Chemical Bonding-Ill ﬂ—

Bl Exercise-1
= Marked questions are recommended for Revision.

» ffed us qIEsvm I 9 B
PART -1 : SUBJECTIVE QUESTIONS
YT - | ; fA9IT® Y99 (SUBJECTIVE QUESTIONS)

Section (A) : Back bonding
g (A) : U I
A-1.  The B-F bond length in MesN.BFs is 1.35 A, much longer than 1.30 A in BFs. Explain.
MesN.BFs¥ B-F 38 o=Tg (1.35 A), BFs % 99 &g (1.30 A) @1 gar 3 a1ffie 8Ril & | o9 S |

F
I

Sol. In Mes N — F_F , the electron deficiency of boron is compensated by the lone pair of electron

F
donated by nitrogen atom. Where as in BFz it is compensated by back bonding with F atom; back
bonding is delocalised thus B—F bond has partial double bond character.
F

|
Sol. MesN — |B_F, AEgIoM WA §R1 fA¥ T Tamal seldgid g7d §RT dRIF &l Selagid <dl qof

F
8 Wil 8| Safd BFs § F GRAIY] & 1 UTT G gRT YUl & SR B | U%d A faveriga
(delocalised) &1 SITaT B, o B—F 9= 21if¥rd faawer srficteror &am & |

A-2.m=  Explain why SiHsNCO is linear (except H atoms) but CHs NCO is non linear.
e BRI f6 R’ SiHNCO Y& ® (BRSIoH ®I BISHR) W] CHzNCO 3R 8 ?

; H
Sol. (Shows pr—dr bonding) H>Si =N=C=0

Ho o osP
H_ .
(Cannot show prn—dn bonding) H—C—Na
H” ™ g oC
P,
Sol.  (pr—dn a%%) H>Si CN=fz0
H
. H_ .
(pr—drn 978 &1 URIT FRAT 8) H—C—Nao
H” g C
P,

A-3. Draw the structure : Identify the type (pn—pn, prn—dr) of bonds and number of these bonds in the
following molecule :
1 319] # (pr—pr, pr—dn) T & YHR TAT 3D G AT B AT AV B G2 1371 |
(i) SOz o (i) H3POa4 (i) N2 (iv) HCIO4

Sol. (i) g two pr—dr bond and one pr—pn bond. (] pr—dn S8 TAT TH pr—pn &)

I
(i) P~ one pr—dr bond (V& pr—dr d)
HoOo | ToH

OH
(iii) N=N two prn—pn bond. (N=N &1 pr—pn §eT)
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Chemical Bonding-Ill ﬂ—
o)

| .
(iv) H— O— Cl=—=0 three prn—dn bond. (9 pr—dn 9%

|

@)

Section (B) : Electron deficient bonding

Qus (B) : SolagiA 94

B-1.= Explain why
(i) NHs is better e~ pair donor than PHs.
(il) NHz is a better base than CH3CN?
e w1 fE i
(i) NHs, PH3 @ o1 # 371287 gelagi= g7 IIal 2 |
(i) NH3, CHsCN @1 3UeT U&h (0T &R ¥ |

Sol. () In NH3 molecule N atom has lone pair in sp2 hybrid orbital while in PHz as suggested by its
bond angle (92°) the lone pair must be present in ‘S’ orbital which is much more contracted than sp?.
Hence PHs becomes a poor donor than NHs.
(i) CHsCN has lone pair on sp hybridized nitroge n atom while NHz has lone pair on sp® hybridized
nitrogen atom.
(i) NHz % U@l @ N URAY] UR spd §HRA Hed H & odis PHs § &1 9% B0 (92°) & HRYI
THTH! T ‘S’ herh H SURT 8 Sl sp3 Bl Jal H N IS TS PR | $HIY PHa, NHz &1 gl
H gdoa © |
(i) CHsCN ¥ UdI®! 74 N URHIY R sp GhRd $&d H & odid NHz H Udidl ™ N WA R spd
ABRT HeTd § ISURAT 2 |

B-2.  Why BCls and SiF4 act as Lewis acids ? Explain.
BCl3 @ SiF4 J39 3% @I T8 FdeR Hxd © | i ?

Sol. In BCls, octet of Boron is incomplete. In SiF4, silicon has vacant d-orbitals, by which it can accept
electron pair.

BCls § IRI9 &1 T<d rqul 2| SiFs § fiferd Rad d-wes @ & s gRT I8 e~ I7H T80 IR
HHaT B |

B-3.m BFs exists but BHs does not. explain Why.
BFs BT 8 <ifdhd BHs 181, S9s1sy & ?

Ans. BFs molecule being electron deficient gets stabilised through pn—pn back bonding. where as BH3
removes its electron deficiency through dimerisation and thus exists as B2Hs.

BFs 317 fSr# golagi @ &+ 8Kl & 98 pr—pn 9849 A W@ I &=l § Siafds BHs 39 golagi=
B FH B fFADIHIV §RT §R BT & AT BoHe & wU H YT Bl & |

B-4.  Which orbitals are involved in banana bonding in Al2(CHz)s.
Alx(CHs)s ® @eell 98 (banana bonding) # 99 ®etd Afferd 8Id 8 ?
Sol. sp® hybridised orbital of both aluminium and sp? hybridised orbital of carbon.

T TR & sp® AHRA BeTd qAT BIa- BT spd HHRA HeTDh

Section (C) : H-bonding & intermolecular force of attraction.

Eug (C) : SO I8 qUT ARIMMVIH AMHYT I

C-1.=» In which of the following the hydrogen bonding is strongest. Explain briefly ?
o1 & 9 foad uaaad H-9e9 R oI @ | féra § 9Hssy ?

@O0-H--—-S (9 (b)S-H-—-0 (9 C)F-H-—-F(s) @@F-H-—-0(9
Sol. Very strong hydrogen bonding occurs in the alkali metal hydrogen fluorides of formula M[HF2]; there is
a linear symmetrical anion having an over all, F-H—F distance of 2.26 A.

F-H-—-F «—— [F-—— H- FI
F-+HF — > [FHF]-; AH = — 161 + 8 kJ mol-.
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Chemical Bonding-Ill ﬂ—
T . &R TRl & TIEsIod FARgS el I M[HF] 8, § 999 Udel H-d99 91 I 2| I8 Uh NE™
ARG FOmI Brar ® T F-H-F d9 o8 2.26 A Bt ® |
[F-H-——FF <> [F-—— H- FJ
F-+HF — > [FHF]"; AH = — 161 * 8 kJ mol!

C-2.  Why D20 has higher viscosity than H20 ?
D20, H20 1 g ¥ 31 <gTa & 8 /i ?

Sol. Deuterium is more electropositive than hydrogen. Therefore, stronger H-bonding is found in D20 than in
H20. D20 is also denser than H20.

Sol. SYfeTA, TIESIGT B AU AP JYAUHD Bl © | 37 Ho0 & 34eT D0 H H-I yadl Uil il

21 D20, H20 # 31en 31fde T-icd gal g |

C-3.  Why glucose, fructose, sucrose etc. are soluble in water though they are covalent compounds ?
@I, Baed, ghid A T ¥ faord i 8 Safe I ggddeie difE 8 ?
Sol. These compounds contain polar—-OH groups which can form H-bonds with water.

Y AP gd —OH F9E & & Sl ofd & a1 H-39 991 9 © |

C-4.» Ethanol has higher boiling point than diethyl ether. Why ?
Il ®T TS SISUR $oR ¥ I1fF Brawm B | a4 ?

Sol. In ethanol, there is H-bonding but in diethyl ether, there is no H-bonding (because O-atom is attached
to
C-atom) but there exists weak dipole-dipole attraction in diethyl ether.

B . QIHIA H H-99 Uil Sl B g SIeuidrd geR H H-99 T Uil S« g | (Jifh O-uRAY] C-WRAT |
ST ga B) forgg SRV S2R # gdo fegya—fega amayor i # <& ¢ |

PART -1l : ONLY ONE OPTION CORRECT TYPE
AT - Il : DT U Fal fddbed THR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Back bonding
grs (A) : U 99
A-1. For BF3 molecule which of the following is true ?
(A) B-atom is sp? hybridised. (B) There is a pr—pn back bonding in this molecule.
(C) Observed B—F bond length is found to be less than the expected bond length.
(D*) All of these
BFs 37 & forg o1 § & 1941 9 & ?

(A) B-UHTY] sp2 GHRA B | (B) 3 319] H pr—pn U dF UTAT AT 2 |
(C) uferd B—F 99 <TTs, 3MUferd 98 ovars W &H U TE B |
(D*) SuRTeRT T |
F\Q:% :F: :|.||:.® :i|=': N

Sol. SR o «—> o «—> o = “B==F
F (é % Y B B B Y
Vacant  Filled e3:--/ \F g3 \ F/ \'Ifig3 -

2p-orbital  2p-orbital
Decrease in B—F bond length is due to delocalised pr—pn bonding between filled p-orbital of F atom
and vacant p-orbital of B atom.

_B—F =| : :lF F N
o bl @'F/ N, :’[:'/ N, :'F'/ \@ F~
2p-FEF  2p-pErs °de L % oo e L. F:
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Chemical Bonding-Ill ﬂ—
F WA & YR p-$eidh Td B WA & Rad p-H&d & 78 pr—pn 999 faRerfigd 89 W B-F 99 g
T STl B |

A-2.  Which of the following statements regarding the structure of SOCIz is not correct ?
(A*) The sulphur is sp® hybridised and it has a tetrahedral shape.
(B) The sulphur is sp® hybridised and it has a trigonal pyramid shape.
(C) The oxygen-sulphur bond is pr-dn bond.
(D) It contain one lone pair of electrons in the sp3 hybrid orbital of sulphur.
71 5 9§ I HUF SOCl, B FIF- & HaH H F&l 781 & —
(A*) FehR sp3 HHRA & T FHS! TJTHhADIT MR 2 |
(B) WeHR spd §HRd & a swa! i iR amgfa 21
(C) 3ITRAISTH—AeH §¢ pr-drn 98 2 |
(D) 3H, B & spd THRA &P H Foidgid b1 T YD i & |
Sol. In SOCI2, sulphur atom is sp? hybridised. Due to the presence of one lone pair of electrons on ‘S’ atom,
the molecule has distorted tetrahedral shape. i.e., trigonal pyramidal shape. This shape contains two
chlorine and one oxygen atom in a triangle. The S—O- pi bond is dr—p= pi bond.
SOCl; % HeHR WRATY] spd HHRA & | ‘S’ URHIY W THIPI Seideld ™ Bl & BRI 7] B Mgl faaqd
IIHADII B Sl B A By IR amefa | g8 gl Bge d S1 F@RT ok wa sraRie
TRATY] @ B | S-O—n 98 dn—prn pi §Y B |

A-3.= Respective order of strength of back-bonding and Lewis acidic strength in boron trihalides is :
(A) BFs < BCls < BBrs and BFs < BCls < BBr3 (B) BFs > BCls > BBrs and BFs > BCls > BBr3
(C*) BFs > BCls > BBrs and BFs < BCls < BBrs (D) BFs < BCls < BBr3 and BFs > BCls > BBrs
IR ¢S § UTd—aw AHd T Je9 3 AT B HA: JAMUfED HH o :
(A) BFs < BCls < BBra @21 BFs < BCls <BBrs  (B) BFs > BCls > BBrs 21 BFs > BCls > BBrs
(C*) BFs > BCls > BBrs 721 BFs < BCls < BBrs (D) BFs < BCls < BBrs T2 BFs > BCls > BBrs

Section (B) : Electron deficient bonding

Gus (B) : SolagiA=T 9
B-1.  Which of the following contains a coordinate covalent bond
/1 % ¥ 9 W Affe SudEddIeed Agddleid §¢ (coordinate covalent bond) ¥@dT 8 ?

(A*) HNOs (B) BaCl (C) HCl (D) H20
I |

Sol.  H-O-N-O:

B-2.w= Bonds present in CuSOa. 5H20(S) is
(A) Electrovalent and covalent (B) Electrovalent and coordinate
(C*) Electrovalent, covalent and coordinate (D) Covalent and coordinate
CuSOa. 5H20(s) # Sufkerd 9y @
(A) Iz HaIST® a FeHdISIs (B) fagawiaieie @ SUAEHAISID
(C*) a=aHaTST®, FeHdTSd 9 SUATHAISID (D) FEHAISTh 9 IUFTHAISID

Sol. [Cu (H20)4] SOa4. H20

B-3.  Electron deficient molecule among the following is :

(A) 12Clg (B*) B2He (C) Al:Cle (D) All of these
o=t § @ geragi= =T I ® ¢
(A) 12Cle (B*) B2Hs (C) AlCls (D) SWRIFd a1

B-4.  For BzHe
S1 : Each boron is sp® hybridised
S, : four terminal 'H' & two 'B' atom are in same plane but two bridge hydrogen in different plane.
Sz : It has 4 ¢ bond & 2 bridge bond
S4: 8 ¢ bonds are present in it
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Chemical Bonding-Ill ﬂ—
BHe @ foTq

S UAF R spd HRA BT & |

S, : IR BR dTdl (terminal) 'H' TRAT] g 1 'B' IRATY] GAM T # &8 & b Q1 AY SEQIoH URATY
1 g 7 & 2|

S3: TEH 46 A2 A 99 BT B |

Ss: TEH 8 o dy IURT BT B |

(A) TTFF BYTTTF (C)FFTF (D) FTFT
S

H/ \.’l"/H\\“‘l’ \H

Sol.

B-5.w Which is not true about B2He
(A) Both ‘B’ atoms are sp? hybridised (B*) Boron atom is in ground state
(C) Two hydrogens occupy special positions (D) There are two, three centre two electron bonds
B:He @ forg f1 # & o941 HoF I 7181 8-
(A) T ‘B’ (ARH) TRAT sp? AHRA 2 | (B*) 9RI9 URATY] 37Tl () STawRN H B |
(C) a1 TTgsIoM, faftre Refy ur &= 2 | (D) IEf <1, 9 Bfaa Q1 gaiag= 99 2|

Section (C) : H-bonding & intermolecular force of attraction.
Qug (C) : TSI 7 TAT AAR3MVID ATHYY] g
C-1.  Which of the following is not correctly matched with respect to the intermolecular forces existing
amongst the molecules (Hydrogen bonding is not taken as dipole-dipole attraction) ?
(A) Benzene — London dispresion forces
(B) Orthophosphoric acid — London dispresion force, hydrogen bonding.
(C) Hydrochloric acid — London dispresion force, dipole-dipole attraction
(D*) lodine monochloride — London dispersion force
1 & | I ] I9H SuRed IR Mfa® 9 ¥ wel gAfaa 8 ¢ | (faga fgva e & wu 4
BIZSIo §% ®I T8l o)
(A) 9519 — <1 fa=RYT 9 (London dispresion forces)
(B) i RBIR® 3l — o= faxRvl g (London dispresion forces), SgIo a7
(C) BTSIaAING 317 — dfa IwRYT 9, fgya faga ey
(D) ML AMNFARIGS — A< AR Il

Sol.  All molecules have London dispersion force because of number of polarizable electrons.
Non polar molecules have only London dispersion force because of polarisable electron. Benzene is
non polar molecule.
Polar molecules have dipole-dipole attraction in addition to London dispersion force.

& 9 & 3
and so on
Molecules with, O—H, N-H, or F—H bond have hydrogen bonding in addition to London dispersion force.
Molecule IC/ is polar, so in addition to London dispersion force it has dipole-dipole attraction also.
Sol.  |¥I IR H = AR 91 UM ST ©, i 34 gaid seldg = 9 S © |
JYI AV H DHadd A< [IFRO g BIAT & Hifdh 99 AT Solge= U I 8 | SOl g 377 & |
garg o] # o fawRy 9a e W g fega—faga sy g 7|
& &
o g
3] f5TH, O—H, N=H, a1 F-H 99 &< aR&TY 9 e o= eggioM 99 I&d & |
IC/ 319 gdrg & gafey g@¥ ova aRerv g fam W 57 fega—faya sy gran 2 |

C-2.»  Which of the following factor is responsible for van der Waals forces ?
(A) Instantaneous dipole-induced dipole interaction.
(B) Dipole-induced dipole interaction and ion-induced dipole interaction.
(C) Dipole-dipole interaction and ion-induced dipole interaction.
(D*) All of these.
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Chemical Bonding-Ill ﬂ—
gre}areq deil @ foI 91 § | S99 HRG IRerl ® 7
(A) Trerfore fgga—uRa faga smifshan |
(B) faga—uRa faya sr=ifshar qen sma uRa feya ar=ifsha |
(C) feya—fayga srifsran qen sma= URT fgga r=iforan |
(D*) SuRIaT T |
Sol. All statements are true. (I41 U T 2 |)

C-3.  Which of the following bonds/forces is weakest ?

(A) Covalent bond (B) lonic bond (C) Hydrogen bond (D*) London force

1 # 9§ P /9 gdeaH ® 2

(A) TEAASTS T (B) 3MI® T (GREESIERER (D*) o= 9
Sol. London forces are extremely short range in action and the weakest of all attractive forces.

The order of strength of bonds/ forces is ionic bond > covalent bond > hydrogen bond > London force.

T 9 G ¥ X Tb YA Bl § T FAK ATHYV gl H FIW ga B © | 98 DI g Bl
HH—IMATH 98 > AESHAISh 99 > BgSIo| g8 > wad g

C-4.» In which of the following compound, intra-molecular H-bonding is not observed :

(A) o-hydroxy benzyaldehyde (B) o-nitrophenol

(C) Chloral hydrate (D*) Boric acid

=1 % 9 fow 9fe A e anfdas H-g=u 91 9mn <irar & °?

(A) o-ESSIR difcsass (B) o-ATSifthetal

(C) FARA BIZRT (D*) IR® ara
Sol. Refer notes

C-5.  Consider the following sets of H-bonds

H-38] & /=1 S9=i (sets) R AR Sifory

P: —-O-H----- N — Q: —O-H ----- -O—

The correct order of H-bond strengths is :
H-deif &Y e &1 AE BH B
AAQ>P>S>R B)R>Q>S>P (COOR>S>P>Q DHP>Q>R>S

Sol. Nitrogen is less electronegative than oxygen so electron pair is easily available for bonding, thus P has
stronger H-bonding than Q. As oxygen is more electronegative so H-bond strength of Q is greater than
S. The same explanation is given for R and S as that of P and Q.
ASEISH B fAE[asroral JifaRilo | BH BRIl § [T Soidgl= g 3M§Y & oy I 4 U 84 © |
I PH H-99 Q B Tl H AP yadt 2| 9 fF siferdio & fRgasror «1fd® & 2 o Q H H-
T ) ATHAS | 1A% Bl B | S dRE P UG Q & W &1, R UG S &1 ST &) ST 9l & |

C-6.». Amongst NHs, PHs, AsHs and SbHs the one with highest boiling point is :

(A) NHs because of lower molecular weight (B*) SbH3 because of higher molecular weight
(C) PHs because of H-bonding (D) AsHs because of lower molecular weight
NHs, PHs, AsHs 21T SbHs § & forad! qaeie Swadd © :
(A) BH 3MOTH R & HRUT NH3 BT (B*) Sz MMf¥qdh HIR & HRUT SbH3 &I
(C) H-%9 & HRYT PH3 &1 (D) ®H 3MIH IR & HRU AsHz B

Sol.  As molecular weight increases, magnitude of Van der Waal's force of attraction increases.

Therefore, boiling point increases. Though NHs has strong H-bonding but boiling point of SbHs is
highest due to highest molecular weight. Boiling point NHz = 238.5 K and SbH3 = 254.6 K.
Sol. anfogs 9R ¥ gfg W arSvdld MBIV g1 B gRHT H gy BN 7, gAY FaUHid # gfyg Bh T
T NH3 % H-S%9 Jadt 81T 8 | @ifhs Szaa fdqd YR & R SbHz &1 J9UMih Szadd aidl 8 |
NHs = 238.5 K @11 SbHs = 254.6 K.
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Chemical Bonding-Ill ﬂ—
C-7.= The correct order of boiling point is :

FAUID a5 BT FE BHH B
(A) H20 < H2S < H2Se < H:Te (B) H20 > H2Se > HoTe > H2S
(C) H20 > H2S > H2Se > HaTe (D*) H20 > HzTe > H2Se > H2S

Sol. (i) H20 has highest boiling point because of H-bonding.
(i) Boiling point also depends on the magnitude of van der Waal's force of attraction, which in turns
depends on molecular weight of the compounds. Thus the correct order is H20 > H2Te > H2Se > H2S.
(iy H-99 & SR H.0 F1 TS a5 31fda 2ran & |
(i) TP IreXaiel AMHYY g1 & A IR A R xar 8 o & Aiffie @ ofdas gomme R ik 2
3 |8 HH 8 H20 > HeTe > HaSe > H2S.

C-8.=a Which of the following compounds has the highest boiling point

71 9 9 Ifpan q@uETd aren AfE ?

(A) HCI (B) HBr (C*) H2SO4 (D) HNOs
Sol. The presence of two OH groups in H2SO4 lead to significant H-bonding.

H2SO4 % &1 OH g &1 IuRAfd & SR H-d9 &1 i1 B 7 |
PART - lll : MATCH THE COLUMN

YT - 11l ; hlcTH El’ﬁ ‘g*-ll?dcl aéll%ﬂQ (MATCH THE COLUMN)
1. Match the following :
Column-I Column-Il
(A) | BFs (p) | sp? hybridization
(B) | (SiH3)3N (q9) | pr—pn back bond
(C) | B2Hs (n prn—dr back bond
(D) | SiO2 (s) | 3c—2e bond
=1 a1 gafera sifig |
Picr-| PicTH-1l
(A) | BFs (p) | sp3HHR
(B) | (SiH3)sN () | pr—pr YA Y
(C) | BzHs n pr—dr U9 99
(D) | SiO2 (s) | 3c—2edy
Ans. (A-q);(B-1);(C-sp);(D-p7)
2. Match the following :
Column-I Column-Il

(A) | HCI < HF (p) | Strength of hydrogen bonding
(B) | PHs < NHs (q) | Dipole moment
(C) | H20 <D20 (n Boiling point

(D) | F2<Cl2 (s) Bond energy
1 a1 gafera sfvig |
PicTH-| PicTH-11

(A) | HCI < HF (p) | TSSO I HT A

(B) | PHs<NH: |(q) |faga el

(C) |H20<D20 | (r) | d&@ld

(D) | F2<Cl2 (s) | TE—d

Ans.  (A-p,q.rs);(B-p,qrs);(C-p,qrs);(D-rs)
Sol. HF shows stronger H-bond than H-CI.

Dipole moment of HF is more than of HCI. (fact) Due to H-bond, boiling point of H—F is more than that
of HCI.

Due to differences in electro negavitivity, the H—F bond is stronger than H—CI bond.

(B) N is more electronegative than P. So the strength of H-bond is more in NHs. Due to this boiling point
of NHzs is more. For the same reason, boiling point and bond energy are also more for NHs than PHs.
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Chemical Bonding-Ill ﬂ—
Sol.  HF, H-Cl & 3meT Uqel H-dy Ierfan 2 |
HCI @1 3ruenm HF &1 fgga smepel a1 8icn 2| (@29) H-39 & $RY H-F &1 q@21dh HCl & Faeisd |
HF BT 2 |
fagaordt # R @ BRUT H-F 99 H—C| 981 31 37Uell Jdel &Il 2 |
(B) N,P &1 arden a1fd fagaseoh d@ 2 ST NHs ¥ Sggio 99 &1 |med 3iffe Rl 8| 39 SR
NHs Fa=id 31ffid BIaT 81 NHs &1 Faeid 9 §¢ Soll PHs @1 3men aifde et & s9a forg ff s\

RO B |
3. Match the column:
Column-| Column-II
(A) Liguid bromine (p) Hydrogen bond
(B) Solid hydrogen fluoride (q) lon-dipole force
(C) Solution of sodium fluoride in water (r) Dispersion force.
(D) Liquid methylamine (s) Dipole induced dipole interaction.
(E) Noble gas clathrate in ice.
Pictd — | Pierd — I
(A) &g S (p) ETSSISH a
(B) 319, EISQIOM FARISS () 3I—fega 9
(C) 5t #, AfeT® waiRTSS &1 fderas  (r) faxaxo1 91 (Dispersion force)
(D) =a, #fregH= (s) fega—aRa feyga == foran (steran sr=ifshan)

(E) % ¥ wlgal 199 FeieRe

Ans. (A-1:;(B-p,nN;(C-p,qnN;DO=-pn;(E=-pPTS).
Sol. (A) Br, is non-polar in nature. All molecules experience London dispersion forces which results from the

motion of electrons.

(B) HF has hydrogen bonding in liquid as well as in solid state. HF molecules also experience
dispersion forces.

(C) lon-dipole forces are found in the solutions of ionic compounds in polar solvent where solvated
species such as Na(OH,)," and F(H,O)~ exist. Hydrogen bond exist between water molecules. In

addition they also experience dispersion London forces.
(D) CH,NH, is a polar molecule that can form hydrogen bonds. In addition, it has dispersion forces.

(E) Induced dipole-dipole interaction exists between non-polar molecules and polar molecules such as
clathrate compound of Xe gas with water, when water is frozen under a high pressure of the gas. They
have formulae approximating to 6H,0 : 1 gas atom (i.e. Xe.6H,0).

In addition, Xe.6H,0 has H-bonding and dispersion forces.

8. (A) Br, @ Udfa Jgdd 8, A S(Ue & Hed dad [IRRY g ol B | S &, Seldg [l b1 T B BRI
BT 2 |
(B) HF # §d & WIY—W1Y o319 awe] H ¥ gEslod 98 U W 8 a1 HF avfeli & &gy 4, o1 fawaRor
I A B |
(C) gdra faemast # smafe el & fema § ma—faga I, o W 2| Wi, Remgaga Wi
ORI Na(OH,),* @l F(H,0),~ urll il & | Sl 3(vell & Hed gIggio 99 Ol o 8, G i & I8
s fawaRor 9ot ) 3rgWa HRa B
(D) CHNH, T& g1 317] 8, S {5 SIsgIoe 99 a1 Faal 2, 1 & I8 fawror 9o ff w@an 2|
(E) aRaT fega—feya sriforan, aigdra rgeil den gdrg arvjeil & &g urfl Wil § | oY, & oid & |1 Xe
% FoIRe (clatherate) Wf®w | 9@ AT d9 BT 8, 99 9Tl &1 39 I @1, S=d g9, yRRAfT H,
SR ST 8 | T8 WERIG: I 6H,0 ¢ 1 I WA (37t Xe.6H,0) argurd #, §F &1 i aRd B |
e & Xe.6H,0 # H-38 Tor1 IR 91 A 9 91l 2|
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Chemical Bonding-Ill ﬂ—

Bl Exercise-2
= Marked questions are recommended for Revision.

» fIfed ued Iewm a9 g9 B
PART -1: ONLY ONE OPTION CORRECT TYPE
AT -1: Hdd TP Aa! fdhed THR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Back bonding
oS (A) : U Y

1. In which of the following compounds B—F bond length is shortest ?
=1 % 9 foa 9IffTe § B-F 99 W18 999 &4 § °?
(A) BF4~ (B) BF3 < NHs (C*) BFs (D) BF3 <~ N(CHs3)3
Sol. Partial double bond character is developed in B—F bond of BFz (due to formation of dative © bond)
Fu :F: e :Fs Fe.
B—F I | | .
F (é % /Be «—> /B@ «—> B = /B----F
.o KX .o K] .o F o
Vacant  Filled olF N : f N - F/ NF:@

2p-orbital ~ 2p-orbital
In other case B is sp? hybridised (tetrahedral molecule or ion) and the possibility for = bonding no longer
exists.

Sol. BF:(sSfea ndu & AT & &R & B—F 94 # 1ifdre fgdw aificterr faalid 8 o ® 1

F/éB_%F |e ge B = >B—F
Vacant  Filled e:F/ \F / \ F/ \'F':@ "

2p-orbital ~ 2p-orbital
I Refd 3 B, sp? ISR (TIHADII 3T AT AIA) & AT 11 98 BT IAR<Ica IMADH o+ FHI Tb e8] I8
uar g |

2.3 Which of the following statement is false for trisilylamine ?
(A) Three sp? orbitals are used for ¢ bonding, giving a plane triangular structure.
(B*) The lone pair of electrons occupy a p-orbital at right angles to the plane triangle and this overlaps
with empty p—orbitals on each of the three silicon atoms resulting in = bonding.
(C) The N-Si bond length is shorter than the expected N-Si bond length.
(D) Itis a weaker Lewis base than trimethyl amine.
grsfafere™®d (trisilylamine) & forw 7/ § 9 S $UF Tad € 2
(A) o T84 & oy A9 sp? deTd Ugad B8 © d2M1 I8 Y WA (I a9l od @
(B*) STl BT TdTa! JHH FAacd P & T R U6 p-$&d &dl & a1 e dF Rafaet
AT IR IURed Rad p-Fetdl & A i & 1 g+ a1 2 |
(C) N-Si g% oIS ST N-Si 98 oFT8 & &H Bl B |
(D) I STSHIA THIM @l 3UeT adl sd &R ©

Sol. There is pn—dn delocalization of lone pair of electron on nitrogen atom and empty d-orbital of silicon but
not pr — pr, one of the 2s-orbital electrons jumps to the last P; orbital and does not participate in sp?
hybridisation.

R ® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005
/\ esonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVBCO - 9
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: US0302RJ2007PLC024029 i



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Chemical Bonding-Ill ﬂ—

gal. TEl IR ASEIOT WA & UHTd! selaed g™ a1 Rafere & Rad d-$&di &1 pr—dn faReImie=or grar
2 1 b prn— pr, 25-H&H BT TH ST ST BIDHR AfTH P, BeTdh H RAIARA & STl 8 TAT Ig sp?
HHIOT | AW TR ol & |

T |
AR H
P
\ Q‘\‘ ¢S|
/ 2\
|' :
Si
HY |'\H
H

Section (B) : Electrion deficient bonding
Gus (B) : SolagiA=T I
3= In which of the following molecules/species all following characteristics are found ?
(a) Tetrahedral hybridisation
(b) Hybridisation can be considered to have taken place with the help of empty orbital(s).
(c) All bond lengths are identical i.e. all A—B bond lengths are identical.
o srop/uonfoal | /1 |t s1f¥reteror Ul S B 7
() TITHTDIT FHRO]
(b) Tg W1 S Al & {6 Fhxor § Rad wefd ) A0 od 8/8 |
(c) I g7 TETE |HH §, srufd AWl A-B 9% oA 9AM § |
(A) BaHs (B) AlCls (C) BeCl2 (g) (D*) BF4~

Fo F
Sol. [\B/ }
F7 NF

Section (C) : H-bonding & intermolecular force of attraction.

Gus (C) : TESIo 97 AT RIMVIH MMHYT T

4= H-bonding is maximum in
o # 9 foad H-99 ydaad (rfdrean) &
(A) CeHsOH (B*) CeHsCOOH (C) CHsCH20H (D) CHsCOCHs

Sol. H-bonding shown by —COOH group is stonger than that shown by —OH group.
—~COOH 99z §RT ST AT §IggloA 98, —OH g §R1 S T BTgglol 99 Pl Y&l Jaet eIl 2 |

5. Which one of the following does not have intermolecular H-bonding ?
(A) H20 (B*) o-nitro phenol (C) HF (D) CH3sCOOH
o= & 9 frad sraxaenfdas H g =81 8 ?
(A) H20 (B*) o-ATTsgIfthAret (C) HF (D) CHsCOOH
EAN
; ; H
Sol. It has intramolecular H-bonding @ P
O
N—7
I
(0]
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Chemical Bonding-Ill ﬂ—

SN
T SRIRIANE (3TT:H) H-d¢ B | @: H
N

|
0

6. Give the correct order of initials T or F for following statements. Use T if statement is true and F if it is
false.
S:1 : HF boils at a higher temperature than HCI.
Sz : HBr boils at lower temperature than Hl.
Sz : Bond length of Nz is less than N2*.
Sa: F2 has higher boiling point than Cla.
fr=IfeRad werAl @1 T o1dl F & Fabai 3 Fel HA 4 [oIgy | I $UF I 8 @ T &1 STAR X qAq
IfE B T B A F & I N |
S1: HF, HCl @ g+ # S=a a9 IR 39l & |
Sz : HBr, HI &1 &= § &9 a9 IR Sl 2 |
S3: Nz @1 98 oI=TE, N2t &1 ol # &9 2|
S4: F2 &1 F@UI® Clo &1 JUeT Afddw el 2 |
ATFTT B)YTTFF (CHTTTEF DTTTT
Sol. S:1: Due to intermolecular H-bonding in HF it boils at higher temperature than HCI
Sz : Mol. wt. of HBr < Mol. wt. of HlI
Sz Bond order of Nz is more than Nz2* .
S4: Molecular mass of Fzis less than that of Clz
Sol.  Si: HF ¥ 3faRifPaed H-99 8F & PRI, I§ HCI P! g1 § Sod A9 IR Sgerdl @ |
S2: HBr &1 MR < HI &7 UHR
S3: N2l 99 ¥, N2t &I goil d a0 2 |
Ss: Fo &1 AleR G CL§ &9 2|

7.3 Select the correct statement for the sulphuric acid.
(D) 1t has high boiling point and viscosity.
(I) There are two types of bond lengths in its bivalent anion.
(I pr-dn bonding between sulphur and oxygen is observed.
(IV) Sulphur has the same hybridisation that is of boron in diborane.
(A) I'and Il only (B) I, Il and 1V only (CH 1, Mand IVonly (D) llland IV only
ARSI & oY A8 AT B FI9 DI ?
(I) I8 I=a @IS a1 Sed Il Wl & |
(I) s9& fgaarsh #omad | ] UHR & 99 =Ty gl Sl 2 |
() T8 ST O & A& pr-dre ¢ YTAT ST & |
(IV) STH FWR & FHIUT 3[ARLAT, SSART H R b FH0T ra=en & A & |
(A) ®ad |l e I B)®HIA I, N TATIV  (CH DI |, I FATIV (D) Baa I qAT IV

0) Ho\sz+/o---H_o\sz+/om
o oo o

As a result of H-bonding, number of sulphuric acid molecules are associated to form cluster. Hence it
has high boiling point and viscosity.
(1) All S—O bond lengths are equal due to resonance.

Sol.
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Chemical Bonding-Ill ﬂ—
filled sp’ orbital

/o\
pn-dn—/‘&/ c\\
LA
o”% O\

_____ \ o v)
\\\\\ ’//
4 VW %
vacant sp’orbital
\ / O

HO/ \O_ -H- O/ \O‘___
H-dg9 & YR gy, 980 9 FoRIRd 37 & AY) FYO BIbx FHRI b1 A0 BRd 2 | 39 YR I8
Iod qEYHID qAT T AT Gl ¥ |
(I1) AT & BRU | S—O d9 =TT T Bl B |

O---H-0

IR sp’ werd
/O\
pran—df o\
D) o;-é _____ ‘9- (V)
\\\\ r/
4 %ﬁ %
Rad sp’ wetd
8. Which of the following is least volatile ?
fr=foRaa 9 | o 999 $F arwefia € ?
(A*) HF (B) HCI (C) HBr (D) HI
Sol. HF is least volatile (i.e. high boiling point) due to strong intermolecular hydrogen bonding.

A,  HF 999 oF arefia @rfq Swaar qaeiqie f3wg) B, Fiifd 399 vad sraRenfiad grgsio a9 2 |

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE
AT - 11 : Uobel Qd fg—Yqurieh A UHR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

la How many of the following has hydrogen bonding
1 § 9 fHaq sssIoH 99 Ed B |

(a) NHz (b) CHa4 (c) H20 (d) HI
(e) HF (f) HCOOH (g) B(OH)3 (h) CHsCOOH
(i) HCOs~ ion

Ans. 7 (Except (b, d)
Sol. Only NHs, H20, HF, HCOOH, B(OH)3, CHzCOOH, HCOz" ion
gt @da NHs, H20, HF, HCOOH, B(OH)s, CH3COOH, HCO3~ 31ma+

PART - 1ll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
YT - 11l : U AT Uh 3 31 Tl fdpey garN

1. Which compounds are lewis acids ?

=1 A 9 o 9ife 89 o B 7

(A*) AICIs (B*) BCls (C) H20 (D) NH3
Sol.  Alin AICIs & B in BCls are electron eficient. They can accept an electron pair.

AICIs# Ald BCls # B gaiagi< <[ & | I8 Soldgid giH U89 &R dhd o |
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Chemical Bonding-Ill ﬂ—
2.n Which of the following is/are electron deficient compounds ?
=1 & 9 pre/BeN goag <A Affe g/8 ?
(A) NaBH4 (B*) B2Hs (C*) AICI3 (D) LiAlH4
Sol. (B) B2Hs is a electron deficient compound as boron has only six electron in its valence shell.
(C) AIClz is a electron deficient compound as aluminium has only six electron in its valence shell.

8. (B) BzHe & gaiaei = Affe € wifd IRF & FAIoh H1Y § dad B: Sodgd Ui o § |
(C) AICIs T& Soiagia =g Aife & aifs Togffad & |aoh o194 $ad ©: Soagid 81 ¢ |

3. Which of the following have coordinate bonds ?
o/ H P TS SusEwarS §Y v § 7
(A*) NH4CI (B) NaCl (C*) O3 (D) Cl2
T +
Sol. H—rl\l—>H Cl
H

Section (C) : H-bonding & intermolecular force of attraction.
Eug (C) : TSI 98 AUT AARIAMNVIH ATHYY] I
4.m Which of the following is/are correct.

(A*) Boiling point of alcohol is higher than than of diethyl ether

(B*) Density of water is higher than ice.

(C*) Glycerol is more viscous than ethanol

(D*) Ammonia is more easily liquified than HCI due to H-bonding in NH3

71 9§ 9§ /a9 98 8/8—

(A*) TehIed & TS S5 U SR A Sod Bidl © |

(B*) STl P1 Ocd, §% &I goil § 31fd BIan 2 |

(C*) ReeRIdl, VI &) ol # 1fd® T B B

(D*) NHs ¥ H-399 & HRUI, M1 HCl &1 g H el | Sdidd 81 ol @ |
Sol.  Water has intermolecular H-bonding.

STt # 3T 3Mfdads H-se+ aram i @ |

5=  Which of the following statements is correct regarding phosphoric acid ?
(A*) pr—dr back bonding exist between O and P.
(B*) The anion is resonance stablized.
(C) Itis a dibasic acid.
(D*) Inter molecular H bonding between molecules make it a syrupy (viscous) liquid.

BRBRIG A & Ga¥ A 74 § | DI U 9 B |
(A*) O T P & &4 pr—dn U%E 3714 811 2| (B*) oA 3R §R1 IR 81 |
(C) I8 U& fgeasig ord R | (D*) IR AMOIH H 98 39 TS el (ITH) S §91d 2 |

sp® hybridized
Sol. H_O/Ir\o_H

The P = O contain one pr-dr bond. The PO43- ion show resonance.

Due to the presence of H-bonded to O, it show intermolecular H-bonding due to which it is syrupy.

P = O U& pr-dn 989 &I & | PO43 3TAE STl 2 |

O ¥ 9fd H-99 &) SURAN & HRUT Ig JaRIVIH Bgerod §¢ Siar 8 o fb 9 el <9 (3uH) a1
G
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Chemical Bonding-Ill ﬂ—

6.

Sol.

Which of the following is correct order of strength of hydrogen bonding?

1 5 PIAT HH SISO 99 B qrEAAlr BT A8l HH 8 7

(A*) N—H- - -N > N—H---0 (B*) F—H---N > O—H---N
(C) N—H- - -CI > N—H---N (D) O—H---F > O—H---0
Refer theory.

PART - IV : COMPREHENSION

HET - IV : T (COMPREHENSION)

Read the following passage carefully and answer the questions.

7 argeoT @1 WMYde Ufed Tl Ui & STk QI |

Comprehension # 1

Bridge bonding is a specific kind of bonding in pages of chemistry. In general s-bond pair delocalisation
is very difficult. But electron deficiency of the central atom forces to delocalised and forms this kind of
bond.

BT # 1

1=

Sol.

3n

RARRIRA 3 A 499 U RN UBR & 99 § GHIG: o-98 g B [ORATAHR0T 980 $fod 81l & U=
D AT DI Selgg = gAdr, R axor &1 URT (forces) FRAT & T $9 UHR & §¢ BT AT BT
3

The state of hybridisation of central atom in dimer form of both BHs and BeH: is

BHs T BeH: a1 gR1 A fgdde 3 ofaa U=RAT] &1 FHR0T 37ael 3—

(A) sp?, sp (B*) sp?, sp? (C) sp?, sp? (D) sp?, sp?
H H H H H

BoHe = \B/ >B/ ; BeoHs = /Be< >Be/
H™ SHT H H H

Which of the following molecule has complete octet

=1 & | P Aife ored gul Iwdr B

(A) B2He (B*) AlCls (C) BezCl4 (D) BeHz

The B:2Hs molecule is dissolved in tetrahydrofuran. Which atom(s) is/are having changes of
hybridisation with respect to reactant and final product of the process given.

(A) B only (B)Band O (C)B,Oand C (D*) None of these

BzHes 1], CCTERSIVRA # faed &1 ran 2| don if<d Sare ¥, fhararel & d@ed § (|ne) s
URATY] T RATVRT & AHROl # gRId Bl 8—

(A) I B (B) B@a1 O (C)B, 0@ C (D*) STH | ®Ig TRl

In which of the dimerisation process, the achievement of the octet is not the driving force.

o1 fgaaiaxr bl § A foaH, sresd & gfd, u¥a 9o 7= 82—

(A) 2AICIs —> Al2Cle (B) BeCl. —— BeCl, (solid 319)

(C*) 2ICls— 12Cle (D) 2NO2 ——> N204

The molecule is not having 3c — 2e bond.

(A) BeH: (dimer) (B) BeH: (solid) (C*) CzHs (D) Bz2Hs
71 9 & a8 o77] forH, 3c - 2e §9 78 T | 98 3—

(A) BeH: (fga®) (B) BeH: (31¥) (C*) C2Hs (D) B2He

Comprehension # 2

I\

Answer Q.6, Q.7 and Q.8 by appropriately matching the information given in the three columns
of the following table.
Observe the three columns in which column-1 represents species, column-2
represents hybridization and shape while column-3 represents properties.

Column-1 Column-2 Column-3

Species Hybridization & shape Properties
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AT # 2

Sol.
Sol.

Sol.

Sol.

Sol.
Sol.

0 102 (i) spd (P) Peramegnetic
(Ih | XeFz2 | (i) sp3d (Q) | Diamegnetic
(1 | H20 (i) | Linear (R) H-bond formation
(IV) | ICl* (iv) | Angular (V-shape) (S) Polar nature
I & T <A B T DIl H SUAE AT BT SUIA 1 ¥ gAA IR UHI Q.6, Q.7 3R Q.8 F IR
AR |
9 PfeHl BT daid Do fTHH BicE-1 : YSIiadl, DicM-2 : FHIO AT 3R
SafE diem-3 : qured A T T
Pie-1 PIeTH-2 HieH-3
SR SEAUECEIRCIEAN T
(N | 0O ) |sp (P) | gHIIE
(I | XeFz2 | (i) | sp3d (Q) | g
(M | Hz0 | (i) | ¥=&= (R) | H-3= fosior
(V) [ ICL* | (iv) | ®Ioia (V-3magfa) (S) | gd uamfa
Correct combination is/are :
TE FAOH B/
(A) (1) (i) (@) (B) (1N (i) (p) (C*) (1) (i) (@) (D) (V) (iii) (p)

Og, linear, acc. to MOT it is peramegnetic.
O2, Y&, MOT & AR I8 DI ¢ |

Correct combination is/are :

TE FAOH B/
(A) (1) (i) (@) (B) (1N (iit) (s) (C) () (v) (p)
ICIz*,fsp3 hybridi{ation, angular (V-shape), diamagnetic, polar species.
Qlﬁ
\CI/ \CL

ICl2*, sp? HRUI, BV (V-3MEH), g™, gara g
A )

|
\CI/ \CL
Incorrect combination is/are :
Teld Ao 8/8:
(A) (1) (iii) (p) (B) (I1) (ii) (a) (C) () (i) (r)

ICl2*, sp® hybridization, diamagnetic species.

ICl2*, sp? HRUI, AFHDIY TSIl

(D) (V) (i) (s)

(D) (V) (ii) (p)

N
J

* Marked Questions may have more than one correct option.

* fafeed ued te 9 31 ) fdeey arel ueH B -

PART -1 : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

AT - | : JEE (ADVANCED) / IIT-JEE (fUBel i) & w3

I\

Amongst H20, Hz2S, H2Se and HzTe the one with highest boiling point is :

[JEE—2000, 1/135]

(A*) H20 because of H-bonding. (B) H2Te because of higher molecular weight.
(C) Hz2S because of H-bonding. (D) Hz2Se because of lower molecular weight.
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Chemical Bonding-Ill ﬂ—
H20, H2S, HoSe T HoTe § 9 U RTH®T daoMid Swaad &, 1 8 - [JEE-2000, 1/135]
(A*) H20, H-3% 89 @& &R (B) HzTe, TR IR BH & HROT |
(C) H2S, H-8% 819 & HRYI (D) HzSe, TR UMR 8 & BRI

Sol. Intermolecular forces between H:S, H.Se and H.Te molecules are purely Van der Waal’s force of
attraction while in water there is stronger H-bonding between the water molecules. H-bond is stronger

than Van der Waal's force of attraction and thus more energy is required for converting H20(¢) to

(H20)(9).
8. H2S,H:Se ToI HoTe 317 # <R MVId da1 Yg dex dIed ATHYY g1 Bl & dfd oA H ofd &

BN & 1 Ygel H-IY BT B | H-9Y dTve” T IMHYY 9o & 31f¥d yaat Brar & gaferd H0(/) &
(H20)(g) & sga & ford i Soif Pl Smazgadhdr Biel 2 |

3. Specify the coordination geometry around and hybridisation of N and B atoms ina 1 : 1 complex of BCls
& NHa. [JEE-2002(S), 3/150]
(A*) N : tetrahedral sp?, B : tetrahedral sp? (B) N : pyramidal sp3, B : pyarmidal sp?
(C) N : pyramidal sp?, B : planar sp? (D) N : pyramidal sp?, B : tetrahedral sp?®

BClz @en NH3 & 1 : 1 e # N den B A &1 Sudsware) SAmfRil de el aarsd |
[JEE-2002(S), 3/150]
(A*) N : agsrarara spd, B : agweaaa sp® (B) N : firfada spd, B : A spd

(C) N : fiRfa<dra sp?, B : w9y sp? (D) N : firfadra sp?, B : agssaaa spd
Sol. Here ammonia acts as a lewis base and boron trifluoride as lewis acid as represented below. Hence in

this complex both N and B acquire tetrahedral geometry and sp? hybridisation.

I|-| (|3I H F

|

H—N)——B8—Cl S>H—N>B—F or [NHs.BFs3].

| | ||

H Cl H F

sp? (steric number = 4) sp? (steric number = 4)

gl JEN HIFT Th o9 &R @ OR8 9 IR LIRUARISS gsd 37 @I I¥8 Fg8R HRAT & ol 119 [l TR & 3fd: 39 9@
# N @ B 31 agshaard SR o1 &7 § 91 SpS §axol W © |

||—| (|3I H F
|

H—N©—> B—Cl —->H—N->B—F o [NHs.BF3].

| | I

H Cl H F

sp® (faw v = 4) spd (Bfam d@=n = 4)
4, Which one is more soluble in diethyl ether anhydrous AICls or hydrous AICIz ? Explain in terms of
bonding. [JEE-2003(M), 2/144]

T3 Ut geR # fAstal AICk dor STerarsht AIC H | @i 31fdie el & ? 9899 & gl # |#srsy |
. [JEE-2003(M), 2/144]
Sol. In diethyl ether (C2Hs— O—C:2Hs) oxygen atom has two lone pairs of electrons, thus acts as lewis base

while in anhydrous AICls aluminium has vacant 3p-orbital of valence shell and thus acts as Lewis acid.
AICIs accepts a lone pair of electrons from diethyl ether to complete its octet forming a complex
CH
’ O:—> AlCI,- Hence, anhydrous AICls is more soluble in diethyl ether by means of solvolysis in

CH— "~
comparison to hydrous AICIs (i.e., AICIs . 6H20). Hydrous AICIs is a polar compound, while ether is
non-polar, so on basis of Thumb’s rule, like dissolve in like solvents. Hence hydrous AICIs is least
soluble in ether.

g S AR (CoHs—O—CzHs) # iTRASH WRAIY, 1 YHIH! geldgi- T W&l 8 §9 UHR 9 &R
B TWE B A B 9afd fAsia AICI: § TogfAf s & daoll @19 § Raa 3p-werd Bd ® e gaforg

JEd A B IRE PRI BT 2 | AlCls STSUA $2R A UHTd! Sideid T Pl Y80 PR AU ITH Pl
CH

ol IR TH HHd 5\0;_>A|C|3a=w 2 o fAsfa AICIs, Sierdistt AICIs (1fd AICIs . 6H20)
CH
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Sol.

Sol.

I\

B gAN H SIS TR SeR A 31f¥e IRl B 21 AICIs gdi Aife BT § Siafd $eR aiygdi BIa
2| 3Aferg 9 oM & AR &5 999 99F # gadr 21 $2R # Sl AICI 999 & faorl 81 © |

AlF3z is insoluble in anhydrous HF but when little KF is added to the compound it becomes soluble. On

addition of BFs, AlFs is precipitated. Write the balanced chemical equations. [JEE-2004(M), 2/144]
AlFs f5td HF & stfaera &, difd o9 g&q a1 9 KF A3iffe # fam 8, 1 98 fderg 81 &I 281 BFs &
e TR AIF33/@afd 81 2 | dgford e iRl forfay | [JEE-2004(M), 2/144]

There is inter molecular hydrogen bonding in HF and because of this it is weakly dissociated. So AlFs is
not soluble in anhydrous HF. On the other hand KF is ionic compound and thus it is highly dissociated
giving a high concentration of F~ion which leads to the formation of a colourless soluble complex,

AlF3 + KF —— K3[AlFg].
BF3 is more acidic than AlFz because of the small size of B than that of Al. Thus BF3 pulls out F~ from
[AlFe]3- forming [BF4]- and AlFs. Hence AlFs is precipitated on adding BFs to [AlFs]®-.

_ Ks[AlFe] + 3BFs —> 3K[BF4] + AlFs | .

JBf HF 3 IRRI—3YS Bgsioi a8 81 & 3R $9 HRU I8 §ad wU A faaifora &an g | saferm AlFs
foferg HE 3 faorg 78 € g8 W% KF amafe difis ® iR 39 dve I8 &ffe iR e s=
A=A § F-3a1 2| ol & Safa giax ta e faereiial aiffie &1 i &=arn g

AlFs + KF — K3[AlFs].
AlIFs @) g 9 BF3 310 3l & Rifd Al & g1 H B &1 AHR B o | 31 [AlFe]> I BFs F-aTex
fA@TeraR [BFa]- 3R AlFs 91T 2 | 37 [AlFe]>-# BFs e wR AlFs @&ifid 8rar 2 |

Ks[AlF¢] + 3BFs — 3K[BF4] + AlF3 | .

Predict whether the following molecules are iso-structural or not. Justify your answer.

(i) NMes (i) N(SiMes)s

ATy 1 Y] FA—RED & f$h 8, U IR @ ARAT DIfog | [JEE-2005(M), 2/144]

(i) NMes (i) N(SiMe3s)z

(i) N(SiMes)s is trigonal planar because in it silicon uses its vacant d-orbital for pr-dn back bonding with
lone pair of electrons of central N-atom and the pr-dn bonding is delocalised as given in the structure.
So, N(SiMes)s with steric number three is trigonal planar.

(i) In N(Mes) , there is no such pr-dn delocalisation of lone pair of electrons on N atom as carbon does
not have vacant d-orbital. So N(Me)s with steric number four is trigonal pyramidal with a lone pair at the

apex.
Si(Me), @
() | (i N
2 e Me/ \Me
(Me),Si Si(Me), Me

Hence both are not isostructural.

(i) N(SiMes)s Frarofia Fwdea g @ ®ifeh 399 pr-drn 999 949 & fore Rifarata s Rad d-wers &1
g B N-URHTY] 39 UhId! Scldeld ™ Pl Uga R & a1 pr-dn 74 faRemiiqd 8l 8 S Rl
# fa@mn 7 | s4afely N(SiMes)s eRa& d&dr 3 & 1 Harofig awdey g g |

(ii) N(Mes) § N TR Rerd Tara! Seldgi« ™ &1 pr-dn ORISR0 T8I Bl & Rifdh B Rad d-Hed
T8 ¥Gal 2| sAflv N(Me)s & ©RE 9%l IR & 1Y s9d! wRaer ey fiRfisea 8 orad kR
W UH YHID! geiagid g SURerd ardm 2 |

:S|i(Me)3 @

0) : (ii) N
/N\ Me// \Me
Me

Si(Me),
T QI FRRAATHE T8 B |
The number of water molecule (s) directly bonded to the metal centre in CuSO4. 5H20 is

[JEE-2009, 4/160]
CuSO4. 5H-0 # 97T &= | WY AEFHT I & 370] (AU[3AT) BT F=AT B | [JEE-2009, 4/160]
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Ans. 4
H H
\O/
H H., HerO @)
o ™o, éuz+e o R \s<
H/ (T) \Hﬁ \H _______ ’O/ Xo
/' \
H H
8. Hydrogen bonding plays a central role in the following phenomena :
[JEE(Advanced) 2014, 3/120]
(A*) Ice floats in water.
(B*) Higher Lewis basicity of primary amines than tertiary amines in aqueous solutions.
(C) Formic acid is more acidic than acetic acid.
(D*) Dimerisation of acetic acid in benzene.
gTegioM 99 = aReceq /aReacesl # &= qfier w1 2 © [JEE(Advanced) 2014, 3/120]
(A¥) 9% I F ARl B
(B*) STt faera= (solution) # el THIA BI Y& TIAHS THIM B 310D s &R |
(C) THIfed et PI 3en BIfisd 37l Afd i 8 |
(D*) =09 # gAifed o &1 fgaas (dimerisation) |
Sol. Ice is less dense than water due to open crystal structure because of H-bonding.
The basicity of 1° amines is more than 3° amines as after they donate lone pair to H*, they can form
H-bonding with H,O molecules and get easily stabilized by solvation. Where as in tertiary amines, the
stabilization by solvation is very less.
The dimerisation of acetic acid in benzene is due to H-bonding
/O'"'H—O\
H.C-C C-CH3
N O—H-.07
Hence ansis: A, B, D
B Gl WOl & HRY 9% Bl G9@ ofd 9 HH Bl © Fifh $EH H-BIgglo—ag BT 8, 1° WA @l
fR&GAT 3° VA 9 8% Bl 2| 390 916 H* § TPl W o @ uzard 9 H,O Y & | H-T7u7
I Fhd § dAN e gRT omEr | WiiGd 8 Sfal 21 o8 quge wEe ¥ e gr
RITAHRYT Igd HH BT B |
H—9%9 & BRI 9wiie § Tfifed 3 &1 fgardiaxor Biar 2 |
/O'"'H—O\
H.C-C C-CH3
N O—H07
3d: SR 1A, B, DR
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
AT - 11 : JEE (MAIN) / AIEEE (sl auf) @& u3d
JEE(MAIN) OFFLINE PROBLEMS
1. The states of hybridization of boron and oxygen atoms in boric acid (HsBOs3) are respectively :

I\

[AIEEE-2004, 3/225]
(1*) sp? and sp? (2) sp? and sp? (3) sp® and sp? (4) sp® and sp?
GIR® 3 (HsBO3z) # IRIA qAT ATRATT URATY] & HHROT Dl e HAT: 1 7 -

[AIEEE-2004, 3/225]
(1*) sp? a2 sp? (2) sp? 2T spd (3) sp® eI sp? (4) sp® et spd
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"N
spz',.:".év,_‘
‘ 2 %

Sol. He A Bsp
sp\z\o O"‘-<p2
For planar BOs groups, the B-O bond length is usually close to 1.36 A but for tetrahedral BO4 groups
the length increases to about 1.48 A. This suggests that in the planar grouping -bonding involving lone
pairs of electrons from the oxygen atoms occurs; this n-bonding is necessarily lost in the tetrahedral
group, in which a lone pair from the extra oxygen atom occupies the previously empty orbital on the
boron atom.

[A.G. Sharpe]

T BOs g & oy, B-O 9% =g 9=ua: 1.36 A & Fuifad B8Rl & UReg IS BOs W8
H I8 IHTs 9ed) o 1.48 A 81 Sl € I8 USRI &xal & & FHady 9E 4 n-9 § Sifaire
WRHATY P BB Soided W Aferd BIdl 8| I8 n-dHd agubadid 9gg § T8l s = | forad
(EFIHADI AT H) AR AfAIS &1 T THdl I8 IR IRAT] § qd 4§ IR R herd A
¥R ST 2 | [A.G. Sharpe]

2. The structure of diborane (BzHs) contains : [AIEEE-2005, 4v2/225]
(1) four 2c—2e bonds and four 3c—2e bonds (2) two 2c—2e bonds and two 3c—3e bonds
(3) two 2c—2e bonds and four 3c—2e bonds (4*) four 2c—2e bonds and two 3c—2e bonds
TIZERA (B2He) @1 AT # 81 & ¢ [AIEEE-2005, 4Y4/225]
(1) IR 2c—2e ¥4 TAT IR 3c—2e 94 (2) |1 2c—2e §8 TAT |1 3c—3e ¢
(3) |1 2c—2e §¢ TAT TR 3c—2e ¢ (4*) IR 2c—2e 98 TAT &1 3c—2e §¢

3c—2e

e
H H H
sol. NN B

B 2¢c-2e

TG NI N

3. A metal, M forms chlorides in +2 and +4 oxidation states. Which of the following statements about these
chlorides is correct ? [AIEEE-2006, 3/165]
(1) MClz is more volatile than MCla (2) MCl2 is more soluble in anhydrous ethanol than MCla
(3*) MClz is more ionic than MCla (4) MClz is more easily hydrolysed than MCla4
TS o1 M, +2 TAT +4 SHRINBI0] IfARAT H FARISS 991 © | FARISS B ol 7 3§ A DA AT T
27

[AIEEE-2006, 3/165]
(1) MClz, MCls @1 aren 31 arsaefiiel 21 (2) MCle fRisieliqd W2ta § MCls @1 3er 1fda faed g |
(3*) MClz, MCls @Y 31UeTt 31fdd 3 81 (4) MClz, MCls @1 37Ul A | SToflfoTd &1 STl 8 |

Sol. The elements of group 14 show an oxidation state of +4 and +2. The compounds showing an oxidation
state of +4 forms covalent compound and have tetrahedral structures. e.g. SnCls, PbCls, SiCls, etc.
whereas those which show +2 oxidation state are ionic in nature and behave as reducing agent. e.g.
SnClz, PbCI2 etc. Further as we move down the group the tendency of the element to form covalent
compound decreases but the tendency to form ionic compound increases.

Sol. @ 14 & q@ +4 TAT +2 IATRAGROT AR T 2| I8 AfAB T +4 ARIBRT @A ;W 2| T8
AEaarel MG 9 § Al S9d! adhdd AFE B8Rl 8 | Saevi— SnCls, PbCls, SiCls, ST |
SEfe a8 AP T +2 SfRNBRYT ey S & | 98 Ypia § Aafie 8 8 T JUadsd & ave Bl
HRA B | SETERVI— SnClz, PbCl, ST |
T9 B @ H W W A G g a9 d@l D Aedold ARG 9 B US gedl 2 olfdbd e
Afis I B gBfT gl B
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4,

Sol.
Sol.

Sol.

Sol.

Sol.

Sol.

I\

Which of the following hydrogen bonds is the strongest ? [AIEEE-2007, 3/120]
/1 # | P TESIOH 9 UgAdH & ? [AIEEE-2007, 3/120]
(1)O-H..O (2)O-H..F (3YF-H...H 4*YF-H..F

Because of highest electronegativity of F, hydrogen bonding in F —H - - - - F is strongest.

F o fagaseorar &ifd 89 F F—H---- Fd ggsior dgar yad 8l 2 |

The bond dissociation energy of B—F in BFs is 646 kJ mol-! whereas that of C—F in CF4 is 515 kJ mol.

The correct reason for higher B—F bond dissociation energy as compared to that of C—F is :
[AIEEE-2009, 4/144]

(1) stronger ¢ bond between B and F in BFs as compared to that between C and F in CFa.

(2%) significant pn—pr interaction between B and F in BFs whereas there is no possibility of such

interaction between C and F in CFa.

(3) lower degree of pr-pr interaction between B and F in BFs than that between C and F in CFa.

(4) smaller size of B-atom as compared to that of C-atom.

BFs# B—F @ 3e fadio Soif 646 kJ mol- 8 | S1afds CFa¥ C—F @1 515 kJ mol- 8| C—F & gaf

H B—F e faAao Soff ST 89 & foy dRT 8 ¢ [AIEEE-2009, 4/144]
(1) CF4H CAA F& d19 &1 ol 5 BFs ¥ BAAT F & d19 YdeicR o 37Ta Pl 8I4T |

(2*) BFs % BT F & a9 # W& pr—pn =00 fhan 8kt €@ Safds CFs § C den F & dra § QA
== ford B9 @1 GHTEAT TR 2 |

(3) CF+¥ C T F & 4/ 8 dTel pr—pn A a1 &1 o § BFs § B T F & d19 84 dTell  pr-
pr == fopan feax f&3f &1 =

(4) C-UAY] G =l § B-URAY] & IMHR HT BICT BT |

B—F AN N\ AN AN
= B=F — B-F~— B-F=  B—F
% F/ F/ F/ F/

Vacant Filled
2p-orbital  2p-orbital

Decrease in B — F bond length which results in the higher bond dissociation energy of B — F in BFs is
due to delocalised pr—pr bonding between filled p-orbital of F atom and vacant p-orbital of B atom.
pr—pn U¥F IR & HRU BFs H B-F 9% o413 HH & ol & | Nid Herasd B — F 9% &1 g7

oo Soft &1 A e 8 Wrd § |

What is the best description of the change that occurs when Na20(s) is dissolved in water ?

(1) Oxide ion accepts sharing in a pair of electrons [AIEEE-2011, 4/120]
(2*) Oxide ion donates a pair of electrons

(3) Oxidation number of oxygen increases

(4) Oxidation number of sodium decreases

9 Na2O(s) STl 3 goId 8 Al Sl uiRadd sl & SHPI |ai| o= a1 8 ? [AIEEE-2011, 4/120]
(1) 3ifeTgE I UF Soideid g § WNeR) ®eR &l B |

(2%) eSS 3MIT TP Sl IH & ol © |

(3) SRS & YT HEIT §¢ Sl 2 |

(4) feTm B ST &1 "ge W B

0% (base) + H20 (acid)—— OH-(C.B) + OH- (C.A))

02 acts as Lewis base.

02 (8TR) + H20 (37%) ——> OH- (C.B) + OH- (C.A.)

0% &9 &R & JAH IIER BT B |

Which one has the highest boiling point ? [JEE(Main)-2015, 4/120]
for=forRaa & & alfdes Faeie feae & ? [JEE(Main)-2015, 4/120]
(1) He (2) Ne (3) Kr (4*) Xe

London dispersion forces increase from He to Xe because molecular mass increases. So boiling point
will also increase from He to Xe.
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e fawReT 96 He 9 Xe 9% dedl & dIfP Mfddd gdd dedl & | 3T He W Xe db d@-id
IS |

8. The intermolecular interaction that is dependent on the inverse cube of distance between the molecules
is: [JEE(Main)-2015, 4/120]
(1) ion-ion interaction (2) ion-dipole interaction
(3) London force (4*) hydrogen bond
IE AART—ITU[H AT b Y 3rvpeti & 1 &) g0 & yfe™ o9 R fiv B, 8 ¢
(1) SATF—3TIT A (2) IR—Tgga == (3) e 94 (4*) BISIoA a

9. Which one of the following statements about water is FALSE ? [JEE(Main)-2016, 4/120]
(1) Water can act both as an acid and as a base.
(2*) There is extensive intramolecular hydrogen bonding in the condensed phase.
(3) Ice formed by heavy water sinks in normal water.
(4) Water is oxidized to oxygen during photosynthesis.
T & T A T A H ¥ B A P TAd B 7 [JEE(Main)-2016, 4/120]
(1) STel, 3T AT &R QI & ©4 H B R FHl 2 |
(2*) 39 |gfa graRen ¥ fawiivl fqee SRS e B 2 |
(3) XY STl §RT &1 9% AMRI oA # S9aT 2 |
(4) UDTe LAY H ST AT Blpx SATaiTorT ol 2 |

Sol. There is extensive intermolecular hydrogen bonding in the condensed phase.
T8t Fdufa uraven # fawiivl iaReve BTgRIoA MY & |

10.* Which of the following are Lewis acids ? [JEE(Main)-2018, 4/120]
(1) PHs and SiCls (2*) BCls and AICls (3) PHs and BCls (4*) AICI3 and SiCla
791 4 9§ 39 39 3 B ? [JEE(Main)-2018, 4/120]
(1) PHz 1211 SiCls (2*) BClz @211 AICls (3) PHz T2 BCls (4*) AICI3 T SiCls

Ans. (2or4)

Sol. BCls and AICIz both have incomplete octate and act as Lewis acid
BCls T2 AICIs JT91 39Vl 3fscdh A 2 oIl s 37l FHH a8k B © |

JEE(MAIN) ONLINE PROBLEMS
1. The number of 2-centre-2-electron and 3-centre-2-electron bonds in B2Hs, respectively, are:
[JEE(Main) 2019 Online (10-01-19), 4/120]
(1)2and 4 (2) 2and 2 (3*)4 and 2 (4)2and 1
BoHs § 2-®75-2-3oldgle dT 3-Ba-2-Soidg < 3MMGel P |l HH: &
[JEE(Main) 2019 Online (10-01-19), 4/120]

(1) 2714 (2) 2 T 2 (3*) 4 T2am 2 (4) 2371

Sol. B2Hs has 2 bridge bonds (3C—2e-) and 4 terminal bonds (2C-2e-).
B2He 2 ¥ 978 (3C—2e") TT 4 31<IRe 99 (2C—2e-) I & |

2. The hydride that is NOT electron different is : [JEE(Main) 2019 Online (11-01-19), 4/120]
BISSISE Sl galdgi =7 -8l ¥, 98 ¥ : [JEE(Main) 2019 Online (11-01-19), 4/120]
(1) GaHs (2*) SiH4 (3) AlHz (4) B2He

Sol. Octet complete in SiHa4
SiH4 ¥ 3red gof

I\
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