ENGINEERING CHEMISTRY—-—ZOOG

Time Allowed : 3 Howrs . [P 271/ Alarks 70, .

‘ Group—A
(Multiple. Chmee Questions) -

~ 1. Choose the correct altematﬁe&’fm ‘any ten of the followmg

(i)

(ii)
(iii)

(iv)

™

(vi)

L i)

: AOx 1=10
[Co(NH ,);Br] SO, and {Co(NH])5$O] Br are example of .
(a) Geometrical . - . ..(b) optical . P RUI TN S
©) lmkage ‘ . (d)iomzatlon 1somersw; AT PR
Free radicals take part in ) : :
(a) addition (b) substitution (c) ellmmatlon (d) dlspropomonate reactions.
The time required to reduce the concentration of a reactant from 0:02M'to 0:01M is
15 sec and-from 0.01M to.0. 005M is also 15 sec. The order of the reactlon is
(a) zero (b) one (c) two (d) three.
‘Cellulose acetate is a

"(2) natural polymer (b) synthetlc polymer (c) semlsynthetxc polymer (d) thermoset-

ting polymer.
The polydispersity index of a commercial polymer is IR

(@) 1.0 (b)5.0 (c)50.0 (4) 100.

During mixing entropy

- (a) increases (b) decreases (c) remains unchanged (d) catﬁmt be predtcted

The unit of gquivalent-conductasice is. - L ‘
. (a).ohm* cm¥/gm-eqv .. - (b) ohm™ m*igﬁ&eq g »E
-(¢c) ohm™ em™ (Hohm':mt. - - ST

(viii)

(ix)

(x)

(xi)

Monomer unit presnt in natural rubber is

(a) 1, 3-butadiene ) (b) 2-methyl-1, 3-butadrene

(c) 2-ethyl-1, 3-butadiene (d) 2-chloro-1, 3-bntad1ene
Hydrolysis of ethyl acetate follows the

(a) second order reaction kinetics -

(b) first order reaction kinetics

(c) zero order reaction kinetics

(d) pseudo first order reaction.

By proxiimate analysis we can determine

(a) the moisture content of coal only (b) the moisture - -content ‘and -ash content only
(c) the moisture content, volatile matter, ash & fixed carbon contents of coal (d) the
moisture content, volatile matter and fixed carbon of coal. .

The relation between HCV and LCV will be- _
(a) HCV = LCV . (B)HCV>LCV

-{¢) HCV < LCV (d) no relation exists.

431



) Write short Hotés on’dythrés |
2. (a) Prove that for an adiabatic revérdﬂe W’PV’ = comstant.
(ir)smw:mraru ideal gas C, - C, =R |

ﬁeutl:apacxty at constant pressure (o
Enthaféy’;f” Tiéialenérgy 1T
By defliitioiH = E + PV foronemoleofanndetlgai
o, H=E+RE (. BY = RT)
: Daﬂ‘erentlatmé x;{ temperature, T, we get, il-l-*§§-+R
g vt dT T

Bégsmg eqﬂgtigﬂs (i) & (ii) ]

‘_";7 ‘.R‘Wé TG e B RS . ) pa Lt o v
: v roilsction’ poten: ﬁe etoadeSnt; Su?* is 0:16 voit and that for
Feg , Fel* el s 0.77 volts “gg@% cgﬂ o Ncﬂktbﬁ ‘the value of the -

: ,eontmtofanmcm‘“ nat 25°C.

- #,
w;*ii'* :

Aﬂs. SHIS“//F 3+/F 2+ e .*‘

Fe* #@# Fe’—»+ :
Snz" »ég@ = Sn*
"~ 2Fe* +2e == 2Fe’+



o
e
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" Sn¥ + 2Fet = Sn* + 2Fe? '

o ,_,2‘303R'r Nk 059

E

| 0-059 122 - - -
061=222 4 = = 2067 ~ ; T
5 logk; logk =705 :

k= 102°'°7 =4, 68 Ans,

4. State Kohlrausch’s law of mdependent nugratlon of ions. ad show how this law is |
utilized to determine the equivalent conductance of acetic acid at infinite dilution. -
Soln. : Kohlrausch’s law : Same as Question No. 9.(b), 2005.

Kohlrausch’s law has' provrded a method for ﬁnémg the A for weak electrolytes from
Axm measurements of strong electrolytes Suppose we want to. determme the equwalent

conductance of acetic acid at infinite dilution. This value can be obtained from A values of
HCJ NaCl and CH,COONa (all strong electrolytes). By Kohlransch’s law we- have

AT (HCl)+A (CH CQONa) (NaCl)

S (clj)]+[f(cn3cqo*)+ﬁ(m*)] —[X‘(Naﬁ )+27(c ;’-ﬂ

o

’=[x (H -)]+x (CHCOO ) (CH COOH)V- .

" The value of A~°c for HCl CH, COONa & NaCl ‘can be obtamed by extrapolatlon of

- ¢ graphs. So by applymg Kohlrausch s we can determme the equlvalent conductance
of acetic acid. '

5. What is entropy" What is its physlcal significance? Explam what you understand by
internal ehergy of a system.

Soln. : Entropy : Entopy is a thermodynam:c state quantlty that is a measure of the
. randomness or disorder of the molecules of the system.

Physical slgmﬁcance : The symbol of entropy 1s,1“S’,’ which the cﬁange in" disorder
accompanying a process from start to completion is represented by AS. The entropy of a
systemis a state function and depends’ only out the initial and final states of the system The
change in entropy, AS, for any process is grven by he equatlon N

. AS Sﬁnal Smmal ‘

WBUT (2nd Sem)—zs '
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whensfind>smmal AS is + ve.

. Internal energy : The total of all the possxble kinds of energy of a system is called its
mternal energy. Hence internal energy of a system is a state function i. e. is independent of the
" path by which it is obtained. - » :

" Since the value of internal energy of a system depends on the mass of the matter contamed

in a system, it is classed as an extensive property.
1st laws of thermodynamics starts that the total energy of an- 1solated system- remains
' constant though it may change from one form to another.
i ‘Whetf'a Syster 18 chingéd' fronk state-X" to state B it mdergoes a change i’ the internal
energyﬁemﬁ WE seﬁvecanwnte R
— AE=E -E,

_This. energy. change is: brought about by the evolutmn or absorptxon of heat and / or by /

' work bemg done by the system. Become the total energy of the system must remain constant.
- e, ‘mathematical statement AE = =q-w SR
- w = work done by the system.

'q ='the amount of heat supplied to the system

6. What is LPG? Why is it ‘used as a domestic fuel" Define octane number of a fuel

. and explain how the octane number can be improved.

Soln. : LPG : Liqmd Petroleum Gas (LPG) or bottled gas or reﬁnery gas is obtamed as a
_by-product, during the cracking of heavy oils or.from natural gas. LPG is dehydrated,
desulphurised and traces of odorous organic sulphldes (mercaptans) are added to give waring
“of gas leak. Its calorific value is about 27,800 K cal/m’.

It is used as a domestic fuel due to following reason :

(i) High efficiency and heating rate. The calorific value is roughly 3 times that natural gas

~and 7 times that of coal gas.

(u) Use of well-des:gned durable and neatly constructed bumers ensure complete

" combustion with no smoke.
(iii) Needs little care for maintanance purpOSe -
‘ ) (w) Cleanlmes in storage, handlmg and use.,
(v) Flexlbtllty and easy control , S o
. (vi) Portability in steel cylmder/contamers make it use in remote/xsolated places
(vii) Comparatlvely léss health hazard. \ '
Octane number : Same as Question 6. (b), 2004
7 f;_;l‘he Octane number of a fuel can be unproved by the followmg way; , :
(i) Reformmg This process increases the contents of molecules having ‘branched and

aromatic ring structures., Thus, by. molecular. reforming, the contents of isopentane, isoctane,
ethyl benzene and isopropyl benzene i increases in the given fuel. -

(ii) Methyl tertlary butyl ether (MTBE) Can also be added to lmprove the octane ratmg

-



WBUT (ENGINEERING CHEMISTRY) QUESTIONS—2006 435

of the fuel. MTBE has oxygen in the form of ether group and supplies oxygen for the
combustion of the petrol in internal combustion engine thus reducing the formation of per oxy
compounds.

Group-C

(Long Answer Questions)

Answer any three questions : . ‘ 3x15=45

7. Discuss the physicochemical principle involved in the measurement of pH of an
aqueous solution by using a hydrogen electrode.

Ans. A half cell is set up with the test solution as electrolyte. The emf of the cell depends
on the concentration H* ions or pH of the solution. The emf of the half-cell is determined by
coupling it with Hydrogen half-cell and measuring the emf of the complete cell.

Voltmeter
e et
N
- H, -y:( Salt Bridge (\24- H,
\ 4 \ s
= )
n— 17 -
HCl ——— ' —— Tést Solution

Determination of pH with Hydrogen electrode

A standard hydrogen electrodes coupled with another hydrogen electrode which contains
the aqueous solution of unknown pH. In both half cells hydrogen gas is used at 1 atm presure
and 25°C. The emf of the complete cell

Pt/ H,(1 atm) / H*(1M) // H* (unknown) / H, (1 atm)! Pt
is recorded experimentally.

The 2nd electrode reaction is H* + e = _%H,}
The electrode potential of the 2nd half-cell is given by the Nearnst equatioh

5 H
0 2-303RT [ ]
E=E + log -

; nF & p *

H

2

2-303RT | [H ]_.. 303RT | [H }
nF

: 4
Since P *=1 and E° = 0, we have, E=
2 nF
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Substltutmg the values of R, T and n (charge number of H“) and F. (Faraday constant), the

expressmn becomes

“E=0-0591 log[H+] =~0-059 pH .........{1).

or, The e.m.f. of the cell, E celt is give as, E_ = Enght 4Em

The Ieft-hand electrode in the standard hydrogen electrode and its e.m. f w:}l be zero. .
E ' R E.=E., —(—-00591)pH ' -

cell

- Using equation (l) E_, =-(-0.0591 x pH) 0. 0591 x pH -

pH =__cell '
. 0-059
Knowmg the observed value of e.m.f. of the cell, we can calculate pH of the aqueous test
solution. :

8. Define the term Gibbs free ‘energy and derive the Gibbs-Helmholtz equatlon v

relating the change in Gibbs free energy.
Ans. Same as Q. 3.(c) & (d) 2005
(AG), and the temperature coefficient of AG.

9. What is- mheant by inversion ‘temperature? Derive an expression for inversion
temperature of a gas obeying Vanderwaals’ equation.

Ans. Inversion temperature : Same as Question 1.(c), 2003.. '

Exgresgibn for ig\'regg_or' n temperature of gas obeying Venderwall’s equation.
Vanderwall’s equation .- - ‘

a iy : '
p-_-F)(V-b):RT for 1 gm ~ mole gas.

Differéntiating the above equation w.r. to T at constant pressure

_(‘5*7}” ")(‘7]]@3 "

or, P+fa—2-——i-‘2--h—2—a-3‘-)- é—v-») =R or, p+.%_2_2 9_!) ='7R X
Vv or Y/ or

Since a & b are small quantmes and v3 is & large quantlty

" zi3b can be neglected

(&), e2) E [ bS]

LR ¥

- ———
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(a_v) = R __R ’ ..IZI— 2a(V—b)jl— _ V._.bv [ 2a(V b)] , (2)
M gy [I_Za(\_l-—b)J L r v Sl v B
: - V-b RTV2 .

2a(V-b) _

‘ Here 3

- RTV

Therefore expanding and neglecting the hlgher poners.

We know H=E+PV

dH = dE + PdV + VdP = dq + VdP = TdS + VdP
s.dg=dE +PdV

‘Since in Joule — Thomson expansnon work is mechanical type Expans:on of gas through
porous barrier may be think of as-a reversible process.

[ E-3)]

SR SR 1 U AP U2
: - p:———(V—b){]+ ~ }—v}
Therefore from equatlrcnj (l) & (2) we get, c, [ RTV

~ 2a(v—b)%_ ' =71_[-2aV(V'—Ib)2 _rb}
{(Y b)+—————% V] c, l_ | .

[asbis srhaﬂ, therefore, (v -b)= v’]

2a
:If — > b
Casel: If RT ,

then p = + ve, i.e. cooling effect is observed
Coolmg is observed when

-2_a > b T < ia_ »

RT -
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Case IL If =~ < b
ase 11. RT

then p = —ve, i.c. heating effect is observed.
Therefore, heating effect is observed when
2a 2a

—=—=vh o e ==
RT Rb
2a

2
Case IIL. If E‘af =b o, T=2t

when i = 0, i.e. no Joule — Thomson effect is observed.
i.e. at this temperature a real gas behaves ideally.
This temperature is known as inversion temperature (T)
2
i Rb
Its significance is that when a gas is adiabatically expanded above this temperature heating
effect is observed and when temperature is below this temperature, cooling effect is observed.
At this temperature no Joule-Thomson effect is found.
10. (a) What are the important products formed from the atmosphereic distillation of
crude oil? :
(b) How do the gasoline and diesel differ in chemical composition?

_Ans. (a). Important products obtained b} distillation of crude oil :

ie. T.
13

SI. Fraction’s Boiling temp. Approx. composition interms
No. Name of hydrocarbon containing
C atoms
1 Uncondensed < 30°C C, to C, (such as ethane,
gas (refinery propane etc.) lower
gas) 3 hydrocarbons
2 Petroleum ether 30° to 70°C 11 to C.
3 Gasoline or Petrol 40° to 120°C Csto C,
: or motor spirit
4 Naptha or Solvent 120° to 180°C C,to C,,
spirit _
5 Kerosene oil 180° to 250°C C.toC,
6 Diesel oil or 250° to 320°C C,otoC,
fuel oil or gas oil ~
7 Heavy oil 320° 10 400°C C,t0C,
8 * Lubricating oil
9 Petroleum jelly
10 Grease
11 Paraffin wax
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(b) Gasohne It s a mixture of hydrocafbons (Cs.t0 C)), from peptane to octane. This is
highly volatile and inflamable and used as fuel for m’ternat “Combustion’ engmes Its calorxﬁc
value is ‘about 11, 250 K cal/kg. Its thermal efﬁclency low. -

D:esel : It is a mixture of higher hydrocarbons (C,5 to Q”) It is used as a fuel for diesel
engine and its calorific value. is about 11,000 K. cal/kg. Its thermal eﬁ]quncy h;gh (abeul 30—
35%).

11, What are water gas and semiwater gas" How is wa&er gu produced trom cokc’

~Ans. Water» gas : Water gas is essentially a mixture of combustible gases, CO and H., with
“a little non-combustible gases, CO, and N,. The average c@mposmon of witer .gas is : H, =
51%; CO=41%; N, = 4% ; CO, = 4%. Nt
~ Its calorific value is about 2,800 Keal/m?, lt’s used as source of hydrogen gas, a fuel gas,
an illuminating gas.
“Semi water gas : It is obtained by passing a properly ad;ustedvaﬂ"and stream"mxxture
“continuously through a bed of red-hot coke so that the ‘endothermic reaction’ just balances the
exothermic reactions. Its average composition-is H, = 12% ; CH,=3%;CO,=2;N,=53%

and CO 30%. lts calorific value is nearly 1,700 Kcal/m3 It is used as a fuel _source of N,
‘and H, in the manufacture of NH,.

Production of water gas from coke : It is made by passing alternatwely steam and little
air through a bed of red hot coke mamtamed at about 900 to 1000°C in a reactor.

. Reactions : (x) Supplied steam reacts with red-hot coke at 900 — 1000°C to form co and
H,. The reactlon is endothermic, so the temperature of bed falls.

C + HO - CO+H,-29KCal (Endotherm.c)
 red- hot coke Steam water gas '

(u) In order to raise the coke bed to 1000°C the steam supply is temporanly cut off and air
is blown in, when the following exothermic reactions occur :

C+0,~» CO -&97 Kcal ; 2C + O, 2CO + 59KCal (Exothenmc)

These reactions again raises the bed to about 1000°C. Thsgcles of steam —run and air-
‘blown are thus repeated alternatively to maintain proper, temperature. :

]






