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CHEMICAL BONDING AND MOLECULAR STRUCTURE
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4.1 TrETEh T Tl HiNeT-
oIH IIFYIen
TelaeiHl g1 TEAHS A=l oF 994 & = &
o0 2 7 U U, S TH 1916 § SO $i
TEH WY T T HAOSE e 3§ AEA g
TR HEYH HArSEdl l‘u’alcnct]ﬁa'lﬂ'ﬁﬁi?ﬁ‘ﬁm
w11 TE =TS S T # sifmaa W s o
FEE TV F UF 7 Eie e (A6
Toldel Td Af9gad) a9 =e weh o &1 H
Trefug T A wee § iEad e e
wHIEd € W 21 59 78 ot 7 3 eel sere
oA o Al Al W S wd §, S et sfte &l
I WE 9O Ed 1 39 YRR Gifedn & A sy
7 IUfted Ushe Teiaed W9 & U HH W e war
7, s Iere W W & e S W U
Telag IURHE Ted F| TRl W OUE AR UE
favr et fomma foefm & 21 w9 3 7%
sfirEa o o s owen e srEy 5
& fou- wifeaw wd s@dA O wifeaq @9 U
o AR Y TEAAIAE SRt ST TR ST
WH FE A T T IO W F A
T wree Tl e 7, @1ui wifea o9 (Na')
T RS AFA (CI) T Al T IR (-
Cl,. H,. F,, S0011%) ¥ qjsii 1 sieey oo s
wT TEwIe g AT 21 1 T viEE o T e
o T TF AT T e S W F F
TE WA ;P o & A § T o e
ArE Y TerEE At Hhem § feer od #1 3
§9eh WASTehAT 3oTehe (Valence Electron) Hacii
) a1feR I 399 (Inner Shell Electron) 3=
R ° A T € Ao weeE: e wiew o
wimfea 78 o9 ¥ wF FEiE W L aew
3 e e SR R w5 & f
(Lewis Symbol) %1 WTa1 1 SRR TAY ST
o ol o ‘o[EE iR’ 3§ W d—

T . a8 . -s T
Li  Be «Be «Ce «Ne JO3IFI INcI

ke lCE o

39 Wdleh! o1 Wevd : Wdl® o AR @i ST

Tagat T T T 5 ATl seiael i He

F TN ¥ FE WEA o W WA A9d 9

wATSERAl & YETA § HEwr &l ¥ T H AgE

Hetorehel = A1 ¢[sH Weiteh o Iufeer faged & den

o W B E W 8 W O§ fags sAwEn watsha

A 2

T TF A=A & Hay # Fiua 9 fr=afetaa

agl w3 e ateRfta fawar—

o e Tl A 3= faem- oo e T
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B Sepw T 59U TE W E
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I

® W yHR M| FUTEA qU gAEA SR 719 %
ot sewE e =i e s ¥ S
el 4 SRR Y AT T A ()
faﬂlmnsgnpﬁ.faﬁ'ﬂlmﬁmﬁmé‘l
#ife n 39 ATER 7, f9geh Tmay S o
Fael g goEe (W) B 2

o HUIEA ql AEA fe SR s g e
TR
FEEY - S fogi & aran, difean aa

FARE § NaCl #1 771 fefafag =9 # suia

T B

Na — Na'+e

[Ne] 3s' [Ne]

Cl+e e

[Ne] 3s° 3p° [Ne] 3s” 3p”° 11 [Ar]

Na'+Cl — 5 NaCl ¥ Na'Cl
CaF, %1 T 35 THW T 5 HFal &

Ca SRR . L

[Ar]4s” (Ar]

F+e S

[He] 25" 2p° [He] 25" 2p" 279/ [Ne]

Ca® +2F __, CaF, &I Ca®'(F),



TEAAE EET 39 AfvEE HEA

VAT Q4T AR o S TR o RereE
g a1y 1 ‘SRR ST AEY (Electrovalent
Bond) &1 AW {241 W1 9 YHW g A
(Electrovalency) 247 T JUMEAT &TE91 1 TH541
1 HEm & AUE T 21 A Fean w O
T TR 9 &, S FAA H1 FE G
wF T

THEET T 5 SA 1 T 99 2TafE

foreei AT o 771 % an ¥ smafe deerd

T AT (Postulates) T AT §1 AR
TR % IR &1 TOEE 991 391 TS w1
widel & faa € Sevi@dg wergar foelt @y &
my S=H T8 A w o =en w5 E T i
AR ST SEMRS o AET T 41

4.1.1 312eF 190 (Octet Rule)

W 1916 H FEEl 947 3E 7 WHE & oar
oo T8 “TTHTEfTe ST o SRl Taaia
FEN A1l &1 W TG o SEE, TENE 1 EeE
HASE TEEA F UH T W T W] U
WA & B HIE HASE sl oF HewTe
(Sharing) & B/ 21l 21 g0 WM § Ty o
HATEA TV H oTF WS wE £ T Cavew
wEd £

4.1,2 WEEATAT TS

T 1919 F R 7 oEH sforEfEs o geies
Tl =17 TR =919 2T F1 2T %1 9w
& 70 ‘TedEeE aEd’ (Covalent Bond)
W fEm eEe-eTer & TAsiE W g e
(Cl) T oF ST W THA W TEA ¥ FEA
T I e (o= [Ne3s” 3p” §, @
AN TEN H A & T ) owre &9 o fan
TF THEIE B HH EI CL, 9 F T F G A
TS °F HE UE THESA 7Y o e & Y
o THE S WAl #) TH WA § S i qee
He9ifad geiae 0 o Uh-UH serEA 1 FEH
U AUl 5 GIE 9 el Sepee W, sl
AR = e o= U 1 e 2

a7

“Cls + :Cls—> ‘

Be He
o Cl— Cl
&l el WHH o ate JEearT Hrae
gt fig gerae = Fefua w3 gl
‘wea farg, wrermd! wmEerr ¥
a7 aTe o fom off opw fig St =
T 7, for T B A T T e fae
7 T ¢ TR fer g fem faetatad 2
e TE WEY N M v ¥ ome uw
e T F WA 5 e g gl
* Y T e YE WA HEAed g W
TH-TF T F AR A E
¢ TEEM % HEANH & FeRawd HaE TH O
TEM] A WS w H Sepe T fea um
Efantd
TH YER, T a9 Fe9 TEANEES e
e 3 e 1 71 T TR Fef T -

G HDM
2e” 8e 2e°

H T SERE W T

HE d = S s
(o) W = & (e T ) 4 3 5, T A e
A ST AFE Y T T w1 #|

ek 3o/ I AT HATHA &1 HHIv Uehe
.. (Single Covalent Bond) NI
amﬁ:awﬁ%naﬁ ARt § wEE & de
g~ AT (Multiple Bonds) ST 711 #1 a5~ sawi
@1 fmior 2 st & W Uk W sfus geiRE
Tl & TeNIs o Horaey g #1 &Y e &
Te afz 31 geEE T T WENTS A E, A
I o<1 T HEWAIST aTEy fE-37EE’ (Double
Bond) FEedl §| SEeY— e =B~ sifFmEe
A ¥ FEA A9 AFEeA TEE ¥ oA I
fo-amay 3ufted 2@ #)

oW e e
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7l YoM UM (Ethene) % 29 9 91 FrEA
AT TF G- 59 At T

6ot

8e 8e- 8e-
CO, A7 § fg-amm

H\ H
Ce—=
H H
C,H, 47
il WAl WHIUT o HeT 414 golagi il

T WIS BT £, ST N, 3] o & Argere
THTUTEHT B WA A1 wATs | A1 e It o
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/H’f>c 0 c@ S A 0= H
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U A T IEET WHfa # gl w9 9 e @
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Tl THR WU | VAT HIE TF HEAT § werEa
foerdt %1 @m@: AvA F oEE g S aed
ITArT B §1 T FrefatEn e % enem W e
Eilco

ke lCE o

1 T WO g alel WHIS & HaTshd-
TeraEHl < AT g U i S 8| SEened—
CH, 7] ¥ o1 218 Aokl o (4 HEr
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wae 9AEAl @ fA 9 dAEw U e
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NH, @A 7 e 3arHm vt g fa e
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a1t HH W GTE] R O A St
¥ TH 4 %1 T B T G % A 6
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T @0 H gaen faem momesar A
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AT T T 9 9§ T 3 UEE s
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4.1.4 WIHEA AT

9 Tag 9r=ed aree: SIE H1 andia® ki
A T ) S A d g s feE
farera grm] W Fufrem 7 g R A W fem ae
T BTl Teds AT WY TN STERT S9N S T
T SEIEIEF 9] 1 EA T WA W SuiyE
whE AR S S WA €1 ST S A
AP o Ts WAEP W 3R WA S w365
femifera (Isolated) feorfe (srf gam o) smEwen)
T HreTR SeERAl F1 FE W a4 OgH SN
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T B
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T s

TRl WA 2A A AW 9§ e wide s,
7] ¥ AP STEY YUEd T T H ¢ -
T H AT T ST w9 o e § e
Tl 1 oA T W W e 1 e
AT T wEEA | vl w5 % e oEe
T 8 9 T S w7 W 9 R o
el el 71 WR: S et STl Se
= gl &, Foraeh TRl W = wide are
BT BT TS o Tl Seee i Y WEHarsit
Wepta wT amenfia ¥, Tomd emefus wmmrstt &
e SOl W HEWIe Gu w9 ¥ B #1

4.1.5 sr=a TAam = wm

Tafn A% 70 a=is ST §, 7Y T TEE e
& fF= o1 w21 9T PEr Y W aEd W &
fgdta omae o ae W @n] B ¢ aen sfuEEw
FTefTE T T HETE w5 A STET e
21 s T & dF uE svErE i
g8 AfTE 4 %EE WA & oA s sufem
el W WE A2 W W w1 AT e I
Al & A ® T g, f e e w)
TEA W1 ¥ HH N 21 IWEW F - Licl, BeH,
A BCL, @ #1
cl
Li:Cl. H:iBeiH.Cl:B:Cl
TR W Li, Be 991 B WIEEA soERAl #
W wA: |, 2 991 3 ¥ W GHR & &= A
AICL, 39T BF, ¥
ey geeelT (Odd-Electron) 3707
T A o TerRAl #1 @ Ted fam (0dd)
T T (SH-nfzE e, NO 991 TS 26
HiFEE, NO,), i AWl T o | &1 Ter
T w9
V=g §=i-
TYHTTA (Expanded) 3=
arad Tl 3 AL 991 SHeR 8T o el o awal
T YA % AU 3s W 3p FEF F Afai=m 3d
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e SUeE T €1 g a6 o4 A o
51T WA o AN A TS | e Teee O €
H WEING 3T (Expanded Octet) FEAEI TR E
& 3 AT W ares g amy T w2
ATl o FH e~ PF,, SF,, H,S0, 71 ¢
FTEEEAS] AT

i i B o )
:F F Il
IS
| ~EF g [
. e Ho
SHE £
PF, SF, H,50,
P WHIT S AR AR g wapg % wn s S weEn g = s
10 35 & 12 TFEE B 12z £

Ua% @4 98 3 fF Sewl THm] 19 39S
Hifir ot amm 2, fad st fram =1 me 2 B
TEAFNY— ToFl BEFEREE § S TH] o A Al
TeERHl 1 T FuTkE B 3

Cl_S—C‘] m el s eL;

=8 e8 ow

3mﬁaua:ra§$maﬂw

s T W= 3% ames fEE Swm T oW
qaAfE A T A 3, W 59 s
T (HE— FHAAE d fEwA) AEEeE
A | ot wdifea g € aw w5 A
A 1 - XeF,, KrF,,. XeOF, 3eM%

o rew fogE o # emEfT e T w5 E

*  UE IV W] TN, A Ik WUH T &
an g B o e T A R

4.2 amafieh AT S WAST 3TTEY

wafTF Sy fBEA Fl FwE a9 opd HEdR |

77 Ferd e ¢ fF T9 oY # o @ =

| frfafaa qeai fsft |-

o SEEA TET G GEiEE SEEE U ROEEl o
I HI HEEA a0

s AR UH HEAl S S ¥ wrefieE g w
fafyy, s1uim e AT F1 FoF (Lattice)
fafea = =1 fafa
YA 1 T AR, 397 IAER W]
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4 uF A UH H HWw seiEREl o T g
T T B TH R SSTE WA R T Te
W | WA WE B

Mig) — M'(g) + ¢ ; I e

X(g) + € - X (g) ; sei wfey U

Mg +X (g —» MX(s)

Fome oifer TdTdt, A_H, 19 wEen #
THIT B U e TRV ¥ FErEEy
AN Wt IiEde 7 (U 3) | e e wiwa
THERTRITT AT AT B T T T AR S
TEE TORT F E ¥ Tee-ete % Wy
F el | e e Tk e e o el | et e e
(Electron Affinity) & 1

g e ¥ T amafe ey o s
Uil qa e A goEgl @fer wiedt
ATA g7l oF s IR |eerar | 5 #

sifererrer sTrafer AT o YA Wi qw
¥ T HURA #WufEs awl ° A wh g S
Aufeaer O | T 91N STHIEY @ T 0EE
2| T o AT E Arm &% ' F 8

st Al & fF=a 9 9 T8 HomaA
faferdra =0 o frafog =0 ¥ =rafer w4 31 3 o
@Tlfl' = (Coulombic Interaction) F& BT
O E W ¢ S o ST Seh A (Pack-
sng)mammméimmmaﬁrﬁmﬁfm
ffea dEma o faefa ¥ %) S &
fem—wifea9 FANEE, NaCl (@f= T69F) F1 e
T A wE

&
EsE
j = y T
-~ & >
¢ & <
s T =
wmafs 9@ & fau sean afer e a9
AT UHEHT FT AN FeRE & Eeal # U H
foreee @ w1 T SEe e oF w |
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T Y Tl oh @O Bl 21 SR o feru—
Na ®q ¥ Na~ #F4 2F o7 *1 H9F F9l 495.8
kJ mol " ¥, 5@® Cl(g) & Cl (g) ¥ 1 Soa=
afer wEd Fee -348.7 kJ mol ' #1 T <H #
T 147.1 kJ T 1 T2 906 (Value) FiETm
FEAEE o far=m e THE &AM (-788 J) #
SUeT e WAgE BT #1 TH YT w0 whE |
T A S i Sl § e a2 2
a: Toret simaf e =ifies o wafa o1 o
w39 Ak o fored e TR O ST
Ty @t 2, 9 T T e o =9 ateE
T g AfeRe wi|

dftr st At & farem 1 e vl
AT G TR ¥ @ em, v 7@ fava o
F N FAAEE WA
4,2, o T (STeTeR )
Tt At 3W & Uw Wie dife W T
Haen ¥ Hued oEHl ¥ guad w9 o fem
EYTE Tl ] 3T AR i Aelh T
HEd 1 FEEW & fu— NaCl &1 Sod et
788 kJ mol ' ¥ zu= #1df 7% ¥ f& uw A S
NaCl %7 U Aol Na'(g) 997 U A& Cl(g) | 1d
T T JU% F74 % T 788 kJ S = STEvTEA
76 2

™y o fauda aEy |l aeel § A
a9 FHA A A A ° ufaes de-gE
qi @9 | A% oW Taea Gfadm @ 3 da
Fac AHY 99 IfaEY Fel & 2= fww g 6
wow THE w5 T w5 e T 8 feee
wnfafa o wafad w1 ot TEY wfefem w e
HATETTTE F
4.3 AT UT=AA
4,31 &Y TG

Tortdt o701 W wATaifere WAL 3 et O S
HrEATERT G ST FATE et §1 S A
TEHT, T FoRer e w1 e o (Elec-
tron Diffraction) Tafeai &1 w=m@ES 9 59 &1 wd0
2| 79 aFAE F ASET T Ted wAS § SO
AT T T Wredeh WA ST o AR S

ke lCE o

B (fod 4.1)1 weEEsl arey 4 s WA
AR SH W] W HEHE e st 2
ATEfaa ofawen ¥ TRt wa % wre, W
W THTU] O TRIE & Wk § g E, @ e
FHET HERAET T ot St §)1 wegdst e
r[i

L

A B
faT 4.1: Gewerst o7 ABH @@y A
R=r, + 1y W&l R U9 & & a0 r, 9 1,
FO: A 9 B WA F mEmas e &
Ui i U T (e e L
Frarear ¥ WA 9T Aigd UTHIV] T HHA ST
Torefua stdt &1 sizta e 8 aEer § fafa=
SUET @h =) HWEY WA o dT F 0 H A
TP FTRfl B A 90 o fere wRerEe aun Siet e
Tl &1 fa= 4.2 | gwiEn wn E

o 4.2: 307 o 7] g9 9ERA U g e
T o gE I % T T R I # E
P T T FEY: Al AN wEEAE e
Fwid )1
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T2 uHA, fg a7 o=l # siwe danEl
Aot 42 § G W ¥ 9 A emEi #oerEy
warEAl T 4.3 ¥ 9 W ¥, wEtE g g aw
F FEEAE] T WA 4.4 § FwEAG T
4.3.2 3ST-THUT
et aqv] < SHEIF T T AT ST ATEA
TR T R AR T A wffEeet & A a
ATt IV & S 0 FEd §) sy i w5
= B 9 o9 TRl S B a9l W 9] T EEE
faferat gro aa feran Smar 21 swrery ior 3] = S
#| a9 7Y spysied oM wI emEfa =) W
T § HErEE ool §1 36-9a & o9 § H-O-H
Ay T F IH vEE el fEw s #)

HoH
H H

4.3.3 &g e
reita Teafa & =1 wrwIE @ S Tatere S % U
et W1 g o oI, ATEwF Sl w1 - A Gt
FEd F AAEY UHEH F OAEE kJ mol” B FI
RN FEESE % S H H - H S F sy
THET 435.8 kd mol | TR ¥, A9
H,(g) — H(g) + H(g); A H" =435.8 kJ mol '
Ty, FgAEE 9 T (H- 0,
[T N,) °F forg sma vt 2ri-
02 O =0) [g] —> O[g] + ()fg};
A H™ =498 kJ mol™
N, (N =N) (2) = N(@) + N(g);
AH =946.0 kJmol”
7% 92 TR 3 T A smay fames v
v 2, O s ek TEe 201 HOLSY U e
Mg fEmamEE @) 5 fou
HCl(g) - H(g + Cl (€); AH =431.0kJ mol’
TETEE et A mEy-mmed i
i Sifeer gl 21 SEETmd-H,0 s ¥ % O-H
AT 7 faead 7 SEYIE T 99E 7@ 2
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TRV 4.2 o Uk, Ty v 7 snet i aivm e

AT T wEEArs! ey waErd
EEOEE (pm)
o-H 96
C-H 107
N-O 136
c-0 143
C-N 143
ec 154
C=0 121
N=0O 122
c=t 133
C=N 138
C=N 116
C=C 120

AU 4.3 T WEEA U F VAT FaEar
I ATEET AT
(pm)
H, (H - H) 74
F, [F - F) 144
Cl, (€1 - Cl 199
Br, (Br - Br) 228
L1 267
N, (N=N) 109
0, (0 =0) 121
HF (H - F) 92
HCI (H - ¢l 127
HBEr (H - Br) 141
HI (H-1) 160

wnufl 4.4 |E WA e o, /(pm)

H 37
c T7(1) N 74(1) O 66(1) F 64
67 (2) 65(2) 57(2) C1 99
60(3) 55(3)
P 110 5 104(1) Br 114
95(2)
As 121 Se 104 I 133
Sb 141 Te: 137

* T T TE ToRel STANT % FAIE B 30 TN & AT o w e o
Tl T B (A A o e TR 3 o v
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H,0[g) — Hlg) + OH[g): A H =502 kJ mol™
OH(g) — H(g) + Og: A H, =427 kJ mol ™
AH T § S 7% =i # fF fafd temt
aftfefa & wE0 f5iE 0 - H AWy § o uftem
A 21 e 0 B O—H A= &1 ey fafa=
SISl (SE- C,H_OH Udler) ae1 =@ § 9= gl
| gt sEeATre srureit  wie arer siwa
ET HAl AHE U w0 wA R S oo
e T & o e ey e wded % A
fasfae smasl @1 e ga fawfsa o sm 2
3T & feu— WA S § O - H e @i
HArea @Y v
502 + 427
2

=464.5 kJ mol™

4,34 JATET WHIE
TEHASHT 3= F TEH AN & AN T
27T B Y WATOTsi OF Wew sIEdt S HWE e
FIfZ (Bond Order) FEARI #1 Iaem & fem— H,
(fo w Tewifom o gm %), o, (fawmd 3
wEvIfyd soeR g9 Ta €) @ N, (e e
FEIfoa s 0 A §) § e Hife w1,
2 @ 3 ¥ 3 WER co ¥, wel W @ @
Alwdrsm & | 99 gaaitag 9 €, oy wife 3
FIN, &1 3@y &ifz 3 § 791 391 A H™ ¥ 946
kJ mol' ¥, 1 fHdl f5-TAmEE @ % fom
i 2

HAFASRT 0T T AT U AT =il
WU gt §1 e & feu- F, @ar of H
=g wifz 1 8

2t Y[ N,, CO 9T NO' &i 31y =ifz 3
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YA oF FRV UH ] § Gya Al (Dipole
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