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ST 2 USTEHl 1 START 3R A High T=1e BT ScARA o difgew FHaar ¢ TE
JHifeal 1 GEAT HH % fau gER 3@ qen o faskrasiiel 3w 1 Ayl SR geHs
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a9 1.6 § o9 =4 qadi &l o9 § 3@ 9&d B

ARSI | ol o1 ool o eaad i "o o fau efenfea fafaey, =pte, fude onfs
*1 ST ToRA ST B1 SAFAIH FeR w1 SYAN Hd STEAA w1 fIermd MM o foin
SR ST B HI9F o 39 SUSl Wi Tew 1.7 § fe@mn R

T

fRelt agred &1 T W UM THE AT 1 SHEM Bl ¢l 37d: S o S| W 9
YRR U fRT ST EHd © -
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TE W @gd o ¢ TWETH UE: T hl g om™S W oFdd Hid €, Vel Ko i
H(g) § SR AFdT 1 omS W =Hed fohal SaT 7
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dM & W % dF gEe 9um € - oc (et dfegam), oF (feiit wRAeRe) &R K
(Shfea) | 78T K (Shfead) S| AF @1 1 YoMl R e armifeai =t for 1.8 o
fe@mn T 21 Wervher dfewed Yo ool deEaEt 00 W 100° de SfenfeRd femam
ST ®, SRl ¥ <M 99 wHE: S o feuie 3R Faeris €1 Wiese UM @ 32°F 3R
212° & TA e fopan Sl ®1 39 SH UHEl W 99 Th-TR ¥ Frefated w9 A gefi



~ 2X1.008
~18.02
=11.18

hivad oM Sfcaad AR 9 TH UeR qatd -

X100

_ 16.00

"~ 18.02
= 88.79

X100

T8 ST &R B T 0°C ¥ wH 9 (3tefq HoTs AF) Afewdd TuH W ged
2, Tq hfear Y9M T 19 1 RUMHS O §9g Tl 2|

I 2 1000 cm3;
1000 mL ;
1 dm3;
1L.

A : lemd
lem Pl | 1mL
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LV
= 10 cm =ldm —— g | lcm
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JI0OK |- 3 “ 1A
298 K |+ 25C |tfe—eg ag—=|t| 77°F
273.15K | 0C __aaﬁ_am_, 32 °F

i J U
FfeaT afeaag TRARRES

faa 1.8 a9 & fy=7-fia= dar) aret argard
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WA o e e 9N eH WA Sl oh WYl Wi Ygitae Toriet W faEm
T Bl 1 GEHell 1 Wl ¥ e i qo Sfihel %l du- Hve fafvead o
Tt gene yEqfa e o tefyel qfes oft € =l mal W e fowr 9 feur fE W @
2l
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fopelium =1 et WY W o WG i GRS i o Uveiq awiiehl 4 HIH-HERl 1 STewdshdl
FI9A 1, qeh T WIA-SUHRLN hl HAMehIFd (ohal S Fon| He-sel, faverda qensti ofs STHon il 3Toh
frmfareti gr orwifera feben won B, aifer o favere g @99 3 Ueh, W TTH U Wkt SUSRUl ki fREl el W
e AHEIHA R T Tl G 1889 ¥ SSHHM 1 WAk fholu™ €, S WG o Yo ¥ wifem-sifeam (Pt-
Ir) fafdet & somm o &9 ® ufwfia ffan T €, St 9R den 9o o Siieia = ¥ % wems fess ® w@n
TN B T 9k o fau Pt-Ir ) fasgeng o1 w=@ fhan wn, w#bifs g qamfes sifufean o gfa sredist @ o
3fd <6 FIA Tk TH FAAM H his UG el S|

THUA & U HEE o AU SRR Teeiel B1 59k foru sarmEl fremid ot genefwer fauior feEm S @
B T yfaeel 1 guReia gordm o weEEh ® weA o Jend 9o W 3" AU AMe W s shigd €1 UH T
s, foed sfafas fafeet & fred & TEUEE TG B TE-3 g AW S 8, w1 ogea 100§
39 21 39 et A% WA % B9 H iR T TR @ ?1 iR oft ugfeat €, wg v 9w ot ugfa erdi Pt
- Ir 3 & famed & &9 § gl & 21 T N FT S Hehdl B TR adHH vk H HIE GHfEA Sehfeqsh Wi
forrfaa fman s wehmI

s/ 0°C (273.15 K) = @t @& Pt-Ir 85 w 1 fifvaa foal o #ea &1 @ai & ‘Hied!' aitfia fean
TNoel T 1960 W Wi @ o g i feed oor (Laser) ¥ Scfid W &l a@-<sd
1.65076373x108 T =1 NI Ty TE T SRESEE WE o, g 7F W # v @
T ®U § @it 21 @ 1983 § CGPM gr e qdftenfua feren wan, s frafa & werer grr 1/299.792
458 Tehe § q@ HI T T B oA IR AU 1 Hitd 3 Aifees TR o faw o weod wme R

1.4.1 AFATHIH Gohad

WA fam Rt iR sTujsti & oteed ¥ Tefud T, fch oTid %9 soauH B ©
AR oTcafeess T Bl 1 o7 fohdl TWER i 2g BESSH o SU[E o fau 662, 200,
000, 000, 000, 000, 000, 000 SIE W€ HEA o TEFGSH TWHV] o FAAM o fag 0.
00000000000000000000000166 g STl BISt HE&T o Y HMH H IS Fehel 21 TH TN
©Aleh THadich, GRSl T O, HUl T 3TEe omfg § off SR feu wu gfimmr ol e
eIt €1 TH &0 o fAu st IR I At emett i fae iR i geeR o Gk
g, Wq o Gesl o WY W T geed (S - Sigdn, S, ON R A 9N
<) HEHE Th A Bl SR G TE fel € YRR w1 wemed ey fafEy i 3w
&g ot TR gEeE ST, dife 3T W8l TR 9 I8 A Hoh foh HeAsll o @iy




1 BT T R Hied 2

39 HfeTE & T gemen & fau dwfren, srefq =REmie) Gohd o SUAN gNI & feRam
S Hehdl 81 39 Hehad | frel off T@m 1 N x 10" o &9 ® ferar S 8, e n =
Tl &1 SGehT | YcHe a1 UM 3R N =T HM 1.000....371 9.999.... & WeA g ot
e B Fehdt B1 N Wi fefse =d & 2

3T ST Tohad § 232.508 FI 2.32508 x 102 F &Y ¥ o W1 ¢l =M few fR
T fored 999 <o9etd &1 d TUM 9 3R o S T § IR S Gohad | 98 (2)
10 =1 IEEF 2

=t THR 0.00016 F 1.6 x 104 1 T foran <1 Tohar 21 J& T & 999 SIS ohl

TR M T AR W SR T @ 3R o Hehad | (—4) =REmE 2l

ST Hohdd H oued gEaell W T Yee s 9 g4 frefafad el R s o
Tl =1fed —

O 3T AT ST

31 & A & oAU SRETdiB e 9 e ) e ® 1 SE —
(5.6x10%) x (6.9x108) = (5.6x6.9) x (10°%8)

= (5.6x6.9) x 1013

= 38.64 x 1013

=138.64 x 1013
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(0.8x102) x (2.5x1076) = (9.8x2.5) x (10"2*(-6))
= (9.8x2.5) x (1072-6)

=24.50 x 1078

=2.450 x 1077

GBI

_ 6.048g

= X100 =13.13%
46.068g

INT HET SN TS

T < HE & U 9 G %l 39 YR o sl @ f Se =Rendies g9 el

SHeh WIS &S 1 SISl AT TSR S Fehall B

31d: 6.65 x 10% 31X 8.95 x 103 &1 4 W o U Ugsl Ik =Lomdish HM Fh TH

YR for@r S 2-

6.65 x 104 + 0.895 x 104

T A% &SN &l 3@ YHR SISl S Hehell ©-

(6.65 + 0.895) x 10% = 7.545 x 104

Tl YR < GENST i Al Tl S Wehdl ®-

25x1072-4.8x 1073

= (2.5 x 1072) - (0.48 x 1072)



= (2.5-0.48) x 1072 = 2.02 x 1072

1.4.2 |1k 3Tk

Yo R W W e 7 P Afiyedar oevd el §, g IR wed ufigrg ek
Jenefer B wfeq| Sa W g9 WO i o1 i €, a9 IRYSA SR qend @ o eae o
@ = 2l

uftergar frelt off Ui & fafa= @Al o G o oge e ©1 WY gemeuteRdr
frdt fafdre grifier @ o arfas OF 9 Oa W 1 oo il gl ISR F -
gfe ferelt gRomm w1 W& AH 2.00 g B IR TH fomneff ‘' € HIUA @ ®, W 1.95 g
3R 1.93 g IRUH W B4 €1 Th-ER o 9gd UM €M o %RU 9 A URYS €, W
Fenefis &t ?1 suu fomnef ‘w' =Y < WAl o fetw 1.94 g SR 2.05 g gRUmE Ww
w3 21 A <A uRomm T kg © SR A € Aotk | dieRr famne ‘' 1 57 WAl ok
faw 2.01 g 3R 1.99 g "M W g ?1 A T Uy oft € iR gendwe ot @
dferert 1.4 o @ T &9 ¥ 3R SEET § T S Hehal &)

aifeTent 1.4 3Tehgl it URITgAT i Jerefar @ Fegur

/g

1 2 3l (g)
9 & 1.95 1.93 1.940
GIEC| 1.94 2.05 1.995
B T 2.01 1.99 2.000

Tt o1 uiesfera Al Stfvead i Wide Sl i W@ g e fehen S @
mredes 3tk o Pfqul o7k B 2, W ffved 9 @ 90 w1 sffyeaar w1 e w6
fet veel Ffv=a o for@ o9 & SR sifafyedar o &1 3ifaq &% o &9 § for@n S
g, lq At &9 frdl aRome &l 112 mL o ®9 ¥ fod, @ &9 98 @oed € T 11




fifvea ot 2 erffyea € en offem i o +1 &1 erffy=@ar enill ok % IR 7 «am
TR, A St e W wWed 21 Wi StffvEad fafed Wl S @

Tl Sl A fifid 6 & o fem & S, T e o1 © € -

(1) |l IR-3=1 oish wefer B 21 SR o fofu- 285 cm | o @iefer 37 @R 0.25
mL H < G F T

(2) ¥oq R-IF FF T T M del I Aol T el T8 YA hdd SuHed
feafq =1 aa 1 e/ : 0.03 § had TH Higfw AF 3 0.0052 H < GigfF 3w

(3) X -3 ikl & T feom v el & 21 ST 2.005 § AR Wefw i T

(4) foret ofep &1 T 3R o1 3fd § oW ol Y Wedw e €, Wy Seh o v 98
g fr 9 <omeE ) <€ @R fre gl SR o faw 0.200 W A wefw e €, Wy
Iaa fode demetl ° J% SR o I Wi¥ed Tl Bl Sl o faw 100 W hed
T Wefw T 7 FEfd 100. § o @il sid © aem 100.0 § IR @efw oiw ¢l TE
gEstl il S Hohad § YRRid 3 ST el @1 8§90 U wedw 3k o faw 100

F 1 x 102, T WHF FF F A€ 1.0 x 102 T q WefF TR & AT 1.00 x 102
for@ T B

(5) ogent @t fdt, Sseew o fe 2 WS) a1 20 ofef | wWelw iw # GEm o ®,
Hifr 4 A & g ged € iR 3R <wmed foge SHeh 915 ed I ferae
e TRl ST @Wehal €, S9- 2 = 2.000000 AT 20 = 20.000000 oFATH Hehad W et
denst § weft ofh Wedw e 1 ew: 4.01 x 107 § @ IR 8.256 x 1072 ¥ =R Welw
T

wreler afahl Rl ST 31T g2



SIE- A1 ¥ o 918 W< 9RoMH § I i IE IR Wed A1 UM drelt fhe oft e
¥ aifyw o7 T B9 =few) 9 -

_ 15.9994g
46.068g

SR fEU T IR0 G 18.0 W IWHS & WIS ohodl Uk Ik §, I: RO W 9erE
% d1% T Bl 3 qh, A 31.1 oF &I H & HH &A1 AM6T)

x100=34.728%

qreleh 3Tehl Rl IO IT AT SHTAT

37 YETEHl o GROMH H 1 il hi HEAT 3a9! & ol ey, TSl =Aan weded 3w
aTell HeA | Bl B S -

2.5x1.25=3.125

Hfr 2.5 W hat & WiLfw ek €, gHfT giomm § ot 3§ wefew st (3.1) W =R

S Y iU gfseE o R e @, uRomm sl efrevdes Wil SRl dek oHed
o fau demeti & fhead (rounding off) H fr=faf@a sl &1 &AM W =feu —

1. I 9o € SR aren A% (99 g &) 5 ¥ oifus &, @ SUY 8d o 3fah &l
UM T ifues Y fE S 71 99 — 9 1.386 H 6 1 g1 B, Al 89 fehedd o
q9aq 1.39 fa@

2. IfE TaH TE MW T B WM OTcl 37k 5 9 FH &, d Y U oIl 37k <kl
TRl TE ST 8- 4.334 § AR AfGH 4 *1 g B, O GO H 4.33 o ®T H
fer@n S|

3. A a9 TE AR T T SH aTel A% 5 8, O ITY TSl Ak 99 B i fd
H ogen T&l S, wg fovw g W s S S @1 99 A 6.35 R 5 e



feredd e B, A 89 3 i F@ehl 4 T BN SR 36 YhR URUMH 6.4 o T
ST, R A 6.25 1 Fhean & &, @ 36 6.2 Tor@n smam)

1.4.3 fadta fageroor

IR 0 9T HH-FHH TH ARl R Th TSHA 9 I IS H EQARA HE gl
Bl UE & o fau ek oiee faf¥ (factor label method), $TE Uk faf¥ (unit factor
method) &1 farta foreei™or (dimensional analysis) =T S9MT fan Sar 21

33T 0T 1

YT 1 Th THEN 3 9 (inch) @a1 1 cm W ST @alg 1 BHT?
3l

B0 4 2 % 1inch = 2.54 cm

39 GHIHUT oh SN T BH forg Hehd & TR

linch '2.54cm
3R

Sk 2.54cm linch
afs fordt

IHl 1 % TR Fl T IHI Kl FeATE TUTeR FEd T

& H1 U T THRE ORI (ST 1) ¥ fRAE SN, @ 97 uRafda 1@ ge A9E
wifee for o T 7Y 3 1 o0 SRE O W fRa S @1 e

2.54cm

linch

3in=3inX =3X254cm =7.62cm




'2.54cm
linch

), foog aifed A 9

el 3T THE Uk Y OT fRA S € (IW
= S,

3TATq 7O °h 3TF H 98 HEeh M e, S qReme H 9= Bl

W R T IR0 H 39 3@ Wehd ® TR AERT o @Y S st $i e wM
fhel ST Tehdl 81 S= HET S Wbl € IR W01, on, o ok fHen S wehar 2l
AW, FD SR I 2G|

30T 2

T S W 2L g B1 g9 1 S mo § URehierd it
&
& W © % 1L = 1000 cm3

3R 1m = 100cm

lin L1D0CcIn

e - =
[ OO0 I1m W B 2

T ZHE ORI W mS WK & o fAT U8 S U T S oAl Ugdl B

4Fe(s) + 30, (g) —» 2Fe,0,(s) (&) Hifem FHishm
2Mg(s) + O,(g) — 2MgO(s) (@) Hqfera wHi=HT
P, (s) + O,(g) — P,0,,(s) () FEdiea FHE

379 2L = 2 x 1000 cm®

39 THE O W 0T H W EH U



1.5 EAR GasH o 7w

all o HaAeH 9 AR 1 s fEfafed o gor Feml o sfata e -



1.5.1 SEHTM-GIIUT T fam
79 oM & IER g1 T A SRl S Gehdl €, 31X T g€ e fwar S dehar 21

(1743-1794)

3@ fem & odieT aEfae 3 T 1789 ® fen em S=iH <o sifafwanet w1 wEifew
T AF- A fha iR fR TR fau mu frrd | €91 weE fomm &6 9”@
YhouATd sl R qefid €| 9 o AfqeHeanl 3R SRl oh SoAdHl oF A WAl
3R AGRIY R AT 1 AR HIH oh HRUT TH Hed gl

1.5.2 TR erqura w1 fraw

I oM wrE W SeE s 3 G on 39 e, fedt difttes W awel o
Sl T 3TUTd Tad GHM BT 2




THE e

(1754-1826)

OISR 3 Hfyd FwEHS & QA A oh @i yaAn fwmaw, Y @ s wfaw ok gww
TeAfyd om 3=l wan R 3 I T ¥ a1 gee gHe o, S e e e R

EELll ATe T |3Wedra &T| STEE T
yfdgra ufeor ufegra

P ICAGES 51.35 9,74 3891

wyafaa 51.35 9,74 38.91

Id: & W ek 9w gy fRd Aifie o o 99E oruE ¥ ue Wi € 9 e a6
% T g Wy fepen W1 et 21 39 wef-smeft ‘Fafvera "uew @ fam’ o we
SIS

1.5.3 TfUTd SruTd k1 Fram

I 190 Tiee 3] §1 1803 ® faan w39 fem % oguR, afe St ava WAt gt
Teh W Mftrek Hifieh o €, O Uk a7 oF WY W A7 o Ggad g AT geIHH
B¢ Yuiferl o U ¥ B 2



ST o fau - eEgNE S % WY UgE s I Afe (S iR eRgier
WATFAES) A 2

TREEAE  +  SfeeE E

2g 16 g 18g
TEERA + SEESE s TSN IEiadss
2g 32g 34g

el AfedisH o Sorme (e 16 g 3R 32 g), W EESNH o fAfyEd goME (2g) o
Y W B €, Toh O STUN 16:32 A1 1:2 H B &)

1.5.4 N-TH® o1 T et o Frem

I8 oM A-o@e g7 & 1808 H fEan wam s=i urn R s womEts sfufwanet o
I Bt © A S ©, o Soh SMEa WYl S | e ©, Sv w9l T 'wHE a3
<E I B

3d: BTESISH oF 100 mL TS o 50 mL o H1¥ GIe 8ol 100 mL Siei-omo 2d 2

HEEISE] + S = E |

100 mL o0 mL 100 mL
Iq: TESINH SR SHdISH o 31Faq (S oma® o §ed, stefd 100 mL 3R 50 mL BN
g) ofTE § Wl U 2:1 ¥ e 2l




o & T Heell o YU iUl 1 @is 9k oI & g H (feer eum
1 fm’ 21 vt sarn T fer eruE w1 fem semE o Wi # 1 f-gde & e
T 9R9Ul T 1811 H AR o g i TRl

1.5.5 ITERTEr <A1 f=m

T 1811 ¥ SMEnml 3 wEdifed fohan fo @M a9 iR @ W Wi o guH etHaAl d
qustl 1 WA GEH BT GIEUl SMERTRl 7 wAMS iR SYusti & d R @l e
H, S S AEHT W GEH W S g1 AfS BH BRSNS SN SRS i Sl o i
srfaferan =1 IR <@, @ IE HE Fhd € b eESINH o 1 A IR SffediSH #1 Th
AT 3T H T T Tt o QI 3MFdH <0 & 3R Aoy wiera ot =t st 21

(1776-1856)

fom 1.9 ¥ wam S for wois fess o ofupsti 1 W g9F 21 arkd § SEEl 7 5
ROTHl ST AT STURT I TEIRHATE HIHHL hi|




b B ¥
H H
3 L ;ﬁ

1 #AEdH

SeeT™ °h
2 A

fer 1.9 @Isgior & 1 AT SIS o U Fa o Tre fUHAT FXeh el o 1 IaT I &

af% eTggieH SR St o1 fg-Twes A S sen et €, @ SR fRw e Rt
1 GHSHAT HIHI EE B Wy 6 THF Sleed 3R o o oM &1 78 7d o1 fF wh
S TR 9E W GY el B Tehd R TG A1 SRS o I WCHTISH dret 3]
Sufkerd &l & Wehd| ARl 1 J&ed HidEt | (Journal de Physidue esa) WehTreTd g3l
T TR o 9] off 39 Hq I 9gd agan T8l fHer|

AT 50 IO oh ] (T 1860 H) SHAT (FeHEe) H WA fagM W oW ™

T g g, difch e Hal bl {oomAl ST Henl I9H WHEmSl ohfte A
WRA-33H R fTaR T=a 1 999 STErTS! & & o T W aa 3

1.6 STee ol UHTI] THegid

T 4 & B AT Hul, {5 TEHE (atomos) 1T ‘ SIfaTm’ FeT ST e,
SN 94 B oF =R i It e Seemel fenfhed (460-370 BC) o 99 g3, W s
gEIfeR steaal (RS S el &l 5 ) o woreey 38 W R 9 foaem
foRen S




ST STeed

(1776-1884)

T 1808 H Tleed 7 THEA-IIAEIEA hi Th 5 TS (A New System of Chemical
Philosophy) Ya1f¥td =1, forad s=in fefafea aen yearfaa feu-

() Sod ATTHST WAOST 9§ o 2

(@) fordt fRu gU o o |t TR o U 99H SoAuH died T 99 TUEE e
g fafg= Tl & W] sermH ¥ fae el @)

() Tk § ffues qedl o wawEt & Hyed ogad o w3eH 9§ dAifie a9 2

(=) et rfafsmaneti ® ] edaftea e ®1 wEEfte afuftmast § 9 a5
ST S Hehdl ©, 7 T fRA ST Gl 2

Tleed o 39 fagid 9 vEafies 9o o 99 &1 e &1 S 9@

1.7 UTHTU] geIHT AR 27U gemm™

et iR e @ qifad e o uvEr ot UE wHeEl Sfud e fR WA geruH
AR eMfoees Seqq § 89 o 99 &




1.7.1 UTAMU] qcIHTT

W] SeFAE, Al Trell WA 1 a9 arkqd | wgd wH Bl €, dEith TRAI] ST
TR T B N WE-WE WA FAHF A I i SE@ Ak (SE-  SeAdH
Teeafdfa) TR U STeied B| g SIEl Ygd S aEl T €, Siedl sl § o T
THIY] T SEEE TR F WUy YA €9 9 MU w ged 9 SRSSH WE]
I8 Tkl B & SRV @8 ®9 9 1 gaun (for et 9o &) & o ament
gft q<al o WRHIUSN oF S 39eh e U MU, g WHY] SHHMI i GauH Ugfd
FTEA-12 AF% W MG T 39 T 1961 o i fvan w1 Igf #eH-12 H1 Th

grerfi €, 8 12C %1 12 Wev-gequE W (atomic mass unit-amu) SeFEE T
T R ARt @t qdl o WHEV[S oF SeAHM TH He WY THeh WUy KU Wi €1 T

THIY] AT T hl Th HEA-12 WA & THAHE o6 éé’ﬂméﬁmﬁqﬁﬂfa‘d

foran ST 21 3R 1 amu = 1.66056 x 10~24g
TEEISH oF Teh TLATY] 1 SHM

= 1.6736 x 1024g

3d: amu o TR H EIEGIS WA H1 FAHH

C,H,(g)+ 0,(g) - CO,(g) + H,Ol) Hdfed THrhim

s yHR, sAfrdeE —16(100) wHE] %1 FeEE 15.995 amu B

SRSl amu oF T T u 1 YA fwa Sar €, 59 ‘Twied §99M’ (unified mass)
Tl Sl 2

W& gH VAR oF fU WA SEMEl T YEN Hd B, 9 Oad § g g W]

ST T SYANT X ©, ToehT auie =9 fhan = @1 2



1.7.2 3irEd UTATT geuT
THfd § 3% a7 Tk U oAfush gl o ®9 ¥ YT S 81 W9 89 I GHCATR]
1 SUEfa 3N SRl oMUfer wgedd (Wiava-Sueised) i A § T@d ®, o femet

A o o o [ o
dwd hl AMd Y] STAM URehleld TRl ST Hehdl 21 IR o AU e ok A

g eid ¥, foreh emmiferen ageddnd @ik Soque 3@ Onvll § Sk 9me seie T €

o armufers qTHTI]
AT (%) FEUH (u)
120 98.892 12
130 1.108 13.00335
10 2101 14.00317

SR XU MU kgl W FHEA F1 FHd WA FHATH T8 FHR W -
tEd AT SHH

= (0.98892) (12 u) + (0.01108) x (13.00335 u) + (2 x 10~10) (14.003.17 u) = 12.011 u

T WHR, 3 qwdl o faw off o Wam] gerwH ufishfo fRT ST Wehd €1 dwell @i
e wRolt o faf= el o faw U T wwe) e S el o AEd IR SerH
e 2l

1.7.3 UGk TN

forelt a10] 1 aTfvers eomM SEH Sufterd fafe= deeli o WA SFEEl 1 AN el el
T Yo% axd o WA FoUEM N Sufierd WHE @ §EH o UM%el o A gN
g fehan ST Gehar B1 ISR & fow — BA (S wh e W] iR WR eEgieH
AT SUTEAA B €) 1 3MfUesh AWM 39 YR U fehaAr ST Gehdr @-




YT (CHy) o1 eTfvaeh SeamH

= (12.011u) + 4 (1.008 u) = 16.043 u

TGl YhR, ST (HoO) o1 3IfUereh T =
2 x BRSNS h1 T SHAM + 1 x FHISH 1 TH] AT

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

30T 1.1

TR (CgH120g) 3] 1 3TUeeh ST qRepferd hitsu|
'

TSehE (CgH120g) 1 SATfUesh FoHHM =

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 GA-goTHH
3 TA (S - Wifead FAES) | SAH! Ueh gHEAl o &9 § fafgem 7] Iufer
& B U0 AR § e (Hifedd) ST hues (FAige) Ul ffadia s o
1.10 o TTHR =Tafed ®d |




ferg 1.10 Tifeaw Faree & Nat sik CF st 1 sraeen

39 YHR, A (S —NaCl) 1 YA GF-Fo7mM ufihford ¢ & foag fopan smr @, 7 %
3NUash SHAM o TRehad o fal, Hifeh 3 Tael § Hifsdad FaANEs | U] IUfeer
g Tl B d: HifeqH FAssS 1 g3 5o = Hifedd i T SIHM + FAKH 6
AT FETH

=23.0u+355u=585u

1.8 HIA-Tehed T 1T Wel gead™

] 3R STU] SRR H T B B ®, W fRdt wsred Y 9gd wH wen o o 3
e wgd oAt Bl €1 Sal ol WAl o WY %W % o Qg @ Ui ok



T AEIH 1 STEeIRdl Bl 2l

9 yR T 12 S%gell & fau ‘uw oM, 20 S%ge o faU ‘ue @R’ (Score, THE)
3R 144 a&getl o fU ‘Uw WG’ (gross) HT WA Hd €, SH YRR AfEH T R Hull
(S- WA, U, HUN, ToleeHl o) i M oF fTY Wie @l uRem w1 SwEm
fepan St 21

S| HEh! | Hid (Hehd- mol) i Tl dgrel &l O oo & o fau 9g smam qfvr
o gftafaa fwan = em

foret uard o1 Tk it SEeRt @g unT €, TEd A @ o sufem g ¥, R
HIE-12 TUETTeR o 3tk 12g (AT 0.012 kg ) W URWIURT =t W& Bt ¢ T&T 98
M 34 $1 o1d ¢ T fRet ugedl o T Hia § # ) G 9ed 99 e, 9o & 9%
HE Ht I TN TH WA o WEl MUR & fAw A —12 TWEN] H1 FEEH, STHH

TR g T TR T, T W 1.992648 x 107 23g W g FEH % 1 HiA H
ST 12 g Bl §, 37d: e oh | Al § TCATOET i T 39 YR B —

C3H;(g) + O,(g) — 3C0,(g) + HOM)
| 9 H ®ulf ®1 e sai mewqul @ fh 39 Uk STeml AW SR Hehd fam wan, fem
(e el % TEE W) SIMEnTgt W’ ®ed © 3R Np ¥ e % B

TH U& o 98 URAMNT & 9 & h U 36 TH Hi A H1 IUAN fhy for o
arel 9l I o WY 3W YR o -

6 022 136 700 00 00 00 00 00 00 00

31d: forelt ot & 1 A H T qaEie 9@ o aUeR HU (WA, 0] A FHg T
HU7) T 3: B9 IT HE HHhd €

| W BESISH WA = 6.022 x 1020 BESISE WA



| Hiel Sie-317] = 6.022 x 1023 Set1-377]

1 A Hifeaq Feiigs = 9ifeaq FdAlEs &l

6.022 x 1023 T sehTEAT

fax 1.11 o fafs= el o 1 Wi w1 g9 T 2

fer 1.11 fafs= gsref &7 w H@icT

e i RO 3 o o fFdl 91ed a1 39k STl oF TSk Al oh SSIHM ohi STEMT
¥ A fma S Gehar 21 fordt uatel oF Uk Wil o UTH W oMok oW Rl SHeRT
‘Mo g’ Fgd &

9 H o Aol SAM G&AHs €9 § TATY] SEHH / Nfvash §ea9 / 3§99 oh

TR Bl 2

3d: S T HeR 5eq9H = 18.02 g mol™!



Hifeam FAEe 1 Hiek §99H = 58.5 g mol”]

1.9 Ufa9Ta-9eeq

st 9 &N foRell T ¥ Iufeerd wuil @ W@ oF SR W W9l X W ¥, W &S 9K
fordt Aifier o forelt fogiy o< & 9f9ed o1 ST 1 STerggshdl Bl ?1 HF itse f
AT HIE ST A1 T AfTH G20 T R AW T F® YA N K TR GF R A
Tk W2 hi-hH ¥ € R 9 e orum ¥ Suftea €27 W@ dAifiel & faw o W
SR G I8 A ofH H Herwdr fherdt @ fF e Ry e T o ol a@t wfave ®,
S s T A B Afewl TR VR H- T SAhel o faveluu ¥ g8 WM H Hem

frerdt 8 f fean o o g € @ =

AU, ST (HpO) 1 SV ookl TH THS| Hfeh St W TEgieH IR Sfiedier sufterd

e €, 37d: 7 a1 UAYa-HEed $6 UHR URehfed fhal ST &hdl o—

fordt d<a oA ST Uiaed

 Aifer ¥ 39 a7 1 T x 100
it =1 AR FAHH
S 1 HeR STAM = 18.02 g

EIBSISH hl T Fiard

~ 2Xx1.008

18.02
=11.18

SIS 1 S| gfasrd

X100




_ 16.00

"~ 18.02
= 88.79

AEY, TH 3R ST o | AT § hie, BEoM SR SAiSH o1 geq9H qfawrd fere
22

X100

TZHIA 1 3TfUerh 3 = CoHgOH

AT 1 HIeR S = (2x12.01+6 x 1.008 + 16.00)g = 46.068g

e HT SEE v = 24028 100 - 59 14%

46.068
-  6.048g
S %100 =13.13%
BIZGISI ol KSHHTT YIdR0d 46.068g
.o - 15.9994¢
=———5x%100=34.728%
HIFTST ehl KSHHTT FIdARTd 46.068g

SEAM-Ufaerd o IR+ THeH & 9% 379 ¥H I8 @ R ufavia-wEed sieel 9
1 SN WIS 1 ST Hehdl B

1.9.1 AU G 3R anfuees g

Tt g ferdt difiter o Suftera fafi= oaamupeit oF Weaw gul G@r-srur i
o AT §, Sk oMfvaer g frdt wifier o 3] ¥ Suftem fafv= wew &
TRATUTel S WEl W@ R g9Tiar 2

30T 1.2

TH A6 H 4.07% TESISH, 24.27% 6 3 71.65% FAKA B TEH Hiel



AT 98.96 g €1 THR AUl G SR enfas g A B2
3y

TRUT-1 gAMH-Ufaerd @ W ¥ ufEfda e 9 TAR UM geade-giae
SUsY €, 3Td: 100 g AT ! AT URehel Al Yaeseh el 39 TR, SW
feu wu Aifies % 100 g WASsl § 4.07 g TESNH, 24.27 g ®EA 71.65 g TR
Iuferq 2|

TAUT-2 YAk dvd okl "Il ol W& | qRafdd ohiAr

S U SHFAl I HHL: TS oh TAV-5A9E o faaitsa wifsal

1.07¢
BIESSH o Hidl & gen - o, - 204
* 1.008g
: . 24.978
hTeA o el i 9@ - e - 2.021
2.01g
71.65¢

FAR ok HSdl B FA o oo 202
TUT-3 HUX YT AieAl ohi W& il Ao Siet & ¥ fawriad e

<feh 2.021 T B AA €, 37d: 2.021 ¥ f99SH 4 WH:C: Cl & faw 2:1: 1

SAgHld Al eldl %l

afs 4 o o werd 9 @, @ 3% Sugw s q T e o wenst

qfiafda foram s Sehar 2l

TAUT-4 |l avell o Hehd oM@y SHUAI: FHUT UTd HEARN ohl SHeh 91
T9TeRT gerrurdt g fefam)



Id: SN KU T AfiTw 1 gAGIRT I CHoCl Rl

TT-5 3AMvereh G o

(%) It T FeAdE HUiRa S qargadl g9 § SURed 9t Wt o
TIATY] AT T IR HIfT|

CH,Cl & faIT, AUt To UM =12.01+2x1.008+35.453 = 49.48g

(@) AR M i a9 §oa9H § fasdisa st

TR 5eH

X 98.96 g
Tl A T T 46 480

— 2 - (1)

(1) TAU G 1 SR W n F o0 FH W Af0GF I 9 e 2|

gt g3 CHoCl 3R n=2 21

a1 anfoass g3 CoH4Clo 2l

afs fordt ifer & Sufterd @eft o= #1 SomE- 9favd @ e, @ U1 gogdl g
fruif fFan s wevar 21 AR HoeR $oAWE W@ @, @ gEud g9 @ onfras g9 A
feman ST Hehal ©1 S TRON 1 39 SSE0T gRI ST T R

1.10 Rigfwramiet 3T Wigfmaiice TRere™

‘wiEfrarEl’ s 9 e vl — ‘wifRaE’ (stricheion), fSEeRT 1Y ‘qwa’ @ IR W2



(metron), Tsrer a1ef ‘mroe’ @, 9@ THelst o1 1 ofd: ‘WTRfRAEEl’ o Sfarid TEEt
sAfufrar o sifafwpast iR ARl & soamaml (A wft-wf ) w1 IRerer T )
T 9UeE ¥ Rl o foedl Tumfe sifufen # foedt sifafeaes &1 fohaet wmn &t
AT B A1 fordT SIS W 81N, I8 91 o fo el < ™ vt Afufswan o
Taferd TEmEiTeh R ¥ 1 SR Ww Bt Bl Mgy, WA o Sed W R il 39
sAfufren & fou Hqfea gl 59 g&r @ -

CHg4(g) 202(g) CO2(g) 2H20(9)

Tel WA IR eratiedisH i etfufwaes’ @1 AR wEl W1 € iR wEd SRR
do S hl ‘IR Fed Bl wH AU 5 swed sfufwer o gt sifafeues R 3R
T € 3R 38 ST P o 91K hiGw H g AR i foa@el o fhan S @1 g WK,
3@l 3 gl o foIw e (s) 3R (1) fore SW 2l

0, 3R HyO o faw Tuier 2 1 ‘wiefewraifes Tomew’ He W1 81 T FHR CHy 3R

CO, Tl o forw ore Torer 1 21 & Toneh afdfepan o 9 of W A I Al SYgst Wi
g (1 "l k1 G©A) Hl Hed w2

ard: SR M Afufra & ST ER

® CHy(g) &1 T Hidd Oy(g) o 2 Hicdl o WY ATATHAT Hleh T COp(g) Hied 3R 2
el HpO(g) 3l B

o CHy(g) =1 @ a1 O9(g) & 3 =i o @t sifafsran &eh CO9(g) &1 &
a9 3R HoO(g) & = 1] 3am 2l

® 22.7L CHga(g), 45.4L Op(g) & T 3TMAfRAT G 22.7L COo(g) 3R 45.4L HoO(g) it
2l

e =16gCH4(g), 2x32g O9o(g)er e sifafan wieh 44gCOo(g) 3R 2x18g
HoO(g) It 1 37 Heielf o 3M¥R W U U affohel i TH-TR ¥ 3@ YR IRafdd
fopen S Hehell ® —



LR

T FHEHIUT Heferd i

FHUE W o fEEHER, Sqfid TeEtie gt o qHi 3R e qwd oh WA i TE 99 el
wE THEtE i S SR JA-ugfa O Hqfer RRT ST Ushd B ST, €W $ uigeii SR Stugetl 1 gam
FY SIS oF WY AT Icd i &1 AR W fa=m = —

4Fe(s) + 30, (g) —» 2Fe,0,(s) (&) Hfera HHHI

2Mg(s)+ O,(g) — 2MgO(s) (@) wHfer wHH

B, (s) + O,(g) — P,0,,(s) (1) FEfe HHHT

Tl (%) IR (@) Ggfed €, Fifer gHiwon § R o IHl AR Hefud o SR StiedisH oh TRETIS
e guF ®, g GHeR () e T €, iR SOH BIERRE o WA dl Hqfeld &, Wg SRS %
W B HEn 9 % < SR WNE T $1 T8 Sy B % for e § o eiR s % ° 5
Y TN HH W E GHEI KT IR SR SRS o WA Hi G wqfad g —

P,(s) +50,(g) — P,0,(s) Hdfed THhTm
e, 319 &9 Wid, CaHg o o9 W faur w¥1 3@ e &t Fefafed & o wgfer ffan st wshar @ —

Uq 1. sifufrasi ok Saci & w2 g fafay) el 9iie wd sifadion sifufwas € oIk weq sreifEe qon

C,H,(g) + 0,(g) > CO,l(g) + H,O(l) 3Hgferd Heishm
U] 2, C wwmei &t g ggfed & : < sifafwas & o= C wwamy €, zafem <€ o d COo st
FT T TS T

CaHglg) + O4(g) — 3CO0,(g) + H,OM)
TS 3. H wmeE s wqfea & o SR sifufrast § oe H w2, 5| % s e % @ H
A €| e < i H @ 8 wAmEt o foy Wiel oF =R e e wifey —

C;Hglg) O,(g) 3CO,(g 4H,0 (1)
qd 4, O womei # gen wgfed w8 : € 3R W s wan (3 x 2=6, CO,) # @en 4 x 1=4




5 o)

d: <M Stferdte Teet o foaw ore O, S1sH it STeRFshd ghi

C;Hg(g) +50,(g) — 3CO,(g) + 4H,0(1)
g 5. sifa #t fF eifon gdiwwl o gie o o Wt & 9o dqfed © : gHiw o SH SR 3 ke
TRATY], 8 BIESSH WHIY] AR 10 3feRiSE WA )

T gl geteReon, fod geft sifufreshl qen SRl o forw wEl gl b1 STE gen @, Hdfer fRa S geRar 2
TN A W for Gl Gdfera & o fou sifufwrael oIk Sael o @ | uie (subscript) @ sse S
Hod|

IS 1.3
16 g BYF o T@T 9 W S i HEAT (g) i IRehe Hifaul

T

HIH oh T8 HT TJferd THIHIOT 39 YhR ® -
CH,(g) + 20,(g) — CO,(g)+2H,0(g)
(i) 16gCH4 T Hie o R 2|

(i) R T T T ¥ 1 9w CHy(g) & HoO(g) & 2 #ict wra =i €l

2 Wi H,0 =2x(2+16)g = 2% 18g = 36¢g

185 H,0

—Us v
1 9l H,O

| s HiO—18¢H,0 =




a2 we HaO 0 = =2 < 18g H,O = 368 H,O

30T 1.4

T o forad Hicll o 38T | 22gC0Oo(g) T i St B

'l
TEER FHHR o AIER -

CH,(g) + 20,(g) —» CO,(g) + 2H,0(g)
16gCH4(g) ¥ 44gCOo(g) I BHl 21

(- 1 ®a CHy(g) @ 1 @it CO9(g) W= it ®)

29 O, (), LT CO, )
=28 SRl 44g CO_{g) = 0.5 A CO,(g)

CO(g) %

a1a: 0.5 A CHy(g) & &7 § 0.5 9 CO9(g) =t =rft =1 0.5 /i CHy(g)
¥ 22gCO09(g) ur= =rt

3qTe0T 1.5

50.00 kg N»(g) 3R 10.00 kg Hy(g) 1 NH3(g) s & fau fafya faan smar @1

NH3(g) &1 AET &1 ke sifSTl 31 fefaal § NHy S o fag €
situfehaeh @1 g

T



IR A T oufEwm % far  Hifad Wl s YRR ® -

N,(g) +3H,(g) 2NH,(g)
Al 1 IR No(g) o Hid

1000gN, 1 9@ N,

5C‘-ngN4:: Hi}iNq .-ES.OQNQ

—17.86 x 107 W

Hy(g) o HIAA

— 10.00kgIT. 1000¢1L ‘ 1 71T I,
© lkgH  2.01hgH,

—4.96x10° HE

SR fRu T wHiw % SHER, AfAfEA & 1 WA No(g) S AT 3 HA Ho(g) I

SATEYIHAT Bl T ITC: 17.86 x 10° o AU SEwTH Ho(g) o Hicll i HEAT = 17.86

x 102 Hie

3 Hie H,(g)
: Td@N(g  =536x10° F Hyg)

WY e 4.96 x 10° T Ho(g) SUCI B o1a: T8l Ho(g) Hiia sifshte 21 or:
NH3(g) Sheiel STT®H Hy(g) %1 W (4.96 x 10° Hiel) & & W gwftl =fer 3w

Hy(g) § 2 Hiel NH4(g) SUeie &idl 8, o1d: 4.96 x 10° Hiet



2 Hid
Halglx g %Nﬁg =3.30 X 10° Wi NH, (g)

TG THR 3.30 x 10° Hiel NH3(g) W &iil =ik 38 WA (g) ® gRafdd el e, o 39

Geh TR ST — 1 ®ieT NH3 () = 17.0 g NH3 (9)

17.0 gNH, (g)
1 Hiel NH, (g)

3.30 x 10° Hid NH,(g) X

3.30x10° X17(g)NH,(g)

5.61%x10,g NI, - 56.1kg NI, (gl

1.10.1 HHiq AFwmHSR

%% IR fafsranes o dqfeld TR0 o TER oTevasd ifafwashi &t A Sufeerd et
BT T feefe § R S F omen sfed § SuRer B 1 W sifafE
wH O A SURed Bl §, 9% 9 R 9% GUT & Sl 21 SHh 9% iR e erfafwman
Tl B, 9 B TR sifafhae w1 ot & WEn Sufted i oom: = ifufRae Ted
TAT Bl €, I ICAIS bl BN ol Hifd e a1 B1 safere 39 ‘Himia aifqeRtisR” (limiting
reagent) Ed | TIEfRAMITH AT Hid G99 I8 o1d &AM § Wl =yl

1.10.2 faeramt ® srfufemand

waTeen o erfrenier tfufward faeal @ @t S €)1 o1 T@ W Hewayel 'im f 5
*iE g foer@ o ®9 § Sufted ®iaT €, q9 SHeh! "B fRE YR oHe &I Sl 7l
forel foem@a =1 Qigar =1 S9eh S U Fad o Sufted uered &1 gmn faefafeg w9 |




TRl 1 ST Hehdl & —

1. SFHE - Gfaed a1 AR-id9E (w/w%)
2. HieA-3790

3. HieRdl

4. Hieteral

3N, 379 3ok 9R H foar 9 WH|

1. SHHT-UTd9Td
w0 frefefea dey g o fwan S 2-
 faem 1 TN
= - ®x100
2. HIeT-319T

I ot favie wear & Hicl @t @& i fae@m & Wiel o el W& @t U
g 81 A HE Uil A e uered B § gorw @ SR Ik WGl 1 WEA HEW : np IR
ng B, A 3Tk Hie 9 TH YRR e foRu Sma -

Ak Higll &l HeAdl n.
A B HE-H T F WAl B W n, 4 n

B4 Hidll &1 HiAl .
B F WO T F Ml B WA n+n,



33107 1.6

fordt uered A oF 2g I 18g Wil H et T foaerEm W fwen S @1 fae (A)
T THHAM IR dRehfeld ohifeld|

T

A F1 FFIH
A 1 5EAR IR = Ty 1 zemm O

I y
= = X 100
2 A+ IHL‘[ S

2g
- TR X100 - 10%
20¢

3. Hiewan

I8 G Afeh WY AGEh @1 38 M BRI oFed TR Wil ©1 ug feRet faer et 1L
oo o Suftera Uiell i H&A gt §) oT:

faer= = Widl #1 Hem
faema w1 s (L o)
e oifse for 7aR o fRet gered (S - NaOH) &1 1M faera @ @R 89 399 0.2 M

e foe™e Wi S =@ed 7

AT (M) =

1M NaOH =1 31 @ foF faem@ & 1L ¥ 1 |l NaOH 3ufterd 31 0.2 M foer & fow
e IL fae@m # 0.2 At NaOH sl Sirargarehal gRiTI TEt Torienl & |mr= 9 My x V=




M, x V, TN foram S @, Sl M @l V. HHYl: HieRdl a9l Sdd g1 F@l My=0.2;
2 x Vo 1

V{=1000 mL T My=1.0; 31 Gl AMI &l A H WAL V, &l 36 ThR T0@ a0

TRl § —

2Mx1000mL=1.0M x Vo

_0.2Mx 1000 mL
- 1.0M

1L faer@= 9 0.2 |/t NaOH =nfgu)

LV, = 200 mL

31d: B9 0.2 Wil NaOH o1 81 31X faer™q &1 o 1L &M 2R

3@ W& (1M) NaOH @1 foha=1 stae fan wme, 99| 0.2 Wid NaOH SUfRerd @, 9]
ufieher frefafad 9 & ffar s @6 © -

afE 1L 31 1000 mL 3TFaT | 1 Hiel I9Red @, a9 0.2 Hiel Sufeed ghm-

1000 mL . 1 5 T = 200 mL 3PRA T

1 |id
3/: 1 M NaOH & 200 mL o< 3T a1 Sl THed Sl @, difeh STad 1L & adeR
s

e Y 6 200 mL o faer@ (NaOH) o Wil w1 @@ 0.2 ot 3R o8 af & W
(1000 mL) & oft Saft €, ererfq (0.2) W 2, Hifh e hoa foames () &1 A=
gREfdd &1 8, 7 T NaOH 1|

4, HIAAdT

3 1 kg factaer o Suftua faoa & Wil ot 9@ o w9 § gyRrfua fear smr 2
T8 m g e oAl ST R




s L. Elﬁ_ma:l-ﬁ - =
- faomas +1 soE kg

Hd: Hielerdl (m)
3algul 1.7

NaOH o U faerad &t HieRkdl &1 Uiiehed Hitee, S8 4 g NaOH &1 Sial &l 9ar<
asn § faeret 91 e R0 1, dif fae@e o 250 mL 9 g1 S

T

facr & wiell ®t "@en

e e (M) = faeraa =1 e (L ™)

_ NaOH =1 5¥MM / NaOH F1 AR A1
- 0.250L

dg /40¢ 0.1 Hlid N
_25/VE = 0. 47 97T o7
(.250L  0.250L

=04mol L' =04M

Ig oM W Tk ol faered &1 Hiorar a9 W R T 2, iR T a9 ™
R w2

33107 1.8

3 M NaCl faerad &1 ¥ 1.25g mi— ! @ 39 foorm &1 Hieerar &1 9Reper ity

m = 3 mol L_1



1L o™= o NaCl &1 9| =3 x 58.5 = 1755 g

1L fIeam@ 1 $=99H = 1000%1.25gm

=1000 x 1.25 = 1250 g = 1250 gm

(FiTF o =1.25gmL 1)

fae=m o a1 @1 SIHM = 1250 — 175.5 = 1074.5 g

wl foeia & A &1 g
1111 = .
STl T kg W TIZF H1 200

3 mol

— — AT
.07 10k

TS JArRTel § aifod |igal &l foeay aHraan s aix foees o a3 9
A ST B SATYeh Higdn ol forere Wi ‘e fae@’ (Stock solution) St wEd Bl A
w® & fooem #t diaaa dOEE oh WY gRafdd T8l g, i FUEH addH |
Y T 2l

|9
W T 1 1edA Sgd Hew Ul ©, Fifh F8 Siod o 9t vecetl wi wefed
AN B1 AT Tl w1 G, ol 3R gRadHl oF SR § ereAe id B 1 @
e %57 gR SH B €1 A A ifdes TeeeneiiEeig, s9 3R 19 % w9 H Uy o
gl T Al orowerel W Seh-whUl Wi omewen U= et @1 g orewenei ok
sAforenerfores U e B %oA i awl, Al SR e o w9 H off avfia feen




W1 Tkl 21 et qva § Wh € YHR o &0l B B, S UWHA] A1 9] & Tehd B
S & A eAfuss awel o T ffYed U W WYed g §, @ Aifieh Wi =i 2l
fasoT J=R A1 § U W ? SR BUR STEU Sufed e uwie fasmr 7

S fordt ugied o TUEl w1 ereFEE fRar Wi €, 99 WA SYevds @ Wil 2l

U ! HAHed: o4 i o faq HIOT 1 Ugid iR HEhl i STevashar gl
2, To 9 ufyrl &1 o foren s @ep| WIOe &1 % uglaa ®, foRH e usfa iR
Hilt wgfa 1 ST fowR # fRa S 21 W At 4 R fava | wh Sl
gfa 59, ‘sl Tgfa’ *ed ®, H T TEN FE H GeAfd TE|

<feh WOl W kel i Replc HTA USdl § IR THH WA PO 7 o AT
I el 7, T Aimel H WA Ik W HEN wgd Hewqu ¢l W fomm o
TRl & wE § 105! | 1023 S et et €)1 Tufeu TR e s % fer
A Hohad w1 SUAM TR S B0 Ueron W wefn ikl 1 WEAT Wi S
Al &1 e W1 W1 g 81 fadia favemo @ At € aferEi b ARl w6
T Ugfd ¥ g usfa ® uRafda fear s gewar @1 ora: ufomml 1 uw ugfa o

okl o gEd Ugfd o ueel o afEfda fRar s deRar 2l

fafq= wAmEtl #1 GaeH TEETe GaeE o el & sER e 1 A frm R w
S WRET s e, fer orur w1 frEw, it eru w1 few, f-ods W
Tdrg e 1 fem iR eaimsl 1 fm o weft feml & RomeEy fgtee
%1 T fagia’ T e, foeh STgHR W] 59 & TS @S e ¢l fRdt

T 1 ] SEHM A % 12 wmefie (R St 12 5E foren wn R)
el o fRan STl @1 STHdR W TRt qea o felg W fRan M aren WA
S 98 TREY] SEM Bl €, T @t wmeenfrehl 1 qipfae sgeadieti sl e
d w@H g fear w1 @har @1 fedt ey o sufterm fafwm wwAmpst &
THIY-SeAHH oh AN gRI SMfUesh S W fRan ST Wehan 21 Rt difin @
-G TEH sufeed fafee qwi oF s m-ufawd w1 SR onfias gemd e Wi
fuiftd ek ufehfera foman < ghen 21




forelt T o Sufterd WIS, STU[etl a1 o7 HUN &1 W& &l EMMR Remis
(6.022 x 10%3) % &9 § = fopal ST THAT 21 TH @ H T FO w1 ‘1 HA'
el S 2

faf= ol oiR At & Tl afadAl s TamEfes sfafwast o w9 o o
fohan ST @1 Tk Gferd TEmEieh GHIROT W Hhl SRR Wi et 21 fRd fawm
afafran o 9 of W@ Wil o Sfun SR U i wem fdfwar o Tl &
TR | YT kT ST Tehdl B SAEvAsh SATTRHB] X T SR HT WHCHS ST

a Ny

‘wiferardidl’ wean 21 wigfhadics aieer 9 fdl Sarg &1 faitre ann =t
YT R o fou eTevges 1feder it AT A1 39k faudid fuif@ fear < gehan
21 U U foaerm & Ead o Sufterd ugre i °En W fafv= yeR 9 weikid feen
ST @1 SRR W FeAHM Ui, Hic- 31, Hiewdl qe Hiewd|

TH

1.1 f=fafaa o fau nfvas soamm &1 9k Sifse -

(i) HO (ii) CO, (i) CHy

1.2 Wifead HTHe (NaySO,) H Sufterd faf= awai o soadM wfasa &1 9fteher
TS|

~

S9d smHE g1 69.9%

1.3 TFE o 3I9 AlGES h1 JAI A T4 hit,
I 3R 30.1% STRASH T

1.4 9T hia SEATFIEE hi AT 1 Ulehed hifsul o

(i) 1 Hiel ra & Bel § S Sl @ 3N




(i) 1 AT HTe i 16 & SSH § S Sl 2l

1.5 Hifead THIEZ (CH3COONa) T 500 mL, 0.375 Hie” Seftd faerad s=m o fau

Ik fhad SHEM Hi AETIHdl M7 Aifedd T &1 HieR TIHM 82.0245 g
mol_1%l

1.6 T% -Efew oA o 39 Ufael 1 A gfd foex o gigar 1 e &if,
fH SHHT SIHM 9 69% Bl IR fSERT S 1.41 g SEE1 Bl

1.7 100 g W Fehe (CuSO,) U FRaAT FIW U feham <1 Thell 72

1.8 STFE o SAFAEE &1 Afvash A A hifv, FHH STERA qen Afedsd w1
AT Y99 A 69.9 g 9 30.1 g I

o~

1.9 Frafafea efiegl o oM¥R W odla o 3iGd TRHY] SeAHH w1 kel
;_

% ek aTgead] HIeR-FAHA
35C| 75.77 34.9689
37C| 24.23 36.9659

[

1.10 TEH (CyHg) o 1A Al | frefafed w1 aftsher sifse-

(i) TRTEA TXATIST oh HIG ol GE&A
(ii) BTSSISM URATU[ST oh Hich i §E&A
(ili) USF oh AU I FE&A

1.11 A 20g =t (C1y Hyy Opq) I S &I YA HEN H EieH T SEHI S
2L Bl ST, df =+t o 39 foeree it |igar @ sni?




1.12 afE A *1 59 0.793 kg L~ =, @ 39 0.25M & 2.5 L oo 1 oM

o fau forde eTada &1 STavaehdl B2

1.13 <@ F GG THE GT%Fd W WH o o o 9§ gREid fwar S 21 <@
FT S| T URA H9 T T e

1Pa=1Nm2

Ifs THEA T gl 1 SSHHME 1034 g om 2 @, @ U § @ 1 URehed S|
114 SHAM 1 S| S 1 22 30 9 YR gk fwan s 22

o o

1.15 A qe-o i &l 37eh Uehl o6 @ A -

T T T
(i) FTEshT 108
(i) S=h1 109
(iii) B 106
(iv) frm 1019
(v) &l 10

1.16 T 3R § T R U 22

117 9 9 & T G FARBE, S HORe €, § T Tafud g T ggu
1 T 15 ppm (FeAHH o €9 H) |

(i) 38 Sea9M wiaiaar § SeIisy)




(i) ST oF 7 § FARGIH I Al T R

1.18 frefafEa =i S=fe Hoha o fafa@w -
(i) 0.0048
(ii) 234,000
(iii) 8008
(iv) 500.0
(v) 6.0012
1.19 frfafgd ¥ @l ikl &1 Hea 9qrs -
(i) 0.0025
(ii) 208
(iii) 5005
(iv) 126,000
(v) 500.00
(vi) 2.0034
1.20 frfafad &1 i wefe sl 9 ferfed IS -
(i) 34.216

(i) 10.4107




(iii) 0.04597

(iv) 2808

121 () S SEAESH IR SRS afafwa g o= Aifes sA ©,

frreferfed sffee o< B € -

BIECEERCA R E| TR T FTHH
(i) 14 g 16 g
(ii) 14 g 329
(iii) 28 g 329
(iv) 28¢g 8049

4 yEifer s WAt WASH o fRE M % eged €7 waRu (W)
frfafeg o Rea wom =t afRu -

MH1Tkm=...... mm=.......... pm
(i)1Tmg=...... Kg = ng
(i) 1 mL= oo L=, dm?

1.22 4% ehte1 &1 A 3.00 x 108 ms7! @, @ 2.00 ns F W@ frat gl T
FHAT?

1.23 foreft sifafsren A+B, — AB, ¥ frfafaa sifufsran fagol & v sifyedss,
(A =TE 81, 1) 1 it -

(i) A o 300 TXHTY] + B o 200 3]




(i) 2 911 A +3 Hiad B
(i) A 3 100 T + B & 100 317
(ivV)A o 5 Hi@ +B o 2.5 A

(VJA & 2.5 9id +B & 5 A

1.24 SEAEIASH R TEEESNH Afdiad TE@fts THieo o SIER ST
A € -
N2 (9)+3H2 (9)— 2NH 3 (g)

(i) A 2.00 x 103 g TEAESSH 1.00 x 10° g TEEESH o T AFAFA Hl 2,
qr U ST o e 1 URehed hifsia|

(i) T I H 9 wiE AfaRde w9 a=9m?

(iii) 3 &, 9 -1 SEhT ToAHM 1 B2

1.16 el o] ¥ ST R GHSA 7

117 9 9 & T § ARG, S hORe €, ¥ orcafus Tafua qrEn T ggu
%1 &R 15 ppm (SeAHM o &9 H) |

(i) 38 Sea9M wiaviaar § Seiisy)

(i) ST oF 7 H FARGIH I Al T Hisg)

1.18 TreAfafed =1 e Hoha o fafau -

(i) 0.0048




(i) 234,000
(iii) 8008
(iv) 500.0
(v) 6.0012
1.19 TrAfafed § Wef® il i T& JarRy -
(i) 0.0025
(ii) 208
(iii) 5005
(iv) 126,000
(v) 500.00
(vi) 2.0034
1.20 TrefafEa &1 wefew ofl a fenfed HifvT -
(i) 34.216
(i) 10.4107
(iii) 0.04597

(iv) 2808

121 (%) 9 SEAESH AR SR Afafwa g fa= 9ifies aae ©, @

fretfafiaa stiehe W< 8 @ -




AZIST <1 KSHFH SIS T A
(i) 14 g 16 g
(ii) 14 g 329
(iii) 28 g 329
(iv) 28¢g 8049

I YrEifTe e TEEfe HaieH o frg =M & ey €2 «aEy

(@) frafafed & fRea wm =1 9w -

H1Tkm=...... mm=.......... pm
(i)1Tmg=...... Kg= . ng
(i) 1mL=......... L=, dm3

1.22 =% gehTel =1 o 3.00 10° ms =1 @, @ 2.00 ns ® Fehrer FoheAt T q@ HLM?

1.23 foreft sifafsren A+B, — ABy W Frfafled stfufsean fasol & diwd siferses,
(A% HTE B, @) A HIC -

(i) A o 300 TXATY] + B o 200 3
(i)2 At A+3 HiaT B

(i) A o 100 URHIY] + B o 100 7]
(VYA o 5 T +B o 2.5 O

(V)A % 2.5 | +B o 5 O




1.24 SEESNE 3R SEEESNH fdiad THEte THiHo o TER i
ol € -

Ny (9)*+3Hy (9)— 2NH3 (9)

(i) IfX 2.00 10° g TEARSST 1.00 10° g SEERISA F WY AAFN F T, @
U ST oF S99 hl URehel hiTsTg|

(i) =0 A A 9 i fqfhas 9w s=m?

(iii) A BT, A HA-T SHH AN 1 B2

1.25 0.5 mol Na,CO3 3R 0.50 M Na,CO3 H T 3T ©?

1.26 A SEEESHSH 9 o 10 oT@d SRSy 19 o 5 Fdd & qY
aaffsran X, @ ety o fohas eFaT 9T B2

1.27 TrAfafEd &1 qa ARl § 9Rafdd Hifeg -
(i) 28.7 pm
(ii) 15.15 pm
(iii) 25365 mg
1.28 Tr=fafed # 9 fored TS & 9@ g9 3ifus srf?
()1 g Au (s)
(i) 1 g Na(s)

(i) 1 g Li (s)




(iv) 19 Cly (9)

1.29 TIATA o UH ol faa™@q &1 Hiekdl I i, fS98 tgHta &1 dia-2990
0.040 B (UM o foF 51 &1 59ed 1 B1)

1.30 T 12C S T T UM (g) § FAWH A B

fa oSl

1.31 F=fafeaa afeer o S A fhad Tefs sie gF =nfeu?

002856 -~ 298,15 0.112
(7 (.578H

(ii) 5%5.364

(iii) 0.0125 + 0.7864 + 0.0215

1.32 Ypfd | UGS WA ok HeR SHUM i MUAT o fau f=faf@a difaer o
fSu Tu RSl &1 YA SIS -

e LA HIOR FoqHM gl
36ar 35.96755 mol~ 0.337%
38Ar 37.96272 g mol~" 0.063%
40pr 39.9624 g mol~" 99.600%

1-33 FHfafEd & & J% o TATST i §E&A1 A HieT -
(i) 52 T Ar

(i) 52 u He




(iii) 52 g He

1.34 TH dfceT $uF TG | Shadd HE AR gEgeH SUd €1 39 T 1 5o
O SRS W ST W 3.38 g hlee SESAERE, 0.690 g S oh AT 3N

HE IAE T ST T8 N % 10.0L (STP T HIfUd) & 1 9R 11.69 g &0

T $Eh —

(i) T A

(i) 7] S AR

(iii) STUES kT TUAT HIFT)
1.35 CaCO3 e HCI & @Y fefafea afafswan w2 caCl, 3R COp =AM 2l
CaCO 3 (s) + 2HCI (g) — CaCl 5 (aq) + CO, (g) + HyO()

0.75M HCI % 25 mL o H1¢ quid: 3ifafshan s o fall CaCO3 @t fehat ABN ki
STERIR B2

1.36 TR H TN 1 R SIS SRstioEs (MnO,) i Sefid HCl faeme
o e stfufwan g frefafaa gt o SER feran S @ -

4HCl(ag) + MnO, (s) — 2H,0(l) + MnCl, (aq) + Cl(g) 5.0g TS SE3AfFIEs o Y
HCl & foraa um stfufsan +in?




Teheh 2

TTTU] ki HT

Structure of Atom

SEeD]

TH Tcheh o 31e3 oh a1 379-

o SUHRM, WM a1 =g H @S T 9ok Tfason | aRfea 81 weh;

o UTHTH, THIE U dR o TIHIY] Hical 1 a0 Y Fehl;

o TV % FieH AMAHRIA Wed o AUl AN I THS Hehl;

o foR[q-gasia faferivl &1 Ypfd Td whish o FdeH TaGIa i TH Honl;

o YW ToR[q-U9E qu1 WIS oF TIaeHl o T&TN S FUM hY Hohil;

] SIfell Gey qef grgsier ARfuad fagid i s wt wehil;

AT e i FieH T A o €9 § qRIa S o

Sware T9gid, T=el 1 oTuesiq fagid dan g &1 sifuehan sgehal W &1 90l
Y Tl

o T o IR fa=g for@ qa|

"fafr= aval’ & AT FaER § WX ([Afaear, 39 wEiulell &t iR ave
o ffea fafagar @ werfaq gidt 2

ARAE W& A IRIeR] §)1 9gd 98al § B (400 3.9.) WV o ARK@ Sl e
feran T onl SR foER e fh WA sou o Wol WEiHsh 90 e €1 S THEN



w1l oF AR faueH ¥ ofqd: WAw] W e ©, o ek fawifea & feen s wenan
‘T (atom) YR Wk AT © S g ©, FEH atomio 1 e ‘A wR WM @l

(uncutable) 1 ‘AfEIWA’ (non-divisible) BT €1 T8l 3 fomR ohael sheudl T menia &
3R TR WA Thev FR U Hd S o1l 9gd 99g a% 3 faear R gemor & fa
T € T ®, W 18 vt § Stent 4 31 W R 9 a9t < gE e

T 1808 H i Tleed AW Tk eyl Thal 12  Teell IR S=Afeh 3M¥R W A
w1 IR fagid wqa fwan T fagra, 9 ‘See w1 fagia’ we 9 2, |
TRHTY] T TE1e T A FHUT (Theh-1) AN

T4 TH® 6l 99 3 YA Yol 9 oWy foran &, S 19e varedl ok ofd qem 20 o
YA & 3RS § ARl gr1 fRT T ¢ 399w Tenfud gen fb wAmRh & s %o
¥, erufq soleql, Wil qen =gl ® fawfsa ffen ST dear ?1 g€ UROT SR i
YN @ foespel 3tem offl 39 WHE dafieRl o WA frefeie qer aeend off-

(i) TEI] o STIURHUEE HUN i WIS oh o8 IHeh T 1 TILIHI;

(i) Siifaer e TEEt- SH OT % YRl W Tk avd i R 9 faear ) gor;

(i) fafa=1 TXaTogstl oF WaSH § fafy= YR o STU[sTl oF S hi AT q°,

(iv) TS GRI STavifyd sieren Scdfea faftre fogq geawia fafewor &t safa qen
Jhfd hl THAI

2.1 TAUHTIUASR HUT

Tleed oh TN fagia 9 FTEEH % WU o U, R Wwed & fem qen
SEUII-3TAd o a9 & dhcagde SARA i S FHhil Afhd I8 Hg TAN oK




aRomdl =t afie w3 o fawa w1l SSn oF fou- Sl SI¥dEr TEHRS (ebonite) i WM
Ul ® (fur) o TU B R fagq ) Safe et 21 Tafy w1 oRkomt 9 fag-gesia
qfterel i HHE G0 geT, qenfy se Wi dR W wempes qen e @t far-vsfd
gaee o Feral T8l el 20e 9t o fafi= YR o oM STmHifUash &UN @i @i

e, TAMY 39 We | TH had A HUN- Soiae ol Wed o ar | a1 w|

2.1.1 TG il @it

T 1830 H WEehd S A Al R ARk feeh foomm ® fagq wenfed =t Wt @, @
SRl W At ffRad et §, Toeh aRumaeeey soeRiel W e w1 fawsi
3R 4899 (deposition) e 21 IO Fo Fraw waw, 59 fawa o emg 124 wen ®
WA 3 afomE ¥ fagd w1 Fuia ehfa o 9R § qar e 2

T H fogga-fagst onfE wanm & wRomal § wem] w1 GEE % aR H iR SHER W
TEl 1 ROl &1 == w W TeCl STER HUN oF HAER oF 9R H TH I8 A aH
2F H W@ B o §HF STew Th-T ki gfdekfia den foudid ofeer Th-gEt
TRt e €

el Jae o Tod Wk W Feh anteh, fawiveRt e A erfyes w1 9 faifaa
Aferrrsti, f= Shelrg fervor AfeeRTd Fe1 o €, o fagq-fausa &1 sremem ey famam)
@ fod 2.1 (%) ® <wien wn B1 e fRor Afernt o &1 o et @, T e
3 Taet The (MR goieele @ed ?) did fhu gu en &1 T o fagq-fagsty = faw
= <@ @ S=a fawa W U@ e w1 wear 21 fafe= Tl o <@ W frefa gm
frafa fran 7o 39 YR S9 SoieRiel W I=F dicedl @R hi T8, @ Afctenl H UM ohi
Y oF GRI RS TS (helle) ¥ ¢FicHs saaee (THE) 1 & fagq &1 Jais
AR Bl TN Th] hers TeRtul el shelts feRtor Ut wed 2




T 2.1 (F) TF Sl o faas e

Shelle ¥ UAle % fagqum & o &1 ifafied < o fou e o fog den tHie &
68 Tolt | el gl (e TewiEe) &1 o fhar smar @1 5 3 fRol i o fog
¥ U TR 57 HewEs i W W THAG & a1 oEl (b wuehien Tug s S @ (TV
T off dEn € g @), fod 2.1 (@)1 T AN % gRomg Hew § frefefaa €

frata 99 =1
| st g

|—<||||

3ed dieedl
ferT 2.1 (@) 9fF5 Tiega T SHeIS-H0 fagetq e

(i) helre ThT0l (cathode rays) Shelle ¥ IR BT TAIS w1 X THT Hdl 2|

(i) 3 ool T femrd =t <, wq 37k HoRR 1 TG qon $ ffvea g & uged
(TP aA Hlaiw) ot Suredfa W <@ W1 "Wehdl @1 A UL T THU Y wHHhd B




Sefeite et Afeen hefte foptor fernt Bt ©1 e, wel, it wpedia we widi wert
9 oftd giar 8, W fost gfadia =i 2

(iii) T iR weehia el w1 erquitafs & 3 fanvol el feen & 9 et B

(iv) TR iR gawta e 1 Sufterfq § cheie faHol &1 =@ Homafia wui &
3TUferq STEER o WWH el ®, S 98 g W © R chelie fetonl o seumefia @ e
g, fS= goraei™ #ed 2|

(v) heis fereur et o Teleiel o uqred Ud Sufterd T & Ypld W oheiie- Tl
(Aae) o oAeror Fasft 72 #d €

SR aRomdl ¥ g frend freher € o seiee a9t weEmpet & got e B €l

2.1.2 TEEE ST 3TMAYT THA U

fafeer odifaw foarit QLS. ofmE" 4 W 1897 § heffe fertur AfethT 1 STAM *lh 31X
TAFHl oh U qUT Tk TR b oAdad R IR gaHid & N Hieh foaEd STE (e)
3R TFEM (me) o s U & A (T 2.2) 1 of9dq 3 98 qoh fean & for oiR
JahE &A1 I IURATT H SeragHl oh 30 99 9 foa=ed &t A f=fared aml W AR
ETGI S

(i) ST T RUMERT H1 7H 3T® TH W fag[ o gasa & oh @y == fhan ag
S € T YR former aAfen g B

(ii) U1 1 SAAM-HT] o Boehl 81 9§ faeer aifves grar 2|

(iii) Toga ateren Jaehia & &1 Yool soidelel W dieedl A6l JWIehid & i gaadl

9gM 9 SoAaHl 1 got 9 W fawer 98 = 2




ferT 2.2 soiagia & @AY 3R 5eFHA & &€ SFUIa HT HRT Y H SYHT

ST A R &5 T W ¥, 99 soee o 9o ¥ faefea e fag A W heite
feror Afae @ TR €1 T YRR W9 had gasig &9 @] R S ®, 99 soeeH
fig ¢ W e fwwor-Aferst @ shad €)1 fagd iR geshia & &1 Yool o Erl-

Tdeh T § T & ol oIfurefd § STuifeld 4 W SolaeHl Wi aTdd el S Hehd]
2 T8 & W f9g B ¥ T 2

for &3 &+ Yoot A Ak & & Yaod d 9 R uw wt sufefq o soeel o
foere w1 O 1 TE-TE A Hieh SR SHh YT W ATHEA, e/m, oF WH 1 fAuiRor
FT Gob-

(54

m, =1.758820 x 1011 C kg™ oo (2.1)

W&l me TAHRM HT SFHM kg H X SH W TEY kel (C) H T ik IR HOTARE



e €, 3d: TR W ardiae (RU) 6 —e @l

2.1.3 TG UT ATAIT

AR, THfeTr= (1868 - 1953) 7 ToiaR W Y@ & uRo o foq ww fafy qar =i, =i
a1 g WA (1906 - 14) el 2|

fafor @ o1 W 9= fatw

zq fafy  wfo (atomizer) 71 39 e & T § A *1 951 w1 fogg wuHE (condenser) & W
# wie § Iued B2 ¥ 3% 9 TN S 21 3§80 o A9 i SR Tl HiEhHeEgs [ o gR @
T T o R 1 X Rl ARt fAfereh de Y 9]f % AN i W Toh| etk o SIS Wi ar] wl X-
fRorgs wefed seer mafa foran mam T sl don 9ot 95 % Gz @ 9 9] W fagd sTEe S ge
I H T I R faga smaw X-fRon gR S SAfemiey orel Sl gRT ST T T S 9t b sl
1 IR Jh1 S Tkl ©, @A fhan <1 Then 7 steen fer fda S "har ©1 ¥ 91 W 6w R = | AN
dieedl 1 SEU 9ol Yool TR R el €1 9 i §8f i M W g &7 Yoo o 996 %1 eArgds H
X faferera 4 = frepd frepren for 98 W fog em@w (q) &1 wRwm gdwn fogq sm@w, (€) &1 o e g,
#aiq g =ne, B N=1,2,3..

¥ H P ST @i (+)

-/ -

Xﬁ?{'ﬂ'l'g?l

EQLE|

AT =i [—] YEIURA el H g%




RTT 2.3 5739 ‘o' W 3 forT fafeT B 9o F o7 SR FEF [ AT o B G5 T AR 97
TR, g &7 & HRU SgqEfas el YAl TR ae

R fR seldE W smEw 1.6 x 10710 ¢, TR e w1 FeiaE HA 1.6022

10719Cc R ofde & eimg UM & WH ¥ I URUTH S HIH Hh oA I
SN (mg) Taifia feram

e 1.6022 x 10~ 19¢
Mme = = =
e/me  1.758820 x 101 1C kg!
=9.1094%x1073T Kg 1 ooovooooee (2.2)

2.1.4 Qe qeT <L i @i

uftafda cheffe foRor Afeet & ffy U fagq fags @ s #of &1 @ g, R
FAT TRTot off 81 ST ©1 = FERE SO & SIras fefated o

(i) heirs Topeotl o fawdia, eMmafyT 01 chefrs fetor Afetent o Sufterd 719 =1 Yhfd W
At e B 3 R yEEiE T e g 2

(ii) O o A SR FAWH HT 3UE ST T8 R 9 wea 2, @ 3 3= 8 2

(iii) FB AR Ho1 fagq 3w F g THE ok [OH B <

(iv) Seeha e fagd & & 7 Ul o1 R ol S1erel helle fertur o forw ufer
IR & fawia T

Tad BT SR Tohl ¥ TP TSN W WK g1 o 38 WA hed | TH e wol
1 YUFRTT 3R AT HT G T 1919 | g offl o5 o TH] W UH dgd S Hl
T ETIH HegH i T T§ U &1 @iel T 1932 | wefaw 7 slfaay W o ol



% R ¥ DIl 59 Y & IR ¥ T s R et fogq S &1 frfda gu s
TT U I IS Fell 3T oA FUN o Hewqul U1 9RO 2.1 H fxw M €

ARUT 2.1 & HUN ok TOT

Ell forg ww amdwr ¢ | T Citi e S G
TTAIT THHM /1

" —-19 -31

ForaRT e -1.6022x10 -1 9.10939x10 0.00054 0
- -19 -27

+1. X 5 X .

W= P 1.6022x10 +1 1.67262x10 1.00727 1
- —27

=i n 0 0 1.67493x10 1.00867 1

2.2 UIHTU] HigHA

74 AF § 9AC T WA | U Yl ¥ 98 g fHen TR S o sifawrsa ) o
¥TcHeh 1 SRUMcHeh 3G i 379-TTHIY] (sub-atomic) F1 B 2 El mﬁﬁwﬂﬁﬁ
& foamur &1 =men & o fau faft= wom) dfea gxafad fee o 9=y 56 9 &
Hisd g U o LN i e € k1 W1 GHl T W & Hied S ofmgH SR
SR I g gL fhu U o, S 39 YRR -

2.2.1 UTHIU] kT ATHEA HiSA
91 1898 H SIS ofqEd 3 yEarfad feen foh W] T wEE el Men (e e

107 10m) =i 2, e omew g9F w9 § foaid ®ar 81 W W SO 36 YR
feorq e € fF SuQ Tl fer dga omEwen W B W © (Fe 2.4)1 39 Higd Wi
fafr= R & W iy MU 21 Scewne W gfET (plum pudding)] I GRET (raisin
pudding) 3T RIS (watermelon) Wied| 36 Hied H WRHIV] oF AR i ST 7@




TS o GHA T T €, SO Toee wHe: Wi Stedl Wi 1 RE Sufterd €1 T
Hied H Th HewIYul WU I8 ¢ R 3O WA 1 FHE [ WA R FHH ®9 G ¥
g Al T} TG g Wed WA i faE[ SSHAG # TR Fkar o, fhg Te
wfers & g o qRomEl oF G e qrEn T ofeee O 1906 § wifawt o it
forgq =metehal W Ygifaes T wEifie St o fou e wehr @ gefa fwan @

JATHSE el

N

<— 3R

farT 2.4 T &1 9597 qied

19+ w<t & TW rwfw # fafy= y&R &1 f6on &1 @9 g3l facen U=sA (Wilhem Roentgen, 1845-
1923) 7 w1 1895 # <wian fr Fefts frw Fol § Sufeerd waiel ¥ T W ToERM T R S R 8
S helre fRur el o S W@ ufed (fluorescent) Tared ® wfifid s AR A §)| e s wI
el w1 Wepfa 1 wan @l e, ord: S 3= X- feReon o1 am fem, s e oft wefed €1 e @ T TR
TARMl o SAfush S aTel UIg TS @ed ¥ TR o hROT gt X-fRwul Se wilt €1 X-feRwot fam den
Jaha &6 o fadfm (deflect) =&t eidt €1 & ool o wxref § eifa S==9 d<wifs (penetrating power)
Bt B 9 wRo § fF akgsll & ondie swmTd oz RN sl SWEM el ?1 g feol i qur-ded
(wavelength) =ga =% gt 2 (0.1 nm) iR Sega-gawhia =eer <k ¢ (g 2.3.1)!

&1 s (Henri Becqueral 1852 —1908) = 2@ foh o qw fafior &1 Scasi @F it 21 3= 39
ufme i eafaeaar (radioactivity) #=&1 den sam=n fr T8 o ifeanfeed aw wead €1 39 & H
o =, R =0 "EE do1 welle Wiet 1 fowfaa ffam 398 @9 R &1 fRwor, oc | B deon y &1 ScsH
@ TN I T A fR QRO W S ST M e iR WX TRE WHIY] SeAdH o Sed Sl Ul
B 21 3= g8 frrd freren fiF @ w01 diferem i Bl €, itk 2 soeeAl & @i fiest a w0 dfaam
T yeH FW &1 B R oAl o WHH RIS S a1 % e ©1 Y Rl X-fRei & wHe s=a Sl
fafertor et €, forent vl S et © SR fSiept i o1 7@l 8l 9 &|al Tl w8 A TRl 1, ST
% B foRol (@ Foi & 100 A1 Afus) qen ge sife Y TRl T (@ R @ 1000 AT k) e 21




2.2.2 TETHIS SR AT TTATI] HISH

WIHIE 3R SHeh font¥mi 4 (29 MR &R e wreded) o ogd |iH &1 qaeit =1 (gold
foil) T A -HUT H SOR HI EIHE & GGG A -H0 T FA0 & =5 2.5 °
fe@mn T 2

G i gaet Tt (100 nm HEE) W Th eafoed &id ¥ =9 Sl oid BT hol
H1 ST A T UG G-t ok STHUN gt Ufasitasia (fluorescent) S FewEe 9
S THIF BIAT B1 ST IS W] U TH ThHIA W THAAT €, A TR Hl THLidifa

(flash) 301 Brdt 21




(e - ey >
L3 — ;
< @ L SELIEE
- _ f‘“';f*a-EFUT
(- {/- | q
R o
(e . {n'!“-h-_;__i \
fasifqa o-hor o=l

(@')y?#a#va?awaiaw;rw fa=

Fer 2.5 XGIE & g0 g4 %1 {@Mwa 1 a9 G HT T gaet g W sew (A ) O # §er (shot) &1
STt €, o SHH @ ST O §UIldd §U fa1 U6t #1 R X WA &, Selh o w1 (G690 8 Sl 2

Yeh!UH STYAM o TRUMM Ikl STUfd o ofFEd o WA Aled o STaR U<t o
Sufeord TH o YAk TXHIY] ST S0 R THY] R Teh FUH &9 F ST g3 g1 =feu)
STOHT HUN § el Al 31U Bt © o 9 S99 & W §H famo 9 ff @Y 9) =
ST 3 orden oft fop Ut @ THRIH o A% HUN w1 MG efidt 7 SR eIk st fen
Igd HH HIV H 9] ST I=H <@ -

(i) SIfRTeT Te® HU1 °H H T 9 faeifaa gu fom fea )
(i) STCHT HUN T HH Y d9gd HA S0 9 faaifa gam

(i) S8d & A2 HU (20000 H W 1) WP *1 AR AR AU ATHT 180° ok HU W
ST Ta&qur Tl 374 Yol oF SYR W EIHIS - Y] i §&Al o aR ° fAfataa



e fFrepTel-

(i) TCATY] o Sf SAfuehier T o gl €, Fifer Sfehisr Sfe®l %01 9H i T i
IR Y S &

(i) F & ¥EiE a %o faefia 8 € a8 faeqn seva € sefus gfawton o
(repulsive force) o R B THY € Tal <ol € fh ofmeq o fomr o fawda
THY] o 3 YHAEY GHH ®9 W S gl T T e 9gd HH EdH o
Gehfea BT =T, g e etewht ol o1 gfaehtor iR faeivor gan el

(i) TIHIS A U ek fe@men o A &1 AT, THV] o Fd AFad hi gar |
Fodd w9 (0F) B 21 ) w1 B emsm 10710 mo g ®, Sfe e w6t

oo @me 10719 m B ¥ SR % TW SR 1 S W A W A S Gehel €
o afg ity 1 fhche 1 i o AT ST, & 9] &1 5o T 5 km @

SWR T T Yool SR qRomHl & SMHR W IR A WA T AYET Hed T&a fwa
39 Aled o STIER-

(i) ORHTY] T GRS ql SAYRI FTHHE Th S 3eq & H hixd offl WHV] o 9
fd ST 9N i TIHE 3 AIH’ Fell

(ii) T o =R 3R Soioei guenR udl, =8 el (orbit) el S €, § = gd dsi 9
A B oTd: TIWIS h1 WA Hied UR¥ed ¥ fuaa-goa 2, foad g wifas o
Y BT @ 3R UE TGHH IR o §HE B B

(iii) SR SR feh aw o SMehuv & fEeR oEq ¥ell o gN 99 Wd €

2.2,3 UTATU] HE&AT AT FoIHE W&
AT T YO SHeh Wl o RN eldl B S| gl Tifud B TRl §, W W sTew



AR o O o U, Wik faudd fag o1 sl Bl 39 o1 gg § R e H
Sfed Wl w1 HEN W] WA (Z) o SKIeR Bl € 3fUlq WeHl @l Hen gEge
aifiger ® 1 iR Gifeam § 11 Sl €, o1 R TAIY] SHHIH HHAW: 1 q1 11 S THTI]

HI ITEH TC WA oF AU ITH Solael i 9@, WSHl &1 G (WHN] §& Z) ok

TER BT STEONY- TESeH ql HIfeaHw WAV § Al &I S %A 1 a1
it 2

URHTU] WEAT (Z) = ULHIU] oF ATTHeh § Wil &l 9

A HT AR STk WAl & FROT B €, W AMAF F1 5AGH WA AN P
IS FO (F9H g% &1 S99 Wl & U9 o oMW aeX Bl ©) oF Rl
eI ¥ T SSEH U R S (n) Fed &1 AR H SufEd WMl iR =gl @l
AT (nucleons) F&d €| JIfFATH HT bl TS H WA H1 FTIH F&T (A)
Fed &

SEIH W& (A) = W &t W& (Z) + g2 st §&T (n)

2.2.4 FUTATHG Td QUATR®

fepelt off TXHTT] oF WeET ! Avd oh Wdlleh (X) BRI <A S Gehar €, formd o1 @R wm
qd-ore feren S ®, S WH] $edH S8 (A) B Bl R SR g e s o ®9 W

T qem (z) faeh s 2, stefq 21X qAATER 99M SIHH G, Wg 9= o)

wem % v 2 saeemd | Cowen DN | weenf g wm @R ¥ e
Y] GEA (Z) FHF Ud geAuH ge (A) = et @1 SR owssl H, SR 2.4 ok
FTER, 78 W ¢ fF gueenfent o iR a1 wRo Afus H Sufed fra-fum =g




TET @1 ISR o Tou TR © eIEeiSH W] W il 99.985% eTESISH THIIE | ohed

T e[ e €, e wifeam (1) #ed €1 I TESeH WA H & GEeenfie g @-
LA (2D,0.015% ), &8 1 WeME 0 1 <A s g IR erefeaw

(Tritium,°T) , T8 1 W q2n 2 =2 &0 81 orefeem oot & @1 A0 o 9w S €
TEEeRl o o T S Wt € S9- whed, THH 6 WMl o 3Telen 6,7 Al 8

A (2c,2c, %) T T FAA WA, e 17 W % steman 18 qen 20 =N

(3¢1, “cl) T E

gueenfrehi o fava H sifen eyl @ g% © f wEmEt o qEEf T seaeH &
gem g TrEf@ g ®, S s W Wil i gen g feifa e @1 e W
THERTR T W Sl BT HEA 1 YA 9gd w9 B S| T: At sifafwane |
qeft THLNfh TH G FeER I 7

30T 2.1

S0Br | U, =gl q91 SoieRAl i HEAl K1 GReher it

T

&l 2Br, z =35, A =80, Tfs SIA & Wl F1 T = ToleRMl H HEA =Z
=35 Il I HEA =80 — 35 =45 (FHHIT 2.4)

3T 2.2

forl wfivii & s, Wie qen =ggHi 1 HEN HHW: 18, 16 A€l 16 B THe
YIH Ydter ferfam)

T



TAY] FAT-UieHl &l G = 16
€ a7 TRl (S) R
YTATY] S @A = WMl i G + =IHI ki e

=16+ 16 =32

& Tfiviie IS S €, Hifh el %1 HeH SoeRl i §eA oh sl el 2l
IE Tk RO (RUTEfE) ®, fSET e geleel oh e o el § = (18 —

16 = 2) TTH Tdleh 29" B

We . AX THT B TEN FH Y Ted T8 U B o TR 3 TR IR WA ©
YAl YA A RO &1 AR T8 SIEH WA ], Al Wi (2.3) W ®, foed

Wl i WG = TSRl i WA = W] §EA Bl 2l Al Tl uw et ®,
@ e fuifa wifse f dieiql =) e sosel w1 gen 9 o @ @l cherd
(¢FF) 3R %W T, T T (FOMEH) SN = kT WS THI A—Z § & et
g, 9’ i IS B eteen S

2.2.5 TETHIE HisA o W

THIE H1 AT Aiged URESA 1 Th I &9 o, food g & 9 gd ) ®@
3R SoieRl 1 Booh TSl I aNE WiEl T o1 9°1 IS HEAT T o TR Toieed SR e

%WWW(kqlqz/rz)ﬁﬁT%,ﬁﬁqlﬁ?qzm,rwaﬁﬂﬁ$ﬂwaﬁ§ﬁ

m,im

3R k STAqeRaT feeieh €1 el ol T ®9 § e §e [G- #ﬂ%

\ r

I el €, Sl mq 3R my SAUM, r S SOl % s &1 30 iR G TecmRyw




feoRi B 81 W9 IRAed W foRawd Fifysr w1 on) R S ® @ v = @ %
T gd o AR R ffveq weneti A wma € @ fagid O uel w1 wemsti & SR H
TEI-TE UM T ST Fehdl B, S WA A9 9@ Ao @t @1 9REsd SR e
Hiedd § GHMA 9 98 Ul ol ¢ T SoeRia e o =9 iR Tafvea wened # Tifg
W%,WW%%W$&T§WW%,@WW(acceleration)%sl'*lT?lT%'Q
(afe foe feer a1 @ forelt shanm # wifd & w1 &1, @1 ot T afeds o ro S§H @R
T AIfg) | ofd: W Hed | Henel W YHd WSl I W ol w1 ot ©RU g
feq) Hoee & fagq g fagid & oguR, @ia Ml &l #1 fagd-gaw
fIfeRTT 1 IeaSi A1 =1eT (US o 19 U Tafoe =&l 8l ®, i o STafE e
2 7)1 sofore fedt e o Sufterd soeel § fafsor scfSa =m zw fafewo & fag
S TR A 9 W gt 39 YhR hell (orbit) BIel BIdl STWH| TOFST ¥ I8 Ul
il & foh soieei @l wftel (spiral) % g T § wgeH 108 s # o, fhq A
¥t T S B TH WhR AR SolagH @t Tfd o fendwmd ARt qen fagd-gaet
fgid o STgER 9viF foran S, @1 TI®IE &1 TN Hied Rl 9] & T ohi
S TEl H UM R| ST A8 YS Hhd ¢ fh A kel W TSRl wi A W WA
I B Sl ®, @ A e €9 SRl ol AYe oh Wr 3R feR dm o €2 Afg
TRl ! Tl wrn S ®, @ STcfush S ol AfeR iR Seleel o o fier dgd
STRYUT B Solael bl AIMeh i 3R ©iw o, fE9 oHfq9s W] "ied &l T oY §9
g B

TEIE & W] Hisd 1 Th IO MR I I8 7 5 I8 wAmgst &1 solaei e 9=
o aR A P ot guit T war 7, el Q@ g war Tl wor ® fR 4 soled e
o IR AR fore THR fommm & i S9! Sel o 2

2.3 S % UTHIU] HiSe o faehtd st gsqiH

faefas 1 O 59 o WY fafeor &t A= el o oreaa 9w uRomdi 9



AV TH U i ST oh o H FATHS YA W gel A aR F 37 IR A1
STAN hich WIHE N gfaquifsd Afed § R fovdnl 9 o WHM] #ied o faee o
fogeti &1 oew gfvehr & 2

(i) Torega-geerta fafeeor &1 g =saaer =i, e o g © f fafesor o qan &0
T o O TR e €

(i) TXHTY] WaeH § Hafyd greifes 9oy, fSFe! e 98 4F ©F § &1 S 9ehi T
TS § gl SN o &R adlfd B 2l (TS 2.4)

*fergErd gt doiias @99 €, St Zged & ‘afd & feEl’ woenia g1 98 Tge aegel & ‘ufd & fem #l
Trgrdt 81

2.3.1 Toera-geanta fafetor st @ usfa

S Heqad (T 1870) 7 U Uee Al fuel oF = o fRaeti oiR e wR
R fagq den gawa &l o FEER i AT &l I8 98 goa e fh fagq smafim
S0 I oo @fd fra s €, @ Thia foR[ e guwE @ S e €, W fagq w
JIRE &F W (waves) %k ®Y H TANG B ¢, TR Taug-weEem @ steran
foe-<lemta fafewor wza 2

YehTe1 Tafentor &1 T ®9 €, fSEent St onf gd ¥ ® SR e e § SH! Uehid

o 9 H HHEE 1 R H T B qd B (FA) FHW H FHN (HERTE, corpuscles)
1 IA1 g3 AT S ol Shael 19 YAl H YehT¥T hi TXI-Uehid gfauifsd sl

TEell 9R Hedad A @ R TR 9 e o qen geshid AueR o Gefd et
g (foa 2.6), Fafd Sga-gas™ o &1 7fq # yHfa dfea et 8, dfrd 50 T 2l 59
= O W fo=m &




T 2.6 (oEq-gah19 @ & [agq ae1 Jasbiq &5 5wk 4 72k G -5, Aghd, Tfa a9 JEH a8 g,
f5g @ TF TR & ofaad aol § HI7 F 8

(i) I A ol g1 S foq den gashid &9 Tk W o @edd e ¢l 3
T T F RO w1 I & ot o g €| fogd-gesa W & T o &9 o
2.6 | fe@mn

(i) = STIEr STA-aN o fawia foRq-gaema T &l fhdl MeEm & STevashd Te!
et 3R 3 frafa o wfd X TRl €

(ii) 39 TE TA =S W TNfud & g1 € fF faga- gewia fafewor 2 wER w6
gt B, Tl @< W emg ww g § U B ?1 4 Tm Wiy e
fogd-<ohia Tagd oAt € (foe 2.7)1 Ween o fa=-fo=r & o fa=-faer - €)

FT ST 2 HeA-aMgfd (radiofre-quency) &1, (10° Hz & =), fmer ST
TORO W fRA Sl ®; geH W (microwave) &%, 102 Hz o emem), fSrweRt SwEm

R § foa ST ©; SRS (infrared) &5, (1013Hz & wmm) | forert ST WE &

H B & d WA (ultraviolet) &3, 1010 Hz % T, s T w1 fafron &1



9T B 21 e 1010 Hz & iR | & 1 WHRUEA €99 (visible) THRT HEd
Hadt IET 9% &7 T, fo T o <@ (Wgfad #R) Wehdl €, S5 &5 Sl TedrH
o Toru fouiy YR o 95 1 STavdshdl st

(iv) forpa-gawta fafeto 1 o o foau fafa= 9&R o6 a6l &1 3w fear S
21 37 fafeon &1 et (v ) den -3 (N ) gr =it fean s @1 e (v
) 1 S| UEE 2R B<d o AW W B2H § (Hzs~l)l SEeR 9N #1 SH HEM & wY
A uftenfyq foran sman @, < fordt fag @ fa debhe Tordl 21

T-A & EF AGE & OEE BF el 9MEd: $HH 919 Hi) (m) o B 21 i
foe-gasta fafem & 9 -3 #1 W et ¥ 39 fau B AEel 1 STavash
et ® om: fom 27 o fafum q@n-<=Af steran emgfaal @weft fo=-fa= weR W
forga-seehia fafewwl =1 feamn @ 2

frafa & 9t R o fagq-gawra fafwwo, =R 396 w34 2 ot 81, s gue T,

S 3.0 x 108 m s (2997925 x 108 m s~1) ¥ W@ TN W M H ww™ F A
(speed of light) &d € @R ¢ fog @ <wid €1 emgfa (v ) @-3=d (N ) an Jmw1 o
AT (c) = Frefafed T (2.5) 3R Hafud 3 o-

.||024 1|022 1|020 1|0|8 1|016 1914 1|012 .|10|U 196 106 1011 192 .100

v(Hz)

Ve ETU X-fawef | uv IR & W |FM

I I 1 T — T T | i I A(m)
10™ 10™ 10" 10" 1wajilgi" 10*  10* 10 10° 10°  10° 10°

400 500

600 700 750
e A, (FAH)



forg 2.7 (%) (Fgq-gashia Al &1 @Wagy (@) 399 Tagq| © TFgq &7 T Diel 91 97 39987 gl &

c=V A e, (2.5)

T I T & fau T @ e, w-"en () &1 S e s ?) ufd st
o |, -4 1 WA I aA-HE&AT (wave number) HEd 8| TR WS qUI-oF oh

Ak 1 gehd 31Uiq m~1 el 2, oifehd 9ME: ¥ar 8H drell 35 om™ ! (S| A
) T

30T 2.3

siia sfean e (TReeft) =1 fafay vRdt RIE 1,368 KHz (TRl 8<S1) i g W
FHROT YAl © WERe (transmitter) §RI Scdtsd faga-geehia fafetor w1 wu-<=A

@ HIU I foR[-gaaa Waed o fFg &7 9 Fafg €2

T

W_%ai, /1. =£
[

el ¢ frafq o for@-gawa fafeor &1 a0 iR v e 21 fRu 7w Aml w6
Fieeenfd & W

= |®



_ 3.00x 10°ms™
1368 kHz

_ 3.00x 10°ms™
~ 1368 x10°s™
=219.3m

g e o &1 Afyenafie ar-3=d 2

3qTgXUT 2.4

T WFH o qUI-E 1 WE S (400 nm) ¥ A (750 nm) TF 21 3 qUI-S=AT
i AR (Hz) § Fehe ST (1nm = 1072 m)!

T

GOl 2.5 o SHR, ST RT3

e 3.00 x10°ms !
A 400 = 10%°m

=750 x 1014 Hz

A b1 hi A

3.00 x10°ms™
H0<10°m = 400 x 1014 Hz

C
==
A

99 TFH 1 WIE AE % w9 4.0 x 1014 @ 7.0 x 1014 Hz 7 21

30T 2.5

5800 A° T-<o ol el fafor w1 (%) dO-"En iR (@) Sgfa st ToE
HIfST|



TA
(F) T-F& (7 ) B A
L=5800A =5800 x 10° cm

=5800 x 107 m

l I

{f=—

A DRO0x10 Y

=1.724%10%m™!
=1.721%10% ¢m 1

(@) gfa (v) st oA

' e 3x10°ms™

V=—= e =5.172x10" s™!
A B800x107"m

2.3.2 Taea-veenta fafewtor @t ol yeRfa : wiies o1 aaied fagra

faad=*  (diffraction) TN SAMTRIT*  (interference) Sl F® WEANE dREeTet
faga-geta faftor &) ® yfa g0 g9 ST Gehdal ®, AfT F Uerl 1 194t
T o fifas fomm (S ‘uRufe difasl’ wEer @) & ferm-gesa fagia w5
weEd o ot aftrg et fepen S wemar 21

3 Jeror Frafafed &

(i) ™ fie o faferor &1 s (Hftorekt faferTor black body radiation) ;



(i) oTg T wag 9 fafeor o < W saragHl &1 e (YrT-fogg avme) ;

(iii) 3 ° AYHE o W o ®9 H SSenRar w1 gied;

(iv) Taeioe oM o T3y H wHme ¥ 3@ MU @ wWaeA|

I A < orelt o1 € TR W 1900 W HeRd wiish gRI W U hitureht foeRtor whi whig
38 e %1 T ug Frefafed -

so fret o ugred w1 WA fea S ®, 99 Su9 foid W 9 qir-ost o fafe
ST Bid 1SS & Ty we Rt iR % B ol 9edl § WA H ©, q6 THR
U8 B! el Bl B1 S-S dId §edl Sl €, 99-99 o8 3Afueh ot e S g1 St
T SR TWH fwan @ €, 99 39 frerer el fafeior w1 W1 gt @ S @ @ik 5" a

SEd Afueh Bl €, 99 F8 Jien e Sl 21 gHeh &1 € T A # iy % we-wy s
S faferror =) emgfa f o S=a ol Sl @1 foea- goeE Weed W ol 1 %A
gfa et @R Hien @ eAfus omgf ot &9 H Tl ?1 TH U@ oeyl fie S e R
1 g o fafeton 1 ScafSa qen srawnfia =dr 8, ST (black body) e 38 fie
¥ s faferor &1 wfwren fafeor wed 21 Ffom o safsa fafeo w1 gend
(exact) gl forwor (emgfa 3R <fioran o o= fafewor &1 em@) SEeh a9 W FeR
21 U T qOHA W, Scafea fafetor w1 derd au-osd % %W 8 % WY d98dl §1 I8
T -4 W Ay 2dt 8, ST 9% -4 o IR Y eF R g9 TS ¥E Bl
2, o fa=r 2.8 ® f@mn o 2l

TR oF T THEId oF YR W IUad GRUMHl i HdlTseh S T8l i S Fehdll
Yo il o 3ok Tl W foh ATy iR o1v] oheel fafaem (discrete) ABNST o Sl
SEfd (A1 YaWfid) #d €, 7 T oFeRd &9 H, S Ygdd HEAT Sl el fagd-gaet
fafeRor & ®9 & Sl &1 59 <Fa9 9 H @S (A1 SE) Bl €, SH Wik gN
FEH (quantum) 9 TS =M fafwtor o T Faeq &i Sei (E) SUH! oG (V) &
T Bt ©1 36 GHieor (2.6) g oFek feRal S @-




ol aTHT % Y T % §SH %I foadT #ed 8l
** g gHA g drclt 31 @ oY Tw UG @ ]dl €, fogerr e § geie @5 W faet, geds T & 39 &g
W fFeity @1 SSordta 91 |9 A glar 81 G w1 39 FhR T G Al HEAr &

T>T,

|
1000 2000 3000

5 - (am)

forT 2.8 WI-3 digar qay



o wlich
(1858-1947)

o ik W S difqent At 91 S ' 1879 W wfra favafoemea @ dgifas difdst & doe w5
Sufy Tew &1 o ¥ 1888 # afew fovafommem & sfe=sge @t ferifesa fwfasm (Institute of
theoretical Physics) # frRees fgsa few w1 37eF @ fku U sfen fagia & fau 3= @ 1918 #
ifdet § Aoel R ¥ gt fRE TN SR SRl SR difdeRl o e @i § oft el AR
T

SAIfhal TEerish, h, i wiieh Tieier gl ST € IR SEehl WM 6.626x107°F Js &l
2l

39 95 & T ER, Wi Hiwres ¥ fafv= adi | I@fsa fafeeor o diear-faator =t
g 1eren q-<=d oF %o oh ®9 § oA Y Uehl

LEINRECGRRIC]

T 1887 H TH. ed A Uk wgd & o= wam fFan, fed g aget (SH- qiefir,
weifea, Hifaw, TE) i Hae W SUFH g aren b9l e TS| fot 2.9 9
fe@mn w7, s fhed €1 39 UfEeT +i WeRter faE waE #ed 1 ™ WA 9
I IROMH T YER -

(i) 91d H Hde ¥ YRGS & THAd & SH Hag U Solae fhord €, tufq oig a6

e W Soag TTShTed o1 9ag W YhRIYS oh 2hiA oh o9 Hhig THI-3ad (time

lag) T&l gl



(i) TTohTied gl 1 H&A YehTeT w1 digal o SHMEIE! Bl 2|
EEAd

F{ﬁiﬁ gTq T

<
ﬁﬂa¢ k\ _/

=
e

fard 2.9 JHTT foglq-991d & 78797 & [o7¢ 3TV T [4alq & H T 4 &1 9% Gag W T [=d Sghd

aTett YA BT 0T St 1 e @ selaei Meniad gid 81 9w "gEe R (i S €, S Skt faet S @1

9T FAT &

(i) Tk urg o fou ek eifwenefieR =fam ergfa et @, N9 dweht emgf
(threshold frequency) ed € 3iR @ %u gt W yeh-fagd v9e i@ =&t e
BV >V ) omafd R ki soee@l &1 5 oS S g 71 as el 9ge

TehTST 1 SR o &g+ o WY Sedl 2l

ST HR UROTHl ) AN YRAfe Wifde! o FEEl o SHN WO TE i ST Wkl S
i o5 STHER, YR HI RO HT Sl w1 AN YR w1 g | AR w21 T
yeg] |, Fremifad Soieeiql o G 3R STH Gt TS Sl i SAeAl YehIel i dlerd
T H1 S Hehdl g1 FEfa TH <@ T ¢ TR frenifaa seleel i W@ YRl i diedl W
e et ©, Afehe 39 SRl 1 TS Sett i W R e S @1 See o fag,

TR % THS W AR R ot daar w1 o 1w TR [V = (4.3 § 4.6) x 1014 Hz]
%% T q% SN WY, @ ot HE qHRER soaeHl w1 freRed @ g €, Wy s @




Wt T FT FH NI HT YFW V =51 T 5.2 x 1014 Hz wfmw W een W €,
YerTel-forgd, wora fearg 2ar §1 WeRem g & g 2welt smafa (V)= 5.0x1014 Hz 21

fogq-gasa fafeor & wie o e f8gd &1 ST & gY AERME  (1905)

TR 9ee Rl HeH H 9%A U

acae et

(1879-1955)

SR A U9 gu et el SeifTR otesd oMEWIA fava o 1 HeM wifqet dwifehl § 9@ U WM WM 2l
(SR I &k =2 )| T 1905 H, 59 F o H Th fo@ e ey H qhAiwl Gersw o, a9 faew
TR TAA, S T R FhE-fogd ¥9a W BY ST 9 WE-T A AifqeRt o fGmE w1 wgd gafad fwan
I% T 1921 ¥ WhRI-fagd Y9G 1 oA o foq difdent § Aed R o geid fmar

Y1 1 T8 W YhRT ISl oh THTA I HUN (HleH) oh ST 1 THAA FHA S Fhal
21 o IS TATE ol ol B U1 o WAV o Sl W THACT ®, d 98 Soiaeid i
TEY] Y A ael R @ R WA BT et foat stfuss Bl Sad & Sel 9%
TS 1 M SR i goreR i Tfae Seit sat € eI @Rl T vl #,
frepifaa soae &t wfast St fagg-gasia fafeor #1 smafa o waEad grf <fw
THT A WA KT S hy 7 SR Solaeq w1 Feeifad w0 & fau stevas A
Bl




hvg (58 FE®E, Wy st F8d B) o1 | R (hv — hvg) FlERTRA &I Tas S o
TYAIARE & S &1 Sl % W& (conservation of energy) @ 8 &1 STERUT i gU

[

FTShTTd Selerei 1 TIfdsT Ssll GHIRTOT 2.7 g & STl 2

]
hw o hv, « —m v
2

N
-

......................................... (2.7)

SEl $H SieR 1 SeAHM © 3R V TEeR! o B ofd W, 3ffuh digan ol WehreT § wrerl

w1 W At Bl SR uRumeeey fepfaa seeeHl i wen o 39 WA @ qor °
sAfern gt foad w1 digdr o g 1 SwE R T 2

faera-saena faferor &1 ga SRR

NN 9

GeRTST 1 0T THH Wehid o oiiiehl o TEH STEHSE i feufd 97 & <1 T @
3O PRt fafeor ok yamer-fagd 99@ #1 Gduse AR &1, Wd SH0 W I8
TR i W 59 Haer, e foeda, safasmor anfe uftseet «1 =men &1 w1 gt
off, oF WY JfaETd & ol 9 A i T HA I Th &l SUF o Th I8 AW forn
ST YR oF HU SR WA IHI WY O e & eiq Wl 1 54 AR el T
YA oh YR W BW UM ® TR WeRIST 9 A1 U oh GHM IOER Hl ¢ 6 %7
Trer faferor &1 o= fopan Bl ©, 99 I8 HU1 S8 U1 YRR AT ?1 S fafewor @6
TR0 Bl ®, 99 FE a0 S U (SAfqeRr AR foerda) quiar 71 gew i fafewwor =
yafed ¥ 1 3@ U I8 Fhoddl UHH A5 offl T Sl TH WIHR HH H HIHI
GO S S ST S W, F YW hUl (SE-3eiae) ff TRl ol 5 U8R U]
¥ e €

ARUM 2.2 FD a1gsli & U wE®wE o 4



W, /eV 2.42 2.3 2.25 BT 4.8 4.3

30T 2.6

5x10!4 Hz 3 aret fafehtor o Tk Hidd T i Sell i TOHT SHifT

T

T T &1 el () Frefafeaa geieo g < S 8-
E =hv

h=6.626x10"34Js

v=5x1014 s~ (fean )

E = (6.626 x10734 J s) x (5 x1014 s~ 1)

=3.313x10"19

T A I 1 Sl

= (3.313 x10~ 19 J) x (6.022 x 1023 mo™1)
= 199.51 kJ mol™"

30T 2.7

100 i 1 Tk dod 400 nm el qE-54 T THO Y19 Scafid hidl gl dod



R 9fq Hohs IS HISHl bl & i AT HifSa|

T

aosl i fagq-wife = 100 &fe =100 Js~*
Teh Wi &t sl = E = hv = he/A

6.626x10™ J sx3x10° m s
400x10°m

=4.969x10"J

SAfSTd Wil i &

100J s

Toeo.1gPg ~2-012x107s
- x

3qTgX0T 2.8

SE 300 nm qI-o=d 1 fafeor Hifeqw uq F1 WA W TR ©, @ 1.68 x10°

mol~1Tfas ol aTel ToeRA SfSd B0 §1 Wifedw & Toie o e o fog

w9 9 FH fFad Sl AEwIE BEM? fRE UHINIE sAaR[ oh IS o fau
ferehay aT-<5d s B

T

300 nm HIEH #T Sl (E) 39 YHR & S ©-

‘hv=he/2
_6.626x10* Jsx3.0x10°m s™
300x10°m




=6.626 x 10719 J

Teh HIA Bl i Sl

=6.626 x10~19 J x 6.022 x1023 mol~]
=3.99 x 10° J mol~!

Tifean § TH Aot seiaeHl o fThA % T eTawas =Aad St

= (3.99 -1.68) 102 J moi~?

=2.31 %102 J mol~"

T Soided o AU STavash =JAad Sl

_ 2.31x10°d mol™!
6.022 x10* electrons mol™
=3.84x10"%J

3HH! G -4 T YN BIMl-

. hc
A= —
E

~ 6.626 x 10 Iax30x10ma’

3.84x10"°J
=517nm (I8 B T o Y19 § Gafed 1)

3M&UT 2.9

ferdl o1g 1 <@ell aER vy, 7.0 x1014 571 B AR v =1.0 x101° 51 ety ww©n
fafertor &g 1 Tde W THAA €, q ScareTd Seleia i TSt Soll 1 TOFT HIToTy|




T

ML o FHIHIU oF AR TSt el

=1 mev2=h(v -VvQ)

= (6.626 x10734 J s)

(1.0x 1019 =1 7.0 x1014 s~ 1)

= (6.626 x10734 J 5)

(10.0 x1014s~1 7.0 x1014 s~1)

= (6.626 x10734 J 5) x (3.0 x10™4 s~ 1)

=1.988 x10~19 4

2.3.3 Faifed* THaEeh Sl Wl o Taw YareT : uRuTivees Weet

TR HT A IE AeAY H YR W AR F @ 8 9 ToRdt ?1 Uw weAm 9 @
qh SH W YeRTel 1 FRY0T 31O Hol U W Hg Wl © S1eel STafdd (refract) € Wl B

fsn # @ ghe YR H1 TR0 H ORA W g8 <@ T wH awn-<sd a @ oA
- A T H g | iy gk Wl €, Hifer WHR qhs gher B 39 W o
el -l arelt A el €1 WhE WehTel i feRtor A ufEEl i UhgEen § ther Wl
2, TS ®We=H (spectrum) HEd g1 o W, el wn-3=d wad eifues &t ®, o
foraem Tod F9 IR T w9 WI-I54 It S 31 w1 foeen ged stfue i ®1 9

T F TN, S EH @ S §, o SaeH @ T 7.50 x101tHz % T 61 9 o 4

x101%Hz & o U1 9% T 81 TH WeeH FI Tad TEH (continuous spectrum) FET o
qad SEfT, Fifer ST OT il W S e @ ' W1 o fHerd ?1 e Ol oh Wiy o




T € el B S SMeRIT W OSEHAY ol §, a9 o UEn € ey fim <ar ?1 9% ey
o gva W feR[-gesia fafewm &1 & wgd s 9m e @ (fa 2.7)1 &
fog-gaara fafewor s & @Y == fFa e €, O W] SR STy 3H Sl o
ORI Y Tohd € Wd S ol WR R UET WA | I Fofl W W F YR sreren
T B B A T HH Sl Al A Tl derey sreeen # offed ¥, 9 9 fagd-gesia
ey o fafu= &si o fafertor Scafsa & €

* ol U o g fafaeRd ( @uaaEs ) AEl @ glaay @ FEieo FEd 8

S qYT TAYNYUT WereT

forel werel © Sl STERNTUl oF WIE ScHfod ARl 1 WeRed ‘ScdsH W’ hEd B
AT 9] A1 A fAfRor & SEvivr WS B S &1 Scdeid WeaeH Y| S o
for foret wfaeel o ™H w rgen Al wxeh S @ ot € SR oW wiawe
e ot i Fehifad e €, af Scafa fafeo & wu-<sd (A i) ot e
T foran s 2

AU e IS W & BIAWHE fifed w1 @@ Bl ©1 Sa Uh Gad (eI
1 Wiagel W Ten @ g, @ o7 fafeor w o -3 @1 erEsive 91 odl g1 KA
SN SR fafeRor 1 §d @ -3 IHeie Tad Weed § el I H @t &
&9 | YR e 2

S AT SO TeH o LI hi TSRITHAl (spectroscopy) HEd &1 Sl HU Sl
T ®, T3 WY 1 TEEH Wad il ®, FEih SUH Y9 YRl i ol § ST aeh gt
T-oed Sufterd Bl €1 3Eeh fawlid T orerwen W WHIST 1 ScaSd TegH o 9
T WI-3=A H gaq ®9 ¥ VR A B €, Vg SS9 had fowe w®a-<eA aren
GhTSl Scafs eian 7, fer e o el H wd € UH WeEd ol 3@ W e
AU S WaEH Fed €, i Scaior fafehio Tegd o wwehicll W@t & &9 o yii
g © (o 2.10)1




frew =
(%) Sfed I
Tfrest aadl g¢ -3

Tt & Tt

ferT 2.10 (%) WAIUET ISl : BIsgieT WATTeT (1 fhdl SiR o) @ SHieid Fiaqyl gR1 ScafSId FeT9 &1 T

e @ TR (e @n-3= &1 @it § gus e S @1 o7 Seqed WAz, S g ai-qsal #1 GImEE
= gl &, &1 ‘@ Wagn’ &el 5l € el Afea SR % Ylagel § agd i wem § war) gld g1 gt
*IE T WA (RG] Th GHT W T & SHieid e § g Gohdl €, fohg WAS & gqE @ 9Hl gwa swfd

T Bl €, 59 4 A 75 Soi-%R’ W S €, @ Scaford gl | WaeH qre gl 8l

(@) THIUENT HEINTT: 5Td T3 JHIT HI S7aferd gsgiord war] & fadt d@nfes (slit) ik e s @ o
S 8, a gt ghe § o wr-asat (S fam 2.10 F o Seaferd g8 off) &7 digar &1 1w g St @1 98 9gfed
wag o U Y@ ey B 8 SR Scgsd Wagq # BIeretd ffed glar &

SRk GOl o TAE § {W-Scdsid TIeRH 1 {99l Hewd Bl 1 Yo dwd Wl
AU TH oY T@-ScasH WeH Bl @1 qEEteh favelmul W qH] weed Wi
Ffyeneriones @l ST WHTS Sl UEEEA o foy IE YRR SUEM § o Sl €, fw
YRR Sferl & Fe Wl % Tewre % faw STEn A o Wi €1 A avd @
AU oh SIS TaeH i @isl w1 dured e o9 ufasel & t@met § aw@ @l
TEAH o AT Yad T8 (1811 - 1899) = Tayem o




weifead (Rb), Hifs@d (Cs), dfer@d (1), sfea™ (In), e (Ga), 3R Whfeaw (Sc) afe
Tl *1 @S 9 gg oft, Sa ITeh @S w1 Saed! favewo fean wen oem g o Sfeem
(He) a<a @i 3uferfa off Tiaedt fafy g/ 3 &t 8 off

TSI Rl 1ET WeeH

v gEeeH 19§ faga fage yerfeq fran smar €, q9 Hy o19] T gieRt S=a Sl
oS BTESISH WA 24§, S ffes snagfe aren faga-gawra fafewmn sl @ 2
RIS TWeeH § W@l %1 %E S Bt €, = Seh offashRehl o A9 @ ST S
gl IR 7 U 1885 W AN Well oh MUR W WA T Ay wegdt t@net i

TG () o ®UH H e foman SQ, @ ST WaH i TYI-4F i @Sl
forfafaa g1 g <itan s Hehar &

N (1. 13 ..

12?2
el n U QUi 2, foreRt W 3 a1 3 ¥ wfusk B @, Sieiq n=3,4,5.. 2

9 g g At et &1 ‘e S’ (Balmer series) el ST € TG TagH H
chal TET At 1 Y@ fagd-geeid Ween % 9 & H Uw et @) Wied o Th
Wl At SErd fgat 4 waen e e weed % @l StEl # @
frfafed g g/ <iE ST Fehdt 2

-

I 1

. ol triri _
v |09 67T l 7

—_
b

! _
| em -

Fl

]

[

\_rlﬁn1=1,2 ........ %ﬁ'{n2=n1+1,n1 +2.....

109,677 cm™1 & AW ! BEGeH w1 Rgst feeri (Rydberg constant) #ed € ng =1,2,



3, 4 AR 5 et Y@ % uE SfvE s FlTEﬁ:l (Lyman), 9™ (Balmer), YRM
(Pashen), siohe (Bracket) T¢I € (Fund) STl sheerdl Bl

arolt 2.3 W TEGNH Wagd &1 3 A ke v € o 211 W eEgeE WA 5
AEHA, AR 3R ureH S o SehEol e fewren T R

HRUT 2,3 UTATY] BTSN ohl TWeEHT 1@l

Uit n, n, Wedr &7
GIELE| 1 g a T
AT 2 % L T4

LN 3 4,5.... e
EET 4 5.6.... ESCICH|

He 5 BT S EEC|

BRSO 1 W@l Teagd Gt qwdl oF @ WeH %1 o H Ged Wd g gl W
TR hT T WegH fusk wfed g1 ®, Wg 9eft W WegAl % Fw @ THE g
g1 G- (i) T a1 @ Ty R YR w1 Bl B (i) T qwd oh @l SeeH
¥ frafidar gt 21

379 9% U 331 ¢ TR Tk 9 T AN K1 FA FRUT B Hehdl ©2 F IR HaY
awal oh TS Wi Soieeieh Tl @ Bl €7 T YR oh YAl oh I Wl Sed @
B9 AWM <@ foh 31 U o 3T 9 BH 3 qwl o WAV i Soieeieh WAl ol
e | gfaun gl




EEEEEEEEer e e nze
n=5
* a‘zvﬁcaqr;;a?
Yy o n=3
R A0 (5YE)
Y.y n=2
EREE
B
drgia il (aaED)
‘Y'T‘ n:"|

ferT 2.11 @IEgoT WA H geideid @& GHAVI (T8l GHHT i AFH, G SR G A @ w8l

2.4 EISSISH U] o T 9 Aise

BRSNS TATY] i AL T Sk TUaH oF | AU i T8cll HEcHe ATl e
IR 7 ¥ 1913 ¥ & I Ig fgia sy Feen Afht T&1 o1, qenfy wEr] S




ql TR H HE ol ] dhETd Y W GHSM H THR! IUAN fHA S EWehal g1 € H
Hea frefafea sifEal | e 2-

AT &Y
( 1885-1962)

e Aifqert ome fidt R 7 9 1911 ® wioeT favafaaem ¥ dieadl # Sufy w0 & Suh 9% S
WS AEE AR SR WIS % WY Th a9 faqEn 9 1913 | o Ui olie, el o Seadd ©1 T8t 1920
T sfeee &% ferrfera fRfed o feee aF) Yo fovags o @K 9 o TWAY] el oh wfaqel STArT oh
e ScaRgds® #E fRaT 3= T 1957 H TSGR fod wHaHe TEE U gaml 9 1922 H SR & difqwt ¥ Aed
TR gEIa feRan

(i) TESISH WA § e, e o o)l W Ffyea B o oo ool gaeeR
H ¥W Rl 21 T IR Ul T TH Fal A RN ST A AT ol TR FEd &
I ey AR o IR AR Goheld ®Y § Fafied Bt 8

(i) e H Soiee i ol WHI o WY e uRaidd Bl ©, qUmy g geled
T TR W 39 W W W q9 ST, 59 98 STavdsh Soll bl STSRNUT ST 37qan
S o Sed TR TR 9 T TR W 3 o 95 Seil &1 Scdo g (FHIH
2.16) | Soli-ufied Taq aleh ¥ & B 2l

wHiuiE Haw



58 ¥R s=mE (M) iR faw 97 (V) &1 UERa fas Ho e, SH YwR i gam (angular
momentum) Sew@ Ul (1) R SivfiE 9 (W ) F PEEA G S Mg FEEH 99 seaeE & faw, S
Aifes o =R @R (r) B 1 gEeR wel ¥ IH @ R

Hid Ho = | X w
FifF | = mgr? sk w = v/r s v e am 2

;0 Fam = mgr? x v/r = mgvr

(i) AFf oF TR Al I TR STaEAsti oF WhHU o §HI STaviud Siedl Icdfd

~

ii
fo

fReoT & fefafea 9 & fear s gear &=

,_AE _E,-E

> o — (2.10)

SEl Eq q91 Ep H3l: T iR S=u orqwd ol raeemd &1 38 WHIo &l dR
e 1 e wer S R

(iv) T Soiaeid 1 Hivig Hofl <t g5 TR [aeen H 39 WHIHIU o §R M S
Fehdl ©-

nh
mvr=- N=1,2,3. . i, (2.11)

B

3d: T SO ohadl S=1 Hell H YA Fohal €, fo9 FIvfa HAT HT 9 h/2m w1 qOIH
ok BN € RO ® TR e fived wer € orqHa e 81 9 Rl T sewensii whi
Setietl o oo & fama o € 7 forga SR wIET wfedt @1 ord: SH STl i shened

H gHem S| 9R fagid o STIER TReH WA o foru-

(%) TR o T Tl stemenstt 1 n=1,23.. % GR e fHa T 21 T Uil



1 YA FaleH W@ (principal quantum number) H8 ST © (W€ 2.6.2) |

(@) Tl gt o1 Beaet & fefated ©9 § Tei¥E foren s o

Sl a () = 52.9 pm TH YHR Tgel TR orawen, € ‘AR wen’ wel W €, & e

52.9 pm Bl 81 HERUA BEGST TH] H Seleiq S6 Hel (n=1) § 9@ S €l n o
ST o W r H AH Sl ¢l T ISR H, TR Afae ¥ R Sufted g 2

(1) ST U Hefed G mewqul U T eTaeen & Sl 21 39 frefafed g3 gr
fean S 2-

1

E, :_RH[FJ TR N = 1,230 e (2.13)

Sef Ry &1 g feemish, (Rydberg constant) Fe&d &1 36 A 2.18 x 10718y = 21
fretan sraen, TS0 ‘dered 31E®en’ (ground state) Wt FEd T, I Sl

1
El =218 x10718 (12 )= 218 x10718 § @1 n=2 =il ol e o faw s E, =
218 x 10718) (2 )= —0.545 x 10718 . FEH fom 241 F TESR AW w1 fafe=
Tl eraeetl H SR i ool i fR@rEn W €1 TEeh! ‘Sell ®R SR@’ el Sl
2l

W TS AYE o U @ G B €, 99 Solt 1 9 I faan S 21w feafa
ST &1 GEA1 n = = ! R g 9 Gafud g © a1 Mt EEgie ueaTy
FEAM 3| W TAHHA MR G AR eIaT § e N hem H U BT €, q9 Foit
1 IcHS Bl € SR THHRT el (7 8l Wt @1 Wi (2.13) | kol fag g R
eIl © SR THR! YA Fofl i G SFORY AN n = o GaY W gHeh T i gl



TESISH UTHIY] & U HuTeres getaeiten St (E,,) = @ otdf 27

TIESISH THI] H B GHA Hel H el o 6H H kv fug e @ (weor 2.13) 1 7 o fag @ w22
@ ®O fog &1 o g% ¥ fF W) ¥ Teiee # el feR sRen ¥ o Teeed @ w9 ?1 fer (rest)
e H T el g8 Seld Bl €, S AW § oFd 0 W Bl SHeh! Sl ol Y WH foren s 21 i
o guent @1ed 7€ ® fop Wl (2.13) ® N = o W@ Wi, f5ed Eco= 0 Wi erar @1 S| € Selee i o
I A B (SE- N ouear €), 99 & En w1 fRue 7e aga S @ iR 4w eI Shunedsh gl S @1 SE N
=1 @, @ S &1 AH o Ak HOMHF o1 € IR I wel Gad s el B ¥ '9 3@ dome
fereen’ Fed 2l

(9) TGS W] H IR Th Solae o HHM, 39 A, f59H shaat T seiae

B €, W ot IR o fagia &1 an] fRar S Gehar 71 Sseoned- He Li2t, Be3t g3l
T YHR o AP (TGS o N TS ®ednd §) § Herdd e sreeet &
St frefefaa g grr < <1 Tehdt ® -

2
E,=-2.18x107" [Z—JJ ............... (2.14)
n )

LY

e &1 Frefafaa T R & S -

Sl Z T G 21 gfaam i ofiform wames o forT sHen | wHe: 2 3R 3 R

SWiek TRl | 7e fafed & o Z o ag+ o WY Sl o A SifUeh HOTcH B Sl

g

den o 1 B S ?1 heht ot gg ® T gl iR 9@ Sedrqdes e giar @l



(&) 31 wemsti W Tfd #d g AR o AT i M wen o Huw €, Jefu gHeh
faq weh Wt TRt @'l @l f&an e ®1 oenss &9 @ Y W AR o 9SG o
WY TAFA T O dGd © AU G FAICH G o WG+ o Y I Tl 2

2.4.1 EBSISA o I@T WaEH hi AT

IR o Ted 1 IUEN Fih W€ 2.3.3 W WA T RSN AN & @l THRHA
IR AHHF €9 H &1 o ehdl =1 9R o EQ (i) & FER, 9 9 =9 g
FCH &N+ Hell | T wH W fafwtor () w1 sraEwiuer g ®, St fafeo
(SSll) T IS TR o S=d U TS e 1 SN Soiee 1 THA i W Bl 2l QA
wHestl o o= o Sl o R HI 3T GHIHW gRI & S G B

AE=Ef—Ej oo, (2.16)

(
THIFTOT 2,13 SR 2.16 H St W ﬂE:;—IJ:—E =
ARfT IR Sifam Hem w1 WRRE w1 ¥) R

(1
i 2
1

i 1 1 !
18 |
=2.18x10"*J| = - — |

AE=R
" L2 12 o (2.17)

| — —

Lkn

THIRIUT (2.18) T START Hhich T oh STARNYU qo1 Scdeid o Hafed Tgra (v) ol

qedtieh fehan S |ehal 21

 AE RH(I 1
y=——=——] ———
h hin? n?

p"

~2.18x107%J [i_i
- 6.626x10*Js|\n’ n}



1 R'H' ||.l ] ] \||

1r:— — . e—

¢ hein? n?) (2.20)

N 3.29x10”’s'1[ ¢ i ]

3x10°ms™ \n® nj
: 3
= 1.09677x107 [ -1 |m
o « i T (2.21)

SFFTNOT Tagd | ne>nj 3R wigsh § T AT FATHAS Bt © AT Sl k1 SISOl
eIl B T SR Se@eid Wed H nj > np BT €, AE RUMCHS eIl © qe Sl g eidl
2|

TR 2,17 et wHfientor 2.9 o S&1 €, 59 S ¥Hg W Iuas TR Slesl g
T fhan T A1l TEeR STAET BESSH UXHI] oF STARIYUl qOl Scdsi iaeH H Yk
et Wl Tk a9 WhHU % WA Bl @1 b eEgier WA o e stemdd o
%% G GHAV @ S Gehd B 3R ST he WA W@ U Bl 2| ferdt weet @
I digal 3 ad W R wt @ fh uw wee aw-<sd @ e ol fehad e
FeSif o1 Scafsa B 2

3TEXUT 2.10

TIESISH WA § n=5 TEEq H n=2 3 alel HhU o QA ScarsTd I hi



e 3R qar-a=d @ ghit?

‘T

Hifeh nj =5 3R ng =2,

3d: 39 GHAY G IR S0 W T SR W@ g Bl el

THFHWT (2.17) |

AE =2.18 x 14[::"*‘1LI[.5—12 L zlﬂ}

=-458x10"%J
JE IS ST 2

®IH w1 MG (ST ! URATT o 9 F od §U) IH GhR < ST Gehall 2-

AE

ee—

h

_ 4.58x107%J
~ 6.626x10* Js

=6.91x1014 Hz

.l o 3.0x10°ms™
v 6.91x10'"*Hz

3310 2.11

= 434 nm

He® &1 Yo el § Geftd o1 s T0MAN SHiTSUl 3R aqeu o 39 e o1 e
F BFM?



_(2.18x10™"g)Z*

= —
n n® atom

1

Het o fau, n=1,z=2

2.18 - 10 7 J1(27) .
E -——l e J) 'l——R_T"}‘f-x]()‘“(]

R 2.15 § el i e € S 2

. _ (0.0529 nm)n®
" 7

Hfeh n=1 3R z=2

e (0.0529 nm)1*

. D) =0.02645 nm

2.4.2 9 ATSS ht T

Y HIE HlE T fh EESS T T OR Hisd WIhIE o AW g Hied 9 sed ol
EIZSISH AT G SEeh S 3 3l (Si9- Het, Li2t, Be3t zani®) oF Y@ weed 3R
I 1 AT HT Fohdl o, Afchd IR H1 Hied HATarEa fOgstl &t samen @i a3

HehTl

(i) IR TIaH! TRl G I BEgiSH WagH H §&H WAl ©gh (doublet), 31

T9-uY feg < W@, +1 e w3 4 fawd Wi ag Aed gEgeH o Tl 3
THST oF WagH &I A & | 39HY Wl 3]0 o fag, gifeam qwm], e



hael T SR BId B, 9N W1 THgid geshid e o weed t@nst o faued (S
guE) a1 forpq &= &t Iufkfa # weeH @nstl & faued (WReh-ueE) & R e
o ot fawa @il

(i) 37d H, I8 WAV & qEES TEHl G AU SM HI ANl DI AT @l B
RsEaf

T I H, SR 9l et # oA H @d g Uh Ut fagia 1 emavesar ®, S
Sifed TRHATI[ST T Ol o & AT i AT Y Hon|

2.5 UTHTU] oF 1 AR HISeT sl 3TN

IR Higd wt Al i AH H Wd gL WA o fou e Suge IR WiHme Hisd
& fawm & G fHT TU) 39 YHR & diga & i § {99 < gewgel qea @ sifue
e e, o Tt 8

(F) A F1 od FIER

(@) BIEsHert o1 AMf=dar =1 fagra




(1892 - 1987)

wiEE difts omfE qF 2 et 7 ' 1910 % 3E § EeE ®RX W ke 9el Yo favaus % aNH
fed-wan & foau 3t ffe g8l U ok foam & ufd Skt ¥f9 S & T 9 1924 ¥ 3= ufe
fovaforme & Stug-d. &1 3wy ww &1 w9 1932 9 oo s Wi § 9 1962 9% 9 uRE
fovafaamea & smed ®I

T 1929 # = ifqert ® Feel R YSH HY o FEAG foRan @

2.5.1 G T gd HAEN

HIEE fifqer ater sl 3 G 1924 § wiauited fmen fon fafeator #1 @e sou o
£ IR Yefi T =feu, Stufd 59 § 01 qe - < dwE % O BN =IEul SEen
s 9% © for 59 @ WM &1 Gom Te qT-<¢d Bid ©, S 9l SoieRid w1 i e
AR qUT-ed g =ifeu) Sl 3 39 deh o SMYR W fRE el o 01 o fow qu-ed

(/) T "W (p) ok &= Frefafead dey -

I h
L I — (2.22)

Sl M FO w1 FAEH, v SHHT AT AR p STHT G 21 T siivelt o 37 fouwl w1 gfe
T N 9 g2, S U8 <@l T ok Seiel oF S w1 faede Bl €, S aw sl weq
21 39 TUgid & NUR W geiee Yeusell i Tl i T, S Sele [l o adl S SHeer
W S YhR Ui ®, 9 YR MmO gedcefl ol TE WISl w1 AT Uehfd W
i B ey At S § goleei gedsEll U WEwgul SUSU ®, Fifw
9 fRe aifagen o%g 1 150 @@ T[T SieT Hieh @M S Hehel T

Ig oM 31 A o @ fF 2 siel % oguR Yo Tfaviicl o%g § T & el e 2l
TR0 &gl 1 feh SO B o RO S99 Gefdd a-<ed gal e g € fe
ST T Y TON KT UG TE I W, WG ARMA IR S STTRAE HON, TSR




THTE Igd HH T ¢, U Hefud wI-2eA B FE R TeEr S 21 weE § fRu M
Tiom 8 s ' 9 fag s €







2.5.2 gIESerl Rt TfAfyeraar fagia

g R fafrto & Tel FRR & Hora®y Tk SHT Hifdes aeifTh g gEsHa 3 6

1927 ® srffyeraar ot fagia Ko sueh R, Tl soee =1 @l fofq o =&
A 1 TR0 T WY w STEET 7

| ﬂxxﬂ[mvx]?_-"% A AXx AV, = e
el Ax o1 Y feufa o srffveaar siR Apy (Apy) GO (3t aT) H srfefudar B1 gHeh
IR, fre sl &1 wendd frofq oiR @end a1 faufor & Wi wn erEVE @)
R = H, % s # faopd e feufd 9@ ® (Ax FH ®), 99 3o % a1 H
AT (Avy ) 3o BT T E, 9% o &1 97 faoiha T&l I € (Avy F8
?) @ solR w1 feafa (ax @tfuer) @@ T enftl 39 YR Afg soiee i feufd stemn
9 W T Wifdes A9 fow s, qf SHeh YUY eI e ST & Wiw 8| Sty
fagid # T% SN o GR Fgd =Sl e TS <1 Geohdl ¢ WA ofifee fF HieX o
fret ofafed oM 9 fordt &P &1 AR W & fau oo wEl Sl 21 99 U
qiome WE) T8l M RIS i AR Rl HEl-WEl HIUH o AW STkl AT i HiER 9
FH THE ot fafgd STHOT T STAR HAT B T TR s &t fegfa &1 fuifa
T o folu 39! Teh U@ Y9 w1 STewdehdl B, TSEeh e geioe i famed 9
B "Rl | Bl Seiae @i feafd 9 & o foau g6 36yt a1 forpa-gasia fafeo
SR TS A B YIS YISl ki -S54, Selaela w1 femiell @ +m B wifew, wy

TH Y o IS hi el agd Ak STl T TR 1 Iod da [P=%] et
B TR W THUT W TR ol 4 e e 3m e 39 gfwa 9 89 solae
w1 feafq a1 S-Sl Fuia & <7, WG <hA F Ulhan oF I¥9Tq TH STk o oh R
" 9gd A TS ghf




Affyeaar fagia =1 e

TESeT o e w1 tw Tewt ffeaed ww € R uw faw ffvem wnt @
T&Y UY (trajectories) o ATKqd &1 Ged widl 21 fhe fig @1 v&w vy fa=-fa=r o
W 3Tl feufa wd o @ fruif e wman ?1 afs W fed faviw o w ww fie
feufd wd a7 a1 SH W W g0 1 R W@ T@l w1 WS B, A TE o Gohd @ TR
9 o frdt o § U %l W B e g9 U8 ek e € o fee fig =1
feafa wd 9 o SR geg-vy fAfved = S @1 9fF soee S R ste-wETEE
fie o fau & W 39! Rufd ©d o &1 FuRer et sor Jenedar o et aifea &3
e Hee &l ¢ SEfCT Tele o GEY-UY o 9R H Wi il §9g TE el

g eiffyeadr fagia &1 yue shaw e i &1 7fa o fog ?; e fiel & fau
I e i elal B1 39 ST W g GHS < Gehdl @-

A wk freftu (1070 kg) somm e fie W siffy=mar fagia @ fen S, @

h
dm.m

Av.AX =

34
AR = 0200 ;fs ~10%m?2s™
4x3.1416x10° kg

U Av.AX h1 HM TAYS H T8 0 2| T I8 el S Gehdl ¢ o fhefund

o (al

MR & el (o S99 o2 fiel) & fau faar @ 9va dag efafveaad fed
arifaeh 9RO i &l Bl

T W 3ol o THH ged e o fow urd W Rkl eferek erar @1 UE stffyeand
Irdfaes GO HT BT §1 SEEme- T 9.11 x 100 lkg SEHNM oW soide & fou

~

glgsiert SIffy=aal fagid o T7aR-




h
4n.m

Av.AX =

_ 6.626x107°* Js
4x3.1416x9.11x10° kg

= 10*m?s™?
THF Iy T © T AR soiee 1 wel ffd 10 8m = sifiREda d SR @
TAE IS el €, o | SAffyEaa Av g

AT gTESAert ( 1901-1976 )

TR Tt 3 Hie favafamem @ o 1923 § sdifqwt § feadl &1 swfy g #h S 99 T od A
M o WY FfTE ¥ qe d9 od Hl 99 o W A aR o Wy & e 3 99 1927 ¥ 1941 9% o9 o |
Fifeept o WA ®1 gl favegs & SN 9 W] 99 R SHA SIEUH o Y9 91 g5 oh S8 S TafeTeH
o ifcehl oh e Wil GEIM 1 TRYeh AifHd fRAT TN 9 T SH-HH qdaRiE 91 T 1932 | S Aifael |
e QAR YeE foRan @

10 *m"s !
10 " m
S gat e @ fF solae ol 9 wemell § g Shiar gen A ) feRdwd staeRon
1 YOG |fad T Toh| 3Td: gHEAT 31 ag & for gotee o feufa wa #aw <&
URYg YT T Wikl wa" ¥ Yiowanfua & AT, St Teh Soiae 94U T o

Td | UT TEAr ¢l UEl & W] % seied A diged | gl @l

=10 ms !




3qTe{0T 2.15

Th YeASEN IUYE Wil ol SYAN hieh fhdl TWTY] H oo &l 0.1 A T o
fafa suet feofq S o foQ e Bl €1 Seh o1 Wiad | efafdfed stiafyerdan
M 2?2

T

Ax. .ﬁp=4£ or Ax. mﬁv:%
i i

B h
4. Ax.m

v 6.626x10™* Js
4x%3.14x0.1x10 °mx9.11x10 kg

=0.579x10" ms~1 (1J = 1 kg m? s™2)

Av

= 5.79><106 m 8_1
3alg Ul 2.16

T Te® 1 TS o1 SoF9H 40g 1 A 45m/s B1 afE a1 2% Fenefdr o 3T
T S Gehar &, o Rafa 9 sifHfe=maa =t o s

T

2 i
i H 2% i st §, st 45><m=0-9m51

THHTOT 2.23 HT SYAT Hich
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=
4rm

~ 6.626x10™* Js
4x 3.14x40gx10 kg g7 (0.9ms™)

=1.46x10° m
S TEd AT A o oA 1 orte 1018 & 9w ®1 S e SdEn S e @
I HUN oh fag sTfvedar fagia aRers 9199 &1 &g AUl i fuiRka & s
2l

X HisA ol fawetar o wIOT

9 9R Hied ®i TIHd o HRU H AT GIA Fhd 8| 9K Higd § TH o[ hl ThH
AR w01 o Y H AAF & IR AR Ffad R wenst o SHar g n 9 W 2
39 Afedd | Solae[ o aT-@e W HiE faer T R T 21 5@ v o gt @ qdf
ufefrg femean ST Wehar ®, S gl 1 wel feufd ok Wt v < ww @iy W @
TRt oF fagla & oFER, TW ¥9d & 21 39 YehR BESSH WA % SR wied |

~

Il 9 o dg! AR HI W HL ¢, dfck ‘g’ stfafveadr fagia & faudd

off 2|

TH UHR I HESl HASMA oh HRU IR Hied hl T TECRT W @ &I fwar S

FoR1| 3Td: THV] §HAT oF 9R H QW faarl &f savaesal of, S99 9 o] /ied 54
o UT-h01 ol B HFER i oA | @ AR ‘e tffyeaar fagia’ o ey Bl
TE FaieH AT o STW G HHa gl

2.6 UTHTUT <hT FAlEH AT(ARIT HiSA



SO @ @E H aqcE T T, T % ‘A o fEml’ o R R fawfad favee
TifreRt g T Tl (S- iR U 9eeR, W) o gU Wel oNfR), fSeRT ser @
S| BT €, 1 TG 1 Gholdgas auiq fRar <1 GeRar @, g < 3@ etfa gew o
(SY- Tolaeqt, et SR THpet) R on fRar S ®, @ 9% fawd = S 21 e
w1 &R0 78 7 fF FoRawd AR 57 ®9 W SEREE FUI o I@l geR &l
Hehou qen SIffoaar fm @1 3UET H B FA @ AGER K AW H W
faerfa famm =1 aaren IS (quantum machanics) F&d B

ST R, S WA SR HO I o o7 @it €1 Ag T aggett +1 fa & et w5 fAfvew
Hdl 1 S Fded AR B g aggett (feh forw q@fia qor sifa=ga gid ) W o]
fepan St €, @ feeea =ittt o aRomdl S € aiom W e ©

T 1926 H SR BEeT SR 3féH SifESR grI STemT-stem @dieq ARt 1 fawm faan
TN T8 W gH #ifes) g fasfaq ‘ereq wifsmnl’ w & 9= &, S a W ki Ta oh
foreml W emenfia R

Faieq AFRT H Jal THIH HAifEsR g gfquifed fowan mom soer fou 3= 99 1933 o
Gfetep! 1 Toel PR YIE oA T TE wHieRton, S % arelt g sag T Uil ok
FU AN T 916l e TR HI M W @Al §, FIE] Sed gl THH g FH o foU
I TG 1 URUe FF AT SAevaE B 39 GHR i fafa= feE W A A &
A€ I Bl oh IR H 39 AW Hi hefe | g

0 e (8- T ] A S, T o wHg o i uiefdd @l gt §) % g
TS TR0l i 30 YR foran s &

Huw=Ey

W&l | U TRE WERE (operator) ¥, o ‘el wed €1 sifeSR 7 wamn fw



7@ 1 o1 o1l o SH W W HhReh Hl vy for@n ST Gwal | fmE feee w5
Fd oll, SHeh IAWATNEGS HUN (TARA AR AMGH) H1 A ol el qe
Akl & s TR Td Yfaesu favd O Gefud T 39 GHIERO o g 9 E qen Y
o " 9w B 2

EISSISM UTHTU] AT STTSSH |HiehIoT

5o AR THIR0 1 eggieH W] & faw g fman Sar @, 99 SHE Solee o Hed
Sell-TR 3R Sk G aCT-Thed (Y ) U e 21 ¥ Fifed Sell- W qdl Sk G
TI-Thel ATESR-THHT & & o Hhoa®yd I e &1 3= diF saeq-Heei- ©e

FACH-HEAT n (principal quantum number) oS Faeq §&AT [ (azimuthal quantum number)

qel TR Gl W&, my (magnetic quantum number), N1 A€ frenr wmr €, S

SR GHiehtol oF Uiehfaeh 81 | Ww Bt 1 5@ geloei (el el &R § @ ©, o

SEh A qU-He | Teleed & SR § §El MR fRdE B gl a-thed T

T W 8, TSR W W] W gele oh Femel W R s 21 sEeh whig
qifcer 31ef &Y BT 21 eSS S SHeh WHH TfiiieT oF UH Uk TR q-Theld ohi
‘TTATY] HeTeh’ (atomic orbitals) TEd B T YhR o Teh Soigeid THUNS o @I-Fed Th
sl o™ wead 1 T W] o R g W seiee WY WM %) wifear S§ g

2

Spd ‘q;"' % TEEUE e 1 BRSNS W] o fau Faien AR g WE uRomd
TIEEISF WA o Wagd o Gl WEgsll w1 Whedgded UM (predict) R €1 9ok
Al I8 S o IR ®1 W e wid ¢, S 9] Hied gN T @l i ST
Hehi|




3 Aifesr sifgan o ofifdst & S=ifek 91 =i &1 1910 # dgifie it & fag fvafamem o @ @
€. HT U W HT| R ok wed R § 1927 # 3= afer favafaaem | wih & o] SRR G 5
1933 ¥ feeer iR =i *1 Hifddl & faRy w0 & FR0 9feH siew 91 1936 & oy sifgar de )
e W SR % SHAT h A% 5§ I% e o U% 9 g XA T 99, 9 eeRele (Tdfon) =l T, el
9 T 9 gk @1 9 1933 § 5% i feuw o @ Gga &9 9 difqehl § Ged R d e
feran w7

TS FHHT ] TG-3AFHA TANST W N HEH R UH: F9 HisEal amd o €
TG-Sl TEERT o U Hifesk WHIHIU &1 a21ef (exact) B &l A1 S Fehdl ofl|
39 hieT wl df-ehed fafy & SwEm g0 R foha TN FERX W MU HH W G
ol ® for eregor o sifafted o AR oF et SEgiS WA oh hethl 9 wgd
sfeer f= Y €1 T g fa=ran e ® eewr S % ROl Bl @1 Thold: et
%% SIS 8 W 8| MU M o STEES! 2.6.4 A 2.6.5 | et foh ag-sciaei wWATET &
Heeh! B FoG n R | Falen Hemshi W R wTdl B, Talh RS WA o e
H1 ol shad n deied Hea R AW et 2

YA o FEEH AfAhE ASHA oF TE AL

T T FH ACGHRT W WA-HEA H 98 T T S WAngst | HifEsR THiww an] # ¥ W e
®, WH] % Fele Fifehg Hied % Hewul @ et #-

1. T B T 1 Hell Faifed B € (NUiq THHR kel Fo faviy A € B Gehd ©)| SR ok foru-
S A | geieR e | dH e gl

2. TS o AT S TUN % HRU Feifed FoEieh STl w1 A B © SR SifgeR quT WHiw ok




A & Bl R

3. foreht T W soieei @1 wEl fRufd qen W A # UE WY 9 e A W1 6ehdl ¢ (FIESAen streEaa
fagia) or: fordh WA & Toe o 9¥ i GHYE @@ e R S g @1 sEifee ew WAy o fafae
forgetl W Teiee % @9 FT Wigekar (probability) ®t Seew o SR § o #d §) 39k SR H 9 S we

4. ferelt wRmTO] ¥ TorR % WT-Te V| W “ORWIO] heteh’ hed &1 S T a01-Ther 5N R TeieRi
F T F1 WA T, df TH A8 FEd @ o ToeEF U hed § Sufted B dfk fRE soiaei & fog @gd @
T-e B Tehd €, 3Td: WA H S AT el Bid B| TRAINSH whi Seleieh WO, 31 ‘U Toiee wheth
T- Herl’ A Herhi W E AU T TS helh W g i el HivEd et ¢ fRE off e w1 @
tferer giee el W Gohd B1 FREl ag-goee WA § el % dgd §U A H fafT= wHerel § selaeq W S
&1 o7d: g Sola WA § Yo% T oh foIU Ueh hefeh a1-Tho Bl €, Sl SH hefeh ol SIfererfirh erdr

2, fom soee Sufterd @1 €1 W ¥ o9 % 9R ¥ O SHSIEl 9k wed ao-wem V| H sufted
Bt ? qen Faen ACIRT % g A ¥ 3@ TN kI U R GG @ U B

5. forelt wAm] ® Rt fog W solagl & Suftud eF &1 Wfashd 39 f6g W weeh - & o1l o FHEA

@t wifireRar w9 (probability density) wer S 21 @7 gHIT gt

Bt 2, srufq 9@ fog ™ "L|I:

grar 21 feredt wwwmoy & fafi= faged w ‘lp:‘ * WH ¥ AR o AR SN IW T A U I dq
%, WEl W ToieR & T WM ot WATEET erfieh g

2.6.1 ek AR FEEH &

ferelt TXAT] W T heh W9 BId | ONcHh ®Y W 3 sherehl H Ieh MR, i SN
AfAfa=Ig o YR W AR A ST Wehel 21 BIC AHR o herh &1 3 a g fm
ek o UM Telo oF U M i Wifdehdl 3Afueh €1 THT YR, STehfa IR erfufe=ame
I8 9 € foh Toie[ U St wifdshar fedt gl feem ) erden ww fwn © erfus
2| FeicH HEme g W] ekl H iR fRA W1 Wehdl ®1 U heteh whi diF deieH
et n, | @R m; gR1 <9 S R

T FdieH W& 'n', Th ¥AcAS qUeh el ¢ SHRT A 1,2,3,... M & Fehdl 2l



T& FEiCH H&N W ek o MhR 3R HTh! &S dF STh! ol o IR | Ial Ferdl 2|
gEeleH 3R 39 S framl (He', Li2t onf) & foIq o ol € ek oF SRR qen
ot i fruifta s @1 & Feien §'a 9 HI9 (shell) w1 Ta1 e €1 n H1 AH
TG o WY SAG HEF H1 g@A W wedt 81 39 'n? gW e wm 21 n % e iy
T HE % AU WYl e WY 1 TH RN S Bl IR TEered e g qwin
ST @-

n= 1 2 3 N

HIY = K L M N | o

q&q adied e ff 9gd o WY el R Sgdl B TR Y |, 3o e 9
T feod B0 21 S T FOTERT SoEeA 1 SRR AT ¥ R R % faw S @
OIS Bl €, 3 n o g7 W HEH B el wQM|

eI, heTh TS FTehRT WE

‘e’ qen ‘eheren’ w1 el wEH el @1 e (S AR A wiauifa feran) e oF Wi IR Uk gMRR U el
?, forad gorei fa ear @1 ‘ERsen o Srffyedar fagia’ o SUR, oM oh 3@ UY Wi GEl fuRer e
G B I AN B HES 1 HE aatoss e 7€ 2| s sAfiac Wt ot wEe g <wi 4@ S

Tehdll| THoh Tooid heteh T Fied AGERIa URON 21 T8 WA] | fohell U gl o a-wher v EafCuEt
w3 € T A Fien "wenst (n, |, ml) s weiiE fmen s wehd €1 gWent WM seiegi o duns W ek

F XN Ay H FE dfaw ol T T 2, WY WT-wew & o, e \w' F1 difgs e g T,
ﬁﬁmméwﬁﬁmﬁgmhﬁwﬁgmwﬁwwwmiﬂﬁmwhﬁuﬁrswrgw
Wi 1 A 21 [y SR T SR e (R ST s el ST €) H AR o % 39

A W S T O F S F | (Tl FH A OF F T FRO G L |y w1 A B
o U &9 U S &9 W asa Tl €, Wy Th B I 1979 W gHeh WA w1 TEeR | S Hehar €) | ferelt fR

T e AT | soee o U 9 &t g WifeRdl \qf'aﬁij\q%mwma‘fﬁwwmm‘faﬁ
Sigeht I 1 S Tehell 21 36 YR fohell ek § Gifad solee faaeon &1 qar e Hed 21




faisiar oaiey 9@ 1 H FeF HONT FoT (orbital angular momentum) 3T 99 e
W& (subsidiary quantum number) it TEd ¥ FE ek o TIfeid SRR i g
%l Bl n o U T g1 o fAC 1 oh 0 @ n—1 G n AE 8 Whd 21 3FUiq n o &Y
TT 7 o fIT | W 9M 0,1,2,.....(n— 1) 8 FWhd B

3TN S n=1 T €, @ 9 H HaA TH 99 0 1 &, n=2 & foaQ /| o G 7H
0T 18 Thd & n=2 o fauw / & H9a WH 0,1 3R 2 B

Yok IS W Wk AT 3MfYsh YR (sub-shells) 1 SU-TH (sub-levels) B &1 freh g
T W SYHIN 1 G N & s Bl &1 IO TEA HIY (n=1) W hod Th
SU-HIY B €, S /=0 oF ETd Bl B TH YR (n=2) HIN H & ST-HW (1=0, 1) n =
39 9 ST-HW (1=0, 1,2 B Bl N ok 3T Al o fow off wEn femar s owehar 2?1
forelt wier & Su-HE 1 TS w@ien S () gN YSEE w21 | ok fafw= AE e
qird S9-shiw o Frefafea fagl g <eier s 2-

|3 A :012345.........
Y- ok faT
HahaH (notation) spdfgh ...

aroit 2.4 § € T qEA FEiCA GeA & AU | % G9e A IR W SU-hiel o Hohad
few T 2

HROM 2.4 SU-RIIT HohdT



n [ IUHIYT Hehed
1 0 ls
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 4f
JAhIT HeTh FAEH G&AT (magnetic orbital quantum number) ‘m; TH=E & o WA

werhi o fafem sifafgamm & o) o SR 3?1 fReht ST-er & faw my o 20+ 1
A G99 21 39 HEl 1 39 YHR T S 2-

m=—l,—(1-1),=(1=2) ... 0,1...(1-2), (I—1), I

aa: = O o faq my 1 @k € wied 7@ O B 8, tefq 2(0) + 1= 1] Th S e
gl Bl /=1 o T my=1,0,+1 & Hehel ® [2[1]+1=3p Heieh,| [ = 2 o T my=-2, -
1,0,+1 Td +2 (9 d Heeh) & Hehel &1 WROM & foh mi o o / 9 &R [ 46 N
¥y B 2



frdt Ty W ySE wesk 0,/ R my Wl oF Sq=eg g uRenfyd feen S @1 e
Fied W@t ny =2,/ =1, m; = 0 g AT Hefh LT Hersh Bl €, S I HIW o P
ST | Tl B FEl & W W aifershl § SU-whivl 3R IEH Helldd herwhl i W&
Heer e e 2

L1 | pili |z lla 14 15
FU-HI9 Hepad s |pld |f g |h
FeF F = o0 o el e i

FTAGE WerehuT 'S”: fordt wmm] stk o fou fafgd O aeien wemstt & 3Tt el
AR IR Afufarg &1 R w0 § wgs fhan 1 "ewar B, feh Sg-Soige
e B @ M W-Wa R AR R A 3 Fled ged g e # T 8w
@t fger (2 W@ TE-u) 9ol $e W@ e (9 el ae-ae) ekl &) Al aeied
Gemel g ST Soll o STl I8 b SR Hell-Tll i Suftefd w1 Gehd il @

T 1925 H sl Sgeie® (George Uhlenback) 3R H9eTel MefH (Samuel Goudsmit) o
T diel Falen g #i sufedfa wfauifca ), S sleeH-YEs FEieH Hem' (mg)
FEA B TH Solagq A0 18 W % od @ TR H@l g, o4 gd & AR MR
TRt hIed THY Yeell U o181 W RVl il €1 TR VISl H- TolR W STewl @i
SIAM oh SAfdReR =S (intrinsic) YESHUT IV Fol BIAT B1 SoieR(d 1 IV HaT Teh
e (vector) TR 21 &eh frel = BT o1er o WUy @ stfufe=r © wed €, T o
TRl FAICH G (mg) & gRI 9 FeRal S Wehell 21 (mg) T A + 1/2 A1 —1/2 & Hehell

21 3% TARM H A YIHU SEEAT (spin states) W FEd B W AR W 9 0
(SS90 =T, spin up) 3R l (fr=re 9= 01, spin down) NI S¥TT @ B1 fafd= m

T a1 & AR (TF +1/2 3R g0 —1/2) fawid w=wo o Feadd 21 fordl e
T G Ak oiae T 8 Thd ©; 3 S soiael o faada wesken g =fEw

99 ¥ g9 9% %8 HHhd ¢ 6 9N Fareq gen fefafad st od 2



()n § HIT HT N Bl &1 TE HeIH H HR SN HIHT B qF ol (T HLar 2|

(i) it =191 & n ST-W B E1 |, HeH HI SAHfG T 21 Tdh THN ok IU-hi9 |
(2/ +1) Heh B €, 3Nl Y ST § Th s ek (/=0), 9 p Heh (/= 1) N
50 e (/=2) B Thd B| | TS BS qh g~ oI UCHIY] ok heteh i Sl 1 ot
o s 2

(iii) my et o Sfafa=me =1 wef st 21/ o fRu T R 7e o e my % (2
+1) AM B B SO € e Yeh SU-IST H HeEehl i Bl ¢l THen 1Y I8 © T
FYFR] Bl G Ik TG & dhH o IUaT Bt 2

(iv) TR & FEh0T o AT H mg oA 2|

3310l 2.17

o] FdlcH & (n = 3) U Gl Hheehl i el T&A 41 Bl 22
'

n=3 o faQ, ¥ @& 0,1 A1 2 | G9e €| AT TH 3s Heeh el 2, o@en forg,
n=3,1=0 3R m =0) I 8; &9 3p ek e €, ek foIw (n=3,1=1 3R m; =-
1,0, + 1) Bd &1 THI YHR U9 3d HeH A 7, 59 AW n=3,1=2 sk m| =-2-
1,0, + 1, + 2 B Hehel B TEAY Heehi ! el GG =1 + 3+ 5= 9 Hahl Hl T&A =

n2, 31iq 32 =9 HaY 1 ST FF N TOH UH U fHT ST TS
331g{Ul 2.18

~

s,p,d,f Tehdd T WANT hich THTAREd Faed HEeT el el o ok § Fast-

(%) n=2, =1 (@) n=4, |=0



(M) n=5, 1=3 (&) n=3, |=2

A
n h&lh
(h) 2 1 2p
(@) 4 0 4
(T 5 3 5F
() 3 2 3D
2.6.2 UTATU] SheThi i ATERTaal

forddl o] o TR o Hhesh AT-Tho Ul Y T 10 oNH g odifasw oref
Bl ©1 I8 oholel SR oh [RTNieR! (coordinates) T MU el BiaT B FEf fafa=
werhl o fau r (fas @ gh) & BeM H T H GO RI-THed @ A B 2
T 212 (F) 1s(n=1,1=0) T 2s (N =2, 1= 0) FH&HI & T YHR o ARG &I T
w7,




50
160
(F) 401
L 304
= < 20-
> 80 =
10 -
40 0.
l} T 1 T L] 1 -1DU T T T
0 04 0.8 04 0.8
rinm}) rinm)
(H)imn— 300
4000 240 -
T 30001 o 180
> 2000 "> 120 -
1000 60 - m
0 — 0 . .
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r(nm) r{nm)

fax 2.12 (%) & TT-%erT Il;(r] & oRE (@) 1S TF 2S F&#l & (70 T & ®ord & &9 H FIedl &

e (1) # e & s

S wifaer farl Ao o 3 s 6 e fag ® a-ther &1 et (steiq UZ)G‘H
fiIg W Soie™ o e w1 Wifdshal i qwiial @1 [fe 2-12 (@) W 1s Q1 2s Hewh ok

ferq \J” % wfedT F1 r % T & w9 § qwiar T 31 we oy dm awa ¥ fF 1s aen
2s o G 9 B I8 <@ S Gehdl ¢ % 1s F&F o U WiHhdl sFcd AMHH W
Aferham T, St 9% ¥ W W W Td 91 T T AR, 25 HEH ok oIy WAk =
M U8 oSt ¥ Y dh el @, fR o URY eidr @1 SW-Sid r 1§ Wedl g,



-8 TH o AfHdT (small maxima) & TTE TE YH: YA & he dF Tl 7| 98
&7, W&l Ig Wgehdl o I & S €, ‘e Tag’ A ‘e’ weedl §1 WEEE: ns
®eh & (n-1) e e ¥, Ul &I FeH & n o WY Sl w1 e 9g W
TR T H, 25 FHEh b fAu el B G TH 991 3s o fAw < S }1 S F FHereh
& fau ot 78 s THR Tedl 21 A Wiakar e qiedd omaw Y % Ul | wwWe W
Tehd & (Tt 2.13 )1 37 ol o fogati (dots) o1 SFca 39 & | gela(q Wiiehal Se
@ 21

(@)

1s 2s
fax 2.13 (%) 1s ©a 25 WA FHeal & Q Jishar w7 $TRE (657 &1 o 39 &7 H gotagiq1 9| 5 &

T dT-5ca &1 90l &1 (@) 1S TF 2S #erddl & [0 IREH-9a8 sRE

Fehi Ht AFfd w fafr= wel & fau fer wfasdar s o do-Tae  smal
(boundary surface diagrams) §1 ShT%I F&! @ § Y fohan s Hehar 81 39 feqor |



fret we® o fau U tH IREAH-Hag A 4RI (contour surface) i ARF@d foha

ST ¥, e st s ‘q:‘ﬂ 1 7 fer 2| dgifos w9 4, Rl Faw & fou
T %% IREW-Tqe oM@ W99 e ¥, W e R u s & ferg frer wifgeman =
Mo ol oholel & UREH-Hag 3@ & ek i Shid oh 38 &Y HH S €,
fSer g freifid &5 o1 odd o SO oUW SH T IRl Bl e (Si9
90%) Bl Bl 1s TS 2s ekl o foru giEiH-gae omai %1 fo 2.13(@) o swian
21 oY P Thd B Th B9 tw Ry omw@ i MR e €, fed gole wiw S s
fIHAT 100% =17 HH S| T8 ¢ o Afas o frdt ffyea < W of soiae@ o T
WM H1 FT WGhdl FavF Bt @, 9ol € ST I §gd HH F A7 8 gHfee HAfyea
PR o TH IREH-Hag SR@l ! oM G969 e ¢, fSep 37ey geieeid & Ui SH &
IreRdl 100% @Il s ek oF fort URET §dg &1 3@ Teid g =, f5geh g |
ek 2l

3 foamsti § 9% Men Tk g9 ki wE @R a1 T TW Mo K AR F SR SoRE o
T A T ARkl 90% B B

TH TN 1s Gl 25 ek Melld Hid o 8| ordd § Gt s— heeh el GaHa o
T S| T off 2@ T @ R on 9gd o WY e 1 SRR St 98 S ©, Ui 4s >
3s>2s>1s 3N Y& FAIH & o §g o WY TAFA AMWh § X el 9wl &)

o 2.14 § 9 2p HeR! (I=1) o UREH- Gdg SR@ fL@m MU B 3 ARE § i
ot f9g W 21 & el s Feehl & faudd, - dag oM@ Medr et e €1 39t
aden Y P o T A e §, TSR ‘iferdl’ (lobes) el Sl ®1 A AHE W [RA ot
qad & I AR feom €1 el <H wifeal T @ R Tl B €, SH dd W A
M o I el &1 Al p Ferhl i STpfd IR ol T FAM el €1 3 Helh had
uifert & stfafg=mal § oo § fu= @9 ®, w@ifs 3 wiemi X,y @ z o # SR
fifdse =t s wehdl €, Tl S 2py 2p) @ 2py BN S W ¥l W FE
SeoiEAE € R my & AEl (1,0 3R +1) q X,y IR Z tef ok = FwE gaw T 2




TR fo 9% R W@ @ € fF dfm my % diF "ae 99 el ®, e A p e
i, fSeh 181 o 9" H Uw W % oead B &1 S HEH k1 We, P HEHl o foaw o
q&d 99l G o 9¢ o T HEh! HT AR R Sl agd &1 o1a: fafa= p wereni
1 R 3R Sell 4p > 3p >2p HA H A €| 3 MfaRad S FHemehl & THH, P HeTh!
o WIfehdl- e o ff I 9 TTod B Alel i @ n -2 g7 & W €, erefq 3p
weh & fau B9 A %, 4p & fow S &R 398 A o s wH § T 2

NS
/|

forg 2.14 7 2p @&l & IREH-9d8 3IRE

I =2 o U e, d Heh el ¢ 3 q&F F6ieq §&Al (n) &1 7F 3 Bl 8, il
| ®TUF -1 W fuw TE S T 21 T@E My % W AE B € (<2, -1, 0+ 1 3R



+2) 3R T YR UE o Hew B &1 d FHeeh & uREm-Tae e o 2.15 | fa@n
T 2

99 d HEH FI HIAAT dxy, dyz, dxz, dx2-y2 7@ d, ¥ g TEA IR d

FEH HT P TH S B T IR wied d, &1 fa=1 &t 2, WfeRe uiel kel
ST SR B 81 n>3 A o HeEehl HeThl (4d, 5d, —) HT FHF SH(GE Bl ©, AR
ST qen R A= g 2

o

¥
* qfs WA T ‘qj‘uwf;?géWWW?/W#ﬁ/aiwww W st ‘kl!‘ & forg
TRHH-TT8 TH FHH g
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fax 2.15 wiw 3d el & IREH-gag IRE

g el (srefq @ Mfawd-sa %o I 81) % STl np 3R nd HEH & U
MIHA-S e Hed dd R I e &l F8 Afs ¥ Tod g aad W R war 2
ST % T, p, FaFk H xy T ASA T 2 dyy, FaF A AAE F [ Y AR 2-
dF W xy T HI 93d gL I s I ed €| 3R HIONT Ag’ el W1 § AR o
Arel ® wEm | W @ W 2, reifd p ekl o fu U, o ekl o foTg 91 qen o o
fory &t R wivia Hig g &1 Sl @ e WS (n-1), AU wuita oS /iR
e AT (n—1) =0 AT EAR

2.6.3 HeTehl ht ST

BIESISH TWHTY] | Soiaei i Soll ohael q&d Faled e gr fuifia =it 21 ora: el
*1 Sl Al w9 o oedl 8

1s<25s=2p<3s=3p=3d<4s=4p=4d=4f< ...ccccccecerrnnnn. (2.24)

R 3= fot 2.16 ° swlw WO B EEE 25 R 2p waeh w1 el e e €
fR off 39 1 werepl 28 o 2p o Sufeerfd soige@ & S aXeR gRft 99 e AT
$Heeh! 1 THHIT (degenerate) THET AT €1 SET 8! &l 91 €, BEGSH WA § 1S

werh gad Tl feofd & §d BlaT 81 9% deTel ST (ground state) el @1 39
etk § SURed Solge MY g Waifsh Yool § STehfid Wdl € BEge WA o

2s,2p I S=9 HEH| H UM Scio(T i ST TATAT (excited state) H H&l @l Tl



3s o5 sa |4 o
_5;_;
3s
2s 2p “2p
_25
_lS _15
(=h) (@)

fer 2.16 (%) @Iseio WA 3R (@) dg-3ciagi+l WAsl & o scagid #Ivl & oil-&R ARE| & 9T 1
BIESIS WHIY & fo7d §HH q&T Faleq-9ea 8q 9=1-19=1 fg7el #aieq 9 g W 4 S7%1 Soif gaH gidl 8

Tg-3oid TAYST | THM GEF FICH G&A act FHehl Bl ol 197 G FeH e arct wadl & forg i gl
g1

BRSNS T o faud Uh 9§ Soiaeid W] oF Soideid &l Sell ohdd 310 T&A
FaieH @ (Hie) W & T, dfeew gl Feien gem (3u-shiw) W oo fadv st 2
stefq <t T g deien GEA o fAu s, p, d, f... 1 et a1 g €1 Su-wkien H fae
ol 1 RO dg-TAHA WAE W SoiggHl o ofTE W wiaewdu i Sufkefd @




TESISH WA | HUERT Seee SR SFERE e o ste Syl UhAn foEq
== e ?1 ag-soieed WS W SolagH e AR oF e STRu oF STelrd
Y] H SUferd Uk Solded #1 SR @ Ufaedu st el €1 39 UHR Uk S5-Il
WA § AT 1 T yfaedu w1 ga | eifue el e frad € gEa:
el v W IR gARM o 3L o goigeHl 9 Ufaskdur o= fohan stfvrer Heweqol
21 T R ek o ¢FET (Ze) 981 o R SASRHl A SR S R ded €
3T hIN H IuFEed SolaeiMl o ShRUT d16d hIST 1 Solae ek oh STE9l (Ze) I A

WE Heqd &l T UMl 7, Neiq oNdler soeel gR e o ¢FEY WS SYeR

% HNUT TH STERT ] Y& G0 T8I TSdll 9 ARk Soiael 5 a1al Seideidl ol Al
¥ URITSUT (shielding) ET Sl € 3T TR T opel &E%T, S geiareM T 99 giar 2
AT AT 9T Zoffe (effective nuclear charge) shgcdldl HEE:RiEED Sﬁ?@'ﬁ ERY
&0 o AESE A9 STeRl | gfg o WY aR’l SoRH gl Heqd foha stehdu-ad
9¢ Il Bl TR Tl H, WAk 3R s o o = TR # Se (svufq wew
SSll) TREIY] WA (Z) % WgH oh WY W (AT AU RUMHS €1) Sl 2l

YU TS ARSI, ST 3= fohamd hisT oF TR den 39U SURId el @i STThfd
(TS o Sufterd @) W sk &t 81 Seet o fau- TR SAihid & &R, s
FeTh W IURYT STFM p Hah H IURYA TATM i ol H 9@l SeidgHl &1 s 9
i sifer gurel aiieh § Al Bl IH YR, p heh W SR SR d e bl
qor | aiferes ufeern wd ®, 9R 3 9 e Tk € %W W €1 THeh STl U @l
Y § MR AT o HRU s Hefeh ST p heleh oo Hi qorl | 3R p weh
TAFA o HeH TR HI ol W AfNE U ifieh gHT oAdld Hdl Bl S vl
H- et T W (J& Fen 9&) o fou e F@en 9 & (1) 984 o 91 solae™

SN Tegy fwa zﬁazw%,awmpaﬁwﬁwﬁsmwaﬁidﬁwﬁp
heteh AR U 31fieh gaal @ Sl Wl Bl p Helh oh SAHM i qa Tl H s heh oh
TAHRM H1 3R d HeFH P G HI GOl W p HEH o TARM I Holl wH Bl T,
sefs | fer s o wfa uferor st wmn fo=i-fa=t el & forg =1 2t 21 ema: wh
& B9 (A FCH &A1) o Sl W 1 faured (spliting) B STaT ®, 31effq S| T




A ST YT B, HeTH W SUMYd TOeRMl i Sl n qel | oh WAl W R @ @
T 9 @ n SR | W HeTRl i Seiel i fHekar wiwt wiied it €, ofh noaen |
o WY A o Y Tk W 99 B0 (n + 1) w1 °H o g e w1 se ot
At € %A B AR FHERl b fAU (n+1) FAA A B, @ 9 0 ok wE o
Heeh I ol 7= B GRON 25 H (n + 1) fEm G wen @ o faw 216
TE-TFA TCHIUS o el < ME B AM W °9ng ° g @ o e fomiy wiw
o fafq= 39 wl (Sg-goeei wETEt ) #1 St f=-fae B 21 el BEeeH

WA H TR ST GAE Bl 81 3fd W ¥e war Sfua B wEm] wen (zﬂf)

9G4 oF WY WHM SU-HIT o] HeEH I ST HH B ST B SN o feiu-
TIESISH U] o 25 Helh i1 Soll, fUFd o 2s ek &I qol H eI g8 2l
difesm 1 qa ¥ ofifermm w5 S eifue Bl T ww e o 9w SE-

Eos(H) > Eog(Li) > Eog(Na) > Epg(K).

2.6.4 UTHTU] W HaTehl oAl ST ST
fafi= weopeti & ekl W Toleg Sfihdars M o IER W WK g1 sithers fraw’,
et e faGIa (Pauli's exclusion principle), 88 o 3Af¥ehad agehdl a9 (Hund's

maximum multiplicity rule) 3R hetehi 1 eafers Settenl W eenfa B

MRS W
STET AW offars’ IR w1 ot - ‘Tt g ‘weeRl w1 T @R & sl -

FHFR H TARMA G T FEI TH O F IR ‘UTWIURN it doTee ITawen W,
THeTh! Shl STehl oTt oF Tgd ThH H WRT SITdT 2

AR 2.5 (n + 1) 90 oF MUR 9T a@dt Sl o AT hefchl chi STaET



n <hl
FAF 1 n+1
HH <kl HMH <hl AT
1s 1 0 1+0=1
2s 2 0 2+0=2
2p 2 il 2+1=3 | 2p (n=2)=]
&9l 3s T
F1 Tl 2
3s o 0 gt =23 3s [n=3)
3p 3 1 3+1=4 3p (n =3)
H el 459
&Y Bl 8
4s 4 0 4+0=4 4s (n =4)
3d 3 2 3+2=5 | 3d(n=3)w1
W-ﬂlpﬁ
FH B 7
4p 4 1 4+ 1=5H 4p (n =4)

TR IR H- TR T TIH FHH Foll ol ST hefh | W 3R SR WA ok

A€ =9 Foll ol Kokl H WA B

HETH HT Foll B Sl HH, i IR T S HT HH TH TN &

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 4f, 54, 6p, 7s...

T %9 & fod 217 o @ T fafy gm A e W1 wehdr B g W ¥ gE W

gU R T X herehl o R HT HH <@l B




ISl 3TuasiA fagid

fafa= ekl & W 9H 9 Sola [l # HEn e fagid gm fefa s €, N9
g o afe®TT WSl THe Tk o o G o 36 fagid o S

et uramoy § Suftera €t ToleRMl @t TR 9diey WEAY Ueh @O <&l & Wehdl &
TRt sTves fagid H 39 YRR i el S Hehdl -



fam 2.17 Fea! & 7 &1 %9

“FaA I TAGE Tk k¥ U I HWahd &1 3T TGl oF WohUT fauda g



ofew)”’ sHe e @ foF < goeeHl 1 i Faied SEAd, n,l 991 mp T SHM 8 ehdl
€, Wik STh! Ul deied G Ta= Bl =ifeul TRl werh oF Seledl W arselt
3ruesi fagia g/ o T fEE fRd Su-hivr § SUReId ToldeiEl bl &THAT i TTUMT

FH § Ge® B ¢l SSR % AN, 1s § U He® e ¢l 39 YRR 1s SU-HE H
TRl 1 STRdH WA < 8 Hehdl Sl p 91 d SU-HI H ITRdH G HEA: 6
dAT 10 B Tohdl ©, TN TH HEY TH YR hal ST Ghdl o

T FEiEH T T aTel R § oAl St W@ 2n? % ae gt 8

TS T ATUhdH agehal T 1w

I fom T € SU-HW U Gefud Ferehl H WA o fau any fRa ST ?1 3wt &
ST e B €1 3% CHHYY ®e’ (degenerate orbitals) ®Ed &1 I8 M 3@ N
TH & SU-RY & wPH W TGl H ET qF dF &I BT &, T qk W
SU-RIT o Wl RYhl W Teh-Ueh gelag™ 7 3 W

Fifeh @ p, U9 d A G f HEh B €, IFd: p, d R f HEhl W A HAL: AL,
d R S TR & T W YRY M T8 3@ T € T ey R iR W wmyw
FHETF] T TG ITRT THMN o HRUT e o ¢ 8 (TS 2.6.6)|

2.6.5 UXHTULSTT T Tolaeieh Tawamd

wOE % hehl H Solgedl o fadRU IR SoaRieR  fa=md  (electronic
configuration) el Sl 1 A% fafe=1 qwAT0] werenl & solae[l o W WM 9 gafud g
el &t wm | W S, @ oty wEet o soeeite faadl i e ¥ foran S
Tl T

TH[SA o Seieie forre Wi < ek § fefud fepen ST wedar ®1 9 @



(i) HeTHh-IRG
1 1 1 1 1 1 1 1 1
S p d

gl Hohdd | SU-HIY I WG e Tog ¥ Frefya feen S @ iR Su-shier o Sufted
el i W@ &l HHi® a, b, C ......... 3AE o ®9 § T9id 2| fafa= swisi o oo

M&d 99 39-h9T 1 A9eT 3Tk A IU-hINT oh 9FH & JleH T i fa@hi

femen STl #1 T Gehdd SU-HIV o Uoiw Herh i Uh aiF gRI S S @ 3R

e % TR 4 9 R SR RU-T=e T ! 9 R 9 gwilar S el
Tl B Tohdd &1 GO § SW Gohad &1 oY I8 € TR THY AR Jeien wemsh i
@A S Hehar T

TESISH W] H oheel Tsh & Soie[ Bl €, S HWed A ol o ek H Sl €,
8 1s H&h Fed 21 3Td: BESISH T 1 TRl faarg 1s! g §1 s e 97
g fF 39 1s weh § U soeeH el Bl S (He) 1 SO Solae ft 1s wheeh o

S T Bl oT: o # SO o 1s? B §l S SW §dEl W o8-
TR TH-gR 4 faudd yuso ¥ B0 €1 ST Ferh oR@ 9 3@l o Gl 2l

H| ¢ Hel N

1ls ls

faferem (Li) 1 dE0 geleRid WSl STves fHgid o HROl 1s ek § el ST Hehdl B

3q: T8 ST FHEF 25 § SN ¢l TH TR AR 1 o o 152 25! gm

2 FeH W U TSR SN 3T Hehdl B 37d: SRferEd www] w1 fa=rE 1s? 252 g @



(VRvit 2.6 ® ql o RASA o golaie farEl i Q) |

3T B: el | 2p HaH Th-Teh Hleh W S B 37d: 37 dedl 1 Soiarieh foramd 38
TehR Bl @-

IRA (B, 1s22s22p1),
& (C, 1522522p?),
TS (N, 15225%2p°),
SArRfSH (0, 15225%2p™),
T (F, 1s22522p°),

1379 (Ne, 1s22522p°).

2p HEHI B W HI iHA (3T W SR FHW el ©1 S el o hen-Tus 3§ YK
MY S Tl ©-



Li | N T
Be | 1N ™N
B | N ™N
c | N VT
N | N N
o)

F

—=| || |

1

1
N [N] [NT+%
N [(N] (NN
Ne [N ] [N ] [N N[N

ls 2s 2p
Tifead (Na, 1s22s22p03s!) @ & (Ar1s? 252 2p0 3s2 3p0) 7% & Wt T &

TRt o soeRie fa=me & ugfd L @ Ne I o el oh GHM Bl B FEl 3R
el I8 Bidl © T 3Td 3s 91 3p F&H W S 21 39 UHA 61 W Twan s Ghdl ®,
a9 TS A HINN oh Pl Rl hl MSH (Ne) @ % AWM ¥ fawfua fwam mu
wifesm @ 31f1iH qh o sl fa=me i T foran s @k -

(Na, [NeJ3sl), (Ar, [Ne] 3s23p0)1 qof =9 & ¥ =ieil & Toiseil &1 ‘His oA’ Fad ¢,
AR o TR, S STHqH qEA FEeH GE o SoeRieh I H W WK €, HaArsehdl
SR hedld 81 IS oh fl- Ne ¥ Soigeid, %ie Soieed & 3R Na @ Ar &%
TR HASH Soige B WeREH (K) del hfewdH (Ca) | 3d &% Wi qorl H 4s
ek HI FHoll HH B o HRUT YW 3R fGdid soie HA: 4s Hesh | S B

—| = |—

WhHigan W URY T W T 40 e K@ 31 €1 3d welh &1 Sl 4p Heh HI g
T A BH % HRU TEH TR UEd W &1 URUEEY e §§ qwl- WhisaH (Sc),
argefrEm (i), dAfeam (v), FEEE (Cr), HTIS (Mn), TERA (Fe), HisTee (Co), Tehat
(Ni), SR (Cu) @2 T (zn) ® =l 3d H&ehl § TR STUR W S 21 89 IE




ST Hfehd B Hehd € foh hIfa qul iR § 3d el | WR a1 Al SolggHl &l S8
FHYT: Ui SN TH olag[ il €)1 ST RO 9% © f od wd Q@ R ek eifusn TorEh

T €, Sreffq st e #ww a2l pd, pl, a0, d10 7, f14 senfy fommw, fod wa W
@ omd W R W ¥, otk Tl B €1 ord: wifged 9o i H ¢ o ol 0 fomrt
qrefierdr fHerdl ® (WS 2.6.6)1 &M © & e o faed 2

3d HEhi o WH o W Ne@H (Ga) ¥ 4p e HT G Y& Bl © I fFe (Kr) W
T B T ST 18 TeEl- Telfead (Rb) ¥ S (Xe) T 5s, 4d T 5p H&h! o I
* &l Ugia el €, S 4s, 3d 3R 4p HEhl w1 off| THeh A% 6s HEHI HT G GRH
giaT T HifS=H (Cs) a1 9FH (Ba) | 39 %aleh H HAY: TH IR & ToRH B o
SHeh 9% W9 (La) © Hehdl (Hg) T 4f 3R 5d hefehl | Soied W S @1 38eh 9%
6p, 7s 3R 31qq: 5f TS 6d H&H I T W1 &1 RH (U) o o1 & o< HH el
B ® SN 3% $M &Y 9 Ue fRa S g1 GO 2.6 W T awell o SRl oy
(St fafertt g fwffa) fw g 2

MY g Y9 Tehd B b e o fo=mel &l SIFH © ;@ o gn? enyfen Tt T
o 1 H RS e i GHIH 3 SHR! A i W Soieeih o= i gl
YR | Sl 21 SEEl o fauw s e, Si9- < a1 < 9@ 3tfuss W] fierey @1
Ff o1 §,? hIZ avd T SAEl U1 FA Bl 82 He A1 Ar S dwd fepamsier s e
e ®, Vel gaed ¥ ava fhamiiel B € 39 Ue % St soeRie A o SR

W Ry S Ghd &1 Seed o WA Higd W el TSROl FE fRAr W1 Wehdn owd:
ST WA fa9M o 9% 98qsT &l 9ol ThR HHeM o AU Soaeieh 9%l & g0
SRR BT A0 STavas 71

2.6.6 UUTHUUT URE Ta AHIRA IU-ThI9N ol LA

fohell T 1 ToIel STaEell Solaei-eh o S9! —IAad ol § Hafed ofereen st 2
rferepier AT o SolaeieR fomar 9mT 2.6.5 A KU goqa fraw 1 oo S #)




W FO qedl (SW- Cu A1 Cr H, Sl & SU-whiel (4s a1 3d) 1 Honell ¥ &HH W
Bl ®) TH TR HH Tell ol SURW s U AR Sl ol SURIY H LA ®
STl €, 99 3E TR @ SYRIY % G I Sl ol ek Wi 8, S quigRa @
| |

F¥gfd el o|: Cr 91 Cu o AT solaeiteh fa=md ®aw: 3d°, 4s! @en 3410, 4s

2, 7 BF 30, 452 e 3d°, 4521 TE U TN ® fF o9 soeife foemel o iR
Torfes B @

YR qAT YU SU-SRIPN o TATTAE oF HROT
uigfa qen erefufa Sushiel o Tenfae & SR FEfdted 2-

1. gl oht GHfEE faawur : 97 well-uifq fafka @ f wafafs wnfae wem & @1 gofd: s gu o sweigfa
SUERT § Solael 1 faay §Eid B 21 of: 3 e TRl B &1 UE @ Suew § (¥t 3d) see @
Sl gEE B ], g S9ek ffem faawr fue @1 ¥ woe®y 3 ThH-g@ I oMU ®9 9 w9 qiRfed s
® e Tela ek g 3Afueh Yererdl § SRt el S @l

2. fafma o=t : e e guE q9 Sa el ®, S & O < 9 stfueh selee (e yeehel wEE g
?) TF STHR % EEY FEH H SURd B 21 A soiaeH U TH fafE 9 #1 ygha @ ¢ 39 fatwE
% wR g St ‘fafa s’ (exchange energy) weardt @1 Gufad fafmai <1 gen q sty gt
g, & 3u- goid: A sy (half filled) = & (fo 2.18)1 39ch Werawy fafma s sifuean
Tt € T T WK Tfa off sifershaw @i 2

a W o TE o g o FEH k1 SMHR B, TSGR STIUR- WU Sl o whelehl W WHeTel Soieil oh
JATEHS FAFITR WoEhUT 81 §1 371 Wl ¥, STHqfa den qoigia Sushel o1 et (i) smifas w9 @ &
ufferd, (i) 0 peifas gfaendo St qon (i) s=u fatem st o sro gan 21 fafma st o fama o fawn
W 39 STl Hemedi § 9|




HEREREEE

sl 1 g0 4 fafma

IRERE

Zeide[ 2 g/ 3 fafmg

IREEE

Zelae 3 g 2 fafa

IBERE

TR 4 g 1 faftE
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6s 6p 6d
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5s 5p 5d 5f
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10
10
10
10
10

10
10

10

10

10
10
10

10
10

10

10
10
10
10

10

10

10
10

10

2p

2s

2

2

2
2

2
2

2
2

2

55

Cs

56
57

Ba

Laﬂ

58
59
60
61

Ce*

Nd

Pm

Sm

62
63
64
65

Eu

Gd*

Tb

66
67

Ho

68
69
70
71

Er

Tm
Yb

Lu

72
73
74
75

Hf

Ta

Re

76
77
78
e
80
81

Os

Ir

Pt*

Au*

Hg

82

Fb

84
85

Fo

At

86

Fr

87
88
89
2Q0
91

Ac

Th

Pa

92
93
94
95

Np

Pu

Am

97

Bk

98
99
100
101

Ct

Es

Fm
Md

102

No

104

105

106

107

Bh
Hs

108

109
110
111

Mt
Ds
'Rgt*

** 112 T 3T S WA-TEA a1 a7 919 8, W ST e T&T g8 & 3R 39k 99 ot a7 7 &



QrI9T

W] ARl o TEAHS AN B 21 ¥ aXd o UH B WM ®, S qEEtes fmer o

I o B wU™ W] fagid, fN9 S efeed 7 W 1808 W Wiawifed fewem, ok
AR T T o TH GOl B v e ¥, f iR fawfea = fRar s g
B Sgdl I o ofd H A g ag yeiford = e f A fausg @ qen 9
A g wUl (TR, WM 9U =g2H) SR S Bl B1 I STd-TRHUIfas U hi

G o 918 TAY] i G i TIR HA oh Al 9gd € TAT] Aled T&d 6T
iy

T 1898 H AMMEA < el foh THN] Th §HM ¥AIcHe fagq TRl arell T el
gl €, o W goiei Sufted B0 ?1 de Hied, o WA 1 gerEE QU IR

R T A fodafid a1 T o, 99 1909 H WIhIE o HEw@qul d- U oh YehUH
T g TTed f9g Nl WX A Ig frend fehren fob wmi] o6 oy H @gd B
R 1 ¥FERTE e Bl 8 SR Soiaeid 39 N 31X guhR el o Tfd s
Bl IS dfgd, S URHed § fHera-Soar o, ffyed €9 9 Sced Wed ¥ 98®
off, T I8 TAIY] i FEeRAl &1, 31Aq 9% 36 910 1 A 781 L U= T soiaed
Tfgs # o T iR S ®? THoh Al A8 WRAIY] 1 Solagieh SR, tufq
Y o AR SR gl o faRol iR ST Seil o AR W w el &ar "ol
TGS Hied &1 37 hicaEdl &l ¥ 1913 ¥ i IR 7 TESeH WA 6 T
Hied H R fman qen I7 yeafod fwan ff Aifas o 9Ri oIR gaR ®ell | soiae
Tfd LT Bl ohoel PO hell € ARk B Wehal 8@ A Y hell i fAfvema
T Bl g1 SR 3 fafa= el | seieeid Wi Sl ol TUMT i SR Yo el oh
fau Ay 3R SR i S0 F1 e a1 eiih 9k Aiged SRgeH & Wed
I HATgesh TI= FHIA A, fhd I8 Tg-Sclaeid THIV[S oF TegHl Sl AT T8l
Y TR SHET RV I Sox &l A Bl A IR Aied H solge hl AMHE oh @Rl
3R T Ffv=a gameeR ®e | 70 ¥ gU STERME &ol o ®9 § TH1 T4 o1l 3E9H
SHoh T S AU o IR § L WG T o1l Tk e Ueh e wr war @ SR




M Y h 0 e qft IRenfed g S gehdr €, WMo U € 99T W Solae i GEl
fearfq o =& an A 8 RS o ‘e fasia’ o oER um Hwa e 2l
Y YHR TS W] 1 dR Al 7 ohadl Toide o Il FEER i UL Hidl

~

T, dfcsh eRsen SMHfv=aar fagia &1 ot foly i

T 1926 B WA sifesk 3 & gt fan, 599 sifesr gfienor’ @@l S @)
Theh g fifem o gt o faaeor oI wAmEt W ST Ha Seil &R b1 auiA femem
S Hehdl &1 I8 THIHWOT T hael < Sell o qI-H01 il Il AL HT Fheqd Hl
M | @Al §, dfcsh wgsie o SAMEad fagia’ o Wi Wa g1 Sd 39 gHeR
! BESSH T | Solaei & faT ea fohan T, @ soiee o e Sel-T 31
G T Gl (S T Bed e ®) % 9R § O SMert W gsl A e
Foll-TR AR STk WA UT-hed S dF FdieH GEmel- geI Fdied §e Su
fielia @dien dem 9u iR gaaid doied §e S % 5N YguH Wid §, Afesy
TRl & B o URUTHEEY WK el €1 37 diF FaieH Hemsti o wH W ufds
ff sifESR-THH0 & T ¥ TWA: WK BId 2| SRS WA HT FdieH AR

dieet STk Wezd & Hft Teeqetl 1 oA Hidl € SR SEeh ifafed %o U ufE
eTST w1 S THA 7, S 9R Hed 5N T TEl Wl

THN] o FlCH AMARE Hied oh STIHR dg-seided IRHIIST o Seideid-faaRol ol
%% BN W dier T Bl A B T A AU IU-HI o 54 gL B Hehd § AUl
SU-HITH H TH A AfeF weH T Wehd ©, TOH Soige SUNYA BIal B eEgH
AR BEgeH o9 feEl (STrwnd- Het, Li2t enfe) # fereft faw 7w wiwr o wsdt
FHeh! h1 TAM Sl el &, Wq T8-S TS B FHeihi & Sl n AN | H
oMl W YR 2 fRE wee o fAY (n + 1) T AE S wH B SERT Sei ot
Ia € Y BN AfE T < KR H (0 + 1) HE GHA €, O IH HH B ol
%4 Bit, fSEes T n 1 o9 %8 21 TR ) § U9 % werh §Wd B |, ad
STH ol o 9&d %A H Iolde TSl o ouded fagid (fFd e | fest S
TR H IR FACH-HEA H1 O GHF & B Gehdl ©) SR gS ok Sifuhad
TEhAl 19 (T SUHINT & Hehl | TolgeHl 1 FHT q9 q% IRY Tl e, S




T Ydeh heleh W Teh-Ush Toiogd 7 o7 SMU) o SMHR W N WK &1 WA i
SeleRiTeh TLET g1 fommi W anUiiia B

AEH

2.1 () T UM YR H TRl i W& 1 YR hifed|

(i) T T Solaeil o SN SR oTaY %1 UREed iUl

2 (i) B9 oF U Ol o IUMEYd Soiael i & &l URea Shifau|

(i) 7 mg 14C & =il ® (%) T gEw € (W) FA FAHH F4 B

(72 1 FHEE = 1.675 x 1072/ kg WM AIfSQ)

(ili) TR T SR I (STP) W 34 mg NHy | et =

(%) Fa G& R (W) ol FAAE TR

T AR d9 § Ifedd 9 F I gRafdd & STa?

2.3 Frefafaa Tfuet & Sufter =gl 3R WAl &1 Ge saRe-

13¢, 160, 24 Mg, SFe, S5y

2.4 9 XU T GAY] THHA (A) SR WAV GEA (Z) 9l WAST % qol e
fefee-

()Z=17,A = 35.




(i) Z2=92, A =233.

(i)Z=4,A=09.

2.5 WIfeam v g Iedrod diel Fehrer i a-<=4 (N ) 580 nm @1 THe! g

(V) 3R @-gen (V) o1 9ieher shitsu)
2.6 T UH HIEH H Hel G HITSIT-
(i) St 3x101° Hz smafa o wHw & W4 2

(i) Torrert T2 0.50 A &l

2720 x 10710 s = ol g a1 H G-, g SR qO-HEn # T

i

2.8 UH YT, TR q0-254 4000 pm B R S 1 J S <, o WAl H G
EGIE

2.9 A 4 x 107 m T2 AN TH HEA 2.13 eV FHEGEA ol o FT HdE 9
TR €,

(i) I H et (eV H)

(ii) STES w1 TS el 3R

(ili) TN SO & AT 1 GREREN HIST (1 eV=1.6020 x 10712 )1

2.10 Gfeaw WAW] &% SFEEH o AU 242 nm WO-A W fogd-gawa fafeo
e Bt B WfETw F AT St kJ mol~! H H@ wifs




2.11 25 die 1 Th sod 0.57 ym GOS8 ol Gied U1 1 Teha ol YehTl Scd=1 ahidl
21 gfd Yohe il & IS HI W TE RIS

212 TRl o1g ® HdE W 6800 A WiI-3= Al fafwr M ¥ Iy A @
TSR I BId T H1g HT gl Maf (V) ) SR wEwER (W ) I S

2.13 e BRSNS WA & n=4 o & 4 n=2 S &R § e[ ol g,
e q-3=d &7 YehTel Ieafd Brm?

2.14 A TR n=5 heeh | U €, @ H AT o 3TFH o fore fepaet il
1 AR BIM? O ST 1 ol CZSISH AT o EH TUedl ¥ sifsul
(T T n=1 FHeF U TR hi ehle o fou STaedess el gl 8l)

2.15 9 BEgeH TE] H SUMd e n=6 9 ol 1ol H Sl ®, @ W S
a0 Yenet &t sifuran e = B ?

216 (i) BESSH & YUH HEH § Haryd e -2.18 x 10718 J atom™! #1 uf=d
FHefh W G el adisd|

(ii) TTESIST RATY] o Tigd ) Heieh i 5 i TUAT hifeq|

2.17 TEGISH WA 1 aFL il | Sifreman @-osd ol HRHU H q-GEA i
TUET HifSTd|

2.18 BEENH WA § TR H TSl el ¥ Uedl Hel d9% o WM oh Ay
EYTF Sl 1 A H MO BT o Jg I qoreel e o ofted ®,

foFe TOT-25d 1 T SIS BNN? (Soie 1 qorey Sfeee S —2.18 x 10711

ergs )1

219 TEESH WA H TAaR H1 Sl Eq = (-2.18 x 107 18yn? J g & S 2 n




=2 el 9 SooRd Hl G0 W@ e oh T STewah Sl hl UM SITST| Fehmel
F TEH T TE-<=F (cm H) F1 BN, G ST 39 a0 | foRar ST 9eh|

2202.05% 10" ms~! a1 § fa W © Frt ToERA &1 -3 F@ Em?

2.21 AT H1 FFAM 9.1 x 1051 kg €1 AR EH! TS o 3.0x 10722 J &, @
THHT TU-SE 1 TMUAT SIS

2.22 Trefafaa o 9 & gu-am wihs €, sfufq fh solael ®1 g9m gen
27

Na*, K*, Mg2*, ca2*, s2- Ar

2.23 (i) F=fafea sl &1 Seieeie fa=ame fafen -

(%) H- (@) Nat (1) 02~ (3) F~

(i) 37 T I TA-HSA JaRy, [Sch Fa6 a6l soidel &l HHfarad 9 |
T e ® -
(%) 3s! (@) 2p° @& (M) 3p° ?

o o

(iii) Tr=fafea f

=Tl ST TRA[ST oF AW FamRy -
(%) [He]2s! (@) [Ne]3sZ 3p> (1) [Ar] 4s2 3dl.
2.24 T6g f=7q8 n 99 R g FeE w1 ARG AT B2

2.25 Teh SoiaR fohdl 3d heteh o 2| 3Heh fau n, | IR m| o §9a W <t

2.26 fHd a8 & T W 29 OERM SR 35 =g2H B () TEH WA W GE




FATZY (ji) I T TARIH [T TR

2.27 Ho', Hy 3R Op* witelir & Sufeerd soiaeii i HeAm arEu

2.28 (i) Torel TRA] etk 1 n=3 T SHeh faIC | 3R 2my o HWa A 1 B2

(ii) 3d Fe&H & oAl o faIT m; 3R | Faieq Gemst & AF =R
(i) Frfafad § 9 &H 9 %&% 999 © -
1p, 2s, 2p 3R 3f

2.29 s,p,d Hehad g1 FHAfalEd Faieq Hemet o Shefhi i Jasy -

(F) n=1,1=0
(@) n=3;1=1
() n=4;1=2
(%) n=4;1=3

o o

2.30 WU <4 gU ey o frefafea sdien e & & 9 96 g9a 11l T -

(%) n=0,1=0,m =0,m =+%

(@) n=1,1=0,m; =0,m =-"%

(M) n=1,1=1,m =0,m =+7%

() n=2,1=1,m =0,m =-%




(F) n=3,1=3,m =-3,m =+%

() n=3,1=1,m =0,m =+%

2.31 Tordll 9] ® fr=fafea Faien gemst at fhad seegH 3?2
(%) n=4,m=-% (@) n=3,1=0

2.32 I8 TUMSY o BEGISM TWAN] & SR Hel HI R 3T Hel | TMAHE S
FI -FreAt RI-3=4 1 gol Ui B 2

233 He ®RHA o n=4 ¥ n=2 S GHAT 9 Y q0-284 oh S orel GshAv

gISSIe WaeH § I Bhm?

2.34 He (g) — He?* (g) + e~ Ufha o foIU ofrorwaeh Sl 1 TUMT SHITSTI BTESSH

TRHIY] T qoreel TR § SR Sl 2.18 x 10718 Jatom™! R

2.35 A & WA T AW 0.15 nm €, A 37 Hla" WAVET &1 G& H1 T
FIST, T2 20 cm Whdl H1 daRE T TH-Teh Hioh Fareyd fHar ST Gdl 2|

2.36 A % 2 x10° AT T HaR § Fafted & A% 39 Fa€ H @aE 2.4 cm
2, Tl ST UTATY] oF SATH 1 UM i)

2.37 5% WA *1 =AM 26A T - (F) % wAW] T B pm H q@ (@) 1.6
cm Hi A9 H HAX H AR AT TAM[S ST TS i UM Hifog|

2.38 ferelt &1 o1 feer faepq etm@w 2.5 x 10710C 21 zud Sufter seel &1 e
1 UMD HifSTE|

2.39 fafeis= & 7am ¥ 9o 1 g5 W =TqHd X-THo0 grR e wifqe faggq-emaw




qre foRn STl @1 91 Y 98 W A @ik foga e —1.282 x 10718¢ @, @ zwd
IUFEAd Sl shl FEAT i UM hifT|

2.40 THE & FAT | GH, wifem ot 9t wArgett ) udelt 9=t sl 0 HO% g
T T S ?) AR UgEtEe e W gooh WA 1 el U= off SmY,
ST g | @ ST g

241 5Br g1 Ppr wie W ¥, wEfk Spr den OBr wr T ¥ wew o
HRU AT

2.42 U 81 FoAHM T oIl axd H WeHl &1 qor W 31.7% 2 3ifus g1 38
T Ydish fafEu)

2.43 37 TAYH H&A Ol U EE W RO HI UH THE 2| AR A H Sciei
HI o o =g2[ 11.1% 31fesk €, @ 31 1 Wt fafe)

2.44 56 TAYM WA O Tk 3MET W YO i 3 THE @, 3 TEH Soiee Wi
T | 30-4% I Ak &1 3 SIFH 1 Tk fofau)

o o o o

2.45 TrAfafaa faferon o geRl &1 g o d9gd U %A H Fafed i -

(%) HEhiad fad (oven) ¥ faferyo

(W) AAEA-Hehd 9 JUET (amber) FehTT
() Th.TA. A | g fafeheom

(o) =l TR @ wiafiss ol

(=) X-fepeof




2.46 SIS W 337.1 nm 1 TU-28 W Tk TR0 S Ll Bl AfE St
HRHl HT @ 5.6 x 1027 B, A 3T TSR HI WHAT H TUMET HifS

2.47 T3 T4 1 WHERE: Hohd digl § YgH fha w1 €1 A€ T€ 616 nm W

yaeral o fafehiu-3cs &t ©, o

(%) IS &I g

(@) 30 ¥Fe ¥ 3§ fafH g0 @ # T h

(1) FEEH HT ol ql

(%) IUfkerd S 1 @A 1 TUAT HITAC (K I8 2J H1 el A= HL 2) |

2.48 @ied Jeoi o Ty aff 9 fHeM ol Gohd ogd $EWR B 21 A% wieA

e 600 nm o fafRtol ¥ el 3.15 x 10718y W e €, @ W R W
ISl sl T&AT i UM HITSIT|

2.49 ITfA STaEASl H AU oh Saqehiel &1 A9 YF: G A9 Hehe T aTd
fafertor Wid o1 ST ek fRar S @1 afg fafweor | o1 el 2ns 3R e
fafstor Wid & KM Sfsd WAl ®1 G& 2.5 x 101° ®, @ Wi 1 e HT O
HifTa|

2.50 Wad et fgfoT w-3ed TSk SrEwioer WehH 589 3R 589.6nm W @I Sl
21 Y%k GHHU H1 M SR T SAfed TRl o o™ el o el 1 UM

HifTa|

2.51 HIf a9 9] 1 HEwHA 1.9 eV €, @

(&) 3Icarsa fafereo &) el aur-o=d




(@) <Eelt g H1 MO SIS FfE HRTTH 9 w1 500nm T qI-<E %
Ty faeifia fean s, @ fevel gU Widigele™ &1 TS St AR a7 @1 O
i

2.52 & Gifgam urg i fafe= qu-<sat o wy faeifta feran sman @, @ Frefeted
aRom 9 B € -

A (nm) 500 450 400

vx 1072 (cms ) 2.55 4.35 5.35

dgell qUI-=d Wi el &1 AT Hifg

2.53 YRl fopq wome W | foeer o1g @ WiSRedd S s 0.35V i dieed
SN UhT ST Tehdll B1 S 256.7 nm o fafertor 1 S9am fhan S @, at faeer g
& fau sEwe &t T HifST)

2.54 9% 150pm TI-3% 1 WIS Th GET] Y THAA 2 S THh 3T Sul g3

THRA 1.5 x10 ' ms ™) A § AR Fhad © A 39 S HI MO witoe, fed @
e | S geT R

2.55 UI¥E S0 1 TSI GHHI n HY U ARY Bl 21 FH¥ n=3 § TH B ©

T 39 v=3.29x 101° (Hz) [1/3%2 — 1/n?] | S0 <1 Fohel 21 A(E THAT 1285 nm

T Uferd BT B, @ n % HH I UM FIHTC 9 WRH H & B

2.56 IH IcHS GHHU o qCI-5 I TUMT HIFTT, S 1.3225 nm B a1l 4 9
ARY 3R 211.6 pm T AT BT &1 TE HHAT i S0 o1 AW AR TR 1 &
f SarEyl

257 3 gEll gRI UfaWsd ¥ o Qe FIOER W Tolde geRusel & @i g, o




Se eTupetl iR T YR ok ugiel @i otfq eyafifa wafae o forw swam & @ S

21 39 geweell § A geiwe w1 A 1.6 x 100 ms™! ®, A TW el @ wdfum 3
Sl TS5 T UM RIS

2.58 Soige foedy o 99 =g foed gawsell i ST &t 9= o HuRo o
e fRa S @1 A @@l 800pm w1 GN-d oft W, @ =ggq 9@ gefed
STk o w1 T HIfT

259 Af% AR o YoM w4 H soeed & am 2.9 x 100 ms~! 2, @ o9 wafu@ 2
Sl o= ) AU iy

260 TH WeH, St 1000 V & fawai® § 7fg &% W1 &, ¥ Gafd a1 4.37 x 10°

ms~! 21 IR 0.1 kg THAE FT BH! HI Vg T@ A Q A ©, @ W Haua
TS T MO HITST

2.61 A Th Toioe 1 feafq &l + 0.002nm 1 Foa 4 @ St ], @ SolgH
% Hom § stfAfysaar it M ST Ak seeR ® Ha hidmy, x0.05 nm ¥,
T 39 U i Fpem § &iE wieE gi?

2,62 D: TR H FEEH A A= G T B TR o0 b wed HH W oFareed
FISTT R Y 9 Rt BT el T9E 2

1.n=4,1=2,m =-2,m =-1/2
2.n=3,1=2,m=1,mg=+1/2
3.n=4,1=1,m =0, mg =+1/2

4n=3,1=2,m=-2,mg=-1/2

5n=3,I=1, m=-1,mg=+1/2




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

2.63 SIIHIM TWAIT] § 35 TR BId B THeh 2p helh W B: Soigei, 3p e H B
TAR AU 4p FAF W UH AR B Tl TH W HiA G SR FAdH FHwel
TR A ST Hel 72

2.64 frefafgd § ° SiM @ weleh STHIIE IS AT A HM?
(i) 2s 3 3s,
(i) 4d ST 4f T

(iif) 3d 31X 3p.

265 Al A1 Si W 3p ek W SFfHG Soieed BId B i Wl SoleeH AWe ¥
SIfeh gt AfRTa ATET STHE HM?

2.66 3 AT SeloeHl i F&A dd=C (F) P (@) Si () Cr (¥) Fe () Kr

267 (F) n=4 ¥ Farud fhay ITHIT 27

(@) 39 TSN § T Zolae sufeera g, fower faw myg — é— W n=4 %2




Tehdh 3

Tl SRl SEISRTOT WS I[UTeHT | STTafdar

CLASSIFICATION OF ELEMENTS AND
PERIODICITY IN PROPERTIES

SEAD)

$9 Wheh oh SILFIT o YA 319 -

o Siod o fafy= &= § wra fogm o g i U9 Yohil;

o Tl oh TUIHHl o SMHR W ITch oIIhU ki Heheddl GNI Ted IRl o fashrd |
Wﬁﬂ%ﬁ;

W—ﬁ'ﬂﬂﬁww;

STl afieheul oh U TREU-§E&N o1 Soeieh foaamd o SR i Wiedehdl i
9 FehTl;

100 9 3Ife TRHN-SHHHAE dwl o fau [UPAC M fa@ g

el s, p,d T f wAleh | offihd Y Fohll SR Sk &I AFAALTON ! ol
Tehil;

a<dl o ifds TS THEfTE oMt § el el Rl U= Teh;

a1 Afufmareiicar & qor X "R IR S= STl Upfa o Suftufd @ Heg
WW;

I T TS Uifcaeh @&l o | HeaY odl Hohil;

WA § Hefud o wewqul UM, S9 - EftTs, WA B s wdedt,




TR, Afer Teedt, faeq RNl R TaSehdl § Gafid faar & =Fd &

o U wWel SR vIegEell 1 YA HY Tehdl|

"3ITId RO YA @Y U¥ Y@ VIR T 3Id Wewaqul fareny &1 wiateT faemei
& 399 wETaar et &, @ieeaian @ T o9 fierdt & ot e w7 & ayul
AT VI T WE qui e &1 9% 39 a9 T U gy SNl § i
Atk a sreatid wug ¥ faant g ghiE Tl gia, oifug d Faftad 9gEl o
qurar gefdla #xa &1 S @ gg S wEd € f ghiar sie-sid o i 44
1, 39ak foIT 3iTad GRUit @ga Syt 2

T 2T i

39 Theh B TH IAHM 3TEd RO 1 Ufqeias faema wd snyfeh sied-fam &1 1w

H{N| el T SH{TehTU] LAY o SeAaRiieh Tomd o1 UROTH B| 3fd o &9 awdl o wifdeh
qT qHAh TON hi 3T Ggra W o= w3

3.1 a<dl Rl SeRTOT Rl STTa9dh &7

3 dF TH g€ 9 goh & foh o weft ywR & ugrefl #1 ue e @ € 9 1800 H
o 31 T WA | T 1865 Th 63 Tl i SN Bl g off| Tshel H 114 a<ll
F aR W Uq 2l 99 ¥ T U @S MU d mHa-faftd €1 99, At ff U aw #
HM W % TEE Wl €1 3 WR el 3R Seh A AMfTRl o WA 1 SieFIH

SCNT-3TeNT T UMT SEd hicd T 38 HiGAE &l R W o fau Ik 3 awai o
TR hieh TH FIT &1 Gifed fhal IR ST SHRN Sa & a1, 39 Siqw ek
T gl T ¥ Hafta TR el 1 STHEd aehed 9 § @ Y g Wondl, Afasy |
el S 9 3Tl o o | oot Ueg fheri




3.2 3Tad 9RUN ki S

aeall 1 ofieRter Tl ® SR srafdar fraw e emad wrell w1 fask@ SmfeRl gR e
ATl de YA T IR0 T TgeH WHA WEAR S SRS 4 W 1800 R
YR ekl | 3H WG 1 3R Gopd fehan fom deall o oreml o fafvea wota et @1 6
1829 ® S=H GAM Hifdesr s THEfR O ool A el o @qel () w5 W e
3MHfYa wET I=H I8 ft T fF y@E B § i 9t 9 w1 WEN-9R 99 S
adl o TRAT] IR o SGd A o @ SeR o (GRON 3.1 1 3@) | Wi &, 7 ar
T oF TUIEH Y SH ad o TUIEHl o HEd 91T )

ARUT 3.1 SORER & &

v TLH-9T v THI- AT e TTHIUT- AT
Li 7 Ca 40 Cl 35.5
Na 23 Sr 88 Br 80

K 39 Ba 137 I 127

SlAUER &1 ‘T &1 M’ o2 g aw@ o oy 98 9= T s6fe 36 HEsl U WA
TR 3T foaR Big o o gHoh uvenq wifed srdferet uddl € SehRersd
(A.E.B. de Chancourtois) & §9 1862 H Tl 1 MU & 1 YA fhanl I=H i
1 STh SQd gU WHV-9R o %A o oafted fhan iR awal &1 oM R ERO S,
o9 awl o6 Uil ¥ sTed g Sl S9ier T A8 o SifHe e e el o
Ghll ST TEER S Teeeel o 7 G 1865 W 3TRek T (Law of octaves) ol
fomfaa foram 3= I &1 3ok 9¢d U WHV-9R o %A W Fafedd fhar qen umen
o fordt oft o0 9 URY 3 W TSd I ok O YUH q<d o 99 9 (ROT 3.2 3 |
I% HaY SH YRR KT A1, S IS WiTifde TR (eight musical note) w1 e TH
qififass TR &% WY B 21 Jeie H1 e W fa% Ca d% o awdl 9 TEl Wdid
T3, TTQlh S¥ 9T 39 URUN 1 AU A=Al et e, Wy 9% H Jad WEeEd




(W) GR T 1887 H —oic 1 Tl TSk GRI YEHd Y SToh 1 ! Tl & T

WU 3.2 THAS oF I<H

G Li Be B C N 0] F
QTHTI-A1T 7 9 11 12 14 16 19
rd Na Mg Al Si P s Cl
QTHTI-ATT 23 24 27 29 31 32 35.5
o K Ca

QTHTI-A1T 39 40

&4 WA S Heelid (1834 - 1907) AT SHA TIEAS AlleR B (1830 - 1895) oh
Taq Tl oF hoa®y SAed-gRv o6 faehd § el U g3l Wdd €9 § &
TU IHl WA 7 T 1869 § Wwifad fwen fob <9 awel i Sk d@d gU WE-9R
w1 H Hafterd fman w1 8, q9 fafaa Saa & 9vE SHoh difde den J9EfTe o o
Ul WS STl B1 @R HER 9 odifas [ (SI9- WEvEE ST, Tele T Feeih
3R WRAN-9R o [eA o F@fEd (curve plotting) TR, St Wk fafyea wye At awal
H FEEA A A1 W 1868 Toh WU WA A qwal ki Uk GRUN 1 faeke Y forn, S
MYk STed-urvit & *TH! faerd-Sordt off, Aferd 3Ter ®m &1 faeror fisht deeda &
%™ oh faaxor ¥ Uge YRR @l B AR Y STed WRul o foe™ # ANEH
g <t et w1 fgan T 2l

gTcllTch STTedl Gaell oh TeAIA o1 3TRY SeRiER + fhan o, forg Heeha 3 omed faq =i
Tl SR YHIeE R I faw 39 yen @ -

“aval & TUTIH 3T GTHI] R & ATl HerT gid 217

Heetta 7 awal 1 &fas Gfedl T8 SeEiur Wl § Seh a8d g THIT-9R o TIER
gRoft ¥ 39 @ %9 H W@ fR TEE Uiyl o 9@ T 8 SEeER-W A 9HEl ° W



urd| Heefta gRI axdl b1 eriieRtol ffYed AR W wlieR WeR o ofiehiur § atfueh faega e
Heella 4 erafddr o 7o 1 quf 9 @ quen R awdl & aiffeheo o fau e famga
Gifaer T THEfS TUEEl H1 eTeR T faviy ®9 ° Hedld A awl gR 9 AfTeR &
j:|c§‘|'|':1'cl'IFﬁ'{ﬁ)f(empirical formula) T 3ok TOTEAT 1 FHMA i STER AHI 98 98 S
g o aff TAN-9R o 7 H A: e fFa S, @@ F9 9 96 g0 KU T wn
H eed-groll ¥ I8 W S WRd U1 36 GHA qEEeR 0 IWH A dwl bl
Tred-gRoN o Sfed M 3 o fAu Sk WE-9R % H 1 SUN 1| IR F AR
W EEN, NUH A YR §gE VI % dd ‘IafEm’ @ &9 oen, & gy VIl H
YRR, FAA, S onfE o W Ul H guEar o SMHR W Tar (s 3.1)|
3B HAM TUIEH Sl al Sl Toh 8 H W@ %I WHfHGAl HI STYR HAd T IS
g&itad fohan fo 8 @ (S @ 981 T o) o fau 9noh ¥ g e wom s K
TY ST o foU- e Heelld Wi AEd-ERUT WhRE g, a9 ifeEd (Gallium) qen
SHfEH (Germanium) el i @il TEl g offl S=iH Uofafem ik fafasi & H=
Th-Tsh o T Sier 3R 31 axal o1 A Al Thi-UeHI98 (Eka-Aluminium) a1
TehI-Tafetshie (Eka-Silicon) @l Heelid 3 7 ohoret Nferdd IR SHfEH el o BH 6
UNIfeRT 1, ek 37 qdl o o Wifde UMl &1 =N o e 9) § @S e g el
o UNER TOTeEl qen WEifieR qoieml i gneil 3.3 o geiag fRar e @) dedla W@
HETCHh ANfeR@l 3R hiellal o S9! Woheldl o RO S SR Sl ofedd GRON b
wTh! gfafg el Heca &1 99 1905 # Y1 Ted §RUf &1 fo 3.1 ® Iwiien T
2|

ARt 3.3 Ueelld gRT Tehl-Uerditram (fifeem ) qen uenr-fafeaes
(S ) a7l sl Ui



T wE tefafEm Trferam e fafemnt wrilferam
( wieeages aw) | (@ T A ) | ( wiesages ) | (@ e )
TTHTOT- AT 68 70 72 72.6
T / (g/cm?) 5.9 5.94 5.5 5.36
TR /K L 302.93 I 1231
ATFATEE & T EO, Ga,0, EO, GeO,
FANTEE & gA ECl, GaCl, ECl, GeCl,

3.3 MYeh STMad-TTH qYT M ARUMN &l TAH &R

TEl I€ o1 A < 9T ® o " deelta A eved WRelt w1 fashE TR, q9 Wl
TH] i ARk HEHAT 1 TH 8l ol AEel Yaal oh ARY H STEUHAES HUN hl
faentd g3l 9 1913 # o wifaeh! S=fer 20 Hioiel 3 awdl o rfyenarforn X- fereor

A § fefma T ek dm R Vv (SR 1 xfRm @ oemfa §) ek
WHU-HAE (Z) o Hed o fifEd i W Tk WA W@ WK Bl @, T W]

SHT  d&Al
R

[ % oeE@ H WA W@ WW @l sl 3d: e A genen e

THV-FFHE i ol H fhdl < &1 WA-hHAl% 39 a<d o o1 &l M e
e €1 36 o SI{ER Heeld o

gt agr SfurEl W awdl st nafdar




SERIES GROUPS OF ELEMENTS
(] 1 I oI Iv v VI VII VIII
Hydrogen
1 = H -
1.008
Helium Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine
2 He Li Be B c 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 v Cr Mn Fe Co Ni (Cu)
38 39.1 40.1 44.1 48.1 51.4 52.1 55.0 55.9 59 59
Copper Zinc Gallium | Germanium Arsenic Selenium Bromine
5 Cu Zn Ga Ge As Se Br
63.6 65.4 70.0 72.3 75 79 79.95
Krypton Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Ruthenium Rhodium Palladium
6 Kr Sr i 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 flic lodine
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 - = = - = =
Yiterbium 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 -
224 232 239
HIGHER SALINE OXIDES
R R20 RO ROz RO 2 RoOs RO3 R207 ROy
HIGHER GASEOUS HYDROGEN COMPOUNDS
RH4 RH3 RHz RH

forT 3.1: dediia grT geIfvTa efad GrRuit

(1834-1907)

2 samEE Aeda #1 5 &9 | deraes (Tobalask) e T # 9 1834 # g o 7o fa@ =i
T o A U IRER §= deda =en T ' 1856 # 3= WA | waerk (Master's) &t swify qen
w1 1865 # <l &l Uy gra &1l R 37t Fgfoa deder fovafoemed o gveR (WRA) & ] W
st gfes g% 'Principles of chemistry' & wrfies &/ & emuR @ Hedfa 7 ‘smafaa o fem’ &
yfamfed fran qen @i o fau eTad-gnelt &1 WA Sl 39 999 WHV-GEE % aR H s el T8t o
Heofta *1 98 uron for awil o U ohE YRR @ Sk TA] SoAdHl @ Gefd ®, Th YR 9 Sieqh ot §9
T wl a H IR THEME 0N ok SMER W IfEd WM [ ok fAu declia 4 3 = Ok HH B




Yfeifra #R faon den favam o @ Fal fF STk WAN-9RE § Syt off| Heofa ¥ oo g & SR W
IH 999 T G aw@l o fau 9Rot H Red T Bie KU qen 39 i ¥ Hefyd 99 qwa o [N § ufed
(observed) vaft & MR W 37 T oh TN KT IAIHT fF i Hecld w WA S qw@l w1 @S
SId HET qe wfehd Y <A et U T

TAMR Heela o STafqd-om 7 IR d6 @S o fafd=1 &= & 3R & & 39 oW serm 9 1890 #
T T Ik T (ST qen diferE) w WS 4 U faww ot w7 gfd o o S@ wkR % o= axl %l @
1 G 1 URA T 6 Gure o enmeR W W (Ramsay) F feei (Krypton) @en s (Xenon)
F1 @IS H GHAd U< Hi| 6l el o URie aw | A qen oifem FeAieHt a7 9o W) owny-s o
et ERet ¥ uf@ e

Heofta Tt aggal gfaa ot =t 91 fome & oFs &5 § 3% %09 offl S 9 o Whfae el o geitd
3 FEEsti W s R S=iH 3= SR (Accurate barometer) 1 enfaspr fmam @ 1890 #
IRM WHW o U8 ¥ A 2 e qeave At fgfed e e A o A fRve % 9 W gE| Sfed o
sffam i q 9 WY o oS & ° ot @1 ' 1907 § R 9 @ R

anyfrer eTad-aroll (fot 3.2) o ofaelieh @ 98 W @ ol € fh wAn-sHih 101 ofel w1 AHeRL
Heeitaam (Mendeleevium) &t Heelia &1 M ™R X o T Hedd o FYe Ig F1 OHRIA
YR R MR gt o= 3 Fenf (Glenn T. Seaborg) 3 wwm- wwiw 101 ot o &1 9|
‘Hedifaam’ gEafad fran o, St @@ 59 dwd o @iskhdl 9| Aedd U8 YoM WERy 9, =i 59 o=l o
THEM® TN T AN § ql o CeTafaa o f9gia’ i STER o, et @ el g ot It fasid
e et weRfEm @i (Transuranic Elements) &t @St 1 9id @I

afrerd w1 S e e 3w enyfe erad e whed €1 T8 3 YRR © -

‘avdl o ofifae dur TEETTE TUTad SR URHTUL-SRATERl o SfTaet e gl &1
(The physical and chemical properties of the elements are periodic functions of their atomic

numbers.)

AEad Em & g0 Wiefas ®9 W YT SH ot 94 a7l W ScoieHE HFAd fhe|
TRIfEY IR WerEifm &1 9ifd TegfEg iR <R ot R & oues fm =i

H T MU SHY STRTe R WA W W Wi e iR Y STl Tl hl @IS

T




AT Jed UG gob € foh el avd 1 TRHY] Ik U axd o AR AN (W i

@) A1 SIEH WA] A Sufierd ol bl W& oh SUel Bl ¢ Sk Y e

Hemstl w1 wiefewdr R geleien foaral i efefaal sl WHI e € Sl @1 379 U9
wiehR Y foran o © for omed fraw el qen Sek AfThl o wiifqes qen wEEtes o
] Tl T, S dwell oh SRR o TR ST @

TII-THg R AEd-ARo o fafi= &9 wgd e U ®) 9 w9 qwl & Tt
sfufpenei qen GASHRAl W 96 I €, WA PO I SoldTh OO W ST
Myfth ey (99 amad ARl @t <id @Wey Fed ©) J9gd W 9o Sdd ST ©
AR 3@ faa 3.2 o swiw o B &fas o (92 deela 3 ' Soft’ =1 ©) i amad
(periods) HET ST © 3R HeaieR &6l i &t (group) ed &1 THM &l Soiee faam™
oIl qedl i FHealer Wl § @ o €, R ‘e’ a1 ‘ufEr’ #wr S ?1 IUPAC R
TR o TR, oM @l QU T&id IALVIA, VI, IB..VII B, & M W 3% 1 ¥ 18
a% &1 et o sifed wie fefua fran T 7

Ted-gRelt § oot G SAEd 1 Sfed-HeA fad H awd whi sifushdd qeT adien G
(n) 1 TUIET T1 TUH G H 2 dwe SURKd &1 9ok @15 o 3{edl H HHW: 8, 8, 18, 18
IR 32 T | Wiar fed o1qul e ?1 Ygifae €9 W Bed oed w1 e TOH dwl
1 AferhdH HE& Falen GEAel o SER W 32 B Bhi 3H ®Y H EG-GROi o Bod
TS Hiad SAed oh HAY: OFOAES 3R URRAREE o 14 - 14 O HE ST 9 <9iT S ©
g

3.4 100 ¥ 27fieh UXHIUI-hHleh a1l vl SRl ATHGRTUT

9 H WA €9 9 AT Tl K1 AHHRLON I deall oh SMERdiel o A9 T R T S
of qYl YEAfId W h1 THH 3TI§.'€LH°I.Q.'H°[. (International Union of Pure and Applied
Chemistry) SN &Y a1 ST ol WG o1 & § 39 g W {9 31 T 3=9 WAVl



at T e a4 SR B B o SRl hael ged Wl (IR wefi-wft @ et 9
T A E) I et €1 g awel o HYeuur SR faew o o stemad o faw wEn qen
MfTeh ST 3R FARTINE 1 Tevashdl el g1 foava &1 o & yarmenanet o g«
1 WEF U TH S B 8| -l et o fovaeia e ghes fhw, AU awl

H1 @IS HT AT FE oF AT ARG B S &1 IEOT F AR W ST R G, Sl
& 2 o AR 7 104 THIY-HHik ot qXd i @iel 1 <@l fman iRt At |

T ' TUHIfETM’ (Rutherfordium) a2 & Sl = 38 ‘spemaife@™@’ (Kurchatovium) =8
<ol 39 W@ &+ FfeTE & W FH & fau IUPAC 7 g fan for 5@ 7 0 &1 @
fag 7 € ST iR A %1 THeH T ¥ WY, 99 9% I W 1 ¥ 9 q% gemsd & fou

F&AHE o (numerical root) T AR &Id U ek A ol TIHTY] ShHlch] o SR W
g e W) g9 WRof 3.4 # fean e 2

*1eT 2 e o FE F1 YeAT SFal VARl & i HE (T 1940) H TR 1 @I § g% | $9% a5 FRAIH
& @15 alct (94 § AT 102 d%) Tl | SEd-GRU H§ aecrd S SR UaeAEe #i oireAEe o J1e @ T 6q
1951 # Hif &1 TG 9RA FT A9 QR 37 B & 07T 71 T 3% SR 37 @ a8 dwa-g&Ar 106 F M
‘Hafitem (2) @r



Representative elements Noble

Representative gases
elements GROUP NUMBER
GROUP 18
NUMBER 1 0
1 2 B 2
Ls 13 14 15 16 17 He
! IA  IIA MB IVB VB VIB VIIB| ¢
g 4 d-Transition elements 5 6 5] g 9 10
2| Li | Be . B C N 0 F | Ne
2! 257 GROUP NUMBER ] 22 | 2525 | 2s2p | 282t | 25'2p0 | 25%2p |
3 qul 1]\/% 3 4 s 6 7 8 9 10 11 12 ;3 'S4 IPS 'SE g Lsr
a g 1
S T mAa IVvA VA VIA VIA < VIII > 1B 1B 3580 | 35| 3550 | 3| S| 38

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
4s' 45 | 3d'4s’ | 3d'as | 3d4s’ | 3d%s' | 3d% | 3d%5 | 3d4s’ | 3ds | 3d4 | 3dY% | adap | aspt | asdp’ | astapt | adap | as'apt
2T 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5| Rb Sr Y Zr | Nb | Mo | Te Ru | Rh Pd | Ag Ccd In Sn Sb | Te I Xe
55" 58 | 4d'ss” | 4d’Ss’ | 4d'ss' | 4dSs' | 4dSst | 4d’ss' | ad'ss' | 4d" | 4d'ss' | 4d%sY| 5Ssp' | 5°spt | 58Sp’ | 585p' | S6'sp | 55°5P
55 56 57* W 73 74 75 76 T 78 79 80 81 82 83 84 85 86

PERIOD NUMBER
=y

6 Cs Ba La Hf Ta W Re Os Ir Pt Au Hg It Pb Bi Po At Rn
6s' 65* | 5d6s Wr'sdes’| Sd'6s’ | Sd's | 5d%s | 5d%st | 5d6s" | 5d%s' | 5d°6s' | sd'6s| 6s'6p' | 6567 | 656 | 65°6p" | 65’6y | 6568
87 88 89** 104 105 106 107 108 109 110 111 hizz 114

7| Fr Ra Ac Rf Db Sg Bh Hs Mt Ds | Uuu | Uub | - Uug = Uuh | — =
75! 75 6d'7s”

/- Inner transition elements

w ) 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Latnnhﬁt_?mgls Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
4f '5d " 6s 475465’ | 454657 47'5d"657| 415’65’ 4'5d’65”| 4 5d"6s* | 45657 415 6s7|af "S5 d" 65|47 'S d 65 | 4f 565|456’ 41 67| 4f 5 65"
. 9 | or | 92 | 93 [ 94 [ 95 | 9 [ 97 | 98 | 99 [ 100 [ 101 | 102 | 103

Actinoids Th Pa U NP Pu Am Cm | Bk Cf Es Fm | Md No Lr
576" 75" 51%d"Ts?| 5f%6d'Ts’| 51%6d 75| S16d'Ts| 51%6d"TsH| 576" 5 6d s | 5165 |5 6T 51 6dTs |5 Y6 d TS |5 06d T 5 M5 |5 6d T

fara 3.2 T & THT-FHHF T T STAL] SAFITH a9 o a1 7ad Grof &1 s &9 97 1984 &
IUPAC & s1gdis7 & /@R o &1 1 @ 18 @& switar 7 &1 59 g1 &1 Gabaq a7 | A=VIIA, VIII, | B=VII
B, O @ g3fifq #33 &1 [l ughd &I Flaeenfyd &3ar g

ARUR 3.4 a<al o [UPAC THERIUT 3q Gohad

+

3

H

nil
un
bi
tri
quad
pent
hex
sept
oct
enn

ﬁﬂmn"ﬂ-ﬂﬁﬂ'cn%

00w~ DN W=D



oAl 1 Skl o HH W TH WY W@l Wl €, e wish Wi el € qen ofd o ‘gem’

(um) Sig f&am sman ®1 100 ¥ SW YA A ol awell o [UPAC 9 ®ROi 3.5 H
9T MY €|

TH YR, T A% i U8 SRUE M SR A 7R ool Yot f&ar Sar @1 9 8 W
o IUPAC Waffe o wae @ Tl 1 qen Woieh oo St @1 ol 98 o S9 <9
I YY1 AH T Hehdl €, SEI 39 qd i WIS g5 8 AU FG1 The i oh oy fmeh
YRGS 1 AW 8 Tehdl €1 WA 118 e oIl el i @Sl 8 gl 2
113, 115, 117 3R 118 WA HHl% ot eadl o afapd IUPAC =i =6t siwon ereft
as% el g T

3T 3.1

120 IXAY] %A% Il q<d hl [UPAC 9 T Udieh (symbol) 3T B2
'

GRoft 3.4 oF STIER 1,2 TAT 0 3okl o I F (root) THEW: un, bi T nil B T:
120 TXHIU[-ShHI% &l T Sl A Unbinilum @& Udie Ubn BT

ARt 3.5 UIHIUT-shATSh 100 § 3Tk Tl a<al ohl ATHERIUT



QAT - A1 RLe Poicd IUPAC 319 =T | IUPAC Wdieh

101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Ung 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 Reg
112 Ununbium Uub Copernicium Cn
113 Ununtrium Uut " -

114 Ununquadium Uug Flerovium Fl
1LLE] Ununpentium Uup " -

116 Ununhexium Uuh Livermorium Lv
1k Ununseptium Uus . -

118 Ununoctium Uuo * -

« affiehd TUPAC M 1 =ion asft oo =1 &2 21 + @, for= =@ = 21

3.5 Al oh SelaSi-eh (O~ qeT STMad -9

g The H 4 I8 9HI foh fordll TAT0] # Soiaed i 989 =R Faied esti o &l

W Hehdl B1 Y& Felied WA (n) WA o TEA Foil &, f5 ‘1w’ (shell) FEd €,
I HA Bl BHY ge ot o fR e @ v # geeed fre-foe sooswe A
St €, =% 89 s, p, d, f HEd T WA § Tl o faaRor @l & IHERT ‘geASilTn
foame’ wed 21 frdl a0 @t ofed Wrof ¥ frofq SUeR W WHere eifad et i
FalcA-Gemet & eidl B 3@ 9N W B0 {eihR Sfad @R qen awel oh Soigeiih
fo=me o 7 9iY 99y o 9 ° SHeRl 9T S|

(h) 3Mad W FHaEeh Ta=ama



e A Sl A1 Rl B9 S AT N R AE T4 @1 e ol § yeke SRR St

(successive period) @t {ﬁl 3T 3= & el W n=1,n=2 A< ¥ Hafed gt IR
@ W Whdl @ fF ye oed W qwel # W@, W HE Sel-&R H Sudsd
TAIY-SheThl 1 G ¥ A el 21 TH YR WUH SEd (n=1) T YRY o free T
(1s) o 9 W YE Bl &1 399 < avd BId 8| eggieH 1 fa=md (1s!) qen €ifeem (1s2)
T TH YRR, Y9 HI (K HI9T) gof 8 W@ {1 SHU Sq6Ed (n=2) ohferdw ¥ Ry e ©
(Li=1s2, 25Ty, T i@ soiei™ 2s %eh § WO idl B offTel qwd afea™ § =R
TS SUfted BId B| SHRT Tl foar (1s2,2s2?) ®1 THeh W% AR awd @ ¥E
FT TC 9 g9 939 axd d9 TEd €, @ 2p Heh U ®Y ¥ TolRMAl ¥ R W @1 59
TR L 91 81 (252 2p®) axd o T gl @1 a1 |1 37d: TER ST | el sl GE
S BT B STed GRON w1 AU SEd (n=3) Gifedd dw % WY YRY e §, foed
TAFI 3s Hefh W AT @1 STRR 3s Ud 3p Heiehl H TolaRAl o WA oh UvEN e
aed o el ) W wifean ¥ S qe oot faetet oe 8 Wt 2l

RN e (n = 4) B YRH GRET W, 4s HEF o WH & Y Bl ¢l F& FE 9w
Hewqul § T 4p ek & 9 U gd & 3d ek 1 9 Y& e Sl €, S Sl
(energetically) &9 | HAJpd 2 T YR, 8 a1 3d HWHHU-HOR (3d transtitian
series) U B S 81 ¥8 WhiweaH (Scandium : Z = 21) ¥ R Bt 8, e st
forma 3d! 4s? @1 €1 3d ek R (Zn, Z=30) R YUl ®Y W R Wl €, Torn
ToleRieh forame 3d10 4s2 ©| =ien 3MEd 4p HERl o 9 % WY TR (Krypton) ™
guT Bl Bl bt AR =Y efed W 18 axd ©id B | diwel ofed (n=5) ®fafeaH ¥ IE
e ®, WY 3fed oh THM B SEH 4d SEEE (ytrrium, Z=39) ¥ 4d HHHU S (4d
transition series) I[&® gt %I I AT 5p FHeThl o T W S (Xenon) 9 HHTA il
21 DSd 3MEd (n=6) § 32 w9 BId &1 STUUT SieRiA 6s, 4f, 5d TU1 6p HEFRl H W S
g1 4f ekl w1 9 GRET (cerium, Z=58) U Y& B THSIEE (Lutetium, Z=71) W
i TH 4f Mder WehHUT AU T TS Soft (Lenthanoid Series) Fed &l

el 3MEd (n=7) B8 Ed o TAM ¢, fEH gele SRR 7s, 5f, 6d 3 7p weeh o



Td 21 3T HM A (artificial methods) 1 HHe- ffHa fediedd qwa €1 @i
3MEd 118 o T HAGR dcl (A @S M ael) aw oh @Y qu B, S Ik
T9-iemR ¥ Hafiyd grm

Ufeefa™ (Actinium, Z = 89) o T 5f e WX oh howaed Sf ofafer HWehHUI- Aol
(5f inner transition series) W el 81 38 ‘UfeAias 9ol (Actinoid Series) Hed B 4f
qe 5f 3Tideh HehHUI- A0 1 oMed WRUM o qEA 9T W STeX W@l Al €, difh St
GTEAT 1 SFeIUUl T W eh AR WY € HHM TUE ared dwel Bl T € W o W@l

TR0 oh Tggid &1 Y e foman < Weh|

30T 3.2

3Med GRO ok UiEd SAad H 18 dwdl oh 8 hi ARl 39 fRE YRR H?

T

SE n=5 81§, A 1=0,1,2,3 BT ¢ SUAH FEHI 4d, 5 R 5P HT Hee & w@d
1 HH TH FHR & 5s<dd<5d W el AR 9 heteh IUGed §1 T eAfaeRad 18
TR R S Fehd &1 ST e 5 § 18 a<d B 2

(@) FaR FAE e fa=ra

T € a1 A FeAieR &9 H SR dwell o GaANSTohdl IV SoRieh o WHH B B
Tk TRl hetehl W SURtYd goiaRql i WEM U e ff §EM e ®1 S o fog
a1 1 @ qwdl (R ugetl) 1 Saisehdal siw gt foE ns! g B, S e
fe@m@n T 21 39 YRR TE W T Sl @ o TR v o e SHeh WA AlE W
fRk €, 7 fF Swer Gnifae wE-serEE W




3.6 THAGIMeh fa=amd M aval o W (s,p,d,f &Aieh)

e afieRtor w1 Sgifas HeneR ‘ eithars: 1 fagia’ (Aufbau Principle) e TRHETI[SA T

SoieRieh T 1 of/ed EROl o el Wi (vertical columns) | e ava T &t
(Group) 31l URER (family) &1 T &id &, IR guH TE@@ffs Toed <eid 81 98
YA AT Bl €, SEifeh S dwell oh WIeidH RIS H SOl s HEm 3R fador T
& YHER H1 B 21 I ded 1 faueE @R fafa= st s,p,d SR f R ST oHeRar w7,
S 39 9 W e war @ fF R YRR o e Soieel g W ST ® Bl 39 faw 3.3
¥ gwiar T 2

9 YR oF IR0 T | AU @ F THed ¢l Ugel AUeE dfeed w3l 39 s-
ik oh dwal § Gdg B deU, TXq TET TAM STEd 9Rvlt § aff 18 o axdl oh WY
p- =ik W T THHT Sifacd 39 oMuR R € for diferaw o1 Fas &9 (valance shell) T
T g B (He=1s2), FST&ehr woraed 98 Sope TG o ifqcremi & w=f¥[ =l 2|
T STYATE BESISH H1 &1 TOH hadl Tk S- TR € (H=1s')l 38 YHR EHT TH oif
1 4 e orgetl o WU S AR O SR, U8 UH TR TRV FRh Spe M
(Eiferaw) 1 TeiRier T 9 Y Wehdl €1 T YR SH S¥EER o7 17 (2
fEr) #1 «Aifd & gehar 21 i g8 s foviw feufa ®, o1a: wEgeE @ omad AR H
G SO STl ¥ T <A1 SAfen qehEa | e @ (T 3.2 3R 3.3 Wi 3W)|

3@ 3Ed gRvit § @ T IR YR o q<al oh H&A A0 i =l gH &1l S awll
% TR H 3fyes TR 1 faerer 9 § fen Snm 3R AN i uwl R o folg

ST STRTEel a1 SYANT fohan TR ©, SHehT aFfiehdo] 9F 3.7 § o 11 2

3.6.1 S— &lh oh d<d



Tt 1 o qwl (AT wgstl) den & 2 o awell (& 4Rl Urgel) oF WIRiaH hiv o
A SRl faarE wEe: ns! AUl ns? ©1 9 SHI A o avel ST HNU oh s—
<iieh W Gag &1 3wl franier arqd €1 geh et Wded & W %W e €1 3 e
TRAAYelsh FRIAH Serded ™A o U9E 1+ ST (& €igst H) A 2+ A (W
g wrgetl ®) = o #1 ot H A SR WM W T engedl o wifeass oAerur qen
srfafmrarsiiorn o gfg et @1 sifuss sfuframsicl gF & %ro 3 vofa § g &9 o =
e Sl €1 efifEm SR sRiferdw bl Siedl S— il o dwel oh Al q&I ®9 W
A B <l

THTOT-EEAT Poicd TG fa=ard
3 Li 15?2s! AYCT [He]2s!
11 Na 15?25?2pF3s! DT [Ne]3 s
19 K 15225?2pf3s3pfdst 3TUCT [Ar]d st
37 Rb 15%25*2pF3s5*3p°3d'°4 s*°4 pf5 5! AYET [Kr] 55!
55 Cs 1522522pF3 523 p°3d'°4 524 pfA d'°5 s*5pf6 s HYdT [Xe]6s!
87 Fr [Rn]7 st
p-BLOCK
s-BLOCK
- 13 14 15 16 17 18
ls 1 2 He
25 | Li| Be d-BLOCK 2p |B|C|N|O|F |Ne
3s Na | Mg 3 4 5 6 7 8 9 10 11 12 3p |Al|Si|P | S |CI|Ar
45 | K | Ca 3d | Sc | Ti | V | Cr | Mn| Fe | Co| Ni | Cu| Zn 4p | Ga| Ge| As| Se | Br | Kr
55 | Rb| Sr 4d | Y | Zr | Nb|Mo| Tc | Ru | Rh | Pd | Ag | Cd 5p | In|Sn|Sb| Te| I |Xe
6s | Cs | Ba Si | La | Hf| Ta | W | Re | Os | Ir | Pt | Au | Hg 6 | T | pb| Bi | Po| At|Rn
78 Fr | Ra 64 |Ac | Rf | Db | Sg | Bh | Hs | Mt | Ds |Uuu| Uub Tp | - Uug| — [Uuh| - | =
/BLOCK
Lantﬁl}moids Ce | Pr Nd | Pm | Sm | Eu | Gd Tb | Dy | Ho | Er | Tm | Yb Lu
ActSifr}uids Th | Pa U |Np|Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr




3.6.2 p-=Aich ok ad

M GRON o p- scdieh § o7 13 ¥ el o 18 ek o el Wi &1 p- soiieh o awell
3R s- =AF & q Fl GIF €9 U U a7 (Representative elements) a1 H& &l

% dva (Main Group Elements) S8l STl B Y&ieh 3Ted H SehT STeiqd Seleiiieh fa=arg
ns2, np! ¥ nsZ, np® & wREf@ B 21 TEE A ns?, npl SHw TN F oRE
fa=ma & @ gaTE Biar @1 Scbw T A Gasl 9 ¥ g9 s soldeHl 9@ R e
g1 TRl Wl BT AT gl 3@ LUl HERl &l agal 9gd hicd BIdl 21 sHifeT
S THl Wl TRt fufmaniied Sgd H el @1 Septe TEl oh UReR ¥ ued
AU o TEER Y ¥ § Hewyel @ €1 A @l € 179 °if o S (Halogens) del
169 o o d<d ‘dleehis’ (Chalcogen)! 31 & & oh Ol ol Sod FRUMHS Sciae

dfsl Tedl (negative electron gain enthalpy) Bldt €1 3 dwd STEMI ¥ HUW: Th a1 |
TR TEU Y TR Scp T SoieRie foamd U Y oid &1 3Ted | o ¥ T AR
&1 W T o effeass Aol o gfg Bl @ den fRd o ¥ SW @ A9 R |e AW
W i el o gfg et 2

3.6.3 d- =ATeh o ad ( HeRHUT a )

Ied GRof oF weA W feum ol 3 @ o 12 O X9 d - ol % dxd %edd 2 39
sAlch o d<al ! UEH $oh AR d - offeeel H Sl o W WM o 3MHR W i

STt g1 T RO © TR I a7 d-sclieh o A< Hedd B 9 dedl 1 HEE SoieRie
frma (n-1)d1710ns0-2 %1 3 woft a0 smqd 1 = o=l & oW W T oEW ¥
qen Red! Gaisehdl T STgER Al TERK i €, 3R Sk o ®9 H WIH B T
Zn, Cd T Hg o 9= Soiaeie fa=amg (n-1)d10ns2 B g O ¥ urqd HeRHO
adl o Sgd-d el i YR TEl I B1 d-sclleh oh v THERTh dR W stfafwanstial




s-Afeh o dwal adl %A foRamial 139 qa1 149 o o dwl oh &g Uh YR § °q hl
#Td T 21 T HRU d-sciieh o dal ol ‘GHHU aed’ ot wed 2

3.6.4 f- =ich o a<d ( 3Tdh HehHUT d< )

T oed ARot § A= 59 T @ dfos o | @ T R, 5% AReias (sqCe —
oLu) T THAEAE (goTh — q05Lr) FEd T T AR o I &1 U9 39oh GH
ot o [(n-2)f 14n-1)d%Ins?] 3 #T I B = q § sifm soie f
SY-H H WAl 71 TH SMUR W 3 AR o qEl il facAioh oh ava (ST GHHUT
aw) wed g1 3 Wl axa gl B Toe goft W oaxdl o U e wWH €1 WRiWe
TaMEE 9u oF dwdl i & TIfad STeRdhiol 3Ta%enadi o hoa®d 39 dxel ol
A 3ok HA RSATgE St o axal &1 ol § Sfodiueh Sfee Bl 21 TeREe gt
o wa feaenfl (Radioactive) 8d €1 98d § UeRMFE dedl @i ATt etfufsmanet g
ST (Nenogram) A1 399 Wt 8 W § 9w foRan T 1 ST a<al o TEREA 1 STRHH
ol ®9 @ 7 B U B REE T AR o a W 9’ SEdd 2

33Te{UT 3.3

] Al 117 TE 120 oA axell i WS od qh 6l 8 U 2| i b 39 e
FT TIH Aad IRt o fhg uREr/ar § BT ST qe Y Rl SoiaRieh o
T BAT?

T

fos 3.2 # & 7GRN | T @ foR URATY] I 117 STol dxd ol M SfEd qRof
T oA URER (s 17) § At % 19 BN Ao $Ee SolsRite fa=E [Rn] 5617

600 7s? 7p> FrMI WHI] FHHiF 120 A T k1 WH I 2 (aE g agd) o



Ra & 9 SN qe SHeT Toideieh fo=d [Uuo] 8s2 BRI

3.6.5 €Tq, 3TeTq 3T 3U-&1q

qcll & s-p-,d AU f=Alhl W AR H SFAEl T ON & SMUR W AR AR W 32
urgetl den stengett ® fafwfsa fear <m wewar ® (fod 3.3)1 9 o H 78 o ¥
afveh we&m uigel i 2, S ofed WROM i o 3R feum € ugd wW % 99 W
AT 39 et €1 TR TEHT TudR §, Aferem iR difsan o o off 9gd @A,
HAI: 303K SN 302K &1, urgstl o oMl TS iR $=d eid &1 A a9 qen foeq ok
g B 21 3 erErdeed (sUid @ Wed W udell Wik ® gl ST Hehd oid) qen
(fsger arR @9 o1 Thd ®) B &1 gl rugd ofed aroft & < @R frem @1
e gl H fepeft ot o el o enfeeh O A SR W A 1 3R WM W gfg B @
AR erad W o SR 9 I R M W ifcdsh O HH B S 81 TUGU hed W S
g 9 Bt 21 T o Ul FEYHlR HH Bid © (AN 3R HEd o7gere 2)1 I d™
qen foagd o e1eY =eiew 81 9gd 9 srefesh 3 AR (Brittle) B €1 A € 1A IR a
Tl B B el o eifcoeh W St O W qReEdH e (abrupt) TTEl Bl ®, wfee
T e 2G1-9al @I (Zig-Zag line) o &4 ¥ 2@ ! e g1 (To1 3.3) aterd 9ol
g fasol (3E-A<t) @ o dmmedt fee wwfem, fafas, omdfae, t=e qon qfem
a, uigetl Td otenget- ‘SHl o Sifueter swid 1 S YRR % qwdl i SU-ig]
(Metalloid) &d 2|

3310l 3.4

TRHY] HHh SR efed Erelt | feufd @l e § wead gu frefafed axel oS
9Gd gU Hfcaeh AT o A H SAAfeed hifwil- Si, Be, Mg, Na T& P

T



Arerd GRON o ol H W ¥ Y ®1 AR WM W awdl o i Ui § gfg et @
qq e | W W < SR §@d W uifedes O § S el @1 TH SfHR W Ky M
Tl o agd gU Hifcaeh AT HT HH TH YHR M-

P<Si<Be<Mg<Na

3,7 A<l oF TOT-H | STTAfdr

Aed WO § AfE 9 S0 W A" H W SM¢ A A W <% AR SN, o qwl o Hifdes
qe el of W wh g feEr <ar 21 sqewond- fedt ead o vt fhareiier
Yo o oF UIge § W9gd SAEl €, WA qh Ugehl T€ HH e Sl @ 3 e 17 ok

egell W TEE W St 9gd SRl 8 Wl 21 g e e awl % wge | (S
AT engett |) ofed ol W SR W e W W fwameiiern sedl ®, Sefe sterget oh
TR ¥ (8- eE IRER) SR ¥ Y IH R fEaniaa gedt €1 awi o Tuemt §
T i 8l @1 ? SR 39 SyEfdal i g9 ohd WHEG? T Gl ywl o S I & fau
RO T G o fOGIA TS WAV o T Hi SR AW <A B OTH 9N H ®H
Gifder Td THERE UEEl i eTaEfadr w1 faae el SR S seee i G ad
ol - I AR TS |

3.7.1 <iifaer Turernl =t wgfa

adl % ws difae U (SW- o, @9¥Fieh, Holdd UH aIodiehlol) S,
A H-Folt A Feft eyt ufked= <wid €1 59 oum ® &0 WA Ud i
et @A WS (lonization Enthalpy), SeieRiA wfed TS (Electron Gain Enthalpy)
3R 3ol HUMHehdl (Electronegativity) o @Ted Jeft sl 19+ |




CIRICIIRER

AT o R 1 LTl fufor wgd @ wfewt ®, Sefh wh g w1 e emer W
At ST Wkl 1 FAT YR THHT HRUT WieH €7 Tl 91d a1 I8 ¢ fF W) w1 e

w8 B (A 1.2x10"0m) &t @1 ] & W/ SR TeEE 19 (electron cloud)
g T dmr fuifa 7?1 ora: T 1 etehR Wt ae o fuifta & femen s weman
TR R B Ty B w9t e A S geRdtl wrenfies fafy 6 smER W W] o6
TR 1 FFaltor dog 7€ B wgea eraeen o wAmEh & " Hl g #) SRR
R T YA STHR T ke a1 ST Gehdl 81 Thel & (Single Bond) 11 I8 &U
TEqASeh STU3T (covalent molecules) ® IUfeerd 3 3Teifcareh RIS oF ANMWeh o oA
w1 T 9@ S oAl S @ e 3@ (W) ok SMUR R HeEAHh A1 (covalent Radius)

1 kel fonal STl 81 SSEX0T o OR G- FAH 379] o feTw s @t (bond length) T
M 198 pm T feran 7= €1 39 WE W1 SN, (99 pm), FARM T W] B Bl
uIgell @i aifcs 55 (Metalic Radius) &1 AH #ifcs fhea o feod og & skt siaq
AR T (Internuclear distance) T ST BldT &1 HIR o § T Gl HIo TRATUi

o o #1256 pm T T: HIW ok faw eifcash B &1 9 256 pm 1 3TN, 3teiq

128 pm BT 36 T&eh H weddrsl 5 don efae B o fau shaa wmme e
(Atomic Radius) =T AT feha 7o 81 =% 98 o< & A1 o1 A1 3T¢1g, WAvEE e
x-TeReoll den o SRRty fafy 9 9 s " €|

F9 awdl o fau w1 4 greft 3.6 (F) H feam w2

ARUT 3.6 (o) 3MEd W UIHIY] B=n o WM (UiehHieT) (pm)



TQTHTOT ( 37T 1T ) Li Be B c N o F
wraToy fawan 152 111 88 77 74 66 64
AT (HEAm ) | Na Mg Al si P s c1
wrwroy fawan 186 160 143 117 110 104 99

ARUT 3.6 (@) o H ULHTIT F==m ot | (diehiHiey )

ATy () Ty faren Ty (&t 17) wwTy

Li 152 F 64

Na 186 cl1 99

K 231 Br 114

Rb 244 I 133

Cs 262 At 140

A YRR 1 YghoEl e ®Y @ @A hi ot €, TRt saren en e e qen
SolE W Y Gehd T SEd § ¥ 3N 9gH W WAN[-3AHR T ¢, S| fgdid aed o
ol o WHV-3MHR § T ? (UNON 3.6 & I el Hi)| T8 YR 1 SR T8 7
ff et # T R 9eY W A ToidRE UE E HAst ww A fem € W 3T AfEE
e W g2 g oF Thola®y SIEl SoiaeHl b1 STRYUT AW whi 3R wgdl S €, foreh
SO ] B M2 S @1 STed WROM o ol W OUNAIU-shWih o WY-TY GRHII]
et o off frafa w9 @ 9fg el ©, S| e uigeti 9 RelioH el o faw grof
36 (@) ¥ <9t M B O ° W@ gw @ &R 9gd €, @ qeA Feied & (n) H
A dgdl § A AN TR (valence electron) Tf¥& ¥ R BT W1 ¥, sdferw fm
AMaRF S-SR SR 9 W B B, S had o ®Y § G TRA W ATAE
AT A H A §| HOEEd AY] HT AHR oGl Sl 8, S ] B & w9 o
uftferd i 2

e 3 i STERThdl ¢ b T8l Sopwe Tl @t W] Bew W femr wE feen o2l



Tehel WA] B o ROl Sl 3efud B agd e 21 ey Septe TEl &1 qo

SR T i FeHANHh 1 9 7 &ich aredcyd a1 9 &t Aty

160

140

oy
o

60

ford 3.4 (&) f5d19 37ad ° W] FHH & G <l H1 A e d gRedT



Cs(262)

K(231) Rb(244)

Na(186)
Li(152)

[(133)
100 —
C1(99)

50 F(72)

TIHU] SRt (Z)

T 3.4 (@) WHY] A & Qe T ergsi aer gee Al Ht gy s § aRadT

(@) AT e

IfE AN W Th SoieR ehiel fEd ST dl eMEE W9 €, Sl U Solee Tl S,
Al A RO S W B ST B o eneher sttt fhed o feu vAEel w
Tl o = ki T & FeRor o SMeR W fRA S Gehdr €1 WIERUEET qee B ST

e off wam) B & ygfa € <l 1 oM SR A STU SR TEATY] (parent

atom) § BIEI BT, TR THH TRl H TG HH B €, Sah A9RE A, ST
TCATY] S € @Al @1 RUTEA Wl SR Sk TEY] § 31fush gial §, sifh T A Safen
i s 8 9 SoeRl § Yiahdor sar @ SR gl AR e § s

el B ST % AR W FSiNEE oA &t ot B (FT)136 pm @, wEiw
A T WA 551 Shael 64 pm 21 SHA SR, Wifgaw axa w1 0] AT 186 pm



AN Na® 315 &1 B =1 91 95 pm 2

S AR qen ol W SoleeHl sl HWEem WAM Tt €, a3 wesoleeHl edei

(Isoelectronic species)* HEdd %I W’a’?ﬁ'ﬁ:ﬁ TIIYST oF 3BT % 02_,F_,Na+,M92+,02_|
i Tl o TRl i HEA 10 1 e wfivhe w1 e fa=-fae ', s
Yok 1 ARt eta fa= ?1 e uafit oe 6t e e w1 W e 8,
FHifer Aok ATk qUT TGl o o9 STRYU 3ifees g 3ifyes Homafa oM i
STl B 1 WH AT ghm, Fifeh Soigel oh o WUl UdeRHUl 1 YHE AR
AW H AU 8 SN 991 S h1 SAhN 98 ST

3STeXUT 3.5

frfafed wfieis o fras! S Afueman qen feaewt B =am grft?

Mg, Mg2* Al, AIS*

T

aed H o W TE SR dgd W WA BRE B kT A Sedl @1 UMM Wl SR
STk Wk TRE] 1 ol B Bl B @1 HHseeRie St H sifus ifyeta
51 M (i =i s ) B o = o A o

37q: STfRad SR arelt wefer Mg a2 =JAaw SR et wdiefst A1z

* gmgclaRHT SV < 91 51 @ ek wfvita e o7t iR derdt selaRiAl HT 9@ GEA g aed GEH G g
8 el BT FIE A gpfa gl

() 3T T



al g TR M W% HGNH Wehld ‘TEH oo’ el Sl ©1 qerey e
(Ground State) H faeifia e W] (Isolated Gaseous Atom) ¥ EIAH SeiaR ol STEY
freprer ® S ST ofTdl B, SH ‘axd 1 SRE O’ whed B g veEl H- axd (X) H

Yo ST T 1 A TEEE WHE 3.1 § THed oRedt A pf % aweR BRI
X(9) = XT(Q) + € oo (3.1)

AT Tt I WEEEA fhell S Wi (kJ moll) THE H orem fRE Sl R
Taifuss forfoaa @ 59 @ solaeM & gUs w o fau T e &l fgd s
TIedt’ Fed €1 3@ T w1 HH THERE U (3.2) o WO BH W Y Sell oh
SR 2l 2

Y] § TR i Yk A W BHIN Soll hi STEvAhdl Bl @1 STd: SET Tedt
THI YIS Bt @1 O o fgdia ST TOd 1 M SR WUW oI T ¥

AAfesh BT €, Fifh SIA TRET] ) qorrl W AER 3TEH W SR i YUk il
aferer e g 21 3 YRR qaid SE Teed &1 g fgd e et o o 9

st B ‘e el e Wi afy fafifde (Specified) & fRa T €, 3@ wem
AT Tl HeE =ieu)

TH] HHi%k 60 T dlCl aXal sl UUH IMETT oW w1 o fod 3.5 W gwiar W R

% W STEfddl STENr 21 39 o § 98 T € % o% (curve) & ST=IS (maxima) W
S 19 €, St qul 3R HIW (closed electron shell) T@l © T ek goierRi(ieh
fo=mg =g & el € SHd IR 9% o S (Minima) R &R oiqu feerg & den oA
uigstl 1 I TOTH w1 AF HE T ?1 A wRO 7 fE amig uge eifa fwrameia
gt &1 3ok 3ifdfie &d <Em foh ofead o o ¥ <€ W% Sed W awEl o YUH ST
O o OHl § WEEIAE g Bl € q°1 S '9 of § A9 Wi A §ed ®, a9 STk
Al H et 81 39 WehR w1 Ygfa fgdia omad o dxel qen W ol o e emge




A wow: fa3 3.6 (%) 3R 36 (@) § @We &7 § fR@dt 81 396 &R0 g a2 ®
MUTRE 8- (i) Ak AT AR o TE SAHYT AN (ii) SRl oh HEA Yiqenuul

2500 He

2000

A H/kJ mol’

1000

500

0 10 20 30 40 50 60
ﬂ_

ferm, 3.5 1 @ 60 WHT-%HIHI drct qeell b HH FAT Qe & @l § gRedd

awall | SIS gaael (core elctrons) @i feafa wifaes den TS Soiaggiq o &9 3T W
o HhelE®y HASl Soea TATWeh § 9Rfard (shielded) o1 STEd (Screened) & STl @1
TH Y9E ! GRIU-uE’ (shielding Effect) o1 ‘ STERUI-99ME’ (Screening Effect) ed 2l
STERUT-Y4 o RN TIATY] oF HANSH serdel gl Tgd fohdl &1 YA AHehia ST

(Effective Nuclear charge) e T Iuled arfass AR STE (Actual Nuclear charge)
T %Y B Sl 21 SNy SifUEH 1 aeidd 2s geleeE (HAST goleeH) SEeh SAidih
1s hIS TRl gRI SERU-WHIE i 39 il ¢| Horeasy oo™ &1 Harsl elaeH
qAfdek +3 GRS W HH YAE HI UAEE AN HAN STERV-YAE IW qRRufd o
Tl A BT €, 9 SAARE BT o Heh Yo ®T T W B T 3W YRR H1 fefa

T & uget § U §, f T ns! soiee (n = 9EEE #w) 9 wed &R o




I 9 T RA-faE g B

via 7Y fgdia ormed o ofiford @ wqeiifa 1 @R sed €, q9 %l See UH 8 qe
FEH S-S o heH] H AW © q THeh W AR hIE o[l (Inner Core
Electrons) SR STcl U SAEU-YHE H a1 gfg =&l sl foh AMWh qa1 Soiae oh o4

dIgd gL SARUU I GRA (compensate) FT Feh| THt qRfEefd # sed gu Tifvsta smew
SR ST TR TR ST A STEYU-YAE SERU-UNE R Qe § St @ W 8

2500 |
Ne

~ 2000 - (2080)
S
£
311500 &
avj
=

1000 |

500 ||




550
Li(520)
~ 500[" Na(496)
S
=
2 450
ey
T
< Rb(403)
400 |- K
(419)
Cs(374)
350 ] | | | ] |
O 10 20 30 40 50 60
60 TLHY] ShHIh ()

3.6 (@)

ferT 3.6 (&) fgdia omad & el o 9oH 7F Weedl 4, S awl & WA -%HIE F o (@) erid dge &

9oH FFT ThY! I 3 AT H o

HAE] SR SoiagH I qedl ¥ oY W € qe ofad H oI dgd R dwl b
AT TIedt &% A W gfg et St B et F e eI s W aRaH gl
sk @ etfues g0 W @A € qen Siiafer o oh ROl YR TR STER0- quTE A
gl B TS qen oo o N ) iR dgd W AT Ay W qerl | STeRu-gere
afesh wewgul WA ®1 T HRUl SRAd S i Feen & fau wm sel @

AETTHA Bl © q1 ol § = @l AR o981 W el o A T 1 HE Sl Sl

2l

fo 3.6 (F) ¥ W= 2 fm IR (Z=5) & 990 ME TITH w1 AF IRfemw (2 = 4)



o YW A T o T W A €, Sefeh SRl AM9RIE E Sffus B S 8H
T & g e Foi-wR W qER W ®, 9 s—golgei p-goied[ @l qord | Tifen

H AN Ao Thfia war 81 difeEd W | soiee, S Sfem fRar ST, o

S-SR BT, Sfh AN H SRIaH Sordgd (S 3TerT fohdl STQm, &%) p—serag{ sl
Seola g & o ifeh &1 @I 2s— Tl 1 WS (penetration) 2p— SIER I Qo W
a1feeh il 81 39 YR SR T 2p— TR SffeEm o 2s-Soiged &1 qa | efaie
IS TOERA g e uReed (TonHeTeh) il € 3Td: SRfeIeH o 2s— Sl
qor | S 1 2p— TR oI STEMT W guh B Wil €1 ofd: offeraw @t gor ®
IR S YUH MEAT Tl 1 WH HH B SEA eAfafiaar ed effedis e Ageee
& YU AT T oF AEl H 2w@d & THordt 21 SAfefie o fau yerdm o woiedt
T HA ST o YUH S Tl o WA 9 HH 21 TR FRU T8 © Th A o
Al SR 2p-getae fafa= wgsherhl o faafa @ (% o1 W), i sifedieH o
R 2p-SeieRAl § W & 2p-3eieR Uh € 2p-3Mfdeel | €| Weld: SeieR iy §g
STl B Horea®y "EeS o diFl 2p-Soiail H W Teh Soigeid i YUk A i S
SAfeRdiS o = 2p-geieHl | W WY SOeRT Sl e S FEE 8 Sl 2
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e o % T Na, Mg 3R Si %1 WM STPRA Tl o [ 1 A HAW: 496,

737 3R 786 k J mol~! ¥ YEIgHN T F AHftEm ®1 gem A p AW 575 @

760 kd mol~! & & foruer sifae U @M, TU@T 3fEd SR SdEy|

T

Tg 575k Jmol~! & st W B UeEifRm w1 7R HREE % AW @ wH e



=1few, Fifeh ATH U 3p — SO 3s — ScigHl oh g R B 2|

(9) TS Al Toedt
Ve hiE S T WE] (X) 3R TS Y KU (anion) W UfEfad gl @, o 59

ThH T BU TOd ufiad i 39 v i ‘e dfed Toed (A IT) %ed B I8
Tl 3@ LT 1 WY HEl S Wehdl € foh foRE WXen W WA TeleRi ol Ul hieh
SEOTEA S ol ©1 I8 GHIRT 3.3 § <31 A ©-

X(G) + € = XT(Q) verervererereereeerrere (3.3)

Q0] g iR UBUT Shid Rl TshH SIS (exothermic) 311 SOATRTS (endothermic)

BN, I vl o WE W R war @1 9gd-d avd ™ Soieei WUl id ©, qd Sl
e et B TS st W goleRld e el MR Bl S<rewoned 17 o ot ok
el (BESH) I SR fed Tl 1 WH ST SRUNCHS Bidl 1 SHeh] HRUT I
g 7 9 T soiee TR ek o TR Sohw Y @ goleRieh fad U Y o 2
T TE I TG HI TR ey T 1 WM STcAiYeh oFlcHeh Bl §, ST
TAFA I TAAH FACH W Y 3T FICH W W YOSl A USdl € S &gd € e
sl T e el Seoieta ¢ foF Sope 7|l oF Ygel S q<d 37ed Rt | S W
I FH AR feog &, I7oh foIU soieeid ofed ool 1AM STAfe oA BT B

AT T 1 o | soeR dfsd Toed & yladd &1 %A wu i 21 gme
o o5 STgER oTad GRoft % o § W@ B9 I WE agd €, a9 9&d g WA FHIF
o WY TR ofed el SAfueh SRUTcH® Bidl @1 oo Gl | o ¥ T 3R 91 W
et AR Ta emay W gfg Bl @1 hora®y BI WA H 3R i WSl el el €,
Fifr gfae g SoloeM ¥AERT YR o Gf-ehe TRMI a H 919 &1 AR 91 W
TR Afel Tl 1 WH W KON Bl STl €, il AT SMHR SEdl © A
gferse T soleed AR 9§ 3T BT SH UK i Jgfd ATl ofed SO | <@ ohl




faet 21 (TRUft 37) T&f W 39 A H Sco@ wET TEw@YU € % SedieH qen
TIANH o fou soee wfed Tl w1 1 HE: S oh ol § S Al dwell ¥ %H

FUMHS 2| ST TRIHT TH YHR &-5d Sl al il wamgst § soiaeq
TOY Hd €, q9 Ul Al T soieRi e @eied e o S &R/ (n=2) W gew
F Tl TH YRR TH FleH Fe W H SURd ToleRAl g e giaedor gl 2
FAeH TR n=3(S A1 Cl) § ol FHIA 71 Seide, TShEe™ (space) H 31U T =xal

21 T8 YR Sie-Siee Hiaehyul agd %W € Sl &

QRUl 3.7 YT o o S davdl oht golaRiE dfer Tt (kJ mol™T)

T BggH w16 AggH = 17 DegH =t 0 AegH
H -73 He ++48
Li -60 0 -141 F -328 Ne +116
Na -53 S -200 Cl -349 Ar +96
K -48 Se -195 Br -325 Kr +96
Rb -47 Te -190 | -295 Xe +77
Cs -46 Po 174 At -270 Rn +68

*agd d gl d qOEte gwE 3.3 § 3T T wiedt uRadd @ wmOTRd A i soaeii-agar (Electron

Affinity) (Ae ) & &7 % TRwIfda foFar 71 81 WA 5R1 $@FRT B HXH W TG Hol (4 B &, 79 Feiae
FYAT H HIEF A 5l 8, 5 SSrifaw #1 aruet & fawdid 81 Ak fF wE) § geleei 97 @ fog el 8 el
3 vgdl €, a9 Flaeid ayar w1 FOIHS FINAT ST &1 FAaRA-aYdl H WH YT W IR fohar sar i
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P,S,Cl A F & ¥ fordet sifushay HolcAs: Soige ofed Tl den et =<Han



TR o TOed BNi? SATe ity
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e | o W S SR d@d W Telee ofed Toed 3ifien RUMcHe qen o o e
F SR 97 W FHH BTHF Bl 8l 3p— H&H (S 921 8) ITH AR YO HH
W GO | S 2p— HEh W Solged Yol HAl Sl €, 6 Solgei-gele qiqehdon
A B B 3 Hellldeh SRUMcHe Soier ofedl Toedl silie &1 B qen ded
FHH SR oy Toed HIEHRE &1 BN

(=) fa=rq EoTTcehRdar

WA o THERE Aifie B GeHdse e o golad T Wl U SR STehfid
HT ATl HT O AY g FOMHASA B SIE Tl SR Solaelq afed Tedt i
9T ST Hehal 7, TR foRq Tomemshar A A € 71 fRR st a6t faega smomedeRan
o fau w2 ger-gus M (S9- ghfer Y9, giersd st S, e e daen enfR)
o1 T gam B difer Yo S S SUA | ot B1 emfteRt danfen <fiftaw difem
T W 1922 § TRl w1 ORI RUNHSA HT 4.0 AR TW T FHI oIl HI STIHI
3R 3MeRfid 3 H1 el ol 31fesh €1 F9 dedll 1 foq FoMcHshdl o I GRol 3.8

(v) 9 fewmy €

Sl SRUTcHehal fehdl feu 7T g o foru feer =&Y ©: s®ept oM 39 o@d W ek s
g for o2 o ford g v @ eI @1 et T8 AW A iy e 2, R ot 1w
TG § T YR & 9o ¥ 2 €, THH! U I 1 SMUR It 2, ook an # a1y
3 S

RO TIgq-RocHehdl 3Ted IRt H 37ed | a5 9§ 36 @& (Li § F) 91 R a&dl
g o A A9 (F 9 A) S W #H B 2 OgE YN KU GEE WW?



fera-—RoTcHenal =i TWHY] B W Gafud AT ST Hehal €, S oed H o 9 TE SR
WM W Hd € qen o H e W R agdl ?1 erad o WA B % 8 ee 9 "
TRl R YR 3Tkl Al @ den fagd-F el St 21 TE SMHR R e e
it § e 9 ®, @ S8-Sg e e aed €, 9u-99 fagd-FuicARdr %9 gl S
2| TE Wafd E el o §HE 2

3@ 39 foR[q HUMTcHshal Td WY A &1 §&y SM T SN R a9 foRp
Tl 3T STl o e Hed 1 shoddl Y Fehd B2

AU aedl W TolaR[ offe &1 Weel Y9 et g1 sHifee forgd-SRUMIcHehdl 1 Hiel Fae
UIg el o U W ?1 TW YRR oAEd W awel i fOgd TUMHehdl d@d oh @il €l
37T O W gfg et © (A o o § % et @)1 gH WhR ol # A WM W
Il h1 foR- RIS T 9 T U STerg Ul § W o ® (A uig o o iy
Bt )1

> AA
£
E

geieRA wfer ueed

ferg 3.7 smad 9rvil 4 @& @1 SEd ggta

qrult 3.8 (o) Toea-womerehdr w1 A ((uiferT umT )




Li |Be |[B |c |N |O |F

qIHTO] (3TEd )

TEIq-FRuTTeHeRdT 10 |15 |20 |25 [30 [35 |40
qHTey (3TTaaZ 1) Na |Mg [Al |[si [P |s |cI
TaeIq-FRoTTeHeRdr 09 [12 |15 [18 |21 |25 |30

ARt 3.8 (@) Tae@-FuTereRar w1 9 (UifernT dumT )

0] | TaRId-sRuTTeeRdT | URHTI] TaEIq-RUTThar
(1) |1 a (i 17) | @hr |H

Li 1.0 F 4.0

Na 0.9 Cl 3.0

K 0.8 Br 2.8

Rb 0.8 I 2.5

Cs 0.7 At 2.2

T el ormad wafal i wew § fe 3.7 o gwin @

3.7.2 TrETE(TeR TUTEH W Tad wgf

aeell o et oeE | wgd 9l ygfwal (- fasul @y (diagonal relationship),
AfHa T Y9G (Inert pair effect), WATAS Hepw T9E (effect of lanthanoid contraction)
TS W == 89 ST Whehl ® AT T 9 | awdl bl Falshdl | STEfAd Td T8




3MEd § (Li ¥ F k) STAMT TUIEH a1 T8 81 |

() AR W 3MMafaar a1 TeEaRIuT Taed

Garsehdl el 1 Hewaqul uied B1 T8 qvd o goeRieh faE o STER W HHE S
gehdl 81 F1&ush ol (Representative Elements) w1 HaISehdl WMHMIGA (BTl 3Te9deh
& ®) TH qd o weid v § SUferd Soieel i G oh oeR B § A IS i
e § W Sdd ToeRHl %l HeN SEM WS Hed WK B ©, o'l 99 avel
ATl FEadt 21 GASTRdl & T W o7d SATRAehIul 3Tewe U okl YAN Bl 71 W9
3 Aifehl R fgeR w3 2, 0 sfiofisH @ OF, 3R NayOl 3 Wil § &9 aw=
e €, TSR fagd-=omcaehal 1 %8 F>0>Na 81 TR &1 ol 3ol fa=me
25%2p° B THHI YAH THIY] OF, 0] H 3EiSH oh Ueh Solagi oh 1Y TS whiel
T, TSN T RO T -1 ®, iR 39 9] H I TSI WA 7 Ao
1 9@ SR o= 282 2pt R UE WSO WA WY q Soleeidl &1 HaeH
T Tfu soet SffediRtul SteRel +2 T1 NayO 319 H Sifofior wAm) sifrek faeg
FUMCHS B o SRVl SoAae TEU Hdl & 9 Yh WETH WA Tk Solae <l 2l
3Td: STl STFHIHIUT ST -2 i quial g1 O IR wifesm (FHge @ soiaei

fa=mg 3s! 2) T ToEl oS ® 3W § SR U TR SR SR STEwR +1
2| AT HUMCHST H1 M @d 8¢ T fouiy A4ifies o aea & fordt wang g o=
AT oF AT H1 HEA TeUT i i SHH! * SATRAHI0l raee’ wed Bl

SRS qAT ATHAEE H q<all i WAl i 3Tad Yg (Periodic Trend) 1 IR 3.9
¥ < T R awel oh (WM OER W 39 @ i G WhfddAl il 3@ Y& |
I ot ==l w1 TS 2| Wgd W ded W off @, S ufied! HaAlSehar (Variable Valency) 9
¥ @@ €| Radl GAiseha GhHu axdl o UEHEe qwl o T A sifierern 2
THHT AT TH a5 H &

g 1 2 13 14 15 16 17 18




HATST SO ol e 1 12 |3 |4 |5 6 7 8

30T 3.8

ed WRON T STANT hid gu, At T o avel o @AM W §H sl o
-G 1 UNfH (prediction) HINT- (%) faferrid wd siiA iR (@) ugfufeEm

dUT Hehl

T

(%) Tafersrid stad ARUl o 149 =i 1 d<d €, TGl QSR 4 &1 s, S
179 o (RS GRER) 1 TSH €, 1 GaASEhdl 1 1 o7d: FfTeh 1 STEH SiBry
Bl

(@) ofed Greft | 139 o 1 qed WAt ©, foet gaeiehdar 3 @1 gl 169
o #1 o 2, fE gaswd 2 @1 S1a: UfAtEE 9o Gewk ¥ oF AifiE a1 e
T AlpS3 BT

(@) g omad o a<al o TUTEHT | AT

A% o & gum qd ot 1 (ciform), =i 2 (Iffemm) ok =t 1317 (IRE W
TAAH) T ol oF o WEE W e Teqel H fue € Sy dfiferm o e
urgetl W qen aAffeem o e g1 uigett @ fu= A s ®, f fafie dR W
TEEASER oY B §, WEfh 31 WeE YuHadl At Alffer ah €1 arkad | olifeem
qen oRferaw wael: SRl ol o fgdid ava (SI9- WEIREE SR tgfufem) 9 e




fierd 21 3ed Tureml o 39 @@ 1 qoadn i faeul WeY' (Diagonal Relationship) ed
2l

s- 3R p— Alh o dwal o GHE H I TIE 1 gor H YoH awd o fa= qmEfte
SRR o F HRU B Thd 27 ST STHHR FOER I FRUT § Bl o d & Bl
SRR, Afeen ARyl oI o Afue foR[a-womcishal o7l o6 JoW 95 | 9%
IR HASE FEF (2s R 2p) F¥ TN o AU WA B §, S&H o o fgdd HEH
29 9 TN He® B ¢ (3s, 3p, 3d)| HeE®Y B M o YUH HIEH o (U SAfeRan
TEGAShdl TR 81 SEEONY- dNF oheel [BF4]” &1 Tehdl €, SEich off oh oY HI&
T GASIh YT 1 fodR ol oF =R 9 3ifues gl &l WH 39 & fau #X 9&d
g1 Sererond- Uit [AIF61S wFmr ®1 3a & I, p+ wiih o axdl § Uuel & yeM
T wE @ T 5 ot o o WSE W pyy— py 99 SH 1 Yo NS @A ©
(S -C=C,Cc=C,N=N,N=N,C=N,C=N), SafF a7l o IcRed! Go&a UEl T8l
I g

wroft 3.9 difire & A GR TG NG dwE @ HArAwar H smEd-wat

e 1 2 13 14 15 16 17
TGRS LiH B,H, CH, NH, H,0 HF
EaRCEl NaH CaH, | AMH, SiH, PH, H,S HCI
KH GeH, AsH, H,Se HBr
SnH, SbH, H,Te HI
HFEES Li,0 Mgo | B0, co, N,0,.N,0, =
EalEl Na,0 | Ca0O | ALO, Sio, P,0,P,0,, S0, CLa.
K,0 Sro Ga,0, GeO, As,0,.As,0, | SeO, -
BaO | InoO, Sno, Sb,0,,8b,0, | TeO, -
FbO, BL,0, - -




T G

uifers B M/ pm Li Be B
152 111 88
Na Mg Al
186 160 143
Li Be

A =T M™ / pm 76 31
Na Mg
102 72

33T 0T 3.9

=1 Tgfat=m o Fifies Al [CI(H20)512" o Uofuf @ =) siferiiehior s7een (oxidation

state) 3 FEHAISIH FHH B2

T

Tfaom 1 SRRl STawen +3 3R FEEIShd 6 2|

3.7.3 TR rfaferarsiterar qor smafaar

T o wifad TN (SR-TE] T SRR e, s wied, e afer wried
AR GaASTRd) H Ed Yot w1 SieEEd fREl o9 q BH UE W MY B T SfEfdan
st fa=ma @ defug @1 odifds @ TEEftes o a@l & saeeie faam s
srferfea @1 adll & 39 Hifersw o IR U@l O H ey @i i IR o 'H
caul

e S € fop omed ® o 9@ < SR WM W W] UE YAl B Sedl B sy



e W A Tl WURUEE Sedl © (O UERl ol Sigwt, T faerer wm
3.7.1% § e 8) den o fey Toedt iR sAfurss RucHs B St 21 Sfed § el
¢ AR frog qw w1 N TOTH Hed %A ¢ 3R Wed TE R oh dwd i goleR
dfed ool e wifush RomeHE 21 (- Sepee TGl W guia: WX e gia 1 SRt
TR Ifed TIed ST W &FTeHeh Biel € )1 3Tad 9Reit o <l 91 W) dod i
IR T H e kU qHEE fREAmiad B ¥ 36 YRR Te9 S SR sifushdn
Tt faameiier (e ergetl ®) soeRi Wik FEE S YRR Bl @ SR ged
[ AR (TedoH IRAR) SoaE WE HR HUMEE TR YRS Bl @1 SH IO R Fee
Tl oh STT9Ed U1 3999 FaER § &I, 9 o9 a] § Y@ aw i ifcaeh qel
e forgioar =1 3o@ dien ey 21 ofed ® o1 IR @ < AR WH W Uifere Tor |
HH IR et U § @il Bt 21 deell i THEfTE fRarsiierar STt s @R
g ¥ o e R # W Rl T Al e ¥ awl it tfufeer W oEn
foraR &Il STed oF JHI fhaRl oF d<d STieiis & TRedIgesh §anT Hieh SiaaEs 9
g wad o R o el o WHRUl AEEe WaW oI e e § (SImend-
Na20) 3R S HeW TE AR T, STh TS 9ad oy (Igewone- CloO7) den
e o qwdl o Slerdrss IwaeHl (Sewne AloO3, Aso03) =1 SEEA (3T
CO, NO, N2O) =r ¥ Swasmi (amphoteric) 3oz &R & WY g IR Tl
o WY AT EER i §, Sefh IIEH AFEe § el A1 &R 1 0 &l e

30T 3.10

S 9 wemEte sfafwEa g <Rt fF Nap,O TH & TE Clho; Tk Sfld
RS 2

T

Na,O S ¥ Sifufehan #teh Jaat &R a9l €, S Cl,0; Jaet 7 arel €|



2Na + HoO — 2NaOH
Clo07 + HoO — 2HCIO4

&R A1 STRATT T[UT BT TEI0 MY fAeHE U9 @ Y Tehd &

M&Uesh <l i ol | HhAU o1gstl (3d 9Uf) o1 Ted | ] B 1 qfiead aga
%0 g W] B | uidad ofidies GhHer engen (4f Sof) o fag efR off w9 R
AT TITd s— IR p— =ik o ddll o HeA @1 URoTHEEy 3 axd o 1 SR 2 &
urgstl &1 go | % formeE ?)

qer ol o qoll H S WA-HAIS ded ¥ WHad GCHIT qe TEHT e sedt 2
Herd: dR-UR E T Tt Wedl € SR soieeH ofer woedt o frafia @@ (Fw
AYATE AR Tad o q ° ¢, T 9 3.7.1-9 ° gl W ¥1) et ?) 39 YER ot
= W R enfers T Sear € SR Stefesh U1 Sedr 21 39 Yot Rl Sk SU=Ed adl

AT F O W el W1 Hhal 8, Y o9 9 H weh GHHU awal &1 g sHh
fadid 21 38 & T MR AR oA Toed o 995 Hohd Bl

LI
TH Theh H O ofed | o afed 9Roit o faeg o1 s1edd fwan 81 dedld
3TEd IR TREN] SAHM W SAURa offl oNYfieh ofad WRUR H qwal i oHeweN
Sk 9gd gU WHIY HHIG o A o G afae dfedal (smed) iR 18 Feafer Tt
(et =1 RER) W i 2| e § WAV HHS HEI: Sl €, Stk o9 H o9 Th
Yo o agal 81 Tk ol oh dwell | GHH AT v (Valence Shell) Seierifen forame
B 21 THIfT A HHH THEE Ul 1 <9id @1 Th €l oMed o dwell | o1 9
TE R WM W TSl bl @M W gfg el @1 T: STl ANl (Valencies)




=1 et 81 STead GNU W geieRieh foE oh SMYR W 9N YRR o el Wi
TEIH H1 T 81 F qF B s- Al %, p- sl qd, d- sdieh avel qel f- sodih
Tl 1s e H Ueh Soided @ oh $HRU A6d RV H BEGNH o M g™
21 9@ a0 78 wiawd © otfue We ergetl i 21 erergeti it Hem 20 fava 9
%0 T, S o7ad groft § ¢ SR v R fum ®1 U@ qxd, S uigen SR ererget o
Yo 8, 1¢-91qu (Semi metals) o1 SU-HGE (Metaloids) 8eid & (S - Si, Ge,
As)l o H 9 1 AR g4 W dwell o oifcass O 9 ghg e B WE W < SR
W R e § s O H wHT oMt ®1 aal oh wifdsk den T@EfiE O SHoh
TRA] HHI% o WY A& B B

al oh U] SMHR, AFAH T, ToeeH afed T, fagq Fomeshdr qen
GaSThdl B SYEfddl Y e S §1 ] e eed # A ek ¥ 9 e
WM W T € R W WA Sed W Sedl ¢ S Tl Wi Sfed |
TRH-hHIH S W el € qo1 o | e WM W sedt 1 fagd oneshar s o
T yaM el 2 SR ofed TOTl WHRUEA Sfed W S SR wer W3R
Afesh FOMcHR qe1 ot § 9 S W HH FHOMHS Bl ¢ GASha | ot srafdan
e Srdt 21 ISR &F AR W - FEus ql § GASRd A9 o deidE weehl |
T hl G oh SRER AU A3 § U T Toiael bl G&AT HhL A i Sl
B TEEf fRamied oed & Al fRR R ged sifuss 3R T | ged %E gl
gl ofed W wad IE SR ywEfie srfufmarsiicdr seeeid 1 @rH g (A
FH AT TYeH) o HRO Bl B AU fRAniel v Uehfa | w@aw srEeen o
T fael 9 Y ARl o w9 § fHed 7 fRAr oed ® 9 SR o dw &
SRS JA 7, Safh < AR o a7 STRid SHgEe §Ad 1 S o e H ©, 9

STt SffFEEe A1 ISR SAfFaEe a9 2l




3.1 3Ted HRON § e &1 wifde SfUR 1 872

3.2 Heata 7 fhe wewequl [UrEH @i IO SEd IR H Tl oh iUl 1 STTER
FART? M d IAR I @ U2

3.3 Ueeld o ofed oM ek enyfer emmad fem o wifas e = @2

3.4 FeH AR o ¥R W I8 fag =ifeu f& ofed 9nolt & ©3d omad § 32
ad g AU

3.5 3Ted 3R aff o U § I aaRy fF z=14 el feed gnm?

3.6 SU X % WHY] HWish fAfEy, St smad gnoft § fR oted iR 17 o of o
feord Bia 2?1

3.7 % ¥ d 1 W Fefated ga e @ 22

(i) TR Sehel JANTRIET SR
(i) € =N T g

3.8 Th € o H Sufeerd dwel o ifder SR TWERTR o WHE b B 22
3.9 ‘wam] e’ iR emat e’ @ ey wHed €2

3.10 foret onf o1 emmad & wa) B fha YR oRafda et 22 59 uftedq @i
AT A9 fhE YRR HA?

3.11 s Cfefiy § o9 o WeW ©7 U U Eheiy @ 9w fafaw, s
At Tt o1 Sl oF W HsaaRih N -
(i) F~ (ii) Ar (i) Mg2™ (iv) Rb*

3.12 T=Afafad ey | fa=r sifsT -




N3- 02", F~, Na*, Mg2* & AI3*

(%) T4 1 GEEA 22

(@) 3= M 5 o 9ed ®H H A Hife|

3.13 YFMEA U SR WAST ¥ B F B € AR RUEHA i B Sk SHe
Wt B @ etfuss i Bt 22 =men wifs)

3.14 TR TR IR Toieeid @ty TEed &1 aRefE S § faefi| T o
q ‘T STeRe’ UR( HY Wiefhdr A 87

3.15 TIEGISH TWAIY] § STE TERl ¥ Soeei i Sei -2.18 X 10718y @1 wamitas
BESISH i A Tt J mol™! & wef # ufterfera wifsmy

[Hohd - ST WK i o {670 Al WehoUal 1 SYINT hifsa) ]

3.16 fgdfta omad o ol § oardfas oEAd TOTd &1 %H 3H URR © - Li<
B<Be<C<O<N<F<Ne| =& HIfIT f&F (i) Be T A; ¥ Iferh oi 22

(i) O T AjH,N 3R F & %4 &4 22

3.17 39 39 d%F &I A ¥ THR HA 6 Gfcam o1 gog 81 T
T 1 g I T | & ®, fohg ekl fgdE SE e Toedt B
F fgdia o Toeh 9§ aifue 2

3.18 & T qwll A oTE Toedt & el ggg H = &1 3R %° TH & B
¥ FRH 82

3.19 = 13 & A H TAT SMFAT TR &F 7F (KImol'l) § =0 TR T -

B Al Ga In Tl




801 | 577 | 579 558 ‘ 589

= ¥ 39 faged &1 ygfa &t e o9 fee geRr S8

3.20 @l o frAfdiEd o o e o i ToeR wied O Sifueh SRR
B2

() O = F (ii) F = ClI

321 3T F G € fF 0 # fgdia soiwe afer Tded yem solaed afs
Tl & HUH AR, AR HOTHS AT FHH RUNHE €M7 O W ki gfe

HifT

3.22 oA dfed T SR e RUMHshdl § 1 ol iR 2?2

3.23 Gft AEeieH AfTRl B © H fagq FHOMHRAT TSAT AR W 3.0 T AT T
HUF W I = gfaferar <02

3.24 39 g 1 aui HIfST, S 9] w1 B @ Hefua g R -

(i) N9 9 SoieRi Ww il 2

(ii) ST9 &€ TR 1 N HLdl B

3.25 Tordl d<a o < GHEATHR] 1 UM AEEA T GAH 8N a1 f9=1? 9 ==
A B2 0 S h1 g sifsu

3.26 gl SR StuIgei W §EA SR A B2

3.27 3Ted HRON T SYAN g FEfafad e o Sw i -
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Chemical Bonding and Molecular
Structure
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Wﬂéﬁ_ﬁ;
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o 3T URUN H S=d foRq-RHUMcHhal ot TaleH q 34 Y- FeTshdl ot &R
YIq Th W H b T 5N YU W T T

o ToiloH THIRN § HUTEA qel &R W A o i Geiftd wAet g hEel:
T TR TEU FE A1 UF TORM o B % Horewd gl ¢l

e 3@ YhR Fffd HUmEE U oFEF S 9 o Wl seeRiHe foae @l uw

F 21 SR 6 H TRAE FIW H S8 o A (Tew) fam nsnp?,
foeiw w9 9 wrh 2@ 21 dfoey sue ouer 7, fSEeh aea| vt § had a

TR (Sgwe) B 2l
o HUTEH Tl A TR Sgd et g i Tev i 2

o~

3R IWga fagia oF ST IR, Hifsad o1 FRkd | NaCl &1 a1 f=fatad €9 o

9IS T B-

Na - Na®™ + e~
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Bonds) sufterd g &1 sg-emeel w1 fmio 3§ wwmpet o mem w9 efus goeeH
I o HEWSH o hoed®d B g &Y URHUle o Wew Afd & geleei gi o
e Bl €, O S9eh siier ol Ge@arst sy ‘fg-smsier’ (Double Bond)
FHECATT &1 SSEINY- Hra TE- S AU § e qe HedieH ARt & Hqeq |
fg-ereier Suftera B 2

THl YR WA (Ethene) o 319] | 1 e W] Tk fg-m€e g1 s g 2|



C,H, 317

S TS UHTet & Wed i TolEeiT Il ol WEWISH €T §, SIET N, 370] o &
AESIST WHIUEN & HeT of UATET W Y dhlel UTHIUTSHl oF Wed &, A Ik HeX
Tk Tr-armeier o= ar 2
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CO,% A o ToIu hree Qe SAfeRdS o HarSThdl-Saidel o6 af | & Seiae
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el B1 SEEonY. Howl SEANEE W S W] o R 3R TRl s oTeh SUTEd
g 2l

VCl=—S —CleqqiClasCl,

3tEs Tam ot FB 3 wiwAr

o g wWw ? f o fom Sope |l &t woEfte eifwaar W e B, W 99
S N (S19- SiA qen fre) oM qeon weeida @ of gaifsa et & qen
w2 Ak T T1 S- XeF, KrFy, XeOF, T

o oTe fagia o9 &1 STehfd T & a2

o TE 3YU] HI o, i Ik WU TR o IR § Fw f Hehd &l @ B

4.2 AR AT AT GAST TS

At oTEY fotam &) Fi9d aU gEE SFIURen ¥ I oy frherar € fF 59 ste



1 fa=m q=7 ¥ ¥ feAfataa qeai R swar-

o TN ] ¥ FAMA HFREHl TH FOMSHl o 99 i Tl au
o YFIEl Ud HUMEA! i 31 W oHaferd g Wi fafu, srufq feeda diftn w1 STeew
(Lattice) Tff@ R =1 faful

YR ST ST STAARI0], U IEH WA H ¥ W A Tk § AYw Sordl oh
fThTee g0 WO BT @1 3E YR SSIEH T g Soieed UEU i § SRS Wi
B 21

M(g) — Mp*p(g) + e ; A=A Qﬁ?‘ﬂ
X(g) + e~ — X~ (g) ; TTFRI Afe et

M*(g) + X ~(g) — MX(s)

TG e T, AegH. T geEE § WE] N Uh Soded TeU i ok
TR Y B ool Udedl URedd @ (T 3)| SoieRd oifed Wihdl SSHINST A
SHIEW g Hehdl 81 SHA SR SE Hd SRt € Bl @1 Solaiq-cifed o thoa®y
B oTel Soll-ede sl UMcHeh HIM Sisri sl (Electron Affinity) il B

I% W ¢ o omafier omey A s wdedt q9n stuenga T geER At
Tedht aTer aval o s offie WX T ¥ S 2

ARSI ST ATeh! oF ©EA oifcorsh aeell © G SBUMEA STellfeaeh el § T 8
g1 < Srfces dwl W o ool SAHIEE A T S9eE ) U8 I MR W AR
o &9 H Bl 2l

AR AR o fred | oFrA qen seomed e w9 o fafia 9 9 sqafted w©d
HEC G oL 3"3_\_Q'|T5ﬁ 3 (Coulombic Interaction) Tl R TR ﬁg w®d 2 S o
JAMHR ITeh 9= (Packing) ¥ q1 31 %O oh ¥R W I Alfier fafq= fereeeia



e A frefad BY €1 3SR o faudifed™ F@REE, NaCl (@Fs 99%) i
foheel 9 9 <9iiE T 2

j v, p

S v
A p ‘»fk
. ¢ <«

Gl THH Gl

AEF S o fou SoeRid ofed Teed aul oY TSeW o1 AN oFRHS® B gehdl ©l

T o fred A 1 e SHeh STeish o o9 § Sca G Sell o R Bl B

3R o fou-
Na 91 § Na* 3T9F & a9 1 a4 o1 495.8 kd mol”! 2, S&fF Cl(g) ¥ CI(g) &

F gAa dfed T el -348.7 kJ mol'l ®1 T T w1 WM 147.1 kJ BT 1 T8
GRETT (Value) TIfEa FiRES o o= Solh T & WM (788 J) &1 310el e
g =it B1 S YRR Gl YoREl W W B el Selt wifud et @ el e B
gl oma: fe smafter Aifes & wefre &1 oA WH S A & feRed Sorw
el & W AR w4 T, T F T e § 3@ smte TNy gR sifeRe Wit
T

I stk AfTeh & foRem o o ool Aol iy et ©; o oMy, '
39 foma o 99 IR IRl W H1)




42,1 SeTeh T (STeleh Siott )
forelt emafer 29 & T Wi Al w1 TG srewen § Weesw oFHl W YUe i o
mwmﬁwﬁmﬁ‘mm’mﬁmém- NaCl

F STTF T 788 kJ mol’l §1 THHT 1 U® § fF UH W 3 NaCl F TH HiA

Na*(g) q1 W& Hie CI(g) § o/d g I Yuieh i o foAq 788 kJ Sl 1 STl
et B

78 yfp H faudd omawl ot oAl W Smeh¥eh 9@ dAl WHM SAEAY i oA o
YlaehtUl S-S AT W B1 Sih o feted Tafasia g ®, ofd: ohael SNl qe
gfaerdur Sl w1 S TR W B Seie Tl 1 ufiehed el §9a TRl Bl T
sifafa o Hefud wrehl @i ot Tad wiwferd s s 2

4.3 3TTIeT UTAA

43,1 JMET TG

frdt arur W orrEifed URWIURRN oF IR o Wel WIETGRRN X MEY @eTE
FHEATE & Y Aars et TeH-fwtor foeds den geierei faeda (Electron Diffraction)
faferi 7 T W @ HT WA I T TR hT STEHEA AW Sed HEmel H HAl
efed T 1 YAk W] SFEY-ofaE W ANRE @ € (Fa 4.1)1 weEAsh o€y ®
Y TRAY] HT ANKHE SH WA HI Gedast e’ St 2




A B
ferT 4.1: Gggarst 377 AB d say rarg

R=rp+rg, &1 R 374 oo € T rp o rg F991: A 9 B TATYSH 1 qeqarsi e &1

T oterem H foret TEIO] % WIS, S How UTHIU] % WIS % WU H BNT T,
it oo SHe wEEast reen A S @1 Jeddsh e ww g o) § etefud
THEY RAVE o S HT G R ST 9 T ¢ ASlare e st srawen o
TS hIPT AEd TXUTI] kT AU MR Tefua wiedt 81 arstae o 3| stewen |
faf=1 s1opeti & < GHEY WANpSH & T HT X KT ST 9N Bl T FAA 3]
forq weEarsh qen et e Semsti & fa 4.2 o <witan w2




ferd 4.2: FARIT @ 977 Bq G9!l UF qISTEr AT 3% & g9 FAG & WA H AFR AT FE B rygy T
re F99I: dSET AR Gegars oA switd €)1

D Thd, fg qen T el #1 ofieq ofomgdl arof 4.2 § & W T; o FEr S &
e gl Aol 4.3 W G W ¥, alh o WH qxdl i gedarst B areh 4.4
Y wHag ® T 2

4.3.2 3TTSET-RIOT

frdt o10] o HEF W] oF SAEUE SURed STEYH SoleeM ITH Sl URU H A
afffsiecll o o= o9 dre HITT I S RO wed 21 e wivr W felt & w9 A
e fohan S € den yrefie dR W et fafvel g A faren Smar @1 evey shior o1
o ShEl TWHIY] o ST Sffeeal o faaiul i SN a1 Bl T: TEE eH syuy/sied
AP HI A F T FH B el e 81 S-St & 319 H H.O-H 3Te HIoT i

=9 YR el fea s 2




:0O:

AN
H H

4.3.3 3TMEEr TSt

et feufa o 1 wAgEt o e fafiTe el o U Hidl @i died o fau sTEvEe Sl
1 ‘oTEY ToEd’ FEd § ey TSe &1 W kJ mol’! Bl 21 SerIune wEeNH %
3 H H-H aTag & aTee Tdedt 435.8 k) mol! B 7, sveifq

Ha(g) — H(g) + H(g); A,H © = 435.8 kJ mol™”

T TR, TG el WAEH (8- 0, T4 Ny) oh fau sweer weedt =hfi-
0, (0=0)(g) — O(g) + O(9);

AHT = 498 kJ mol!
N2 (N =N) (g) — N(g) + N(g);
AH® = 946.0 kJ mol!
7% ded Hewqul € fF afg erey fased wdedt sifues ?, A1 sme eIk weet @I HC
S T foow AR R o & fer
HCI (g) — H(g) + Cl (g); A,H® = 431.0 kJ mol”

TERANE A § oTee-umed w1 fufor sifuss et g1 B0 S<eRomek H,0 o1 ®
A O-H 37l & faeaed ?q oavas el guH e B



RO 4.2 B Tehet, g qen fir sneien =t afwa wamgat

SLERRLL TEHAST e A
HehTt (pm)
O-H 96
C-H 107
N-O 136
Cc-0 143
C-N 143
Cc-C 154
CcC=0 121
N=0O 122
c=C 133
C=N 138
C=N 116
C=C 120

AR 4.3 S AW AU i & FAangal

3107 3T T'I'Tsl'l"sc (pm)




Hy (H-H) 74
Fy (F-F) 144
CI2 (CI-ClI) 199
Br2 (Br - Br) 228
Iy (I-1) 267
Ny (N= N) 109
O, (0=0) 121
HF (H - F) 92
HCI (H - CI) 127
HBr (H - Br) 141
HI (H - 1) 160

ARUTN 4.4 9g darst Breumd re,/(om)




& 77(1) N 74(1) O 66(1) K 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

* XU T 9 T EYl & T @1 97 YR & Sy i wigw d qwifar w4 @1 (srEdl ygfd & fow w3 o
@)

H,0(g) — H(g) + OH(g); A;H{E = 502 kJ mol!
OH(g) — H(g) + O(g); AH," = 427 kJ mol™!

AR T H SR 7E <t @ fom afafd et aRfefs o wron fdte 0 - H- s
4 o uRedd o ?1 g€ RO ? fR O - H oEY w1 uded fafv=r srupe (S
C,HsOH TgHTe) dem e ® fat et €1 gwifely sgumores oruredi ® wWrewr ateram
T EY Sl e U T WANT fRam Wrar ¥ T WW w o fou g sre
faars Tdedt & AF wi fa=fa emedl #) g gr faafsa fan s 2

SR o AU St 10 § O - H 3TeY i igd eTee et



HO2 + 427
o = 464.5 kJ mol ™!

4.3.4 ST hife

HEHASt e T TFH e % ATER Rt o1y # I Wil o wew oreel
i HEAT ST HIfE (Bond Order) et Bl 3@ o faw- H, (o ws wgafom

TR g ), 0, (a3 wewifS soiae g™ & ?) 91 N, (e 3 wewfe

TOHR T Bd ®) W Y Wil HHY: 1,2 A 3 @1 TH YR CO H, &l W whEd
q SHFASH & e FF TS g €, ey &ife 3 71 Ny HI ey Hife 3 T ae

wH A H® #1946 k) mol'! &, St farelt fg-wemmrd ety o for waifis 2

qugeal e den Sl | ofed wife TAM e €1 SIeI o fow F, qen 0,2 |
smEY e 1 B

T THER N,, CO Tl NO* & Tyl Hife 3 71 Tu[eii & wenfaed =l wweH o fau u=

STEM W ey qe © TR STeu-whife ded W oetey Udedl wedl €, Sefeh Sfe
SEIER i

4.3.5 3TTATE HITATG

gt i@ g=el  (Parameters) & @3d ® fheft 3] o faeqo o fau
Il 2 IR T TR et @1 SSexone- st o7v] 1 fefafed gt (4

Il) N F9M ®9 9 iy feren sn gehar ©-



oy () r
-‘\'-\.-J. r) \ '1.-1r
o > 2
NG / \
2, .
() {J

111

T 4.3 O, 377 FT S7gIR T Tl | 9 1l 7 fafgq (Canonical) &7 39Ifd &, Safd G Il TR G

(Resonance Hybrid) &9 391l 5’,

Al & SIS § T O-0 Uhdl Ay 9o Tk O = O fgatay Sufeed €1 0 - O Tshd

qen featreiel o1 WM SAEY oAdSA HHY: 148 pm 91 121 pm @1 YAN gN A Bl @
ff O3 310 ¥ T O-O ST&Ei F1 T Th THH 128 pm Tl 21 3¥d: O3 o 319 H
ARSI TS 3TIse, Tehed den fgemeiell 1 Hedend! 21 31q: SUYo g T=AIe T
qM T H H g W Th G B 3] hl &G &I HL Fehdl|

O3 S s # IRAfGH WEA Hl TR FH % AU FIAR FhHed N (Resonance

Concept) ! TEAIfod el T 36 HeqT oF AR S Thel 30T ol Fadl Teh o3d
oo g Trefua 7@€ fwan s oweR, @ wAE Swit, fWeRt @t wAE feerfaat aen
UM 3M&Et U et giee Il arell v GloMTd fafgd (Canonical) =T
&% w0 U faet S € 3 fafed wEmet w1 SR WA (Resonance Hybrid) 3T9] i
ardfoss fearfa 1 frefad ear €1 od: Oy &1 ST q WA (I 9 1) SHe fafed

GG § del ST Ghid ®9 (T 1) SR ardfas S & efid sl 2l




IR I A R Ot dX g SwE S @) e SEA del A SEsiieEe o
TR WA o T S ST B

33Te{UT 4.3

2

CO3“™ ST i TT=H i AT AR R HifSY|

T

FHEA qAT AT THS F T J Thd 6y ql Uk fg-oTeY ATl
EH-GTEAl HEMS SEA HI Gdfoh Gl hl fefid w o foau sraiw @,
Fifh THh STIER T FHIe- TS AeEl Ht darg 9= B amfet| T FAfR
IROTAl o STTER A I o dFl hle-ATiST a1 eoE T Bl 2l
3q: FHEHS AT I Adfas G i - fafea @9 fafeqd s@met (1, 1, qen

IIl) o SIS Heh o ®9 H YA S Hehell -

1O
I «—s | «— |
_ /C\ _ 2N - JC%
O: 0 O: :0 o .0
I I1 IT1

o 4.4 CO,,. & 10 &1 &=l I, Il &R Il 7 fafeq g

IIEI 4.4

CO, U] Tl HT=l i A& il

T



CO, & ] H HE-SHISH &Y H1 o &1 AR T 115 pm T AHA

e~ SATFAS fg-2s (C = 0) U HIeA-Aadio fFeTEy (C = 0) &I oAl

FAA: 121 pm T 110 pm 1 CO, W K- TS & HT e (115 pm), (C =

0) TN (C = 0) I WH Tl o oiF Bl ¢1 30U 98 T g1 § & CO, 17

FT AfaR T hl had Teh ogd Gl oh STUR W YRR &l fohan S wehanl
Iq: T8 MEYAF B Al ¢ o soeh fau % 9 sifus og@ weAn feret Sl qen
CO, &I |G I 31 fafed = (1, 1 920 W) o GH o6 ®9 F W@ fwma

S|

+ + 8w ...

T0%C: 0 «>:0:Ci0" «> :0::c0!

I II II1
o 4.5 CO, 310 & S7gAI7 Teerd I, I, e Il o7 fafeq sy &t qod 81

T ®0 W I8 Fel ST Hehdl ¢ TR

o IS 3T H TNAT YIH AT 7, il TR ThL &1 ol frat off fafed
GTE T ol @ el 2l
o AR % KRV S oh ALV ITT HH W HI &l TH YRR O3 I H AR

R ®Y |l FT Sl ShAlThel ®Y | A1 | FT S o 7H & 9 A et 2

TR Fehoodl W Fefed %3 gifean €, fee Faru sreavas 21 et T ® -

o ar&a W fafed Gweet &1 w18 eifera &l e 2l
o Y &l Bl fF 31 $w Ty o foru et fafeq @w=mn o &9 § Suferq e
2, St o= gue fopnel qudl fafed ww=m1 1 o 2|




o fafed G=AIe § <eladal (Fidl qe1 THic) oh Hed Ul S alel 9 Sidl hie
T T B R

o Ifa® €Y W U] I hadl Tk AN il ©, S fafed =Rl ®1 SR
ThY BN T Y heel Teh ofgd WL gRI YR et feman < ek @1

4.3.6 IMAL-LATTAT

forelt ammeiy 1 W Wiava SMEfTe W HeEdSH M1 U ofeyl feufa €1 Wy orkd § wig
ff emey @1 Afier qof ®Y @ TEEAST A1 et € B ?1 W8l d R < emeee
TAMET & T o dTe Heddrs sy w1 wehfa off oifve w9 9 et e ?)

S W FAST S q THE WA o e, (S- Hy, Oy, Cly, Ny T Fy) ST €, 7@
AT SoeRA I S TSt g WHM B9 W Sfh{d el B e qRUIHEEY
TR g < HHM AR o dieh meA | SUfEd Bl ?1 3@ R Wi SfEY ‘ s1yea
TGS ey’ wEdd ¢ 38 faufd HF S faud wame o) § < W o s
AT goide Y Ui &t iR foenfud @ W @, wife wqeii &t fagm
RUCHshdl BESISH hi 3TUeN 3ifush el B 36 YR Tfid HF o1y T g™
FeGaierh 3T 2

YaIul oh RO Y 319 § gy Mol (Dipole Moment) Sca=1 &l T @1 fged i emaw o
T qe ¥ 3R RUMHS Tl & o %1 50 & A% & &9 § qRerfed fwan
STl B 3 W Mo ves L g g9 s ©1 g et weenor g e femen
ST @-




TT WY WX feam &1 W 1936 H 3o X-fRwon oh faadq den fgya et 9
Hafyd 39k #1d o fa A6 qRERR fSA1 @11 39! G i o fag fgya sme
O &AM o fearg Aqmes e s @)

foga SOl (u) = STERT (Q) x STERT USRI & T (r)

fgya emeel i GME: feaT (Debye) A (D) o &9 § oFed fohan T 21

1D =3.33564 x 1030 C'm

STel W C FelH qo° m HieR 2

3ok eraTrn fgya el U |fwr Ufn 1 WO & SR T U B R g <A S
2, foos T=oa fo womers s R ferd g © den o1 fau wAs oy & SR S@
T B W WA A gy emol Y Sufefd ev) Y oW WAl % SW i dR
{H}m@ﬁwﬁ%aﬁaﬂaﬁamiaﬂmfﬁmaﬁﬁﬁwf@m
gial §1 S o fT - HF # fgya omeol 1 39 YR <9I S Hehal € -




B
H—1

g dR ] W SR S & oReld i TN dqear 81 e S s i A w1 ke
fgya el o @fser ) aEf fen & faada 2

TR st | fgya oot shoet omeiei o ot fgya, fo= ‘smeier el war S
2, W & f 7w, eifq e fafa= eredl ) Tt evaeen Wt feR @ ©
ty o fgya o1u o fafq= srrel o fgya ool o1v) o fafw=r steel o fgya smeon 1
TRET-AM (Vector sum) il &1 ST o foiQ- S/l o 319], fSr@ent emepfa sifera @it €,
o T O-H TEY 104.5° o HIT W B 21 39 1] § el fgora el =1 79 6.17 107
30 cm D = 3.33564 10730 cm] &1 ®, St & O—H oweEl & fgyal % el
Teg-4r ¥ 9w g 2

H H

\‘D — \CH—>
II/ ”/
(F) (=)

s e feormdt oy s
T fgya omeol, p=1.85D

=1.85 x 3.33564 x 1039 C m
=6.17x1030Cm

BeF, & o fgya <ol &1 AW 3= &1 1 W s@fee e @ f 3@ oty § & wEM
ey fgya Tl feen & g4 € 991 T SO % W9 i §HE (Cancel) X <4 €l



F—Be—F R
€ (€—+ + +—>)

BeF, AU H BeF, 3] &1 el

HTel - AT fadd e
BF; S wqsh WHNE® U] ¥ fgyd ol = e 7, Jufy 3w o) ¥ B - F oNew
120° % HIUT W T T TH N T I AEY-MON & TuH e fauda fKem A @ ?)
Tk HAAEIEY Il ST~ T $el TR I o SR el 2l

BF; 317 (%) &Y fgya o1 fsqur (@) qRomHt feye el s feao

3B, NH3 T NF3 oh STU[3H o1 Tk U=k Sael ol 3F1 10 i e smepfa

gl B, M9 AIgeS & AN W UH ThiH! o g SUk¥d giar B el
TGS, fore Foncshdl MeeiS i T9ET 3Tfueh B ¥, WG NHy 1 uRemd fgya o
ot (4.9 x 10739 Cm)NF3 & fgya st (0.80 x 1030 cm) =1 srien sifuer i 21 T
AT € fF NHy ® Eeiom WA W UM Thieh! Soidei 90 1 heis fgyd ot
T N-F emeel o fgya-smeol o aftomdt fgyga-smeet &) fauda faen & i@ @1 wew

foeger SOl WHTH! SO I % HROT N - F See-agol o uRomd fgye-smeet &
JATE H HH FW 2| THh HAaa®d NFy o 3T 1 fggd ol &7 =i 2




1
| |
e N =y A
T A

F

NH, § gfom fgea smyof NF, ¥ aftordt fgega- smeef
=490 x 10°Cm =0.80x 10"Cm

&% Tl o fgyd el w1 GRoft 4.5 § fg T 2

59 YR Gegarst ofaY § ST oafie el Bl §, S YHR e ofay § o
ST HEEAST A40 Bl ¢ ST oTesl o ST Hegast a4 i foeer werd
(Fajans) 7 frefafaa fr=mi o s17ar =i-

o Y oF SAHR o HH qU HUMPH o SR o a1 W TAME® &Y h
HEgarst a9 # gig

o T 2

o YA qUT HUMAA T A Hi A d@7 U AAME Y oF FeHasH oo §
gfg Bt 7|

® THM SHR TA O oF FARAl H § IF ¥AFEH i YAU-9al TUeThd 3THw
gl 2, ot soiaeifier foam &R qen ag ge1 orgetl o oMl o Sopwe T

o= ns? np® T aTdan HemmOr urgetl & 3TET (n-1)d, n, EAl 2l

YA, HOME & ToaR(1d A&l i STeRfid X S¥ fad il B Wod: S Hed
AEYT H BT dSdl Bl € Uik WeHdASH o€y i o orgeq ¥, feed «1 i o
e gARIE IEY S W gfg Bl ®1 UFMEA Wl YEU-eHdl, HOMEA i Yedl qel
FUEH % YdU ki AET TAG o HRE ¢, S GiEfad ®9 9 R et ey &5




TeHaSRdl o gfaerd i feifid @ 2

WU 4.5 B T@b@ U’ & fgga-amgut

3] T WehlT T fayga-smgut AT
(AB)
HF 1.78 HiCED
HCI 1.07 fa®
HBr 0.79 fiteco
HI 0.38 fiteLg
H, 0 btz
(AB,)
H,0 1.85 =
H,S 0.95 =
co, 0 biteea
(AB,)
NH, 1.47 PrEmmE-faufae
NF, 0.23 Prrema-fafas
BF, 0 -
(aB,)
CH, 0 AR
CHCI, 1.04 AR
6091 0 EGaaCap)

4.4 FIATSTHAT HIYT T I Ufaereur fagia

ST Tee SR T §, <RE TSR TS 1 SThfd i oaen ® owmed €1 . wh. €

W R Togid GeHasl hfd ® G2 o o T W sEfary Sqas SUdal 8l I8

fafyr weme ¥ 1940 # fasifask qen uied (Sidgwick and Powell) = TRHTI[ST o STl
HIY W SUTEr SoleR T o ofte WiAeRdul ST femeetl oF SMYR W fauied i efi|
79 fafer = -rgei™ e freedt (Nyholm and Gillespie) & & 1957 # 3R stfueh forenfa

den gynfya foam

at, wa. € . 3, Tagia o geve awond 2-




31U 1 3Apfd, ohald TXHIY] oF STHUE IUEYd HIASHRNT Soded I (HAifad

e SFHAS) w Ten W R et B

SHE A & GaASTRAT FI9 B SUEA SolagH I UH-SH ol Afdaehfid i €,

ifer Sk Toiei Y (Electron Cloud) W UMcHe 3G 8rdl &1

3 gl g fafem o 39 feufeal o eafted eF 1 o # €, TSeh wereesy

ST 9faehtor 8 O w9 e 39 feafq | S v sifushan g et ?

HASThAI-hITN i Teh el o &Y § HAT ST € q Seiei 7 el d (Spherical)

TdE W TH TR ¥ Afysman W W feom g 2

o TEAEY HI Tk Ushd Solaed IH o ®9 H a1 39 IgaTey oF a A1 diF o™
I F THA YR I A S 2

o I U] I T A AfYF AR TN R WM I Heh, a1 39 Rofa # & wa.

3. @ R Hied TH Y& WXl W AN Bl 2l

TG gl & e UideRtur == feramd - fafaa wm o et 2-

UehTeh! JTH - Wehleh! JTH > Wehleh! JTH - & IH >

(Ip) (Ip) (Ip) (Ip)

> A I - e g

(bp) (bp)

TEeM qe feredt 4 gl oh Uehteh! JTHI qel STeeR Il oF HEwqUl AU hi S
F gL Al TH I W R Tied H YUR fRAN UHTH! ToHH I HEd THN] W
T (Localised) Bld €, Selieh Yeeh el I < WHUERA o ste FEwifd g el
od: frdt o] § omedt Solog g T STUST U I AU M B €1 39
HETEY T Soiae Il oh o= Uil JH-AEL 0 o1 Tee - STart g
a1 3den affueh wiaehool e B1 ¥ Ufaewdu- g9l o &R 7] 1 Hefed smeRfa H
fi=rar Bt & qen o7] & eme HoN A off AR 3m W B
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4.0 56.3 17.7 22.50
6.0 37.4 26.7 22.44
8.0 28.1 35.6 22.48
10.0 224 44.6 22.40
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qa /K qid/bar g /K S /A
273.15 0.0060 295.15 0.0260
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

0T 39T & & | STk SE@—TFT a9 T W V AFdTered a5 | o9 19, e
YT TG HEA: py, py, T py B, W T &, A

i, RT
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5.13 1.4 g SIETEASH 19 § UMY el SiaHl el TG i TUAT HIToT|

514 a5 ©H Febe ¥ 1010 9 & T faafa fry oid, @ sTewR-gEn & AU

T fodaftd =@ | foeam 997 amm?

515 27°C @9 W 1 dm° FqTaT ToEh H 8 WY SRSTRASH dum 4 UMW
TEERESA o Y0 &1 Fal I@ foha TFM2

516 eI o W o faeefud onf & 9% o R ol ‘Uelis’ ®ed 21 AR 27°C W
10m T>amEe &R H 1.66 bar W 100 kg SfTIH 94 SW, @ YaAl§ i TOMT
3

HITTI (1Y 1 o = 1.2 gm m™ T R = 0.083 bar dm” mol")

517 31.1 C qe 1 bar 3@ W 8.8 UH CO, N *R TT HFAT i UM HifSW| R =
0.083 bar L mol™"

518 T T@ W FFE W & 2.9 g FHWH F 95°C Al 0.184 g TIEEESSH
17°C W AT THF 21 9d2C 6 T 1 Hiel a9 F 2m?




5.19 T bar @ W TEERSNH dol SEATRISH o A0 °§ 20% TEEESNH (9R
) @ Sl ®, dl SEEESSH 1 AR S« a1 BI?

5.20 pv2 T2/n TR & fAU S| e @ B2

5.21 =T o 199 o YR W THLARY % a9 Hwd a9 -273°C 8l 2

5.22 e TESATFIES 9o BT 1 Hifdekr d9 HHY: 31.1°C TS -81.9°C &1 =99 @
fhad Y SidX snfvas aa © qe F?

5.23 Si-etded Ur=e i Hifae efhdl 1 G|




Teheh 6

SEHRT{AehT

Thermodynamics

SEED)

39 Woheh oh 18T oF oIS 30

e wd fEw 9= i gHE gehil;
o I3, Gall U4 foge e # S X Wohl;

o (der Soll, h1d TS T hl THST Tohl;

e STANIfdeR! oF YoM T99H ! o T bl Tg §Heh] TUT ®9 fo@ Teh;

o THHME ol H Si-9Radd i & U9 SO o INEH o ®9 § Tiehfad &
Tkl

o STEEA-Te U, H &l Tl Fohil;

® AU TF AH H T Tfyd & Fohil;

® AU TWd AH &1 YRR AU T Hehl;

e AH o foTw A et 1 aRwfid & Feh;

o fafi= wehR =1 erfufsraneti o forg weed afteds 1 ToFT T e

?H & eR-FoA1 oo 199 1 oo 3R STWAnT Y Hohil;

fﬁ'&?ﬁﬁ@ﬂ%ﬁ‘lﬂfﬁﬁwww,

° W:HWW:WW@W&WWW;




o UMl ! HOANT(hT STEARA-He o ®q § URAIMG 3T THRT STHANT HT Hhl;

o HF-Zoll UREAT (AG) il THH Hohil;
o A gafadl 3R AG dl AG IR O feeies ¥ Hey Tonfyd &< o)

g W A @ e difiw fagia &, frwa fg ¥ woe § s
GHifereh fagTal s Seht Iugadar o T W T TRRT 7T 91 Gehal E1'

3rcaE 2T

S g S WA W, TR TW A HEe g B Woid €, A Tt afafwer & IRE
et o GUE TEETR SN S o ®9 H fied Bl @1 W9 Tk goM | SUH Serdl ®,
qd TEEE S AR w1 wE W T € Gehdl @ A1 Toddl dd (TR W) [
Foll UEF HA Tl TH YRR Sl o fafge wu foviy ofifermdl § R @R ¥ WER
Hafed g0 € @ TH ®9 ¥ T FI H a8 N HHd 21 T Sol-SURON BT eI &
STfant &1 fava-owg B Swnas! & e e e, 9 sga-9 o) B §, 9
Hefed e ®, 7 fh gew fepml 9, T 9gd #u o] e 21 Snae! 39 & 9
Hefd & & foh 4 uiadd o T fohd X 9§ wEifed B &1 I8 el e bl
TRfYs T W eTeRen U Gefud B SWRlfae! o fem qsft o ' €, @ fem
e W g ® A U e U gH0 W W S 21 R fee o vy

(8- @ TE qM) GrEen § 9Rd % Wiy gRardd el e ¢l 39 UEe § 'H
ST o HeAH ¥ F Tl YT o IW I H TG HA| 8-

s quEtT sfafEaygsn § wn Sei-uRddad e fuifid @ § 2 ¥8 ufeds @
Fgal TR Tw gEEfte sAfafEuued hd IRd g 27 wemfte sfafwen few
E TG

6.1 TR o dh-Ichl I



AN Scgehdl TEME(eh SATafwatenl T8 378 gHarel Seli-uied=l sl S i Bl € SHoh
fau gH IoTIfae! ® Uge M el S Tehdieh] &A1 i ST BT SHehl auH A< T

T -

6.1.1 Tt T ufawr

FEANTGeR! W TR o1 &1 sene o 39 AN 9 ¢, W Yol foRu N9 € den gEeR 9
9T ‘qfEsr’ wedrd @1 URew W e @i sigwl we g wimfag @1 fee e aiaw-
HI THetet SRS o9 2

o + 9few = sEs

fremr o orfaftem Syl sere e o el aRedsl o gt =@ e @1 sEifen
grEifier o fou e w1 o 9n, S freem 9 sfdfda e €, ufEe % w9 A
o s 21

TR SAie &1 98 9F, S Mg & ST9u el &, URaw o siatd o s ¢

3R o fou- afs g9 T et o Sufed < usief A W B i sifufshan o1 1emeE o
® B, d st (fed stfafman-fagor 2) fee 8w e w9u (fad e @) afEaw
#1 w1 wam (97 6.1)1




farT 6.1 : 9RasT wF a9

o ® for frem difges @met (S9-dier 1 wede) @ uRefia fmar <1 shar € @
e ¥ tw = oA o &g S9Nl (Cartesian coordinates) o ¥=ad (set) d
uRefig foren ST Gehal B1 g€ oevEs © fh frem i arfess A shiedtaeh e A
O o g uRew 9 gYes Gl W) 98 d9Rr, S e ud uRew i gerp @ ®,
‘g’ (Boundary) eardt 81 uftEmr g 89 R o Sfet iR WX SoF qel el o
=0 1 Frfa ua U Y ged 2

6.1.2 TeRTE o WY
39 B9 So4 e Sl oh HeUl oh MUR W e 1 oifihd wid @8-

1. gen Frerm (Open System)

TH Gd e § el @ g3 &1 e uwd afkawt o gea fafma (Exchange) @&
Tkl 81 SIEENY-3fThis T o sl o fad wmd)

2. 5iz e (Closed system)

5% T o Freem we ufewr o Heq g w1 fafme dwa e €, W e o ot e
Tohdl g1 S4- AR w5 st § o sl

3. faefa feera (Isolated system)

& fgafa e ° o wd 9few & e 59 w9 Soi- gH o1 8 fafa g9va ==
BT 21 Seewnd Sifaene TH uHg v ¥ T Wd) fu 6.2 H fafa= uyeR &
ferma geig T €




SO REGRIGREEIE
ferT 6.2 : gewl, @< ©d foeafia e

* qfe g9 Sheer Afufswar g &1 (g 94, a die &1 Sar IRas &1 F1F H)

6.1.3 T AT aTae

oo o

frdl ft SeamTfaen] f

4 1 U FB ON, G- I (p), EA (V), q9 (T) T b
o = (Composition) 1 & (Specify) ®teh Tohal Sl 81 &H o™ ! aft@ &



o fau 57 o %1 ufed" 9 gd v gy e e ged 21 e g s | ver
g o aifmt o fordll frhma &1 &foren steren &t =ren e & 9t s9-fagsti o6
39 gu W fafq Tad 9 % YR W HT WA &1 FNIGH] H ST FT Tk SN TS
WA €9 FEAEG A T 2| SHE TOE HU HI NG o A 9 1 STeRTERdl Tél e,
wiife Tel & ™ & Sied Ao A o8 1 TN I § 'W TR w1 srEeen W
‘TIRAT-TheT | A1 ‘STaRAT-oRI’ o N 9 H S

SR | T F1 oTee &1 9uid 3I8eh AMIArg 2@ Tfd O o ) fhan s
2 TH Tk N9 &1 SFowq 1 ST <@ (p), HFAT (V), q9 (T), HE (n) 30fE ¥ a0 o

Thd Bl p,V, T i STerEe =) el el Hed ©, i 7T AN Teh1d i Taeel W
fAalk F=xar 2, 7 % SO o FH F Aok W fHE fem #) saeen & ool w9 9
IRIYA A o6 faQ e o |t IO 1 I HE HT STERARA T8l BT, Fiilch FD
T € T ®9 H uRafid € Gehd €1 5 TN 1 ge R @ wehfa W el el 2
Th 9R H 9 A §& § 31 A O Hl 7@ H @ AW, a@F awel 9r [on w1 7H

wa: =g 8 s 2

6.1.4 MR ol : Teh STACAT-TheTd

Se BH 39 At el @ wml e €, T oS w1 T vaw g 7, a9 ' d
Th T O HT AEvIRA Bl €, S Feem w1 S s wiafafue e @1 g Sl
AT, SEd A1 A el 8 Wehdl €1 31 Hewhl a9 @ FeE el S g @
SRS & 38 STafe Soft U ed 21 I8 IRafid eidt 8, st

o T &1 A H a1 = e/ B4 @,
o T W a1 o g0 w1 v T =,
o fHorm W g A1 WawT a1 fAe i B
(%) &
a9 U B9 i ki W R i SARE sl H B o Reds i Sig sl §H



Tt e o ®, et odd w9 SoRiE fie § S %l 6o qe R
ToH 9/ T 9w o §eg SoHl o Yol Tl €, UM 1R i BH GgI™t (Adiabatic)
frerma a1 U0 frera § oraur-uRads @l GgIH UehH ohed &1 399 e
ey & we & Fe-fafma T g 2wl R e wd ufEwt @ guss weare

AR ‘TG deR’ Fean ¢ (97 6.3)

T 6.3: T sgiw &M@, f9g8 kdmr @ Fsr-fafwg 999 78 8l

e B9 R W o wE wlh THH! Al el W uRedd wid 1 A fh freem @
TR Sfeeel A € Wd SHeT a9 Tp 9 Sfidie el Up @1 Fem &1 eraeen & 9
YR ¥ uRafda &% Thd -

UIH YeRTI-AM 5 B Tea 9 9ia 1 AUel 89 1kJ @ & €, fed e w1
ST W B Ud STh! A9 Tg & SN 1 € <@l T fR Tg > T 3d: a9 H ufted
AT = Tg-Ta | | 3l B ® 3Tiafish ol Ug ®, @ efider et W Ufterdd, AU= Ug—

Ua



WW—W%ﬂwﬁ@ﬁW@ (Immersion Rod) Wmﬁa@m
(1kJ) W B T fapm & q-ufedq e % 21 eF 3Ed @ % qu-ufads gd & gam
Tg-Tp & T 21

Forel ¥ I TAM WAL S g E 1845 o AU fRA TN eml 3w uEn R
e W fren o Fifvaa wd fema 1 staken § guE oRads o ©, =R & e
ff TR (YshH) B TRan ST, S 98] W a9 o Uierdd g <@l T R

Id: I8 IugH Te@a @ fr e uE ufd, enafies e U, @ afet femen smw, fewen
9 frem &t seRen w1 sfvenafoies B, ST T UHA A fEm T wE wyg &
sreenell § U afiads & qed, 31efd AU=Ug —Uq = waq T

31d: T+ oAl ol T STaeel-Thed ¢

vcTs o o ® fF #E wyq Fem | e w21 5@ ywR ARk T gm @
fohan ST, @ wyg FONESR BT

1 o9 Tl o uRfed STaeq-herl o 9 o ¥hd 22 V,p W6 T %9 3 uif=d
ITEA-ThelA B I o fore- Ak g9 foret e o @@ § 25°C 9@ 35°C dh ufiedH
#X, @ qI-IREd 35°C-25°C = +10°C BTl =18 &H e & 35°C % ¢ a1 fskr™ i
T FD A (Degree) dh 3T L AR R frepr =1 oifqw amm (35°C) @ o SMdI 39

YR T T STORA-Fed 2l ad § gRedd 99 W AR 98 a1 21 T arend § 9 ok
AT Ueh HAEN-Teld ©, ik 0k Sl o oFad § Uftedd 39 o X ek 78 &
2 o drefe e W0 T 8- SIRE §N, Fd gR Al <M gN

(@) =1

g0 fom =d few of 9few 9 o1 < a1 UfEw] & S SR Uk AR &l emaiie
Tl § URadd X Hehd &1 I8 HSl-fafwa, S ardia 1 qRomE @, S q Fed Bl
39 BH HHE dUR 9H o fau [q6 ¥ @€ 6.14 (F) H FdC SFIER 98 YRfAE Td



Afqq d™] S TG AR bl STULT HHF = <o’ (93 6.4) g0 ™1 & =eq 9
gl ®, T fomm i

o fop die o1 T ae (Rwent or S = €) | T aM W S forn T 2l ogd
T 98 Fe, fEw W Tg 21 H W B e (Se) gR srEwifd e g o
A-gRadd Tg ~Ta SR A ST Hehal @1 781 R Ff Fialew S o 9Redq, AU = q ¢,
Safeh feer e W &g & e faman e R

T 6.4 : ©F e, fgd TREET & SIR-YR S &1 JaI8 999 31

TREY ¥ S T CIFER I W BN W g UFHe Bl © TS Sl o TR 9
GREY w1 3R MG B T q RUHs 8l 2l

() \m= frerfa

T Toh g feufd  fomr o, Safer rafer S | gfieadd A & 96l (1 ik

U9 SH-LMIA) g Bl 39 feufa o &w snale ool o uRedd &1 3@ w&Rr foa
T 2-



s fafyre sraeen-uftad o uRad" & WK o @R q T6 w o A f99 8 "ehd €,
R q+w =AU Had YRIVE T Sifam ereeen W AR w3 I8 Rk & TR 9 @
21 afg oA a1 @ o w9 H Fei-ufadd | e (fafia fem) srufq ot w=0 T q =
0, @ AU=0 2l

TR0 6.1 31Ul AU = q + w, SRR & Jom o &1 1fordia wem @1 wom fom &
STTER,

“uen Taafia e &t St rufadsita gl 81”

Q= T8 ‘Sl oh TR0 k1 fagid’ Fed T, AAfq S T @ T FT S Ghel € 3R
T & gHH o TR S whar 2

AT : TH FTHGHE O (SE-H) TE TH Tk o7 (SE-3Fq) | S B 21 e
fereht foiw arereen o e &1 @ FRUS (Absolute) WH TSR X Wehd €, WY vidles
Sl o TRy AF ffee T8 o gehd ©, Tuft Stiaftes e o aReadd AU 99 fRer S
Gl 2|

33TeUT 6.1

T ™ &1 Tales Sei § 9Radd sy, afe-

(i) TP g1 oREwT § oA STEmifa 8 8, Wg Mo W (w) & fFar Sm
fra &1 <R 59 YR &I B

(i) @ | & & T fhan ST, W 1 &1 960 q FHE ¥ aikaws & 3 &
Su| e &t AR ff9 YRR HT B2




(i) 1™ g0 w AT 1 & R WU wd g wE0 el e e &l S S 98

iii
fhd TR &1 TR BIm?

o

T

(i) AU = waq SHOR EZTSH Bl

(i) AU = - q, TR o= garersh gl

(i) AU = g - w F€ &% 7 2|

6.2 TR

*2 qEEfTe AfufEaet ¥ N9 Iam wdt §, S Ay e R A9 F I w o
geq Bt &1 =9 uREdAl o UfRer sl UMl TE TR ofidieh Hei-uReddl § Heag el
eyl 21 3@ fF 78 9 e 2

6.2.1 &

Tege T e g TRy T & T Wepfa R eH WeRIel Sleld €1 B9 ohddl it i,
31U(q_ -3 i W fo=m &8

-3 w1 H GHH & fow en svRfed freagea fafaet w faer +w@ €, faod
T Ao ey T 9wl gE ?1 T el oEed Vv, Ud faferel § T w1 g@ p @1 aR
Sl T pey €, S p © s ®, i fRed X #1 SR q@ 9 T W, W& e
AR T pey & SRR & M| AF fF 98 qiadd Tk o8 o gfar & don Sifam i



Vs 1 A TR 3H Hepem W e W gl 9 ol @ W TR o ST ed A @
(for=t 6.5 &)1

T A H 9REdd = 1x A=AV = (V5 =V )

B ]

Pox e

» P

T4 =p, AV

I T W I =pgy . A

faT 6.5 (%) faferey o feerg sirevf 77 W TH 95 F R &1 T Pgy BRI 541 T4 Hp= 1 SRR &7 5RT



Zvfar T B

Ife e 9o 9 o ® fon = =& w B, @

w= a1 x ToIEemaT = pgy Al

= pex . (—AV ) = - pex AV = — peX (Vf - V| ) ....................................... (62)

Tl ®uTcAs Tog <1 gafaq stavas @ fF uRadt (Convention) o STER Gdied o
feh W M@ @ W R, S AR B OFRl (Vf - Vi ) T A RS SN S

TS o TS T T[0T BN, T w h HH AHS B S|

Ife Hpad o Yo%k 98 W T@ fer 7 81 T *E i w1 § a_aar ®, @ Fd s

W= — [ p,.dv
oo wsl H g HME 1 AN B TS v
s5(@) ]

% ga = [feF 6.

If% @ R 7 8 Td 39 YR S<ordl © TR g% wuen € T o I 9 oaqey it
2, T Hep= oh Ucieh US W SATH Saged Wl dV T 39 frefa o W grn few g

&1 FT T eF FEAffEed 99y 9 9| Y 9hd B

V.

W o= - szexd“’ (6.3)

L



. SR (V) 3

forT 6.5 (@) BERR &7 IR 77T 4 d5cd U SIReR 3@ R YRS ST § $7faq STa a dpad § fohar 71
®79 qorlar 21



Vv 3T (V) V.

fa7 6.5 (W) pV 3% @ grfE smrad V; & Vi a& wga7 & ¢ Sekavie aRfeefeal & amar a5ed gu e

3@ W 3T G H [ T w1 SRR &7 @ g9 T 8

TFad H pey T&® T& W (pi, +dp) o qod M [ 6.5-71]1 99 aRfeerfaal o gero
H 9 @ SNdRe I@ W THYM HH BEN, A pey = pin — dp AR €4 H 79 fo@
Thd & T pey = (pin = dp) U8 WehH ‘SchAT W' Hedl B

Teh Uk A1 UREds auft ‘Schuvia Uehd' hEetdl &, Wd 39 et oft 8ot sragsn
uftedw & grr Seeiia (Reversed) f&eanm < wem usw SeRuvia weRw g
arEreRatelt ¥ aagen i ¥ 3@ YR M wear & b e wa uf@wr gwen
TN ATeITeReT | Tgd &1 SORAUIT WehH o 3Tfdfied 31 U WehHl ol STohuvie
WehU hEd &



WA I W oagd @ UE gueEd ot €, T e o o foag @, ug iR fee e
Mafeh @ o TREAeh Goel o1 STEvger Igdt 2l

&9 GHIRT 6.3 i fefafRed YR ¥ faeet Soravig 9iiftafaal 9 = =i enale <@

g Hag Y Thd o

Vi Vi vy
Wigy =~ | paxdvz_ | {pirt idp]dv = | Pin dV

Vi Vi Vi

(SfeF dp x dvV =1 WH TG ®)

9 TG o I pyp, hi AR T TR G THR G o S H oFed fRAT S Hehel
21 fret emet @ % < AW & few (pv = RT)

nkT
v
3d: T e d19 (99ardtd YshH) W

—

v/ \fs
W —— j nRTE. — L/ RTIn-L
v Vt.
Vv
= _2.303 nRT log \,— .............................. (6.5)

TERUELOT : T &1 frafd § G (pgy = 0) W WERUT whEwl Bl oMeel el o g



TR B hiE TRl el 9 g UfRA SoRuvia B A1 STIShHUY, (THiHu 6.2 Ud
6.3)I

39 TH WHEHIO1 6.1 i fafee WehHl o SITER %% YR ¥ for@ wend ©-
W =—pey AV (FHIHIUT 6.2) w1 THIHRIT 6.1 H TUT HH T

AU =q - pex AV

afg yehH feer @dH W T ® (AV =0), 99 AU = qy, qy ¥ 9IRI% V (Subscript V ) Sl
g for oo fer oEdT W 9e@ &1 T 2

eyt T T o TS GHATIE WEIOT
T Y T w1 G Ue WHAE WEO Tk (T = i) H, w=0 €, Fh pey= 0 €l
S 3 waEnT g i fmen o g =0 ®, g@few AU =0 B

T 6.1, (AU = q + w), Tl THAMIT ITHAUIT Ud STGHAUIE Yohdl o fat 39 U&hR
o foRa S el o

1. HATIE STGRATIT YohH o AT

q=-Ww=pex (Vf-Vj)

2. gHATIE SchyUa Yy o fau

7
v A 10

q=—w=nRTIn }/ =2.303nRT log log o

3. T Yy o faw, q=0

AU = Wad



3T 6.2

10 atm ¥@ W foret omeet @ & < forer goade w9 9 fefa § 99 9 g@ia g
®, 96 T TEh el AT 10 X 7 @ W 3@ weer | fhadt s srewnfia
Bt € Ta foha 1 foman Siran 22

T

B0 W € fF g=—w=pey (10-2)=0(8) =0 X &M@ &l TIal & T g oA
a9 =&l Bt 2

ISTEIOT 6.3

IS 6t FERor # feeR W/l T 1 atm ©I, I 1 B2

Y

B0 WA € fF g=—w=pey (8)=1x8=8Latm

33T 6.4

% F& TR0 SSHAIE €9 9§ F R AT 10 L =, A F gim?

'l

TH WA € o q=—w=2303x 101{!3% =16.1L atm



(h) Ueh SUAI AT TEEAT-Thedd

e S € for feeR et W erawifia o effafies Seil o URede o qed, 1 AU =
qy Bl €, T sAfueRer TEmEteh eifafmang fer e WA eleh welieh, Wl I
¥ feer aeHedd @ W OB €1 3 IRl o fau e uw AU stemen-wed i
eI B

B WS (6.1) I R T@ W AU =qp - pAV F ®1 H form wEd €, Rl qp e
SN STERNia Fo o -paAV T g0 foran T weRo-shrd 21

R 3TN S UK 1 W UG AT o #Y 2 ¥ 9 T

TH IR THhT Ea) Y JhX ECARSEN! %—

Uo—-Uq=ap—p(V2-V1)

A FAfeqd i W

dp = (U2 + pV2) = (U4 + pV1) oo, (6.6)

36 B TH AR SHNGR! Hod ol R X TRd 2, 9 el (e v
‘wifere’, et s1ed ‘TRw s @ efafifed e e @) wed R

3d: THIHIT (6.6) 1 ST &

dp= Ho —H4q = AH

wquqaﬁwaﬁaaw%,amﬁquﬁwﬁa%lw:H@W—W%
(HU,p T8 V &1 HeM gl 3 G4 STae-Te 7)1 39 YHR AH 99 T&as i 2

feer Tr@ W uftfya afadH & foru gt 6.7 i for@n s gk 21



AH = AU + ApV HiIifF p ferisr 2, o1d: &9 foa g&d &

AH = AU + PAV oo (6.8)

IeaEdg 7 o o9 fEer €@ W ST ofavifid et ©, af gend § ' woedt ¥ ufedd
A9 ®© e 2

aR T & AH = qp feer T W srerifom o 2

Foadt sthferatst o o AH smurreres gt ®, st erfufewan o e o s

@ St & wa st stfufwaret & few AH e grar §, st ufaer @ s
T STAVNTT BT 21

fEoR ST (AV = 0) W AU = qy, 37d: GHIHU 6.8 & Sl &1 AH = AU = qy

a9 T, TS99 oherel 319 41 5o Weeed Bl © W AH TE AU o Hed SAal Wiedeh el
g1, Fifh 39 T ga § TRE FE W AGT § wi fou Redd =@ g At
e B, @ T SR WY B S 81 B U U sifufwa W famr W ®, foed 9
e ®1 feer <@ wd a0 W Vv T eifafmest w1 ud vy TEE ScRl w1 e ST
ﬁHWnAWﬂrﬂW@anméﬁﬂﬁﬁaﬁﬁ@ﬂﬁ,ﬁWﬁﬂ

THIHIOT o ITTER-

pVa = naRT

g9 YR pVg =ngRT
q pVe —pVa =ngRT —npRT = (ng—na) RT

p(VB—-Va)=(ng—np) RT

p AV = AngRT ......................................... (6.9)



Tl Ang T SRS o Hel H gen w iy sfafE & A B "o H5 SAw) 2
GHIHIOT (6.9) W p AV T HF FHEHIO (6.8) H WH W

AH =AU+ ANGRT e (6.10)

THRTOT 6.10 T ST AH ¥ AU 31 AU § AH &1 5F o1d & § TR smar e

3STeUT 6.5

AT I Y T TFH W 100°C TH 1 bar €€ W TF G 5ol & aSGIHO §
ferd 41kJ mol~1 9T TN SR SHSi-URedd 1 MO ST, 5§

(i) 1 Al ST ! 1 bar I TE 100°C W ardiehd fhar Ul
(i) 1 T ST 1 9% H YRafad fean S|

T

) H,O() - H,O(s) T % fag

Al — AL + ﬁII._IFH'I'
QM AU = AH — :f-‘»,rm_g_f[{'I'

qH W@H W

AT —41.00 kJ mol™ -1
v 2. T mnl K1+ 272K



EER W B L4 - CERTEL S SR e N

=41.00KkImol ' 3.006 kol !

= 37.904 kJ mol~"

MHH.O() — H,O(g) e & fau smat o afeds afd = g1 omd: &\

pAV = An RT = () v@ v 21 39 feorfa o

AH = AU

s AT =41.00kJmol !

(@) fawiot g == Tqur

farediol wef e Ui o 9% feren wen R fawdiol qur @ o R, feen we freem o Sufterd
g 1 HIE/STHNY (TEs1) W AR &tar 21 3SR o fou-geaym, ofadd, ST s,
T, e enfg feriof o7 ©

3 o, S R o Sufeerd wo &t OEeTER (WRW) W AR T #d €, e o
FEA T ST & fAT- M9, S, T A T 0 T HeR 0 Cppy Rt v o

Y
@W%W@W&@Wﬁ?ﬁ%lqﬁ{@aﬁWnﬁ,ﬁ £ ‘”_,Gﬁa&rﬁ
T W TS €1 3 ISR HIeR EH Vg, T HieR SeEidl Cp, €1 ool wd e

T 3R TH ek TG Wl SETT V o U W T A9 W el R Tahd & (T 6.6 )1



fa 6.6 (%) a7 V wad a9 T W & 9

bl =
|.._3
SIS
'-i

o 6.6 (@) favrsier o GRT 3T &7 ST 84T

3| Il faws o gR oTaA omen X e ww (Fo 6.6 - @), oE™ 3@ e v/2
e S €, Wq 98 a9 WA & Wl ¢ of: W ® o evman ferdiol qur ¥, e A
& T 2

() SEHTETRET

T ITEE § BH @A © T RN & ofald oo g T St @) 9t e gry o
TEU 1 ST, 4 I a9 W gfg o &9 § ufef@ gl )

aM o gy fafa o1 & FHEE et 2l

q= TUleh x AT

Tolleh 1 WH 9T o SRR, Weled Td epfa R e wtar 21 30 &9 39 R o for@



TFd ®, 'q=C AT
TEi o C Wi ‘oA’ wed 2l
39 YR SN T € R e ardid gfg 1 19 #9839 S T F A 2

If% C A1 B, @ S § Adig gfg o7ed eidl €1 Sl i e At €, gHent ofd
78 € fop S A9 SgM o Toq wgd stfus e =ey)

ok
mwﬁhw%wmﬁ#ﬁﬁﬁmﬂﬁﬁmwwﬁmAzIhﬁ%
*1 SYRAT 21 I8 FSAT $1 9% HEN 7, S T did g9 1 99 U el dfewmw (@
T whicad) seM o fau ermavas gidt 21 fafre s, fom ‘fafore somenfar o #ed
g, 98 S 8, Sl SHE UM o fohdl uered o1 d9 U feult Sfewe (A s ohfead)
agH & fau eavas et @1 fordl gxe 1 99 S oF SR W SEvAsd Il q J6
®W o faw uref #1 fafere S ¢ # T FomE m @ ae-uierd AT ¥ O %W T,
311q

N

G =CxImMx AT = O AT e, (6.11)

(&) T 3yt W % faw Cp e Cy # Welw

FoAERAr F e St W C, ¥ W feR @ W cp ¥ sfHd wW €1 o & I A
Teyr I w T

q o T feer sEad W gHie forg wehd ©-

av=C AT ~ AU



@ feor 7@ R qp = C, AT = A

TRt W & fa Gy T ¢y & W9 S 3W YR 9 fHA S wwa € -
T Hid Aee 19 o AT AH = AU + A(pV )

= AU + A(RT)

= AU + RAT

CANH = AU = RAT i (6.12)

AH TF AU & 9F T@H W

C AT = C AT ~ RAT

6.3 AU wa AH =1 wmom . Srerifufa

e T ifde Rl 9§ Hefid i, afeds &1 e g deee g A| S €,
38 ‘oheAHiet’ (Calorimetry) ®ed 81 shallitdid o Yehd TH U | fepen wmar €, T
‘FARIHIE FEd &1 AR T $d % A STFdH W gl T@dl g1 K i SHOAT
Td AT 1 FOHERAT d 8 W d9-URadd o YR W UhH H I S F1d
w1 ST Wbl @1 AeE I feafea o frw S 2




(i) TEeR-3Td W, qy

(i) Feor T W, qp

(%) AU =1 =

et sfafwane o fau feer g W STemifta o &1 919 99 sheliiHIet (Bomb
calorimeter) | T <1 © (551 6.7) ¥l U Eid &1 UH (99 helHel) S o
A Sl B e 99 | SffeiS yafed S Saesiel giaesl (Sample) o1 STl Sl
T sfafan o So SO WA Hi SFARd & W €1 SHeR 9] Sl 1 99 [ B forn
Sl 1 iR 99 hoRiHeR quiaar W, © STd: THeh oTFad H i uikedd @l gl iR
FiE w1 T TR S 21 Fel qe 6 Tl 9 Hefud varfte sifafwast § o i e
Tl BT iR AV = 0 BT €1 THIRIOl 6.11 1 Tl © helliHiel i S o
eF R q9-giad ®i qy o uRafid s fan sm @)




faT 6.7: a8 FHoaHN

(@) AH &t |1Ue




feor g@ (U agHedE qe) W SH-IRede o 6.8 | i MU sheAiHIE g
T S HHA 21 T WA € fF AH = qp (fer 3@ W) o feer s W sfSa ster
TR 37T qp, sHffean o stern sifufen Ted AH FEed 2

ferT 6.8 : fteR 319 (STgHEAT @) W FA-IRTAT 9 & foIg SheaiHiet

FoEd sfufraret & wwn fesa g ® 9o fem 9 ofew § S0 %1 yee e @l
THIAT qp RS BAT QAT AH o HOTHS BN 36 T8 SeARIS stfafpansti § e
STeRTfoa Bl o7d: qp 3T AH S EHs 2




33T {UT 6.6

o oo o

frefefad Tt & AR, 1g U%Ee 1 SfiedisH &1 sffushal ¥ 1atm @ To

<l
A [aWaY .
298 K 9X §H chclHIZY ﬁ Qe chdiHl Slldl %l

C ( ¥®1EE ) +0; () _y COy (9)

AafRa oF A A9 298 K § 299 K T &igdl B MG aH ohellHIEt shi SHoaTeia
20.7 kJ/K B, 9 Ul fafman o T 1 atm <@ T 298 K W T qfierds s
grm?

T

T AR W WS FT q T SheARIHIE i SOHEINGl C, §, q8 shelliHiet g1
STENToT e,

q=Cy x AT

sfafshal ¥ W F 1 AW WAE B, WG U kumceAs BM, Hife e
(erfafran-fagon) gr1 Yo SoA1 heAlHIet gRI TeUl shi T Ho1 & qod el

¢ = C.«AT= 20.7kJ/K (204 208)K
= 20.7 k]

(Tt BT Tog SITufean o Semad 89 & =ATd il ©)

3d: 1g UBEE o <8 o Ty AU = -20.7 kJK™!

1 T Y®TEe & T2 F g



(12.0 gmol™ ) < (-20.7 kJ)
= ¥

= _2.48 x102 kJ mol~"

6.4 tfafeman o fou et ufteds, A H arfuferar e

s sfafear | efuferas Sce W weed ®1 39 UMRA Wl 39 YR <G ®-
sfafFaes — SAE AR % SN TOTH-uRedd  SffRa-Toed weam ol
TEEtTe stfufmar § wOeh-uReda A, H fog @ gwian s @)

ArH = (ST & TAfew w1 AR - (Sl w1 wAfew w5 am)
_ZHEH31-..= ZheHz,—'?m

ei ¥ (farn) fog o1 STamt gy o fau fan s € wd a; qen by Gqfera wHie
T wuer: ATUfHETRl TH S|l o WEfEAEE e g1 SeRll o fau frefated
Afafewan d-

CHy4 (g) + 202 (g) — CO2 (g) + 2H20 (I)

AH _E__,a:Hm —EbEHW E.

=[Hm (CO2 ,g) + 2Hm (H20, I)]- [Hm (CHg , g) + 2Hm (O2, g)]



W&l Hpy, 9o’ TOed 81 Toedfi-aiadT Th ogd STant TR B 3Eeh 9 R 9 W
et efmifitr Tamfer sfufean § Soad o1 whde 1 S a1 | STaeds ¢ 3Eh!
EvTeRdl wr feerisr ) ardig fsfar 1 o s o o 9S4t 2l

(%) rfuferar =t wFeR TRt

frdt qomf sifafear &1 oo aRftafmel w fk & 21 ofF: 9% savaw © o
T Fo "Ne aRiefE i ffie ) fed et srfvfwar wi Are Tl @
el uftede &, wia otfuferam § W oarer |t uard orut weR arerermas ®
g

foredt uamel ot Uk sraen feRdl Tafde 9 W SHew 9 W ®U ®, W 208 K 1
bar ET& UT UTAT ST &1 IEW o {70 €o TIHTA i HHH 7€l 298 K TS 1 bar T

US 59 B T AR HT THEER-STAEA 500 F T 1 SR (bar) W IS 3G T 1 A

;208 K R faw s €1 AFe uRfeafaal &t AH W gafs & (Superscript) W@t
s foran s 21 Seewwn & faee AHS

(@) U AR | TEeur-aiads

HraE YEdd | Sei-ufedy ot e g1 SER o fou o9 ol fyse™ & faw e
AEIHA Bl &1 WHRUEa o o fyser fer @ (agued™ g@) Woed © oae
e afiead Bid THd 19 TR @ B

H,O(=) — HO(0); & H" = 6.00 kJ mol™

aﬁf_\.ﬁmH@ e e | o Toedl g1 afs e 9% H W<ordn €, df gEeh fauda
Y BIA1 & 991 a1 & HEl § S 9Re H welt St 2

ufd Wit 319 UaTed oF e ® gHarel TOed uitedd sl uetel @t e wREedt ar



el T Tt ﬁﬁISHE—‘- HET AT &1

Sl T T RN BT ®, o1d: et o woifeudl eMicTe gt 21 Stel o arsdeRul
T ST KT ATl Bl T STk FHUAlF Tg U fEeR I@ W:

H.O) — HO(g): 4, H" = + 40.79 kJ mol ™

A _H® SR 1 THh T 2l
(Tf IR Tg HHI: ToHi® Td FaAS 1)
fordt g9 oF Te WA i o) a9 a8 UMk 99 (1 9)) U aTSishd i ok faU

JMEYTh FET Tl SHehT 0T Tt 91 Wer ol THed A HS wEd B

AR 6.1 AT UG Ao & AT AFer wdedt ufteds A

Substance Tf/ K A H° /(kJ mol?) | T,/K AMPH(}/ (kJ mol)
N, 63.15 0.72 T 35 5.59

NH, 195.40 5.65 239.73 23.35

HC] 159.0 1.992 188.0 16.15

CO 68.0 6.836 82.0 6.04
CH.,COCH, | 177.8 T 329.4 29.1

CCl, 250.16 2.5 349.69 30.0

H,O 273.15 6.01 373.1b 40.79

NacCl 108.10 28.8 1665.0 170.0

C.H, 278.65 9.83 Bt e 30.8




FeAueE | 3 WY € T § o8 Wil € 39 e SESTHES 91 Yok 9% (dry ice)
A H® =252k mol -1 & @ 195 K W Sedurfaa gt 21 ueref o o «#R-«R

sb

Feaqrfad el ¢, Toeer forg QS%H S = =73.0kJmol"

ferdt 3@ oF Tk WA il o) 90 U 9Mes 9@ (1 9F) W K § g arel
T ufted sl SUeh! UTFeh Sedura T wegd g

TOeR-gfed 1 7F 39 g o sid-snufas ol @l amar W) R s §, e
TaR-qad &l @l 21 S0 o fou 5ot o Sfupsti & Hed SURed Yool gEgieH a4
THH! FA RN W ST o U ! Yokl ¥ a9 Wd €1 wEteh 5 (S9- GEeE) |
sfa-anfrass fgya-foya s fran favim &9 9 gdot ek 31 39 YR 39 1 Hid &
aodfihd B4 H Sel & 1 Al ! oodihd B i STUel HH SO i STEvIehdl il 2l
ARt 6.1 W F T H Mo T AR T AEE TOedt § T 2|

33TeUT 6.7

T T (Pool) ¥ Tehell qUeh d 18 g UHI 1 WA § @eh1 (Iell) B 39 UHT I
208 K W o1ftad 81 o fau foral oA emawgss BIt? 100°C X STSIehi0l <hi
ATder sl i UMD hifsT)

Il o foU 373K ™ A, H © =40.66 kJ mol -1

'

STSfHLOT o Yo S BH SH YR YA FT Gehd o-



| S T1LOM) g Og)

18g H,0 (1) H Hicll 1 H&a

15g
- 18gmol

— lmol

; IJ' — H = _ I)- A\ T.,f'r _ _."'.

N LD

(78 9Hd gU o o emeel 79 o GHM R & B)

o oH = RT
LI 4

fopd ™ = 2 RT = 40,66 kJmol ™

i Tap e

— (18314 JK 'mol N373KI10 " kIJ

A U =4066kd mol™ - 3. 10kd mol™

LATX

= 37 561T mol™

(1) ueR favem Tt AH®

fadt difiter & Tk WIAT o IUF E dAwal, S TN Wad T wur § fod ww g
(T w9 &l ded-srewen’ ot wgd &), § ¥ frfod & W gHare 7 Tt

wfterd™ i s W Hen favem et A H wer s d
URUl 6.2 T T U U=t A 298 K U Ak Wier oo udedt,

A H



=Y AH [ (leJ mol-1) =T A H'/ (kJ mol)
Al203(s) -167.5 Hl(g) +26.48
BaCOs(s) -1216.3 KCl(s) -436.75
Brz(l) 4] KBr(s) -393.8
Brz(g) +30.91 MgO(s) -601.70
CaCOs(s) -1206.92 Mg{OH)z(s) -924 .54
C (diamond) +1.89 NaF(s) -573.65
C (graphite) 0 NaCl(s) -411.15
CaOjs) -635.09 NaBr(s) -361.06
CHa(g) 74.81 Nal(s) -287.78
CzHa(g) 52.26 NHzig) -16.11
CHaOH{l) -238.86 NO(g) +00.25
CzHsO0H(]) -277.69 NO:z(g) +33.18
CsHe(l) +49.03 PCls(1) -319.70
COlg) 110.525 PCls(s) -443.5
COz(g) -393.561 Si0z(s) (quartz) -910.94
CaHs(g) -84.68 SnClg(s) -325.1
Clz(g) (4] SnCle(l) -511.3
CaHslg) -103.85 S0:(g) -296.83
n=[CsHio(g]] -126.15 S0:(g) -395.72
HgS(s) -58.2 SiHa(g) + 34
Halg) 0 SiCl(g) -657.0
H20(g) -241.82 Clg) +715.0
Hz0(l) 285.83 Hig) +218.0
HF(g) -271.1 Cl(g) +121.3
HCl(g) 92.31 Fe,0, (s) -824.2
HBr(g) 36.40

el Ul f adiar @ T Hefud Afier w1 1 dia 39 dwe, S o gad Rt w9 o

g, @ ura fman Sar 1 R g ifufwad St Aee fored HieR el o Wy &) T

¥

H,(g)+ %0, (g) - H,Of]):

AH”

- 2805.8kJ mol™*




C (et ) —211,(g) — Cl1, (g):

A = - 74.81kJmol™

QC AT, s+ 3H, () + 120, (g) — C,HLOHIlL);
AHS = -277.7 kJmol™!
el I8 qHgEl Tewqul € & Are fam oo, A H®, A H® 1 T foviw feufa

g, g 1 o Aiffer o1 qedl @ a9 1 S SWed i sAfufwaet § Sid, 49 16
Ui § ¥ Y 1 1 Hid o9dl 1S9k faadid Te eaiedt st

CaO(s) 1 CO,[2) » CaCO,(s);

AT = -178.3kJmol

T Toeh-uRedd Shfeaag wEie &1 fomd ool 98 2, e o8 Sfegaq weEie

A axdl @ 7 SR TR AfTRl @ a1 @) Frefafea sifufear & fag o wded-ufads

HBr (g) T W% Ticd e T ﬂfHﬁ T %, afew A SAfafEar Tied )

H,(g)+ Br. (1) » 2HBr(g):
AH® =-72.8kJmol”’
T2 T ICAE o TH A H 379 7 AA S a9 O,

AH -2A,H

Gqfera THiehtoT W W TNl i 2 § faaifSa #X HBr(g) % fated woedt & fow
G 30 YRR for@n S Hehdl o-



Vol (g) + V4B (1) — HPr(g);
A, H7 = -36.4kJ mol :

D T FT 298 K R THE HieR foRam Tt L\.fHG’ arvt 6.2 ¥ & T 2
IRUET o AER, T T oF HaW Sfue wfaa ®i oaeen W (HIH-STeRe) e
foe Tt A HS 1w = feen s 21

A ST foF 319 T ohffiehel SRR © 3R STAT =med © T afe 9r geqed o9+t Ak
e ¥ € Al Shfegay FEHe w 9A TS weA eEsiiaEs ® faufed w0 o fau

foRa=l SSHT Sl STEIhdl BT,

CaCO,(s) —» CaOls) + CO,(g) A H™ =7

Tel B UEe faed Tl 1 SWEN Y TEhd ® TS SfafmAE o T ufterdd
URERfeId X TWehd B Tl qRedd &1 UM i oh fou g frefafed | S
FT ST FT TFA 2-

A HT =N'a i, HE (5002 = N b Ay, HE (9 )
_.i - 1 - J pu— N i

r

(6.15)

W&l Ggferd THERO W a TS b HHW: AARRIHl Td SRl o TNk Bl SR THIHT
1 hfegad FEHE o faeed | o] &4 &1 78 a Td b <A 1 21 2m:

A HS =4 HE[CaO(s)]+ 4, HE[CO,(g)]
& HY[CaCO,(3)]



=1(-6535.1 kJ mol )+ 1{-395.5 kJ mol™)
~1(-1206.9 kJ mol™)

= 178.3kJ mol~?

3Td: CaCOx(s) W1 fome Sommenst sfufshan €1 oma: femd SoiR W & o foTg S1roeh]

T TRH KT B

(T) FHTEEeh GHERTOT

T Afad TEEe qHE, S9d I9eh AH &1 7F oA i T g, et
GHIHUT’ FEdd 21 B9 Uk GHIR § el i Wifde Tt (STUEY STl o §iY)
i ffée = B

3TEX0T oh fetu-

- H {JI—HT]-I- JU [L| > 2C0) [!b]-l- “u-H U[U
A HT = 1367 kd mol !

ST gHieRtol TAfy=d 99 UE <@ W g USHTel 1 S@d S¥idl Bl Ceedl ufiedd b
SRUcHe Tog <uidl © foF 98 W& somad stfufswan 21

SRS TR & Ged | frefafea aRafedl &1 a1 W@ savas -
1. Hqfed TEAe THHW | TN AfAfhdhl U9 IRl oF Hieh (AUl S EI) Hl
e w3 2

2. &ﬂemnﬁﬁﬁamwﬁwmwﬁ%ﬁﬁﬁa@%Wﬁﬁm%lw
Q‘Fﬁ?‘ﬁqﬁﬁlﬁq ﬂ.rHe ﬁswﬁk\lmoﬂ%ﬁ?ﬁ%l



ST ¥RON i gaaAH o fau &n f=afafea sifufea & fau sifufea-ssm =1 o
F -

Fe O, {s)+ 3H. (g1 > 2Fe(si+ 3H.O(1),

&

qeh faed Toedt #1 9nolt (6.2) W B9 UW ®-
A TT {I1,0,1) =-285.83 kJ mor~ ' =mermeeT;

A {Fe,0,.s) =-8242kimol™™;

AsHO (Fe, s)= 0 T
Af HO (Hy, g) = 0, TR o TR

qd,

A H? = 3(-285.83 kJ mol ™)
— |1 (—824.2 kJ mol?)

= (-857.5 + 824.2) kJ mol!

= -33.3 kJ mol?
e W T 39 Tormed ¥ uged TunieR Vg W@ §, S
St w (Stoichiometric coefficients) @ qed &l .3th
1 A kd mol™! 2, frgent eref srfufspan o1 wfd diet @1 W9 g9 WA YR ¥ T@ERE
Gl 1 Gaferd #R oid §, q9 g Sifufhal oF Uw Wial i gRifd sear @1 e
iRt i f= 9R o Gaferd i 21 Sy




2 L]
3

| . : . o ) I
—Fe O (s)+—H. (g - Fels '+ —H O[]
s} - ' D Lo N S0 3(

a £ £

—285.83 kJ mol™ 1)

dd stfufsran =6t o€ Aen Tk Hie sfafwan Bl T 4 o '

AH; = E(—285.83 kJ mol ™)

rt+o v

—%{—HL’---'L‘A_’- kJmaol™ )

"1

= (- 428.7 + 412.1) kJ mol™

=-16.6kimol~1 =% A 1y

T8 W Bd ¢ fF el we foawdiol of¥n R

3. 5@ forell el Tl # Soer fomn W g, @ 4 Y % AW @ fog o
€1 ST 21 ISR o fore

N.(g)+3H, (g — 2NIL(g):

A% =61 8kJ mol™’

2NH.(g) — N,(g) + 3H,(g):
A H”=+91.8kJ mol™

(=) 39 o TEm



Jfr el Th SrEEA-%or €, 3f: el qRadd yRfyes stewen (eifyerent) eifam
ST (ITR) B W B o T H WA el 7 TR VR H- Th SA9RRA WR T
9w H B W HE I wigEen |, Tl uRadd 9H war 21 39 ‘2w T’ % w9 | W
THR HE Thd -

M Ul ¥ g arelt fowdt wamaftes srfufwar o A ot 39wt erfufsranett
%I UM 99 W A TOfewdt et Ot g ®, T 3w wyul srfufwer @
fawfsa ferar ST gemar 21

A=Y, B9 39 W w1 WewW T SSmWl o g0 9usil fefafea sifufear o

THed-giadd W foem i wi-

C(iFEz,s) 1 O, (g) > CO,(8);

TJEM CO (g) ¥q@ SR €, W 30 AR § o COp 9 eHI I el 21 ofa:
SR Afufrar & fou g0 Ted-uRadT & @Y 9 R T T R qhdl A ed
=1 U rfaferad € woh, o Geifa Taefiet ef, af Swied g B et ufted

1 qRehord fRan ST Hhdl 2|

a9 7Y Trefafea sfaferaet @ faar #w@ -

O,lgl > COlgl:AH" =7

T CO (g) Y@ IR ¢, W 36 AUFN § HB CO, T4 THI S Bl 21 3Hd:
SR Afufrar & fow g9 Ted-uRads & @i 99 R T T R "hdl A em
=1 UE rfaferad € weh, o G Taefiat ef, af Swied g § wreedt-ufted

FT1 IR fFaT 1 Gl 2l

a9 7Y Trefafaa sfuferaet «w faar @ 2 -



C(graphite,s)+ 0, (g) = CO, (g);
A H® = - 393.5kdmol™ (i)

CO(g) %02 (g) = CO, (g);
A H® =-283.0kJ mol™" (i)

B ST THIRN Rl TH YR HIH Hid € (o sfesd Sifufsmar Wi @ Syl S @R
Tk Hidd CO(g) W &3 oh feAq Tl (ii) 1 &H Seal & ¢, forad sei s gn

I S S B ¥ Iz B\ [ WA H g a9 2 <

o | |
CO, (g) —» CO(g) +2Un g):;

TR (i) TH (i) 1 STgehi BH 3fovd GHIHI0 9w Hid B

C(graphite,s) +é02 (g) > CO(g):

T faw A H® = (-393.5+283.0)
=-110.5 kJ mol™!
e Y W AR TE AN A > B & fau wk Al @ g widedt wfadd o fg

@ ow g oW W A H | AH, A, W SOR B % W ¥ fafw
Tef-ufadHl 1 wfafifue &w &, q

ArH = ArH‘] + Aer + ArH3 ......................... (616)



79 39 ®9 ¥ Y[ TR s ehdl ©-

AH

A |— >[B
J,&?H 1 T‘&rH 3
AH,
e >| D

6.5 Tafvaa yar @t srfuafswamsti o fau woreu

srfafmaetl o FhR #1 Ffie i gU el S AHH0 w1 Gl g 2l

() Tk &7 TAGH A He
<& Afufrad yefa o Somerdt et €1 3 SEm, Uohe, foum we Sfed & o weoet o
Te<aqul Bl &1 Wk S8 oW whi W WehR URwie fehen S @ o we fene wered

*1 gfd At T8 T giEdd ©, S SHeh <8 o Hola®y Bl ©, Sd HHE SAiHah
Td IR T AT q9 W O " SEEie 4 g gl

@M1 Tk aTell 19 o faferer W qEEd: A (C4H ) T BRI T TRT % TH WA h

<@ 9 2658 kJ o1 ffea Bt 1 sHen forq 0 sewmEte sifufwan o 39 R faw
T ©-

C.H, (g)+ lf 0, (1) — 4CO, () + 5H, O(1):

A HE = -2658.0 kJ mol™



T YRR T o < § 2802.0 kd/mol ST e B €, Treen forg et &

C.H.O.(g)+ 60,(g) > 6CO,(g)+ 6H,O();
A = -2802.0 kJ mol ™

TR TR H off T8 oF UHH $I W@ A 9 el I9d et 8, Fufu iy SArR %
bR o Sfeal Sta-THrfts sAfafeaet &1 9ot 9 99d 2, TS99 Tien %1 ST g

3IIEYUT 6.8

I~ o 1 HiA HT 8 298K TH 1 atm W FaT 81 T8 oh SWd CO,(g) T H,0

(1) sd & U1 3267.0 kJ ST e Bt @1 S=i o for Ao faem Toed 1
TN FITW CO,(g) T HHO (1) & foT AMe foRem Toeh & wH wHel: —393.5

kJ mol~! & —285.83 kJ mol~! %I
'
At w1 foem frefefead aefinor @ fan S e-

6C (wr )+ 3T [¢) — CTH, 1)

AT =200 1)

1 O s o fau @1 T 2-
‘ . e .
C.H, i)+ - O, — 6C0O, g+ 3H.0Oil):

;'lr_.,_.[._il:’—— ....... -1 l }

.



1 HIel CO,(g) o fory forerm woiedt -

Codrezr O, (g0 > CO.lg);
AH® = -393.5kJ mol .. | ii
1 |l HyO (1) o fere foem et -

T ] : o
H gl Zuz(g.' — H,O(1};

A HS = 283.83kJmol .. [iv

HHIROT i 1 6 ¥ T iv I 3 W TON S W

HUITERS - 60, ¢ — 6L, (8]

AHY =-2361kJ mol
3 ,
3H, (g)+ , O.(g) > 3H. 0}

A }.H':' ~ _857.49kJ mol !

ST I THIRTUN 1 Sied ™

. . 5 . .
6 (w51 + 31 L |2 :_702 |'l _g_]—:n;j.C O, )
+ EHEO[:LJ:
4 H® = -3218.49 kJ mol Lo |;1-':|
TR i Bl ST HEH W



o i Y ' ot it -IFj
6C0, B/t oH,0O(l) - C,H, -xl, +
d’:r'

4 oHT = 8267.0 kd mol? L [vi

G v T 39 I Sed T EH UMW © ¢

6C HF=2) + 3H, (¢) > C.H, (1);

J.IHG - 18.51 kJ mol™

(@) ®UE TR 4 go

3T, SIZEESISH o UM oh TH 350 W fomm &t

H,(g) — 2H(g); A, H® =435.0kJ mol™
AT 3@ Thd € T 39 gfopan o SEEReied & H-H s o 224 § H TI9] < &

T 5@ iR W TR el wded-uierd i R TR, A o #ed 21 9% i
e § e o TR % TR W ¥ Sufer S w1 o dre wEpE § e
W B del TIed-uiadd B $R 9T MU SReRgNy od fgwane v w1 wuH
T TR e fadeH TOd off Bl 1 UM el o o oSS fefarad
T

CHa(g) — C(g) + 4H(@): A HP® =1665kJ mol™

I8 M < A 9@ @ fF el Scg et g steen | ¢ iR H WA €

Na(s) - Na(g); A H® =108.4 kJ mol~"



TG IR H FUH T 3R Feduee etk gue ¥

H..
bond
o Afafearet o TOEf ey 2 TS oMd B oTEd e o faw S W
AETIHA et © SR oMy o H T e st @1 fRE oft sifufea = e

TGS s o T4 TS o H T aret Fell- gerdHl O Siiel ST Hehdl 21 TEEfE
e ¥ 2 Tefi-uiadal & fou soamfast § 91 e ug W B e

() ITEY T A

(i) e foiem o
(i) T STEY Tt
3TEY W 37! 9 TGIRANH Ud SgIRANE STU3T o dad H &l

[

fgummure ety ¢ W fAfafed 9fean W foaR wX tw Al SwEergsA H formm |
Y T2 &

Ha(g) — 2H(9); A, FI® =435.0 kJmol™

W giEa W BN ael TOed-uledd H — H ey &1 ofey fodieH e (Bond
Dissociation Enthalpy) 2

ey fauiem oot 39 uiwmar ® 3 Ao Goed-ulaaq €, faan ferdr fda
TEGAISeh dfiTeh & Teh Ui TTee St T S |

oH € fh T8 TOCH-IRed 3R SEESSH % UM Tl Th §9E g1 o g
fgwmms et o fau off 98 T 21 S

CL(g) — 2Cl(g) : Ay H° =242 kJ mol!
O,(g) — 20(g): A _H®° =428 kJ mol™!



TEAE 10 § e RS oo B HF Tk o] § fae a5 forw fae @ 2

sguvarerw 3wy (Polyatomic Molecules) : & t& agmwms o) (R -
CHy) W foaR td €1 39 %A o foiu SoruEmafTe afafewan 39 g & S 2-

CH,(g) — C(g) + 4H(g);
A H® =1665 kJ mol™
799 § WRI C-H oeY guE B sfey #eF o § weft C-H emeel ) omeu-gd wd

AEY-Holl d TH WAM €, qe1fd Y&h C-H S Wl died o U STEvdss Sl
- €, St 9 @ T &

CH, (g) — CH, (g) + H(@): 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® = +347 kJ mol™

CH, (g) - C(g) + 4H(g); A, H® = +1665kJ mol™
39 T CHy H C-H =& sl 3itae orsier Toedt wftenfie ea &

CH, = “A(A H") =14 (1665 kT mal ™)

= 416 kJ mol~



eq 3@Ed € foh A9 ° C-H sy Wi ofiwa ety T 416 KJimol B1 € Wl Al T
fafi =fTRT, S CH3CH,CI, CH3NOp 3TfX ® C-H & w1 3fEd oy Toiedt oM
TH-TR 9 digr ft e 81 W 39 9 o eI i & ©idn 29 o fem i Suan
# o AEY TITH HT MO I W Gehdl 81 b Tehel AR SgAEHl i Tl wroft
6.3 H Suersy 21 fafran Teiedt Sgd WYl Bl ¥, FifH 98 [WH o=l % T
U e o S o ShNUT ¥ I Bl B AfE wH fafvw emey woifeudi wd w O e
sreeen o forelt oft erfufemean 1 Ced T T ST Wendl B1 Welig sreen W erfufwan

A Tt ﬁﬂewﬁwﬁw&wﬁﬁmﬂ@jﬁﬂﬁﬁwwwﬁaﬁﬁ

BN EERiT

A HOSS SR T S Mz

(6.17)*

g Gay 39 gHg a9 SwErd e @, v ,-ﬁfHG %1 UF 7@ A @ el sifufea w1 po woedi-uRedT @
sifafshan o etfufsrass ofujeti oF Al el I died o foU oTeRA® el UF SRl o SIS oh Wl STl Wi e
o foTu erevash Sl o1 ofat g1 21 o ®© T 98 o ome 9t 21 9% SE gy on] e, W erfafwan § |t
wred (erfuferas @ SaR) e seeen # g

RO 6.3 () FT Tehdl T&Ee & frea wdedt a1 (kJ mol~1 &)

H C N O F Si P S Cl Br 1
436 414 389 464 569 293 318 339 431 368 297
347 293 351 439 289 264 269 330 276 238
159 201 272 - 209 - 201 243 -
138 184 368 351 205 201

159 540 490 327 255 197 -
176 213 226 360 289 213
213 280 331 272 2183

-

213 251 213 -
243 218 209 1
192 180 r

' [s=lie =l He el e s

151




WROR 6.3 (@) FS iraa aganEy udedt 7= (kJ mol~1 #)

N=N 418 E=EE 611 O =0 498
N=N 946 C=C 837
C=N 615 E=0 741
C=N 891 cC=0 1070

* e FX - oTEY fFFT THSY a9 Sigad EY THed! & 70 GEE g @1 GANT e ST 8l
** gfe g ayray fav=d woedr (J_rj—f-?' )aww?var%)a?ﬁzﬁamaﬁgmﬁmﬁwskwwmwaﬁ
; baonid

w gttt a, m A H® = Y AHS o o~ D AH s i

(7)) Taeem-w=oedt A, He

fret el &) foea-Todedt a7 Toed-ufady 3, SS9 U i & g &t 4
i wen # "o W e 21 ed agdl R faer-wdedt 97 Ted-uftedt ®, W uared
1 fociaes 1 eFd Wen W Sl S ®, Siefh Ml o (A1 faeim oh oot o) weA
s foRam o B

9 U STl AifiTe @) g § Siell S 7, d9 9ok oA fohed Siedh B ST
frafia feafa &1 S 30 € a9 3 fooa o eifuss w@dw e €, W S 9HF 3 el
1 o (faoms S § Sefgetor) o 8l 21 38 T STt e AB (s) o
fere smwia ®q F <wrian w2



A
AB (s) = s> A'(aq) + B(aq)

i

A H° A H®

lattice Fuyd

Alg +Blg

oA 9o ¥ AB(s) Bl foer Tt A T Sl whed, A, % A BN
T YHR G BT ST Tkl B

Al =a

— il T iee

I1+A,,11

Rt St AR b T A (o o e 2 gEifer ifeeie AR w1 S
¥ foerT AT WG W AEd 31 A e TSR awd S 2, @ A w5 e e
a1 Bl 9Ed U WIANEE FANEESl +1 ouen &9 faod # g €7 Tl uReddl &
I ey Seetl (Tfewal) e Setw Seted (Tofew) @ arfEl o suEm g
fere < weha €

TeTeh TEreut

T e Al Soe Tl o' T IRed ©, Sd T Hid ST A
T oracen § o0 oAl | foenfod g 21

Hfeh SToeh TOd i W gR WY W T oTEWe €, ofd: BW U wi fafy @
ST % €, el T el 3@ WA B 39 S@i-8e} WIsh (Born-Haber cycle) %@l



ST © (Fas1 6.9)1

Na'(g) + Cl(g)

S

N
/2 Apa

=g

121 kJ mol™

Na'(g) + 1/2CL(g)
N

-348.6 kJ mol™

=]

AH

i

Na'(g) +Cl(g)

+ 4956 kJ mol"

Na(g) + 1/2ClL,(g)
- f\ hstJng

kJ mol

+108.4

Lattice

Na(s) +1/2Cl,(g)

AH

-411.2
kJ mol™

NaCl(s)

fax 6.9 NaCl %} sioie w=eieql & foru w=siedt sii@

3Teu, g0 feAfafed & § Nat I~ &1 Sors Tt ® 01 B



1. Na(s) > Na(g) ¥feam oig &1 $&oad, 4 [ =108.4 kJmol !
2. Nafg) — Na' (g) + ¢ {u) SifeTm T &1 oo wéed
AH S 196 klmol !

1 . .
3. 9 CL(8) = CHR) soitm = foriom =0 atfafn =1 Toed ey faoie wiedt
#1 sl 2

A\ I =121kImol !

| —

4. Clg)+e @) —=Cl (g) FANA A FR U Solae At 3H UfhAr H
TR Afe Tt

A HT =348 6k mol !
M Theh 3 | MET TOH qe Toie offed Tedl o aR ¥ a1 81 oikd § 3 ug

SRt | & fod Mg €1 YR 3 YRl 1 e SEA &Sl e Soiei Sydl 9l
v foran smar em (st <fEm)

AT Tl T FoAag AT

AT Soll Ud SARISYl Tl ! WE I q9EE R qRefia fe e @1 fee
A AOHH W 3Th] UM ATHRNh] o IR hl SHSHIMNAT hi HEd @ Uflehfeld
foran ST Wt &1 FreAfafaa sfuafean o

Mig) »M(g) 1 & (39 = fom)



A T W TR IR e o Wi B werE 9 afefed e S weh
r

AT = A TIFO) - [AC2dT

SR AfAfshaten § 9 of © YoIh 9 I SHERA ¢ 5/9 R (C.3/2R]
IR

ACL = - 5/9 R (3 o foa)

AC, = 5/2 R (RN we < fao)

'Y U

AL (T ) = By (I SN _5/2RT AH - A

(SUARITSAN) _ 5 /9 RT

5 Na'(g)1 C1 (g) >Na Cl (s)

77 fafa=1 usf 1 % fo=1 6.9 § <ufan T B1 39 %H H ‘AFH-2aX %’ Fed 21 39 dH
%1 Ao I¢ & T 38 R =% ¥ Tedt-aiadd 3= e 2

29 fom & ER

o HT=411.24108 41121+ 4396 - 348 6



\ [ 785K

Nadl(s] »Nac(g] 1 C17 () Nadl o ferg,

59 Wisha o faQ ofidiies S 399 2 RT & 8Ffl (Ffifh A, =2 ), ST +783 kJ mol™
1. & s =i

379 BH TH o T o UM 1 eradl 9 faerm et w1 uided # ghd 2l

A A T A T

e Lo faed

NaCl(s) & T& Hid & U ok Teedt 4

Tt ;.'H_-. - ?H"Jl ]{1.] ]-11{']'] 1 (mﬁ_w
)

ALHT =788k Tmol™ — 781 kJmal ™
bl ke ol !

TH YR NaCl(s) ! faera-ufsman § sgd &H Foil-qiad= el 2|

6.6 Td:HSTddr

SR k1 Yo Tram gd fordl fem gro Steenfod oo TE SH W el 3ok g
foht U & § GaY Sda 21 U8 SO o YA I G W hiE yfqey "€ ovar €,
Sfceh o1 o1 Y18 S=d a9 9 51 919 &1 3R THiCia e 81 oar&qd | Uiehias &9 9
e Ot TErfe @ Aifge A T B faun i SR foed wre wnftd ®l, o gataa
Bi| IR0 o ToU- Th T 1 ST UM i WA o fIq FER0T, hia o1 Sfierdst o

STAHT HTaA SI%MT@HI%S ST 3T




W T 3 TG ¥ A a% H1 AR TA: AL a1 T U H W@ AW et v b
Tod: Wepfed & erft A1 hieA SEeidEE Ta: wed AR Ao W uRafda T e
T PR & T WA IHH THEF gadT < €1 3™ FeH 31 € fF @ ener
qfierdql oF feTq W& a1 (Driving Force) &1 B2 Teh T&d: Wehd i favn ohd Teifa widt
2?2 9 @< T ¥H 3 UHA o U gose Muifa w3 fF 3 d9va § 9d © @ 91

e B WSl ey {6 T:ydid WhH 1 €7 MY WHr ®9 ¥ W §hd § (6
T ydfad TEETn Stafwa g8 €, S YNl o Huh § qid € B ol @1 8H
SferdIsH TS TIESiSH o HAN ®1 fufd w1 o §1 3 T B W o a9 W fHEG weh
Ik ol qeh fo foreh Sootata afteds & @1 S Fehar 1 Fufy gk e stfafwan @
W ¢, Wq Wgd & it a W oz e ot ‘wedcyaiaa sfafwe’ € wed ®1 em:
o gafdd WehH w1 1 ® e o WeE (Agency) W1 T Wewl o e W o BN
=1 Yg B Ty TEd AfAfRa o1 YW o B Wi ST T YAl el wordl €1 T et
ThAl o TR UEd W B9 <@d € fF A wa: el Renm o Sohfgd W@ ® wwd 2
@ gafdd UHHl oh T 8 H&Y | e Hehd © T -

Wa.yafdd Ushd Uk IchAvIT Uehd glar &1 I8 fawdt amgr ara7 (Agency) &
GRT &1 3chfdd ferar ST @ekar 21

(h) T TS T /A T A ydfaar sl haret 872

Ife &0 Ut weTel S - el ¥ v i @ s A W wer A w1 gfmaet w faEr
FL, 99 @I T YA H1 90§ e o fafas ol § S B ¢ 39 YHR €H %E
gHd © T e et sfufma s9 few o wayafda s, foe e § ot §
e, Star et sifafwaet | e ?)

3TEX0T o foTu-



1 1
5 N, (g) + § H,(g) — NH,(g) :
A HP.=~46.1 kJ mol?!

1 1
5 Hy(@ + 5 Cl@ > HCI (@

A, HP = - 92.32 kJ mol"!

H,(g) + % 0,(g) —- H,0(]) :
A_H® =-285.8 kdJ mol!
freht ot Somad sifuferan & fou sifuere] ¥ SRl & o9 W TIed § o & &
T T oM@ (o 6.10 (h)) © JwiEn S Hehel B

379 T U YHION o SR W B9 I8 STIYRUN o1 Tahd § T fhel ot sifafwan
o Tt TSt § M o SEeh1 Wk & (Driving force) Bl

a9 7y Trefafea sifaferaet @ faar @ 2-

1
B N,(g) + O,(g) — NO,(g);
A H = +33.2 kJ mol™
C(graphite, s) + 2 S(I) = CS, (1)
A _H® +128.5 kJ mol™!

3 rfuferad wagafda whH @ SoRid 81 TOed | gfs @ T Tded-ema g}
<9 e § (e 6.10 (@)




GTF‘:I'EFTW itjjr __________
?ﬁr)[ @'ﬁ_’l A
T AH

H
IarE &t LH 4
el Tt

AP H ElxlE !
arfafran e

T 6.10 (&) FwiEdt sifufeEar & fau Tsled-ama

Eﬂﬁqﬁl{ﬁuﬂ_np L —
ﬁ ﬁfﬁ M
T*@?F‘ﬁ AH
H srfafsar o
ufEsr 9
ST
Sl | g v-?w
®I T .

TSt ST TR I
IR I Ep I E G C

foaT 6.10 (@) Fwt sififear & fau Tledt-ama

39 SCEUN ¥ 9% W g6l ¢ woOedt § s waatda & fau e gfadeee s
2, Wq 98 9ft ypnl o faw v e 2




(@) U=l U @a:vataar
T Tod:gafadl Y & T feen W o9 U st 827 MEU, BH Uw U feerfd o steme

X, fad AH = 0, @rerfq et o 1 aiads =t ?, fRe ot sifufran o1 whe @@
2

e U & Ul S Uiy ¥ Tl (Isolated) €, W & @l w1 fomfd wd €, SEn fa
6.11 ¥ T T 2

3 T A T B, 5 wHI: wet e vaq feged 9 swiwn wn @ qon wh faune 9 yueh
fFn T ® (F9F 6.1 &)1 @ faue® gern W ¢ (F9F 6.41 @), a9 19 oad #
foafa gF ot 1 o THa gvE fomRo qof 81 S @)




(@)

frT 6.11 7 4 @7 farawor

3 TH TH UHH 1 I i &l oo 4 ud A wW o o % e @ W %
ugeti o1 Freprerd, af Y= 9 9 4 79 A & B 36 TR 9 e € R o few W@
0] fehterd, At & T B o o19] B Wg AR fGueE geH % A% ] fierel W, @ 7w
fafyea R W & *e "nd € for Fentenn T o70] M A w1 ® @1 9 B 1l BH 8 HWehd
g for frerma o0 e o erfen sterafied B TR R

d9 TH I SEURUT T € UH fowfd fewm § fem & st o wwen sifus
seAaftod gF 1 Ygfd et ?1 I8 T yafdar s Tk HEt g Gehdt 2

Tel TH Teh 311 SHNIeh! Her shi o0 w4 2, 58 Tt S' Fed &1 S e
T & Aferfad €1 Uk WHiEs 99 S o o U SAafed | Wehdl © f i
fret Trrm § sTeere o1 HIUA ?1 TH Toafid frem o fa eifues stegeen @hi,
St € Stfeeh SEeh! Wl BN STET qh Weh UEMEien SAAfHAn w1 99 ®, T qiedH
AR e A o T Ued (stfufwmuen) W ¥ W (IR) § YH: oyafed g R
I ICRI i GO TohAhRepl o1 Gl 9 Afe Tafed g, af T=idt d 9iRomHa:
gfg =it ww Tt Afafeen § =il o oneres afteds sifafsar o wgea usiel i




T & YR R A o S 21 W= ¥ frafiaar & wed &1 otef § whdt
& Tk Uil & fau I steen =Aae TRl (waifuss frafaa) & erewen ®, Sefw
T Sroreen SAfUehan Tl Wi 3fereer B

39 BH T il WHAHS (Quantify) €9 I 81 TS H ol o faaRor @ sreraen i
A FH o fau e fafy wiferst ¥ S @ gEe & @ 9 w2 gEd fafa T
afqfspen & e ot Som-uReddl 9 wied w1 fafy ®, S Tid & Swmide! we
A Bl ST SOHNIGRT Worl, SE-3Tde S U O TOedt H %l e i ot T
SEAMTIAeRT ST e §1 98 AS WAl o gy W Rk & e

wa oft fopedt fepma 1 o € S 2, 99 9% itk T okl agreRl R T sTereEe
31 T B TH RN ST (q) Trepma | oTeqamr g™ &l UHIE @l 31 1 8 AS
w1 q U Hel¥q Tehd 22 SWE Sl @ foh Se w1 fawor Ss§ oA W s s ®,
o T < Wt @1 Uk S 99 o fre o fe oo fe o qa | erfue
IreTeeen Bt B1 oa: et freem &1 aa s @il 1 erfafia wfa w1 wom @) fre
a9 W fordt ferm 1 & T oS SE R Sl S=U 99 W S T Il & ST okl
qor o oifireh SfeTeRel 1 HRUT Sl @1 SHH YAl woidl € foh TRl ufedd a9 ok

ST Bil B

SCRATIE WehHl o fT €9 AS &l q T8 919 T § 39 YR Helod T Gehd o

e o
AS = (6.18)

frdt @a: yafda wea o fau fem @ afew o1 pa Tl 9REdT (AS otg)
frefafad gt g/ fean s gehar 2

ASBia — A8 em - AS i 2 O (6.19)

V& T ™ e § 8, @ Terd sifedd i @ U i § uRedd AS =0 @



eH e Tehd € b T wa:gdfdd U &1 T2l ¥ gfg qd q% el Wdl €, e e a8
AAfeshad = 8 WY e W TR o giadd v g @1 9f TRl U steen T

2, 31d: T IShAUIE YA o SN BH Td-URedd i oM fefeied g 9 g

L Thd ©-

q:«! =L
ASF} = T

g0 WA € fop mmardg uffeafaal § Sorui wd SehuuiEgAl weEl o faw AU=0

B R, WG AS  FAAS, |+ AS_ ) IR W % fu g R
TR AU, STHATIE T Schauia YA | fads 7 o<l @, safe As fadg +=dt 2

3qT&UT 6.9

st for fefafeg 4 9 fred T agdt / et &
(i) Tk %9 1 319 el § qfied gl 2l
(i) T Toreeeli 39 &1 a9 0K ¥ 115K d% Serl Sl 2|

(iii) 2NaHCO3 (s) ------ > Nap CO3 (s) + CO2 (g) + Ho O (9)

T

(i) 39 sraeen H R B o A1g oI Hafterd STeReN WK Y ¥, ofd: Uwdl
Tt 2l

(i) 99 0 K TR §eft e1u] feeR B4 €1 ora: Crdl <aW et @1 A€ 99 115 K



TG WY, qd 3] A T SARH HT A € T AT WrEAEEd ¥ e i R
frenm etfuer ereafterd = WAl €1 ofd: Tl &g Sl @l

(iii) FIFRH NaHCO3 39 € TS THH! TG +7 2| SR H T 39 iR & 7d
21 3 SR S=d Tl i feurfq 1 gfafire w B

(iv) TEl Tk 19] < AT a1 €, Nfq HUN k1 @ dedt ©, S Afeh sTerewen i
AR o W B H WANET o < O SRS Y o TH W Hi gorl H R
T W R

31T 6.10

AR oh SRR

4Fe(s)-30,(g) —» 2Fe, 0, (s)
T aRedd —549.4 K1 mo~! ® (208 K d@ ™)

7q Afaferan § T2l 9Reds ShUlcHess B o SUUd Wt tfafsan wd: wefda = 2?2

(8 afufen & o A HY — —1648 10° J mol D)

T

w AfafEn F owEsElE AS - A% 4 AN T SER R e 2|

Lialal t T uys

AS_ T FH o e B uREw g e S W e e g, S

. -ATT
A H % qed 1 T 99 W URes w T § uRedd AS T

(Teer T W)



([ 1648.10° Jmol ™)
ZOS K

~5530JK 'mol

31d: sfaferen o T a1 T=rd-uRedd

S = DEB0JK "mol T+ -549. 4 JK 'mol |

=1080.6 JK 'mol ' AS,

599 Yehe =il @ T stfafewen o vafdd 2

(1) firssr =t wg @@ yatdaar

T @ gF ¢ & e fem & fau el § ga ufed S L
o yafaar 1 fofa & @1 W sifuskier Tt sfufwand o fea o o e
H1 9ot | et B ora: ARy sttt d U= v TOed - gl § ufteds oW 2
7d we § % T foeem @ 97 we ® R 9 e Cedt § # oIk A & wih o
Jfg T@a: yafda geeal @i faen feifia s "ol 2

39 WASH T 8H T A SHNIGR] we fes Sei a1 e ®eM G &1 39 UhR
TR @ -

G=H-TS oo (6.20)

firsst Sof, G Weh Tordiiol el afereen 7T 2|



frm &1 fisg o # aRadd AG, H 39 FER fomn o1 w%ar e

AGye= AH e — TAS,,, — Sy AT

eys

R T T\
LGy, = Al - TAS,,,

sy o

Gl TSI (subscript) TR 1 Bigd §T THieH0T i 39 YR for@d ©-

NG = AL TAG (6.21)

TH YHR fied oo o 9Radd = TOed § ufedd - dmEE x TR o uRedd 98
iR ‘file THfieRtol’ oF &9 H WM S ®, S WA A o efd Heweyel gl
T 9 T ¢ ¥ e wyahia & faw S usl 6 we-we e o e (AH % we
¥) T T AS (STeHER w1 WgA) | S gd H s w21 fare ener W favem
FE W EH UL B fF AG FT THE Sl 1 THE Bt 2, Ffh AH TS TAS T Sl U8
g [@f TAS = (K) (JIK) = J]

319 7Y foar w3 § fF AG forg e srfuferan 1 w@a:yafda 9 Hafud 21
T W € 6 AStotal =ASsys * AS surr

Ife e, 9ew o @Y adiE @ | ®, O 9Rew o1 99, e o 99 o 99 8@
BT 37 UREsl 1 Tl # gfg e w5 Tl | % o qed B

37 : UfEw &I Tt o aRedA




“ \','
S o (A
A — A ! S =i
el Pa i AR
) ' T“ J

S

ST FHIRIOT bl IH: SFafked & ™

TAS total = TAS gys — AH gyg

@a: URH o faw AS . () 9

el

_( I'.l"H"’:;"- — "‘]1_-1.55: s } e []

THHT 6.21 T ST HE W ST THIHW 36 YR @l ST qahd! o-

AG =0
AG = AH  TAS = O TAS e (6.22)

AH gys SRR H1 Ted § ofedd § g 98 S ¢, W 3w wH % faw
ST &l 21 TH YRR AG SYANRT %@ % foU e Sl ® U 3H WhR ‘e el
9 21 39 RO 39 AR Y e it off el S @)

AG fEeR <@ T§ a9 W Wdgafddr s w4el 2

i) 7 A SRUTCHe (< 0) ©, 99 UshH &d: Jaiad Bidl &l

(ii) qﬁ;ﬁG YA (> 0) a9 YohH T&d: Jafad ol

femuft. afs sfafean o fou woedt afads omcre 1 we T afted o e @,
@ eAfaferar 9t wd: g, S@ TAS &1 AF AH o AF 9 31fyes B SU) 98 S 96hR 9
g gl -



(F) o Tt ufedd &8 8, af 39 fufd o T eifyes g =nfewl (@) oM s
T giedq stfuer =1, df 3@ feafd § T %9 e =feu Ygd oiel SR 9 Sdi © 6
sAferepier sfufra S= 90 R F Huifga w1 S 1 ARl 6.4 W safafewmanett w1 w@a:
Yafdal T a9 o 99 1 W& (Summarise) T TR R

6.7 Tirssy Ssti-uftads wa wreTaeen

B0 W@ b © T TH UHR G ol 1 g Ud uREm-atafmd o 9r § frefataa
ST &l B-

(i) TR SAfafoRan st o gafadl &1 JargaH|

(i) TEmatTR Afafsan ¥ 9T 8 Fehd el IUART & 1 ErgHE|

Id T BH kUi eifufmaet W g Sei ufeddl W faeR Y geh B o'W
Sepavitg erfafsmanett § god Soli-ufedy &1 S & &

‘Irguitadl’ § SErfdel T oy ufiftefa @, eyt usd *1 39 YR R S @
ff @ Taen om ufew ¥ woid: W W uuEfie sifufweneti o Wed o
‘IpAviar’ @1 o1ed § TR uw wemte efufwen M feemef ® wig-wig @@ Wehdl
forqd for am wonfya & ook 399 wdia e © T eifafman <A1 feomedl o goa oo o
S o WY T Feh, S SFHWE Yoiid Bl 1 98 qft w9 €, o wremee °§ feE o
oo Sell <Aad e Ak @ el e, @ e wa: @ %9 gaa et i fRafa § ufafda
RS

3/ O o fou g @-



A+B=C+D
AG=0

freht sifuferan, e 9l SifyerRe ©@ SR AFe ofeen # @, @ filss s A (32,
T
grerreren e ¥ Frefafad gt gry defua gt o

0= AG® +RTInK
T
AT A (3E=—RTInK
T

A A (39=-2303RTlog K ..o (6.23)
T

9 I8 Wt 94 © R

,;jr(;e' = QI_HG —T&,.Se - RTInNK --(6.24)

ECGliET R T S e R L &rHS H A e TE YAHe Bl Bl S
gRfEafdal & K &1 5 1 9 9gd A M T4 AfAfRan | Afeh I aH i g &l

B Somerdt etfafwee o ﬁrHe FT 9 Afeh SR TS HOMHSE B q A (3
T

#1 M Afeeh Td FomeAs gefad g1 3 yRfedfad § K %1 UM 1 9 wga sifues gl
TH Yool St sifufmeane o forw S K Y STEm Y Uehd ® ud sifufsar @ qof

A TEd B A GE AR AST % AR W o ek w2 Ak sifufen o o
UiEdT 1 ot <91 H W WU, 99 K R A@F 91 AR i T 59 9 9 gifad g

o ﬂ.l_SE" T T YAHS A1 HMTHE ¢

THIRIOT (6.24) HT T HH W



) AH® T pAgE & T § A\ 1 AW STl ek, fefl oft aw o
®9 ¥ IAR 1 Ui o folt K o HF 1 70T k1 ST Hehdl 71

(i) af yarmer § K "en € W forn S, a R off o W\ S % A R
TUAT T ST HeRA 2

ArfeaanTt 6.4 TMAfRaAT o W Uafaar U d1q skl THTS
. Ui

A S8 A G®

AH

+ - Tt 99 ) erfafeman wayafda

- (791 99 W) =1 9 w srfafsean wa:gafda

+ (39 A9 W) I=d a9 R AR s gafad
+ + + (f=1 A M) e e oe sAfafsran steerd afd
+ + - (3= 99 W) I=d 9 W AfAfhA T&d yafid
+ - + (T AU W) [t a9 W AfAfora o gafad

* g [ 19 UF S A19 goricA® € Tehdt faeiy iffser @ forg Sew a1y s #ER @7 arg o @ gl g

31T 6,11

3
208 K T 3T o 3T | ®qiaeon 9 Q. (g) - O.(g) & fau ﬂrGG F




A T MO R 3 R % fAw K, w1 AR 2.47x10729 ©)

T

T 9§ fF A (59 =-2.303RTlog K, T R=8.314 JK~1 mol™
s

Ad:

A G =-2.303 (8314 J K T mol™) x (298 K) (log 2.47 x 10729)
.

= 163000 J mol™

= 163 kJ mol~

33T UT 6.12

frafafea eifufsran o faw 298 K W 9= feemis 1 AF 1A HifTC-

2NH, (g)+CO, (g) = NH,CONH, (aq)
+ H,0(1)

U T q9 W A fiss) S A (30 1 A —13.6 kd mol”! ©
:

T

T e € f 108 K

(-13.6 < 10" .J mol ')

2.303(8.314 JK " mol ') (208K)






A GE = (-8.314 JK1 mol™1) x (333 K) x (2.303) x (0.1239) = — 763.8 kJ mol~"
T

Q9T

SR TAEE Ta Hifde Yhdl § Sei-uRadd 9 99 WEdl ¢l I8 o qRedHl
1 A AT BT q91 ST SAF oFH H eH HeEdl widl 21 3 HE o
fau &n swie ®i fehe w aiew ° faufsa & € TaEfe T difas weH o
(q) ST =1 AUl o T B B, [T F 90T & (w) § o<l ST Hehell &1
3 i ST o WOW TR AU = q + w g0 Hefud gl 81 AU IR T
Afe stereen W AR T @ 9o U Sfere el ©, Seieh q T w 99 W R o
& T ST e 8 ¢l B9 q T8 w & foU fug gRdel &1 9o & ©, 91 5%
frepa 1 fean ST 3R oA fag <) €89 S & U e ° T e o
MO 6T A0 H Hohd ¢, Food a9 § qfied= ear 81 agae o 9fs &1 a=
e T SO (C) W R hear B1 or: STORNia o1 ScAfSd HOHT q = CAT Bial

%lH&ﬁvmwmﬁ,aﬁmmww=—p__Avﬁmé’lwvﬂa

UohH H ST o Y] IR oh fag D =p 1 HH @ Fhd &1 F: Wrev = —
pdV TE 3TEE § B9 TH HHHIOT pV = nRT 1 FAT HT Gehd B

foR T W w=0 d9 AU = q, 1q 98 R mad W wMida 1 81 Ry
Tt sfuafeaeti & seggd o fau g9 "Hdd fer <@ o ®1 89 TH 3R

SN -Fe TIER H URAE FA € TH-IREdT AH O AU - An RT

F1 A @Y R g9 W FE-giadT @ fFar s gehar €, T@ AH - f1-.%'

TR -gRadal o e YRR B Gl URedd (S9-Te, SSfieniu] TE e urdd)




A fee) 99 W B 2, R oriers Toef-ufeds 9 sifvefaa fean Sian 2
foa e, <89 el T o Tofewdl | ufledd 29 o FEm w1 ST ek
d fRu s gehd 21 qarfe sifafwanst § woed-ufteds

—IH‘-J_IT = | a A 1'H'.'r-'n'11-.'+' l - : b L T'H'.'r-.'-rr'_'rr'_:
f S '

i eEwen § A M :Z (ATTFRHRT T TEY o) —Z (IR ht
Y Hell)

SRRt 1 gem fem qaafes sifufeer =t fen o6 ar ¥ &9 fRfm T %,
Al 7% TEl s o TEEtie sfafear &1 Wk 9w @ 21 faaf. fem % e

\U _ (@ T ¥ TH 30 o A G e, S, T qReifie e €
T STease 1 W9 B h Tid: Yafdd WehH o oY el TEdl qRed eeTeh

gl 21 e faafia e & fau AL - 0.AS =0 B 37d: TRl giedd @:
yafdd UH &I faafed wiar 8, Safe el gRadd T8l hidll SohATI YehH o forg

[-] 16 cl v
T 9 9 e s gwar 2 T "W fasix

T IR AS
T e 2

<fer rfrrter TEmEfTR fafmard feer <@ W S ®, o1a: BW TON STaRl-ThoH
files St G IR e ®, S v oF Tl W@ Tt afeddl d geien

AG AH TAS BT TR 2
AT FHH o A AG |« O T HEE W AG =0

e fies Sfi-ufteds o= el 9 A (V) = RT In K 990 § gefud
2l




TR WA W A (30 W@ 8 W K H HH FA RRAT ST "R B4 (30 B

AR RO A (3= v H  Ta % 9 9@ fma o1 gewar 21 gl § qm
Th He Ul HRE ¢l YAHd Tdt giadaaret wE ifafware, St wH d"
ITEad: Jafdd 8, S S a/d W T Yafid S S Hehdl &

6.1 T&I I FHT-

ST TS oM TH T T,

(i) St Soa-ufedHi o foe yge Bl 2
(i) Torem o 9o W sl & @ 2

(iii) S <T-STAH T T TN HE W G el 2l

(iv) TSrEeR A ohered a9 W R L 2

6.2 U YhH o wgreq uffeefaal § g o fau-
() AT =0
(i) Ap =0
(ii)q=0

(ivyw=0




6.3 Tl qal AT TH ST Heof-erowen ¥ it -
(i) 3ohTE
(if) ==
(iii) < 0

(iv) |+t Teal o fou fo=r =it @)

6.4 W % Ted & AL Ay F WA X ki mol~! Bl Tk fAW Ape F AW
.

0= AU°
W= AU°

(ii)) < o770

(iv) = 0

6.5 O, UhEe T SERESISH o AU 298 K T <89 THedt o W %HH: —890.3
kd mol~1 | —393.5kJ mol~! T —285.8 kJ mol™! ¥ CHy(g) *1 fo=m woedt =m0

B2
(i) =74.8 kJ mol™!
(ii) =52.27 kJ mol™"

(iii) +74.8 kJ mol~?




(iv) +52.26kJ mol™

6.6 TH AR A -3 > C+D—¢ & o0 Te oo oo wren
g Afufsran Hva ghf-

(i) 3=9 A9 W
(i) sherel f1=1 @9 W
(iii) Toret ot a9 W ==&
(iv) Trel ot a9 W

6.7 U YH H 1M gR1 701 J ST STa¥Nfd 8l @ TS 394 J &/ fopan <iar 21

T YhH H 3Tdeh et § fohan aftads gim?

6.8 T oH ThaliHeX § NH,CN(s) &1 iffenar emeifedior oF @19l &l T W&o AU
1 T —742.7 KJ mol~1 e TR (298 K w1 39 sAfufwan & faw 298 7 W TR
qRads 9 SifaT-

3
NH2CN(g) + 5 02(g) — Na(g) + CO2(g) + H20(1)

6.9 60.0 g UQMMIH 1 A9 35°C ¥ 55° C & oh faq frad fohell S[@ o i
STEVIHAT BAN? [ T WeR S 24 J mol~! K1 1

6. 10 10.0°C W 1 Hid S $I 9% —-10°C W FHH W TAH-uRedd 1 T0MET
HifTa|

AfusH = 6.03 kJ mol~! 0°C W,




Cp [Ha0()] = 75.3 Jmol~! K~

Cp [H20(s)] = 36.8 J mol~ ! K~

6.11 CO, Wi &7 THIed —393.5 kJ mol~! 21 e TS STfeRfsH ¥ 35.2 g COp o
TR IHTT FEAT T MU HIFSQ

6.12 CO(g), CO, (g), N»O(g) T N,Oy(g) H1 for=m Teiedt %aer: -110,-393, 81 o
9.7 ky mol~! &1 SHRFA NHO4(g) + 3CO(g) , NoO(g) +3CO , (g) & forg A H
1 HH A HifSQ|

6.13Np(Q) +3Ha(g) , 2NH3(0) A TT% = —42.4 kJ ol | NH3 76 %1 7

foram et w272

6.14 frAfafad sihel ¥ CHyOH(l) 1 Heh-foRad Toed [ Hifse-

3
CH,OH () + 5 O,(g) - CO,(g) + 2H,0() : A H° = ~726 kJ mol"
C(g) + O,(g) - CO,(g) : A H° = -393 kJ mol

1
H,(@) + 5 0O,(@ — H,0() ; A;H® = -286 kJ mol™.

6.15 CCL,(g) = Clg) 1 AC](g) efsfean & fau woedt-ufad a@ Hifsm
T CCl, ¥ C-Cl F1 e Tt F A HifST-

A, H2(CCL,) = 30.5 kJ mol™".
AH® (CCl,) =-135.5 kJ mol™.
AH® (C) = 715.0 kJ mol™', =&l A H° TRHITEF T 2|

A H® (Cl) = 242 kJ mol™!




B o
6.16 T TallTid T9ehT o ToTT AU = 0, THeh ToTT AS o1 BT/

6.17 298K W A FT 50 . 3, & fou

VL A00 kJmal ' @ A8 =02 kI K 1ol !

AT @ A &l qo-faer ¥ fer Ad 8T Fast & fea 9 w sifafswan w@m:
Brft?

6.18 stffsea 2C1(g) > Cl,(g) F @ aH w6 0sQ & fag = =2

6.19 SR 2 A(e) + Dle) — 2D (g) & @@ Ay 10.5 k) ™

\S 44 |JK | SR S A\ T TR I iR AR
siffeRan @a: yafda & Tedt 22

6.20 300 W T Af9fwan & fou 9 feeis 10 2 AGE F1HE T
R =8.314 JK~1 mol™’

6.21 Ffafaa sifafeaiell & IR W N (g) & SHNAeR! wfad W feoaof

1

1
2 N,(g) + EDz[g] — NO(g): A H° =90 kJ mol™

1
NO(g) + EOE(g] — NO,(g): A H°=-74 kJ mol™
622 & 1.00 HA H,O() H AHE uRfeafadi § forfaq wmar 2, q@ wfewr &

T=-aRed= &t TOMT SifsTe- Al = =286 kJ mol !
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HIRTIET

Equilibrium

SEED)

39 Theh o IT o a5 Y -

qfder T TEEE YHel § S H1 TMae hid i Tedr e,

Aifder Te THrEfe gfwast o 9 o 1w ol =¥ T Gohil;

TN G o ATTARTON okl STfYeza hY Hohil;

foret <t i rfuferen o fou g feems =9 fom weh;

K, T K, o e ey TIfua s Hohil;

Affsran i ArmeEen i guifad sare fafis SRl i sare & Gohil;
SNFIE, JFEe-aRl TE TEd YRUIST oF STYR W URIel ol 3T o1gdl & |

TITehd Y Tohl;

3TF AT &R oF WA i ATRAT 3Tk I EUahl o &9 § &I Tohl;

T ST qOl THIEE 1 WEkAl W AT i A w1 fefar w1 omen
Tehl;

gIEgISH ST i HIGR Wil 1 pH Thdl o &9 § UM H Fohl;

ST oF A U9 THeh! 3TFA A1 &R oh &9 H 36 et 1 9uH &Y Fehdl;

S o SAAME TUEEHA (Kyy) T pKyy o fa9g a3 geh;




o THY TITTTl o IUAN i U Toh1l T

o fociaal UATe feerieh &l UM T Fehl|

I Sfgs Td waferviia gt § qoaftie 9 dewgel 21 SSEkone- eaR el 9@
HEURE 9k O, o UResd Td faawor § 0, AUl q EHrcilied o Hed | i Th

forfaes qfTet 21 & YR CO 3TUpeH qen EHielifs o Wed 9 CO +1 fasmamar
HTUN AT 2

wa ot 5 U Uk g9 aftqd B €, @ Sed TS Seft aiel 9] §9 i Gag 9 ooy
el H 9 W € dA 3HF WA o Y] S i Gag U THARI AW Wl ¥ 5o
green ¥ gaifed & S ¥1 39 YHR 59 T or5F o He Uk s G wifud e 9w €,
fSreer qRUMTE®Y 39 ®1 9dg W Ush Miv=d arsy-<@ Ic9e Bl §1 S& Siol ST oTSaH
YRY B Sl §, 79 STl b1 aT9-<[e Sed offal 8 SR 3fd W feer e S @1 uEh feufa d
T Fed © 1o 7T (System) § GrmaEen Toifud B T 1 T@fy U8 W@ wifaw 16 2
qel S i HaE W K9 U9 oY o sl I [HATHAT Bd W©d &1 39 WhR WeEEE
W I T R G- o SR B W 21 W TH YRR I S g

HyO (&) — H,O (aTsT)
T&l q o R 3@ 9 & i € A fewmed # wieand werwiy e € den
Afafraenl W& S|l & wrEER W fHge W ‘ur fage’ wed €1 9ifde wedl aen
et stfufmaneti S W wrraen wenfud @ Gendl ©1 Stfufwen @ g etuen wg g
IUHT Yl TE gEfrR gifEfaa W R e 1 w9 R 99 W T &% U o
sfufras o o & SO O €, @ ST Wigar #R-oR %9 B S @ qen Sl
o1 Wisdl dgdl Wt g1 R $9 THa UvE A @ efufwesl & @igu # iR A & S
o HiEo | g URedd sl ¢l UE feufg o frem # Tfaew €= (Dynamic Equilibrium)
Tofud @ S @ den o7 U§ yv=ne SAfufmAieh ol &¥ §uH 8 S g1 S SR 39
e o srfufsmar-fagor § Sufteq fafim w2l & @igor § %1 ufedd & e g1 59
MR W o greren wgeR q% fead efafwer uof @ ge ®, uww wEmEfTE




srfufsrenett i frefafaa d aqel § affea fmar sm 2-

() 9o TgE °§ 9 fufrand ot €, St omtem qul B St € den sifufpeehi w1 @igan
TG © Wl 81 o rtafhaet ® df efufheasl &1 Wigar sal %9 e Wt @ foh S
TGO YA g GWe e 81 urdl 2

(i) fsta o & 9 erfufwpand omdt €, fod ogd &0 A6 ¥ SAR Sd € qe wreEewen
W erfufmaen 1 tferrar W emafafda @ S @)

(iy Ia g H A eifufmmeti & wn e 2, fa sifufeael wd sl & @ig
greeee o qerE A gl

el RoAfafEar fRe W 9w qol B @ A% Suel Rt uRfeufe S
Afafeasl #1 @igar, d@ k) W fsk w1 ST den WA H  ufErer
BRE2IGR (Operational Conditions) T SEAHIHIUT (Optimize) AT dgd H*érOILi\Ui gldl %
dlfeh HEATeeN 1 FehTdl 3fesd Scag 1 f&en # B 3W e o B9 ifdes o wHEties

gohHl H AR oF FS WUl UBqsll oh WU-Y S faeea ¥ sl & u=, S

AR | hed ®, o1 ol |idfad |

7.1 Hifaes UehHl § QrETaweT

Aifqe Tl o ST g Areaen § fhel e o Sfaeretol i oT=st aiE 9wen S
Tehdl 81 WERYl ®URY FhH (Phase Transformation Processes) $8eh gfafgd 3@ |

3TTEONY-

3 = S




7.1.1 -39 QATETIEAT

qUiEY Ul (Insulated) oY TRk H @ 9% Td S (I% WA gU TR W W W@
el T uiew § w1 faftre 91 g @) 273 K 9 agHeda @ W greeeen |
T T I e Uk Ifrcreron i gwiar 1 e" el d@d © fR 999 o wie-gre 9t
qT Sl o SoAWH! 1 HIE IReRA &l g © den ag fer war €, W dremaeen wifqe
T B 9k T W1 & Aqem o1l o A wfafpard e ®1 g9 St & o] 9 Y THU
Y gHfed & W € qO 9% o o ] 9 Wewl ¥ 9 9 21 9% TS WA ok
sl g giad T@l g 7, Fifeh Sor-srpe w1 9% W ol § TM H S qen
S ¥ o W TMIAR0 i W 273 K 3R Teh agHel g6 W Se Bl 2

TE T § fF 9% T T Shaa R faem 9" e @ W € g ¥ ' R
JEgHseE @ W TR g uetd o T o v, W 5w ud g9 wrewend
greEreRt ¥ gl €, uard w HHeh Mol A1 ‘WM TEHiG el ¢l 98 R
T[S & WY had dig-d & uRafdd B ?1 39 IR Te R e dremeeen § e
21 309 frefafaa feed o g € &

(i) = ferieft wfsmamd wrg-wer Bt €

(i) T gfsrard 9 ST W Bl B SHY 9t U Wil o1 SouHM TER Tl @l

7.1.2 SA-d™q AETTET

=g qeg &) Trefafed 9o o o1egq § 99 ST Sdhdl 21 Tk U STRR &1 Aforerr, foad



T 90 B (HAMERY), S Wk wid (A AESw) o URER aied | Sig <d B S |
Th O e a1 W few # fslel hfedem wiNge (W BIERRE UeRieEEe) S

STATNTF TEH S h1 o1 hi b S dF Y@ Il T $Hoh Y Seiiush hl

aTel Tehter o S €1 aferd &1 T % JQeh SHH SiolEied Uk e TeE (4 U
) i I @ A S @1 A Y @ W U =erdl @ R $9 9HT U9 S9!
€ g | U RN g € SR ofqa: fer @ S €, srufq W o T Ted Wl ©
3R TRt feor 81 Sirar 21 99 7o § ol U S 1 o ot wE w s 7 (Fe 7.1))
R | sied o Sorard TE Bl € A1 At & e Wehdl ®, fohq Si@ Wil 1 oo B 9
Tefig grewen ® Siol-Su[e o W<ed o RO S-S & Sl €, e ardd g Wi T
forR wd 21 THg & WUy @ # gig-X H FH W o B W9 9= wenfud e
ST ? @ gAY el ?1 39T aieqd g% ®, fR S-S Wot o e1upstl i HEm
Tefig s ¥ wgd ol ®, oH-oW TEE oTEed W Sl o US| i So-IrEel H §E
T 1 <X TR fyd g 9 Sedl Wt 71 S

e

frofer e Tes ¥ fewr A s

farT 7.1: e @9 W 5T T QI &7 arq-51d 999

-_\
TEIEE] 9 ; 9699 i g1 © GEAA i I

.

H,O (S@) ©  H,0 (3m™)

e H Se-3Tuetl g Sooe < fRe fiu arm W frer @ €, 38 Wol 1 9 o



T, (q A 1 aH-TE) HEd 2| KA 1 A9-TE A oh Y agdl g1 AR Tg FEN
Al Uoehigial, THIEH e $o) o |¥ <EUdl ST, ol 98 Ufed =il & f& 3o 9
aoI-<re faf=1 B4 &1 STUeehd Sod o Ire oiell §o 3ifeeh oreiiel Bl § UH SEehl
FIAMF FH Bl 2

afg dF aa-TaEl § THEH, TYd tohield T@ 9d ° Yd® B 1 mlL agEed B gl
T W q1 39 T3 hl Teh TWH HW H 219 5di o Fa-f9a sEaai & @ e |
dl &0 78 i 6 31 9l vEnn | ga 1 qof arodeRtor € S @1 gul o s g ()
%a W1 Wehld, (i) S 1 AT Al (jii) a9 W R wT 1 S G w6 agHed o
gl T A Bl dl 9o B < dl R Wl 7, W o o 379 L oh QU ST H
thel WA B1 3d: o199 ¥ S-SRl H G ki L A K1 R W HA B T 3TH
TRoTEEY qqul 59 a1 € S ?1 9 TE gol M &1 S §1 g fem b
Qe H1 TG g Had T 2l

9% I H 9@ Ud S@-ard Tk agHeed {6 (1.013 bar) €T 100°C 9 W A= fefq
T &1 1.013 bar @ W A H FHM FEUAlE 100°C B R IS w9+ fou ww
ARSI I (1.013 bar) W a8 a4, R Fa Td a9 AHEEAl | B, ‘T H AHHA
IS’ FEAM &1 T Rl dLIR dgHed @ W FR Fa1 B1 TE T ok S
() W o R w21 e S=aiY W ga ht a9 e 2l

7.1.3 3E-aTST QTS

3@ B9 U8 froml W foaar &8, S| 39 oy ofeken § HEufad e ol afE 8d
AASH I Tk o I § W, 9 FS GHT q9E U STH G99 WO ST © qen q9e
o HY-FE W H dgar § gig B T W TS GEI e 1 H1 Ao fer g o
21 =9 frufg & gremecen Tonfyd @1 STt 21 37d: S SRS Hedurad sl STEH oy

I © T WEAER F T ®9 H UM ST Gl © -
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l, (™) 1, (3r™)

T YR o G o 3T SR T
W(Bﬁ)#w(w)

NH,4CI (314) ~ NH,4CI (&)

7.1.4 ¥ U 319 gST 9 &t eV Geet are

gai o 3|

BH I o9d ¥ I8 WHd ® fF Ru T et ) ww fafvea wen ® 9w o woee
1 =i 1 T i qen @ gedt 1 A ew ST ag WO @ wwE s iR sd
3e K, A = e gum @ S et @ W e faerm § aft ek eifre
foeta 9 g weh, @ UQ faor@q & ‘Hgw faerad, (Saturated) wed €1 faeia @ focia
aM W AR wd @1 HWgw faee o sruet w1 SN steren wd faom o faeEm o erupsd
o s Tifdeh SrETEE w2

S (o) S < (S

q GremerEen |,

< oF e w & = o o fReed &

feartfoeaagaa =i sl TeId o SWIed U Td el &t Tfae Yhid & fag fea

T 2l Ak g9 YeAufRadaE (Non-radioactive) =M o dqw oo ® eamnfaeem
PRl A H FB A S <, A PO HHI 9% BH <Ml fogereH TH S =, e Ry




A eadfoeam o <A o A9 R o, fohg WHEERM &I A Upfd ok R

feanfoeaages & eanfaeaae =i+ & emEl @ fafem <A weensti o e 2

safey eanfoea wd Yeatfmaarsa =it e1oet &1 UM 9 d% wedl &dl ¢, S
% I8 T TR AF a% &1 989 Sl

gal § T
Se HiS-d 1 Siqd @ielt Sl ®, qd ST el g8 wed SEsiieEe T % $e "l
IS § ae Frrer ol B f9H T W Sl § s eRsiiaaEe @ fa= faohar &

SO UE Bl 21 feR a9 d g W T o faeid e ud sa o ge et o i
e TG Wl 81 Serelune-

co, () — co, (faemm ®)

Ig HrgeEen 2 % fEmER 1 fNueh ofER, “fedt 9w W St T T8 Wnm o
foemae® ¥ get g2 e @t uen faeiaes o St 9 o 919 % WU gt g17 ar
& oF TIY-T1Y I A SEdl Sl ?1 CO, W i Wel-aRl & didd § SIfud I@ W
Hieas ffan 21 39 S W T % 9gd et o] 59 H faoilm @ Wi € S @ siaa
el St 81 99 € Siddd & %9l Hag W @ S FH g o 8, e 5o # gelt
g He- eRSeEe Faaar 7 aHedd @ W T graee &1 N SRR e €|
IS FWS-AeX &1 39 9qa i F© 999 a6 sdl ° ol S <A ST, a1 399 F T
i T e S

Ig G &Y G el S Gehdl © -

(i) 3 = 3, el o U agHeea 39 W (1.013 bar) Th & A9 (TEHIH)
| Bl 8, few H wrerend o St ?1 afe ufew 9 S o fatea A e, d |F
TRl o geauH e ' R




S

(i) a9 ¥ gd, WreEeEe o fou fedt ffved 99 W ars-ge o) g @l

o oo

(i) 59 ¥ 39 H Forehaa o fau fedt ffvea av | 53 o 3@ 1 faema ffvem
it 2

(iv) 5@ ® 719 &1 fooiaar 59 & SR 19 o @ (Higal) o GAEI el 2l

=7 FThsT &) GRON 7.1 ¥ fEom T © -

RO 7.1 wifdeh ArTa€en H o favean
e Trehe

fafy=@ a9 W Py, R

HO () * H0(g)

3G 5a

~

R T@ W TTeAie MREd g e

S

HO(s) *  HO()

from (3m) - faom
(faerm) faeaa o foorm &t wigar fHfv=d ™ W fer gt
2l

F (Fm) T = (R




¥ (q) = 9 (aq) [ (aq)1/[T4 (g)] fAfesd a9 R feer =i 2

[CO, (aq)J[CO(g)] TAfe=m A W feer = =

(3

7.1.5 Wifder UehHl W GTEATIRT oF |THT TTATT0T
I Aifae gRE § gt Ferm-gremeen & gme sfqen frefafed 2

(i) Tafyea a9 W ket &< 1T (Closed System) ¥ € W@ Fue 2|

(ii) TreTeRe W AT feriel stfufwand sweR A § et 81 g i, fohq wemit srarwen
it 2

(iii) T & |t e A oo feer B 2

(iv) St& foet difdes yspm o S wifid 8 S ®, o 9Rof 7.1 | it Aoeel o
Y el w1 A Ffved 99w fer g il grereen w1 9g9E 2

(v) frdt ot Tg 51 TR &1 9 g swiar @ % |rareen 9% wEed o ud fifas
yeha g € qo e 9g g R

7.2 TR TohHl H AETaAT-Taes @

T2 Teel € S W1 gkl @ fF St e A & 99 9l weEfre sifafwand efad:
e & feofq § wgw et €1 3 erfufward ff efim dwn wdiw fwmed W o @
ghdl B 9 i ue wig sifufmaret &) X guE e Wt €, @ AfqewRel dun Sl



F1 Figard feer Wl 21 9% THRe 9 H aee §) I8 Tiae areEen o7 sttafewan
(foad aifysiar SR § oot o €) den o efafwan (oo See o aifyeia o
I Sd 2) ¥ THarel 3 Bt 21 T8 wHer o fou vy fefafea serovfia sifafwa
R foar w8 (3 7.2)&

A+B ~ C+D
T iqd oh WY AMTRNERI (A qT B) i Wigdl Tl € 91 IR (C qA1 D) H1 HeH
Bl 21 U ATafHa 1 ST HEd St @ SR gy SfafE 1 X agdl Sl g1 herersy
T U fufq et |, S9 g Afafmane Y S §HH 8 Sl ©) U feufg ¥ frem A
greqraeer Tfud 8 Sl 81 Id) 9reeRel ¢ de D oh st SifufwmAr et Wt Ut

.

S Hhdl B A H 9 fRE off fewn 9 9 Wrerewen Y Werd §9e @1 A+B Y C+D

—

A C+D ¥ A+B

C HAYdGl D

Ear —>

A HY4l B

HHY —> HHEEE0

faT 7.2 : qEEfis greEEEer &1 gifa



TR-fafy g smifen o GyeWul § O™t WEERen i Tfae Yehfd Rl QQUAT S
Herdl 21 SR 3 =9 a9 a1 @ W SRS q SEEESSH i fafds [ st o
iy sifafran s Fafa sfaa W Wil & 761 9 &1 39k STUR W 3=
Afufsren § 39 SEAESSH Ul SEERSSH % WEdl A &l oA 7.4 <wia € R wh
ffeed a7 o 98 F8 AYERS! & U9 | W o A= w1 WOl @ A0 F wE
T e o @l €| THHu % weed i Rl T® Wi o1 Wehd <t © foh wmEmerEen
wfyq 8 M B AR w1 Tiae GHfd S GHIH oh fa@ I w1 GIOMUl I

ﬁa—wﬁaqﬁww&&aﬁﬁ(wﬁaﬁ%m@mm),ﬁﬁHZﬁtz

(Deuterium) @ forar = H, 0 D

2 & WY AMFEA I W el W HH

e Afufmar-fagor wa e ®, fohg stfafsman-fasor H, T NDﬂéa' WH |

ELNE Dz@f ND, Hifs Ted | TrEeRen Tiftd gF % o1 < g (e HE,

NE, NH, qer Dz, NQ,NDS B €) ®l AIE § e 9 wHg & fog g < 2

A o =g fgu &1 favavu @ W gar gord ® T et 1 wigar suftefda wd 2

BTeilTeh STd 39 a0 w1 faveivor gegm TeRiHet (Mass Spectrometer) ER1 Tl Sl €,

(NH,.NH,D.NHD, __ ND_

qzEE SgeIrRange fafya emifer o1 (

WW(HE,HDHmDE)WGﬁ%lw@%WﬁW%ﬁW

& @ of fagor § ofim wd wdtw efufsand &9 wH % RO ofusti ® OH 9 D
AL T SAMHAU (Scrambling) BT Wl &1 WrAeEen Tiftd e o o= Ay sifafwman
TS B S ©, 9 59 YRR 1 THY0 Ui ST Hee @l gl

I o HyAWU H GHEATR (Deuterium) & 9IMT & I8 ©IR FlaT & [ UGEMH
sifufsmarest & nfaes qrareaTeyr enfud g4 W A U gty fafwanst &1 T §EF &idl
g do7 g fygu & gy § &I yuret gRada &t gldr gl




qreeEen Al feemett N Tenfud w1 ST Wehdl ¥, W Ho(g) T Noy(g) i sAffwan

AT NH3(g) I i ST AT NH3(g) T TolsIeT T No(g) T Hy(g) W< i ST

Tfdeh ATTERT-BTEl o foT U W&

qifder =1 TEETE Afuafmaet o wreaeEen %1 Yhid eusn iae Bl 81 Asanfaed
THEATRT oF FAN BRI TH 92 i YRR fRar 1 gehar ©1 fRg e fommem &t
FANTIIen H 39 Wi s w9e el ®1 frefafea v wieh 59 qed i 5-6 femn
@l o5 wqe 1 o o fX@mEn S gehdr @ -

100 mL oF § A9 faferet (R 1 e 2 fa@n @) w30 cm ot &g &t
el ohfsw fe=t o1 =" a1 o THE 8 Hehal @ 91 399 3 | 5 mm a% U @
gordl g1 " fafere-1 & oY 9/ ¥ U9 S (S § 9efiEm WEHTRE %1 T
fred St UM S o) 9 & aon faferet-2 i @t @ &1 fafee-1 o
Th Folt qen fafeet2 A s Aol W € fafet-l ol ot % sud 3y w6
el § 9% X U9 38k fHocd e § R U 51 i fafere-2 ¥ el fafae-2 4
W el HT AR A gC Sl YR fafet-2 ¥ faferet-1 # 9@ TG ) 59
YR S Aferal ot FerEar 9 fafaet-1 9 fafee-2 d w fafde-2 9 fafds-1 o
UMM 9ol 9R-9R qd T THiaRd i €1 S @ qHl fafered o i Sel 1 &)
HHE B S

I g q fafoed o Wi faoe &1 TIFARe T ¥ R § &, 9 39 fafaed o
TiH St oh &R H 379 sl YRedq F&1 gl 3k 31 < fafaed o ¢ sia o w1
H TH HHY: IRREA] T SR o 0 oh &9 H 3@ df 89 Hg Tohd T % I8
gfshal T8 GfRaT 1 Tider Yehid ki SO idl €, S Ui STel &1 & @R 81 W
fi S @ 21 9 BH 39 wE 6 fafie eaEEret < AfdE S werd 9 9,
79 @ f 3 < fofered o i v & R i g o9 Q1 fafaed o o @ &
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T 7.4: SRR N(g)+3H,(g) - 2NHy(g)®T Trearareey &7 foreoy

—k

Ny(g) + 3Ho(g) *  2NHj;(9)

S

2NH3(9) © Ny(g) + 3H,(g)

.

Tl TR BH AMFRA Ho(g) + (@) ©~  2HI(g) R foer 1 Ak 89 Hy, T 1, &
FR-aE s Wigo ¥ Afaforan ge &L, @ Afafsran siftm feen o swew ghft H,
T |, T TEal FH eH A0 T TE HI BT Hixd Sg R, S o FreEeee @i T

g W (fe= 7.5)1 3R 89 HI ¥ & X Afafhan & fawda fgom & 89 3, @ HI =t
WISl ¥ B TN TUT Hy T |y i gl qef b Sgal Wil St qeh Hrereee weqfyd

F 8 s (e 7.5)1




S

T 7.5: Hyg) +1,(9) © 2HI(g) Sfmen & et arerawen fwet o fon & @iy g a8l

afs f1fy=a smae" § H T | oF WA ® Fa @ 98l 8, 9@ 9% TH S SiawhHh!
¥ Sffran I &, A Y SR W T8 qremaEen e u g 2

7.3 THETAeh ATRTIRT ol O 9T ArTaer fEerie

e § SAfiehRen! Ud SRl o s i ‘una fage’ wed 1 Tehe o 3W 9m o
g fggor o Tued & Hey H 3He WAl W BH faER w9 . ww fagor |
ATRIEhT T I 1 Higarstl | @1 Hay 87 YR Higareh § W Wigdre o ohd
A fra ST weh@r 2?7 W fAHU % WERd ol M W %Re URafdd $i Gohd B2
i gftc @ STERT WM ¥ - (Hy, NHy @91 CaO) & T¥eluw & fou iewas
vt o1 Teior v@ feran S €2

31 Ul o SW o fau g9 f=fafed gmm= Seravie Afafsran W faam w1 &

—
-

A+B C+D

Tei 39 Hferd SO W A G B SR TH C AUl D SR &l IR Sehuvl
srfafransti o TR 1o o MHR W Aid o @R ohel HisHiHferad et (Cato
Maximillian Guldberg) T WX a8l (Peter Waage) & &9 1864 H Wfauiisa fwan fop fomst
fasror & wisarell i Frefafed ar-gHieo gR v S w2

)
SN

......................... (7.1)



Tel K, 9 feris 2 don € SR 1 ohive ‘W fenie oAweh’ wed €1 39
AT -TUIRIUT i ‘T U fshar &1 F799’ (Law of Mass Action) *ft &ad 2l

T gl 9 g Wfquifed germel i ot e UHeH o fau U Yeds U (Sealed
Vessel) § 731K W T H, & Tdg 1, o o= sifufrar = famm =31 59 sifafwman o
sy fafve gt aRfeafaal 5 ©: v g foan -

—

Ha(@) + 12(9) ~  2HI(g)

1 9 1 O 2 |

TES @R (1,2,3 TN 4) TAR W URY H &% UH H ko NHF Hy TS AW |, 91 TR
TN BEge Td A™EH o fva-Tym wigur o @y fohan T 9 999 9% 9] 9 |
fagor o6 ¥ &1 o fer 31 T, Aeiq-amEee wifid 8 Rl e ¥ WM (6. 5 ™
6) had I HI iR YRY fhu MU 39 yeR fawda efufrar o drereen wenfaa g2
Aol 7.2 § 39 @l ©: @ ok e fRu Mu ©

ARt 7.2 YRR TG GIETERET W Hy, |, TS HI i Gigard

WA HE&AT ftw&: Wigar /mol L HIEETEAT U7 Higdl /mol L
| Ha(g) | [I2(g) ] [HI (g) ] [ Ha(g) ] [I2(g) ] [ HI (g) ]
1 2.4x10% | 1.38 x 107 0 1.14x10° | 0.12x 107 2.52 x 107
2 2.4x 102 | 1.68 x 107 0 092 x 10” | 0.20x 107 2.96 x 10°
3 2.44x 10% | 1.98 x 10® 0 077 x 107 | 0.31x10° 3.34x%10°
4 2.46 x 102 | 1.76 x 10? 0 092x10° | 022x10° 3.08 x 102
5 0 0 3.04x 10" | 0.345x 10° | 0.345x 10" | 2.35x10°
6 0 0 7.58 x 10° | 0.86x 102 | 0.86 x 10° 5.86 x 10>




TIN-GEA 1,2,3 TS 4 ¥ Ig 3@ W1 Hhal § b afadd H, & O # gE =
AfTFT 1, o A B T =% (SR HI & Al 1 &)

YIAN-HE 5 A1 6 § 8H 2@d © Toh-

[H2(9)leq = [12(9)]eq

qrgree] W AR Reh] Td IR i Tgal o oig oo TYq & o fau 89 s
Gwreiatl o fawa § 99 gehd 21 9 T T " oS WOgH
foam =i

[11(g)]
1L(g), ||L(9)].

AR 7.3 3TfRHohl o AT Aigar-Haet sieh

.

Ha(g) +15(g) ~  2HI(9)

S [HI(@)], [HI@)]Z,
(@) L@ | [Ho@)]e @)
1 1840 46.4
2 1610 47.6
3 1400 46.7
4 1520 46.9
5 1970 46.4
6 790 46.4




groft 7.3 | R MU AThsl I WeEar ¥ A 0 ATYFHRA! T SRl i ramaeen-igdl
%! ST I H W, 9 39 I &1 A1 R 7=, afeer fa-fag g (amoft 7.3)1

Ifg gr f=fafea s o-

[Hi(g)]
H. (g)., |[1.(9)]..

d &9 i fF ot ©:, v A g% odere fer WM 3@ ® (S| greft 7.3 # fR@mn
2)| T8 W S Hehdl ¢ T 39 ok § SR TS I & WEUT H WG (Power)
qH aEt ®, W oAt sifufwen o wEer A fo@ S wEHieRiidE T
(Stoichiometric Coefficients) | Wr=eeell § 3§ oFs/eh o A il ‘Gregreree feerish’ el

S

Sl ® 9 39 K, Udiieh gRT {AT ST 1 39 UER SAFARA Ho(g) + 1h(g) © 2HI(g)
% fau Feu srerfq GreaERen feoris w59 &9 F fa@n s -

[HI()].,
[Ha(@)], [L2)].

............................. (7.2).

SR fEU MU oS, Higdl o UK oh ®9 H Sl 'eq' for@l WA ¥, o WMM: e forn
STl €, Fifer 98 WAl Sl © TR K, o oASieh W Wigdl w1 WM WrEEEe] WO gl ST:
eq foraa &

[11.(2)]]1,(g)

..................................... (7.3)

Uik 'c' 3fTA wLaT & foh K, T A WIK0 o "5 mol L H e femen S ©

fu U frelt 99 W fAfRar-3@Rl & AW TS ATYRRehl i FEAl oh [UEEHA Hl
U R el 21 UE S GWA Wigal o i o oIy Hqferd et g o



MR Td IR o T HHRMHAT O 1 STl Wil oh Hdich o &4 H T
fepan e 2

T YHR Ush 9 Af9fhan aA + bB — cC + cD o fau wrmewen feemis i
freAfefaa =isie o =aaq fHar Sl e-

[C] (D]

A 1 I

A (7.4)
affspean I (C o1 D) W H qul AMHNE (A 921 B) &€ H B &l W Eigal
(3TEM- [C], [D] 3MR) & Hffera AfAfhan o TWHHHIOMHAS TG T[OTh o =Tdioh

S

% ®7 | o fRa Sm1 21 S®- 4NH3 + 50, (g) * 4NO(g) + 6H,0(g) Ifafear &

fou grreen R 1 89 3@ ®9 H I
L o

_[NOT L o1
©INHL] [O,)

K

fafim stagal (Species) 1 HIGR-HIKAl ! & MihR ISk H TEHT AT (@1 € qel
T8 A ST © fF 3 WrEmewen Wigdid ¥1 W deh 9gd Savds A g, q9 deh grereee
feerish o oioteh W WeRTd (S, %9 A ) T fore S #)

TH THHHOTHAR 31U Ul §5al < €, - afg @ eafafmar gHiwr w1 Rt Tew
(Factor) | TOM &, @ Aramewen Remie o fau =dee faed 99g 98 gHfl=m &
=feT foF a8 =t 39 qREdad it o =

S Y

AMAMEA Ho(g) +15(g) ~ 2HI(@) ovvvereererrerenne (7.5)



& e F9d & TH TER O o

I
H, 01,1

.............................. (7.6)

@ gdtg Ifafswar 2HI(g) — Ha(g) + 1,(@)%F foIT qrerereen-feeish SH A9 W 30 Fohi
ZT-

g4 TN,
B i, (7.8)

Soku stfaferar @t wrarerar e o1fim stfuforar o wmarawen feris & ord
g 21

S AfYfRan &l 39 ®9 § foamd |

. )

YoHo@) + % lo(@) ~ HI@) e (7.9)

qreraEer fEeris 1 HH 8-

K'c=[HI]/[H "2 [I,) V2 =x"2 =Kk V2 ... (7.10)

39 YhR AR B0 FHIROT 7.5 1 n | 70N K, a1 AR nH,(g) + nly(g) — 2nHI(g)
T BRI e SHeh Arereree-fEeish &1 " K" BRMI $9 Rl i 9rvlt 7.4 H Wi




foran T 2

RO 7.4 Teh WU IehAvie AfHTwRar o qramaen ferisnl 18 37

TUTeRl W GaE
ETAR THIRIoT HTETIRST e
# Kc
aA+bB cC+D
—a K'. =(1/K
cC+dD ¥ aA+bB o =K )
._\h Krn =Kn
naA+nbB ©  ncC+ndD o =(K")

& 9% ogH @ Wiy 5 K, 9 K, % afws 99 fm e ¥ safie 9w erevas @
o ar-sTeen feemis &1 WM faed 999 9gfad TH™e TH 1 3o il

3@l 7.1

500 K | N, T Hy & NHy 99 o IR Sremeen ¥ fefafad s o g8
[N)]=1.5x 102 M,

[H,] = 3.0 x102 M @

[NH3] = 1.2 102 M. Hrmeen feefiss i M0l i)






o [N(.}]’"
- INL]O,

(2.8:10°M |
~ (3.0:10°M){4.2 <10 °M)

7.4 THET QrETaelT

et T feer o @it AT T ScUE U A e H g 21 Seedl o fau-
T kA Ny (g) + 3Ho(g) — 2NHs3(g) § IRk Te Scurg |efl Wi T -Teren
7 2l

st TR

.

CH3COOC,H 5(aq) + H,O (I) ©  CH3COOH (aq) + C,H5OH (aq)

den Fed* (aq) + SCN(aq) = Fe(SCN)?* (aq) sfufsamsti # @+t sifveias den 3@
A foeaA-yeeen | €1 oW g9 g gmin ifufwasti of areen-femis o aR #

TR

7.4.1 Trefta Trema ¥ wrereear fedisd ( kp )
T o1l d% fYPRenl TH SRl o HoR WEU o ®9 H HRAEE] [l i e




feran @ o 5@ W K, SN <A ?1 i sifafwansti o fow wmememen ferid ®
YTk <19 o &9 H TR I aifesk glauers ?)

3Ryl -G (Thh-2) & 89 39 9 § Fd FW o

pV = nRT
0
n ...
p=—RI
%

7T T (p) I bar H, TF KT WE HI G kI T 'n' TN TG, V' H faex (L) §

ol T '-
P =cKl1 | = C
1

T A9 Sl Shfead (K) H e & W ' feeid 'R &1 W 0.0831

bar L mol''K-" =l ®1
STd n/V 1 9 molll § e Hd 7, A I8 WigUl ‘¢’ Il g1 I

p = cRT

feoR a9 R 19 w1 @ SHh GO o U Bl ®, 3l p o [H9] o Sod Ge
%1 p= [9] RT o &9 | ot fer@n ST geha 21

(g ]

= L g L(g)
A § SRR Hay(g) + (@) T 2HIg) W e 12 ()] 1. ()

k= (Pl
Lo,

......................................... (7.12)



o P =|HI(2) |RT p, = H,(g)|RT

o P T (1, (g)|RT

i< |:pp1 ¥ HI :gJ I -RT]E
{, =- = —
: | P | Py | H g] ,RT-, [, g] ,RT

ERINIY

LT
C[ILig][Lig)]

K
............................ (7.13)

ST IR H K, =K, © 1oiq I wraewen feean o 7 awer €, fhg 78 shw
T &l B 2

S Y

3T o fAu - AR Ny(g) + 3Ho(g) ©  2NH3(g) ®

(13 I. ]_ ~ [XHE 'Lg]:z [RT]E

K, =

m

()P0 ) [Mu(g)|RT[IL(g)] (RT)"

NH, (g)] |RT]”
N:(g) || Hy(g)

- K_(RT)"

<

K =K (RT})"
e v S (7.14)

9 YR TH FEA T st



S

aA+bB © c¢cC+dD

_(e)(ey) _ [ef[Df ()"
(B)@L) (Al [B] (R
SN2 A
AT [E]

_[CT[D] T p——

" [AT[B]

K

.................................. (7.15)

el Hqfera TEEte gl § An = (T SRl o del w5 gen)- (T sifafmaet
% W@l B HEm)] ¥ A AeRAF ¢ F K, BT MM F AT 9 HTAE bar H W@
feq , ifh a0 1 TR ST 1 bar &1 Theh 1 § BH TG & T 1 pascal, Pa = 1

Nm2 9T 1 bar = 10° PaA

aroft 7.5 § o =waf@ sfafwmet o faw k) & W e T g

qrut 7.5 ¥ o e rfafcRametl & Ararewdr feriE K, & WA



afferar g /K K,
Na(g) + 3Hz(g) = 2NH3 298 6.8 x10°
400 41
500 3.6 x10™
2502(g) + 02(g) = 2S0s(g) 298 4.0 x10™
500 2.5x10"
700 3.0 x10*
N204(g) = 2NO2(g) 298 0.98
400 47.9
500 1700
ISR 7.3

500 K W PCls, PCly 3R Cl, Wrmaeen ¥ € don §igaid waer: 1.41 M, 1.59 M T&

159 M =1

Af4qfshan PCls ~ PCl3 +Cl, o T K, sl 7oA sHifsu)

T

ST SAfufwar o fou Sreeen fenis 59 €9 § Y fohdal s 9%dl ©-

—

_[PeLicl] (159)°
C O [PCL] (L4l

30T 7.4

79 sifufenan o T 800 K W K, =4.24 #-



—

CO(g)+HyO(g) ©  CO,(g)+Hy(g)

800 K T CO, TH H,, CO Tl H,O oh HF W Higdledi hi UM Hifs|, Al gAY ¥
e CO a1 H,O &1 Suf¥erd B a1 Tcdsh i Higal 0.1 M @l

T

—

frefafea sifafsran & faw: co(g)+H,0(g) ~  CO, (g) + Hy(9)
YRT H

0.1M 0.1M 0 0

T W

(0.1-x) M (0.1-x)M xM xM

SET W W CO, Tl Hy i 99 W AT (x) 2

3T A el &l 39 YR for@n s 9ahdl ©-

K. = x%/(0.1- x)? = 4.24

X2 = 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 fgord THeT & faT ax? + bx + ¢ =0,



x =0.848

J0S18)°  4(5.24)0.0121)/(3.21 - 2)

x=(0.848 +0.4118)/6.48

x4 = (0.848 - 0.4118)/6.48 = 0.067
X, = (0.848 + 0.4118)/6.48 = 0.194

W 0.194 I SUT HI ST Ghdl &, ik I8 SATHReh b1 Wigdl sSderam, S
YR |iga 9 e 2l

3Td: HrEER T iEa 3
[CO5] = [Hy] = x = 0.067 M

[CO] = [H,0] = 0.1 - 0.067 = 0.033 M

ISR 7.5
39 W= 2NOCI(g) ©  2NO(g) + Cly(g) ¥F 1069 K a9 W H feamish K, w1 A
3.75x 1076 1 30 qW W v sl & fw K, F ToE R

&l

g Wd © T

Kp = Ko(RT)A"



I AfYfeRan o faw,
An=(2+1)-2=1
K, = 3.75 x10-6 (0.0831 x 1069)

K, = 0.033

TRt i o "R

ATl K, 1 0M fepterd ¥99 WS90 1 mol L # e K, &1 #H fehrerd ww

I CA Eq Pa, kPa, bar YAl atm 4 g fomam e %I U YohX HIEATIAEAT
TEeRTeh T U 9Edl A1 <@ o A6 W SR Tl A areee e o 39 §
._‘.

HIdieh] k1 AN B H HIdishl oh AT o SeR Bl SAMARRAT Hy(g) + Ix(g) ~  2HI, K,

S}

T K, H FIE AF T& B NyOy(g) ~ 2NO, (g), Kc 1 ¥ mol/L Tel K,

FT HEE Td e

gfg AfqeRel T IR hl YA TRl W foran W at Arrewen freienl whi
fomE (Dimensionless) ABNST H oFed &id T SAHhNeh! TS SRl ! JHIOS
e H Y6g N9 HI UM ST Tk bar 8l €1 39 UhR 4 bar <€ YA
ST o W9l W 4 bar/ 1 bar = 4 ¥1 T, W foREH ¥ T faom & faw g
T (Cp) 1 WeR foerad & @en o/ Wikald s o Wel W Wit W €l
Greafteien b1 SAifhd WM YA gS WHIUE Sfeeen W SR war 21 36 YR TH
TR H K, T K, I fere afvw € fhg s onferes e fir g sewen
B o HRO U B gt 2l




7.5 TIUHET AT=TSET

T 9 Al yeaeen ae TR o wenfyd wrererken & ‘favEi |rerewe’ el S e
3R & fOUs 9% U W -9 U Sd-5d b §ig Lfud wrereen ¢ fammi
qrerereen’ 2l

—

HO() ©  Hy0(g)

39 SR A U TG WEe qef el g9 Weeen #1 s WRE 39 U9 39eh HqwW faerd
& a9 T wreTeen off TS greewe g1 Si9-

—

Ca(OH), (s) + (aq) *  Ca** (aq) + 20H" (aq)

faemm arreeenstt ¥ Sfuwa Y 3T A s w9 9 o &) famEm arreeen (o
TS 3 T TS 59 B) o AHAEEA-SE hl WA SO S Hehdl €, i Y I

TS g 59 F1 HeR KU 3! °en R ARk T e, afed fer g 71 T wss w6
el W T I X T A 6w f ', [X(s), W [X()] o " fer e ®1 @

fauda afs 'x' w1 wen fordt Mivea oo o oot ®, @ [X(g)] 991 [X(aq)] oF "M o
SEAd B TS BH Wk Ueeh TS Hewdyul {auHIT TEREeh WrEERd] shicwdd wiee o
e o W foem &a-

S

CaCOz(s) ©  CaO (s)+ COu(Q) crrvvrrerrrrrrecrer (7.16)

YU GHIRU o YR W ¥H fo@ g%d © &



({Ziu{:) [::\_-1 3 ({Ziiﬁl_ﬁ g :;.—‘
- Caco, (s)

K.
9k [CaCO3(s)] TH [CaO(s)] Ji feer & sufeiy Swed eifafen o foaw wRefigpa
e feris

R (o101 1e) ) IS (7.17)

K, =p

Pl L (7.18)

39U W B ¢ uw M M W CO,(g) F uw FAfved Fiwdr A1 @ CaO(s) @

CaCOs(s) oF T1Y THeRel ¥ T@al g1 WA i W I8 Il el € fF 1100 K W

CaCOs(s) T CaO (s) o WY W= H SUfeerd CO, &1 I 2.0 x 10° Pa Bl THfAT
ST Afafsran o fou wrmeTen fterie &1 9F 39 YR hT-

K o po, 2 10°Pa /10" Pa - 2.00

=

=l YR Tohal, e AFeTRIEE Ta fond wEiTa o o9 Tonfyd o sremeren
(freret o Phgeor o o) TR -

S Y

Ni(s)+4CO(g) =  Ni(CO), (g)
A g feerier 1 7H 39 ®9 § forar S e-

[Ni{CO}, |

K, =t——
1CO|

I8 oM ®© 6 araeen wfua e o foy gg ot w5t suftefa stavee ® (9 @
3T A Al 7)), fhg 3Tk W0l A <@, ArAEed-Reie & =S | T8l sill ed:



o feafa o 95 59 T Ug 3@ a1 grEe-fenie & v W el foran s @)
aAffeRa-

S %

Ago0 (s) + 2HNO3 (aq) ~  2AgNO; (aq) + HoO (1)
T greaen fofie &1 AF 9 9 § for@n S -

- [ ALLEN(} ]_

K, ..
- [HNO,T

30T 7.6

arfafwan Co, (g) + C (s) — 2CO (g), = TaTT 1000 K W K, &1 ¥ 3.0 g1 4fg

g § oo T boas EGRGE Peo . 0 3d B A IS UHEe SURe &, @ CO

qA CO, o | T AT <&l 1 MM HifSg|
k33l
39 sfafsran o fora-

I CO, @ H HHt x B dl-

—

COz(g)+C(s) * 2CO(g)

YRY H : 0.48 bar 0

Y 9T ¢ (0.48 - x)bar 2x bar






7.6 WTeETeredT feeien oF WA

~

reeEer-feeie & STIErT W foeR & ¥ U8d 89 9ok Mefaigd aewequl a&vl W

H <

%. G- T SR i YA Bl §, S6 SNl WH ScArEl i Higdl
grree W fer g S|

W, greee-faeie &1 9F SAfqeRe! T IdRl ®1 URfE igdr W AR 78w 2

7. el w1 WM TH Gqferd T R e qEEfe TR & faw faftea 9w w
fafere i1 €, St A9 S<eH % WY 9K ¢

H., SRy A &1 grreren-femis swadt 1fuferar o grameen-feris o JH &l
Hhd Bl B

T, fodt eifufear o1 wmemaren-fems K S9 wra ifufeen o amemawen fems 9
Hefud e 7 fae gt ga sifafean & gt § fedt 91 quis o qon @ 9w
& T Y Bl g

319 BH greaee feld o SAyAr W faaR & qen sHeh yam fefafea fagst 9@
Gy gel o W | H H

o TrTET-feeien o URATY T WEE W Sifufehan st W\ 1 STIHM A
o AffeRan skt TN K1 qa1 oI T
o HETERA-HIZUT hi UM HEAT



7.6.1 ATTRAT ST HIAT /T TTHTT T

T eerish o1 3fifeheh W Stffshan w1 Wl i <9l €, W 98 WA wewEy @
fF wrrewen feris 7@ T8 adcmr fF T fFE o 9w gg ¥ K, AWK, H:
UfA AR H WK F GEEA B § (FifR Te Areee-fenis e %o
(Numerator) ® fer@n siar ®) e frarerenl =1 Wigal o Joharadt e 8 (s o8

=tk o &C (Denominator) H for@l St €)1 wremeeen feemiss K o1 S=d WH S|l i

3=d Wigdl ] Aas ¢l o6 YFR K 1 9 51 SRl o 79 99 1 <9l 2

o= Tyl & deed ¥ defud fefafed I f=m a1 96 8

AfE K, > 100 &, A SR AHREF F1 g § AR A AR K FH HA FH S L,
dl erfafemen omtem quid o fehe et 21 Screny-

(%) 500 K W H, A1 O, i A(aiwa Treameeen vg feria K, = 2.4 x 10471
(@) 300K T Ho(g) + Cly(g)  2HCI(g); K = 4.0 x 107!

(1) 300 K WX Hy(g) + Bry(g) ’ 2HBr(g); Kc =5.4 x 1018

I K, < 103, AfHRE H qorl § SR F7 2 AR K, H1 99 fed ¢, df eifafeman
oy sraeen W € U9 et 1 Frefafed Seeeol 5N 9 T ' e -

(%) 500 K | H,O & Hy T O, | faered o1 Ira-feeir o1gd %W T K, = 4.1 x 107
48

.

(@) 298 K W Ny(g) + Or(g) *  2NO(g); K, =4.8 x10%

afE K, 10° ¥ 10° # WH (Range) § Bl €, Al 3T A SAHRE A 1 Figand
garses Bid 21 Frefafad 3gew ® R +@ w



(%) 700K W Hy T |, ¥ HI 74 R K, =57.0 2l

HTE] A K, > B
| |

AfafEs Fieard A 5 whafEm = o
e s 10 1 10 . oy
o e @ 3 SIHT BT

I e MR b o T o o
T g1 I F

faT 7.6 Ko W sififwar 1 T &1 (% &

(@) T TR Th T fafEa N,O4 T NO, ¥ fomed 7, fower faw 25°C W K, =

464 x 103, S 7 @ FH T R T SR o G fAHW H N,O4 T NO, T Higamd

qdr e Bl TF A= & o 7.7 | <9 w7

7.6.2 rtferar =t foom =1 oy

AR wd S o fordr sifufwmar-fasgor § afufeen =) fSom o1 war o o off
e feeRies w1 SwEM feRw Sar @1 gEer foiw ®9 Sifafea WM (Reaction
Quotient) 'Q" T TUMT HId &1 TR e ®1 € aE fufma wred ot
sAfafonen =1 fopell off feerfa o fow aRwifoa (Fier wigor 9 Q, e o1ifvre <@ 9 Q)
fran <1 weRar 21 fRdt wmr sttt & fou

—

aA+bB © cCH+dD . (7.19)
Qc = [CI°[DI%/ [AP [B]® oo (7.20)

afc Q, > K, @I, a@ sfafran sifaereri &1 R swafa st (faada sifafean)

afs Q, <K, &, @ sAfafwan el &t IR vEia gef,



afg Q, =K, 8, i sifufman fagor amameren o 2

H, o5 91 |, &1 e srfafsean  foem i &

-
Ha(9) + 12(9) 2HI(g)
700K W K, =57.0

T fF & [Ho], =0.10M, [I5]; = 0.20 M

R [HI], = 0.40 M. feran

(sl Hohd T TSI t 1 aicdd I8 © foh digarsh @1 #7199 fedl 999 t | foan T g,
9 fo 9= W)

39 W, SAAfwRa qThe Q, fafmen i 5@ feafa o fgan wn R

Q. = [HI]? / [Ho}; [Io); = (0.40)%/ (0.10)%(0.20) = 8.0

T THT Q, (8.0), K, (57.0) o SRR &l B1 3Td: Hy(g), Io(g) T Hi(g) &1 fasmr wr=r ®
TE T THAT Ho(g) T Iy(g) MR F3h IR @ik Hi(g) AT TN Seh |X0T el

T B, 59 T Q, =K, 7 8 ST

AMAFRA-THe Q, , o K, o HM ol ol &teh Affsran-feen o1 aiy & o
ITERt
70 YR, fafwa &1 e & g9y § 89 frefafed 9Me gRon o1 996 B-

o AR Q, <K, @, ql 72 ifafeman o€ ¥ <€ R swEia gt 2

o A Q, >K, 7, A T Al 7§ 9 SR st e 3
o =R Q, =K, &, d e afuE T e 3



0. K 5§¢} K

1

dfirErs —> IR IfIERE R SRS <— IR
IAE grEEe

fer ¢ 7.7 fuferar 1 fom &1

33Tl 7.7

._‘L
2A ~ B+ C 3ifufrar & fauw K, &1 AF 2 x 103 2|

feu T g | srfafsmen-fagor &1 Heea [A] = [B] = [C] =3 x 104 M @1 sfufwan w=
o fom ¥ smfaq ghm?

T

[B][C]
Q. =
Afaferen o fou sifufemar smree [A]

[A]=[B]=[C]=3x10“%M

nawo”ngxnrw_l

) _ ,
G- |3 1O



T THR Q, > K, s@feg siffsman foada faen o smifea g 2|

7.6.3 WTET Higaradl okt TOTET

afs gRfaes Figar A &1, ofhd i gigal A q8l &, @ Fefated 39 951 9 39 W
-

ug 1 : AMRRaT o fau Sgfea T ot

U 2 : Hqfeld THRwn o fou ek |nelt oA, o sifafsen | wfafed woe uwied w6
gefteg foran =i

(F) IRf9h qigan

(@) FrEEee) W SH & fou gigar § gfieds 3k

(T7) AT qigdl

groft sR § fRd U AfYeeR w1 Wigdl I x oF ®U W, S iR W R
R Y SR fre stfaferan w1 WEHRHdE 9 3= geiel 1 |igdl %l x & ®9 o
e FL

U2 3 : x I BA FE & U g g o 9 gigden w gfaeenfud s g1 3
3! a7l AHIRIT & LA &1, q@ 98 T g o, e qemafe sef )

U 4 : URehfad HM o SMUR R T TWgaredl i TOMET i

U 5 : 3% 9 GHIGW § gfaenfud Y 9 9ROmE i Sitw i









7.7 areEraRen feries K, rfufewar wmmeear @ o firsm st
G U Hay



feret arfafepan o faw K, &1 o= eifufman ) gt w felk =& @ @1 S fe e
The -6 H UG b B, e Sifufmanr 1 Semias!, favia: fieg s ® ufedt w fasik
HIT -

AT AG HUMF ¢, dd STYTRaT d; gafdd At Sidt © aen o7 f&en o &9 2t 2

af% AG ¥FTEE 7, 99 fuferan T yafda € grit s@et a9 wdiw ifufwar 2g AG
SRUICHe: BITII 3Td: 370 STfAfshar o SIg AR | Uiefdd & S|

A AG I B A, AfAlhar Trmereen i 9w S|

T AN q2d o] AT o9 GHIRI0 9 &I S Hehdl ©-

_AGE

AG + RTINQ coeoeeeeeeeeeeeeeeeeens (7.21)

AGe

o firsg et 2l

SEIED

TreEee] W SE AG =0 T Q =K, B, @ H0T (7.21) 39 Y&R ThM-

AG=ﬂGL +RTINK=0 ( K, o ¥IFH W K AMd gU)
AG®

= - RTINK covooeeeeeeeeenn (7.22)
|nK=-‘iGL /| RT

A 3R YfdeTs] TR T -

K= o AGY/RT

AGE

Ad: FHIRLOT 7.23 T SYAN HY, o Ul o ®9 H AfYfEI w wdgafddr i



U S GHdl B-

AGe AGE

af <o@ @ -2 RT v @ oem: € 2l @R w k1 @, @
sifafan &1 Tod:gafdar ) <oiar © steren oF faen § 39 Wi 9% ent @ e fR sar
e | )

o A0 L0 @ A0 R e dm e © 0 <1 e a k<
R S erfafE @Y oTeEd vardar gl © @ sifafwar o fRwm ® 3w WW 9% e €,

S99 3R =Fdd &1

30T 7.10

AGE

TATSh IS TE H TG o HIThRISeN™ oh Ay T A 13.8 kJ mol! 21 298

K W K, &1 9H I &3
T

AGP
=13.8 kJmol!' =13.8 x 103 J mol™

AGP
= -RT InK,

In K. =-13.8 x 103 J/mol (8.31 J mol"! K x 298 K)
In K, = - 5.569
K. = e-5.569

K.=3.81x 103



30T 7.11

TG & SA-3TT5eA ¥ Tehig iR weaeg fefafea sifafean o o1Er oo -

._\
GHE +HyO TR + e

AGe

300 K W rfufswan & foq aremaeen feermis K, 2 x 1013 21 300K ™ & HA

i TUFET HifSd|

'
AG®
=-RT InK,
AG =-8.314 Jmol'" K x 300K x In(2x10'3)
AG®

=-7.64 x10* J mol!

7.8 AT ahl THIfET H{A dTel hIeh

O G & YHE Sevdl B W U A% € fF A I o o % Wi SAshRa
a1 IRl o eAfreran gieade &, e otef 2 Sl w1 stfushad wfed g den <@
Term oifefaat & = A qEn T e ®, Aty ufikfeofea | ufteds w5t stevasan
T STk N, Tl Hy, ¥ STHfFn o Weeluw oh ¥R WhH W W ufkfeefaal @
o[ Irad o e w9 W Hequl 21 fava o sriften &1 aifte Scarea 100 faferm =
2| THH & YA Seteh! & ® H el 2




e fremiss K, WRfweh digaetil ) fR @ s @1 g 9k araeremE e
frpm H stfqermenl o1 SRl W 9 foRdt Tk o Wigu H qfedq feen e, @ feem |
e e ® U @ e e Afufwar gH: 99 9% et ®dl §, & q% e H g
Yrgrerel] a7 8 S0l el 9rees W A S Y9E TS 3 i faoadr o s R
Y e Tedl & U b 21 eH e ot 3@ g ® fF A @1 ufedd fRe 9eR e 21 9
Fff sarn s g € T fRd am W afk sifufar & wrareen-feris w1 W @ el
ford grfaes Aigo o 39 rfafsran o SIf\erenl Wa SISl oF ArEeen § Higur ki UM
HI ST Hehdl ¢ T8I o o6 BY ARG Gremaen feeis o1 a9 & WY YiEdd T& ot Fm
g, A 9 T T ar-vmfae. fagia &t e ¥ uRfeafadl oF uRadd @ ammeeen W
g YHIE o SR W TUMcHe Frehd B9 U| o Hehd B 39 fagid o orgaR femt
frerra @t wTETeRen ufifeafaat @ Faifta seee SRRt (|igoT, S« Ud av) |
¥ fodt ® off ufteds g9 W Araraser 34 foom o o gt &1 foad feem
TN 2T WATS ¥ T GHIW & WU I8 «ff sfifqs ud Tomafe gt §
N B B Uk G fagor & Heed & uRafda s o fAu eFe wRehl w1 SuEm fwen
S Gkl ©-

frfafad ST@sl § §9 QrEaee T 9igul, 6, 99 U6 Sake o 396 W faur ®3-

7.8.1 Wiar-uRad_ hl THTS

=l 59 el AR RReR/SAE i S1fuferen ¥ faamm =0 oo 9 grmeen ufEfda
eIl €, d SHeRT STIHM oN-Idfere Tagia’ o SMHR W ORIEl ST Sehdl -

o AFRFH/IAR &l M ¥ Fikdl W U TAE hl T HH o fau Afafea 39
fEom &1 3R TR it ©, aifer fieme U u<ed 1 ST B wen |

o AFHRSH/IAR oh Th1ET ¥ Figdl W IAE &l HH HH o foaw sifafeman 39 fwn
HT SR SR BT ¢ aifer eAfafmar ¥ frerel T uwred & ufd @1 Wk o vl -

“Se fordt afafear o AfveRe] 1 SR § 9 R T w1 it WK ArEeEel WSk



fean S 2, o wreeen fagor & weed ¥ 3@ yhR uRedd g ® fF qigon oReds &
SR Tl UAE HA 3Tefel I & s

33T, Ho(g) + 15(9) — 2HI(g) Afafsranr W famm 1| afs gremaren w afafean fasmo
¥ X ¥ H, 79 Tl S, af Srgewen & YH: T o fore sifafskan s feem o smem
gl f5@ o H, Sudifg &1 stefq oiR aiferk H, W 1, TR &= HI forfed &af qon
fqd: grmEeen e (Afm) foen o fowenfua s (fo=t 7.8) 1 o8 wn-vafew o fagid o
ey ® foueh orfuR ifueNe/Scas o am &1 fefa & 98 areraen wonfua gnf o

SAHREH/IARE HI HEd Ik a0 HH & T9F § &A a1 ga Hyor 9 ifuss s
=feq|

—
=

—
L]

[H.1f

[I.]

[HI]

‘Wf Y
Ll
H, 3/ ™

e W) L) 21

SIfaferar § gregreeer W 2 o 8o W SIfYHRST T 3R &



qizo H qREdT

frefafaa sfafwan amee o STUR W eq g e W 9ES "ed ®-

Qe = [HII? / [Ha[ 1]

I FrEeRen R H, fiem@n S €, @ [Hy] 98 ® 3R Qg 1 U K, § %H 8 9 e
zafee sifufsran <€ (ew) o &t SIR ¥ TR BRI T S [H,] T [I)] Fed € 3R
[HI] 99 T sedl €, 59 d% Q, = K, 7 & S| s7fq 7€ qrameeen Tenfuq 9 & sy
SAEfer wohdl H SR 1 ST HiAT AfUHd dgd Hewdyul Bl €1 N6 HreEee W
frel Scu i STl Y T Smar 2, At erfafepan, <t of gu for gremaeen w w9 T
T, q: I fen & woH ot @1 S SRl W ¥ HE N e A1 arsdiehd e aren ured
T, 9 SR T SN R M T ) I o i foiw H swfrn
TR X T, I A w o o & e sifufran st fem | w6 Wt §1 s

yar CAC0; 3 cao w1 W v 1w wEE W ¥ % st fw

AR Coﬁﬁwwaﬁmwmaﬁﬁ%l%mwm T for IR
TR 82 4 ¥ Q, 1 UH 99 ¥ To9n &9 o1 &l ¢, foag sifufean aifim faen o
el Tl B

QigaT T WATE-Teh WA

w0 Trefafea sfafwan go s fan s g -

Fe* (aq)+ SCN- (aq) = [Fe(SCN)P* (aq)
el TR e e



[Fe(SCN)[ (aq)

K. - —
['e” [;u”| SCN (g

........................ (7.25)

Th WETel § SRR (lll) e @ w1 imL W) SEH 498 UReRm et
fereTa STeteht WEel i feaM 9 forer@= 1 W1 &l & Sl €, S [Fe(SCN)[2* &4 oh
HRUN BT 21 HrEEe w@nfyd g W O ) digar fer g 9t 21 e A1 S W
srfufern 1 grmeeen W e 9 grameen wt i O yd feenet o oo SeerER
fagenfya ¢ ®Whd T [Fe 3*]/ [SCN] &l &1 &l & ol fYHReA] &l fHaM ™

H, C, O,), Fe

g fauda foen o foeenfud &t g &1 SI9-sfieRifas o7

P § fF #F Wl wed ST [Fe(C,0).1" o # am. qw Fed™ amm

! Higdl HH & S {1 A-vfere fagia & SR Fe3* smm #1 ser & Sar =iz
ToE I [Fe(SCN)Z* & faaie g)1 Fed* oMl &1 oft 9= gaa fohan <mar 21 <ifw [Fe
(SCN)JZ* &1 |igal siedt €, o7d: offcd 1 &1 el s 8 Sl 81 Seftd HgCl, e ™
Ff ot 31 &1 figdr FH e 2

Fifh Hg?* A&, SCN- Al o & affshan sy Tmrft ¥pal 3 [Hg (SCN)4]2
S B o SCN- 3T i sl TRl [7.24] ® | &1 o1 ¥ <€ 3 SCN- 3t
a1 gt 2q foenfua e 21 GRoREw gEEREAe fAdM W %1 WIS d9g S @1 ST:
THfAY GrEreE SCN- o 3 feen o (<€ %) &g Sidt © e e o W1 &) e 9
S 21

7.8.2 S(A-URSdT T THTS

forelt Tieftg srfufswan o gaT aReds )1 <@ SeeH § SIS i HEN YHifed gl g1 98
adt B 7, 5@ AR i <M I qEEtTR g § T SRl & il ol
e du1 N9 IRl o Gl o gen § faea s 21 faveh s W an-vmfae




fagid, & g 0 W Sl TS gdf W @ & URad FI UM H S Gehdl 21 FAfR
S/Ea H A (TS giEa) @ W R 6 e 21 frefatea sifafr 5

CO(g) + 3H,(g)0 CH,(g) + H,Olg)

T aifashtshi (CO + 3Hy) & IR Hid | ST&I (CHy + Hy0) & & Wie ad &1 SIS

Afuferen o wramazen fUgo w1 e fft=g 99 | foeq o fafiaey o W @
AT Y IHeh A ol 3T Y KA TN 39 YRR ATYhRR] T IcRI 1 AR

<@ TE THeh HoEwy I WU 9gd T ¢l e fHHm wrEmewen d € wW W R
o-vfae fagid, o] st afafea T ke o S 3o gremeen wnfyd s ®,
ITHT AT T ST WhAl 21 GfR I« QA B T, oF: wremewen ony feem (o
Hiel i Wem TS I w9 B ©) H SWER gl €1 (39 Wd € fF <@ 19 o Hie #
G o GHEUE g €)1 39 fafwmA 9eed Q, g WHE S Uehdl B W § T

[COL. [H,]. [CH,] T [H,0]

B T M & SAfufeEr o . forarfuememi =
TAERY oF WIEUT 1 YK hid &1 ST AfAfRa fHLor b1 S e e fean =
ql STk oY <@ TS WiKU A e W @1 ore eH Sifufeman Wkt s W Gy
Emgu"llm{@l%{ 9red oh Y Hehd §|

o (2CIL|(21L0) 4 CIL|ILO| K
TlcoN2i 16 [co|H,] 4

9% Q, < K, ¥ o°m: ofufewm ew fem # smRR w R

C(8) + CO,(g) = 2CONE) o 5 w1 e e & 1 aifioen Forede
(o Serm) fogn o it ®, wEife e feen o it ) W 95 W @l

7.8.3 STfehT T & INT AT THTE
Ifs e R e © i Uw oifRa 9 (SI9- &) S eifufwen § wm el ot g,



1 foemd € @ @ emufafda war 81 wife feer emaad W eifwa T e w erfafemen
d U o A U @ Hier wgaed steen e W g ufedd e e 1 etfufwan
IThel § e ohael q¥ft Biar @ oo fyeng 7w erfufman § 9w oF aren iR
RIS

7.8.4 AU-UREdT Rl THIS

S& Hefl @ A AT | Ufedd o HRU G Fisdl faeied et ®, 9 | fager &

gered ufitafda g €, it sifufwan wrhet (Q) areRen femis (K,) o ReR el ®

aTdl, AR ST draeed | IRedq g 2, dreewen femis (K,) w1 9 ufEfdd e S @l

= TEE W fers w5 feia animen % AH & fom w fek w1

o sumedt st AH somnm) @ g foriw awwE F 9@ W T
o et st ( AH ) w1 grerEen feriw qmwn & 951 R ol &l

AT T Radd wreeeen ferie 1@ sifafwar o o § ufedd o Bl
frefafea sifafshar o STTER I 1 IARA

N,(g) + 3H,(g) = 2NH,(g):
'AH=-92.38kJ mol™

Th I Y 2| Ce-vIarae fagia’ % SER, dYswH Sed W ErEee wre faen §
ARG B ST § TS ST 1 GreeRen Wisdl A e Sl @1 g vkl H, %A
Ak ST 1 S=a wfed o foiw Suge @, <ifeh yrifier &9 9 ercafires | a9 W
sAfafeman w1 fq ot &1 S €, o7 SR yEE o forn S

aTd hT U9 - Teh WA
NO, T8 (S{t) &1 N,O, 9 H fgda= (Dimerization) &1 Ifafshan o R WAl W



A9 T Y9 Y foRa S Hehdr ©)

2NO,(g)= N,0,(g); AH=-57.2 kJ mol"’
() (TTEM)

T HNO; H dfd &1 Bl Tt 89 NO, 19 IR &id € qe 36 U fepramett &t
TEEd § 5mL oiell & WEAfel § el id @1 <Al wEAtadl WAl sy derdl qHe
B AfEWl 376 TIESIES (araldit) 1 T ¥ W@l o WIR (stopper) Tl T<] HL Id
g1 250mL & A SRt TTR HAL: 1,2 T 3 Afehd F &1 i 7 1 H TuwRd fagm
(Freezing mixture) ¥ & F. 2 1 HM o AYaT S § T L 7. 3 I A (363K)

S 9 R A 9 I @At w e F 2 H W@ A 2, 99 T % R A1 A
dradr Tk uE @i 2t 1 W oh a9 9 Ul § 8 - 10 fHe deF wEAfad i @
% 9% 3H TRt Tk TRE@Ael i dht 4. 1 °h Sl H qdl S0 TEAell i diel .
3 & S § Wau «Afafmar #1 fRen W 919 &1 g9 29 wA ¥ fafa e s g B

FH A9 W G 7. 1 T SHARN o7 fufman g} Nzoﬂ:q«mﬁqwﬂs fiyetdt & qen
NO

2 @ HH B H HRO W AT A Ao Sedt €, Teofeh A 4. 3 W I=9 a9 W
Sopr sfafwan 1 aeelie faerdt €, fomg 92 oFar 81 afoma: R 1 1 digar s S
2|

\ Y, \_ _J \_ J
(1) [2) (3)
feae fasmo HHL & T (363 K) T Siel
HAY iRt (298 K)

(270 K) 9L S{ed



2NO,(g) = N,0,(g)

oz 7.9 : fiafewar F GrEEET W dTT FT g9

AT R M9 k1 996 Ueh SHO SoAne afafsan 9 off 9en s @b 2|

Co(H,0* (aq) +4C1™ (aq) = CoCI> (aq) +6H,0(1)

FH o d9 W [CoCL T & HRU GrEEee fago o1 O den @ S 21 s9 29

ferrt fagor & Ser fovan ST S €, @ A9 # AT [Co(H,0)g] 3+ o FRVT Tt 7

ST B

7.8.5 3ATh Rl UHTT

3IU TopamhRaRl o SRl ® UREde 8q A Sel el a1 HF IUcTed hameht SR
o A7 i g <1 81 U8 Teh E WhWUI-YoRl W TORA dcll oW TS Wdid srfafmensti o
AT i WG A1 €, Sefh AR i Udfid el widl IOE 3 d Wdld Arafhan o
fau Gfsraor ST 61 FHE AET H HH R A1 ) S 31 TS TdiY Sffman fHHm W
Qe Heed il uRafdd e #Ral ?1 Ae Ggfold el o A g femis
qHieho § Tehe @l Bl el

NH; oh e Td B § 0 @ foer &Y, St T o7cdd Homerdt stfafsean ?

fead SO & P Wl H GEn ATERS & Hidl ¥ HH B 1w feriw
AUk hl GG 9 Sl €1 W a9 W SAfafmd o Ted § US wrEed Woqged ®
Afush 9 oIl ©, Wi S=a a9 R R &) R GaeHs et €, Wy afed %1 et

2




SHT WEAY W EER T 9 © R ofie SaRe & sufefa § sifafwman gdeme w9
Tl B, Safh NHy 1 Treamoe Tigdl Sase Bt 81 Hfh Scag oh Hial &1 He

ARTRRAI & el BT TSN ¥ HA T Fd: NHy 1 SR 9 dgRk Aok fmar

Gl B

NH3 oF HYQWoT 39 @9 T I i STjpaad aRfefadl 500°C Td 200 dagAeed @
et B

TH YR, ek fafy g Ao o o i |

280, (g) + 0,(g) = 280,(g):K, =1.7 x 10%

e feeieh o GRUMM o STJUR SAfAfshan sl oIS qui 81 S =feq, fohg SO, o1

SO; H SfioRfiehtor agd it T ¥ BN | wifeTd Aoal TrRoHfead YiHEE (V,05)

ST w1 SufRfa § stfafsran 3 TRt W ST =

e gfe fordt rfafran o armeken feis =1 9 *TH! %H Bidl 8, 9 S99 Soi&
SEd %Y TEFdl T U B

7.9 Tae=m ° smafer |reTaTe

e 1 o W Aigar uReds o 99 o 99T H A feAfatad s ' o e
7 s &

Fe*(aq)+ SCN™(aq) = [Fe(SCN)**(aq)

U9 3% 9§, TS0 ohad 3T |ifad B0 & 981 89 39 9l o 31599 31| I8

gdfafed @ fom <t & e faerea o forq o/ yefed =€ &t @, i S o Femo



T (Giferm Fige) faom W 3ol fagq ¥m %1 YaE S © qe1 9 w1 Higdl a6
o Tt fIeae i Seshdl dedt ¢ HEhd He J TRl i STk fagd Seishd &Har o
SMYR W Y M # afiehd fhal- Wb ol o wq1ed Soig faeed o forq o yanfed &%
g, 3 ‘faeq orueed’ wedn ©, S g S UE TEl I, dEd 3 SIUeed sedd &
Hae A o STTeedl 1 [ Yo Ud geol agd SIUsEAl W oifiehd Rl Welel oEd STqE
g 9 § g gt o guf Y @ oAt Bid ®, Wfeh god Taeed SN ®9 9§
st e €1 Sernd-Hiferm wikEes & St foor d g w9 9 Gifeay emE

FANES AP T S §, Saih THifeew 3l o THIE 9H Ud SESEH 3 8 &

O] RO I8 T [F fead FANEES &1 9T 100% T Bid &, Safh GHifes 31,
St g, fagd-emeea €, 5% € omafa il @1 9% oA @ f gda fagq eoeeal |
APl qen Sl TuRN % Wed W Tifud el 1 39 YRR w1 9, faed Sl
faer o 9 U S ¥, STafeh | el ¢ 7, &R q9 Tavl oEq STTeedl
o off H eI &1 A Yool 1o ool SEd SIUSAl i W R Hd Bl

7.10 3T, Rk TE U7

3T, QN el oo Yehid H oa9e &9 9§ U S 2| Sel W, e wEgeies ot
U S €, TR STHIEE g TR AGT (1.2 - 1.5 L/RT ) § &faa gian ?1 9 qree gl
o fau sifq sreavas B ot &1 q&7 3@ wHifes ot @1 Hig ©d TR o W A
fufosr o1 U UEHfa ol A SHOl W R STl URN W B SR ovel @i
¥ @ e ¥, AfeT I% Acidus § o ‘Tfae’ vk 3ok fotw yge ©in ©, fogeRr eref @
2| A A foreqg &1 e 9R 24 € qu1 F9 ongell @ i wieh eEeRgieH
SO B B SHI YRR N il ferewd Rl el Hid B qef WS H %hegd N Tl o
W Bid B AN 1 Ush WM IS0 HUS Uil @il €, S Yo o fay S
eIl 2| o 7 Ud e ! Wl U H fierd €, A o onuw # arfufemen e o o

W &l AU o FF GEI S WA FNEe, dRE W Hothe, wifgan TEde onfg

qifeqH FANEE (FURU THhR ) TAR AN h1 Th &I FHh 2, S SRS 3T T
wifesm gEgEAEe ®1 el @ Wi el B g o eraen | e S @, e enmefia



wifean qen HUMERE iiEs e o | fauia emafia wiviie o wew feer agq
YT oF HRU e S od 1 I A o HeA feR dgd ot HWeAH o WEgdlh o
SF[HAMI BlaT B STl |t Tt ©, fSreeht Tedish 80 21 39 YR o ifgad
FANZE 1 WA | el N1 €, 99 Al o 7ed fiord SEq ek ot 80 o Ul H
W B W B, o o faord W g ®9 W T #d B A Sa-orust o Wiy
SIS eleh] gk, & o 2|

HEeheT e

(1791&1867)

TS 1 S oS o UH Th Hifdd @eE o 9RaR § gew onl 14 99 i sy A
98 T A1 fSesdrt (Book binder) o Z8l &M WEH ol SUH S= S fohamEi i
e H1 ®e < & offl St fSeg g% sTear onl vrEest St 9% (Davy) 1 FARTINC
TEEs 59 T 9§ 1813 - 1814 H e 3ok T TRIEIY i I W Fed MW 3
IqGN o JWA O SH THG o g ST ARl oh Uk W AT SR Seh el 9
9gd W@l § 1825 H Sdl oh AR 9 Uaa HEAM YANRNNSd (Royal Institute
Laboratories) o T13316F &4 e §9 1833 H o WA WA o YIH FallRad ST
(First Fullerian Professor) T B Teddl ‘TE’V_OI"{Uf HE-fagelyor WrE § o g1
1821 o W% ST ARIHR HE fog[ Td Yashed qo1 319 dgd Yreehed fagidl o
Hafid ol =1 o foaml o UR W ‘emyfeh &= fagia’ &1 yfqued gaf 9 1834
o 3= fagq emweed @ defua o fadl # @i w1 WIS T 9gd € o8 ud
A Yphld o oAt & Sl Wl WEH i o @ SR Y @ o |l o=




fooRl ¥ X W o THIN 3Tohel M HT GHE H ol IR e ff WEEE T
W1 3o foam &1 faa-fam a9 99ika (Disseminated) e, fSed 96 g/

TIel HEAH H YRA i TE Gedeh YEhaR oh YW i WISUMH Siwfed ¢ Aer o

T sfaere’ favg W v frawg = o fau 9 & 91 S=i0 T 450

At ST v ful

0O
db O +("‘x
". . Ma
O < Q0
5 ci veo
+@ f_ﬁ}k c N P O
- Cl = +
‘o0 NaTor I “
(o cr
&b ..
Yo ® 0
i:_'('_" Ng "'1} = O 0
©Oo DC_P
* l %

ferT 7.10 s 9 wifegw FaRise &1 a1 Nat aer CI - eaa yeitd Sier-319] & @1y Sierdifsr gy il g wid g

ST H BEgaAie T oF SAFAT I ol UHifeH T o A ¥ i W TH
el © T afy S & ot orvp €, fRY oft emgiaciiRe otet oTUH stawel eIl § ol
®9 W Al gl ], W UEifes owa offdes &9 9 (<5%) & F@fid gl 81 STEee @
T 3ok A Sufeerd oo k1 dmed qen sl oF Sore i AEn W fAeR el @1 gd
o foriom den e ug fe-fim erelf o wgea feu od @ B faeid o o, S SEeh!
3 e § off foEME wd §, % S § YU H1 WA T’ wed @




(ST -Heaw FANET) , Faleh ST qg Yok €, For S o) faeed § gee
AR o 3 €1 F8T ¥9 T I UK Pl SAdeERed L YIH B

7.10.1 3TRA AAT ek ohi STRTIA LRUTT-

IR o TEgaTeER o o 9ie €, S 5ol H Tueied Bt BIEgieH 3T Hia =

€ qo1 e o uered ¥, S gEeiie e ST O,y 34 T TH YRR A § TH A HX

F1 3 Trefafed gt § 9 frdt e o g7 uefi¥a feen s e o-

HX (aq) — H'[(aq) 1 X (aq)

o FE (aq) - HO(L) — H,O (agq) - X (aq)

T o Ui, HY srafuss framicl @ 21 @ &9 § Solg faoea o soe s
Tl B T facas S o] o SffedisH @ dfud gl s frufeE eweitem e,
H30* 3 8 (i @)1 B9 H*(aq) T H,0*(aq) Tl i & SeTafSd slReise o, i
Sl STupeti W foRT geM W WeH €, oF ®Y W A H @ 1 39 oA | 39 WHRUM: H
(aq) A H30* (aq) 1 Sasiad HT TR H4T 3qeh1 31l e W 2|

TESIEH TS TEgiTordet 3Ta

gRESISH STPF, Sl T Uk ie[ B, §8d 8l (™ =10"13 cm) BH T S ] W
e foag[ &9 B oF HRU WE Hi -3 W IURYT & Thht A o fFdt wh

o WY SR H30 I 81 39 TS 1 g ANl (I@OMe-H30* Cl &) 7 2™



e | UEEH T ¢ Wi faere ¥ eEeifem oA fR ¥ Somifed gl HgO,
* H,05" T HgO,* WYl Tiiefiel sl B1 & Wb TIESiferiel 3 STerdifsid 8ieht
HT FOMHS TS Hy0,%, Hs05% T H,0,% anfg s 2

Q=H-. ...
LI - Y v
PN ‘O

H904+

SMFEM &1 S Wied H IuNel oF fihe g oMl T 1884 W I=IM IUHIGN
foreafornera o fog[q eTaeed fae@m i =Taerdisl W MY T¢ (Thesis) T&Id TRl
3T 5 TN d%h 3G Fgd AHME i dem IT o I He W T T 1895 | 3 74
i widem favafaerem o «difgst & o=@ 9wt | e fpg T 99 1897 9
1902 T & Heh (X Hff W T 1905 ¥ T F T o WIhaM oh Add qEM
o it WA o FRY 98 W T wW @I F HE 96 q foRq-eTTeed faeHl
T HH I W 1899 H IR Teh THIHLU, Sl S WHMN: SREE FHIH,
FEA T, o MHR R ARRT-R H a0 R Fefkar o1 aof7 feran




e RfIH
(1859-1927)

I=H HE A § HM R gfWel WA (Immuno Chemistry), s@lie  fagm
(Cosmology), S &1 & (Origin In Life) d %ﬂ—grr % BRI (Cause Of Ice Age)

qadft &=l ¥ 3R TEEUl AFRH Wi 9 W YU =fed o, e (iE Tee eE

I I A IR THeh! Torel=r Hil T 1903 # forg-staereai o fawed o fagia @

WA fage o fa@ H 38! STl W 3= WA f99M &1 A6 R el

T TR MOH H3¥d fhdl &R& &1 310] Soig faee # fAfafad aefiete & STER
AT B 2-

MOH(aq) = M'(aq) 1 OH (aq)

eESife 3P o Seltd faermm o Siomifa ®9 9 T ¢ (a9 W) | W SmiEE &
-GN URON 1 ek WA €1 98 shaet 9l o Sl faeed W & @ng g 2
I I S8 gl o g o i T e e Ut @, 9 segife @ge e R

7.10.2 2T A 3FA UG &Nk

ST W SR S7=] (1874 - 1936) TAT 31U WAL oiqd TH. & (1874 - 1936)
7 3Tl WA Rehl i Uk SAfYh TS TR | IR=I-al fagid & T{aR 9 I,

S foer@a W Wie HY <4 W wem €, 3R © e o Ui, S faeEd 9 Wil HY TR
W H 9 ¥, AN B

9 o 37 GIeHel do &R W Ul 2



Tl B0 NH3 & Hy0 # faerd & sse W faam =, fo) frfafea e 9 <z

TR,

NH,(aq) + H,O() == NH](ag) 4+ OH (ag)

SIEC T L T o HAfHd &
B e WJ
A B

SRSl TPl s SUftefd o HNUl & faedy o+ a1 21 SWied sifufsan § S el
Al B d SAHIA YEFAUEl ®1 SHfTU SR HAY: LS TR d &Nk HEd ©l SR

el & sl VH 4 OH3 = ToFiaRd =il =1 I&f NH, TR 3T Tg OH&

TR HRE F I FA T b Td OH& ererel NH, w NH, T3 3 3R

gR % TE, S HHY: Tk Y w1 Sufedfa 1 srufdfa o wRw g fuw €, W

HEOWW e OH& & T & NH, H

ITA-GRE T Feeld &1 6 THR

T e NH, Bl A I RT ot YA ® Al 39k G &N god e e Al

ST o geol §, A SUl WYTHI ek Yed B Al oA <3 9ng o qe ¢ b
Gl ot W Wk eAfafie Wl B € den Wl STl &R H Uk WigH | Bl @l

S H SRgEG o o 3 3JE W fTER H HCI (aq), HyO 19 &l Wl Il
ST I i TE HyO &R &1 Wilq eeR HT 2



[mmwél

HCllag) + H,0) == }]30+ (ag) + Cl (ag)

SYUFd GHIRTUT O @l S Gkl © o S ot Tk R &I Hifd FaeR Ll 7, Hifd
IE W FEU HIA 2| W S HCI § W T HI €, A Hy0* TeiS 1 fwior g

21 o7d: CI% STFF HCl 3T &1 HgHl &R% € T HCI, CI% &R&% &1 Gl o7 21 gt
TR, HyO iH;0* TR 1 T &R% TS Hy0* , HyO &Rk 1 T 37 2

T T 7 T fF T TH oA qO TH &Rk H1 e el qfFR @i €1 HCl ok
1ot fuferan § Sa 9R 1 @ STORR Hidl ©, Sk ST o Wi e @l Uk
3T 1 Hifd TR HL 2

30T 7.12

frefefaa s==g ol o fau dgrdt ame & 22
HF, H,SO, de HCOS,

T

Y °h GIHI &Rehl H Ueh WM HA B @16l 3Td: T §IH &R HhAST: F&
HSO%, e HCO&; R

30T 7.13



TET &I NH,E, NH3 @& HCOO® o fou ¥ o=y o fafam)

T

Gl 71 oh UE &R i STUET Ueh WM ek BT AfeUl 7d: HId WTH T
FAA: NH3, NH*, e HCOOH ¥

30T 14

H,0, HCO3®, HSO,3 T NH; SI-ES3T qefl Ses &8R- bR § 1 H{ Hehd
g1 9% o fou dma Sy v qen e fafau)

'
IR Ffafag aret § e = 2-
LN T 3T HIH &R
HCO5& Fy CO3 o, 2
HSO4 & H2 SO4 804 2&
3 NH, * NH, &
NH 4 2

ST, 9 7 W1 1923 H A il ‘TOETITHATE!’ AT &Nk @l ‘@ JrHETar’



o w0 H qitarfya femam SRl 9% Rl 1 W T, SRS-AN §RE 9 oEd &N °
a5 fogw eiR FE 2, Hifer A € fogidl § e Tkl o g 3d ®, R g9
st fogid o R, wgd W o ugref oft e B, f wel Y 21 %W ol O
BF3 %1 NH3 § sifufshan st T fafire e 2| 39 YR WeiRied T Scoed i

FHI AT BFy AR NHy o §1e f5ha T SHHT THIHT oo 0 T 3T 1 &
w71 39 fufwan 1 Fefafea s grR Wi S s wwa B

BF3 + :NH3 — BF3:NH3

TOFE &% TR, S - AICl;, Codt, Mg?* &Mt TEE T &1 il =eeR & €,
Sk H,0, NH3, OHS TfiRiis St TF Sefae /W T T Hahdl ¢, 59 &N & T8
IER F T

3MEX0T 7.15

frefeafad 1 oEd Tl de &Rl o aifihd shifeg iR oaisy foF 3 THr Heaer it
T9mid &7

(%) HOS
(@) F&
() H
(%) BCls
'

() ifn B M TH o5d &RE €, 37d: 98 Soia g7 T ST Tehdl T



(@) it WIIRES AFH oEd &RE B, 7: T8 WX soeed g9 § 9 R @
T HY Hehal T

() I W oEY oA §, oTd: SIS I 9 YINES M, Si- &TRehl
Y 3 g A Gehdl B

() Ffth IRF IRFANEE BCly TRW TR ©, 3Td: STHIMAT STeral ST STufet ey

&Rl § TR T o Fehal @l

7.11 Al UG &Rl oAl ATIH

furdR qErEfTe T Sfaw sfufwrart s qiea § et 81 3R 9ueH o fou st
HT IR oF STJER Tl T &Rehl oh STFH @i foe=T ITrft 8hfll Wadlien o7

(HCIO,) BTEgRANeh 317 (HCI), BIEgIsiiHeh 3771 (HBr) BIggieTrifess 317 (HI), Efeeh
A [HN03] @ IoHR® 3T [HESO4] At o1 ‘yeel’ wedd ©, i I8
Softa werm A g ool B e guia: fomifea eleR WeHar o gue % i €l

T YRR AIfEH eESiRES (LIOH), Hifsdd TESiEES (NaOH), defimm gEegiedrs
Ba [C}H]_‘3

(KOH), Hifiam gEgiaEe (CsOH) Td i TRgiauEs , Seftg mey o

Hrd oAl W e quid: faEfea gt (ANOy) ao op s 2 1 smifrers fogi
o TER, ¥ Yod &N §, i ¥ Aemd H goiq: foifed gl hEen: s 31 e

W B fashoud: st o R 1 WHed oTll UH ARl o sRsd) fagid % eER

TN S Gehdl B1 THoh ITER, ‘Yol IR’ W arcqd ‘U IWH WSl Ud Yaol &R |

e ‘3ITE gerEEl 7



gocl 3T HA o STr-&R foraiisH 9 W o= &t

.I—]A[aq} + H,0(l) &= H,0%(aq) + A (eq)

@< 7.10.2 # T 3@ Tk o™ (1 &Re) fodSH 9/ TH Ui oF oW TE waig feem
Y T ¥ g Tk Tieh el @1 3d T8 UYA Sodl € T A " wiaes ®, @ °%
o o | foed oo o SRR BIm? 3@ ywifad et Weh Sol shid | 82 31 Ul oh
SW A ok foau gm0 fadiem wr ¥ ofiafad S swall (31 aRepl) oF 9Hed i qorl ok
ged ¥ foar &8 Swis afvfa sta-forie dr # Sufferd 31 el HA T H30' ™
foam &Y 4 g8 @A e TR T WS- Yad WeHS 71 e 4 i faget off
yga =1 W Afew TR, 98 ‘Yae ST’ HEeU Ud G Jad ST i T H SWRR

T S, 9k EE RO Y yad oA T, df HA WeH I %AW, Ha0* e faeem
¥ qed w9 9 - U 9% SEA el W ged ol Ue &) i faen § ST g €,
Fifeh YaIer 3T YA QW okl Wi ad 21

T ITER, Yool o7l Sl | quid: Mafa giar @1 uRomd aRes stedd g =i, eterfq
Yod STl o WY GRS oTAd o B §1 YOel T S Waelieh SR HCIOy,

SRSIFANG T HCI, TREONHE: ST HBr, TRSSTEIfeH: o HI, -gfew swd

HN H,SO

DS,WW

NOs% &= ', s HEO@[ i 3ol ek 21 THT YR ST Yool &R, 3T ged

I M, Tk TH A A, WG- HA o] Sufeerd @A AR o7 (HNOQ.),

CH,COOH,

4 e g el o HWYTHI &R ClO48, Ci&, Bré, 14,

BIESITIeTeh 3T/l (HF) Td TiHfesh 370 ( SdlehTcHeh 3ol o7 &1 I8

I A TR g ® fF gdd ol oh WY efRe oTid Yeel B4 | SIeR0 ok ferg,

N, OF T§ H& 399 UeHuE §1 o : HEO Y IAd U9 &R ol TR,

SHeTEHI =] R St H facia Freften A gea Tl #1 9ifd IeeR #d 21 TR




A (Hin) 92 G &R (Ind) fa=1 41 <wifd €

HIn (aq) + H,O(l) = H,0"(aq) + In"(aq)

-6 -4

T ARl 1 ST 3t &R SIgH H ekl o &9 H H* oIFAl &1 @igal ke &

fere e s 2

7.11.1 ST ohT I T W 3Rt STMATh TUTHwS

T e 7.102 ¥ T8 <@ fF g e (S9 ww@) o fafyre i & #Ro ot W
- T 1 & SHIER T Thd ol 37 HA i SUfedfd § I8 Wi T80 il &
&Rk 1 & HdeR Hidl ¢, Seih & B® @1 Sufterfd o =@ Weid I 3t 1 e
RN HN Bl YS A HyO T Tk 3] Y& a1 © T T i TRE FIER Hdl ¢

qoT Sl T SO Y] Tk e TeU il & U Ul THF &Rk i e HI8R Hdl ¢l
frrefafaa wrameen wonfua gt 2-

H,0() + H,0( = H,0*(ag) + OH-(aq)

feie feerien &1 B9 39 9@ TS| & ©-

K=[Hz0* TLOH &7/ [HpO] ceooovveovreereerreeer. (7.26)

S 1 Wi & W g I B, Hifh gHH! Wikdl R @l 71 [H,0] Hi W feerish
gftferd w6 W T2 feri® K, W< e €, 59 S #1 smafies WHEd Fed 2

Ky =[H TTOHE ] oo, (7.27)



298 K T YEIfieh ®9 H* 3@ w1 |igdl 1.0 x 1087 M U T & &R Sl o fosH 9
3T HY 3R OH® 3Tl 1 TE e 2t w2,

gESIRdel 3Tl i Figal, [OH¥] =[H*]= 1.0 x 1087 M
79 YN, 298 K W K, 1 AH

Ky = [H3OT[OH& = (1 x 10872 = 1 x 108 M2 ..o, (7.28)

K, 1 M a1 R feRk &2 2, Fife a8 grameeen fens 2

S S H S 1000 g/l © SR SHHT HieR SeA9H 18.0 g /mol @1 TEE YE S i
Hieldl B9 39 @& el Hehd @-

[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M.
39 YR, faaifsa wa sifaaifsa Aifsa sl &1 STum-
1087/ (55.55) = 1.8 x 1082 or ~ 2 in 10%°

(39 YR | GEra: Al Siet o 1Rl i SR T ?1)

AT, N SR IR Seld gt # H30* Td OH® &1 Wixdisti o wifears ol
gm0 fadfeq feran S Hehar -

IRAE ¢ [H30"] > [OH |
S : [H30%] = [OH® ]

& @ [H30"] < [OHS ]



7.11.2 pH @&

BIESIaH ST i HieRkdl ¥ HIgdl Sl Ush T[UTh A AT9%H (Logarithmic Scale) H TXad

Y wef¥ia foran Sl @, fo9 pH Whet el S 2

BESIS 3T¥F sl ishadl {Elli ) o BUTCHS 10 3T TEFIUehid | i pH Hed 2|
FH Gigdl (<0.01M) T TESISH I i AfhIdl, T&HE 9 ¥ TEH! Hiowdl, S (HY)
EN YR T ST 2, % qod el ¢ BIESISH 3P I WHIAA Hi F1E SHE AT Bl ©,
T T gHIR R uRefid fmar S wshdr @

'aH+ = L] el L~
frfefaa Tt pH T eEgieH TEH Figal W Hew g9rar &
pH =-1log a,, = -log {(H*] / mol L}

TH TN HCl o Twefid faerad (1082 M) o pH &1 ®H = 2 Bial 81 S8 & NaOH &
T A oo, fSed [OHE =10 84 Te [H30%] = 10310 M T pH = 10 BflI G qen
SEEH S § 298 K T BESSH A Wi digal 1087M Bt ®, gEfeTy gEeh pH = &log
(1087) = 7 B

Ife g Sty forerem orefi™ €, @ SHehl pH7 ¥ %9 Td IfE o8 &g €, °f STl pH 7
g sfares g

ERIEOL
ey faera &l pH<7
I fae™@9 &1 pH<7

ST fae@s &t pH =7



316 298K W YAMIAR THIHT 7.28 T Hi-

Ky = [H30" ] [OH% ] = 10314

U0 o A SR T FIMHEF AU o We
&log K,, = & log { [H30* ] [OH& ]}

= & log [H30™ | - log [OH& ]
= & log 10814
PKyy = PH + POH =14 (oo (7.29)

¥IF 3 A 96 a8 © TR Fafy K, ®1 99 d9ed % 919 gidfdd e 71 qenfy qsen
o WY pH o T | YREd" a9 HH B & foh e STehER SHH! IUe HY 3 B

pK,, S faeemal & foru meqel afer Bt 21 9% eEgNA dun SEgfedd STl i
gisat i el @t €, e T oETed felis B 71 o: I8 sarad ® % pH
AU [0 el €1 pH o O H Tk 3% aiadd 1 31 © [HY] &1 disar § o
10 &1 IREGH| TEH TR IS TESeM 3EH Figdl [HT H 100 U &1 9Read @, a pH
% O U 2 THEE o1 URAAT RMI STE 3T gHY MW g fh = a9 g’ pH | uRedq &t
IULT B FL A T

Siferer T wETEA-Heet S faerEm o pH T WA Sfues fevd s ©1 pH UW,
s fafim = ot faoe o fe-fee 0 3@ 2, %1 @8@d W pH % OIS W W gl
S ST Gehal 81 Sl =R Riaiel pH YR fierar 21 @ & W fm-fim i
fm-fm 1 < € (9 7.11) pH YR g1 1.14 T o pH OH WHT 0.5 i Femefd
qeh J1d T ST Hehar B




o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

mEE

fers 7.11: 99 pH W R 37 3Har6it pH TR Ht TR gfeEr

=9 gMeddl & fau pH Hier 1 SUEm R ST ©1 pH Wi TH UE IS ®, S
wlieror-faere o fag-fawa W i@ pH &1 A9 0.001 Jenefdl e Il ©1 STk

aR o et o SReR SR pH HiEX SUeted g U &1 %9 9mr qgiel 1 pH
diferept 7.5 § & T &

3ETET 7.16
T qged o A H TGS STEF HY Wikl 3.8 x 1053 M ®| THHI pH FT EAT?
'

pH = & log [3.8 x 10%3] = & { log [3.8] + log [1033] } = & {(0.58) + (& 3.0)} = & { & 2.42} =
2.42

3d: U9 qged W1 pH 2.42 © FE AT B
ISEIT 7.17
1.0 x 10%8M HCI fae™@™ & pH @I AT 1|

k3l



S

2H,0 () ©  HZ0" (aq) + OH&(aq) K,, = [OH3][ ] = 10814

AT x=[OH3 J= S | W< H30" |

—k

H4O* | (i) ST Ffeid HCl § W Bl € S - HCl (ag) + H,O () ©  H30* (aq)
+ Cl & (aq) T (i) STcTch STEFIRIOT § W &It €1 F@l Ml H{0* ST W =R
HET BT

{H;0" }=10"8 +X
K, = (1088 + x) (x) = 10814
e x2 + 1038 x & 10814 = 0

[OH&]1=x=9.5x 10%8

31d: pOH =7.02 T pH = 6.98

7.11.3 I A oF MR Feeiah

3N, Sehg oo H o7feh ®9 9 afa U gaa o HX W foemr &)1 F=fataa
giteRon § 9 fRdt off gt g sifaifeid HX Td Al HY(ag) @am X&%(aq) & A=x
T AreTeEen 1 YR fhan S gehar 2

RO 7.5 F© " et @t pH & we



=9 % AH pH F9 % M pH
NaOH @1 Hgw faer ~15 Eaciicakal 5.0
0.1 M NaOH faera 13 T HT ~4.2
ERlcalicl 10.5 g T TR T e ~3.0
fiteeh sife i 10 -t -2.2
#E | TR WM, WY 5 7.8 H-TH ~1.2
HHE-FE 74 IM HC1 Terer@ ~0
EC) 6.8 E HCl ~—1.0
A -FEToAT 6.4

. N

HX(aq) + H,0() = H30 *(aq) + X%(aq)
TR |igdl (M)

c00

Ot A ST ST OET 2

qigar | afEda (M)

-Ca +ca +ca
e gigdl (M)

C-Ca ca ca

&l ¢ = SAfaaifoa oTrel HX 1 IR Figar 991 a = HX o 3T+ ot | 2l

T Hopash! @1 STAM X ok &H Iuda 3T fadieH 9 o e aramersen feags o
T Hahd |

K, =c?a?/c(1-a)=ca?/ (1-a)

Kg ® o/ HX &1 famiem =on e feemier #ed 21 39 Sfous €9 9 39 30 TN
THieRdl % €9 ¥ Y wT T &

Ky = [HT X1/ THX] coooeeeeeeeeeee (7.30)



ﬁsﬁﬁfwﬁmmKaﬁrmmeaﬁmwm%,mKawm

R atferss R, sret Sa @ srfere vt erm K fammfen wiftr 3, R woft
ST ot Higar sl qrer-araeer 1M 21

T T gL ST oh IH-TeeRis grof 7.6 # fy My ®

BRSSP Wigal & g pH HUswW 3o SyAnt € fF @ pK, & Sifafem o
v wd i o fow off v fran T R

g4 U,

PK,; =& 10g (Kg) oo (7.31)

I o A feein Kg e yRiwes @igdl ¢ 96 BF W HE ST st W Higdl

qUT 3771 o ST 1 AN O oo™ &1 pH &1 TOHT e 2

IRUft 7.6 : 298K W FS I U 9 3Tl oh A TEeish o6 A

A AT o+ (Ka)
TRSIFINE 317 (HF) 3.5 x 1074
A 3T (HNO,) 4.5 x 107
FIfsh A (HCOOH) 1.8 x 104
f&mE[ (C.H,NCOOH) 16 % 16:°
uHifeh 3T (CH,COOH) 1.74 x 105
s=igh 3 (C,H,COOH) 6.5 x 1075
BIEUFRINE 3% (HCIO) 3.0 x 108
gRSMEEME® 3 (HCN) 4.9 x 10710
HHA (C,H,OH) 113 a0




qeel faga-TeIed # pH 3 T& ¥ Rl 1 geRdt 2

ug-1 fodem 9 qd Sufterd Tei i 923 AN oT/ERE o ®9 W 99 A S 2

ug-2 oot wufaa efufwanst o foau dqfaa e fom o €, S-odefs, s epa
T GRS o ®9 H FHE w2

W—3ﬁKaWﬁWﬁmmﬁWé€wﬁﬁr@aﬁmcndl%,cislrch
o rfaferad g erfufpag @it 7

ug-4 wafhe sl 1 |+t el o =1 9ml %1 ol o w9 § geftag fea s
3

() IRIYeh Higdl, ¢

(@) 9 i 3R AT 1 W 31 ! 460 o o 9 § digar ¥ gRacq

() | EIEd

Ug-5 e Afaforan o fau wrerewen feeis wHfie § 9y Wigdet ol WH o oh
fae 7@ & 2

u=-6 & Afafewar w1 Theie #1 Figdr w1 T0F1 Fd 2
qg-7 pH i AT

pH = & log [H30™]

ST fafy 1 59 3R T U T -

30T 7.18



HE 1 s e 02210 7 3y 00om faem § HE @ e @ TEn
IR foere™ ® Sufeerd wed TRAST (H30%, F& Qe HF) &1 Tgal 9o pH &t oM

HifsTq|

'

Frefafaa dief werian sifafma gag 8-
._*..

(1)HF +H,0 © HzO"+F K,=3.2x 10"

—

(2)H,0+H,0 ¥ HzO"+OH K, =1.0x 10714
Fiifn K> K, I arfafean
=
HF +H,O °  HzO"+F
piricois e i (V)
0.0200 (0)
Higdl IRed (M)
&0.02a +0.02a +0.02a

= Higdl (M)

0.02&0.02a 0.02a 0.02a

T Afufsran o fou g wigaet &t yfaeanfiad +0 ®

K, = (0.02a )?/ (0.02 & 0.02a ) = 0.02 a® / (1 & ) = 3.2 x 1074



Y frefafead feerd gt g 8iar 2-

a2+16x102a&1.6x102=0

feerd-aHiento] i 8 3 W o o & TH I B o
a=+0.12 3 -0.12

d T HUMHS TF G99 T8 ¢l od: a=0.12 < ¢ T & °60, a=0.12 &

T THES (S-HF, F~ 9 H0*) 1 T Hisdd 39 J&hR -

[H30"=[F1=ca=0.02x0.12=2.4 x 103 M
[HF]=c(1&a)=0.02 (1&0.12) =17.6 x 103 M
pH = & log[H*] = &log(2.4 x 107%) = 2.62
SETEIUT 7.19

0.1M Thel &0 375 &1 pH 4.50 B1 FrEme®el T HY A- 9o HA &1 |igdl &1 TOM
HITT AT & Thed T 3T oh K 91 pK o AM i i 701 shifsu)

'l

pH = - log [H]

[H*]=10 PH = 1040=3.16 x 10
[H*]=[A]=3.16 x 107°

Ka = [HIIA"]/[HA]

[HAlgre=r = 0.1-(3.16 x 10°%) = 0.1



K, =(3.16 x 10°)?/0.1 =1.0 x 108

pK, = - log(108) =8

denfeqs €9 9 ‘foriem wfaea’ fRdt gda ort 1 wmed &) MO w1 SvERh
A9 B1 TH 39 YRR A T R

= [HAlfg=nftsg / [HA] sefiger X 100% oo (7.32)
30T 7.20

0.08 M BEUEARY 3T (HOCI) o fae@™ oF pH &t TUMT SIfSTl T T ST
feertier 2.5 x 10° ®1 HOCI &1 faaisH-wfqerdar T shifs)

T

—

HOCI(ag) + H,O (I) *  H30%*(aq) + ClO™(aq)
IRk Higdl (M)

0.0800

qrTEE] o foe aiEdd (M)
& X + x +X

= Higdl (M)

0.08 -x x x

Ky = {[H3O+] [CIO7]/ [HOCI]}

= x2/(0.08 -x)



x2/0.08 =2.5x 107

x2=20x10%, 39 YR, x = 1.41 x 103

[H*]=1.41x 103 M.

HAd:
ferisi Sfastadt = {[HOCIlfsmife / [HOC srfiqss} * 100 = 1.41 x 1073 /0.08 = 1.76 %.

pH = -log(1.41 x 103) = 2.85.

7.11.4 G &Iehl R I
&REF MOH 1 38+ Fefafead I gr e fRan s ahdl o

MOH(aq) — M*(aq) + OH (aq)
A I FTAEEl i e Fod &R (MOH) ST €9 ¥ oA MY & /oA
OH& H oafd B B &N ST o Greee-fenie o1 dNeh AT TReRidh el
ST Bl 38 'Y K, § YR e €)1 gt Tl ) areen gisar gowa ¥ fefated
THIHTT N TR T S e-

Ky = [M*1[OH]/ [MOH] ..o (7.33)

fosreud; af€ c = &R H1 YRfAs Tigal 3R a= &k o STEFT 1 |

STd W U gt ¢, 99 | fenis frefafad w9 9 fomen st g -

% T U &NGhI o MFH-Teeish K, @& A greft 7.7 o fxw 7w 2



Aot 7.7 298 K W &9 gacT el oF 3TMI-Teeier oF aM

&h K,
TEAMYAUTA (CH,) NH 5.4 x 10
TRUfUEEHT (C H),N 6.45 x 10
A NH, or NH,OH .77 = 10"
A (U aESidaE 3TE) 1.10 x 10°°
€M C HN 1.77 x 10*
Uffefd C H_NH, 4.27 x 1071
I CO (NH,), 3= 10"

w2 FHrEe AE THT H W go9d R 21 TH omifEn o g €, fod s o
ffureh eIggeA W] 37 Tgel g1 faeeiud eid 81 S9- AfyeriHiA, widH, faerie qen
fepife, weft oga goel e €)1 SHfeIT 3ok K, o WM &gd S 8 21 i St |
frefafed sifafwan o woe®y OH 3T Scid il -

NH,(aq) + H,O(l) = NH,*(aq) + OH(aq)

BIEGISH 3EA Higdl 8d pH hdl ol SUAh € o 38 o wiehe we wiymai o ferg ot
T TR T R W YR

PKp, = &log (Kp) wevveiiieiiiicii, (7.34)

33T 7.21

0.004 M BESSH foe@ =T pH 9.7 €1 3Hh K, G pK,, ! 70T st



S Y

NHoNH, + H,O © NHoNHg* + OH

TH pH § BRSNS EA |igdl 1 TUHl Y Ghd &l BESSH AET Hisal A Hieh
AR S o AR UG W B BESHHEA FH hI Wigdl HI TUMAT Hd B 39

EEJIE

[H*] = antilog (-pH) = antilog (-9.7) = 1.67 x10710
[OH]=K,, /[H]=1x10"/167 x1019=598 x 10°°

T TRSSIH S i Wigal &1 qF o RS 39 &I Figdl o g9 Bhm|
T A STEET Rl WSl 9gd HH B SFd: MfGAfd @R 1 Wikdl 0.004 M W ST
Herdl B1 39 YK,

Ky, = INH,NH5*] [OH] / [NH,NH,] = (5.98 x 107°)2 / 0.004 = 8.96 x 10°/
pKy, = -logK,, = -log(8.96 x 107) = 6.04.
IETEIT 7.22

0.2M NH4Cl @2 0.1 M NH3 o figior 9 o+ foer™™ & pH w1 M1 IfST NH3
faeta= &t pK,, = 4.75 T

T

S

NH3 +H,0 *  NH," + OH

NH3 @1 3Ta feerdien

K, = antilog (-pKp) 31%



7.11.5 Ky AT Ky, | Gaer

39 o W BH UG Yoh § T K, q¥ K, HHY: oA SN &Rk @i e e guid )
T eTA- e g H 9 TH-gE W Wleldd &9 9 Hed e g1 47 T 1 4F [ €,



df @ H T fHA S GHRAT T NH,* T NHy o 310 i1 o= 3 &

—

NH,*(ag) + HO() *  H30%(aq) + NH3(aq)

Ka = [H30"]I NH3]/ [NHy] = 5.6 x 10710

—

NH3(aq) + H,O() ©  NH4*(aqg) + OH (aq)
Kp =[ NH4*][ OH]/NH3 = 1.8 x 1075

.

F€: 2H,0() © H30%(aq) + OH(aq)

Ky = [H30' [ OH& 1= 1.0 x 10714 M

Kq NH*4 %1 375 & &9 H T Ky, NH3 1 &R o5 &9 § med quia 81 e aifafwer §
WM 3 g 9 T8 © f wigt W s o O feeRis %1 AM K, 9 K,

U o SIE el -

K x K ={H,O'l NH,] / [INH* I} x {INH* ]
[ OHT / [NH,]}
= [H,0°] OH] = K,

=(5.6x1019x(1.8x109 =1.0x 104 M

T 39 GEAR R SAE ST Gehdl - ar 91 wbrar tfafeRatstt l Sie WX SHeht
Fe or erfuferamr T ArETaRen-fRemies wes  ItfufeRar oF  AnETeRen-femies o
UMt oF ST EIaT &1



3G JehR HETH &R g o ferg

If¢ Tk 1 A WA €, A I hl A (HAT S Gehal @1 TE UM A Aeq TR Hee
3T T GITH! &R gl q91 ool 75 oh1 W &R Yol Bl €|

Jehfeqh 9 ¥ ST THIR K, =K, x K, 1 &Re-fadem ararecen sifafeman o o
TH I Y Gohd -

—

B(ag) + HyO() *  BH*(aq) + OH(aq)

Kp = [BH'JIOH]/ [B]

ofer 9@ 1 wEar feer Wt ¥, o 3@ W W oz fem W € oI ferem feemiw A
Tfafera #= faan T 71 SwgEd TR S [HY] W O A qel 9 3 -

K, = [BH*|[OH][H*] / [B][H"]
={[ OH'|[H*]{[BH*] / [BI[H*]}
= d

Ka x Iﬂ} = JKW

Jg &4 1 AE o ? R Al S iR orpquies faen Sy, @t W et qen e o
AT 1 Gatud fRan ST Hehar -

pK, + pKp =pK,, =14 (298K ™)

30T 7.23



0.05 M STHIFT f9e™@ 1 A | T pH A hifold| THIHT oh ST Feedis
1 A difers 7.7 | T T @1 e o Sl ot w1 omae ferie off W
HIfSTl

T

ST H NH3 1 A 39 YehR SRIT ST Hehdl ?-

—

NH3+H,0 ~  NH," +OH-

(7.33) GHISHIU1 1 STAIT HT oh BH SESIFA ST Hi TiEdl I TUFT T Fehd -
[OH]l1=ca=0.05a

K,=0.050%/(18&a)

A 1 AF A €, o7: THI0 § € 3R o B 1 1 qorl | a I T A Hehd
2l

3Ad:

K, =ca?ora=1(1.77 x 10°/0.05) = 0.018.
[OH]=ca=0.05x0.018 = 9.4 x 10°M.

[H 1=K, /[OH]=10"%/(9.4 x 104

=1.06 x 107"

pH = -log(1.06 x 10°1") = 10.97.

I 3Tl R T o foIu Hey Jga S W

K, % Kp = Ky



AR 7.7 § W@ NH3 o K, &1 AF WH W 89 NHy - o HZH 3% 1 Hixdl
frertet ehd 2

Ky =Ky /Kp=10"1471.77 x 10°

=5.64 x 10710

7.11.6 Tg Td 9§ §IReht 37T aoT fg U ag 1T §”eh

safcrsh ofd, HeRfieh TR T HIEhIRe oTF ol o 3wl H Ufd 19 T&w ¥
Hfush T BH aTel WieiF Bid 21 UM 3Tl hi wg-&Neh! A1 uiferdiiees 3l o A 9
ST ST @1 SREone-fgaReR g oA HoX & fou s eifufwen frafafea wiewon

UG [

HoX(ag) *  H*(aq) + HX(aq)

I

HX(@@q) © H*(aqg) + X*(aq)

fa o

N T ST FHieRl fefafEd -

<.
L= {IHT THXTE THoX] oo, (8.16)
K, e
qe e (St WA (2. (8.17)
K

I i K“-aﬁWHzxwum@ﬁ?ﬂaW—WW%’laﬁwH3Po4
S fremsE o o fau diF emerA-fes €1 oo dididifes et o SEH- e



& A 9RUl 7.8 H ifRd

qruit 7.8 208 K W 8 = uieivifes 3l o AEH-Reieh

A Ka, Ka, Ka

At 37 5.9 x 107 6.4 x 10°
TEhHIdeh 3T 7.4 x 10™ 1.6x 10"

3

HeRd 3t 1 710" 6.4 x 107
O 3T+ ERIEED 1.2x 107
el 3TFe 43x 107 5.6x10™
HEfew 3 74x10" 1.7x10° | 40x107
RTERIH 27 7.5 10° 62x10% | 4.2x10™

K K,
ww%@wm%ﬁ%mmasﬁmazw( K

feerient @1 A e Hife & emaA-feerie (K,) @ &9 8 €1 3Tl &R0 98 § fF fer
fogd-acll & RO FOMHS T Y UcHh Feq Fehifad e givewa 81 39 FEfiE

H,CO3 @ 3Taffd HCO3 & e ferram ¥ <@ =1 §&hal €1 36 wohr fgemafem

:2_
I—IPO4 FUREE ¥ HyPO™y 1 Tl | Wi 1 sk wfsd g 2

5g Yifew ot faoam o ol 1 fasgon g @ HoA S fguifess o & T, HyA, HAS
AR AZ 1 oo g 21 gt fafw § HyA w1 fadisT 9o Hy0* wfEfed e €,
S oS o Yorg =X § U 2l e

7.11.7 3TFA-TMHLH ohl YHTIAd hiaT Rk



3T AT &R i ATTCHS Aed &t fae=m o uvarq g9 fedt fKu gu sl &1 pH 9M
H AN FR Fhd &1 Wy I T S Bt ® 5 pw o7 3 Y o H Waa
B B2 3R e Yool STl ek I €7 ST S Uk Siee aed B Al q&A
®9 U TH IE FE Ghd © T TH oA & fodeE #) @i H & A o9 w1 Wmed T
gaurar R feft Fxedt 2

AHIE: S H & A 4 &1 gmed wedt 8, 1ufq 5o o foiom o stewas St wedl =,
dl HA 1 oTrt-Gmed a5dl B1 S YR W HA 3T 3ifush ydig eiar €, e1efq H qen
A TS % HeA fagq-SROT 1 S "gdl € SR Say YRl ghed B €,
el o1 oo TRel 81 Wl ®, S erwedtaar | gfg s @

W FE M I AT 96 qE 7 F 9 a9 A e RN % U ¥E & ad o, @ 5
H YT Upfd 1 o H H& A 2Ty |med stefiad & fuior o yg@ wRe g @)
i o F= AR WM W S-S A T SR Sedl €, i-ol H & A 3Tee wmed s
g e 3Tl EHed wed! ¢ Sereumek-

AR H g
HF << HCIl << HBr << HI

>

'

Al 9w H dfg

T WHR H,S, HyO ¥ TeIeR 7 T

WY W9 BH ek GRUM o Uk € e o well @i foeredl hid €l H & A 3T
yaural r-aed 1 fauifid w0 A Aoyl wRE B S @1 SA-sA A HY fagam
ol &, -cdi 3t 1 wHed ot dedl 81 Sy




A & fogamom | gfs
CH4{NH3¢:H20{HF

I WmeE H gfg

7.11.8 3Tl Ud ekl oh I | AW IMIT qATH

U, UHifesh 3T 1 ST o, fSuent foas 59 arameken g WS fovan <1 gand

?-

.

CH;COOH(aq) ©  H*(aq) + CH3COO" (aq)
._\

FYAl HAc(aq) ~  H* (ag) + Ac™ (aq)

K, = [H*][Ac 1/ [HAC]

teifes ot o T § UHee 3 i e W TS Sl i Wigdl Sedt 81 gE

YR AfE oRl ©id § HY oEa THemu S, o Sremeeen stfadifd UHifes o7 i oW
forconfua &1 ot 2, erefq 9 fon o onrR Tt €, food wRgeM A Wigdl [HY] sedt
B g T §H SIEA Y9G k1 SIEA ¢ Rl @ uwed & fhem @ S foeed @ d
ud o 3uferd eafTeh Tiei il iR SUTe e G 1 fagenfua war €, 9%
W I UTE’ FHEA 2

3Td: B0 g Hhd B Th 99 3 Y9d oA-vaferd fagid w anuid 7, 759 89 @ 7.8
¥ ug Ik 2l

0.05 M THIRE 3¥F i 0.05 M UHifcsw 7 | ™ W pH 1 0N 89 3H TR Y
THhd



HAc(aq) = H*(aq) + Ac(aq)
TRIYR HiEdr (M)
0.05 O 0.05

afg x Udifesw ol | A &I A0 &, o "igar § afedd (M)

—X +X +X
e Higdl (M)

0.05-x X 0.05+x
g4 Uk

K,= [H*I[Ac” J/[H Ac] = {(0.05+x)(x) } / (0.05-x)

ool 3T o AU o %W 2T ® x << 0.05
3Td: (0.05 + x) = (0.05 & X) = 0.05

1.8 x 1085 = (x) (0.05 + x) / (0.05 & x) = x(0.05) / (0.05) = x = [H*] = 1.8 x 10°M

pH = - log(1.8 x 107°) = 4.74

30T 7.24

0.10 M THifTn fae@ &t pH &1 TUAT HifSW| 39 e & 50 mL &l 0.10 M &
HClI 3 25.0 mL & Sifafshal @M W pH &1 TOMT HifTQl i 1 foem
e K, = 1.77 x 105 ©|

T



NH; + H,0 — NH,* + OH"

Ky, = [NH,*1 [OH] / [NHg] = 1.77 x 107
SR 9 g

[NH " 1= [OH]=x

[NH5] = 0.10 - x = 0.10

x?/0.10 =1.77 x 10°°

x = 1.33 x 103 = [OH1]
AT [HY] = K,, /[OH] =107 / 107 1%/(1.33 x 103) = 7.51 x 10712

pH = -log(7.5 x 10 1%) = 11.12

25 mL 0.1M HCI fae@a (s1erfq 2.5 et |t HCI) &t 50 mL 0.1 M stif=n faemm
(ST 5 mL T NHy) ® faam ® 2.5 et e smifen 7o) Saefiiga & S &

39 75 mL foeed § SA{EEHRd 2.5 fHefmi NHy &0 e 2.5 fieftaia NH,® ©
I

NH, + HCl — NH,* + CI

25 250 0

T 9T

0 0 2525

oot 75 mL foeEm ® 2.5 faefmiel NH,* TE (0.033 M) € I @i @1 e:
NH,* &1 el Higdl 39 FhR < St © - [NH, *]=0.033 +y




JfF @ %W 7, [NH,OH] = 0.033M T [ NH, * ] = 0.033M.

B WM § R

Kp = [NH4 *I[OH]/ [NH4OH] = y(0.033)/(0.033) = 1.77 x 10° M
d: y=1.77 x 10° = [OH]

[H*]=10"4/1.77 x 10° =0.56 x 10°

pH =9.24

7.11.9 TAUN T TA-TUTST TS ok TaeTa T pH

STl U1 §Rehl oh Mv=d o9 § SIffshan g1 ST T Savll &1 i H A Bl
B ST g S ¥FEE, HOMEA Selid faerae § Sordited g € O S o eAfufsmean sk
A Yepfd o STER 7 I &R i 6T $id &1 il qel = el g i
Al W BN STl ST UiRAT W CSo-3TUsEd’ hed ©1 39 ST feRar 9§ pH gwiferd
gt 21 e &Rl g XU MU vARE (3EnY- Nat, K, Ca?t, Ba2* o7f€) den yed
sl g XU MU KoM (SsEIoned Cr, Br, NOyT, CIO,” 31%) sheel Siel-ifsid gid €,
Sie-3roEfed e e €)1 sy weiel ot e Yol &R W S ofgun o Hiel S B
g1 A ST pH 7 Bl 21 TR 3T YR oF o0 1 STl SATEEA Bl

319 7Y frefafEd aeu & Si-a798ed R faar &9 o

(i) 3T 3TRAl TS Yol &kl o ofaIul, IET8L0Ne- CH3COONa



(ii) JoT Al TS ool &eh! oh 10T, IEX0Nel NH,CI, qel

(iii) goicT 3Tl TH gocl &RhI oh o101, IqBLUNe- CH3COONH,

g 3T H CH3COONa, 3o 3T CH3COOH Tl Yol &R NaOH T W& 8, St
St forerm o quiden st e S )

CH3;COONa(aq) — CH3COO& (aq)+ Na*(aq)

39 YR 9 THRS AFF Sl o WY 9o AU el UHifesh o 91 OH 1Ml o1
frmfor e 2

S

CH3COO(aq)+H,0(l) ©  CH3COOH(aq) +OH" (aq)

UHifesh 3t U qodt 3 ® (K, = 1.8 x 100), W1 foeraq o st & war @1 39k
wR faerad § OH oAl 1 Wikl ¥ dfg = it €, < faoem 1 e oAt 21 3
ThR o faer@ &1 pH 7 ¥ <9 et 2

3Hl TR TaA &R NHLOH T Yol 3 HCl § &1 NH,Cl ST ¥ quiqen Tafa ot

ST 2

NH,Cl(aq) — NH; (ag) +CI" (aq)

SR SISl ST9Ee B ¥ NH4OH 3R H* e1eF o &

NH; (aq)+ H,0(1)= NH,OH(aq) + H" (aq)

I EEElFIES (Kb = 1.77 x 10°) Th qodl &R 21 48 faoe o Fm@fa &ar @l

sqoh URUEEEEY faeraa o HY 319 |igal 9@ Sl 2 @R faema &1 sreltg a1 @ 7
3Td: NH4Cl o 5@ | foe@d &1 pH 7 9§ &8 3m|



T 3T T G &N G AT T AA9 CH3COONH, o SIAi-3T99IeT &l 3@| $Heh

e/ T&u U Al 1 STUEed 39 YRR BT -

CH5COO™ + NH,* + Hy0 == CH4COOH + NH,OH

CH3COOH T2l NH4OH 37if¥Teh €9 § 39 TR SToHIhd & &

S

CH3COOH *  CH3COO™ +H*

S Y

NH,OH ¥ NH,*+ OH

.

H,O ¥ H'+OH

foer 9 o forw for kel ST edar @ R So-sTaEed &1 AN oo o gigar 9
WS B 1 ord: faered @1 pH ©-

PH = 7 + %5 (Kg & PKp) crvveoeeeeemeeeeeeeeeseeesseeeee (7.38)

foeraa &1 pH 7 9 SmET BhM, AfS STaReATHS &l 941 pH 7 § FH B, AfK FAR FOMHS
2.

30T 7.25

Udifesr o/t 1 pK, AU SHIEH TRESES H1 pK, HHEIA: 4.76 IR 4.75 T
A THee fae@a &t 9« 1 AT SHifsu)

T

pH=7+7[pK, - pKp)



=7+ %[4.76 - 4.75]

=7+ 1[0.01] = 7 + 0.005 = 7.005

7.12 ARI-Tae=q

TR H Sufterd % WA (SIEONSIH a1 §A) o fAf¥ed pH e €1 gk pH H gl
ufted IR @& Sl @ %™ T HE (Malfunctioning) T ek 21 %2 TH@fH T Sfeeh
sfafanstt ® off pH 1 fEE0r 9gd Hewayel Bl ?1 wE et wd g gl
(Consmetic Formulation) w1 fordt fovi pH 9 @M STl % Td IRR T yfase Sy S %I
o faeram, fS9eht pH @ ST 3T9ET 3 o1 ek ol ISl O AE e & &g

ot smafiafda @ &, ‘W—W’Wﬁ%lﬁﬁpH%ﬁ?ﬂ?&WﬁpKﬁ

K . . . . :
qAq gRE ok P b3 fafgq Al qen ol SR <aull % STUNd AT ITRAl qel TR ok

AU o TR g S ©1 Ufafes ewel qen wifesm wfgee T fHHOT SIS pH, 4.75

1 TR oo a1 § qeN STHIEH FlEe UH STHIIH SESeEe 1 THHU pH, 9.25
a1 &1 SR Tt oF aR o S=u wensti | 'W 3R eifien we|

7.13 3TCUTTAT AIIUT hl Taaar ATt

e T € T v o et ol w1 faeigd § wgd o Wl 21 T 9 P al g
sAfer foeia (S fewad FNEe) € 6 9 whfa o oEauel 8 € den agHsd 9
SA-ard I Y o B P o (S8 Slifam wqeiRge) *i faciEd o %9 © fw
T GE 9 g e’ wed €1 faciaa wE el ) fsRk s ®, e 9 g @,




G0 T Seleh o1 (Lattice Enthalpy) e faoed # el &1 faomes tded 81
vl Hi faeias ® e o fAu oAl o Hem Yo STRYUl Sol (Seish Uedt) o
SA-Taemaes == foran sifuesr =M1 =ifew) oAl &1 faemas Toed =1 faemehed &
w1 H frefud ot €, S 939 Homcrs gt 21 o oo ufear § e g et 2
faetehiam Sei 1 ann foames # yefd W feRk B 21 styd (WeEdEn) T
Y faci@eia wedi 1 9B %9 Bl ©, S A0 i Seleh SSi i e (Overcome)
% o wem T ?1 IRumaEy waur sty faame § 96 ferar @1 Ak $E own T
= fom @ S ® o "Wehdr 7, df sHe! foaeian ted waur w1 wiee teedt 9
Jfier BT =T8T Uoieh a0l 1 Uk STfeneoiig foeradr sidt §, St a9 W sk st 2
IAF TG0 HI AT fafere faoEar e ?1 7w am W AR wd ?1 ew 3 waon w)
5Toh! Toetarar o SMuR W o ot # faaifem @ &

i1 | faemE foetad > 0.1 M
| F9 w9 fGe™ 0.01 < faei@d@ < 0.1 M
a1 11| 37 oo faelad@ <0.01 M

39 BH o focla st afaur deo s9eh 9qw Seiid faeea o &= qmameeen | foa=r

F

7.13.1 TacEar uHwa Re/is

MY, 4FEH Tothe WEY 39 @Y, W 3Heh GgW weld faoEd o W9eh ¥ ®, W femR

F| ST 3 qAT THeh HW (96 oh ST °h Hed WG S efaiad T
g R R ST ©-

BaSO,(s) Bl Ba**(aq) + SO *(aqg),



qreTerEe e frefatad THier g1 YSRE o Sl ©-

K = {[Ba*][SO%]} / [BaSO,]

s oM ugred Wt |igar feer gt 2

R = K[BaSDJ = [Bai**][SDf‘]
Ad: P e, (7.39)

Kep 1 ‘foreiom omwar-feeier ' =1 ‘fociom oM@’ #ed 21 STE SHIEO § K, &
TR M 298 K W 1.1 x 10710 @1 gEent o1ef g7 ® foh o/ ofaw wethe, S ST Hgw
faeram o Wy grEmER | €, o fau ofEw qen wothe Sl @i Wigaisl w1 UHwd
T faoiad-ToAThe feeRis o qed B B 31 IHl oIl 1 Wigal AfEH Hothe &
AeR-foetadr o ek g Afs Aer faeman 's' 1,

1.1 x 10710 = (S)(S) =S? A S=1.05x 107

TY YohR dRTH Hehe hi HioH-faaiadl
1.05 x 10%% mol L1 &I

HTE A foRie o Toraed faa-fim ool o 3 W ¥ Sifue HURA A oeRE ]
Thdl ¥ S % faw ey, ¥W fSwiem wiehe (%), (PO, ¥), WIW @V W
foaR #X, S IR JAERE @ SR Em ST Td 11 501 STeREe 4 wiehe o]
¥ fmifsa e 21 ARk fSeifam wehe &1 der-faoga 's' @, @ 3@ d9fie &

TEEHIS A STA| o 3T AR

[Zr**] = 3S TeM [PO, 3] =4S B

T Kgp = (35)° (4S)* = 6912 (S)’



TS ={Kep /(3% x 4N = (K, 16912)"7

Pl
M Xy B, S T Wgw faee o WY

[

faq TR S ERIES

I fhdl 3| e, fSHeh 9 9

e | gl den f9er] "ier-faezan 'S &1, i f=fa
Tl T-

—

MX,(s) © xMP*(aq) +yX% (aq)

W
(@&l xx p* =y xq)

o

del HehT foeadi-TuATwa fEerier frefafad gt g sged fohan Sl 2

Kep = IMPTTX [XF Y = (XS (YS)Y ovvrrrrrrrrccscssiieeecennn (7.40)

:XX yy _S(X+y)

S(X+y): KSp/XX'yy
T S = (Kgp /X Y)Y (7.41)

THIFT # T TF A SAaF Sl F A TR AR Wigd R OE g, T K,
F Qp ¥ T fohen ST € ([W THE 7.6.2)1 T T fF WG W Kg,= Qq, BN T,
forq o uRfeurfaal o =€ sraeivor =1 fae@A (Dissolution) WisHaTST w1 Hehd a1 €1 WRUR
7.9 § 298 K W &® UMM a0 o foe@d-ToHTe el o o+ Ky 2|

AROMN 7.9 208K W FH W AR G0N o Taoiaar- e et
Ksp o0 |



FASUT T A LE] K
e dmes AgBr 5.0 x 1013
et FHE AgzCOs 8.1 x 10-12
et wiHe Ag>Cr0O4 1.1 % 10-12
et FaEe AgCl 1.8 x 10-10
e Hethe Agl 8.3 x 10-17
TR FREiEEe Ag2S04 1.4 x 105
HfiEm Fwwe Al(OH)3 1.3 x 10-38
siftan wsiTse BaCrO4 1.2 x 10-10
wftm Fehe BaF: 1.0 x 10-6
Sfeqa Fae BaSO4 1.1 x 10-10
HicHan TgHEe CaCOs 2.8 x 109
Hfeqan FAEEAE = | Calz 5.3 %109
oy e Ca(OH)2 5.5 x 106
Hfewmm Tethe CaCz0s 4.0 x 109
ey TRy CaS0a 9.1 % 106
T HeFEe Cd|{OH)2 2.5 x 10-14
HIFAT FESEEREE Cds 8.0 x 1027
FHY FHEE Cr(OH)s 6.3 x 1031
F[4F FAE CuBr 5.3 x 109
I TS CuCOs 1.4 x 10-10
FTF TGS CuCl 1.7 % 10-6
DI Cu(OH)z 2.2 x 10-20
TEFEE Cul 1.1 x 1012
g FERE Cus 6.3 x 10-3
T FEElIE FeCO3 3.2 x 10-11
Hish TR Fe(OH): 8.0 x 10-16
T TohES Fe(OH)s 1.0 x 10-38
BT AES FeS 6.3  10-18
T FEE Hg:Br: 5.6 x 1023
THE HAEES Hg:Cla 1.3 x 1018
TR Hgolo 4.5 % 1029
[0 Hgz504 7.4 x 107
T FTEe HgS 4.0 x 10-53
rsiferam MgCOs 3.5x 108
TR g MgF2 6.5 x 109
Trifyrm St Mg(OHjz 1.8 x 10-11
e wEE MgC204 7.0x 107
e HewTEs MnCOs 1.8 x 10-11
e Hehes Mn$S 2.5 x 10-13
el TEeiEEe Ni(OH)z 2,0 x 1015
el AewTEe NiS 4.7 x 10+
T SERE PbBr2 4.0 x 105
w2 FEe PbCO3 7.4 x 10-14
e FeES PbClz 1.6 x 105
R PbF; 7.7 x 108
e TRgRE Pb(OH)z 1.2 x 10-15
e IEEReS Pbla 7.1 %10+
T Tk PbSO: 1.6 x 108
T HERES PbS 8.0 x 10-28
A FEgieee Sn(OH)z 1.4 x 10-28
Y FHES SnS 1.0 x 1025
IR wEHe SrC0s 1.1 x 10-10
W WS SrF2 2.5x 109
wiEY 9ehe SrSO4 3.2 x 107
der giEe TIBr 3.4 x 106
S FATEE TICI 1.7 x 104
UeTH SRS TII 6.5x 108
o FEHE ZnCOs 1.4 x 10-11
o TregiamEe Zn(OH) 1.0 x 1015
o HerlEe Zns 1.6 x 10-24




30T 7.26

g AAd BU o fordlt oft yeR & A St 9 stfufsran T8 w3, g8 S " AYXy
&1 facra 1 T FIACY AyX3 1 foera orwa Kg, = 1.1 x 1022 2l

A
ApX3 — 2A%" + 3X?%
Kep = [A¥ TP X2 = 1.1 x 1023

T S =A X5, i o,

[A3*] = 2S; [X%] = 3S

T TER Kg, = (25)%(35)° = 1088°
=1.1x 1023

3d: S° =1x 1025

S=1.0 x 10™ mol/L.

30T 7.27

gl 31 faetd @9 Ni (OH), T8 AgCN & faeiadi-TUR®d o | %H9T: 2.0 x 10715
W 6 x 10717 B HF T @ Afues foe 22

T

AgCN ~  Ag"+CN



Ksp = [AgICNT =6 x 10717

.

Ni(OH), = Ni?* + 20H"

Ksp = [NiZ*][OHT? = 2 x 107'%;fn [Ag*] = S, rks [CN] = S,
afz [Ni*] =S, @ [OH] = 25,
S;2=6x10"7,8,=78x10?

(S,)(2S8,)2=2x10"1>S,=0.58 x 1074

AgCN ¥ Ni(OH), =T facmmar sifae 21

7.13.2 3MAH SN ki faoar UX 99 3 YqrT

A-IMafere. fagia o @R, € e &1 Wit ® for afg fardt oo faomm o fadt wh
A HI gl dgM W A 39 faudia STew o A oh WY AN Fm qen faerd

H F® U q6 qh FEfUd B, e % Th 9K Tz Ky, = Qg T 8 Wu) A fad
AP I Figdl & & WMC, @ FB AR AGU AR IH A I Figar s@1 <A, drfen
Rt K, = Qqp 31 WU 8 oo @emil & o off @y 2, faem swer fF et &1 3=
HEA % FRU Qq, HH W HERA % TM W TH WEFAA (activities) F TAT F T
TH YHR Hifeqd FANES o Hgw fogoad ¥ HCl oh fodisM o o FRigs 3EF i
qigal (Hihadr) 9¢ S o SR Wieqd FllEs & fFequ 8 Sar 21 39 fafy 9 urw
qifean aiNge 9gd € IS el €1 3@ YR BH WIEAN INYEl WM Hothe SE
IYfEal W W od &1 IR favetuor o et emm 1 sgd +0 faciaar o 39 31y
fae @aw & &9 | quievn sEdfud e A off U9 o w9E &1 WA R S R
39 UHR TH NS favemur § facer oM &1 Saeun facer F@REe o %9 H, BiRke
3T T AU ik BESIFERE o TU U dUl TEU0 dRFH AFH &1 dRFH ke o6




&9 § HT Ghd 2

30T 7.28

0.10 M NaOH H Ni (OH), 1 Hier faeraar st Torn fhfS@l Ni (OH), &1 smfTh
RS 2.0 x1071° 21

T

HET % Ni (OH), &1 faeardl S mol L' o faeid g4 & Niz @ (S) Hiel T OH

2S mol L™ Hiet fefet & €, ifehd OH- &1 ohel |igal OH- (0.10 + 2S) mol L1 &Hft,
Hifer faera o Tedt @ € NaOH © 9 0.10 mol L' Sufeerd 21

Ksp = 2.0 x 1071° = [Ni#*] [OH? = (S) (0.10 + 2S)?

TfF Ky, 1 A FH T 28 << 0.10
3Td: (0.10 + 2S) = 0.10

ot 2.0 x 10718 = 5 (0.10)2

S=2.0x10"3M = [Ni?"]

qoct 3T o AU Wi faeiEar 0 pH W dedl €, Fife W pH W HUMEA HI Higd

gqch HIeIIeh 0l

% HROT A €, S A0 HI A H agl 2@ 81T K, = Qg g9 d 9



W WL FHIA B, A K, = MY [X8],

S

HX(aq) ©  H+(aq)}+ X =( aq);

X1/ [HX]=Ka/[H"]

Tl WE hT FhH TR 1 e W TH I g

[Hx] , _[H
X K

= + |

[HX]T X H | K
| X K

TA: FhH o W BH U B [X]/ {X] + [HX]} = f=K, / (K, + [H'])| I8 @1 S Fohdl
g fF pH & = wF off sear @1 Ak § M pH W @au *1 faeigar S @, @

Kep =[SIFS] =5 {K, / (K, +[H]) T

S={Kep (HT+Ka ) T K2 (7.42)

3C: S, [H'] & &&1 A1 9% o T W foed d&dl 2|

QT

% 59 9@ fieherar euEl &t Hem 9w 9 g9 | diedere st %l "en &




TR 2, 9 Ty 8 San @1 98 faeiiel Yehfa w1 el 1 |reaeeen Wifdes
TERER, S YA g Tfud B Hehdl T 39 SfO€el W Y TS UvY AfAfwA i
T GHM Bl 1 SR I WK i SHHRA] I FEd § A0 I W BH TS TQ
1 TEHHIHLOTHAE e o od oh ®9 o 9 RRefieh K, i ook & &

Af9frar aA+b B — cC+dD @ fa, K, =[C]° [D]¢ /[A]? [B]°

g o R areRen feris w1 7F fod Wl 21 39 e § ueft w@ v S
Tiza, T4 oMfE feer wa 21 W afufwe & fag e ferld w K, ¥
F Tl TEH wrEeRe fere ww ¥ Wimar & wE W g oy I faed €
sAfafear =t fKem 1 SAM il 9Mhe Q, T TR W1 €, S GrEeReT W
K, o SRIeR Bl 21 ‘of-¥delty, fagia’, of ST{@R dmd, <[«, digdl o &Rl § 9
forel wh A uReds o wRor weEEEy s fewn o fowenfuq ekt @, S ufedd ok
TS I HH A T HT Tob IWh1 ITAN ARG Rl S A9, Hisdl, <6, SAH
AR oAfera Tl o 9 1 G W ywE o eegEE | fRan S ® qul SR i
ol 1 AU T SRe] &l TR e TR ST ogehal @l sifufwar fasor &
el G138 i SRS Yo 7@l ohear, fohg eIfafseen &t 7ifd &1 9w =
-9 § YR W Scarg qen foeima: Scarg 9 eifiehRes W SReeht el B

3 weft ugred, s Sefa foerm o fagd @1 wem ww @, Cfagq staeea’ weed 2
I, 8N q1 wau ‘foRq oTTeRd’ B 3 Wl faoe o fagem @ emaa g}
Y TS RO o SCURT o HRUT fOg 1 de R 2| Yed fagq eTIeed
gofa: foaifsm e i €1 gdo foe[ otoeea § oraftd ud ermEftd etueti o Hen
T B B SREE o SIER, Sog faerdd W ST, TGS STEH qel &R,
TEd oA 34 €1 9T WgTH o Ia1 ¥l T SR Fee-d 7 ST i
IRl oF Y H Td &R WUl & &9 ° uRyiyd fham v e ares-dnd
I Tk AN W AT Rl €, q9 98 THR WA WY &Rk TS fRAl i
e e oh WA W STl Wl oMl @1 39 WK WYl STi-&lR  ohed U
WA HT AR BT T ST, T 7 A i UHM €Y T IO JEIR TS &RH




1 Scie JHSM o ®q W IRWIG fhan SRAEE 1 9Rwm o SER, ged o

¥ fri % forg feomis (K2) won e W % faio & g s (L )
ZsTeh ohl Taehfad foram T AFES T °E1 T U] Higdl W FAar 9en 99 1A

&1 foe=m foran =0 21 BESSH SPH i Wikl (WfEHaar) o fow pH A9HH (pH = -
ogl FL ) weqa foren e 21 @on =@ s TR & fow foafa fRA (pOH = &

Iog[OH_]) ;P JK“= &Iog[JKﬂ] ; p'IgJ = &Iog[‘KL" qen pK,, = &log[K,,] 7<) =1 2l
STl o SME h1 I i W BH @ © fh GHIRIU pH + pOH = pK,, BHEM
Gg eIt B YA oA TS el &R, aol T Ud Yool & 3R gl 3T TH gad

N o TEUll 1 Soitd faoE H SoA-3Tqed gl g1 g% oo sl qRern qen
SHoh Hewd 1 Gfara aviq fan T €1 oted faom wau o facEar deit g @6
i e ot o i (Kgp) 1 Sl A T 3EeR ey aui i facr
9 Terfud fohan T fae@e @ au o STEEMY A1 IWeh Sl W fderadl i @ o
fuftor form T B UH A UE ofeq faoid @@o o faeRdl & Hew @i ot
feaer =t T 21

faenfére & foq 3@ teher | Wafia HEfma foramd

(%) faenedt fafis aron woif wa Gfesal & Wi, 95 99, IR Uil S6 TS S
ST o THAT ST 9 A0 A o fAT pH TR HT ST H Gehd 2

(@) pH TR &1 YA fafi= otaon &1 foeaa &t pH I &0 & o foan s S
?1 98 T€ YAl Y Geha/&ehdl € Th 3 Yeol/ged el 1 el | &M Y €

(1) 9 Gifeay wHide Td wHifew ot i fafsa o o aw faerdd o Geahd € T
pH UTX T IYAIM T ST pH F@ HT Fhd 2|

() 3% fafes pH o faerAl o fafas @1 dferd w0 & foaw g KU <1 gd 2




(T) TaH! 1 ST H FT A &R AN X Ghd 2l

(9) 9 o7y oo @aul ) faoiaar | 99 @ 999 Sl 3@ Hehd &

(®) afc faeme™ § pH WX SYGTS &, a 9 389 pH AT & 3R pH TR ¥ I
IRl ¥ g Y Gehd €

AEH

7.1 T 39 & Hoag g | FiYgd 99 W SHes 9rd o WY 9 § @ Sl e
S 1 ARG ST ol f&d S 2

(%) ar99-g@ UfEdd o1 YRR 9fome &= grm?
(@) URY § 9T TS G H1 & hd S8 ©7

(1) F B, 99 R wr g sifaw w9 9 wenfud @ Smm 9« sifaw arsy <@
BIT?

72 =1 9= o faw K, @1 @, At o W yds e & "iEan € [SO,l=

0.60M, [O,] = 0.82M Td [SO3] = 1.90M

—

250,(g) + O5(g) *  2S04(9)

7.3 T fAfk=d a9 T %l T@ 10° Pa W AEEH a9 H SAEGATER 40% SEEH
W] B R

—

(@)~ 21(g)




T ok fAq K, 1 IO R

7.4 Trafafed § 9 y@s Afafea & fau am femis 39 &1 9 fafau-

—

(()2NOCI(g) © 2NO(g) + Cly (9)

.

(i)) 2Cu(NO3), (s) ~  2CuO (s) + 4NO, (g) + O3 (9)

S

(iii) CH3COOC,Hs(aq) + H,O() ~  CH3COOH (aq) + C,HsOH (aq)

.

(iv) Fe3* (aq) + 30H (aq) ~  Fe(OH); (s)

.

(v)l,(s)+5F, ~  2IFg

7.5 K, o "M | frefeiiad § § geieh O o foid e sh1 /M A1 shifee-

—

() 2NOCI(g) *  2NO(g) + Cly (g); K= 1.8 x 10 at 500 K

—

(if) CaCOg3 (s) S Ca0(s) + CO,(g); Ko= 167 at 1073 K

7.6 | NO (g) + O3 (9) — NO, (g) + Oy (9) o foT@ 1000K = K, =6.3 x 1014
B W= § S UE Wi aM Stffwand wefes w9 9 fgeres @1 wdiv sifatman ok
faQ K, @ 2?2

7.7 A feerieh &1 s fa@d ¥ 99emsY T IS S91 Ud Sl Sl Ut
fRan ST Heha 272

7.8 Ny T O, o A Tefetiaa siffwan et &




S %

2N, (9)+0,(9) ©  2N,0(9)

Ifs TH 10L o 9 H 0.482 HA N, T 0.933 HId O, W ST qe Th ar, fFaw
N,O &+ feam ST & fisor 1 |ered A1d s K= 2.0 x 1037

7.9 Frefafaa sifufeen & sqER TEfs siwmes Br? 4 stfufear wt AEdfea
HHES T B-

—

2NO (g) +Bré(g) ©  2NOBr(g)

w9 fEeR a9 W TH §% 9 § 0.087 Wil NO TH 0.0437 HiA Br, fafya fw S 2,
q 0.0518 T NOBr W< &l @1 NO TH Br, S §IF HIET 1A SHIfST|

._‘.
7.10 | 2S05(g) + Oo(g) * 2SOz (g) o T 450K W Kp= 2.0 x 1010 par 21

T @9 W K, &1 AM 1A HiSQ|

7.11 HI(g) &1 TF TIA 0.2 atm J@ T TF FIF § Tl S &1 6 W HI(g) F
YT T 0.04 atm B T & T WA % fAw K, F1 AR F=0 B2

—

2HI (@) ©  Hy(9)+15(9)

7.12 500K A9 W Wk 20L 9 W N, o 1.57 HIdA, Hy & 1.92 HId TS NH3 &

8.13 Wi 1 g forn S €1 sAfafar Ny (g) + 3H, (9) — 2NH; (g) & faT

K, 1 5 1.7 x 102 21 T stfafman-fagor am= & 22 afg 7, @ S sifafeen =+
feem = BRR?

7.13 T g afufwa o fou




- [NH]O.]

ST oror ol

TH s o U dqfeid THEe gHis fafan)

7.14 HyO 1 T& Hid T& CO & Tk Hidl 725K @9 W 10L o W ¥ foaw W 2

A W 40% @ (9RHE) CO oh WY efafad dHieior o ST{aR  SAffhan
F ©-

S

H,0(g)+CO(g) ~  Hy(g)+COsy(g)

Afgferar o fou = feries &t oM Sifs)

7.15 700K 9 W AR Hy (g) + 1, (9) — 2HI (g) o foTu wr feeis 54.8 2|

Ifs T Y& H HI(g) foram =, 700K a9 ¥ Tfyd &, da1 ¥ R 0.5 mol L3
Hi(g) Juféerd &1, df | W Hy(g) TF I5(g) T FZaTd =R giit?

7.16 ICI, TSTHeRT TigaT U™ § 0.78 M ®, ! I G W 3 fean Su, @ g &1
= 9 EigaTd s Bie?

._‘..
2ICI(g) ©  l,(g)+Cl,(g); K. =0.14
7.17 F= ST T WA H 899 K W K, HT WM 0.04 atm ¥ CoHg i A T WAl

1 B AR 4.0 atm I6 R CoHg I Tk Tk § @1 T © T WG] |
fean St 22

.

CoHg (@) © CoHy(9) +Ha (9)

7.18 TSHTa W8 UHifes om o1 eAfuferan 9 wfore tHiee sHRN S @ S 9 W




T YRR TR S TRl o-

I Y

CH3COOH (I) + C,HsOH (I) © CH3COOC,Hs5 (1) + H,0 (1)

(i) 3@ aifafsran o fore wigar U (sfafwar-srea) Q, fafaw (fewmft @ w=—f w
Vo ey ® T ? ud foemes off T )

(i) afE 293K W 1.00 A THIfeh =1 TH 0.18 U@ WAl URY H fod W
Fifam @ fagor § 0.171 9ia e THiee 1 9 fReis 1 oM it

(i) 0.5 Al WA WA 1.0 Wl THifeh 37 ¥ URY &d T 293K a4 W FS
Y YA TS TEeS o 0.214 Wi 9T T A 1 W Tfad @ T

7.19 437K A9 W faid H PCls 1 Th TN U Folieeh H Tl 7o 9 e
g W PCls &1 | 0.5 x 107 mol L W T, Ak K, &1 AF 8.3 x 103 7, @

= R PCly T Cly, i H&alQ 1 Bt ?

S Y

PCls(g) ~  PCl3(g) + Cly(9)
7.20 <iE F 4 S o4 GRS AR Bt ©, 98 SR (1) SRS 5
FIE HAIEE o FN ST ¢ T 3HH i e T co, e €

.

FeO (s)+CO(g) ~  Fe(s)+COy(g); K, = 0.265 atm at 1050K

1050K T CO TH CO, o §IF W 3R @ 1 81, AR 9ok IR AR <@
i

> JI (I
ps= 1.4 atm Td Pco, = 0.80 atm




7.21 SA4fHAT Ny (g) + 3H, (9) — 2NH3 (g) o faT (500 K @) "= feerish K,

=0.061 T T foiy g9 W A0 H1 Feed 39 THR - 3.0 mol L™ Ny, 2.0 mol L’
H, T 0.5 mol L' NHy @ sifufsan @ § €2 af 7&f, @ @ wonfaq &< <5
forq sifuferan foha fsom & otoreR =Rft?

7.22 A AHFAEE Brel fasfed gt s td Sl a1 ® den 9 eenfud
‘zﬁ?ﬂ %:

. )

2BrCl(g) *  Bry(g)+Cly(9)

Tk fAU 500K W K= 32 ?1 af% YRY ® BrCl &1 @igal 3.3 x 102 mol L' =1, i
= R Ay § sHeht |igd F gni?

7.23 1127K TS 1 atm & | CO @ CO, & EE fagm # wramwen W 3™
e | 90.55% (WRHH) CO T

._‘.
C(s)+COz(g) ~  2CO(g)

ST ad W AffRAT o faw K, oF #1F ! AT HifSg)

7.24 298K | NO Td O, ¥ NO, Tl ©-

S

NO (g)+%0,(9) ~ NO,(9)

sfafFa & fag (%) O .QEI'(@) e feerier 1 UM HIfSTT




AGP (NO,) = 52.0 kJ/mol
AG® (NO) = 87.0 kJ/mol
AG® (0,) = 0 kJ/mol

7.25 Trefafad & @ Y& W= H 9 MEad Seehl S %Y fRA S @, a9
Taese T etfufswan o Scurel o Hiel @i GET dgdt € A1 S € A HAE Wl @2

I

(%) PCls (@) *  PCl3 (9)+Cly (g)

—

(@) CaO(s)+CO, (g) *  CaCOj (s)

.

(1) 3Fe(s)+4H,0(g) *© FezOy4 (s)+4Hy (9)

7.26 TH=fefEd § ¥ <@ SeM W hH-%iA G Afufwad guifaa eri? T€ o ol
& <@ afadT @ W fafswan e =1 o fsem o wifau= =grm?

—

() COClp (g) ~  CO(g)+Cly (g)

—

(i) CHy (9) +2S5(9) €S (9) +2H3S (9)

—

(i) COz (g) + C (s) ~  2CO(g)

.

(iv)2H, (9) +CO(g) *  CH30H (g)

S

(v) CaCOg (s) 7 CaO (s)+ CO,(g)

I

(vi)4 NH3 (g) +50,(g) *  4NO (g) + 6H,0(g)




7.27 Frefafaa sifafean & T 1024K R T feerisd 1.6 x 10° 2

—

Hy(g) + Bra(g) ~  2HBr(g)

IfE HBr o 10.0 bar Hielged I H el w4, @ Tft 6 & 1024K W G T
d HIST

7.28 Trefafea s sfufar & SIgER Sl gRI eReRgSH 19 Ui
T W W S -

CHy @)+ H0 (@) GO (9)* 3y (0

(%) ST AfHfsHa = foIg K, =1 =i fafam)

(@) K, Ta afafshan e o1 9 R Feed v gehr gefed grm, =t
(i) <& st feam s

(i) T9 sIgr e Sme

(iii) STRE TIF foman ST

S

7.29 | 2Hy(g) + CO(g) *  CH3OH (g) W J919 SdlRT-
(%) Hy e W
(@) CH30H e ™

(1) CO &H W

(%) CH3OH B W




7.30 473K T HITHRY UANES PCly o faeed o faw K, =1 ¥ 8.3 107 |

- i

i faeed 39 YR <M ST, df PCls (g) — PCl3 (g) + Cly (g) AT 124.0

kJ mol™!
(%) stfaferan o fau K, &1 =9+ fafag)
(@) wdig Affshan oF AT THM @9 W K, &1 A7 F=1 362

(M) 3K (i) IR Afuw PCls e ST, (i) I SgRN ST q (ji) A9 SgRT S,

@ K, T T g9E g

7.31 BeR fafy o oo eRgier i Wiehfds 9 9§ 9w 499 1 ST aid w99 9
foran X @l ST €1 Q) weiae sifafwar ¥ yem W ¥ CO W H,y It ¥ g

T T gUH 95 § o arelt CO iR Ifue 99 § Sifafma st B

.

CO(g)+H,0(g) © COy(g)+Hy(g)

9f§ 400°C W 2Afufshen o § CO TH 99 1 THHR U901 39 yhr foan se o

Voo =1 = 4.0bar ;
Peo = Pugo 1,H2wwmmmwm?4oomm@=

10.1

7.32 ary fo fr=fafea o & fea ifufean o sifverel ©a STRI 1 Figal gued
M-

.

(%) Ch (g9 ©  2CI(g)K, =5x107°

S

(@) Cly (g)+2NO(g) ~  2NOCI(g)K, =3.7 x 108




—

() Cly (@) +2NO, (@) ©  2NO,Cl(g) K, = 1.8

7.33 25°C W Af4fspa 30, (g) ~ 203 (g) % AU @ %1 AF 2.0 x10°%° 7| A
a1 H 25°C Y W O, i FEAEE HEdl 1.6 x102 B, @ O3 T Higan 1 eri?
7.34 CO(g) + 3H»(g) — CHy(g) + HyO(g) 3Tffshan e foret weiieh # 1300K W
e § 21 39 CO % 0.3 Hie, Hy % 0.01 Hid, HyO % 0.02 Hiel Td CHy
1 3@ W ¢l U M qm W stfafwe o faw K, 1 A 3.90 1 fasw # cHy
S HAET A IS

7.35 I erA-aR I 1w e 27 Frefataa s & fag gl srevam
AT

Co;

HNO,, CN", HCIO,, F -, OH®, T S*

7.36 Trefafad § @ &H 9 9 o 272

H,0, BF3, H* T NH, *

7.37 fTrfafaa g==ssrl o fau S ael & ¥ fafat-
HF, H,SO4 Td HCO3

7.38 TLREREI NH™ 5, NH3 T2 HCOO™ o | o7 fafac-

7.39 TR Hy0, HCO, ", HSO, ~ T NH3 SRSt A2l &TReh-SMI i Wil S8R
H Bl Th oh G A Al &Rk Sesy)




7.40 Trefafed Tfieiis &1 g9 7 a1 &R& | offichd hify de dasy f& 3
fFE YR T TI-8Nh o WAM wE & & (&) OH (@) F () HY (3)
BCls

741 T% g 9T o A9 H TEGH APH i Higal 3.8 x 102 M Bl SHEH! pH

o (a3 [a)

qfiehfard shifsql

7.42 Ta%eh o Th THA T pH, 3.76 T, SUH TESISH 3TFH 1 WKl F1A hifl

7.43 HF, HCOOH AT HCN <1 298K W 3TI- 4 REeieh Husl: 6.8 x 104, 1.8 x 104
ql 4.8 x 100 B Toh WG WY &Rkl o EA feeRie F@ whifsu)

7.44 HHATA BT STEAT TE”iF 1.0 x 10710 81 0.05M ®HA & oM § wiFce ST

1 Higdl e 0.01M Gifeaq wiHe facaa § 3Tk 3aA9 &l |1 J1d Hifed|

7.45 H,S T UoM T feerieh 9.1 x 108 71 9ok 0.1M faomm ® HS™ st &1

igAT &1 TUMT Hifto qal aarzt foh I S99 0.1 M w9 off 3ulem &1, @ @igar v
TR GATfeld BT, IS H,S T feeitd formiet feeish 1.2 x 10713 =1, 1 Hewigs s
Al ot 3 Reefaal § wigar it T Hifs

7.46 THHfeh 17T 1 AT e 1.74 x 105 21 T9F 0.05 M faerma o foasH

1 A1, THIES 3 Figdl 9o pH 1 GReher shifeid|

7.47 0.01M e 3T%A (HA) o faei@d &1 pH, 4.15 B| TEeh SRUME i Higd,
A 1 A Feeir den pK, #F 9fskfad Hifsa|

7.48 Ui fo@sH AFd gu Fefafea fafaam i & pH 3 &g
(%) 0.003 M HCI

(@) 0.005 M NaOH




(71) 0.002 M HBr
(&) 0.002 M KOH

7.49 fr=fafed foe@mi o pH @ wHifse-

() 2 T™ TIOH &l 5 | st 2 et faeas s Sy

(@) 0.3 UM Ca(OH), ! S H =Tt 500 mL forer=m s )

(1) 0.3 U™ NaOH &l Sa@ H Hieteht 200 mL fae™= sHAmn S|

(¥) 136 MHCI o 1mL ! STd ¥ 0T Hhich Fa ¥ 1 e fwan smuy

7.50 SHICEfew A 1 SEAT HT AT 0.132 €1 0.1M 3T I pH Al pK, I

O A i

7.51 0.005M FIEH (CigHyNO3) faeta™ =¥ pH 9.95 T THEHT A feomish A
it

7.52 0.001M THielA faer@m &1 pH =1 €2 THies o1 Ao feefis 9]l 7.7 9 ©
Tehd T gHeh T oA 1 I TRl A shifSu

7.53 AfE 0.05M UEifesh 3t o pK, 1 TH 4.74 B, d 3TEH sl A0 @ it
g 38 (31) 0.01M (¥) 0.1M HCI foe=m | =renm W, o fodeH &1 uen feg
YhR i Bidl 22

7.54 SEAfYE THH 1 AFTT feri® 5.4 x 104 B ¥k 0.02M ToIer@™ 1 A
1 HET i TN HifUl I I8 fae@T NaOH 9fd 0.1M & df SEAIfMe T &1
JiaeTd STEAA =1 82

7.55 Toefafaa Sfaew gai, f9 pH & T 2, &1 eEger e Wigal uiefad




FifTT

(%) AFE 9RfE 59, 6.83
(@) "HAd 3 54, 1.2
(1) HFE EER, 7.38

(¥) |9 @R, 6.4

7.56 Y, HIHI, THEL W, g W qA 31€ &l Thal o pH 1 HH HI: 6.8, 5.0,
42,22 T 7.8 Tl UAF & GId H* 3T I Figdl T i

7.57 298K W 0.561 g, KOH S § Hie W 9w 200 mL foret@s &1 & pH, drefmm,
BIZSIST q BISSiedel STFAl ol | FTd hifeg)

7.58 298K W Sr(OH), fae@q &t faciadr 19.23 g/L 71 wiferam den wregifeda 3T
! digar aen fae@= &1 pH @ Hifsal

7.59 iUAIgeH 3TFT 1 ST TEerish 1.32 x 100 2?1 0.05M 3171 foreraq o &=+ &1
O qel pH AG sifew| A fae™@a § 0.01 M HCI fieen ST @ S9eh A9 i

O A Shifeid|

7.60 afg AEfe % (HCNO) & 0.1M fIe@\ &t pH, 2.34 ®I, a1 71 o A=A
feeier qen 3MIAA 1 /A A1 i)

7.61 afE TETH A 1 EH FEo/iw 4.5 x 104 §, @ 0.04M Hifegq e T
i pH AU SIS 1 HET A SIS

7.62 It hfefom eEgeT FREs & 0.02M fae@y 1 pH 3.44 €, @ 9R<H @
I TEerish A1d hifsg




7.63 TrAfafad aui o Selta fooamt o 3], Tefd o &Rkg 8H i YN[
FHifeTu-

NaCl, KBr, NaCN, NH4NO3, NaNO, Tl KF

7.64 FATHICE 3701 T ST T 1.35 x 103 21 0.1M 3781 q TGk 0.1M
Hifeqw &Gu &1 pH J1d HIfST

7.65 310K W el ol ST OGS 2.7 x 10714 1 Tt dIqshA R SIEH S 1

pH F1d IS

7.66 Tr=fafea fagon w5t 9 sRefaa Fifse-

() 0.2M Ca(OH), =T 10 mL + =T 0.1M HCI =T 25 mL

(@) 0.01M H,SO4 T 10 mL + 0.01M Ca(OH), T 10 mL

(1) 0.1M H,SO4 T 10 mL + 0.1M KOH T 10 mL

7.67 TaeaR HMe, ITH HHe, TRE TEIEEREE, TS FANES qd AR AACES
faeed & 9Roft 7.9 ® fSu U faea AT ferie w1 derm 9 foeEa 9
I d T ST i HieRdl o J1d hifed|

7.68 Ag,yCrO4 Tl AgBr o1 feretadl el feertish shHw: 1.1 x 10712 q2n 5.0 x 10°

13 B| STh W faera sl HioRdl =l ST{UM A Hiforl

7.69 AR 0.002M HSAMEE HifeaH TS TN FH(Uh FARES o= oF HHM I
! el S, @ 30 W RIS 1 HGLIU B2 (FIW AL o faT K, =
7.4x10%8 )

7.70 S=ligsh 3TFA kT ST FEelish 6.46 x 105 d1 faeer d=iue =1 I 2.5 x 107




13 21 319 pH ot IHL foerad o foeer a=ite S &1 ga | fha 7 foaom

B2

7.71 G Gcthe qUl Wifean Gohiee o THHeR faeradl @i sifiudhdd digdl deu

& 39eh THM TFdd fUeH W ERA Howiss fasifud q &l (PRA 9ehissS o

ferT Ky, =6.3 x 1078

7.72 1 UM Hicqdqd Hehe H HieH o AT FH ¥ 9 fhad A S i
TEvIFHdl B ? (Shfegam dehe o faw Ksp = 9.1 x 10°6)

7.73 0.1IM HCI | SRS HehEs ¥ Hqw fae@m &1 |igar 1.0 x 10719 M 21 Ii€ 39
foea 1 10 mL fAfafea 0.04M oo o6 5 mL Sl S, @ ford fooeml 9
3TF%Y W< 87 FeSOy4, MnCly, ZnCly, T CdCl,.




