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Answer the following questions oY A eyl
(N=14,C=12,H=1, 0=16, S=32 and for water T=273K, T%= 373K, AHn..=1436 cal/mole¢ and AHup=9718cal/mole)

Question No. (1) (12 Marks)
(a): A piece of solid carbon dioxide with a mass of 5.5 g is placed in a 10.0 liter vessel that already contains
air at 94 kPa and24 °C.After the carbon dioxide has totally vaporized, what is the partial pressure of carbon
dioxide and the total pressure in the container at 24 °C (5Marks)
(b): The vapor pressure of water vapor is 0.263 atm. in a mixture of air and water vapor. The total pressure is
0.973 atm. and temperature is 71.1°C. What is the density of the gaseous mixture in gw/lit. (Assuming air has
the following composition by volume: CO; = 0.03%, O; =20.69%, N:=78.0,% H,0 =1.26%)? (5Marks)

(c): If a gas that exerts 10 cmHg Pressur is compressed so that occupies (1/20) of its former volume, what is
the final pressure if the temperature is constant.? (2 Marks)
Question No. (2): (10 Marks)
(a): Calculate the change in internal energy, (AE), when 64 gm. of oxygen gas, (O,), are expanded isobarically
at 2 atm. Pressure by rising the temperature from 27 to 327 °C (Consider oxygen gas, behaves as an ideal gas
during this process and C,= 8.27+0.000258T cal./deg. mole,) (4 Marks)

(b): Reffering to the information in the table at 25°C: (6 Marks)

Z}ICI(,’) + Bl"z(g)CI:> ZHBl‘(g) + Clz(g) Compound AH®¢ S° i

(i) Calculate AG® for the reaction. keal/mole cal/mole.deg,
o Di he effect of HCly, -22.06 44.62

(ll) 1scuss t .e eftect o temperatu.re on Brag 734 58.63

The spontaneity of the above reaction. HBr( -8.65 47.44

(iii) Calculate Keq for the reaction. Cly 00.0 53.29

Question No. (3): (6Marks)

Sulfur dioxide gas, (SO»), is oxidized in 60% excess air with 80% conversion to SO3. The gases enter the
converter at 400°C and leave at 450°C. How many Kilo calories are absorbed in thesheat inters changer of the
converter per Kg mole of SO, introduced. (Assuming the specific heatsis constant with variation in temperatures
and C, for gases SO, =10.3 cal/mole, SO3=16 cal/mole, O,=8.4 cal/mole, N,=7cal/mole, and for SO, at 25°C
AH’c= 0.375 K cal/gm. deg.)

Question No. (4): (15 Marks)

(a): Amixture of benzene (C¢Hs), and toluene (C7Hg), contains 30% by weight toluene. At 30 OC the vapour
pressur of pure benzene is 118.2 mmHg and pure toluene is 36.7 mmHg what is the composition of the vapor
which is in equilibrium at 30 °C With benzene toluene solutiun.? (Assume benzene toluene solutiun idel
behaviour) (4Marks) o -

(b):-An aqueous solution containing 50 gm of a protein per liter of solut.lon gives an osmotic pressure of 18.62
mmHg at 20 °C. Calculate the molecular weight of protein., the freezing point lowering and boiling point
elevation of water which would be caused by the presence of this concentration of protein.? Considering for
dilute aqueous solutions the molality is the same as molarity. (6Marks)

(c): Tow litters of CO2 gas at 15°C and 380 torr. dissolves in 55.5 mole of water at the same

temperature when the pressure of COz is 1.00 atm. Compute the solubility of CO (mg/lit) in a
solution over which the partial pressure of COz is 150 torr at this temperature. : (5 Marks)

Question No. (5). (14 Marks) _ . .
(a): Calculate the meelting point and the boiling point of water at 51 atm. pressure;-where the density of
liquid water at 0°C is given as 0.99 gm/cm’ and that for ice at 0°C is 0.92 gm/cm*? (6Marks) .
(b): Calculate the standard electrode potential, E°, for the half-cell, (Fe™™ +3e——Fe) if you are given:
Fet" +2e——>Fe E°; = - 0.440 volt Fe™ +e— Fe™ E°;= 0.771 volt (4Marks)
(¢): Calculate the electrode potential, E , for the reaction: Pb) +2 HY =Pb*™* + Hz () p
Under the condition that, [H*] = 0.01 molar , [Pb*"] = 0.1 molar and P w2 = 107 atm and

temperature of 25 C.  (4Marks) N
2H* + 2e & Hig, E° =00V, Pb* +2e = Pbs), E°=-0.126V

You are given that for

With My Best Regards and Good Luck
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Answer the following questions A0V ALY e gl

(N=14,C=12,H=1, O=16, $=32 and for water T%=273K, T%= 373K, AHr.=1436 cal/mole and AHvp=9718calVmole)

Question No. (1) (12 Marks)
(a): A‘ piec.c of solid carbon dioxide with a mass of 5.5 g is placed in a 10.0 liter vessel that already
contains air at 94 kPa and24 *C.After the carbon dioxide has totally vaperized, what is the partial

—pressure of carbon dioxide and the total pressure in the container at 24 °C_(SMarks)

[Pcor V=nco:(R)(T) |
5.5
PCO2(10) = S (0.082)(24 +273))

PCO2 ==0(.3044 atm.
Pt =PCO2 + Py,
=0.3044 + 0.928=1.232 atm

(b): The vapor pressure of water vapor is 0.263 atm. in a mixture of air and water vapor. The total pressure is
0.973 atm. and temperature is 71.1°C. What is the density of the gaseous mixture in gm/lit. (Assuming air has the
following composition by volume: CO: = 0.03%, O, =20.69%, N:=78.0:% H;0 =1.26%)? (5Marks)

4
rye — *
M) Air= Zyi M, = 287064 gm/mole
i=]
Y 120=0.263/0.973 = 0.27 Y.ir=1-0.27=0.73
M mix = Y20 Miz0 +Y air Mair = (0.27x 18) + 0.73 x 28.7064 = 25.8156 g / mole

_(0.973)*25.8156
P =0 082* (273 + 71.1)

=0.89 gm/lit

(c): If a gas that exerts 10 cmHg Pressur is compressed so that occupies (1/20) of its former volume, what
is the final pressure if the temperature is constant.? (2 Marks)

V2 =1/20 V1

P1/P2= V:/V

Pi1/P:= 0.05V1/V1

P2 =10/0.05 =200 CmHg = 2.632 atm.

Question No. (2): (10 Marks)

(a): Calculate the change in internal energy, (AE), when 64 gm. of oxygen gas, (O), are expanded
isobarically at 2 atm. Pressure by rising the temperature from 27 to 327 °C (Consider oxygen gas,
behaves as an ideal gas during this process and C,= 8.27+0.000258T cal./deg. mole,) (4 Marks)

n= 64/32= 2 mole,P= 2 atm., Ti1= 300 k, T,=600k .

Vi=(nRTi)/p=24.6lit , V2=49.2lit

600

0 =2 [(8.27 +0.000258 T)dT = 5031 .7cal

300

-

1.98
-2(49.2-24.6)x ——— =-1188 cal

W =-P(V2—-Vi) x L.

0.08206 0.08206
AE=QP +W = 5031.7 +(-1188) =3843.7 cal
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(b): Reffering to the information in the table at 25°C: (6 Marks)
ZHClg + Brage=> 2HBr) + Clyg Compound Mﬁ‘/:“z’ e mvmﬁ;’e - T
(i) Calculate AG® for the reaction. HClg 22.06 44.6£ S
(ii) Discuss the effect of temperature on Brag 734 58.63
The spontaneity of the above reaction. HBr -8.65 47.44
(iii) Calculate Kq for the reaction. Clye 00.0 53.29

Q)

°= [ (2x-8.65)+(1x0.0)] — [(7.34x1)+(2x-22.06)] = 19.48 kel
AS®= [ (2x47.44)+(1x53.29)] - [(58.63x1)+(2x44.62)] = 0.3 Cal/ deg
AG® = AH® - T AS°,= 19.391 kCal

(i) The effect of temperature on  the spontaneity  of  the

above reaction;

AH’:=+ve , AS°,=+ve thise reaction spont. At high temperature
(iii) AG°=-RTInk.,
19.391 x 1000  =-1.98 (298) In k eq -

Ke =5.338x107
Question No. (3): (6Marks)
Sulfur dioxide gas, (S0,), is oxidized in 60% excess air with 80% conversion to SO;. The gases enter the
converter at400°C and leave at 450°C. How many Kilo calories are absorbed in the heat inters changer
of the converter per Kg mole of SO; introduced. (Assuming the specific heatsis constant with variation in
temperatures and C, for gases SO; =10.3 cal/mole, SO3=16 cal/mole, 0,=8.4 cal/mole, N.=7cal/mole, and
for SO; at 25°C AH’=0.375K cal/gm. deg.)

Basis 1000 mole of SO2

*Th. O, .=1000 x'0.5 =500 mole
60
Actual O, =500 (1+ —) = 800 mole
100
Actual N; = 800 x 79/21 = 3001 mole
SO, + %02 — SO;
Inlet 1000 800 0
80
React. ——x1000) 400 800
(100
Out. 200 400 800
* Flue gases
SOs= 800 mole, SO; = 200 mole, N2 = Actual N2 = 3001 mole ,and excess O; = 40 0 mole
R P
Comp. n Ti(k) Ce Comp. n To(k) Cr
SO2 1000 10.3 502 200 -
N2 3001 673 7 So3 800 16
N:
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Q = ZAH, « mH? - YAH:

EAH; £1{200 x10.3) +(800x 16)+(3001x 7)+ (400x8.4)jx (723~ 298)=16671.475kcal |

EAHY =) aH- Y am
R

4

= [800x 0.375 x 64] =19200 kCal
LAHR =[(1000 x 10.3) +(3001x 7)+ (800x8.4)]x (673 — 298)= 14260.125 keal

Q = ____16671.475_Kcal + { 19200 Kcal ) -14260.125 Kcal = 21611.31 k. cal./ 1000 mole
Question No. (4): (15 Marks)

(a): Amixture of benzene (CeHe), and toluene (C-Hy), contains 30% by weight toluene. At 30 °C the
vapour pressur of pure benzeneis 118.2 mmHg and pure toluene is 36.7 mmHg what is the composition

of the vapor which is in equilibrium at 30 °C With benzene toluene solutiun.? (Assume benzene toluene
solutiun idel behaviour)  (4Marks)

Basis 100 ¢ of solution_Let A = Benzene, B = Toluene

At XA=0.335 Xy =0.665
Pa=Xa.P°A =0.335* 118.2= 39.5 mmHg

-

Pp=Xp.P% =0.665* 36.7=24.41 mmHg

Pi=Pa+ Pp=064 torr
Ya=PA/P=0.617 ., Ypg=Pp/P =0.382

(b): An aqucous solution containing 50 gm of a protein per liter of solution gives an osmotic pressure of
18.62 mmHg at 20 °C. Calculate the molecular weight of protein., the freezing point lowering and
boiling point elevation of water which would be caused by the presence of this concentration of protein.?
Considering for dilute aqueous solutions the molality is the same as molarity. (6Marks)

50

1862 _ M
= ——1—-— (0.082) (293)

M =49019.61 g/ mole

e
lu.\'olulion = nB = 49019 61 =1 .02 xlO =3 m0|€/kg

m (kg ) 1
~«‘ rv —-~-°~ = 'zﬂ-( i o »' e B T ‘i’ Y A T ] PrERaErTT i ”':’ 0 iy ""‘*""’"‘ “’“"—'7'»-/"—‘”-”"
R (T VM w 1.98 (373) 318 _0.52 k=R (T § y)‘z My, 2198 (273)?1§ e
el o b A Sl TR R
ATy = 052 * 1.02x10™ = 0.00053 deg ATe=1.86 x 1.02x107 = 0.00189 deg
T, = 373 + 0.00053 = 373.00053 K Te = 273 - 0.00189 = 272.998 K
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(c):Tow litters of CO; gas at 15°C and 380 torr. dissolves in 55.5 mole of water at the same temperature

when the pressure of CO; is 1.00 atm. Compute the solubility of CO: (mg/lit) in a solution over which
the partial pressure of CO; is 150 torr at this temperature. : (5 Marks)

nCO2=P \-’fR}’{' = 0.2423 mole P P Hc02 XCOZ
F o™ s Do _ 6, nCOZ
cor O ears 150= 0.99x10 (nC02+55.55)

76(’)xl==HC (

e )
H o 0'0”3: > Nco2= 0.00834 mole / liter
coz =0.99x106 'OrT e

-

Question No. (5). (14 Marks)

(a): Calculate the meelting point and the boiling point of water at 51 atm. pressure, where the density
of liquid water at 0°C is given as 0.99 gm/cm’® and that for ice at
0°C is 0.92 gm/cm>? (6Marks)

(b): Calculate the standard electrode potential, E°, for the half-cell, (Fe*** + 3e——Fe) if you are given:
Fet* +2¢—— Fe E°1=-0.440 volt Fe™™ +e—— Fe'' E°; = 0.771 volt (4Marks)
(c): Calculate the electrode potential, E , for the reaction: Pbs) +2 H* =Pb*" + H2 »

. Under the condition that, [H*] = 0.01 molar , [Pb**] = 0.1 molar and P mz = 10 atm and
temperature of 25 C. (4Marks)

You are given that for  2H* + 2 e = H, @ E°=00V, Pb* +2¢ * Pbs), E°=-0.126V
(a):
AP = P,-P;=51-1 =50 atm.
AS = 1436 .42 , 0.08206 - +0.218 atm it
273 1.98 K .mole
= [— - —]x[18x 103] = - 1.383 * 103 lit / mole
0.99  0.92
[AS/A V]= -157.62 K/ atm
AP 50
= = = -0.3172K
AT (AS) (- 157 .628 ) 3
AV
Tm=273-0.3172=272.682 K
T, = : - 354k
b i (.98 *In 51 )
373 (9717 .97 )
(b): Fe™+2e —» Fe AG°=- 2F(-0.44)= 0.88F
Fe**+ e —> Fe* AG® =- (1) F (0.771)=-0.771F

Fe* +3e > Fe AG® =0.88F +(-0.77F) =0.109 F

AGO e = -3 F (E°cen) =0.109 F

0.109

(+] —
E cell =—
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-

e i
Pby +2H® =Pb" +Him B =016V

- (Pe ") H,]
] LR T
""EM";,—F In( [H Fre] )
0.1x10°
_ 8.314 (298) 1) -
E = 0.126 - T2096500) In ( (0.01)°x1 ) =0.2147 Volt
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