Chemical Bonding-IV =~ ﬂ—

CHEMICAL BONDING-4

EXERCISE # 1
PART-I (HTIT-I)
A-1.  (a) Hydrogen molecule (H2) : H2: (cls)?
__ Ny-N, 2-0
Its bond order, therefore, is = — = — =1

(b) Cation of hydrogen molecule (Hz*) : H2*: (cls)?!
Its bond order, therefore, is =1/2 (1 - 0) = 1/2
(c) Helium molecule (Hey) : He; : (61s)? (o*1s)?
Its bond order, therefore, is %2(2 —2) =0
(d) Lithium molecule (Li2) : (c1s)? (c*1s)? (c2S)2
Its bond order, therefore, is 1/2(4 — 2) = 1.
(e) Beryllium (Bey) : (c1s)? (c*1s)? (c52s)? (c*25S)>2
Its bond order, therefore, is 1/2(4 — 4) = 0.
(f) Boron (By2) : (c1s)? (c*1s)? (62S)? (c*2s)? (n2px = n2ply) (op2)°
Its bond order, therefore, is 1/2(6 — 4) = 1.

FA: (@) BSeioM 319 (H) : Hz: (ols)?
(b) BTSSISA Y] &I G919 (H2*) © H2*: (o1s)?
SH®D! 99hH = 1/2 (1 - 0) = 1/2
(c) Eifera™ 319 (Hez) :  Hez : (als)? (o*1s)?
3P 9 Y%(2 —2) = 0
(d) ferfrm a19] (Liy) @ (o18)? (o*1S)? (02S)?
3qdT 9ehH 1/2(4 - 2) = 1.
(e) TAfRH (Bey) : (61s)? (0*1s)? (625)? (6*25)?
SH®] d9hH 1/2(4 — 4) = 0.
(f) IR (B2) : (61s)? (6*1s)? (62s)? (6*25)? (m2pix = 12pYy) (op2)°
gqd] 9ehH 1/2(6 — 4) = 1.

=1

A-3.  Complex exists as NO* and [BF4]- . NO™ is isoelectronic with N2 ; so c1s?, 6*1s?, 6252, 6*2s2, n2p°x =
10-4
=3

n2p%, 62pz2 , then its bond order is

T :  G@d s NO* 3R [BF4- & w1 # IRkac # & 81 NO* a1 N, ¥¥9galagMa 8, od:  o1s?, 6*1s?,
10-4
2

6282, 6*2s2, 12p% = m2p?y, 62p22 , dd SHDI 99 HH =3.

PART=II (HTI-11)
A-1.  The electron density is zero in the nodal plane during the formation of a molecular orbital from atomic
orbitals of the same atom.

T : WA WAN] & WRAVAE HEdh A Uh AM0IH Herdh & (901 H Aredd a1 § golagi= °-cd I Bl 2 |

A-4. (A) Bond order of N2* = 2.5 ; The bond order of O2* 1/2(10 —5) = 2.5.
(B) Bond order of F2 =1 ; The bond order of Nez = 0.
(C) Bond order of O2 =2 ; The bond order of B2 = 1.
(D) Bond order of C2 =2 ; The bond order of Nz = 3.
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Sol.

A-6.

B-1.

B-2.

B-3.

B-5.

C-1.

C-2.

(A) N2* &1 949 9 = 2.5; Oz* &I 99 %HH 1/2(10 — 5) = 2.5,
(B) F2 &1 981 h9 =1 ; Nez &1 99 A = 0.
(C) 02T 99 ¥ =2 ;B2 Bl 99 HH = 1.
(D) Co &1 99 A =2 ; N2 &1 99 ¥ = 3.

N2?-: 61s? 6*1s? 6 25? 6*25? n2px® T 2py? 62P22 T 2pxt ©*2pyt.

B.O. Noz- = % =2. B.0.0,= 1976 -5
. o 10-6
NO- isoelectronic with Oz so B.O. = — = 2.
All have same number of electrons (i.e. 16) so isoelectronic.
N2?-: c1s? 6*1s? 6 25? 6*252 n2px® T 2py? 62P22 T 2pxt *2pyt.

10-6 _, : O2 &1 98 HH = 102_6 =2.

NO-, O2 BT FHSAFCI D ©, 3T 99 hH = 102_6 =2.

Ffl FHM G # godeE A R, (i 16) I wHgeiagitG B |

B2 bond order =1 ; C2 bond order = 2 ; F2 bond order = 1 ; O2~ bond order = 1.5
bond order «c1/bond length.

Bodg B =1:Cod9 hH =2 ; Fo 98 A =1; 0,99 hH = 1.5

Y PHH oc 1/4Y THTS

N2~ &1 §¢ HH =

(A) NO~ is derivative of Oz and isoelectronic with Ox.

So (c1s)? (c*1s)? (62S)? (6*2S)? (62p2)? (n2p%x = ©2p?%y ) (t*2pxt = ©*2ply) and 2 unpaired electrons.
(B) 022~ : (cls)? (c*1s)? (62s)? (6*2s)? (02p2)? (n2p%« = n2p?y) (7*2px®> = n*2p?) and no unpaired
electrons.

(C) CN- is derivative of and isoelectronic with N2 : (c1s)? (c*1s)? (62S)? (6*2S)? (t2p%x = n2p?%) (62pz)?
and no unpaired electron.

(D) CO is derivative of and isoelectronic with N2 : (c1s)? (c*1s)? (52S)? (6*2s)? (n2p%x = ©2p?y) (62pz)?
and no unpaired electron.

(A) NO-, Oz &1 FH~ & T 02 & W AHgaagid (018)? (c*1s)? (528)? (6*28)? (52p2)? (n2p> =
n2p2y) (w*2pxt = n*2ply) AR 2 IGFAT gIaE B |

(B) 022 : (51S)? (c*18)? (52S)? (6*2S)? (02p2)? (m2p> = T2p%) (W*2px2 = T*2p%) BIg A Seldg™ 78l o |
(C) CN- &1 e~ & a2 N2 & W12 FAsIaRI ™ : (518)2 (6*18)? (528)? (6*25)? (12p>« = 12p?) (52p2)?
3R g IYfva soragi= & B

(D) CO, N2 &1 I~ Td AAscdeid & (018)? (6*18)? (625)2 (6*25)? (n2p2« = 12p?y) (52pz)? AR BIg

A Seragi =18l B |

02 Oz 0% Ozt

Bond Order 2 1.5 1 2.5
g% hH ()} Oz 022 Oyt
2 1.5 1 2.5

From MOT & bond order values.
MOT 9 99 %9 AFT I

The strength of metallic bonds depends upon the number of mobile electron(s) per atom. Sodium has
only one mobile electron per atom where as iron has 8 mobile electrons per atom.

foodl 1 aifcas 99 @1 yaerar 9 910 R R ARl 2 5 S8H Ui o=A] il selagi= fha 21 Na
H 9 ORI AF Ud qAT SIRA H Ufd WA IS (8) iRl gelagid © |

Electron sea model of metallic bonding.
gifcasd 99 BT goldel T drsd |
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C-3.  Cu, Ag, Zn are solids at room temperature where as mercury is liquid.

Cu,Ag, Zn X @ dTY UR 319 & Sidih ADH &9 B |

EXERCISE # 2

PART — | (9T - 1)

1. (c1s)? (c*1s)? (625)? (6*25)? (n2p3x = ©2p?y) (62pz)? ; number of anti bonding electrons in N2 is 4.
* represents antibonding molecular orbitals.
B :  (o1s)? (6*1s)? (625)? (6%25)2 (n2p% = m2p?) (62p2)? ; N2 # Ufael soiasi™ & \&=am 4 8 |
* yfodelt anfeas werd B SeIEr B |

2. BO. dumy=10"4-0_4
2 2
. 2-1 1
+ = 2 1 = AN |
3. Hez = (018?)(o1's?) B.O. = 5 >
2-1 1
* = (c18?)(o1'st Y hH= —— = =
He, (c18%)(o1's?) 5 5
4, B2 : (615)?(c*15)%(c*25)?(c*2s)?(n2Px! = n2Py1)
BO.dumn=2"4=15¢
2 2
Rest all have zero B.O.
) At & 99 HH 0B |
5. (A) O2-B.O=1% (B) O2 B.O=2 (C) Ozt = 2% (D) O2-=1
1 . 1
o€ — —_—
Bond order e S ( 9Y hH oc = Er‘%rl's")
6 B.O. _ q¢ A 1
' 7" Bondlength ( * a\aaw%ng‘)
7. NO- > NO > NO* (bond length)
Bond order 2.0 25 3
Ho > Hx* > Hext (bond energy)
Bond order 1 0.5 0.5
(In He2* more electron in antibonding MQO's)
NO2+ > NO2 > NOz~ (bond angle)
Bond angle 180° 133° 115°
02> < 02t < O2 (paramagnetic moment)
No. of unpaired e~ 0 1 2
Bk NO- > NO > NO* (49 <3)
94 hH 2.0 25 3
Hz > Hzt > Hex* (39 3wl
99 HH 1 0.5 0.5

(Hez* 3, 3ma=l MO's # 3% goiaci= 8 8 )
NOz* >NO, >NOz (44 BT
G BIT 180° 133°  115°

022 < 02F < O2 (W—q ST]"ELU"T)

YT Setac=i B F=A 0

1 2
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8.

10.

11.

Hez* bond order = 2-1_1 ; O2~ bond order = 10-7 _ 1.5
2 2

2
Czbond order= 84 _5; NO bond order = 19=5 _, 5
2 2

Bond order oc bond dissociation energy.

Her*gr g = 2-1_ 1.0 gg g =107 _; ¢
2 2
Cogi g =8-4_,; NOgg sw = 10-5_, ¢
2

2
T HH oc 979 IS Hot

N |-

N2 : (515)? (6*18)? (525S)2 (6*25)? (n2p3x = n2p?y) (52P2)?
The bond order of N2 is 1/2(10 — 4) = 3.
N2 : (618)? (6*18)? (525)2 (6*2s)? (n2p3x = n2p?%) (o2p2)t
The bond order of N2* is 1/2(9 — 4) = 2.5.
02 : (c1s)? (c*1s)? (52S)? (c*25)? (02pz)2 (n2p3x = n2p%) (m*2pxt = n*2ply)
The bond order of O2 1/2(10 — 6) =
Oz : (61s)? (6*1s)? (62s)? (6*2S)? (02pz)2 (72p2x = ©2p?y) (T*2px2 = n*2ply)
The bond order of O2 1/2(10 —7) = 1.5.
NO* derivative of Oz and isoelectronic with O2?* ; so (c1s)? (6*1S)? (62S)? (6*25)? (62p2)? (r2p*x = n2p?)
The bond order of NO* 1/2(10 — 4) = 3.
NO derivative of Oz and isoelectronic with O2*; (c1s)? (c*1s)? (62s)? (6*2S)? (62pz)? (n2p%=n2p?),
(m*2px)t
The bond order of NO is 1/2(10 — 5) = 2.5.
Bond order «1/bond length o« bond dissociation energy.
Nz : (c1s)? (6*1S)? (625S)? (6*2S)? (n2p3x = n2p?%y) (62pPz)?
N2 (ATSEISE) &1 99 %A 8 1/2(10 — 4) = 3.
N2* : (o1s)? (6*1s)? (525)? (6*2S)? (n2p3x = n2p%y) (62pz)*
Nz*HTI ¥ | 1/2(9 —4) = 2.5.
2 : (o1s)? (6*1s)? (625S)? (6*2S)? (62p2)? (m2p%x = m2p?y) (*2px* = ©*2ply)
eﬂTERﬁGFr O2 &1 §9 %H 8| 1/2(10 —6) = 2
Oz : (61s)? (6*1s)? (625)? (6*2S)? (62p2)? (n2p2x = 12p?) (7*2ps2 = n*2ply)
O &1 §9 %9 2| 1/2(10 —7) = 1.5.
NO* Sl O2 &1 I B AR 022*; § FHgeIagId 8, (01S)? (6*18)2 (625)? (6*28)? (52p2)? (12p3=n2p)
NO* &1 99 ¥ & 1/2(10 — 4) = 3.
NO S Oz &1 = & a2 Oz ; (518)? (6*18)2 (625)? (6*25)? (52p2)? (12p2=n2p?y), (1*2px)*
NO &1 981 ¥ & is 1/2(10 — 5) = 2.5.
Y HH ocl/dY TS oc 99 fAATSTH Fofl |

02, NO2 and C|Oz are odd electron species. (Oz-, NO @1 ClO, & U< aﬂgﬁﬂﬁ e gl)

Metallic bond results from the electrical attractions among positively charged metal ions and mobile,
delocalised electrons belonging to the crystal as a whole.

AR arfcad Ml den Tfefia favemiad Soidgi= @ AL Jgd SHNU & Hhold®y ulfidd §¢
AT B |

/\
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Sol.

PART — Il (91T - II)

N2*, N2=, O2*, C2* have fractional bond order.

N2*, Nz-, Oz, Co* =TI 98 BIvT =ad 2 |

PART — Il (8T - 11I)

022* bond order = 3, NO* bond order = 3, CN- bond order = 3, CN* bond order = 2
022+ 99 %A =3, NO* §9 hH =3, CN-99 HH =3, CN* 99 HH =2

. .. o} o
. . = o
. N Cl
(A):N=0 (B) O// \O © O// \O (D) O//N — N\\O

In FO* total no. of electrons = 16, so bond order will be 2.

In FO- total number of electrons = 18, so bond order will be 1.
FO*# g SolagiHl & A& = 16, 31d: 9% HH 2 BN |

FO- ¥ qal Solagial ! W& 18 8, 3fd: 9% %9 1 B |

(A) 02" : (c1s)? (c*1s)? (02s)? (c*2S)? (62p2)? (m2p%« = n2p?y ) (T*2pxt = n*2py)

(B) NO is derivative of O2: NO(O2") (c1s)? (6*1s)? (525)? (6*2S)? (02p2)? (12p3x = n2p%y) (n*2pxt = n*2py)
(C) Oz : (61s)? (06*1s)? (062S)? (6*2S)? (62p2)? (n2p2x = W2p?y ) (7*2px2 = n*2ply)

(D) B2 : (61s)? (c*1s)? (62s)? (6*2s)? (n2pix = n2ply) (opz)°

(A) Oz2*: (c1s)? (c*1s)? (02s)? (c*2S)? (62p2)? (m2p%« = n2p?y ) (n*2pxt = n*2py)

(B) NO, O2 T a1 & : NO(O2*) (51s)? (6*18)? (025)? (6*28)? (02p2)? (12p?x = m2p2y) (1*2pxt = 1*2py)
(C) Oz : (61s)? (06*1s)? (62S)? (6*2S)? (62p2)? (72p%x = W2p?y ) (7*2ps2 = ©*2ply)

(D) Bz : (o1s)? (c*1s)? (025)° (*25)2 (n2plx = m2ply) (op2)°

Facts d27 |
Facts d27 |
Facts T |
PART = IV (HIIT - 1V)
Internuclear Number of unpaired(s)
(A) Bond Order | Distance (pm) | Electrons /Magnetic property
O," (dioxygenyl) 2.5 112.3 1 (paramagnetic)
O, (dioxygen) 2.0 120.07 2 (paramagnetic)
O, (superoxide) 1.5 128 1(paramagnetic)
0,” (peroxide) 1.0 149 0 (diamagnetic)

Bond order o stability (i.e., bond strength)

(B) Helium molecule (Hez) : He:z: (c1s)? (c*1s)?

Bond order of Hez is ¥2(2-2) =0

The molecular orbital description of Hez predicts two electrons in a bonding orbital and two electrons in
an antibonding orbital, with a bond order of zero - in other words, no bond. The noble gas He has not
significant tendency to form diatomic molecules and, like the other noble gases, exists in the form of
free atoms.

(C) Carbon molecule (Cy) : (c1s)? (c*1s)? (62s)? (6*2s)? (n2p?k = n2p%) or KK (62s)? (c*2s)? (n2p«
= n2p?y )

Lithium molecule (Li2) : (c1s)? (c*1s)? (c2s)?

Peroxide (02%) : (c1s)? (c*1s)? (02s)? (6*2S)? (02pz)? (n2p%k = n2p%) (*2ps2 = n*2p?y)

As all electrons are paired so Cz, Liz and O2?- are diamagnetic.

(D) Fluorine molecule (F2): (c1s)? (6*1s)? (62s)? (6*2s)? (62pz)? (n2p?x = n2p?y) (T*2px? = T*2p?y)

/\
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Sol.

(9-11).

(A) : ARAT DT Y setagi=i @1
TETT | 58 (pm) Sk
0," (fAIfTTE ™) 2.5 112.3 1 (JITgra1)
0, (STgaTaRNfSH) 2.0 120.07 2 (@)
0, (URSTRISS) 15 128 1 (g DIA)
0,” (R3iTaaTSS) 1.0 149 0 (yfrgra)

TG HH WA (ATq 3Mae AHLy)

(B) AR 3] (He,) : Hez : (618)? (c*1s)?

Hez &1 98 HH (2 -2) =0 & |

He: Y] & 7f0ad dHetds doiv H, 31 Soidgi 941 Hefd § dl a1 seldgi= dfaadl werh § IURA B |
UG 99 HH YI BT 2| SAR KT H DI 99 eI Ia1 B | 3 A9 T & FHAE Afha/Aed 9
He o fguwAm® oo 4 iR 81 Y@dl & 9 ThAHRATY & wd H AR @l ¢ |

(C) BTE 317] (C2) : (518)? (0*1s)? (625)2 (6*2S)? (n2p% = m2p?y) or KK (62S)? (6*2s)? (n2p2 = n2p? )
foferm &1 (Lio) © (o1s)? (0*18)? (02s)?

GRS (022) : (018)? (6*1S)? (62S)2 (6*25)2 (02p2)? (n2p%« = n2p?y) (7*2px2 = T*2p2)

Tfd T gelagid AT B, 31c: Co, Liz TAT 022 U= B |

(D) TR Y (F2) : (518)? (c*1s)? (525)? (6*2S)? (02p2)? (m2p2 = m2p2y) (2P = T*2p2y)

(D) Itis correct statement. (D) I8 W& HYUF ! T |

(B) Oxygen molecule (O2) : (51s)? (6*1s)? (625)? (6*25)? (62pz)? (m2p%x = m2p?y) (*2pxt = n*2ply)
Bond order = 1/2(10 — 6) = 2.0,

02" : (61s)? (c*1s)? (62s)? (0*2s)? (02p2)? (m2p% = n2p?y ) (*2pxt = n*2p°y)

Bond order = 1/2(10 — 5) = 2.5.

Nitrogen molecule (N2) : (51s)? (c*1s)? (052S)? (6*2S)? (n2p2x = ©2p?y ) (62P2)?

The bond order of N2 is 1/2(10 — 4) = 3.

N2t @ (61s)? (6*1s)? (62S)? (6*2S)? (m2p3x = n2p%y ) (o2p2)t

Bond order = 1/2(9 — 4) = 2.5.

(B) 3ifeISIT 317] (Oy) : (015)? (6*18)? (528)? (6*25)? (62P2)? (m2p2x = n2p%y) (1 2pxt = n*2ply)
g8 ¥ = 1/2(10 — 6) = 2.0,

02*: (01s)? (c*1s)? (62s)? (6*2S)? (02p2)? (m2p3x = n2p?y ) (m*2pxt = n*2p%y)

g% 9 = 1/2(10 - 5) = 2.5.

Arggrer 39 (N2) : (o18)? (6*1s)? (625)? (6*2S)2 (m2p2 = 12p?y ) (62Pz)>

N2 &7 99 %9 1/2(10 —4) =3 B |

N2* @ (61s)? (6*1S)? (52S)? (6*2S)? (n2p3x = n2p%y ) (62p2)t

§Y ¥ = 1/2(9 — 4) = 2.5.

2 2 2 2 1 1
B2— (10 ) ols < 6*1s < 62s < c*2s < (n2p, =n2p,) <c*2p:.
Nb:6e,Na:4,B.O.:Nb;2Na:%:l

And S.P. mixing occurs, Paramagnetic in nature, HOMO is BMO.
(@ S.P. AT YT BT B, SFEGI Ugfd, HOMO, BMO 2 |)
2 2 2 2 2 2 2 1
O; >(15e) ols < c*1ls < 62s < 6*2s < o2p, < (n2p, =n2p,) <(n*2p, =n*2py) < c*2p;

Nb:loe, Na:5,B_O_: Nb;Na — 102—5

And no S.P. mixing occur, Paramagnetic in nature, HOMO is ABMO.

(AT S.P. AfFsior yrei <& BT €, AgFHBIY Ui, HOMO, ABMO & )

=25

/\
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2 2 2 2 2 2 2 2 2
F2— (18 e) ols < 6*1s < 62s < 6*2s < 62p, < (n2p, =n2p,) <(m*2p, = n*2p,) <c*2p:
No=10e,Na=8,B.0. = Nb;Na = 102_8 =1

And no S.P. mixing occur, Diamagnetic in nature, HOMO is ABMO
(@ S.P. |ffsT Ut Bra B, ufrgRe gafd, HOMO, ABMO & |)

2 2 2 2 2 2
C2—(12¢€) ols < 6*1s < 62s < c*2s < (n2p, =n2p,) <c*2p:.
Nb:8e,Na:4,B.O.:Nb—2Na :8;24_2

And S.P. mixing occur, Diamagnetic in nature, HOMO is BMO.
(@ S.P. | Ut B B, ufogEe ggfd, HOMO, BMO ¢ )

EXERCISE # 3

PART = | (9T - 1)

2. O, is derivative of O, and has 17 electrons. So its molecular orbital electronic configuration is

* *
0201520'320' 1

2 O, 2 T
1s 2 2s ,

2p. 2p, 2py
As it contains one unpaired electron in Tc*Zpyl molecular orbital so it is paramagnetic. Rest all species
have paired electrons so diamagnetic.

g1 O, ,0,® FU Bl & 9 17 e~ G 2 | A SHP] 377] H&dh goidg i a4 © |

* * *
6152 o 152 0'232 (o} 252 Uzpzz 7Z'2sz 7Z'2p2 T 2p 2p,

fd T8 n*2p, ! AUYHEE H U YA ATE WAl © AN I NPT B § | 9rept i giad
Solag @ ® gufely ufig=aE B 2 |

2 W, > T
X

*
T
2p, 2p,’

*
2 T 1
X

2 O,

3. Molecular orbital electronic configurationis o, ., c* , 0,, o* 0
1s s 2p

1s 2 2s "

2p 2p 2py
As it contains one unpaired electron it is paramagnetic and bond order = (10 —5) /2 = 2.5 (O, = 2.0).

Bal. aﬁmmmgﬁaﬁﬁzﬁm%za*mzasza* 20, 2 Ty 2 My 2 T
Z X

2 2s 2p. 2p. 2p, 2p

TR P gfNd Selagia Bidl © | 3T U8 D B iR I HH = (10-5) /2= 2.5 (0, = 2.0).

2 T, 272'*
X

*
2py xl T

*
Xlﬂ' 2py0%|

5. Bond order = Ny —Ny

CO=o0,,0* ,0,,0* > m o1 c
1s? 1s? “2s? T 2s% "2p? 2 2

2p,® "~ 2p,

Bond orderof CO=10-4/2=3

- * * *
NO —015261520326 2 O zﬂszzn 2 T

*
T
2p " 2pt

2 2s? “2p, !

Bond order of NO-=10-6/2=2
NO* = Glsz 6*1526326* 20, 2T

2p,

2 M, 2
X

2 2s 2p

Bond order of NO*=10-4/2=3
CN- =0, G*lsz G, c* oW 2 T

2p 2py

2 O

2p,” " 2p,°

2 2s 2p

Bond order of CN-=10-4/2=3

— * *
N> = G2 0% 2 0,2 0 %502 nszz m, 20

n? 2,

Bond order of N2=10-4/2 = 3.
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Chemical Bonding-IV =~ ﬂ—
N, —N,
2

CO= O, 0*152 c

gel. Y h¥ =

2320* 20, 2

Y Y
25 T2pf Top” T 2p,

COd T HT =10-4/2=3

- — * * * *
NO- = Ous2 07152 Opg2 0% pq2 Oy 2 Ty 2 szpyz Tt T 2.}

NO-H 91 %9 =10-6/2=2

+ * *
NO* = 0152 O 7152 Ops2 O "pg2 GZpZZ Tr'2px2 n2py2

NO*H g% %8 =10-4/2=3

- = * *
CN™ =02 6% G0 0% Tap2 Top2 O2p?

CN-H g1 69 =10-4/2=3

N2 =0,.,06*.,0,.,0* .7, 7,0, >
1s 1s s "

2 2s® '2p 2p, 2p,

NoH s s =10-4/2=3

6. KO: exists as K* & Oz~ .
In O2~, superoxide ion there are total number of electrons =16 + 1 = 17.
1 1 —_ * * * *
MOT configuration= ¢, 6% 6,2 6%,. Oop? Mop? TCZpyz T2 T 2p,!

Oz has one unpaired electron in antibonding n*2py! . So it is paramagnetic.
81  KO2,K*' & Oy H &l & |

Oz, R eSS M H, Bl geldg G = 16 + 1 = 17.
3foges wetdh AfAfa=Ir = O,s2 0*152 o, 25 2 2 2py2 n*Zp 2py1

O & ufde=il anfdaeh berd n*2pyt § T YR ST © | 37T I8 JIFHDII & |

Szc*zﬁzﬂzﬂ: , m*
z X X

7. Statement-1 : Germanium is a semiconductor, where the energy gap between adjacent bands is
sufficiently small for thermal energy to be able to promote a small humber of electrons from the full
valence band to the empty conduction band. This leaves both bands partially filled, so the material can
conduct electricity.

Statement-2 : Incorrect statement.

A J99-1: ST Uh Jrgarad B, forad a1 wHivadt 998 & 7e ol RIS AT SHoft dl gl
#, gat ®Ier BT ® S f% B w9 # soagd @I, qu gRd waeedr 9v8 W, R arddar Jve §
RIFTIRG B AHAl & | 39 IHR QI 998 ARH Y F 9N B 7, 31 e g &1 ared a=al g |
IIAA-2 : BT A TEI B |

8. Due to small size of B, it is very difficult to remove the electrons from boron to form ionic bond as it will
require very high energy. On the other hand, due to its very small size having high polarising power
causes greater polarisation and eventually significant covalent character according to Fajan's rule.

gl. B @ BIT MBR & HRUI, MAF®H 99 & A0 & forg aRM A IF goidgi= b e wfes 8iam 8,
Hifs gdd oIy Afdd SHoil $1 AawgdHar el & | g @] ¥, 39 98d BT AHR S HRY, I§ oo
gav] &A1 AT 2| 39 BRI I8 980 AP AU ST IRAT B, A BAF FRE B SgER, 394
HEHared o7 Ul S 2 |

9. (A) B2 61s? 6*1s2 62s26*2s2 n2pxt = n2pyt
Bond order = 6% =1 Paramagnetic with two unpaired electrons.

It undergoes oxidation as well as reduction which can be explained by taking the
following reactions.

2B + 3Cl. — 2BCls; 2B + 3Ca —— CasB: (boride)

Mixing of 's' and 'p' orbitals takes place.

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005

®
/\ RESDHBF\CE Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

h ADVCBO -8
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



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

Chemical Bonding-IV =~ ﬂ—

Sol.

10.

(B)

(©)

(D)

(A)

(B)

(©)

(D)

N2

02

B>

N2

Oz

01s? 6*152 6252 6*252 12p«? = n2py? 62p22
10-4 . .
Bond order = OT =3 Diamagnetic
It undergoes oxidation as well as reduction which can be explained by taking the
following reactions.
N2 + O2 — 2NO; 6Li + No—— 2LisN
Mixing of 's' and 'p' orbitals takes place.
01s? 6*152 6252 6*252 62p2 n2px? = m2Px2 TF2pxP = n*2pyt
Bond order = 107_7 =15 Paramagnetic with one unpaired electron.
It undergoes oxidation as well as reduction which can be explained by taking the
following reactions.
O ——> 02+e; Oy +e—— 02
Mixing of 's' and 'p' orbitals does not take place.
01s? 6*152 6252 6*2S5? 62pz? n2px? = M2Px° T2Pxt = mF2pyt
Bond order = —102_ 6 =2 Paramagnetic with two unpaired electrons.
It undergoes oxidation as well as reduction which can be explained by taking the
following reactions.
O —> 02t +e; O2+e —— Oz
Mixing of 's’ and 'p' orbitals does not take place.
0152 6*152 62526*2s 2 n2pxt = n2pyt

ST P = _6;4:1 ] SYFAT Selanid & A AJgEDI
BT SITRITBRUT AT Y=g Bial & off fob = If¥fhar gRT A9 S Ihd 2 |
2B + 3Cl. — 2BCls;; 2B + 3Ca—— CasBz (boride)

TAH 'S’ TAT 'p' BeIDI b1 ST BT B |

01s? 6*1s2 6252 6*2s2 n2px2 = n2py? 62P22

WW:% =3 gfagrog

D] STRNBRUT qAT AU=IT BIaT & ot fb 1 rfifshan gRT F9=man <1 Aaba 2 |

N2 + O2 —— 2NO ; 6Li + N2 —— 2LisN
TAH 'S’ TAT 'p' BeIDI b1 AT BT B |

01s? 6*152 6252 6*252 62pz? n2px? = n2px? T*2p2 = m*2pyt

WWZ%ZLS TP IYRAT Selaei & I AJFEDII
BT SITRITBRT, U= BT & ol fob =1 SifAfshar grT 99=man o1 Aadr 2 |
O —> 0O2+e; O + e —— 022

TAH 'S’ TAT 'p' BeIDI b1 ST T BT B |

01s? 6*152 6252 6*252 2P n2px? = m2Px2 T2Pxt = mF2pyt
Wiﬁq:?:Z q1 YRAT golagd & A1 ATTEDM |
AGT AMRABRV, U9 Bl & o b =1 ifafhan g1 aweman < aar 21

02 —> Ot +e O2+e ——> 02

SHH 's' AT 'p' PED! Bl ST A& B B |

B, ; total number of electrons = 10. The MOT electron configuration violating the Hund's rule will be

thus:

2 2 2 .2 _2__ 0 0
O1s O '1s O2s O '2s Top, =T2p, Opp,

6-4

So, bond order = 5 =1

As all electrons are paired, the molecule is diamagnetic.

/\
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Chemical Bonding-IV =~ ﬂ—

Sol.

11.

12.

13.*

Sol.

B, ; § saidgll @I W&l = 10. MOT & AR oidele A= Sl gvs M &1 ures 18] $Ral 98 8
2 * 2 2 % 2 2 _ 0 0
O1s 015 O2s O'2s T2p, =T2p, Opp,

S]H:,E'[S[EFF{:G_?:

Fifd T selaga JRAd © o o] uRig=a © |

If 2s-2p mixing is not operative, the increasing order of Molecular orbitals will be :
1
618, 6*1s?, 6252, 6*25?, 62P2| 2Py
n2p,
Considering this Bez & B2 become diamagnetic, so does Nz. Only Cz2 would be paramagnatic with
electronic configuration as above

afg 2s-2p fAasmor fharfrad FE Bram B, @1 3nvifde wetd! BT STRIE HH 71 81

1
c1s?, 6*1s2?, 6252, 6*2s?, cZPf{nip{}
T z

Bez 9 B, U= 2, VA1 &1 N2 & W1 BT B | $9d SWRIG geidgig fO=d & del C, Jgraar
B |

ozoozo —— It is d—d axial overlap in same phase, so d—d ¢ bonding.

XX —— Itis p & d lateral overlap in same phase, so it is p—d =« bonding.

Yx —— Itis p and d lateral overlap in opposite phase, so it is p—d © antibonding.

.O.on —— It is d—d axial overlap in opposite phase, so it is d—d ¢ antibonding.

**wawwﬁ d-d 3l JAfdegmus @ 8, g9foY d—d o 9789 v © |
xxﬁwwwﬁpadwﬁéﬁmwﬁ%mp—dnwwﬁél
YXH%WHWW‘% p @ d FHUIRES ARG @ 8, ST p—d 1 iaid I 2 |
otocto - m Rt st ¥ d-d sef e T @ R T o-d o SRR T 2

(A) C3 Total no. of electrons = 14 so it is diamagnetic
(B) O Bond order = 3; O, Bond order = 2
. Bond length in O3 is less than bond length in Ox.
(C)Bond order of N; =2.5
Bond order of He;, = 1/2
. Some energy is released during the formation of He, from two isolated He atoms.
(A) C¥ sl &) fol Gl = 14 3oy I8 Ufigraaia 2 |
(B) O &9 9 =3; O, 97 HH = 2
s OF ¥ 99 1S O @ gl § &4 Bl & |
(C) N, 9 pH =25
He; &1 a4 %4 = 1/2
- @ He AT & Hej @ Pl & SR @B Soff gaa 21t ¥
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Chemical Bonding-IV =~ ﬂ—

PART — Il (91T - II)
JEE(MAIN) OFFLINE PROBLEMS

O2 bond order = 2 ; O2~ bond order = 1.5 ; 022~ bond order = 1.0 ; O2* bond order = 2.5.
Boel. O §9 HH=2; 02 HT 98 HHA=1.5; 02 BT 98 HH = 1.0 ; Oz BT 94 &HH = 2.5.

=

N

NO and NO* are derivative of Ox.

NO(isoelectronic with O2*) : (615)2 (6*1S)? (52S)? (6*2S)? (62p2)? (n2p2k = n2p?y ) (T*2psxt = ©*2py)
Bond order = 1/2(10 — 5) = 2.5.

NO*(isoelectronic with 022*) : (c1s)? (c*1s)? (62s)? (6*25)? (62pz)? (n2p3x = n2p?y ) (1*2px = T 2py)
Bond order = 1/2(10 — 4) = 3.

Bond order o« 1/bond length.

So NO* has shorter bond length.

g :  NO T NO* EFf O 2|

NO (O2* ¥ HHgAaLI®) : (61s)? (0*1s)? (625)2 (6*2S)? (62p2)? (m2p% = n2p?y ) (n*2p«t = n*2py)
g8 ¥ = 1/2(10 — 5) = 2.5.

NO*(022* & FHSAFSI D) : (61S)2 (6*1S)2 (625)? (6*25)? (02p2)? (m2p> = m2p?y ) (*2px = 1*2py)
g8 ¥ = 1/2(10 — 4) = 3.

I PHH oc 1/d9 AT

$9feTy NO* # BIE) §¢ o1 &Il ® |

3. Hez* — o(1s)?, 6*(1s)%, one unpaired electron.
H2 — (1s)?, o*(1s)?, no unpaired electron.
H2* — o(1s)?, o*(1s)?, one unpaired electron.
H2~ — o(1s)?, o*(1s)%, one unpaired electron.
Sol.  Hez* — o(1s)?, c*(1s)?, Td FJFAT Soiagi |
Hz2 — (1s)2, o*(1s)°, ®Is Y PR el &1 2 |
Hz* — o(18)L, o*(1s)°, T IFRAd Seias & |
Hz- — o(1s)?, o*(1s)!, U@ AT Selagiv & |

4, The electronic configuration of oxygen atom is 1s2, 2s2, 2p*. Each oxygen atom has 8 electrons. Hence
in each O2% ion there are 16 + 2 = 18 electrons. The electronic configuration of O2%- ion is
KKo (25)? 6* (25)% T (2p2)* m (2Px) P (2py)*n*(2px)* n* (2py)?
Here KK represents non-bonding molecular orbital of 1s orbital. 022~ contains no unpaired electrons.
The electronic configuration of B2 molecule is
KK 6(2s)? 6*(2s)? m(2px)* n(2pz)*
it contains 2 unpaired electrons. The electronic configuration of N2* ion is
KK 6(2s)? 6*(2s)? n(2px)? 6(2py)? 6(2p2)*
it contains one unpaired electron.
The electronic configuration of O2 molecule is
KK 6(2s)” 6*(2s)* m(2px)* m(2py)* o(2p2)* m*(2px)* n*(2py)*
It contains 2 unpaired electron.
Sol. RIS WA & Folagid =M 1s2, 282, 2p* B TS Sifaiiod URAY] & UTH 8 Soldgid o |
AAT 02D UNT 16 +2 = 18 SR B | 022 AT &1 SoAdeid AT 7 |
~ KKo (25)? 6* (25)? T (2p2)? m (2px) P (2py)*m*(2px)* m* (2py)?
TEl KK, 1s ®erdh & fausia §eff onfdads wermt &1 qefar 81 022 # ®I3 W Rgfvd o= =18l 7|
B2 377] &1 goidgiive =
KK 6(2s)? 6*(2s)? n(2px)! n(2pz)*
I8 2 IYFAT golag= @l B | N2t I &1 golagiive fa=ard
KK o(2s)? 6*(2s)? n(2px)? o(2py)? o(2pz)*
g TP MYFAT golagie @l B |
O2 I P Solagi+d fa=ard
KK 6(25)? *(25)? m(2p0)? m(2py)? 0(2p:)? w(2p)* w*(2py)*
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Chemical Bonding-IV =~

I8 2 IYFAT ol @l B |

022 (8 + 8+ 2 =18) : 6152 6*1s2 6252 %252 52p2 n2Px2 M2Py2 TF2Px2 m*2Py?

all electrons are paired. So diamagnetic. (F+! Seagi JRFa 2 | 3 Hfg=HT 2 )

Molecular orbital configuration of

3foaes wetdh &1 fa=ara

(O}

N2

N2*

Cz

NO

NO*

= ols?c* 152 6252 6*252 62p22 n2py? n*2pix m*2ply

= Paramagnetic SIJg=®I

99 BIfe Bond order = % =2

= c1s26* 1s%c 252c* 2526 2p?; n2px2 n2py? m* 2pix

= Paramagnetic SIJg®I

99 BIfe Bond order = %z 2.5

= o01s?c* 15? 6252 6*2s? 2p°x n2p?y 62p?2
= paramagnetic DI

g4 ®Ife Bond order = 107_4: 3

= c1s? 6* 152 6252 6* 252 2P« n2p2y 62pt;
= Paramagnetic g

g9 PIfe Bond order = % =25

= ols? o* 152 62s? 6* 25? n2p?« n2ply

= Paramagnetic gD

g4 ®Ife Bond order = % =2

= c1s? o* 152 6252 6* 252 n2p3x n2ply

= Paramagnetic I

99 PIfe Bond order = % =15

= c1s? o* 1526 252 6* 2526 2p?. m2p% m2p?y n* 2pix

= Paramagnetic gD

g9 pife Bond order = 107_5 =25

= 61s? 6* 1526 252 6* 252 62p2, m2p%x m2P3y
= Diamagnetic ~ gfagw®g
10-4

99 PpIfe Bond order = — = 3.

NO* is derivative of Oz ; NO* (isoelectronic with 022*) c1s? c* 1s?c 252 6* 252 62p?; n2p2x T2p?%y

Bond order = %: 3.

CN-is derivative of N2 ; CN- (isoelectronic with N2) c1s? c* 1526 252 6* 252 n2p2« n2p?%y o2p?;

Bond order = %= 3.

NO*, Oz &1 T 2 ; NO* ( 022* & | WHSdR e ©) 0152 6* 15%0 282 6* 252 62p%; 12p2x 12py

: 10-4
q9Y hH = T =3.

CN-, N2 &1 I 2 ; CN- (N2 H1J FHgaGi P ) 015? 6* 1520 282 6* 252 2P n2p?y 62p2,
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Chemical Bonding-IV =~

d¢ $HH = M =3.
2
8. Bond Order (¢ %H)
10—
(1) 0 10=5 55
2
2) Oz 10-7_15
2
10—
3) 002 10-8 _,
2
(4) 022+ 10-4 _,
2
Bond order oc; (7 P oc ;)
bond length TR TS
So, O2?* has the shortest bond length.  37d:, 022* & g% HTS AaH HH B |
9.* N2z and C: both are diamagnetic
Ans is (1) and (2)
N2 T C2 H1 IR 2 |
I S (1) 3R (2) B
10. H2%* : Bond order =0
He> : Bond order = 2—;2 =0
So, both H2%* & He> do not exist.
Bal. H22* : 99 %H =0
Hez:éazﬁqzz;zzzo 31Q:, Ho2* AT Hez QA1 SR T8l ¥Ed & |
11. Liz ols? o*ls? ©2s? Bond order = 1
Lit ©1s? o*1s? o©2st Bond order = 0.5
Liz= ols? o*1s? ©2s? c*2s!  Bond order = 0.5
Stability order Liz > Liz* > Liz>~
Sol. Li2 ols? ¢'1s? ©2s? 99 A =1
Li* ol1s? o*1s?2 o2s? 94 $HH = 0.5
Li>- ols? o*ls? o2s? 0*2s! ¥ HH=0.5
IR &1 %64 Liz > Liz* > Liz-
12. No of electroninCO =6 +8 =14
2 2 2
(i) CO— 61S?, 6°1S?, 6 252, 6" 252, [TE?PX =2k :|62PZ
All electrons are paired so diamagnetic
(i) 02— 6152, 6"1S2, 6 252, 6" 252, 62P72 [nszZ = nzpﬂ, [n*szl - zpﬂ
Unpaired electron = 2 (Paramagnetic)
(ii) B2 —> 01S?, 6"1S?, 6252, 6"2S? [szpi = nZPﬂ (Paramagnetic)
i 2 ~*1Q2 2 Q2 2 | m2P2 = n2P2 | | 2Pt = 1 2P? ;
(iv) NO — 61S?, 6'1S?, 62S?, 6'2S2?,62P7 X y | X y | (Paramagnetic)
Sol. CO¥ SodeIAl & G =6+8=14

() CO——> 612, 012, 6 252, 0'2S?, | W2P% = 2P} |o2P%

T getag= ghad € | o afige € |
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Chemical Bonding-IV =~

2 2 *Hpl * 1
(i) 02— 6152, 6"1S2, 6 232, 6°2S2, 62P22 [RZPX = TEZPy] [n 2P =n 2Py]

3gRa geldeiv = 2 ()

(i) Ba—> 0182, o'1S?, 6252, 5°25? | 2Py = 2P} | (arqgrerabian)

2 2 *npl *op0
(iv) NO —> 6152, 6"1S2, 6252, 6" 252, 62P2? [EZF’X = n2Py ]-{RZF’X = TEZPy} CREEEIR))

13. H22-have bond order zero .. do not exist

H2? g 978 A @I 8 | 3(a: 3fReicd =18l 2 |

H2>—— 0182, 6*15?,

2-2

B.O.= ——=0
2

JEE(MAIN) ONLINE PROBLEMS

4, Bonding molecular orbital results in increased electron density between nuclei due to constructive
interference of combining electron waves.

Sol. AN SoldgE AR B FHIN S0 & HRU §8f Nfad werds (MO) H, AMf¥®dI & Aed goldeid

gIcd gl B |

+ *
5. N, — Oy 21 Oy21 Op2s O

* 2
252 ! [nsz -

2 1
M2p, 103,

Number of electronin c,, is1

Gop, H godg|l @ =1

ABMO Anti bonding molecular orbital  (n* bond)
ABMO ufaeiedt nfias werd (m* 9)

7. Li; —5e”

6152(5 * 1526251
po->-2_1
2 2

Li; —» 7e™

G]SZG * 15262826 * gl

4-3 1

BO.=——=—

2 2

LiJ2r & Li; have same bond order since no. of bonding electrons are more than antibonding electrons

both are stable.

Liy T Li; |99 99 %H Y@d © wifd afd gerdeil @ G yfdafd gerdeidl o 9@ 9 3ifde

B B 1 al R B

8. NO 15e paramagnetic bond order (15e STHI @Y DIfC) = 2.5
NO* 14e diamagnetic bond order (14e Ufg=®I ey HIf) = 3

9. N2+ = kk 6252 6*252 1 2p% 2 1 2p5 & 2p)

BOZZ.SZZR&%G
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