CS/B.TECH/BME/ECE/EE/EEE/EIE/ICE/PWE(N)/ODD/
SEM-1/BS-CH-101/2019-20

Maulana Abul Kalam Azad University
of Technology, West Bengal

]MAULANA[UNH;KALAN[AZADIHHVERSHN(OF

TECHNOLOGY, WEST BENGAL
Paper Code : BS-CH-101
PUID : 01034 ( To be mentioned in the main answer script )

CHEMISTRY-I
Time Allotted : 3 Hours Full Marks : 70

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own
words as far as practicable.

GROUP - A
( Multiple Choice Type Questions )

1. Choose the correct alternatives for any ten of the
following : 10x1=10
i) Energy required to remove an electron from

outermost shell of an isolated gaseous atom is

called
a) potential energy b) kinetic energy
c) electron affinity d) ionization energy.

ii) At inversion temperature Joule-Thomson coefficient

is
a) zero b) positive
c) negative d) none of these.
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iii) If uncertainty in position and momentum are

equal, the uncertainty in velocity is

a) h/m b) 271,/h/1'r
c) h/2m d) none of these.

iv) For transition metal octahedral complexes, the
choice between high spin and low spin electronic
configurations arises only for

a) dltod3 complexes

b) d 4t0d” complexes
c) d 8tod? complexes

d) dal ,d 2 andd 8 complexes.
v)  Which one of the following correctly represents the
formation of bonding molecular orbital from the

atomic orbitals having wave functions YA and yB ?
a) WAXYB b) WA/YB
c) UVATYB d VA-UYB
vi) IR spectra detects
a) functional group
b) unsaturation
c) number of protons
d) nature of nuclei.

vii) What is the fingerprint region range in IR ?

a) 4000-400cm ! ) 4000-1600cm 1

o) 1600-400cm ! g No range.

XX-1102/1(N) 2
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viii) During the motion, if the centre of gravity of
molecule changes, the molecule possesses
a) Electronic energy b) rotational energy c)
Translational energy d) Vibrational energy.

ix) The strength of van der Waals forces depends upon
a) size of the molecule
b) molecular structure
c) number of electrons present in the molecule

d) all of these.

xX) In which of the following reactionsis H= U ?

a) H2(g)+I2(g)—2HI(g)

b) Kl(ag)+I12(s)—KI3(aq)

c) 6NaOH (aq)+3Cl2(g)— SNaCl(aq) +
NaClO 3 (agq) + 3H 20 (1)

d N204(g)—2NO2(g).

xi) Water at 4°C, under pressure of 1 atm, (Cp = Cp)

is

a) positive b) negative

c) zero d R

xii) In which of the following processes does the
entropy decrease ?
a) The dissolving of NaCl in water

b) The evaporation of water
c) The conversion of CO 2 (g) into dry ice

d) When one dozen marbles are taken out of a
small bag and dropped on the ground.
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GROUP -B

( Short Answer Type Questions )

Answer any three of the following. 3x5=15

2. Explain the following reactions with a suitable example

a) Wolff-Kishner reduction

b) Cannizzaro reaction. 3+2
3. a) State the reason for the presence of only one electron
in the 4s subshell of chromium ?
b) Which of the following has larger size and why ?
) Mmg2” i N3 . 2+3
4. a) Give molecular orbital energy level diagram of CO.
Write its electronic configuration, magnetic
behaviour and bond order.
b) Discuss types and conditions for hydrogen
bonding. 3+2
5. a) For areaction both H and S are positive. Under

what conditions will the reaction be spontaneous ?

b) What will be the conjugate acids for the following
Bronsted bases ?

NH ,HCO ,CH COO ,H PO -, 1+4
3 3 3 2 2

6. Why violet coloured [ Ti (H 20 ) 6 ] Cl 3 becomes

colourless when heated ?

X X-1102/1(N) 4
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GROUP -C
( Long Answer Type Questions )

Answer any three of the following. 3 x 15=45

7. a) Phenol on treatment with Br2 in CS 2 at low
temperature gives two isomeric monobromophenols
X and Y. But phenol on treatment with bromine
water gives a white precipitate Z. Identify the

products X, Y and Z with chemical reactions. §)
b) What do you mea by enantiomer and diastereomer

? Differentiate them with examples. 4
c) Give one example of each of Friedel-Crafts’

alkylation and acylation reaction. 2

d) Predict the major product(s) of the following

reactions and explain their formation : 2
_ (Ph-CO-0)2
i) H C-CH=CH —
3 2 HBr
HBr

ii) H3C -CH =CH2 .

e) Write down the criteria for aromaticity. 1
8. a) Calculate the force constant for the bond in HCI from
the fact that the fundamental vibration frequency is

8667 x 10135 1.

b) Calculate the energy of one photon of light of
wavelength 2450 A. Will it be able to dissociate a
bond in diatomic molecule which absorbs this
photon and has a bond energy equal to 95 kcal per

mole ?
c) “All adiabatic reversible expansions lead to a fall of
temperature.” — Comment or justify. 4 + (3 +3) + 5
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9. a) What is screening constant ? Calculate the effective

b)

nuclear charge ( Zeff) of one 4s electron of the
following :

Cu(Z=29)and K (Z=19).

Determine the bond order of each member of the
following groups, and determine which member of
each group is predicted by the molecular orbital
model to have the strongest bond :

) Ho,H2, H2
i) 02,002 022"

p-block elements form acidic, basic and amphoteric
oxides. Explain each property by giving two
examples and also write the reactions of these
oxides with water. 5+4+6

10. a) What is the necessary and sufficient condition to

b)

c)

11. a)

b)

exhibit optical activity ?
Draw all the stereo-isomers for the following :

CH 3 CH (OH) - CH (Cl) COOH
Arrange the different conformations of n-butane in
terms of their stability. 5+5+ 5
Nitration is also in absence of H 2SO0 4 yet H 2SO0 4
has no effect on benzene under the conditions
employed. Show the mechanism of nitration of
benzene.

What is the condition of spontaneity in terms of
entropy ? The condition of spontaneity :

Gx7y<0; Ap7r<0’

where G is the Gibbs free energy and A is the
Helmholtz free energy. Identify x, y, p and r.
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c) State whether the following properties are extensive
or intensive properties :
Pressure, Concentration, Entropy, Viscosity,
Temperature. 4+(2+4)+5
12. a) pH of a solution of a strong acid is 5. What will be the
pH of the solution obtained after diluting the given
solution 100 times ?
b) Write the Nernst equation for the cell reaction in
the Daniel cell. How will the Ecell effected when the
o+

c) Draw and explain the energy level diagrams for

concentration of Zn is increased ?

conductor, semiconductor and insulator.

d) Explain enantiomers and diastereoisomers with
examples.

e) Write the principle and application of NMR and
MRI. 3+3+3+2+4

XX-1102/1(N) 7 [ Turn over
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Group- A
(Multiple Choice Type Questions)
1. Choose the correct alternatives for any fen of the following: 1x10=10
(i) Which of the following is the expression of Schrodinger wave equation?

(a) VW + (R2/8I1°m)(E—V)¥ =0 (b) V2Y + (8M1°m/h*)(E-V)¥ =0
(©) (—h%/2mV?2+E)¥ —-V¥ =0 (d) (-2m/R?V2+V)¥ —E¥Y =0

(i) All living body is the example of
(a) open system (b) closed system
(c) isolated system } (d) exothermic system

(iii) The correct order of bond dissociation energy is
(a) 0, < 0f <0z <0f" (b) 03~ <037 <0, <03
() 0~ <0, <0z <0F @ 0, <0%" <0f <05

(iv) What is the hybridization of XeF,?
(@ Sp (b) Sp’
(c) Sp'd @ Sp’d®

(v) (2R, 4S)-2, 4-dichloropentane and (25, 4R) -2, 4-dichloropentane are
(a) enantiomers (b) diastereomers
(c) identical (d) constitutional isomers
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(v1) Inelectrochemical corrosion
(a) oxidation occurs at the anode
(b) reduction occurs at the anode
(¢) both oxidation-reduction occurs at the unode
(d) it is not an example of oxidation-reduction reaction

(vii) Which of these exhibit fluorescence?

(a) NaCl (b) Bak;

(C) CaFg (d) (‘HCI)
(viii) Unit of frequency is

(a) cm (b) sec

(c) hertz (d) gm

(ix) Which of the following is not part of a polarimeter?
(a) NICOL
(c) Simple tube

(b) Diffraction grading
(d) Analyser

(x) The nucleus which will not show any peak in the NMR spectrum is
(@) 'H ®) "o
© " d H

(xi) Which of the following is true for the Galvanic cell?
(a) The cell potential is always negative.
S (b) The product are less stable than the reactants.

(c) AG for the cell reaction is positive.
(d) Chemical energy is converted to Electrical energy.

(xii) van der Waals type of bond is formed by

(a) sharing of electron.
(b) transfer of electron from one atom to other atom.

(¢) sharing of electron by one atom only.
(d) weak electrostatic force of interaction among fluctuating dipoles.

(xiii) Silicon doped with gallium forms
(a) p-type semiconductor
(c) insulator

(b) n-type semiconductor
(d) None of these

Group-B
(Short Answer Type Questions)
Answer any three of the following. 5x3=13
2.  (a) Explain the term chemical potential.
144

(b) Derive the relation of EMF of celllwith AG and AH.

Scanned by CamScanner



CS/B.Tech(New)/Odd/SEM-1/BS-CH101/2018-19

3. a
(a) Draw the molecular energy level diagram for O,.

(b) Explaj .
VBpTaln the Paramagnetic behaviour of O, under the light of MO theory as an evidence of failure of

3+2=5

4. Provethat, (V — P
a (V 8n2m VZ) ¥ =FEY, 5

5. (a) Show that, entropy of mixing of ideal gases ASpiy > 0.

(b) What is the physical significance of free energy change (AG)? 3+2=5

(a) Define specific rotation for an optically active molecule.

(b) What is the necessary and sufficient condition for a molecule to be optically active?

(¢) The following compound does not have a chiral center still it shows optical activity— comment.

H;C / H
o Cc=C=C
\
W ™\ cH,
14+2+2=5
Group -C
(Long Answer Type Questions)
Answer any three of the following. 15x3=45

7. (a) State Hund’s rule of spin multiplicity and Pauli Exclusion principle. Write down the electronic

configuration of Fe (Z = 26).
(b) Calculate the effective nuclear charge of 4s electrons of Fe (Z = 26) with the help of Slater’s rule.
(c) Define Pauling’s Scale of electronegativity.
(d) Electron affinity of Cl is greater than F explain the phenomenon.
(e) Between BeCl, and BaCl; which one has more melting point and why?

(f) Show the hybridization and calculate the CFSE of [Fe** (H,0)s]** and [Fe**(H,0)}** complex ions.
(1+1+1D)+2+2+2+2+4=15

8. (a) Draw all possible stereoisomers for butane-2, 3-diol. Are all of them optically active? Give reason.
(b) Draw the Fischer projection formula of following stereoisomers:
i (R, 3R)-2, 3-dibromobutanedioic acid
(i1) S—2-Hydroxy-2-phenylpropanoic acid
(c) How enantiomers differ from diastereomers?
(d) Sn1 mechanism proceeds through partial racemization of the product. Explain.

(¢) Halogens are ortho-para orienting and deactivating. Give reason. 441+ 1)+3+343=15

. - »
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. . i _ , , . . ip cach casc:
9. (a) Define the following elements of symmietry with a itable example )

(1) Rotational axis of symmetry
(i1) Plane of symmetry
(i) Centre of symmetry
(iv) Alternating axis of symmetry
(b) What is Beer-Lambert law? Show that absorption i
solution.

(¢) Explain-trans-Stilbene absorbs at a longer wavelength than cis-Stilbenc.

s linearly proportional to concentration of lhe

(4x2)+(2+3 H2=]5

10.  (a) Define corrosion. What are different types of corrosion? .
(b) What do you mean by hardness of water? Explain how hard water fails to form lather with soap? W,
are different types of hardness?
ons between NaCl an

¢) Explain the potenti ic titrati i i iz f precipitation reacti
() Agll)\l o € potentiometric titration with suitable diagram of precip (1+4p(14242)550ss

11.  (a) State the postulates of Crystal Field Theory.

(b) Calculate the de Broglie wavelength associated with a stone having veloci
the other side an electron having velocity 6x10° m s™ and mass 9-1x10
meaningful and why?

(c) Predict the product of the following reaction with a plausible mechanism.

0 0
j“ CH, Base
HC== .
(o}
OH

HyC ,
: + SOClh ————

cH H

ty I m s~ and mass 100g; op
31 kg. Which one of these is

0
)k : : NaBH,
Ph CH,3 :

(d) How do you measure the pH of unknown solution using calomel electrode?
(e) What type of storage cell is used in your mobile cell? 3434242+ 1 )+3+1=15

12. Write the short notes on any five of the following: 5x3=15
(i) Fluorescence and its application '
(ii) Hard soft acids and bases
(iii) Gibbs-Helmbholtz equation
(iv) Fajan’s rule
(v) n and p-type semiconductor
(vi) Features of Ellingham diagram
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GROUP - A
{ Multiple Choice Type Questions )

1. Choose the correct alternatives for any ten of the

following : 10x 1 =10

Jf  Energy required to remove an electron from
outermost shell of an isolated gaseous atom is

called
a) potential energy’ b} kinetic energy
c) electron alfinity d) ionization energy. .

ii) At inversion temperature Joule-Thomson coefficient

L

1S

a} zero b} positive
c) negative d) mnone of these.
*%-1102/1(N) [ Turn over
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] If uncertainty in position and momentum are

v'ﬁf

vi)

cqual, the uncertainty in velocity is

a) Jh/n : ) Ei';z‘dh/"‘
g Jh/2n’ d) none of these.

For transition metal octahedral complexes, the
choice betwcen high spin and low spin electronic
configurations arises only for

a) d'tod3 complexes

b) d* tod” complexes

). d® to d° complexes

d d!, d? and d8 complexes.

Which one of the fdllowin_g correctly represents the

formation of bonding molecular orbital from the
atomic orbitals having wave functions y A and v g°

a) Y, xvyp b) w,/vg

Sl W, t g d v, -vypg.

IR spectra detects

a) = functional group
b) unsaturation

c) numberof protoné

d) nature of nuclei.

y] What is the fingerprint region range in IR ?

a) 4000-400cm~! b) 4000-1600cm~!
c) 1600-400cm~! - d) No range. '

*%-1102/1{N) 2
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‘\{P‘)/ During the motion, if the centre of gravity of
melecule changes, the molecule possesses .
~a) Electronic energy b) rotational energy
c) Translational energy d) -Vibrational energy.
)x) The strength of van der Waa]s forces depends upon
"a) size of the molecule
b) molecular structure
c} number of electrons present in the molecule _
: d} all of these. B _
J”/ In which of the following reactions is AH = AU ?
&) Hy(g)+ly(g)2HI(g)
b) KI(ag)+1,(s) Ky (ag)

c) 6NaOH (ag) + 3Cl, (g) = SNaCl (ag) +

NaClO, (agq)+ 3H,0 (1)
~d) N,0, (_g]—>21\u':a2 (g).
‘\’ﬂf Water at 4°C, under pressure of 1 atm, | Cp - -CU)

5,

1S :
a) positive b) '_ negative i
g .zero - d) "~ R

1) In which of ‘the following processes does: the
entropy decrease ?
a}) The dissolving of Nlel‘in water %
_ b] The evaporation of water o
o " The conversion of CO, (g)into dry ice

~d} When one dozen marbles are taken out of a
small bag and dropped on the ground.

-
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GROUP - B
( Short Answer Type Questions )
Answcr aﬁy three of the following. 3x5=15

Explain the following reactions with a suitable

5¢ A

]

example ;
" a) Wolff-Kishner redu;:tion
b) Cannizzaro reaction. 3+2
a) State the reason [or the presence of only one
clectron in the 4s subshell of chromium ?
b) Which of the following has larger size and why ?
iy Mg?* i) N3-. 2+ 3
'a)  Give molecular orbi-tal energy level diagram of CO.
‘ Write its electronic configuration, magnetic
behaviour and bond order. lmp:"."muw.ma];aut.com
b) Discuss types and conditions ' for hydrogen

bonding. | 3+2

For a reaction both AH and AS are positive. Under

what conditions will the reaction be spontancous ?

]

What will be the conjugate acids for the following

Bronsted bases ?

.NH HCO,™, CH, CO0" , HyPO,”  1+4

vb/ Why wviolet coloured | Ti ( H O }6 ] Cl - becomes

g

colouricss when heated ?

t
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http://www.makaut.com

wodneyew mmm//:dyy



wodneyewr mmm//dyy

http://www.makaut.com
CS/B.TECH/BME/ECE/EE/EEE/ENE/ICE/PWE(N)/ODD/
SEM-1/BS-CH-101/2019-20
GROUP-C

({ Long Answer Type Questions )
Answer any three of the following. 3 x 15 =45
7. ‘9/ Phenol on trcatment with Br, in CS, at low
temperature gives iwo isomeric monobromophenols

X and Y. But phenol on tréatment with bromine
water gives a white precipitatc Z: Identify the

products X, Y and Z with chemical reactions. 6
b) What do you mea by enantiomer and diastereomcr
? Differentiate them with examples. 4
/;X' Give one ecxample of each of Friedel-Crafts’
alkylation and acylation reaction. | 2
d)’ Predict the major product(s) of the following
reactions and explain their formation : 2

S (Ph-CO-0 )y :

H,C-CH=CH, >
HBr

i H,C-CH=CH, —2BL
/ff Write down the criteria for aromaticity. 1
8. a} Calculate the forcc constant for the bond in HCI
‘from the fact that the fundamental vibration
frequency is 8-667 x 1013 s~ 1.

b) Calculate the energy of one photon of light of
wavelength 2450 A. Will it be able to dissociate a
bond in diatomic molecule which absorbs this
photon and has a bond cnergy equal to 95 kca! per
mole ? |

c) “All adiabatic reversible expansions Icad to a fall of
temperature.” — Comment or justify. 4 + (3 +3)+ 5

®«¥-1102/1(N) . ) { Turn over
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o

a)

b)

What 1s screening constant ? Calculate the effective

nuclear charge ( Zeff’ of one 4s eclectron of the.

following :

Cu(Z=29)and K(Z=19).

Determine the bond order of each mémbgr of the
following groups, and determine which member of
cach group is predicted by the molecular orbital
model to have the strongest bond : .

i) H,, H",H,”
i) 0,,0,%*,0,%.
p-block elements form acidic, basic and amphoteric
oxides. Explain each property by giving two
examples and also write the reactions of these
oxides with water. S+4+6
What is the necessary and sufficient condition to
exhibit optical activity ?
Draw all the stereo-isomers for the following :

CH , CH (OH) - CH (C}) COOH

Arrange the different conformations of n-butane in
terms of their stability. S+35+395
Nitration is also in absence of H,80, yet H,SO,

has no effect' on benzene under the conditions
employed. Show the mechanism of nitration of
benzene. '
What is the condition of spontaneity in terms of
entropy ? The condition of spontaneity :

AGx,y_( 0; AAp‘rc 0,

where G is the Gibbs free energy and A is the
Helmholtz free cnergy. Identify x, y, p and r.

*#%-1102/1(N) 6
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,,c‘]/ State whether the following pmpcrues arc extensive

12. a)

b)

or intensive propertles

Prcssure, Concentration, Entropy, Viscosity,
Temperature. 4+(2+4)+35

PH of a Solution of a strong acid is 5. What will be
the pH of the solution obtained after diluting the
given solution 100 times ?

Write the Nernst équation for the cell reaction in
the Daniel cell. How will the E cep Cffected when the

concentration of Zn2* is increased ?

Draw and cxplain the energy level diagrams for
conductor, semiconductor and insulator.

Explain enantiomers and diastereoisomers with

~examples.

Write the principle and application of NMR and
MRI. 3+3+3+2+4

s Tt e T DT LM
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| . tionﬁ) |
f ) Wollf - Kishner reduction : In hjg re

L ol s , action, g¢ :

* quce hydrazone which on heating at [gqo in plem;:;“efmma]ly réacts with hydrazine
mjol colvent yields propane. 2 ! - 91 KOH or C;HsOH in ethylene
H,C | H,C B i
g Hy N NH, 2 : e

/C= O Hydrazine \'\C “—‘-"NH2 % o ww

H,C H.C 4 H CHZOH‘CHZ__OH Sy

Acetone Hydrazone S l =
CH,+N,T i
HC/ S
Propane

() Cannizzaro’s Reaction : Aldehydes having 10 o -hydrogen undergo self oxidation

rduction reaction in presence of strong que like ethanolic KOH to produce corresponding
xid and alcohol. This is called Cannizzaro’s reaction. - 8

Example : Reaction between two formaldehyde molecules (having no o -hydrogen) produces

$odium or potassium formate and methyl alcohol in presence of 50% ethanolic NaOH or KOH
solution, ' |

0)

HCHO + HCHO 50% ElhanolicANa:OH' 6r KOH s H -—C" — ONa IK v CH_,OH

. jSi"ﬁ]afly benzaldehydc molecules may undergo similar reaction.

|
- : i OH . ' C—0ONa/K
2 C(,HSCHO U 50% ElhanohcANaOH orKOH CH, C

: - s o 182 252 2p 3s? .3p6
1 T) ' ; mivm (24) is = 1§ 25 2p° 38
i 45?) - Exgundstats electyoni onfigurion o Chmd electron is shifted l°3dg?bs'hen

f m;k Yhas only one electron in 4s subshell as Ehc secon
)e " half filled to achieve additional stability.
thy,, & and N3 jons have same number of valence r
L inIls but Mg is a 3rd period element with one more - :
- state Mg is having only two orbitals, as N. 2

electrons. Both 'zirq.-_hhfv'ing-t‘_qga]; 10
bital than N (2nd period) element.
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Scanned with CamScanner
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548 Enginé . 12 and that of N is 7, no numbe, of p |
per of ME ! pull on outermost elef:lror:m

jc number & 7" erting greater Pre

e de that N7~ has larger size than Mg+, 'y

size. can conclude ” |

Hence, w:: "  bital diagram of Carbon monoxide molecule (Co) . h |l

4. (a) Molec O are — =y

configuration of C and \

C: Is? 2% 2P z E

. 2 2p i : C) + 8 (from 0) = 14 ’
0:1s?2s CO is 6 (from C) +. - These

trons 1n . 4, |

it gfizlfi(i:ffcrent molecular orbitals of CO. Thus, the molecyl, 'Z!rfrei][:;%"-i

U

to be BCCUmOdaw
ration of CO 15—

KK("!JQ )("2;2 )(”2!’3 2 )(”2!&2 )(:r ?_f’.vz) | F

l §
| el B2 =3
Bond order =E(Nb “Nﬂ)", 2(8 )

Hence, CO molecule is stable an
electron.

d is diamagnetic in nature due to absence of iy ;_

Energy _—
e o
- o '1-:"‘*--.
e —— S
A
s
o S
-
]
2] 4
- /
f’/

; ¥4
G:.\'
o MOs 20§ T,
co g . ;

CO* MO encrgy level diagram for CO molecule
L 1on has one Jegg elect
configuration jg_

’ KK(%’z )("-72"“2 )(n;_,,xz )(nzf’rz )(

4
" ' , Eulﬂr
i O2p, orbital than CO molecule. The mol

2
E?.p: )

Bond orger =1
F=301-2)=2; :

~
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Solvad Papers 549'

r the formation of Hydrogen-bonding

rmation depends on few factors ——
es place with an atom having high electronegativity. Higher the

of the atom, stronger is the hydrogen bonding.
, which 18 involved in Hydrogen bonding should be small in size because

-on density of the covalent bond more efficiently, thus can

attract the electr
le and consequently the strength of the hydrogen bonding

atoms can atl
et in the molecu

the pOlﬂrity

paSCS" '
" of hydrogen - bonding l
. is classified into two groups !

bonding.
lar hydrogen bonding.
lar Hydrogen - bond
erate molecules of same type or different type then t
ar hydrogen bonding.
HE, ROH etc. '

ing : If the hydrogen bonding takes place between
hat kind of hydrogen bonding is

~ Example : H,0,
1 H\\ /’H\ ,-"'H v
O o} g
H/ H/ H/
'l-i20 molecules

n - bonding : If the hydr
d intra-molecular Hydro
- nitro phenol etc.

and F‘ F
H \‘H/ g F\,.
HF molecules

ogen bonding takes
gen bonding.

place within the

. (i) Intra-molecular Hydroge
molecule itself, then that is calle
Example : Salicyldehyde, Ortho

:' / H\‘ H-bondi ng H. H-bm'ldiﬂ g
i 0 “{ o_/ N¥ |
: O ~o
3 7 / |
- %0 H ,5:
| O-nitro phenol Salicyldehyde or
Ortho hydruxyl benzaldehyde 2
5. (2) If TAS > AH the reaction will be spontaneous:

(b) Bronsted base

(i) NH; NH4*

(iii) CH,COO- CH3COOH

(W) HZPO‘Z— H3P02
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6. Co-ordination compounds exhibits colour, which is attributed to-the crystq} field they

i1 , oy,
conespondmg tothed-d tlansmon of elemcnts : |

In case of [T1 (H20)6] excu:atlon of an electron from the empty. state wi]] absurb lghy

and will get excited from tyg t0 €g. |
When llghl co1respondmg to the energy of the yellow - green reglon is absorbeq by the

. l, 0

complex this would excite the electron from ty, level to the e, level ( 2% €, “)fzg ; ) Thi
Ompley,
become
colourless as in case of [T1 (H20)6]Cl3 when water molecules are removed i beCUmES
colourlcss LR : . b P 2 .

the complex is violet in colour. On heating, water molecules are removed from the ¢
Therefore, in the absence of ligands there is no crystal fleld sphttmg and substance

GROUP-C =
(Long Answer Type Questions)

- bromo phenol
(X) B
P - bromo phenol
(Y)

[Isomeric mono bromg Phenols)

2,4,
6 tri - bmmo Phenol (white ppt.)
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") but afier mixing them in equal amount, the racemic

i .

AN

BIRNpIONS ot of "Uorochlorobromomatha
' ne

~ ppantiomerism : It is evident from the picture that, these mirror
” igi ; ' Or 1mages ca
supEI'lmPOSEd. The original compound (left one) and its mirror jnsge wigte Oi : n:ot be
¥ ' . e) are havi
(ifferent spatial arrangement of atoms around the central carbop atom and should be consid ni
onsidere

| gereoisomers. These stereoisomers which are non - superimposable mirror images of each
€S OI eac

Jjer are known as enantiomers.

Therefore, we must remember that chirality is the most fundamental condition of
enantiomerism.

' Characteristics of Enantiomers

Enantiomers do exhibit the following characteristics—

(i) Enantiomers have similarities in their physical properties such as melting and boiling
points, solubilities, refractive indices etc although they have difference in their optical properties
like direction of rotation of plane polarized light.

(i) They have identical chemical properties except the rate of reaction at which two
enantiomers react with same other optically active compound.

(ii)) Enantiomers differ in their biological properties. For example, animal metabolism is
sisted by (+) sugar and (-) sugar is not metabolized at all. |

(iv) Although enantiomers are optically active when they exist in one particular form (+)

mixture is formed which becomes
oplically inactive,
-AS an example (+) and (=) lactic acid are ind
mlmfm (1) lactic acid is optically inactive.
' nthE:aStereﬂmerism + Stereoisomers of con‘t e
nor superimposable are known as dias

ividually optically active but the reacemic

ages of each

i i im
i e neither mirror
pound which ar e i »

omers and the phenomeno
but the other does
ctive.

hirality

c
em pOSSess / .
i other 18 optically 1n2

: th
on. One of
- tive but the

D. .
'astereomers differ in their configy
tically ac

lot, .
Theref"fe. one of the diastereoisomers is op
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| - tartaric acid and the meso form tartaric acid gy,

Example : d - tartaric acid or

diastereomers.

COOH

(|300H |
H—C—OH Plane of
H—C—OH I symmeltry
| _ H—C—OH
HO—C—H _ |

COOH

COOH

g m'mric acid (Chiri;l). Meso - tartaric acid (Achiral)

Characteristics of Diastereomers : As the diastereomers have different configuration, they
may possess different physical as well as chemical properties, such as —

(i) Diastereomers have different physical properties like melting point, solubility, density,
specific rotation etc. '

(ii) Diastereomers possess similar chemical properties although the rate at which they react
with other optically - active substances may vary. '

(iif) Stereoscopic characterization, specially the NMR and mass spectra of diastereomers
may have difference.

Comparison of Enantiomers and Diastereomers
Enantiomers

Diastereomers

1. Enantiomers have mirror image relation-

. 1. Diastereomers do not have any mirror image
ship.

relationship.

2. They have similarities in physical prop-

e 2. They possess difference in physical properties.
1€8

3. Diastereomers may show optical rotation in the
Same or opposite directions but to the same extent.

3. Enantiomers can show optical rotation to
the same extent but in opposite direction,

4. These cannot be separated by the meth-

, 4.T ) ,
ods like fractional distillation, ab hese can be separated by these methods

sorption
chromatography etc.
5. Enantiomers have identj i : 3
erties but they beh;:l: nc;ln‘;fa:: h?fucal pro- | >- Diastereomers possess identical chemical proP
other optically active substanzgs Y towards | erties but show difference in the rate of reaction
: Wwith other optically active compounds.
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, + The electrophile involveq ;

Solveq Paperg 553
| | - this reaetion
‘}lﬂla“othﬂ reaction between the Lewig -
ed DY

Cid AICly iy o s CAbocation (R*) which ;
idered as a reactant g« ; 3 Witha 20 o 20 alk ; is
» ot consldﬂfﬁ a as 1t dOES not Pl'OdUCe Ihe ) y1 hallde. 1° alkyl
."iS\:ith Lewis acid AlCls. f€quired Carbocation whjle
(v

R
Anlydrous AlC)
RA—=220000
©+ *HX [X=qppg

b pism .
; ::;h;: Formation of Electrophile R+ (Carbocation)
¥ i W

R— Cl + AlCl3 == R* 4 AlC] -

Carbocatjop ’

Step II : Attachment of the carbocatiop to benzene ring

R
H R H R H
+ +
@R*%Eﬁﬂﬁjﬂiﬁ
- ¥

Intennediates (o- complex)

R H

——.e

Resonance hybrid
e Elimination of proton from the intermediate. This process is assisted by AICI,~
" elping the intermediate to regain its aromaticity.

R
R H <\
+ AICI- —> +AICl, + HCI

. PR O*) which is
The electrophile involved in this process is an AC:‘(‘:'I“CII':;' )
€ reaction between an Acyl halide and Lew(l:SOE;:l |

@ RCOC] __Anlydrous AICly , * HEL
+
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Step I : Formation. of Electrophile RCO* (Acylium ion) \

- t 0 /\
Il s v + .
R—C—Gw AICI, —-‘—:‘—[R——C=Q <«>» R—C=0

Anylium ion

+ AlC -

Step II : Attachment of Acylium ion to the benzene ring.

R R 1’{

C H C H
<~ o il
/\'+ (0] " O 0/ - H
*TR—C=0—— ——s ey ¥
+

Intermediates (o - complex)

Resonance hybnid
Step III : Elimination of

. : proton from i : :
Intermediate to regain the aromaticity. the intermediate assisted by AICI,~ ion helping the
I’{ :
@)
»2C H Ne R
0]
e )
+ AlC] -
3T
+AICL + HCl
(d) (i) H3C -CH = CHZ (PH "CO-—O)
HBr H3C - CH2 - CHgBr
. e (major Product) 809,
K +
: : (3_(3'~CHBr~c53
N1 presence of grpan: Minor prodyc ’
ganj i +20%
c Peroxide, anti - marko e

ni ’ -
ikoy’g addition wi]] be the major product.
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/ . HBr
H,C=CH =CHy—— H.C - CHBr-CH,

i '
| : (major product) 80%
+

H:;C - CHZ - C'Hzlfr
(minor product) 20%

ganic peroxides, ‘konikov’ :
3 bsence of organic peroxides, mat konikov’s product will be the major product

) 10 aticl

several organic compounds which possess similar chemical behaviour as Ben

- «hich are quite different from those of aliphatic and alicyclic compounds. Some of the
iportant characteristic features of aromatic compounds are as follows—

(i Usually aromatic compounds have cyclic structures.
(i) X-ray structure and electron diffraction method reveals that these compounds are

- postly planar.
(iii) These have unusual stability,
Jow heat of combustion.

(iv) Instead of being unsatu

gasily.
(v) Carbon atoms present in the aromatic structures are sp? hybridized. Alternate single and

gouble bonds are present in the structure and 7 -electrons are delocalized.
The above characteristic properties collectively called aromaticity and t

pounds possessing these characteristics are termed as aromatic compounds.

i.e.,thay are resistant to oxidation, hydrogenation and

rated, they do not undergo addition and substitution reactions

he class of com-

8.2) Fundamental vibration frequency (v)of HCLis related to force constant (k) by equa-

fion
1|k

ve—
2w\ |

e B _——l
Where s reduced mass of HCI. (Frequency 12 in Hz = 57
) Reduce.d o _ myci
: mass of HCI is given by H= —

atom of H and Cl rcspeccively.

Mhere m and e
H and m¢; are masses of on

Ma lgm - ><10-‘24 gm
* of one atom of H =.1..g.—"-1-=_-——-—‘&"lb§‘3"1'66
Na 6.023%

M 35.5gm =53.94><10'248"'

- Magg of 35.5gm _ __ 273
| e of £ N, ¢ 6.023x10”

P e e
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-24
l.66><10'24gm)(58.94><10 gm)
SR 5= (l.66+58.94)><10"24 gm

-8 2
_97.84x10 ﬂs'" ~1.614x107* gm
60.6x 107 gm

Lol k
21 \[1.614x107 g

e Lo k
4rm® 1.614x107%

k:(47r1v2)x(1.614><10'24g)

=4 x (3.14)> x (8.667 x 103 5712 x (1.614 x 1024 g)
=4 x (3.14)* x (75.12 x 102 572) x (1.614 x 10-24 g)
= 4781.6 x 102 g 2
= 4.7816 x 105 g §2

=4.78x10° gs™2

= 4.78 x 105 dyn c¢m-! (si
since 1 dyn = | g cm §2
We can express force constant (k) in SI unit, that is ?;1 Nm"g =

k=(4.78 x 105) x (10~ N) x (102 m-1) since 10° dyn = IN

- 78 ] and 102 cm = |m

(b) Energy of one photon, ¢ =py

7 since ¢ =y}

If b c and Jall are takep ;
en i
SI unit of o I ST unit thep energy € will be obtained in joule (J) which is

;t = gf:ﬁx 10734 Js | c= 2.998x 108 ms™!
=2450A = 2450 8
10 om = (2450 x 10t 10)m = o4 .

- = 50 X 10— m

e=(6.626x10"3 Js)x (2998 10%ms~1)
\
(2450><10-mm)

€=8.108x10719
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/ e e SOIVed PaPErs 557

y of one mole photon, E=xN B

" :
here N, is Avogadro number

= (6.023x1023)x(s.losxlo“‘U)

= 48.83 x 104
=488.3 k J
=488k J
d energy of diatomic molecule = 95 kcal / mol.
= (95 x 4.184) kJ/mol
= 397.48 kl/mol
=397k J I mol.
To break one mole of diatomic molecule 397 kJ energy is required whereas one mole of

photon can supply 488 kJ energy. So the radiation of wavelength 2450A will not be able to
gissociate the diatomic molecule.

Enel'g

Bon

(c) From first law of thermodynamics AU =Q+W where W is negative for expansion
process following IUPAC convention. In every diabatic process Q = 0. So, for adiabatic
process AU =W . In reversible expansion appreciable work is produced and AU is negative

for 2 adiabatic reversible expansion since W is negative in expansion process. Expansion of
solids or liquids need not be considered because volume increase of solids and liquid is

neglible. For ideal gas internal energy (U) depends only on temperature and AU =C,AT .
Since in adiabatic reversible expansion AU is negative it is seen that for this process AT is

negative (because C, is always positive) AT =T fpal — T, it - For adiabatic reversible expan-
). So, in adiabatic reversible expansion there

sion of id .+ is less than Tipia (Te < Ti
Falgnenliely 16 leas B i ase has negligible effect on AU and

occurs a fall of temperature. (For real gases volume incre

orbital electrons become less due to the shielding or scirz{;,;ﬁloof I lcar charge felt by an
18 i . . i ' 2 actua . ey b
This is called shielding or screening efffer L fective nuclear charge (ZegrOr Z7) is—

€lectron is termed as effective nuclear charge. The el

Z* =Z-0 .

: , i the screening

Where Z is the actual nuclear charge and o ;Tnb or of inner or
The magnitude of screening depends on the B

ing effect and
Wmber of inner electrons, higher would b e s‘fre?lllll d%.cfense. Hence, we ¢d
Weleqy charge felt by the outer orbital electrons wi

g ergy decreases.
lh decreasing effective nuclear cha.rge- 10
Y (29) has ground state ele

or shielding constant.
bital electrons. Greater the

consequently the effective
n conclude that
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‘558 Engineering Chemistry \

Effective nuclear charge for one (4s) electron 18 calcul_ated as fqllows -
i ' (4s) =0
No other electron in the same group | '
18 electrons in (n — 1) groups, (3s, 3p) and 3d : 0.85 each : 0.85 x 18 = 153
ither left, ie., <(n=2)

Toul (5] o

=253

Thus, Zeg = 29.00 — 25.30
= 03.70

K (19) has ground state electronic configuration
1s2 252 2pb 3s2 3pb 4sl

. No. of electron in the same group (4s) = 0
8 electrons in (n — 1) groups, (3s, 3p) : _
0.85 each : 0.85 x 8 = 6.80.

- 10 electrons in groups further left, i.e., <(n-2)

. 1.0 eachl . 1.0 5% .10 = 10.00

o . Total (o) = 16.80
Thl.lS, Zeff = 19.00 - 16.80 ( ) 16.80
=3 20

-
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ater than zero, hence Hymolecule is stable and it exists. Hy

order is B¢
ature as both the electrons are paired.

on .
.bdimnag“enc e

f + - a - “ » .
1 Jecule 1011 H,* : It has only one electron in bonding oy, orbital. Therefore,

of H,* is thus 0'13.2 . The bond order = -;-(Nb -N,)= _;.(1 -0)= %

ectrone configuration

L

B . value of the bond order indicates that the hydrogen molecular ion is stable. Hy*
he presence of a single electron.

,, . posm

g amagnetic due to t
;':: | s e | I
— f"f o*ls ‘1\-\
el T ._.(\ - [ S
s \_m / TIs
ols
H Ht - B

Molecular orbital energy level diagram for H,* ion.

- This is formed when a hydrogen atom having one electron
ride ion H- having two electrons. Therefore, H;™ ion
n can be represented as —

Hydrogen molecule ion Hz~

i [s atomic orbital combines with a hyd
sossess total 3 electrons. The electronic configuration of Hy~ io

» - | H2_=(?:ls2)(oil;l)‘ Cyoee

—
—_— B

5 L 1
The bond order-=—=(Np—Na)=7 5]
at the. hycfrogen molecule ion Hy~ is stable-

- The positive value of bond‘ord'er 'mdi.cates th
d electron in antibonding MO.

“ﬂl}aramagnetic due to the presence of unpaire

¢ configuration 1s 2s2-2p*.

tom has electroni _
s are there in Oz molecule.

) Oxygen molecule (0,) : Each oxygen a
] 16 electron

; l e:;h 0Xygen atom ‘contains 8 electrons and tota
angement of these 16 electrons are as follows — .

(o 2)(, = A - 2\ Nz,
_ ( Is )(o,, )(0232)(62;2 )(”2[J22)(n2!,x2)(ﬂ2pj, )(ﬁ 2Py )(ﬂ zpy_)
.erefore, the bond order = %(Nb - N, )= E(S-—4)= 2
l-.." . | ‘ | . ) 3.
El.'emm“ Present in o, and o), are not taken into consideration] -
. ' le O, is stable . It is paramagnetic in

e 0 L]
~ Positive value of bond order means the molecu
- ! * p » 4 :
and 72, orbitals,

L}
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A comparison between O,, O,*, O,~ and 0,2 is given below ——

o *2!’3

| ~{T1T}

rf;"fﬂ'*zp,t ‘T‘z'p." i N

2}? m £

/ \\, ]
——l |" \ f e
\ '3 2s
S
o225

Molecular orbital energy level diagram for o,

Bond Magnetic

Rty of:;:i o | Molecular orbital configuration e S i
o, 16 KK(02.2)(03,)" (03,. )2y, 72p,2)(03,, )l ()| ST | S—
03 15 KK (02,2)(e3,) (03, )(map, ), ?) oip,) | 25 | Parmageic
0; 7 K)ok (o), )30k )| 15 | Pramamens
02" 18 KK[a'hz)(a;‘)z(crz,,f)(:r_,_p‘_z)(nzpjlz](g;mz)(o-;p"_ 1 1t | Diomagneic

All the above species are sta

Bond order for 0,* is highest and 0,2
in order of decreasin

0,, O;* and 0,%-
ion is diamagnetic b

Metals — A} Ga
Nonmetals — 4
Metalloids — As

Types of Oxides

different types are g)

lectrons.

s last electron (valence ¢le

B.C,N, s

» Sb, Si, Ge
of p-
SO given,

block elementy are

ble as bond orders are positive for them.

hitals. In
ctron) enters the p-Ofbl“‘]S
metals and some are metalloids.

of
s eact
described below and two example

p-b!ﬂck

Scanned with CamScanner
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~ 18 lowest. Thus 0,2~ is the most stable speci |
& stability is 0,* > 0, > 0;~ > 0,2,
areé paramagnetic due to the

ccause of having ) paired e



Solved Papers 561

" == Bi203 ) Tlc03
o0 des react with acids to form salts

Ra basic 0Xi .
BJ203 +6HCl - 2BICI:; +3]’!20

ThO3 +3H,50, — Tl (50,), +3H,0
. ides — cO; , SO,
| .ﬂ%‘ are said to be acidic oxides because they react with water to form acid.
| CO, + H,0 — H,CO; (carbonic acid)

SO, + H,0 — H,80; (sulphurous acld)
:c Oxides — AlLO3 , PbO
These oxides have both basic and acidic properties. These oxides react with both strong
cids and strong bases.
Al,O3 +6HCl — 2A1** +6CI™ +3H,0

AL O3 +2NaOH +3H,0 — 2Na* +2[ Al(OH), |
PbO + 2HNO; = Pb** +2NO; + H,0

PbO + NaOH — Na* +[PbO-OH|
Note : N,O, NO, CO have no acidic or basic properties. These oxides are called neutral

DXIAES.

10. (a) There are many organic and inorganic compounds available having similar chemi-
‘il as well as physical properties but they differ in their behaviour towards the action of plane
'_ arised light. Such compounds are known as optically active compounds and this phenom-
eaon is called optical activity. Compounds, which can rotate the plane polarized light in right
O clock-wise direction are called dextro-rotatory and are represented as d or (+) form ;
.whma’ the compounds which can rotate it towards left or anti-clockwise direction are said
fﬂbe ievo-ro[alory and represented as 1 or (=) form. Those isomers can exhibit optical
Somerism, In this regard, let us discuss something about plane polarized light and optical
Acllyjty, _

~ Chia) structures : An object or a structure becomes chiral (or disymmetric) if it possess
- O element of symmetry and if it is not superimposable to its mirrot image. Fu.r example,
M hand i 3 chiral object as it has no plane of symmetry or other elements of symmetry
~!camnot be superimposed on its mirror image as shown in the figure

Object Image
Symmetry Nlm.sumpedmpnsable
Chiral structure

No plan of
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Tharefore o bair of hands or a pair of gloves are cxnn}plc IOT chiral objecyg, }D

: l‘henlo:L -l ) «« also common example of chiral objects, phabﬂs

like E, F. 1 .ch..-'.llt‘ nl :rm chiral’ 18 coming from Greek word cheir (e |

s t"l‘}S“\l “: ”lli.-';t: between the left and right hands. VA e
alan al exlsh v oL 1o .

M‘;tl:m:;l;lgﬁtl:ium. we use the term disymmetric and dissymmetry iy Place of i

. -~ = T l'a_l EIE
normally optically active.
Mirror
. bject a
Dotted line represents Obj - Image
plane of symumetry Superimposable

Achiral structure

Origin of Chirality in organic compounds : An organic com
atoms become chiral when all four different atoms or group
hybridized carbon . Such a carbon atom was previously known
carbon centre is called chiral carbon and the molecule obtained is

chirality or dissymmetry. As an example, we can consider a molec
carbon atom which is attached to four differen

molecule becomes chiral and dissymmetric

pound consisting of Carhoy
of atoms are attached (g ,
S asymmetric carbop, Ty
a chiral molecyle Possessine
ule containing sp> hybridies
t atoms, e.g. Cl, F, Br and H. Therefore. ts

H H

Br/ (i\F F/ i\ Br

Mirror
Enntinmerie forms of fluorochlorobromomethane
(b)
CH3 CH,
- cl -
COoH COOH
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pond of n-butane is quite similar to ethane molecule with one hydrogen atom
s replaced by a methyl grogp. It has a number of conformations due to the
. . orientation of two meth)'ll groups with respect to each other.

laive ° ossible conformations of n-butane are—

e mostccl’lipsed . In this conformation, the methyl groups and hydrogen atoms attached
i)F ";])E carbon atoms are completely eclipsed to each other (Structure I). This is the
- tio; in which the dihedral angle between the methyl groups is zero degree (0°).

(i;m(l;aauche . On rotating C, — Cj3 single bond by 60°, the conformation we get is a
qaggered form where methyl groups are apart from each other with an dihedr:jll angle of 60°
(ructure 1I). This staggered c.onformanon is also called Gau_che conformation. Two: such
' ache conformations are possible. 5 | <
(i) Eclipsed : On rotating C, — C3 bond by further 60° from Gauche t_:_onformation, we
et Eclipsed conformation in which methyl group attached to one carbon is eclipsed with
hydrogen atom attached with back carbon (Structure III). The dihedral angle between two

methyl groups in 120°. s ;

- (iv) Anti : Rotating the C, — Cj3 single bond by further 60° from eclipsed conformation
ereach a conformation in which the two methyl groups are farthest from one another with
aidihedral angle of 180°. (Structure IV). : : :

CH,

"

e - AI
 carbon 1

T,

StabilityIO " = o I}I | .
: Stabilitrder of conformations _o"f n-b‘utang el e
s Y order of conformations ‘of n-butane follows the order—
i) Ty fauehe) Eclipsed ) Fully eclipsed
h’ﬂbulky ully eclipsed form (structure I) is least stable with -highest potential energy as the
_H‘“fsmn Methyl groups are closest to each other in this conformation. Due to the presence
0y i 40d steric strain, this conformation has highest energy and minimum stability.
uJedif*lanc ¢clipsed conformation (Structure 1II) is stabler than fully eclipsed form because
e (o lel;veen two methyl groups is greater in this conformation (dihedral angle 60°)
¥ eclipsed conformation (dihedral angle 60°).

4
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(iii) Gauche conformation (Structure II) is even stabler than eh

; thyl groups is weaker th .onf°“nﬂtio S bee

the repulsive interaction between two methy g P g : an eclipseq Confoy e Age

the dihedral angle between two methyl groups is 120°. This conformatjop Contajpg slightm[l 3

strain but free of torsional strain. Steri,
(iv) The anti conformation is (structure IV) stablest among a]] 55 the two Methy]

4 " . 1 . I
are farthest (dihedral angle 180°) from one another resulting least steric repulgiq, bg Oupg
each other. This form is free of torsional as well as steric strain, Ctweey

HC CH,
i @ HCH,
CH, Hl-l HH.
Eclipsed 1V H
H H
HE H . CH,
e Eclipsed 11 Eclipsed v)
o
Q
5 5.4 Keal mol -!
:'E._',' .6 Kcul mo] -t * 3.6 Kcal mol -!
= ‘ .............................................................
g v
[« W)
CH, CH, CH, CH,
H H HC H H CH, H H
H H H H H H _ H H
CH! H H CH|
g An‘!il | Gullt'n':l' 1} G""‘["'v | .-\nln'l
0° 60° l!.’.()n ) EI‘O" 240° 3(."0,, 360°
Rotation—— .

Energy changes that arise from rotation of the C-2 — C-3 bond of butane.

conformatiopg which exigt ; entag
; ; n dynamic equilipyiy lthough the perc
anti conformatjop (stablest) will be highctlas et ;

11 be lowest?
t and fully eclipsed (least stable) will *¢
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: yffﬂd’fisézlleraliﬁﬂ of Electrophile (Nitronium cation, NO,*)

teP .H . *OH,
' T’ L HSO, = | +HSO;
i) XO NO,

+OH:

(Nitronium ion)

e |
® o

Attack by the electrophile nitronium ion (NO;*) to the aromatic ring resulting the

ep 11 ¢ 4 " 5 g
iy mmediate arenium ion. This is the slower step and known to be rate determining

k. ation of inte

| H ON H O,N H oN H
i &2, +)
©+ NO," —> iR =3 — g

(+)

j 'Ilus arenium ion intermedtate is stabilized by the resonance effect.
~ Step I1I : Elimination of protons from the arenium intermediate.

NO,
ON H :
+)
YHsO, — + .80,

Product (Nitro benzene)

process is assisted by the HSO4~ ion and the final product regains its aromaticity.
o Process is also called aromatization.

b gf’f‘dition of spontaneity in terms of entropy for isolated system AS >0
D ion of spontaneity in terms of entropy for non-isolated system AS,,,,; >0
th i,mu'l s called Asunfver.s'e'asmml =AS +AS.mrmmnh‘ug where AS 1S entropy change of the
. O | | |

: lltlon of spontaneity in a constant T, P process 18 AGy p <0. (This has been derived
: Il;‘er 4, section 4.30)

qmp['“““ of spontaneity in a constant T, V process is AAr p <0 (This hase:8a derived

r 4, Section 4.29) &

iy " ine AGr p<0and AG, y <Owesee x = T and y = P and comparing Adry < 0and

<)

Q‘(;]i :’;‘:‘SEPP=Tand r=V.

- “WBiye < IS an intensive property, &
erty, Viscosity is an intensive property.

v

tration is an intensive property. Entropy is an

Prop Temperature is an intensive property.
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12. a) Let the strong acid is HCL. This is fully ionized. \
on ig ¢;

: : -5 . e
For pH = 5 the concentration of HCI is 10~(M). When this HCI solyy; i

times the concentration of HCI becomes 10-7(M). So we have to find out PH of 10~7 o L0y

However in this 10~7(M) HCI solution one should consider the dissociation of wate, (}}[{CI'

: is ion will be g 20)
to give some amount of H,0™. Cpy0t is the solution wi given by

= +Con- onium ion concentration from digsacs..:
C;;3O+ Chci +C ), - because hydr socition o

Walcr
(H,0) will be same as the Cou"

. Sincc K\'I' = COH_ XC‘!!30+ W.B havc

Ky - — 10~ o
Con-= /:H::,O'*' (K, is ionic product of water = 10714 at 25°C)

C L C X KW
Therefore, ™~ p,ot =~ ~HCI s
H40

C A =10—7 + K'I'I-’
H30 "

H30

10714

CH = 107 +

. CH30+

In this equation only unknown quantity is CH o By solving we can find out the value
3

of C_ -, .It can be seen that C
H10

o =1618x1077 (1)
3 .

So, pPH =~log, CH30+

=5_-logm(1.618><10“7)
=6.79

2 e . g i e . : . IB
If we did not consider the Hs0* from water dissociation pH would be 7. But for very dilv

solution of HCI (of concentration 107 f B0" O

' of HC M) we must not ignore some amount 0
water dissociation. |

(b) Daniel Cell is represented as z,q(_g)|znz+ (aq)llcuz+ (aq)lCu (5)

The cell Ieaction for 2F electricity drawn is

Zn(s)+Cu?* (aq) =Zn** (ag)+ Cu(s)

A
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Solved Papers -567"-
/[ionfor:;;ell reaction is
gt equ?

;ﬁem RT a_ 2+9¢Cu
' hn—

i 0__,.--'"‘"
p2E T2F ()l

RT CZ'IZ+ o s
ng,_ﬂln--——-— assuming activity of ion equal to concentration of
oz 2F 2+
= Cu

the ion and activity of solid = 1

IThe Nernst equation shows that if concentration fo Zn2* is increased cell potential E

s (AGr.p =-nFE. For spontaneous reaction E is positive and AG is negative, De-
e of E with increase of concentration of Zn* makes AG less negative. The tendency of

ard reactionl is diminished al_ld tt;is is an accord with Le-Chatelir principle that if a
ﬂuct species 18 added the reaction is shifted to the left side.]

(c) Based on band structure?:'solids_can be classified into three different categories

i) Metals. (ii) Insulators, (111) Semiconductors

Wwe know in a crystalline solids, large number of molecules are arranged in a definite
sem. Each electron of an atom in a molecule has a definite energy level. These energy levels
an further split into a large number of energy levels due to the influence made by adjacent
mleii of other atoms. Hence, the original energy level of an electron splits into closely spaced
eergy level of small difference in energy to produce an energy band. .

When a part of the band is occupied by the valence electrons, it is called valence band,
‘e next energy level is called conduction band which is either completely vacant or partially

g up by electrons. The energy gap between conduction band and valence band is called
TForbidden” energy gap.

) Metals : The conduction shown by metals is due to the presence of free electrons. For
74, there is no forbidden energy gap between valence band and conduction band. The
:f:fe band and conduction band actually overlap with ea(;h other anfl possess same energy.
;mem;)lre electrons can travel from valence band to oenduction banq without assmtanc.:e ri}_f t{lny
L energy such as heat or light. Therefore, a metal contains large number of free
51 the conduction band as can act as a good conductor.

Wz My, Iy,
Conduction Conduction 4 ¢ o Conduction %
5 band band E g
| - i € %
'- S\ 22
E] Lf‘* gl E; GV =¥ BT
T NI “
Valence Valence %
band band
W —
(@) Metals (b) Insulators (¢) Semiconductor

(conductors)

——

Energy band diagram.
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(1) Insulators : Insulators are hnving very poor electr 15?10‘;(;?:2““;?; Fo.r INsulatorg the
forbidden energy gap very wide. Thcrctlm‘c. a large REAGUE & lmofi)t( 1S Tequired to oy
electrons from valence band to conduction band. Hence, 1[.18 almost impossible ¢, find 5
electron in the conduction band and as a consequence no current flows through such Materig)q
'es like insulators,

and(:lc;l?;:;;:;iililc]::rl: t In case of scnnicoxlduct01‘:=;, the energy gap between valence b,
conduction band is narrow (gap is smaller than insulators) and hence .the electrong
promoted from valence band (VB) to conduction band (CB) by applying some am
thermal energy or by some other means.

nd and
can be
ount of

A T 1
- .
) Large gap B Bo CB
i3 §\\\\\\\\\ N Q\\\\\\\\ Q % \\
VB VB VB
N\ \\\\\\\\ N \\\\\\\\\ AN
Insulator Conductor Semiconductor

Band gap diagrams for Insulators, Conductors and Semiconductors

Semiconductors are solids which have low conductivity at normal temperature but the
conductivity increases with temperature. Conductivit

conductors and insulators. The forbidden ener
tion band (CB) is much narrower than the i
eV for Silicon and 0.7 eV for Germanium.

y of semiconductors belongs in between
gy gap between valence band (VB) and conduc-
nsulators. The value of forbidden energy is 1.1

I Empty conduction band

. x FB (Forbidden gap)
Valence L.lev
Band
ey

Energy band for pure silicon (Semiconductors)

!

(d) See 7(C) of Long Answer Type questions

(e) See chaper 2 for

Principle, section 2,
Application of NMR n 2,21

and MRI — §ee Chapter 2, section 2.29, 2.29.1

4
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| (i) Atinversion temperatur

ol |
‘Huf

1

- |, Choose tpe correct
i) Energy required to

SEM-1 / BS-CH-101 /2019-2¢

SALLANA AMT RALaw

! Ar

L‘l\lll!lll‘!“(n!nln:?
WIAT A Al B

MAULANA ABUL KALAM AZAD UNIVERSI
TECHNOLOGY, WEST BENGAL S
Paper Code : BS-CH-101
01034 ( To be mentioned in the main an i
CHEMISTRY - 1 oer seript)

3 Hours Full Marks : 70

puID :

4Haﬁf*d :
The figures in the margin indicate full marks.

dates are required to give their answers in thier own

Candi
words as fas as practicable.

Group - A
(Multiple Choice Type Questions)

alternatives for any ten of the following : 10x1=10
remove an electron from outermost shell of an isolated gaseous

atom is called
(a) potential energy
(c) electron affinity

(b) kinetic energy

(d) ionization energy-
e Joule-Thomson coefficient is

(b) positive

(a) zero

(c) negative (d) none of these. . o
| (i) If uncertainty in position and momentum are equal, the uncertainty i velocity 18

]
@ 4 —Jhim
) Nhizm (b) 7
©) Jhi2n (d) none of these. |
een high spin and low spin

N R T RS E T BN s e

| [I‘n‘ i :
' ™ For trangition metal octahedral complexes, the choice betw

v

e : ; :
lectronic configuration arises only for ‘
@ d! to &3 complexes (b) d* to &’ complexes

©) & to d° complexes () d!, d? and d® complexes: i
i i n
Which one of the following correctly represents the formation of bonci

) 9
0 C ]
thita] from the atomic orbitals having wave functions YA and Vg

g molecular

Ea) Vaxy, (b) WalVsB

C

) Vatyy L7543
543

Scanned with CamScanner



(vi) IR spectra detects

b) unsaturation
L g Ed; nature of nuclej
- tons
(¢) number of pro NI, P A
. i ingerprint region range 1n .
" :V;11(0550t1]e4153g2:1$-1 (b) 4000 ~ 1600 em-!
a) 4000 -
ke f gravit (gt)' Egés:]ieéhanges the mo|
. 1 1 ; I ravi y mo
(viii) During the motion, if the centre of gravity b sotaticial cnergy Ecule Oy,
(a) Electronic energy ( o
(c) Translational energy (d) Vibrationa energy,

(ix) The strength of van der Waals forces depends Iupon
(a) size of the molecule
(b) molecular structure
(c) number of electrons present in the molecule
(d) all of these.

(x) In which of the following reactions is AH = AU ?

(@) Hy(g)+1,(g)—2HI(g)
(b) Ki(ag)+1,(s)— KI,(aq)

(€) 6NaOH (aq)+ 3CL(g)—> 5NaCl(aq)+
(d) NaClO3(aq)+3H20(l)

d) N;0,(g)~2N0, (g),

(xi) Water at 4°C, under v) 1s
(a) positive (b) negative
(c) zero

(xii) In which of the follo
(a) The dissolving o
(b) The €vaporation
(c) The conversiop
(d) When one doze

pressure of 1 atr, (G - C

wing processes doe
f NaCl ip water
of water

S the entropy decrease ?

of COx(g) into dry ice
N marbles are takep out of a sma| bag and dropped on the g
GROUP . g

(Short Answep Type Questions)

of the o] 3x5=0
2 Explain the followip . OOWing
8 reactiopg With a g

(a) Wolff-Kishner reductiop — s

(b) Cannizzaro reactiop, 3+
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. — 1 dp@rs |
) State the reason for the presence o only one g Pers 545
€lectro

miﬂﬂ‘-? | N in the 44 subshel} of chro.
o) which of the following has larger gize and why?
9
i) Mg™ — (if) N3-
 (a) Give molecu ar orbital energy level diagram SO, W 2+3
ration, magnetic behaviour and bopg order, e s electronic configu-
(b) Discuss types and conditions for hydrogen bonding
: tion both AH and ;s ' 342
| () ForA.IRAC and AS are positive, Upde i
tion be spontaneous ? F What conditions wil the reac-
(b) What will be the conjugate acids for the following Br
NH; . HCO3~, CH3COO~, H,PO, i aalae J 1
. Why vio]et.coloured [Ti(H,0)61Cl3 becomes colourless when heated ? o
GROUP - C

(Long Answer Type Questions)

Answer any three of the following. 3x 15245
. (2) Phenol on treatment with Br, in CS; at low temperature gives two isomeric
monobromophenols X and Y. But phenol on treatment with bromine water gives a
white precipitate Z. Identify the products X, Y and Z with chemical reactions. 6
(b) What do you mean by enantiomer and diastereomer ? Differentiate them with
examples. - : : | 4
(c) Give one example of each of Friedel-Crafts’ alkylation and acylation reaction. 2
(d) Predict the major product(s) of the following reactions and explain their formation: 2

; PH-CO-0
() HyC—CH = CH, — 220,

(ii) HyC-CH = CH, —2 1

e) Wri iteri omaticity.
(¢) Write down the criteria for ar y the fact that the fundamental

. (a) Calculate the force constant for the bond in HCI from

vibration frequency is 8.667 x 1013 571,

- - ' 0A. Will it be able
) Calculate the energy of one photon of light % ?vavelensg; 2!2155 photon and has a :
to dissociate a bond in diatomic molecule which absor r

bond energy equal to 95 keal per mole ?- 2 fall of temperature.”—Comment of
(¢) “All adiabatic reversible expansions lead t 4+3+3N+5
Justify,
+ (2) What is screening constant ? Calculate t
electron of the following :
Cu (Z = 29) and K (Z = 19)

he effective nuclear charge (Zep) of one 4s
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‘646’ Engineering Chemistry

i t e

is predicted by the molecular Ol‘bitaf ;Il:d::t&rmine
i - of each group :
which member 0
the strongest bond :
(i) Hp , Hg+‘ Hy~
Ly 2+ 0O 2-
1 02 , 02 , Us . | | |
(c) ::-t)alock elements form acidic, basic and amphoteric oxides, Ex

&ve

plaiﬂ each Pr

b glving tWO exanlples Ell‘ld alSO wrl I t - t d
" . . 5+4+6
10 (a) What iS [he necessal‘y alld Su.tfiClellt COI]dIthIl tO EXhlb

it optica] activity 9
(b) Draw all the stereo-isomers for the following :

CH;CH (OH) - CH (CI) COOH

1. (a) Nitration is i

: sive or i ies :
' Concentratlo Entropy Punie 4 I' Intensjve properties
12. (@) pHof, solution of 5 g, ’

Temperature.
after diluting the giye
(b) Write the Ne

effected vy

hen the co

deac
: +
explaln the e

Eltion Of an

Tion in the Danije) cell. How will the E

cell
1s increased ?

ia n g .
w S ! e ndllctor‘ semiconductor and
enantiomers .
. a »

Scanned with CamScanner




