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C-Cl = 339 c-c = 438

C-N = 305 c=c = 614

H-Cl = 431 c=c = 839

c-o = 358 c = o = 745

H-O = 463 Cl-Cl = 242

o)lnd  5.2 wnuular?Hnr  (pm)

c-c = 154 o-o = 148 N-N = 146

c = c = 134 o = o = 121 N = N = 125

cs = 120 H-F = 92 N-H = 1 0 1

c - o = 143 H-Cl = 128 O - H = 97

c = o = 122 H-Br = 141 C - H = 108

,
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CH4 = 109.5' NH3 = 107’ Hz0 = 105’ ’

NH+4 = 109.5” PH3 = 94* W = 92*

SiH4 = 109.5’ AsH3 = 92’ H2Se = 91’
2

n”j~?lsJ~law’un=ttR=yuw”u8=w
Jwuisn?;ill~~intnFI0~ni~t~LI?tYu1IaJ~J~

tad (X-ray diffraction)

5.1 Ykb~~~EI~Zl%l  (Ionic bond)

,,Na = ls22s2~2p63s1  ttRt &I Is2 es’ ep”  3s2  3p5
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Lewis symbol Electron-dot formula

Mg: + 2 ‘;: ___* [ ;& j Mg*+  [ ;g:  j vi?a  MgC12
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.-
M+ki)  + &e) - MX,,,

5.2 %I~SIJ& - Z~W.IE~  (Born-Haber cycle)
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+
Na (a + Cl (cl)

U
ä NaCI(,)

I E

: A%i) + cl(g)

S +;D

4 IAHf

.+ -kl,*
2 (

2U?JF)~~~Ui~nucilnliau,ilu~~~aucii7J  9 &if

1. w8nliwrht~ou  rrt~~naiLlrOuo=~arJuaJT~t~L~~u~nl~~tt~~  wfkm~

h%iO  sublimation energy (s)

Nap, - Na(g) S = 109 kJ/mol

2. luraywa\rnwa%.4  (Cl,) ttcilnsiaaantilwa~~aarluani~~un”a  il~lG4i%mu

F&6hi)J dissociation energy (D) uaJ~ut~~auaJfma~u

Chl - %I +D = $(242) = 121 kJ/mol

3. a=~auuaJI~t~LI~t1~~t~n~~au~~  1 r;i naxdhlaaauum  wR”~iudI%

rib  ionization energy (I)

N%J, - Na+(,,  + e I = 494 kJ/mol

4 .  ar~auuaJcl~aiuT’YBt~n~~au  1 ih naiut3ulaaaua~  !d~~:IthIs~J7u

aanul  Go  electron affinity energy (E)

C’kl)  + e- cI-b, E = -347 kJ/mol

5 .  raaau~JJnaJ~rilulm”*o=s?un’ut8u  1 luAuaJw8nr~t7~u~narsA  wk

JlW~~&l”rilUW~~JlUtt~~~~  (lattice-energy) (U)

Na’(,,  + Cl cg) - NaCh U = -787 kJ/mol

w~JJ?U~liio?~aJnn~~~~~  NaCl ii~awaT?uuilJwn’JJ7UuaJ~UtilaU~J  5
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5.3 ihmhbasau6  (Covalent bond)

Ha + .H - H  :  H  +a H - H

~aa~lJnl~l~&l~~~~~na~~~lalnu~~liJu  Homonuclear molecule i+aua.m~6

llfilliiWilJ 7 t$u  Hz, CIz,  Fp,  Br2,  N2 LLR: O2  th&u
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. . .* . . . .
:I=’  + .F: - : F  : F : F-F*. . . . . . .

$0 + 4, - :N  i N : N=N
. .

~~i?oli~~ms~s~nou~~l~l~u~~l~~  Heteromuclear molecule

H H. X’ .F
.c. + 4H- H:C; H H-6-H

II.. H A

. . 1 . . . .

.N-  + 3 H  - H:N: H
. x*

H-Y-H
H I4

. . X .  .

:o:  + 2H - ;O’I  H-Y
H

*;o;
H H
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(R’I’~w~!  5.4 &I~?IWW~KI~~I  (ionic character) ~&%+&l?~aucn’

XA - xB
% %

ionic character XA - XB ionic character

0.2 1 1.8 55

0.4 4 2.0 63

0.6 9 2.2 70

0.8 1 5 2.4 76

1.0 22 2.6 82

1 . 2 30 2.8 86

1.4 39 3.0 89

1.6 4 7 3.2 92
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6XltilJ~TiU C fi electronegativity = 2.5

H d electronegativity = 2.1

p = (6e) X r

da 8 r~u~~t?uaJ~L~n~~au~di  4.8 x 1o“o  esu

6 ijfi~~JL\rrrd  0 iiJ  1

r ~3l~tll?w”uICNli  Ul.dad.lU  cm.

p dipole moment &Y$?LI  esu-cm u;ia Debye  (D)

dipole moment iHti?OLih  e&-cm  %ila~‘lUTiaJ O-10“’  esu-cm Mri?LlhiJ~~hrJlnbo

Debye  (D)

1D = 1 X low”  esu-cm = 3.33 X 1030  Cm.

hadlJ  dipole moment llE)J  HCI LKi:  Hz0 iFil~Yilfh  1.03p  MC 1.861D  F17a.l

&I&I  LLAFIJ~I  Hz0  d polarity ZJlfVlil HCI
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4115ld 5.5 ‘Isl~WSJ~~L1UUBillW~~~lUUl3WIPISL10J*75U7J’llii&I

molecule P(D) bond distance (‘A)

HF 1.91 0.92
HCI 1 .(Y3 1.27
HBr 0.80 1.41
HI 0.42 1.81
KCI 8.00 2.67
csci  10.50 2.91
Cd 10.20 3.32
BrCl  0.57 2.14
CIF 0.83 1.62

t?l%~lXhlbJt~~rJ  HCI &a dipole moment I.013  D lthkm~f~l?w’un~

1.27’A  V&I  1.27 X IO*  au. iTlUlTn~lu?~Ml  (he) b%Jt

i1lnp~ P = (6e) X r

(e)  = f =
1.03x10-‘*em-cm

1.27 x10-*cm

= 0.817  X 10sio  esu-cm

6 = 0.8,1x10-‘0esu  = o  l7
4.8 x IO-“esu

p = (4.8 X lob”  esu) X (1.27 X IO8 cm)

= 6.14 X 10sl’  esu-cm = 6.14 D

&4&I oiw’ua:  H-Cl lihbaaih 100% d p = 6.14 D llci  p 0lnnl3M(ilRaJbYil

6-u  1.080
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bJl~~~YaJiiliJhilu  polar molecule

kWkRI3LknalA  BF3 alar  PF3  ~~~ydluriu  illnnl5%Wl?‘FI  dipole moment

YaJbJta?a<JffaJ  WY%  BF,bg  dipole moment LLKVIJ~I  BF,~~J~JLLW~~~JT%I  PF3  ci;ju”
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H

I +
N - N :  + H-

I
H

H

I
N -

I
H

H
HT6: + H+

hydronium ion
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0
4

H - O - S - O - H

t,

WzS04) tetrafluoroborate ion
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a.0mwn 1) lh.&~~3J~lJllaJ  Co; I[Ufki C  6’il  EN. ilnil  0 $JiJu”U  a%laU C  Wad

‘3lJflRlJ

0

0 c 0
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H

H C 0 H LLR:. c 0

H

0 CB H
\

H -e=6’-  H wi: CEO
/ .

H

arcjlau  C, hy4aiuiGia = 4-O-+(8)=0

at(ilati  0 114 C=O, d3ryJaiam  iia = 6-4- +(4)=0

a:maU  0 lu C-0. d53p4aha  ??a = 6 - 6 - $2) = -1

;;J&A  bl3Jcri?JttYYi?&llaJ  CO;-  ;a

e :o: 8
16;  - ; - 0:. . .
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H /, H H ; H

resonance form resonance hybrid

NC6 L~UM% 2 resonance forms

SC c l!UU~6  3 resonance forms

c -

N4 tduulb  2 resonance forms
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5.9 nq@jlwwihJa~~  (Valence bond theory)

1 6 2 CM 111
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5.10 M&~~~k&kw&~  (Orbital Hybridization)
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1. spa-hybrid  orbital

sp3-hybrid  dh.inl5wRa.J5WhJ  s orbital 1 orbital ?%I  p orbital 3-orbital ?!I

~%k~  4 spghybrid orbital hM~au~u~nLi5:nl5  Mki:: hybrid orbital o:dff%~l?k~u 114

vm  s LIB:  314  lIoJ  p-orbital

VI;JJlU 2 s  LJ 1

I
I s  Q I.4 IA

C(ground  state) C(excited state) C(hybrid state)

sp” hybrid orbital ~JJifuOJdi~0~  x&~I~J!+&J~IcIJ~L/  tetrahedral

(109.5) lrw~~finnl5~aun’Yn’un”y  Is orbital lIoJkJbI5Km  0sEIun”~  k%ihha~a  CH4

nj@i?  5.4

CM 111



/ ’ I’,// I \/ I ’

47

/’ I ‘\\
H ---- -L--. -. I ,.’- . _ I ..’

;di 5.4 nlrri%a  sp’  hybird orbital %uwhla~a~~a~21a~ CH,

J 2P 1 I r
sP3

IL f f I

2s TA

Wi%  JIM IS IA TJ

N(ground state) N(hybrid state) lU  NH3
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trigonal pyramidal 5.5 (U)

electron LLFI: 1 lone pair electron FmJdl6i  ll~Jw&l?il?%thX3lilJ  lone pair r%J  lone

pair electron ~wa~iZn*CiRn7J~~~~dtiinoin~atan~TaUantiiLIRaanr~  ni5waJvaJtw

wn-nuoJ~lln”~auAa~~~~~l~~~J~

lone pair-lone pair > lone pair-bond pair > bond pair-bond pair

mnwmaJtt3JwnYn tdawiilin  lone pair electron ~daa9uIura?R11aJi;lLLR::LLaUIULiiCl

til2$yaJ  trigonal pyramid (H-N-H) Il.4  NH3  lrilkl  107.5’ ?~f~d~ll  V-shape (H-O-H) 2105

hilfkl 105’

2. sp*-hybrid  orbital

f
2P 1 _ _ I 1 _

WRJJIM 2s Q 1 SP2f 1 1

I
Is Q u T.4

B(ground state) B(excited state) B(hybrid state)
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zdd  5.6 fIl5l?im sp*-hybrid  orbital ~H~IJSE)H~~BI~~JZKIJ  BF,

2P - - - r - - - -

WAJJIU  2s Q r sp 1 r

I
Is Q u fit

Be(ground state) Be(excited state) Be(hybrid state)

sp hybrid orbital ~JffnoJllaJrLIa%&iurJ  e~&ia~rJ~lilu  i 11aJ s orbital  11~

$.h~llaJ  p orbital sp hybrid orbital $h~thtt~~t&~u&~~~  (linear) .$.IXII~IJ~“UIE

180’ ~~e-~~~ni5~aun”un’uoraolliinaaiijnawvaJn~a~w~J~lJ~ 5.7
sp hybrid orbitals

@ 5.7 r-m&a  sp-hybrid orbital %bLYo%u&Iuor~auaa~  BeCI,
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trigonal bipyramidal @U 90’

lsj~ Mh

fJ  1

PCliS  s

T.4 r r r _-
3s 3p iii- -

1 IT t r - - - -
sp3d  hybrid 3d (unhybridized)

to ro 22 I!2  - - - -

(o=CI  electron)

2 ) sp3d2  - hybrld orbital

&4nl~wmmTIilJ  s orbital 1 kX6iWR  d orbital 2 aaihaa  Lfc.  p

orbital 3 aa%ir&lafi  iharilJlbuhLR?W  SF6 a~cilauuaJ~lurn”wdnl~~~~~~J~~~n~~au~~u

[Ne] 3s’ 3p2,  3p’, 3p’, ~JJUtdaq~~~57~nBilJw”u*=16  6 VjirlT:  ‘i&l’+l,aU ~‘?J?‘LU  3s
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--- -
3d

-- -
3d (unhybridizad)

- - -
3d

(o = F electron)
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H\ /H
c = c

H’ ‘H

J 2P  1 1 _ 1 r 1 I (unhybridized)

WWJJIU  2s  rJ r SP2  r 1 r

I
Is a u Tk

C(ground state) C(excited state) C(hybrid state)

J 2P r 1 _ f I T 2p  f 1 (unhybridized)

WRJJIU  2s  Q T sp 1 T

I
Is D 1l I.&

C(ground state) C(excited state) C(hybrid state)
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+ +m%C - %I0C
+ +

A XmEn

rda  A tha3aunaiJ

x tvuarna~~tnirn”Yar~a~n~iJ
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1 7 4

r&w173  (linear)

*wLyI&u  (trigonal planar)

ns&v.k  (tetrahedral)

jflirrO~iaU;iuRlUrnto~
(trigonal bipyramidal)

nsu,hnti~ (octahedral)

HgCI,,  BeCI,

BCI,, BF,, GaI,

CH,,  SnCI,, CHCI,,  NH:

PC&,  PF,,  PF,CI,

SF,,  [AICl,]‘-.  [SiF,]”
-

CM 111



hWl4~

qm aliinvlrou

T"ldU-r

AX,E 1

AX,E 1

AX,E I

AXsE 1

AXA 2

Ax3% 2

A%% 2

AX A 3

I ihh

SnCI,,  SO,, NO;

NH,, H,O+.  PCl,

SF,, TeCl,

BrFs,  IF,

H,O,  SCl,,

OCH,),

BrF,,  ClF,

XeF,,  ICI;

I;,  ICI;, XeF,
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. . . .
/“;\ A

F F F H H H

tJlnnilb&  NH, 11d1t~~bJ~~W~h~  F ?%.I  N daJlnnilll3J6Jg~  N 6.l  H Vhw”uX N - F
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5.13 w’u%hr (Metallic bond)
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5.14 tL~~~~%&~~UtE’i~R  (Intermolecular Forces)
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5.15 &4i5zhlhmw  (Hydrogen bond)
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. . ‘:. . . . . . . . H-F:. . . . . . H-F H- y:.  . . . . .H

. .
H H :

H-i:. . . . .H-I& . . . . :
I I

H
I

H
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5)

6)

7)

8)

9)

H :0 :

n) H-c=i\j
. . u) H-H-k”N n) --Sn-5 J )  H=d-A-0-H. .

Ii

. .

aJtSuuTnTJ~Jtsl?lttuu~uaJTrrtsgR~~araaaUdar~d

n) so3 u) N O ; Fl)  co:- J) NO;

kWiW D E F LLR: G %il Electronegativity &IJwJ~?&J&J~~  D = 3.8, E = 3.3,

F =2.8  LLR:: G = 1.3 ~10-“~~tvldl~~~~~t~~~~t~?~  DE, DG, EG ttt?::  DF 11%

~l~~~Uta~sJ~l~~l~~~n~~~3lt~~~  (covalent character) dtkdu

CM 111 m3



11) ‘3Ja&lllllW3l:LM~hh  dipole moment 2105  hydrogen halides iJ&ilWIi3JQl?l HF

tiJ HI

13) b.JlR?” BrF  ~fIalXJfJlaw"uLi~  176 pm Ltar&il  dipole moment lviln”y  1.29D  BJ

‘???U?n&  partial ionic character uaJw”uxi: BrF
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25) ~Jl~tluttwunlwrra~J?J~~~au~~lt~a~  (Born-Haber cycle) hvhllXiin  KCl(s)  inn

K(s)  + f Cl2  + K’J,,,

nl~iinT-y?wnlz~tilun~~~~~n~~~~n~~”~~~~au~~an~~”~un?l~iawlliul~

tvi11m

(kcal)

RlMM(ill[~ K(s) - K(g) 2.15

3 Cl,(g) - WI) 28.5

K(g)  - K+(g) 100.1

w3) - Cl-(g) 83.3

K+(g)+Ch) - K’W) 168.3
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