H*][OH] (7.27)

298 K W YRR ®4 H* 3T &I @igdl
1.0x 107 M % T ® 3R 5Tt o fardier 9 s H
3R OH P &1 H&T aer Bl 2,

BEifdd STEl &l Higd, [OH-] = [H'] =
1.0 x 107 M

TH TR, 298 K W K 1 AN
K, =[H,0*[OH ] =(1x 1072 =1 x 10'* M2

(7.28)

K, & 99 a9 ® fRk & 7, wifE a8
e feetis 2

IS STt %1 T 1000 g/L & 3TN $HRT Hier
FH 18.0 g /mol 1 TTY Y[F el 1 Hiewdl &1
T4 e el Wehd B

[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.

9 YR, fouifsa wa sifoifsa aifsa Si@ a1
SAFHIA—

107 / (55.55) =1.8 x 100r ~2in 10™°

(39 YR 9 g&Id: Sifadifad Siat o STugsii
FT A T 21)

T, g 3R SIA Weltd oo
H,O0* W& OH ! HWigdisdl o @i /Ml gr
fasfea foran w1 wehar 2—

A [H,0] > [OH"]
STEA [H,0"] = [OH"]
g @ [H,0'] < [OH]

7.11.2 pH A
TRSIIY ST 1 HieRdl B Tigdl i Tsh T oTh g

HYshH (Logarithmic Scale) T et ¥ y=i¥a feran
S 7, 59 pH @het el Sl 2l

TESSE AFA K GHAA (a,,) & FUTHS
10 3T TR T T i pH Hed 2| HH Figdl
(<0.01M) W TESSH ATH &1 Tfhad, TEHS
®Y Y THHRT Howdl, S (HY) 51 YRR &1 S 7, o
T Bl | BIESISH I 1 Gieharal i1 shig goh1e
Tl B T, T 39 G g uReifE feRe S
ekl B—

e fagm

a,. =[H"]/ mol L
Foreferfian et pH TS SRS S i
¥ ey quifar 2
pH =-1log a,, =-1log {{H"] / mol L'}
39 YR HCI & 3™ fae@ (102 M) & pH
HN HA =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 19 1 Tigdl 107M eidl 8, Safery gehi
pH = -log (107) = 7 &I
e hig Seltd T el €, 9 SHe1 pH 7
¥ %1 @ A 9% &K T, 9 SUH pH 7 U Ak
BT
'Y UK,
STt foera &t pH< 7
T oo #1 pH< 7
I fae=H &t pH=7
319 298K T YAGER FHIHII 7.28 T THi—
K, =[H,0* [OH]= 104
YHHTul o Ml 3T T TS I o W
—log K_ = - log {[H,0"] [OH]}
=-1log [H,O"] - log [OH']
=-log 10'*
pK,= pH+pOH= 14 (7.29)
M 3 A 9 ue § fR wmfy K s am
AMUHH o T qRafdd i &1 qenfa qrosRE o e
pH & #M ¥ URede 3a 7 e & T 8 e
IqHT YT HT A
pK_ Setta T o fee aewerf afer g 81
g BIESIoM aT BESIaae STl it @igal 1
T §, Hfeh SR UGS R gl ?1 ord: IE
e @ Toh pH WI9shH o0k eial 81 pH o M
o T 3ohTE qiadH 1 e © [HY] 1 Eiga § s
10 &1 IRedA| s& YR 9fE BESeH SEA |iEgd
[H] ® 100 T[UI& o1 GRedd &, d pH o A1 ¥ 2
THTS 1 TREH ST 3Tal 379 T9e T ght o a0 arg
§N pH W 9Rerd= 1 el &9 T 3d 2|
Siferer T gEreA-HeEt eyEnt ¥ oo &
pH &1 A9 STcafreh eagdeh €1 pH IR, S fafim
pH =Tt foerad & fom-fom w1 a1 €, 1 wewa 9o
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AT ERAT

pH & SIS | %1 Tl Tl ST Gehdl 21 SATSTehed
IR gl pH TR foed 81 0% € R fe-fm
ufeea - w1 3t & (f5 7.11) pH TR ER 1-
14 T o pH AM T 0.5 I JAfd dk A1
fopan ST weman 21

o 1 2 3 4 5§ & 7 €& ¢ 10 1M 12 13 14

N
W REEEER
e
ferg 7.11: T pH W 97 37 3Haret pH R & 9R)
gfzzar

<

Ied Fqddl o faU pH WieX &1 S9Am foman
ST €1 pH Her Tk TH 49 7, S wliero-faera o
forga-fawa W amaRa pH &1 A9 0.001 e
T A & STSTohel SR § el o ser SehRare
pH HieX 39asd e U €| F5 9= qqie w1 pH
ot 7.5 § € T @

IERAUT 7.16
T S o T W BTSSRI i Wigdl
3.8x 10 °M T TUHT pH T B2

kgl

pH = - log[3.8 x 10°]= — {log[3.8] +
log[107°]}

=—{(0.58) + (- 3.0)} =— { - 2.42} = 2.42

37d: U9 uSref T pH 2.42 ® I8 A 2l

215

IS 7.17
1.0 x 10 "M HCI fae# o pH 1 0T &)

A

2H,0 () = H,0" (ag) + OH (aq)
K,=[OH]] =10

A x=[OH |= 5@ & W< H,0" |

H,O" Wil (i) it 9feid HC1 ¥ 9T 2t & S—

HCl (aq) + H,0 () = H,0" (ag)+CI (aq) T=T

(i) SeToh STEIRITT ¥ Wi eidt &1 Fel <

H,O" 3™ W fa=m & sim—

[H,0'1=10"+x

K,=(10° +xx = 10"

g x° + 10°x - 104 =0

[OH |=x=9.5x%10"°

37d: pOH = 7.02 T pH = 6.98

7.11.3 g A oh I ek

HEY, Sefty et o s &9 9 A T geicl
37 HX W fomr &3 freafafaa aefemon 5 o fodt
ot giteRtor g0 ifaifa HX Wd 3Tl He(aq) den
X-(aq) o A Tonfud Grereen & g feen sn
Tehal 21
HX(aq) + H,0(1) = H,0O*(aq) + X"(aq)
YRR Figdr (M)

c 0] 0]
M o ST 1 AGT B

igar ¥ qRadq (M)

6104 +Cco +Cco

WRUT 7.5 TS AR USTT st pH ok WA

gd o AW pH g9 o AH pH
NaOH 1 9qw foeraa ~15 ST HRIHT 5.0
0.1 M NaOH forer=d 13 THRT H ™ ~4.2
A HT qET 10.5 g U7 a1t qen fawe ~3.0
foeeh @it Hr=feran 10 -t 2,0
31 1 WHE WF, TRl S 7.8 - ~1.2
RISCEIIEL 7.4 IM HCI e ~0
ECl 6.8 Hig HCL ~1.0
EIEER L | 6.4
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e Figdl (M)
C-COl (¢{04 (¢{04
el ¢ = Afaaife ot HX 1 9Rfwe digar
Mo = HX o 3TEH 1 AGI B
T Hohdehl 1 SYAM HI o TH ITYF T
fodrem W o fau grmeen femis Joad a1
Hohd 2
K =c*?/ c(1-0) = co® / (1-a)
K_ o 377 HX %1 Taasm an omaee feerion
ed 81 38 denfeqs &Y U 8 3 FehR Hiokdl & &Y
o yefi Y Wehd B
K, =[H'][X"]/ [HX] (7.30)
feret Ty o WX K| 1 A9 oA HX
WeITT ST WY &, 3Tgiq K, o1 A T etfaen
ERN, 37 3T € Siferk wae gem K, famwfea
Ty &, Forad ait witsiier et Higar ot aeR-aTewEn
1M &1
FS A gU Al oh STIAA-TEeis |RO 7.6 H
faw T ¥

BISGISH AP Wigal o Q. pH ATeHH ga1 AT
3 5 28 pK, & wiffier o= S o AR %
fau o yg feman w2
'Y U,

pPK =-log (K) (7.31)

37 o I feeier K, e IR §isdl ¢
A BF W I TS T A FEdl q ST o6
AP BT AT W faer@d w1 pH 1 0 9 E 2

WRUT 7.6 298K W FB T TU S 3TFAI oF T

feertien & W=

A A Teertiah (Ka)
BRSIHRINH 3T (HF) 3.5%10*
TELH A (HNO,) 4.5 % 104
HIfHew 3T (HCOOH) 1.8 x 10~
e (C,H,NCOOH) 1.5 x 105
uHifesw & (CH,COOH) 1.74 x 1075
=g 3T (C,H,COOH) 6.5 X 105
BEAFARE S (HCIO) 3.0 x 108
BESMAME 3T (HCN) 49 x 1010
T (C,H,OH) 1.3x 10710

e fagm

T ST 1 pH 3 U&I ¥ fehtelt S Teheft
T
ug-1  fouie @ gd 3ufeerd wfefs &l sRes Al
TR/ oF ®9 W T fRan S B
ug-2 |l g sifufsransti o foa wgfera TR
fore S €, Se—wfielis, St et Us &R < o
®Y § ®F w2
qg-3 I=d Kol Afafsean s mefiss siffsean
& w9 | fafeq fhan sman 7, wefew o= sifafwang
T Afafewar gl #)
ug-4 wWAhs Afafean &t it wivis o =
A 1 GRON o &Y | el far S 2
() IRfY9s I s, e
(@) I &1 AR SR TH W 3EAF &1 061 o o
&9 ¥ gigar § gRedd
(1) A Higal
Ug-5 HeA Afaferar o o wramEen femis
THEO | G Gigastl o WHl o ok fau g
F 2
Ug-6 H&A AffRaAl Ti TS Sl Hgdl Sl 7M1
F 2
Ug-7 pH I TOA
pH = - log [H,0"]
ST fafer 1 30 I ¥ qHART T B

3STEXUT 7.18

HF 1 o4 feo® 3.9%x10% &1 0.22M
forer § HF &1 T3 &1 |76 1 31 T
o 3uferq @ wfiefs (H,0', F~ 9 HF)
i Higdl qA1 pH ki TUHT HifSTl

'
frfafad Wi T sifafkan @ae &
(1) HF + H,0 = H,0"+F K ,=3.2x10"
(2) H,0 + H,0 = H,0" + OH"
K,=10x10"
Hifh K, >> K, 984 aifafsman
HF + H,0 = H, 0" + F
YRR Fisdr (M)
0.02 0 0 (0)
Higdl IREd (M)
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-0.020 +0.0200  +0.020.
e "wisdl (M)
0.02 - 0.02 « 0.02 o 0.020

T Stfferan o fow wm Aiganeti =1 gfaeenfua
HH W

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 -THiehor i &6 W R o o & HH I
B B
o=+0.12 3R -0.12
o, T SRUTCHe W §9d &l 1 &Fd: o= 0.12
e ® fF @ WE, o= 0.12 @ al e
TS (SR—HF, F~ qe H,0") i ST igemd
79 TR B—
[H,0']=[F ]=ca=0.02%x0.12 =
2.4%10°M
[HF] = c(1 - ) = 0.02 (1 - 0.12) =
17.6 x 10° M
pH = - log[H'] = -log(2.4 x 10°°) = 2.62

33Tl 7.19

0.1M Tehel &I 3Tect 1 pH 4.50 &1 Hremeree
T H',A™ ¥ HA ! Higdl i AN SHIFSW
1 Bl Thdl & 375 & K, 91 pK, o A
St o TUET FHIS

E)

pH =—log [H']
[H]=10""=10""=3.16 x 107
[H]=[A]=3.16 10"

K, =[H']IAT] / [HA]

[HA], = 0.1~ (3.16 X 10°) = 0.1
K,=(3.16%x10°%/0.1=1.0%x 10"
pK, =-10g(10°) =8

depfeqs &9 4 ‘foaieH wiaeaar’ fadl goa
3T HY WM I TUAT T STANT HIOHH B
30 39 YR fea T B

217

= [HAlp o/ [HAL i X 100% (7.32)
SETEIUT 7.20

0.08 M ERUHARY T (HOCI) o fae=d o
pH @I UMl HINW| 37 1 AT el
2.5 x 10° 81 HOC1 &1 fqaism-vfaerma @
Al
&
HOCl(aq) + H,0 () = H,0"(aq) + ClO (aq)
YR Higd (M)

0.08 0 0
grreEe & fog aieadd (V)

- X + X +xX

e Higdl (M)

0.08 - x X X
K, ={[H,0"][CIO] / [HOCI]}
= x° / (0.08 -x)
x*/0.08=25x%x10"
x*=2.0x%10°, 39 ¥R, x=1.41 X 10°
[H']=1.41x10°M.
3d:
fereist gferTaat = {{HOCll ... / [HOCI], .}

x 100 =1.41%x 10°x 10° / 0.08 = 1.76 %.
pH =-log(1.41 x 10°°) = 2.85.

7.11.4 AT QR AT AT

&k MOH b1 3TaHA feferfad Ttentor g wei¥
e T TR T
MOH(aq) = M*(aq) + OH (aq)

TR ST TN i TRE 3ol &R (MOH)
o7f¥Teh ®9 9 ¥F™9 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] (7.33)

foshedd: A€ c= &N 1 RS Figdl 3R
o = & o I Hi A
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S G WW el @, qd 9 fenis
frefafed w9 9 foman <1 dehar 28—

T 1 gL & o FA-TEeliw K, o °H
groft 7.7 | faw w7

|RUT 7.7 298 K W FS TocT &Nehi oh - eich

F "
&eh K,
SEHAE A (CH,),NH 5.4 x 10
TR (C,H),N 6.45 x 10
ST NH, or NH,OH 1.77 x 10°
e (T aefaes o) 1.10 x 10°
frfg c . HN 1.77 x 10°
UfFefid C,H,NH, 4.27 x 10710
IR CO (NH,), 1.3 x 1014
H2 FHTefTh ANTH TH T TE oA &R

i et o ofew €, T wh W eifuss
TS IS THTY] =1 HOE! g Faeenfud g €1 S
foretdi=, Hieq, foara qan fepifes, adft sga
I &N €| ST 39 K, o W 9gd B 8 &l
s Sia H fefafaa 1ffshan o wewasy OH-
SR I T -

NH,(aq) + H,0() = NH,*(aq) + OH (aq)

TIESIST ST Wigal g pH Thel a1 STANT ©
o 39 o= wieis v Il o foe off e fohan
T ¥ TH TR

pK, = -log (K)) (7.34)

IETETTT 7.21
0.004 M BESSH foe™ &1 pH 9.7 €1 3Heh
K, T pK, ! U HifS)

&'

NH,NH, + H,0 = NH,NH," + OH"

T pH ¥ TESISM 3T¥H HIgdl i O HT
Tohd &1 TSN ST Tigdl T1d ek 3R <l

o AAM® [UARA H H SESIRIA ST i
Higal w1 0T L 21 39 TR,
[H'] = antilog (-pH) = antilog (-9.7)

= 1.67 x10™"°

WA o

[OH]=K, /[H1=1%x10"/1.67x10"°
=5.98% 10"

Hq BESSHad 3TFH i Higdl 1 AH ot
BEg oI ST hi Hixdl o T BT S I
TR 1 TGl 9gd HH T 37d: Afdifeid &R
T Hisdl 0.004 M ol T Hehell &1 39 YR,
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.
ISR 7.22
0.2M NH,Cl T2 0.1 M NH, s a9 § =1
fore@ o pH ! TUMT SISTI NH,, e i
pK, = 4.75 @I

&
NH, + H,0O =
NH,, 1 313 {Eerien

K, = antilog (-pK,) 1,
K,=10""°=177x10° M

b

NH, + OH"

NH, + H O = NH, + OH
YRR Figdl (M)

0.10 0.20 0
[T W AREdd (M)

—X +x +x
TrEEE T (M)

0.10-x 0.20 +x X

K= [NH,'T[OH] / [NH,]

=(0.20+x)(x) / (0.1-x)=1.77 x 10™

K, %1 9 %8 21 0.1M Td 0.2 M i go1
x 1 B9 IURRTd T Hehd T
[OH]=x=0.88x 10"

ggfe [H']= 1.12 x 107°

pH =-log[H'] = 8.95

7.11.5 K, AT K, ¥ Ha"

T 1V W B9 U 9 ¢ [ K, T K, I 3T
R ek 1 e 1 gwid &1 Hgr - e g
T 3 Th-gER W Welad ®9 9 Heifd g 21 A T
1 W TG 8, T G 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 10~

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]=1.0%x 10" M

K_NH; 1 371 o ®4 § a1 K, NH, & &
o &Y o wmed giar €1 e stfafwan o eI < Ay
a1 7 ® fop St ¢ stfufran o @ feerie w1 W
K, @ K, o {0 & SR el e
K, x K, ={[H,0l[ NH,] / [NH," |}  {[NH," |

[OH] / [NH,]}

=[H,0"][OH] =K_
= (5.6 X109 x (1.8 x 109 = 1.0 x 104 M

T 3G YHAR0T GRT 1AM <7 Gehell §— & o
et ATffeRamatt SRt Se W SeRt we A SrfufeRar
w1 grEraeen-frets y@ew srffewar 9=
AreTeer-ferieh & UHEA & sk gl 2

K, =K XK,X...... (3.35)
U YR T &R g o fau
K xK, =K, (7.36)

I Tk 1 HAH TG B, A R A R S
Tohdl B1 I€ &AM 1 =IfET foh Yeret o7ret 1 Gl
&R el M et TR sh1 HYTHI &R Yelel eidl 2l

JehfeTh &9 § STYH THHEW K= K, X K,
i e -fodts wrmeen Afafsha 9 o 89
T Thd B

B(aq) + H,0() == BH’(aq) + OH (aq)

K, =[BH'][OH] / [B]

S v T wE fer wd L oW W w
Y g G w7 SR o femie o wimfew
F e T R SugEd g & O[HY] 9 T
FE qAl M A W

K = [BH'][OH][H"] / [B][H']

={[ OH'[H*I{[BH"] / [B][H*]}
=K_/K,

K. XK, =K,

219

T M < A o1 ¢ T A S i epperes
foren ST, @ ST ST qe &R oh WAl ohl Serud
fepan ST Wkl B

pK, + pK, = pK_ =14 (298K

IETEAUT 7.23
0.05 M ST foe@q it STEEA 7 9201 pH
I S| STHIRT o ST-H-eeris &1 AF
affaeer 7.7 ® fen @ 21 emitn o wgrd
3T 1 AT feeaiar ot Fa it

T
S H NH, & & 39 YR <M T
el 3
NH, + H,0 = NH,” + OH
(7.33) TEHIRTOT 1 TN Y o BH BIES IRl
ST 1 TigAl i TN X Gehd! &
[OH]=ca=0.05a
K, =0.050"/ (1 -a)
o T HF FH ¢, 3d: THIH § T 3R o &1
1 1 g H o I 0T qH Hhd B
HAd:
K,=co® or o=\ (1.77 x 10™° / 0.05)
=0.018.
[OH]=ca=0.05x0.018=9.4 x 10 ‘M.

[H'1=K, /[OH] =10"/(9.4%107
=1.06x 10"
pH = -log(1.06 x 10'") = 10.97.

T 3T R I oh fol Ty gga hid W
K, x K, =K,

dfetert 7.7 | 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"°

7.11.6 g T8 ag et 3w fg wa =g
I AR

sTfce 3T, eI 3T T HIEhING T

3 F ol | Ufd 19 Tsh o Afyues afa g
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Al W Bid | W STl ol Sg-&TReh! 41 UifeTsiiesh
317 o A9 © ST ST 2| Sereoned—fganentg v
H,X & fau st sifafsean frefated st g
T9IiE et 8-

H,X(aq) = H*(aq) + HX (aq)

HX(agq) = H'(ag) + X*(aq)

T TG ArEee] HHe frEfatad 2
K, ={HHX]} / [HX] (8.16)
dar K, ={H[X>]} / [HX] (8.17)

K, W K, %l 3 HX % o8 T fgdt
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 TRoft 7.8 H 3fferd 2
WRU 7.8 298 K W S WM Ulciylieeh 30l o

E-feerien

T Ka, Ka, Ka,

e 3T
TEhTfeeh TR
HERRH T
e 3T
TSl 3T
wifeen o
THIEhING 3T

6.4 x10°
1.6 x 107
6.4 x 107
1.2 x 107
5.6 x 10
1.7x10°
6.2 x 1078

5.9 x 1072
74x10*
1.7x 10
S
43%107
74x10"
75107

4.0x 107
42x 1078

TH YehR 3@ S Fehdl @ T og difess ot
=4 Fife o o (K, K,,) st &1 a9 fm=
Fife & SEA-feri® (K) ¥ %7 89 &1 T FR0
7 ¢ for oo foge-cil o RO e 3P 9
TR Wi Frehifad w3 givshe 71 38 sHeafea
H,CO, Tl AEfR[ HCO; | Hef fehrad | <@ s
Tehdl ¢l T TR fgemef HPO> UM § H,PO;
1 qo | Wi o1 frshied e i 2

g Yifesh a7eet foeraq | erl 1 fason i @
H,A Si¥ fggifes e o fo, H A, HA™ 3iR A2 &1
fagor g 21 mufoew sfufwan & HA &1 fodem
qe H,0* Wfmfer g 8, S s & yerm =xo 9
T B 2

e fagm

7.11.7 FA-HHS hl AT FAATA HReh

ST qUT &Rehl i HETHS Aqed &1 fag= &
TyaTq g9 TRt fSu gu o7t &1 pH OH &1 0T %
Tohd T Ty T T Scue Bt ® foF opw o o=
F1 ol § Yool I eid 87 3% Afesh Yo ST
FRE FI &2 TUHT I Teh Sifect q27 81 aAfeh ge
®9 W B € e ohd ¢ Toh Ueh 70 &1 e s
T H- A 99 & 9Wed T8 gauar | R
Fdl B

WA ST H - A &% 1 G sedl €, st
a4 o forior W eTeavEeh ol wedl ®, @ HA &1
IrrA-gmed wgar 21 S YR e HA e feen
gy B €, e H T A WHNRT % Hed
fIq-RUM #T FR Fed@ T IR AEY JUFHR
gfterd e €, i eTey w1 forier e 8 S €, S
et | gfig L €l

WY I8 A < A &6 g € T o a A
3Tad 9RO oh 3HT §HE o awd 8l, @ 9y &I Y&
Yfd I Ol H H - A Y Gyl swefadl o
freicor & yq@ wn g € o | = A SR 9w
T S-S A T R Fe&dl 8, - H- A &
gmed wEdl © a3l qHed Sedl Bl Seretoned—

HHR | g
HF << HCI << HBr << HI

s/ 9l H gfg
T YHR H,S, H,0 ¥ Jaam 37 ¢
T & §H 3Aed AR o Teh & S7ed o adl
1 e e € dl H- A STsiel 1 eoran 3eet-gmed
1 freifa w6 o mewyel wRe @ S {1 -
A Y fagRom sgdt ©, & o7 w1 qmed st
Tl 31 SSETone—
A = faggra | gfs
CH, < NH, < H,0 < HF
s/ 9l H gfg
7.11.8 Al Ud &Nkl o M ® O°
3T YHTT

3TN, UHifesh 3Tt o1 SN0 o, Foreent fodiesm 59
GreEeE g YRS feRan S Hehar 8-

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
Ifg e |d 9 1 e fueny S, @ grereren
srferifo Ueifesw et o1 i 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 forsres @
¥ 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 emufia 8, 79 &0 @ 7.8 © 9 g% €l

0.05 M THRZ FH &l 0.05 M UHifesw 1
o el W pH w1 TUMT 9 39 YR Y Fehd &—

HAc(aq) &= Hf(aq) + Ac(aq)

RIS FEar (M)
0.05 0 0.05
g x THifewr 77 U A=A k! °E0 B,
Figar | giEdq (M)
—X +xX +X
g qigdl (M)
0.05-x b:¢ 0.05+x
TH THR
K = [H'][Ac"]/[H Ac] = {(0.05+x)(x)}/(0.05-x)
e o7 o felT K W B ? x << 0.05

Ad: (0.05+x)=(0.05-%x)= 0.05
1.8 x 10 = (x) (0.05 +x) / (0.05-%)
=x(0.05) / (0.05) =x=[H']=1.8 X 10°°M
pH =—-1og(1.8 X 10%) = 4.74

SRl 7.24
0.10 M 3THIT=T foe@ &t pH T 0T hifstu)
39 f9@@ o 50 mL @l 0.10 M 3 HCl o
25.0 mL ¥ A9 FH@M T pH HI TOMET
iU eI 1 forem feedis K, = 1.77 x
10° 2l

2020-21
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'A

NH, + H,0 — NH, + OH

K, = [NH,'[OH] / [NH,] = 1.77 X 10
SR ¥ qd

[NH,"] = [OH] =x

[NH,] =0.10-x =0.10
x*/0.10=1.77x 10"
x=1.33x10°=[OH]]

ghfere [H'] = K, / [OH] = 10"/
10 %/(1.33x 10 =7.51 x 10"
pH =-log(7.5 x 10%) = 11.12

25 mL 0.1M HCI faera (31eiq 2.5 fheft da
HCI) ! 50 mL 0.1 M 37T foere (37eaiq
5mL Hd NH,) H fAad W 2.5 fielt dia
U 310] ST & S €1 99 75 mL
foeed ¥ STREERd 2.5 fHef|a NH, 319
qen 2.5 foeliHel NH, @© S 2

NH, + HCI — NH;+ CI

5

2.5 R 5 0 (0)
HHITEET IX
0 0 2.5 2.5

RO 75 mL faere | 2.5 faemiel NH,
3 (0.033 M) a2 2.5 el

NH, 319 (0.033 M) & W &| Treqreeen ¥ 78
NH, 39 YR T&dl 28—

NH,OH = NH, + OH
0.033M -y y y

Sely = [OH] = [NH,']

RO 75 mL faerad, SR & 9eEn
2.5 fiefiiiel NH, 3T (0.033 M) § JoK il
21 37 NH, 1 el Tiadl 396 bR & S0t 8-
[NH,] =0.033 +y

<fh y %9 7, [NH,OH] =0.033 M 3T [NH,]
-0.033M.

& W ® T

K, =[NH,'I[OH] / [NH,OH]
=y(0.033)/(0.033)=1.77 %X 10° M
3:y=1.77 x 10° = [OH |
[H]1=10"/1.77%x10°=0.56 x 10
pH=9.24
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7.11.9 TIEUN ST WA-TTIS UG gk Taetam
<hl pH

TRl A &R o T 1ama o eifaferan g/ s
T AU 1 STt | SATH BIell 1 3T gRI s &A1,
FUEA Seltd faeEd § Serited 8 2 A S 9§
sifaferan ¥k Ut Yepfd o STTER 7% A1 &R 1
SIS Hid &1 STel 91 P S1Fe SO A1 <A
Qe el ST feHa i Siel-2Tqsea | Fed &1 39
T4 TR 9 pH wiferd et €1 weiet &Tieht g fRu
T ARA (3IEWONG— Nat, K, Ca2*, Ba2* 37f]) den
Yo STl g ST T KA (I[EIm— Cl Br
NO;, CIO; 3% Theret STa-Aferd i &, STet-3Tqefed
TET B T | ST Yool 7wl a2 Jeel & © & e eoli
o =iel SIEH B €1 A SR pH 7 2t Bl Fafy
3= YR o ol o1 STl ST Bl

o/ g9 fefafad oaui o Sa-3TTeed W

foe 5 €

() TS Tl UF Yo &I oh a0, IIEL0Med—
CH,COONa

(i) el STl o Jecl &Reh] oh idvl, IR —
NH,CI, qe

(iii) JoCT ST TS ool &TRehl oh v, IR0 —
CH,COONH,

Y| 30 H CH,COONa, Tdd %A
CH,COOH Tl Yodl &R NaOH &I @@w &, S
Sfeft ferera § quiqen emafa g St )

CH,COONa(aq) — CH,COO (ag)+ Na‘*(aq)

T YRR o1 THRS P S o WY 5
STqEfed gl UHifesh 3T e OH- a1 ot fmfoy
F &

CH,COO(ag)+H,0(l) = CH,COOH(aq)+OH"(aq)

THifesh ot Tk et 3 ® (K, = 1.8 X 1079),
St foreram | ermEfd € @l B1 589eh R0 faera o
OH 3Tl &1 Figal ® gfg &1 <t 2, S faeam =
AT oA B1 39 YR o4 foerad 1 pH 7 9 S
B 21

T YR a9 &Rk NH,OH @ Jaa 37
HC1 § 91 NH,Cl 51t | qufean smafa &t s 21

NH,Cl(aq) - NH; (ag) +CI" (aq)

e fagm

SATTE A 1 S T8 89 ¥ NH,OH
3R H* 1 & €l
NH; (aq) + H,O(1) = NH,OH (aq) + H* (aq)
A BEGES (K, = 1.77 X 10°) Th
Tl @R 2| FE faerdd | SRt Tl 81 56
IRy foerad § HY ST Wikl 9g Sl @ SR
foaea™ =i sl a1 It €1 e1a: NH,Cl & 5ia
foeras &1 pH 7 ¥ %9 g
Tecl oA ql gool &Reh R ST T 90l
CH,COONH, o Tel-3T99e &l 38| 39 51 faY
T Al T AT 9 YRR Bl T
CH,COO + NH; + H,0 < CH,COOH +
NH,OH
CH,COOH @l NH,OH ¥ ®9 ¥ 39
TR SFAIH @ B
CH,COOH = CH,COO" + H"
NH,OH = NH,” + OH-
HO = H'+ OH
foea | o fopu famr wer s Okt ®
STeA-3T9EEA 1 A faera 1 digdl 9§ s gl 2l
1q: fore™@ =1 pH e—
pH =7+ (pK - pK) (7.38)
o =1 pH 7 9 AR B, AR STaeTcreh
Bl e pH 7 ¥ ¥ B, A% S FOMHS -

3QMEXUT 7.25

UHifesh 37 1 pK, T STHIMIH TSRS
F1 pK, FIE: 476 IR 4.75 T I
THee fae@™ &1 pH &1 TUMT Sifaq)

k33l
pH=7+ % [pK, - pK,]
=7+%[4.76 - 4.75]
=7+%1[0.01] =7 +0.005 =7.005

7.12 SRI-Tae™aq

IR Iufted g W (IR AT ) F
f4feea pH B €1 376k pH o geN IRed IR ok
3% 9 FH T FE (Malfunctioning) T {3 %I
#% qHEtE 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 Y8R | gl @ < 81 i
faer=m, foeht pH o9 & 319aT 3T o1 &Rk
T At AT e oF @1 ot staRafda e
2, ‘aw-faereq’ wEed &1 9 pH & faoeH o
ST I pK, T & o pK ok fafcd =T den
aredl 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 SrEifEn aoiREe wd S
TIESIFIEE 1 990 pH, 9.25 &l ©1 9% fererrmt
o a1 | S=a sl | g 3R et 9e

7.12.1. 9% TIe™&= ST
pK,, pK,3iR Trfeeri® 1 99 &5 ¥ pH &1
th r°|('1¢|"| EEIK! "-ll Hoelddl on{dl %l SIEY i@

f &9 I8 Y FT FHd B

TAIT-THT T

3TA pH 1 %R §9H o ol &0 goa o
3R TH% §W WAE &R & WY a0 SH e
G0 1 STAN H Bl BH pH, oA A &
qre feoish K, #iR gefel et 3R g@eh wfed
& 1 Figdlel oh TId H Ty Tfd w
Il FHfieRToT Tnfid e €1 Uk qmEe feefa o
el ool 9T HA Sl § STEisha el €,

HA+H,0 = HO +A

oo foru wn frefofed e foa ged 8-

[H,O"][A7]

K. = "HA]

ST s i JieAaeed ®e W

_ HA]

= KA

T TR T AU T o 918 TaI ! eAafeerd
FH W EH U el e-

[H,0"]

223

[A]
K =pH -1
pK,=pH-log (HA]
[A7]
H=pK,, +]1
e pH=pK,+ Og[HA] (7.39)
B [Ggfma  &am&, A7)
pH=pK, +log (orr, HA] (7.40)

ST (7.40) TEUT-gaeTaNd GHIHT0T hgetrdl
%|%,a’gﬁqaw (RUTE) 3R fagor o
IUfEerd eTret T FIEAISTl 1 STUE &1 3T ot
B o SR 9gd HH TR Bl § SR FiEdl
[HA], 9% §9M @1 fau@ T 7wl &1 digar §
oRmEE @ f ek ¥ g @, sifumay Haf
g, [A], 3T o 0 o AFHIhd BH § W
eIl 1 SEY TIEd eeh shi Wigdl ool ohi
s § hael ovEE = 8RN Safere FeienIor

o o

(7.40) Frefafiad veR 9 ®9@id 21 S B-

[FerT]
[ ]

g TR (7.39) H, [A-] ST Hixdl [HA] i
Tigd o SE Bl A pH = pK, B, Hi(h log] T
M I B 1 TEiT A gH o SR ofE
(Fgf9a &Reh) i AeR Fixdl S o a T
%1 pH 371 o pK_ o a0 BT 37d: 3T9fard pH
1 T T o T g0 T ST &1 =T A
& ftget pK, e1iferd pH o SRIeR 2l 21 WHifeeh
T KT pK, UM 4.76 Bl ¥, AT Uik
3T iR wifeaw teiee &1 SR AT H Sl
AT T IH T pH T 4.76 B

gecl @ 3R 3Weh WfHd o § &
IEX 1 T B favemn fafatea afem &,

[afad s, BH ' ]

[&r=, B]

pH =pK, +log

pOH = pK, + log

(7.41)
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TR Toera o pH &1 dReher, THIH pH
+ pOH =14 <h1 39ANT <hich rchfﬂ ST Hehdl %l

g9 9 2 f% pH + pOH = pK_ X
pK, + pK, = pK |37 HAl &l GHH (7.41) |

W@ R THe FEfafad 960 9 gl 2o

[wafima e, BH
K _—pH=pK_ —pK +lo
P&, —pHo=pAK, —PK, g (5, B]
a7ere
Haf +
pH =pK, +log [ s, BH ] (7.42)
[emeR, B]

A a3 3 WYfma ove (WAEE) Y
Il 9UeR & a 9w fae@s @1 pH &R o
pK, o SEX BN STHIMAT 1 pK, A 9.25 Bl
§, 37: 9.25 pH 1 9% T TN Higal ard
et faere oiR emitem Fonee foee 9
TR S Hehdl 81 STHIEH FANES SR ST
TESFERE ¥ a1 IR faeaq o foau g
(7.42) 1 WEY AN~

pH = 9.25 + log L% s, BH' |
(&, B]

TR e o pH W 01 1 STER Tl
ISl Hifch U °h ST STH ol U]
Tfafdd T 7

7.13  UfIAT AU okt faeiaar
HIETTE=AT

Y 9@ € T o ® ettt Sl 1 factaar o
ogd 3R a1 21 30 § o dl gad et faea
(S8 Shfewam FaREe) © fo 3 yfa o sanmet
Bid € au1 argHed § So-ard wifad e od €l
FO I (S8 fuTH wqsiuEe) w1 et
za % B fom 38 g W | erfaeta’ whed )
foretaar ¢ ol W frdt s 2, o 9 g v,
AN I STeTh ST (Lattice Enthalpy) dei faeraa

e fagm

o el w1 faemas woedt B UH @@ o
foamees ® oied o fau oA o U9 gad
STHYT g (et Tedt) | STH-Taemaes ==
foren atfues g1 =few) emaat &1 faemaes Teed
] faamea & ®9 § feid &9 8, s 999
FUCHs Bl 21 374 faemasta ufewan § ot qa
Bl B | Taetentad St 61w foemas #1 gehid
R faft et 21 sy (weEAw) faams o
e T Teedt 1 | HH Bl ©, S oer &
SINERCEIREIRC ] (Overcome) HE | 9ey el
2| TR Tau siye faeas o Te et 2
Ifg ST T Tk IE 20 ° S § Fd gehar
2, A sHH! faarasiad Tdedl oqu &1 STl
Tt 9 erfuek BT AfEUl Yedsh e H1 Uk
sAfyeneria facad i €, st a0 w fdt
21 Ui ofgul 1 vt fafyme faetaan gidl 1 =@
R ek w2179 3 qE ki AR faea
& SMHR T AT o H fasia s 2

i1 | faem fo=ada > 0.1 M
0| TS & foaom 0.01 < faera <0.1 M
o1t 11| 3Ty faerm faetad < 0.01 M

39 TH o food oEfte d@m qu 9ok
Hqw et faeed o 9 g | TR &

7.13.1 faerEar oFwe e/

Sefta faerm & dueh o 7, W foaR ) srefed 3|
oIl Sk g faeras o ST oh Hed WTmaeel i
frafafea aiwr g7 weféa faar s 8-
BaSO,(s) —29 . BaZ'(aqg) + SO,*(aq),

e fremis frefafaa e g wei¥a
fepan S 28—

K = {[Ba*][SO21} / [BaSO,]

35 39 g w1 wigar fer e 2
Ad: KSp = K[BaSO,] = [Ba*][SO}] (7.43)

K, ! ‘facad qomshe-feris’ a1 ‘ foerad
W’qv_c'{ ' Ed ¢ | ST FHww H K 1 AT

T 298 K W 1.1x 1010 31 e a7 7w &
W AEH Hehe, S T Hgw faeem & @y
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el | 7, o fou g qun Gothe SEal &
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ARl 7.9 298K W & 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@ﬂﬁz Ag2C03 8.1 x 10-12
’ R v AgsCrOq4 1.1 x 10-12
1.1 X100 =(S)(S)=S* I S=1.05x% 107 gﬁgs AgCl 1.8 x 10-10
Agl 8.3 x 1017
T YR dRTH Tethe i Hior-faaadr T R A:SOs 14 x 10
1.05 x 10 mol L' Bl m %ﬁm AllOH)s 13X
907 TS & Horeey _ SICH A Tehe BaF» 1.0 x 10-6
aﬁé i fom-fom &vaﬁz BaS04 1.1 x 10-10
et T AR Y AF ROMEA A AT S TRl T | e wqsives a0y 25 102
g Hicm BEgEEe af 3 x 10
I ok fefu— 3mEy, gH fShifem wiehe (zrtY), o PRI Ca(OH) 55 % 106
: Y i e CaC0 4.0 x 10
(PO,*), T @av R fo=m &, S =R N CaSOs 9.1 x 10
T SR STEAl T @ 0T STevTare 4 HIEhS drefirm wewEe Cg(OH)z 2.5 %1014
FIHAW FESES cds 8.0 x 1027
®urEl § Tt g 21 afy i wehe =) SRS Cr(OH) 6.3 x 101
S s Bt Sfre & 5 freh %ﬁmﬁz CuBra 5.3 x 109
- ’ FANES CuCO3 1.4 x 10-10
CRRIn! TR GESESIES] CuCl 1.7 x 10-6
ki . AEES Cu(OH)2 2.2 x 10-20
[Zr*] = 3S T [PO,*] = 4S &M HHES Cul 1.1x 1012
FEHS CuS 6.3 x 10-36
S K, = (3S)° (4S)* = 6912 (S)’ ¥ TS et 39 % 1011
— 3 M1/7 — 1/7 TR TESFES Fe(OH)2 8.0 x 10-16
T S={K, /(3> x4%) (K, / 6912) B Felot, o
TR ST ET FTeT I Pt - WERY A5 FeS 6.3 x 10-18
R 3 ’ My Xy TR FIANES Hg:Br» 5.6 x 1023
N, S ST Wy faerad o T wreeen § @ aen Wﬁm He:Cl e
golo .5 x 10+
forgent Arer-faeraa 's' &, &1 fF=Afafaa s TowTEe Hg»SOs 7.4 % 107
SR = fRan S TRl B i e Hes 1.0 107
T TREE MgCOs 3.5 x 10-8
R \ ) FAREH erEer MgF 6.5 x 109
M,X (s) = xM? (aq) + yX* (aq) w mgv SRS M§((§H)g o
TX XD =V X FARE MgC:0 7.0 x 107
(RIxxp =yxq) e TEFES MnCQOs4 1.8 x 10-11
qu 91 facada-ToAwe feris f=fafed e TerEe MnS 2.5 x 10-13
bt eEgleEe Ni(OH)2 2.0 x 10-15
HHiehLo1 gR1 e TR STl B— A NiS 4.7 % 105
= [MPE[XE P = (xS)*(yS)? (7.44) WS RS PbBr2 4.0 x 10-?4
=x*.yv. Sx+y) gg FANES 528103 Zg : }85
e FETEE POF, 7.7 x 10
Sk+y) = K /Xx_yy L X
sp SEREEIERIEES Pb(OH)2 1.2 x 10-15
T S=(K_/x*.y)l/x*y (7.45) RIS ES Pbl2 7.1 x 109
P oS g PbSO4 1.6 x 10-8
THRTOT | N9 Teh A7 SAfeeh THeisy i T ﬁéﬁwrs@ PbS 8.0 x 1028
X -28
ST W Higd T e 8, 7@ K H QW e £ R oo
Wﬁwmw%(é@mﬂamlwéﬁs wifrem Fate grgos éé182°
= :‘-qul 3N 33 T. O X u
e WK = Q) Bral @, forq o ufifeerfaar o [ i SrSOs 3.2 x 107
Te LT A (R (Dissolution) ¥Rt &1 e TS TIBr 3.4 x 10
x 10-4
weh A1 1 WO 7-0 208 K W WA @i | 0 e o e
& faeaa-Turwe fremist o W fET Ty € o e ZnCOs 1.4 x 10-11
N TSRS Zn(OH)2 1.0 x 10-15
B [RAEE ZnS 1.6 x 10-24
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7.13.2 3Tk AGUN eh TH=AT U @9 =9
PoICH

- Iafers fagTd o STER, J8 319 &1 <t © T afg
et Traror foretam o fordt U 3TaA it |igd e W
ST 39 TAORIT STeeT oF ST oF | TANT hOm qel
oo 9 o @av a9 9o STaeifud B, 59 7o T 9R
K, =Q,, 78 S A fordl s <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
o TIAIS 9 W SelIsS ST i Tigdl (Ffshad) 96
S o SHROT TSI FANES 1 S0 Bl Sl 81 39
fafu @y Fifeam Feikes o5d €1 IS Bl 81 39 TR
&1 Hifeam stera Hrferem Hothe SiE sTyfgal Wt
A €| IR fargeiyor o et 31 oht argd o faetma
At 3Tk 31ed faeid oa & &9 § quieder seeifid
T W o T S qTE 1 A R S €1 56 Yok
TH AR favervor | faear 31eM &1 staemu faear
FANZS o €U H, BReh 375 o1 7L Hikeh TESFIRE
o T H G STaE90] JfEm 3T 1 JfE™ Hethe o &9
o Y e B

3 3T oF 9N i faeiddl %9 pH T agdl

2, Wifh %7 pH W RUMTH 1 Wigdl S8

IRl o RO Sdl €, S A0 i faretaa

1 TG A EI T K = 9, FH A WA B 0w

Tl W HEA B g A K, = [M] X,

HX(aq) = H" (aq)+ X" (aq);
« [ (aa)][X (aq)]
) [HX (aq)]

[(X71/ HX] =K, /[H']
T T T FhH TR | ST W gH W

2 I L O
x] K
[HX]+[X—] [H+]+K

2020-21

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, " (7.46)
3: S, [HY] & &+ A1 pH & ¥ed R foema
et Bl

ISR 7.26

g AMd BT foh fohell off TR o oA S °
sifafshan 81 3d, s 5a J A, X, 1 foretar
1 TOET HIU A,X, 1 foead oEwe K
=1.1x107° @l

&

AX, — 2A° + 3X°

K, = AT X1’ =1.1%x107%

AR S = AX,, 1 foerma, a

[A*]=2S; [X*]=3S

W TR K, = (29)°(35)° = 108S°
=1.1x10"

s S°=1x10"°

S$=1.0% 10" mol/L.

I 7.27

T ofeq foerg @Ol Ni (OH), T3 AgCN oh
foerRd-TUA%e o B HE9T: 2.0% 10 ° T 6
x 1077 €| ®H W TEu stfusk faem 82

'

AgCN = Ag" + CN~

K, = [AgICN]=6x10""

Ni(OH), = Ni*" + 20H

K, = INi”'JJOH]* =2 x 107"

I [Ag'] =S, W[CN] =S,

i [Ni*] = S,, a1 [OH] = 2S,
s,’=6x10"",s,=78%x10"
(S,)2S,)°=2x107"°'S,=0.58 x 10
AgCN ¥ Ni(OH), ! facrar i 2
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IIEITT 7.28 et forex a1 2, élﬁm OF 1 et Wizl OH
0.10 M NaOH H Ni (OH), ! Hier faerrar &1 (0.10 +28) mol L™ Bl Fifeh foerer  weet #

2 NaOH 9 Id 0.10 mol L™ 3ufterd 21
AT fRSTT Ni (OH), 1 3TRIfHF TUHwA
e K,,=2.0x10""°= [Ni*'] [OH* = (S) (0.10 +2S)*

2.0x107"° ®I :

= =i K,, 1 W1 F9 21 25 << 0.10 3W: (0.10 +
25) = 0.10

H fF Ni (OH), % faerd S mol L™ & faeta 3?’4)1& e ,

BH § Ni** o (S) HId T OH % 2Smol L Sy i)

S=2.0x 10" M = [Ni*]

9T

It 59 @ Fehoaret st w1 G orvg @ 59 § dieddr STupel 1 Ge o ae 8, dl O Lenf
Bl Sl | TE Tiiiel Feptd w1 eial ¢ Wreereen ifde T THEtTen, <l WehHi R T 8l Hehdl
TH ST W 3 S v ARl i U HHH Bl 81 STl shi WIKAl i SATWehReh! 1 Wikl ¥ 9T <
W B Yk TS ] WHHHIHIOHAS e o W0 o ®9 H W feedieh K, 1 e $d ¢

ARIRFT aA+bB — ¢ C +d D % fw K = [C]ID]*/[A][B]”

o a9 R g feeriw %1 O e @ @) 39 ot | gt Toe Tur S gigdl, S g
feem T €1 Tt arfafsran o forg wremewen feomier ®1 K § o e €1 39 S fers s |
TiEdl o TIM W &0 A <9 fored 21 ifafsran w1 fen &1 orue sifafshan smeet @ & o i
2, S WrETERe WK, % SRR Bl 81 T- Yo fagid’, oh STER A1, <, WEdl S hreh! ¥ o R
TF ¥ qREd o 0T wreraen et fewn § fazenfuq Bt 2, S URerdd % UWE H HH A1 T H 9o
THHT SYAN T HRehl SIH 19, T, e, Sk 3R 21l 6 o Tt 1 TG R 996 o 77
T fopal ST € qef STUIE 1 AN 1 (5101 89 FReh! i a0 Sieh fohan ST Fehal 21 aifufeman fasm
o HEEE] FeH &l I UIfad T8l i, forg eifufsran =t 7ifa &t ¢ f1=1 Seii-va o sifvenas
T SR g1 el SR @ SRR W a5t 9 ¢l

3 gl wred, St Sl faeree o ford 1 =eH S €, oy oraeed’ seem €1 ot &N qel
e * fergge STTerea’ €1 A el forerad W st 91 SIEA g1 UFTEA Ud SROTEA o Sedled o ROl fagd
1 =eH H T ool g sraeed quid: fomifsa e s &1 geet faga eraeed o et ue et
UL o HEA W el 81 SIRTIE o SER, Sl faete § e, gEgier ST qe e, BIggieTel
TF <A 21 FIE G 3t 31 B THY AR SIS - 3 ST ki WS % Y TS &N Feuel
o w9 B IR foman e Tk SRe-AR 3T U ke 9 SIfafeRar el ], 99 I8 el §d Tt
&TReh To Tohal i dTcl &7 o G Tt 37ret ki ST €1 39 Wb GTHT oTRd- &R § Shelcl Teh Fiei
1 SR I T A, TgH J A I WA TY H el IR TS &N hl oiae A o B9
o wiemfia foram| s 1 9 o STIER, 3aa o7 o fodie o fau feemis (K) 9o 3ea &R &
ferars oh e feerien (K) o =St 1 foskfaa feran o STAA &t w60 Ud 39kt Wisdl W i qen
TH 3 1 faeee fohan T @1 ergee ST Wt wigal (Wiwad) o T pH AIYEH (pH = -log[H'])
TEGA R T €1 e S o7 T & o feRafa fRaA (pOH = - log[OH)) ; pK, = —loglK | ; pK, =
—loglK, w1 pK_ = -log[K | ST%) 1 | Sct oh T 1 7797 it T 86 @4 § foh FHeheor pH +
pOH = pK_ T Hq= Bl T Tl 370 T qoiet &R, Jocl 37Fet T Ul &R ¥R qaiet o7l T 3o
& o TN Rl STl fIea § Siel-STue el @1 IR foerae 1 qRee de SUeh Hew & Gfee S
o T 21 s1e e e 3 forcrran weieht @i 1 vl ud faea o feerrs (k) 1 At w
T THHT Hey Tl w1 fererara  wenftd fopan | foaere | @ & Sraeur A 35 Sl | foera i v
i1 Fuitor fofan = 21 Hw o U oty foeid wan i faor & Hewd w1 oft fade w5 T 1
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e fagm

faenféra & fow 3@ weher W dHeifm Fdfvm 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) d Hifeqn wHike e wHifew 3 1 fHiE W 5w awt faedd 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 w1 faeiaa W SH A Y96 Hl 3@ Thd 2l

(B) Al fomnmera # pH HieX 3ua=d &1, @ o $§H pH A9 &Y 3Uh! pH TR ¥ I IRomH &
T T Fhd B

7.1

7.2

7.3

7.4

7.5

A

T g9 & Hioee ue § fifved a9 W gEges arsy & WY 9§ W@ S g a6
AT SR Sl fean S

(%) TTU-TE YREdE 1 GRS TR0 F41 5?2
(@) URY W o9 o WO i ST ohd aeerdl ©2
(1) T, 59 TR 9 g Sifod ®9 9 Tefud g ST qd sifw ST S@ 9 g ?

et W o5 forw K 30 @i, afe o W g e # @i § (SO, l= 0.60M,
[0,] = 0.82M T [SO,] = 1.90M

250,(g) + O0,(g) = 250,(g

T = a9 td Fd @ 105 Pa W AREEN as] H STETAEER 40% STEEH
T i €

L (g = 2I(g)

g & faw K, 1 O i)

frerferfed & 9 voim afulman & forg o feni® K, @1 =i fafae-

()  2NOCI (g) = 2NO (g) +Cl, (g)

(i) 2Cu(NO,), (s) = 2CuO (s) + 4NO, (g) + O, (g)

(iii) CHSCOOC2H5(aq) + HzO[l) = CH,COOH (aq) + C,H,OH (aq)
(iv) Fe* (aq) + 30H (aq) = Fe(OH),(s)

V) L, (s) +5F, = 2IF,

K % WM 9 fefafad 9 9 g 9 o fag K 1 7 9 s

@ 2NOCI(g) = 2NO (g +Cl, (g); K=1.8x10?2at 500 K

(i) CaCoO,(s) = CaO(s) +CO,(g; K=167 at 1073 K
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7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

T NO (g) + O, (8) = NO, (g) + O, (g) = T 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 sfufsan o sgar Efer sfwEe Br, ¥ sifufsa w3 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 fehy s
€, @ 0.0518 W@ NOBr W< @it €1 NO TS Br, %1 | 6T 91 #ifow|
|1 250,(9) + O,(9) = 250, (@) % fAT 450K W K = 2.0 x 10'° bar #1 38 @4
WK 1 A A ity

HI(g) 1 T T 0.2 atm T T T Feleeh H T@l Sl €1 |0 W Hl(g) 1 37iferh
T 0.04 atm B el 3T T "= % fAq K, &1 7 @ gm?

2HI () = H, (@ +1, (9

500K 4 W T 20L 9 # N, & 1.57 Hiel, H, & 1.92 Hiel T NH, & 8.13 Hidl
=1 fag femn s 21 sAfafsen N, (g) + 3H, (g) = 2NH, (g) & faq K &1 °M
1.7 x 102 81 @ stffsan-fagon o # 22 af 7, @ v sifafean =1 faen @ 22

T T At o fag

~Nof (o &
39 5k oh fag Hgfera Tt g fafau)

H,O 1 T Hid U6 CO &1 T Aid 725 K ad W 10L % 7 ¥ faw v 21 =
W 40% STl (9IS ) CO o Tl FAferiaa THiehtor o SgaR stfafman s 8-

H,0 () + CO () = H, (g) + CO, (9)
aAfferan o fore wme feeies &1 7o wifsy
700K @ R sifafswar H, () + 1, (9) = 2HI (g) & fore = feeris 54.8 €13k

T & ¥ 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) T 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 81 C,H, &1 H/F T Hisgdl &

c
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7.18

7.19

7.20

7.21

7.22

7.23

7.24

i A 4.0 atm @ W C,H, %1 T Tk H W1 T 8 T [ |

ST &2

CH, (g = CH, (g +H, (g

et T UHifesk et 1 erfufenan © e T SR ST @ U 9 i 39 YR

T S Hehell B—

CH,COOH (I) + C,H_OH (I) = CH,COOC_H_ () + H,0 ()

@) 3§ efuafren o fou wiza st (sifafwa-amrea) Q, fafaw (feoof « =@t
W ST e e § ud et off T @)

(i) @K 293K ™ 1.00 A TEifesh 37 TF 0. 18 Al THATA IRA H ford Se
affer g fagor 9 0,171 dict Tforet Teiee €1 | feeris w1 o Swife)

(iii) 0.5 A/ TIATA TE 1.0 9t THifesh 377 ¥ YRY idd g 293K 9 W FD
I 9¥En UIA TEee & 0.214 Wid 9 T O =1 | w©fad 8 T

437K A9 W feid & PCL, 1 Teh T T Felresh H feran 21 | Teifid gH

PCL %1 FEa1 0.5 X 10 mol L' WE 7, af K_&1 71 8.3 x 10°%, @ ¥ W

PCL, W Cl, %! Higarg =1 eitii?

PCL (@ = PCL,(g) + Cl,(g

e ST @ widl a1 gud S AfifeRan et €, 9% S (11) SATIEe 1 Hie

HHIFEE o GRT STT=eE € T 369 wifes @i wd CO, fae 2

FeO (s) + CO (g) = Fe(s) + CO, (8); K,= 0.265 atm at 1050K

1050K W CO Wd CO, o W& W Afeh <@ 71 B, Al S¥eh GRI9h 37iferen

T T

Peo= 1.4 atm T p.,, = 0.80 atm
#fufsra N, (¢) + 8H, (g) = 2NH, () & fau (500 K W) "= feeris K. =
0.061 2| T fagis g9g o fagor &1 Tueq 39 YR 2—

3.0mol L' N,, 2.0 mol L' H,T& 0.5 mol L' NH, 1 siffsran @ ® 22 afk
&, @ W Tefud s o o sfafeen fee faem o s ghf?

S BETEe Brel fasfed 2ies sidie Td e a1 § qen are wenfud g 8
2BrCl (g) = Br, (g) + Cl, (g)

3Tk fIT 500K W K = 32 ¥1 3k TRY  BrCl &1 9z 3.3 X 10° mol L&,
= R fAgor o gt digar = gi?

1127KTd 1 atm @ | CO @1 CO, o T fasmn H wraemen ) S eq §
90.55% (@) CO 2

C(s) +CO, (g = 2CO (g

IWeH q9 R Al % fag K o |71 &1 10 i)
298K ® NO T O, & NO, adt &—

NO (g) +'2 0, (g = NO,(g)

sfufsran o faq () AGe wd (@) 9= feemisr =1 TOMT Hifsu—
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7.25

7.26

7.27

7.28

7.29

7.30

231

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 sifufwman o forw 1024K R 9= feeri® 1.6 x 10° 21

H,(g) + Br,(g) = 2HBr(g)

3% HBr % 10.0 bar @ega o ¥ Sel oMY, df 9ft 9l o 1024K W 9 &
A Hifs

frrfafiaa i sffwen o STaR s g SEeRgeH 19 yrfaw 16 4
WS T S B

CH, (g) + H,0 (g) = CO(g) + 3H, (g

(F) ST sfufshan = fere K 1 =i fafem

(@) K, o srfafshan fsm 1 9 W §oed fohg gehr gefed g, 4t
@) =@ e fea s

(i) 9 = fa S

(iii) 3EF TFF fRa SMQ

w#= 2H,(g) + CO (g) = CH,OH (g) T 94T «disi—

(%) H, frem =

(@) CH,OH frem ®

(A1) CO®TH W

(%) CH,OH®H W

473K W FEHRY Yeacige PCL % famed & faw K, &1 71 8.3 10581 4z fomes
39 WhR SR WY, df PCL (@) = PCL (g) + Cl, (g) AH° = 124.0 kJ mol!
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7.31

7.32

7.33

7.34

7.35

7.36

7.37

7.38
7.39

7.40

7.41

7.42
7.43

e fagm

(%) sAfufsran = fag K =1 =sa fafay

(@) Wi AR o fg ¥9H a9 W K %1 7H F= S

(M 3R (i) 3R ek PCL et ST, (i) 1@ T@E0 S0 A9 (i) @ S
ST, @ K 9 9 G B

TR fafer o woe e1gSIST i Wiehfaeh 19 W W WO bl $vd 19 i 99 9 T

T AT ST 81 J GRere stfufsher § ger e § CO e H, adt 81 gER 9% § Wem

g H & STl CO AR stfen wa o siffman sl 2

CO (g +H,O (g = CO, (g +H, (g

g 400°C R fAfshan 9 § CO W& 919 &1 FHACK {901 36 &R fa=n s &

Pco=Pi,o=4.0bar, H, 1 |l W S 16 91 &2 400°C WK = 10.1

Farsy for fAfafed o ° fea s1fafsran o s1fyerenl e SRl 1 Aisd gued sif—
(F) Cl, (g = 2Cl(g) K, =5 %10

(@) Cl, (g +2NO (g) = 2NOCl (g) K.= 3.7 x 10®

(7))  Cl, (g) + 2NO, (g) = 2NO,CI (g) K.= 1.8

25°C R afafwan 30, (g) = 20, (g) F fau K 1 71 2.0 x10-5°%| Az arg &
25°C A9 W O, %1 e Wigdl 1.6 X 1028, @ O, F1 Higal w1 sri?

CO(g) + 3H,(g) = CH,(g) + H,0(g) =fufswan s ferer % # 1300K T
TR ¥ €1 389 CO % 0.3 Wi, H, % 0.01 Hid, H,0 % 0.02 e T CH, &
T W 71 KU T q R sfafwn o fow K w1 HE 3.90 2 fasm ¥ CH, %1 A
BRI

T TR &R T k1 31ef 77 fefafed wheis o for Tt ste/am Saee-
HNO,, CN-, HCIO, F -, OH~, CO; TiS?*

frfafed 9§ 9 &9 9 9 o 87

H,O0, BF,, H* & NH

forAferfian sreReTl & forg W AR & g ferfe—

HF, H,SO, ™ HCO,

FEH NH,, NH, o1 HCOO™ & Tt ena fafan—

TR H,0, HCO;, HSO; T2 NH, F=2=37 Tl &Reh—ari &1 A el &
g1 T o W oTRd el el SISy

Frfafad e & 79 377 A2 &N | afiehd hifelg a2 Jarsy fof 3 fFd TR
TR ST-&NE o §OH w1 FW - (F) OH- (@) F- (1) H* (¥) BC,

T g U9 % T H eEeeH AP F1 FiEdl 3.8 X 10°M 21 SHHT pH uiehfaa
it

foeh & U A *1 pH, 3.76 €, 3UH TEeH A H1 FiEdl A it

HF, HCOOH @& HCN =T 298K W 319 feerish shAel: 6.8 x 1074, 1.8 x 10-*del
4.8 x 10T TTF Td TIH! QRi oh A fLerleh F1q Hifs)
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7.44

7.45

7.46

7.47

7.48

7.49

7.50

7.51
7.52

7.53

7.54

7.55

7.56

7.57

7.58

HHTet 1 SE feRi® 1.0 X 1071021 0.05M HHA o fao@ § wilele sma &1
rzar a1 0.01M Hifeam wine faoad o I6eh & &1 A1 91 Hita)
H,S W1 J2iM ST 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 STF Tigdl ae pH &1 9Rehe &Sl

0.01M Srafeh 37 (HA) o faer@d 1 pH, 4.15 21 $8eh U &1 Higdl, 375
1 A feerieh den pK_ A qiehierd shifsiq)

vl faes wd gu fefafea fafes i & pH 3@ sifs)

(%) 0.003M HCI (@) 0.005M NaOH
(77) 0.002 M HBr (1) 0.002 M KOH
frefafed faee o pH 3 shifse—

(%) 2 7MW TIOH & 91 ¥ =ieeht 2 faex faeem smn Sy

(@) 0.3 U™ Ca(OH), &l S | =it 500 mL fefer@a s s

(31) 0.3 IM NaOH = I ¥ =@t 200 mL fae=s a=mn sy

() 13.6 M HC1 3 1mL &l a1 ¥ TIh01 Hieh gl e 1 e fepen sy
SHICHifee ST T ST 1 A1 0.132 10, 1M 37 T pH q2 pK, 1 A4 T
it

0.005M #EH (C H, NO,) faer %t pH 9.95 8| 3! o feerish T Hifs)

18721

0.001M THteli feta &1 pH 1 22 Tl &1 1o feorie arolt 7.7 9§ & gahd
E1 sUeh G 3T o1 ST el T Sits)

4tz 0.05M TEiifes 37 & pK, 1 0 4.74 8, W ST 1 761 A0 Hifsm) afg
T (1) 0.01M (F) 0.1M HCI faeram & gren S, @ fase &1 461 f7g yar
yofferd et €2

TR THA 1 T e 5.4 X 104281 39 0.02M oo™ &1 T &1 90
1 AT hifeW| I g8 faetaa NaOH 9fd 0.1M 8 df SEAIfYA THHE 1 9iaee
AT A B2

frefatfaa Sifae o, f5 1 pH & T €, 1 SrReisH 1a" Wigdl ufshiord shifey—
(%) HHEE W 54, 6.83 (@) ¥Ma 374, 1.2
(77) THa R, 7.38 (9) 9Mg @R, 6.4

Y, I, TARY WM, 719 T 201 31 &I ¥hal & pH &1 91 %A 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 ¥iel # e | 9 200 mL faera= &1 & pH, weferm,
BIESISTH AT BIZSIToRTel STl i WIEATd 1 i)

298K W Sr(OH), forerr =t focrar 19.23 g/L 71 Wi qen g s &1
qrgar den foeea &t pH 91 &l
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7.59

7.60

7.61

7.62

7.63

7.64

7.65

7.66

7.67

7.68

7.69

7.70

7.71

7.72

7.73

WUHgeR 3T 1 ST TEerieh 1.32 X 105 81 0.05M 31 o= o e i a1l
T pH I &ifsw| Af foe=a 5 0.01 M HCI fHarn ST af 36 STEH &1 A6
T HIT|

IfE A 37 (HCNO) & 0.1M faer &1 pH, 2.34 &1, @ 37 oh 3T feeisn
TN ST T AT T hife

i Tg2H 3T 1 SFA feeir 4.5 x 1048, @ 0.04M Hifeaw reerse foem it
pH TeN SIS 1 A F1d i)

Iz drifefam eEgiem FEe & 0.02M fae@a %1 pH 3.44 €, @ 9REH
3T ey 9 hifstu)

Frefafea e o Sefa foeet oF I3, STl T S 8 w1 IR hifu—
NaCl, KBr, NaCN, NH,NO_, NaNO, 7 KF

FARITE IR 3Tt o1 EH Teeiss 1.35 x 10381 0.1M 1= a2 36k 0.1M
Hifsa™ @@l &1 pH 91 it

310K W S 1 (e oS 2.7 x 1071431 g drdshd W ST wet 1 pH
T HI|

frefafea fason &t pH afiefad Hifse—

(%) 0.2M Ca(OH), & 10 mL + %1 0.1M HCI %125 mL

(@) 0.01M H,SO, %10 mL + 0.01M Ca(OH), %110 mL

(7) 0.1M H,SO, 110 mL + 0.1M KOH %7110 mL

faeer e, AfEm wife, BiE FESFIES, T FANEe 71 HRtd sTAere faeed
T AR 7.9 ¥ U T foerar ToAwa femis &t Ferd 9 faerar 1 sifae qen
JF 3T h1 HieRkal it F1q i)

Ag,CrO, e AgBr 1 faetadl uwel fEerisr sHw: 1.1 x 10712441 5.0 X 10718
21 Soh W T 1 HioRdl w1 S 6 S

AfZ 0.002M FisdEm! Hiead SR a0 Ffew Feine faeta™ & ToF T i e
ST, T IR A FT STAEA M2 (KN AL & fIU K = 7.4 X 10°)
SIS STt T ST feri 6.46 x 10757 faeer S=iee &1 K 2.5 x 10712
21 3.19 pH el I foerm # faear s=ite il 1 qorl o fohan T faem gm?
T Wethe a1 WITSTH TehEs o THHCR faeri shi Sfushad Hisdl Sy s/d ek
M A oM T 3RA Ocwise ofaaifaa 9 2Nl (STPRT HewEs o fau
K, =6.3x10"%)

1 U hfeTaH Tethe i S o 10 0 9 1 fohae STFd Sel 1 STagaehdl 2?2
(hfewam Hethe & fag K =9.1x 109)

0.1M HCI ¥ EgiSH Hehize ¥ Hqw faeq &1 @iga 1.0 x 1079 M 21 afE 29
faera @1 10 mL f=fafed 0.04M fae@a & 5 mL S S, ot f faeeet 9
3fae 9l em? FeSO,, MnCl,, ZnCl,, T CdCl,.
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