, _ Q ato

‘ ‘ > PCl4(100°) O A decreageg.
y Bond angles,tnuot'vlng multiple por:

B"Je ';1000[ ying only sfnglt? bonds. Howevel; ‘e multiple bond ger than those
zmme 4ry of a molecule. '

opulsion betiwzen electron-pairs in jilled sheils are [q;

E- ‘rIE'MI din eléctron i ' . . =
&= corted by bonding €€ “Pair op the electmm

3 e e » gerith :
put® bf]';uﬁ’ on clectron pails 1 incompleiefy flied shells, e-giomp;;tge gpulswn
; d angles in H,O ¢ . ~U-H ang
q-5-H bor? 1g 2 dnd, HsS molecules: H,0 (105_500)»1{08

(92.20°) '
The valence shell electron pair repulsion (VSEPR) m
Ofmo[ecules and ions in which valence-shell electron pairs q
su that electron pairs are kept as far away from one ar

odel predicts the
e arranged aboyt

shapes
wther as possible,

.uch ﬂtom:

o 1l
ZZZ;e,Zl[“ molecule, as dei‘ermined‘ b:,-r the relative posz'tio'ns of the atom.c nucle
please l-cmembe-z'. that even.thougn \.SEPR suggests pairs of electrons, VSEPR
eally refers v0 electrgn don}ams or region%. Rememvber, an t.electron reglon can exist
4 a single e‘ectroi (one€ _e‘x;'o:trc.m.;, twe ciECtI’OIIIS.(IOHG pair or bonded pair), four
lectrons (= double bono), or six elecirons t.tlz.-.ple bond). However, when we
.ciermine the gecmelry of a molecule, vwc locate the positions of the atoms, not the
Jectron pairs. Fer the Geaeral molecular formula, “A” refers to central atom,
«B” sefers to atuius attached to centiral atom. and “E’ refers to unbonded electron
pairs. For example, AB,E, is shown as the {ormvla of water (Ho0), which has two
bonded hydrogen aiowus {(“B”) and twc lone {unborced) electron pairs (“E”).

1. AB,; Molecules with two eleciron pairs around a central atom

There are several molecules and ions that consists of a central atom pius t'.v.o

aloms of another element in which there are no lone pairs on the central atom. This
kind of molecule is abbreviated as ABy. Typical compounds include BECIQ,B?B‘TQ.

4 Bel,, and CO,, as well as CdX, and HgX,, where X = ClL, BrorlL A pol.yator.n:tc) ;ﬁg
inthis category is the rnitronium ion NO3. All of these are known to be linear
angle = 180°), o Bec

In the soli llium chloride, BeCly, ;
er in 4 POl}'!!(’tieitig tzglligcir.;’{owever, BeCl, exists as discrate molec?les 113!; 1:1:;
- B3%0us state, The Lewis structure for BeCl, shows that the central atom

' . . : g it has two
i;o ,b‘mdmg electron pairs and has no lone pairs of valence e!e:t;?{?:[; esi + fa apart
f;:gmn Pairs. VSEPR theory, which assumes that electron paiy Be will be 180°

-nolecuies are bonded to each

°f¢ another as possible, predicts that the two electron pairs on all other
m&@t‘ﬁ:‘;ﬁfi’ﬂ I;heol‘}' pr’;dicts s linear structure for BeClz i:nd for
ype. 180
" o el
{iBesll  or  ii-Be—CE e
Lewis stx.';z.cture YRR

Fig. 2.13. BeCl, molecule
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(gronium j +
nitr ton, NOj, shows

The Lewis S _ tron pairs, gi ,

i . has two bonding e odel, and h nce a double bong 1, ° ey,
nitrogen atom ha i R moCe & as no lone pair of vy Chay, i
single electron pair-bon and e*Perimental observations ohee g, %

tI'UCture thﬂt the

]
£

Onﬁ[‘m t};ctr(,‘n

T o~ r redic 5 ) > es " '
I‘l-)us \.’bEPI.{ theory peai‘ which giV6S Maximum separation ety at 10
nitronium ion is Hn ’tral atom. _ cen -ty
electron pairs about the cen : }EE‘ ©

0 NiQ: O 9=t =0 0=N=0:

- ) VSEPR mod

Tl cture el
Lewis stru Fig. 2. 13 Geometry of NOJ ion

2. Molecules with three.electron pairs arounds a central atom
om of & molecule is surrounded only by three 4 d
ondi

5 ral at ,
S?C;;m;v ::;s’t}:ﬁec;gf,metry of the mo_lecu]e will be triangular planar., Boron g, %
many - covalent compounds by bonding 't? thr.e © other atoms. Typical Cxamp’;
include BF,, BClj, BBr, and Bls. All .;uoc trigonal planar (that is, tp, f
molecules in which the bond angles are 120 ) ;
{ boron trifluoride, BF;, shows that the central aton §

The Lewis structure 0
and has no lone pair of electrons. VSEPR the,. |
LN

has three bonding electron pairs . : !
. " . « v ) |: ‘v . 3 v
predicts a trigonal planai structure for , molecule because this structure ghves |

maximum seperation among the thr
BCl,, BBry and Blg are similar.

I"‘

o. A . Ilk\\\

..g. // B \\
R ) F.Z__;\_lp

i O O F 150 F
Lewis structure VSEPR model

Fig. 2.14 BF, molecule; trigonal planar.

ec bonding electron pairs. The structures ¢ |

AB, E; When the central atom of a molecule is surrounded by two bonding electrs
pairs and by one lone-pair of electrons, the geometry of the molecule will be bess
angular or V-shaped, e.g., SO,, SnCl, iy

The Lewis formulas for the sulphur dioxide, SO:. has two equivi?
resonance structures.

0= 8§-0t —y :0- §=0: or 0=8=0
Two equivalent resonance structures 2

ectronl Peﬁ /

In SO, the central atom sulphyr is surrounded by three el )

SO, the resonance form containg 4 single bond, a double bond, an

electrons, but a double bond i ) puf
VSEPR model. Therefore,o in offecs red as a single electron palr fo; ‘ttk.m'fhe \;Ef’%

in effect, 8 hag three electron pairs aroun
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fIEMIGALdi ts @ trigonal planar ary Angement for the three
L edic
¥ pr

egiong op €lectry,
ity-

W gonal planar electonic geometry and an soulgy 2
trigon 5 /‘-‘:’\‘Q

. try

5N, geome .
/0 & hree regions of electrop density about the Sulphyr atom ygp,

N [¢] Y
If all the t 1d expect the O-S-0Q bond angle f}: be 120°, Uearly the threa
e woulth & Ivalent because
¢ we v sity are not equivalept

calen ,I ctron den

c:Of - :

Bular mq)

O

€ two regiong are associated
e ds, while the third region i5 the lone pair of electropg
jon° O bon ’
8 G-

that reside op

o pair OCCU‘pieS mmore space, if: .will push the two bond pairs
As b 10Eond angle between two bond pairs becomes less than 19¢»,
ih.e f" each al?d t?:ucture of stannous chigride, S-’n(‘{lz’ ShO.WS that the contry| Sn
lose The Lewis Strv pairs, -out of which one is lone pair. The VSEPR theory
| three electll:rfllar.geometry for the three .electI‘OIll pairs.
ston-l,cts a tﬁ%of;?lgr I; ater repulsion on the bond pairs resu ting in
p exerts
flectrons

le. Thus SnCly in vapour phase is V shaped and arra
-Cl ang e. - ‘ ’ . .
(J-5n

tom

The lone pair of
the shortening of
ngement is called

pgular o _ " @ E /?\\
: \oo ’ : Cl . .
'Cl'/ CL : Cl

// n \\
’ : CI:Z___X:C]
2 F1g 2 15. SnCl, molecule V shaped e éfoms
e 3 hen there are thre,
_ ; try.occurs w : °
The s pl'anof electrons on the central atom :nd t};ims i et bl
buded and no lone p" ‘ try occurs when there . 120°.
ometry v . - tly less than
i aoguiat molerlar tg}fe central atom and the bond angle is slightly ,
me pair of electrons on :

i 3
. 0 '

; d
. the four other atoms an
, tral ‘atom of a molecule is bonde_d ‘to t-}ﬁebg tetrahedral, e.g,
-0 lone-pair of electrons on it, the _— | nds by sharing
CH4:CC]4>SiF4- ] | t form numerous covalengi 50?12)34- molecules.
: ments - 1ated a2
ey foz?ilgﬁrgs ixél ?‘oir other atoms and are abbrevi

S s

| :F.: o0
i R GrR
HiC:H = e 8 .
s | | rbon tetrafluori ; stron pairs,
Mtethane. ' leéflis have four bonding . maximum
! VSEpe ‘entral carbon atoms in both mo

: 1 es f
ince this g1V orners o
ot Y Predicts tetrahedral geometry S.lnch4, lie at the COF,
;:epa’ation Tile fy ' prle ;C . CH, and four F atom s 13°28’ _
gy, 0 fou in CH4 : :
;_Tegular tetrah dr;"n. ’I?hZ?{S-C-H bond angles are all 10 i
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H AN _
/ \\\ ,,é/(-‘\\\’..
: / c\\} a ' F :i';;‘ F:
S ~ I
: H chapedt CcH, and CF, (tetrahedral)
: Sha :
Fig- 2.16-0 ,moﬂi“m jons, NHj, sulphate ion, S
P ture 7 ing
The 19‘.‘.'18 btcrllloc-. are Sho‘vn be}O\‘ ° e 2—- ‘.(S. =
perch]orate lon’ * + . :Q: .e e ’ I ’ .o
H 0 S O Q=3O
g:N:H 20: :0:
- b 'hi -e directed to the cor
air of electrons, w hich are direc e cornerg ¢
Each has fourfbo;lldzizé;i‘m separation from each other. Thus NH,‘;,SO'i- -
regular tetrahedron for mas == .
Cl0; have tetrahedral ion1¢ geomeh'}
H ?2’ 7
14 1
N RN\ A N\
7 O
1’ \;H N 0" ¥

AB.E; When the central atom of a molecule has three bonding electron pairs anf
.one lone-pair of electrons on it. the molecular geometry is trigonal pyramidal,eg,
NH,,PCl;. .

The Lewis structure for ammonia molecule, NHj, shows that the central}
atom has three bonding electron pairs and one lone electron pair. The VSEPR theoy
predicts tetrahedral geometry with bond angles of 109°28". The shape of the
m‘_’leCU1e is determined by the arrangement of atoms and not the lone paird
e].ectrons. Therefore, the NH3 molecule 1s described as pyramidal. The N atomliet
z;;:e:]i? i:dutl}:; '~1:1‘§0 H atoms lie at the corners of a pyramid with a tria‘ngulﬁf

. so, repulsions between the lone pair and the bonding electron pairs ¥
greater than repulsions between bondins electr T PR theory s |
sbeiliots that the H-N-H'bond ng e ectron pairs. The VS?JP ’ ¢

angles will be less than 109°28'". Experimentalli®

find that the H-N-H bond angles zre 107°20
s are 107720,
H
/
NH, 4 3
5 / IN \\
H'/';[ \7
B A \\\\ ! ’:::—’H
Fig. 2.17 Moleeyy H' -
Beometry of NH;, pyramidal
T v .
4
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 the central atom of a mojec 16 is bondeq t0 the ogher s , o
Bt Ctwo

pair on it, the molecy]gr geomgtry 15 angyly, o Oﬁtoms and .
© Or ben '

| ', - 4pucture for water : r
14,900 'Le‘”;s Api two bonding elecl‘c};gf;u;;s tlllig,t
i guﬂoggirs’ VSEPR thelory predicts tetrahedrgl geometry, WitquOn
ﬁ;aﬂl eCtrorl_ e there are two lone pairs of electrons, in the Hy0 molec l
W 9023’, lntorﬂy explains the angular molecular structure of W‘xt.u e,
Y sald® % airs OCCUPY IOTE Space than'the two bonding pairs‘ar(ig molecyle,

nl o petween two l(?ne pairs than the repulsion between g lone generate

v which in turn is greater than the repulsion between tyyq pair and

g:ﬂding p:}lle two O-H bonds in Hs0 will be forced to come closer to'getheorngﬁ.“g
s ThUS T H, and account for the observed bond angle of 104.5° 3, H-O-?{n
5 lrIzles are HyO, HoS, NoO and Cl,0 and all are angular molecules,

. g ' e'e Lone pair
)2 ' DA AN
/ ‘\ .
. / X

. \:
VSEPR model . ~ \
~ 0
Fig'2.18. Shape of HyO; angular ~ ~><},~7
J | H
Glre\atel‘ the number of lone pairs on a central atom, the greater is the
giraction in the bond angle. |
;, Compounds with five electron pairs around a central atom

shows that

wo lone el he cengyy 0

! ?ﬁ;[s'bond
7o

gio: or H-

T—0

Lewis structure.

B When the central atom of a molecule is surrounded only by five bonding
5

| i ar geometry is trigonal bipyramidal.

decno}']l‘}l\):l}l;i’zit\zirln ;Le;; ]'\'}Zg;lementys, P, Aﬁ. Sh, form some covalent compounds by
'shaﬁﬂg all five of their valence electrons with five other atoms. I?Fs and‘L PCl, gt:;
uth compounds. The Lewis structure for PClj; shows. five bfmdmg el?CLTOH ')5;‘1 1
‘ud the central P.atom. The VSEPR theory predicts trigonal blpyramldaa
@ometry, because maximum separation of five bonding electron pairs lfr(jcl("l)i‘i h
Miral P atom js achieved when the five Cl atoms lie at t'_.l-.e corners and P atort.

"ecentre of a trizonal bipyramid.

Frae Equa-
.' :Cl: torial Equa-
: bl g ; torial '~ “
[ SR I N
i\ AR
Tk sne ’ |__==
o ‘-’.

©
@ Axial

‘Fig.2.19 PCly molecule, trigdnal bipyramid
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Faes e \ \ 1
central atom of g mole ; 20,
o . A cule is bondeq .
air on 1t, the mg to th . 79
P | le.cular geometry 15 oone by |
, ) ' : r

i CTWS thay ¢
rotl lron pairs and twq jop... he copy
| u;n 4TS, VSEPRt thelory PreFllcts tetraheara] geom(;?e elegtron ral
A joet®° o there are tWo lone pajrg o electrons, in the Hry, Wi

it Sag, SINCE i
¢f0109028' orily explains the angujq,. molecular structuie K clecyle, VSEPR

jsfacto” :
ab> e paIrs OCCUP%; mqre SPa(.Ze than' the two bonding pai Water Molecy]q.
sjon between two lone pairs than the repulsion betwee 'S and geppay.
.- which 11 turn 1s greater than the 0 & lone paj; and

ail, . © repulsion bety 3
'bond‘nip e two 0-H bonds in H50 will be forced to come o o bondip

. clos
pqifs" .. NHg and account for the observed bond angle Ser togethey than

1 - of 104.5° ;
¢ bfzj:mples are H20, HaS, NoO and (1,0 and all are 5 > InH-0.p
2] . ,

ngular molecuyles.

Y - ' | % Lonepair
- 0. o' e o
O AT
E tructure B | 0.\ |
wis S ruc . . a N\ 5,
o | VSEPR modelQ Nt
= Fig'2.18. Shape of H,0; angular NS /’ |
éreater the number of lone pairs on a central atom, the greater is the
gitraction in the bond angle. : ‘

, Compounds with five electron pairs around a central atom

1By When the central atom of a molecule is surrounded only by five bonding
' deetron pairs, the molecular geometry is trigonal bipyramidal. 2.7
_The heavier group VA elemerits, P, As, Sb, form some covalent compounds by
daring all five of their valence electrons with ﬁye other atoms. I?F;, and& PCl; are
ah compounds. The Lewis structure for PCl; shows' five bf)ndmg elfacbron %:;;i
mund the central P.atom. The VSEPR thebry'pred:'cts_ trigonal 10_1py-ram1d !
ftometry, because maximum separation of five bonding electron pairs aroun

: : ot 4T and P ator. n
tral P atom js achieved when the five Cl atoms lie at i@ cOrners &

+ e centre of 5 trizonal bipyramid.

Equa-

'Cle torial Equa-
| torial
|9‘1\P~ X . \

\ / ..
BN

Fig.2.19 PCly molecule, trigdnal bipyramid

Scanned with CamScanner



ﬁ mu.&mmusuozbmwﬂﬁvcm,..B.. vm.spm.%
%aa% p A1 SWIOIE® J 931} 3} JO oMy ¢, :
5% ared auO[ U} 10§ S[QBINOATS SIOW ST g1 1oy —sod TeLojenbs ayy
A% o8 [ePEIAdIq [eUOSLI o WOy &njdurygg HOSTp s :
- HOISTD [rias £
2 ol € 110 JO £n2uwoad JBNIBOI 0%'F Sy o Y mgﬁuﬁww”ﬁ w,www wwmm
pad 813 mz 198 Pmoa sared-suoy o.ﬁﬂﬂﬁ
wmﬁMmm.HowohMMWt m.rwm Jo ooussaad
. ‘ 0d5 joprun.iddiq
.. idi. ., 1PU0SMy sppaad fxoar YJASA
ALl UL smed Swpuoq ere’ serg
* L0007 2w jo gsex 1 pue sxred auof
°IB WaY] Jo oa) ‘woje D [e1juad
94} punore sired uoajoera Ay

| sired U0 ~ SBU YD ‘opronpyLy, surio[y)

€0 <80 ‘Ajouroald padeys-J, B SSALS SU01303s Jo ated auof 0 pue sxied UOIIII[P
fmpuoq @91y} £q PIPUNOLINE SI 2[NII[CW B JO WOIR [BNUad Y] Uayp\ gV
“ ‘uoisndal 193eaid

DUBR  JI8SIe[ SI PIYM  ‘Suolsel Surpuoquou

110 Anjamean . 2MPNNS ST gy £q _poaysnd, are suoiSar Surpuoq oyl
g A jey SursaSSns ‘uorSar u0a33[d SUTpUOqUOU
.,HW%Uﬂ_ ,m/n‘" oy woyp Aeme Yoeq Jueq SpySys ax8
.m\ _ \r_ spuoq J-S [eroienba pue [eINe Y | ..,Ewaomn

q A A (JelpayeIlal Po1I0ISIP JI0) MBSI9S B SoAls ST,

“lontsod anoy Sururewrax ayy £dnoso sared Surpuoq Inoj Y3 PUE uonisod Eﬁwumz@m
Mfmas..zo Jted (suo[) Surpuoquou sy} ‘pPaAlasqo AqeuswLIdye ST T "sreadde ared
"Ml ey) suotyisod 9s9Y] JO YIIYM UL 9PIOSp JSOT 34 JUS[RATDI JOU I sared wonIop
W Jo Suorjisod [ewrojenbe pur [BIXE By ISNBISY -quowaSueLe [eprwrerdsidiq
Fuo3uy g sary Eﬂmﬂw mydms usOpm srred wondd[ sy YL 1ed mzmvdoQQQn oW
"4 3u0 pug SPUOQ - 9y} WO N0y 91 pumods sied TN 3 ST Imydms 3y,

. .J R E S <5 [eIpayE IB[NSALIT) SABSIIS
K \ : sared uoIjIRR

PU0q oy g papuncuns st o[mosjowy ¥ jo WO [EHISY T B ueUm L

_ ‘ 2 3 ) asneaaq A[jRIuswLIadxa

'SYSU9[ puoq pur sajSure quaTaylp ouI I ) ;

vﬁwﬂm J}sua[ puoq p [sue puoq } E:dm soxq) o) PUB SWOIE

unst : ¢ . ~ [BLIO
Openg o0 24 U8 fIpd wr swoge 1) P 12SUO[ J8YMIWOS

nbo oY U

N
Sgq
e b
E s
hﬁ e whw&m%ouwz@m 943 Usamiaq aSue puoq ay rr,,mrw
w%: ¥ ur arp Layy, ‘Jor00nba paped aqu SU0!

Ll ?um«ﬂ.ﬁ_&m uy JO SIALI0d
(sod aaIq} IR0 YL, "TASAs
.3 aau suontsod Y JO oA,

98unp v -
SUBLIR sTy) ur Pazutaw st saved

D 08

W g o m,ﬁ.ﬁ S9[NIIoW NS Ul spuo ?m.:;u R L
_ w_mg%aop [Brxe oy, 's06 Sl woje ,5. Eﬂomaco ug pu® wolw r.u.,, ? i u...w
Puog W pue ¢ gy w.~ swojg 1N . om 9 uaamjaq ABUE PUOq O .08
o < ‘—GMV'H.. &

w u
pii WLI0T £arr - DE d
W,M_fsg :w oW smetow Iy ey wup PR ﬁwé ayy @oudy puv suolyisod
../ . > ar g - - )
. L 0U sre prueiddiq [euosuy v J° rﬂ:.r:um? aay 3 Jo uowsndalx ayy,

Scanned with CamScanner



i
4

1. 1 hond ban bopg e
li‘w(;l" I " ; { nhnh'\ ‘H”vﬂ il ‘“'" " .T\":‘A:“%;“”ﬂ-_@.,

i
es© entrad atom ol aomoloeite in Bone
ané , When the ¢¢t and haw t) wulo I8 bonded 1 the g I
,\32]@"" nother eloment ant s threo noyy honding Priv on g, ‘
" H e W OLRL n‘ y g L
qw“’(;[ r gvoﬂ“"'r-\ is lineary e, Xeo Iy The three lone I"lil:ﬂ ‘ Xt
¢ \; ; ) V,.‘. i W ] y N . "‘ ¥ 3
,nolt"“,  the (\quniﬂlh“ positions of {ho {rigony! l»il,\.,.""”
g0 0¢° By (L, giving 8 linear geometry, ‘ o r
i TOU ! v [ E§ "
rm\m‘l“"" R i ale eetron pair Ve W
ar Jecules with six cleet PIrs nround n contpeg] nlom
\In (Y ) ' ol A
x when the central atomeol a moloeule is surroundeg only by u
, b o A b . AT ’
ABgi pairs and has no bonding pair, the geometry of the moloculo | : honding
ctron PR P A ‘ )} astdatian <t " oot ;
clectrol s of the group VIA elements in the +6 oxidation atato are '“"\lnp‘l‘.h‘N:‘WL
Q : S ool the

q 1 '} N . A
fhe bl wis structure of sulphur hexafluor N
\BG type: I'he Le I i(l(\, S[a“‘ shown that fave
Iy v 3]

'« bond pairs around the central § atom. The octahodron VSEPR 1 |
are Sl}; redicls octahedral geometry, since the maximum soparation ;( .l‘;"" "'l
Cfn.ﬂ:th}Olﬁs surrounding one S atom is achioved when the I' atoms m'vlw;i‘;::u:ctlllfnl
gix [ lfn'ers and the S atoms in the centre of a regular octahodron i |.|lll;a ""I’ulw,(‘,‘:
thelm‘l six electron pars is minimized in this arrangement, An octahodron v‘x‘;., a:
O(f,étl}:{solid figure whose corners are all identical. Therefore, all the bonds ard ]
regui¢

. . D R . , X A . T
the F atoms are equivalent in S molecule, The I* = S = F hond angles are 90 or 150"

Fig. 2.21 Shape of SF; octahedral
The exaimples of such type molecules or 1ons are SF; and PClg ete,
AB.E: Molecules in which the central atom is surrounded hy six electron patic o
which one is lone pair. The molecule adopts the shape of a square . " :
0 2= atp { J
pramid as shown in Table 2.2, Thus Brly, IF; and ShOLE™ ete, \|1 /
i(;‘nta}ning one lone pair would adopt square py1-111111§anl geome y In Y /Ng
s, the lone pair on iodine occupies one of the six equivalent positions
1 : S 0y W .
the octahedral arrangement, giving a square pyramidal geometry. |
o lectron pr.rs, out
Of whi .
c : |
& moﬁ, two are lone pairs and they are placed or .
ype cule, resulting in a square planar shape. | .
Pyt { 1 he two lone A
ICl4,BrF4 etc., as shown in table 2 2. In Xely, the tw o/ NF

heir repulsion, The result is a square planar g

IFy Georr etry

Molecules in which the central atom is surrounded by six ¢
n opposite sides 0

Examples of this- F_ ,
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