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Answer the following questions:

Question No. (1}  (15Marks)

{a): The metabolic d:.r.idatlun of glueose, CH,:0y. in our bodies produces COy, which Is cxpelled from our
lungs as a gas, according to the following combustion reaction:

CilH20s 0y + 6 0g — 6 COyp  + 6 H;0 i Calculate the volume of air you would need at | atm.
and 233 K, to completely oxidize 50 g of glucose. {eiven air contains %02 =21% by volume )7 (5)

( GMada 0 chadally

55 W oe
(C=12, N=14, lI=1, and O=16) e

(b): Predict the behavior of 80.5 gm of a gas analyzing (as% by volume): of 25% CO; , 10% CO
5% O: and 60% N; at the following specified cundiliunﬁ. {(5) i o ‘

i. Pressure of 2 atm. and occupying a volume of 50 liL. at a temperature of 17 *°C?

ii, Pressure 0f 405.3 k pa. and occupying a velume of 0.005 m’ at a temperature of 27 °C?
1i. Occupying a volume of 56035 em’ at standard conditions (S.T.M?

(c): By applying van der Waals equation of stale predict the molar volume of C0; gas, al a temperature

of 27°C and pressure of 15 atm. Neglect the effect of the intermolecular attractive forces and considering
the volume of gas molecules whose diameter=4 x 107 mm, and Avogadro's Number = 6 x 10™ molecule
permole.  (5)

Question No, (2);  (14Marks)

(n): Calculate the change in internal energy, (AE) and AH when 28 gm of methane gas {CH,), are compressed isobarically
mt7.74% st from 15 liters to 5 liters by coling the gas,? (consider methane behaves as an ideal gas during this process

and the specific heat of CH4 ol consiam pressure Cp=5.34+0.01 15T calimoL k). (5)
(b): Referring to the information of thermodynamic data at 25°C in the table for the following reaction

Question No. (3 {13Marks)

with 100 pm toluene, {CyH.CH;y). (5)

TOP

FeyOyn +2Al g — 2Fe o + AliOsq0 PP S LA
predict whether the given reaction would be: e 500D .549- s
(i) Exothermic or endothermic ot 25°C. : AN
(ii) Natural and possible or not. Al(s) 000.00 6.770
(iii) Tokes place ns wrillen ol the standard state FexOy{s) -194.50 21.500

conditions at 253°C. (5) ALO®) 399.093 TREE

AM®= 44,7 kJ;

(1) 2Al 4y + 3Cly (y — 2ZAIC ]y All°= =332 kl;
(iil) NOCl g — NO g+ 0.5 Cla g AHC=37.6 kJ;
(iv) 2H:0 oy = 2Hye0 + O2 g ATIP= 572 kJ;

dndeall il

(€): Express the frec-energy change in l:prul:cs! in terms of the changes that occur in the enthalpy and
entropy of the system? and Indicate the efTeet of lemperature on spontancity for the following reactions : (4)
m KCIG} 1Y KCl {1} + 1.5 D; fith

{a): Benzene and toluene form solutions that are nearly ideal. Al 80°C, the vapor pressures of pure
benzene and pure toluene are 753 torr and 290 torr respectively. Caleulnte the total vapor pressure of a

solution and the composition of vaporat B0°C above a solution made by mixing 100 gm benzene, (CoH,),
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(b): When 0555 gm of a solule, (molecular weight = 110 gm/mole), is dissolved in 100 gm. of 2 solvent ,
{molecular weight = 94,10 pmémole and pormal freczing point=
the solvent of 0.382°C oceurs, Caiculate:

(1) Ky the malal frecring point lowering constinl.,

(i) The enthalpy of fusion (A% Tor the slvent, (5

318.1 K), o freezing poim lowering for

(€):The oamutic pressure of 0.2 g of hemeglobin in 20 mL of solution is 2.8 mm Hg 81 25°C. Caleulate the
malecular weight of hemoglobin - (3

Question No. (4): {10Marks)

(a):Rased on the relation between electnde potentialy and free enerpy change, derive the Nemst equation” 2

{b): Calculate Ksp for AgCl, at 35°C from the E® valucs.
ifyou are given:  Ap,=Ap”+ ¢, E%=-0799Y  ApCl,+e'= Ag,+Cl', E%=0212V @)
(e): Calculate the electmde potential, E. AG and the equilibrium constant (K o) [0t the reaction:

Phy + 21" = Ph™ + 11, under the condition that, [IT'] =0.01 molar, [Pb™] = 0.1 molar and
PIL:=10% atm and at temperature of 25°C, il you are given:

rh‘-'*::.__b Phn. E‘"‘Dpl]ﬁ‘ﬂ" Iljuj"—'l 1[1. "'1 :'. l'-.'|'-n.ﬂ 'H:I"‘ rﬂ

With My Best Regards and Good Luck
Prof. Dr. Ahmed Ahmed Al sarauwsy
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Na (1)  (EMarks)

{a): The metabolic oxidation of glucose, € 1:0 in our abes prsduces CO;, which is expellad from our
lungs as a gas, acconding to the following combustion reaction:
Call 1104 g + 6 Oz gy = 6 COy iy + 6 H2 0y Caleulate the volume of air you would need at | atm
and 293 K. 10 completely axidize 50 g of glucose. (given air comains *«02 =217 by volume 17 (5)
Sulution
n glucose =(50°276)=0.1812 mole PV/RT =(24x0.974) / (0.08206x297.5) = 0.958
From bhal.eqn. 1 mole CH;;O,=6meole 0:  No.mole ol Oy = 0,1812x (6) = 1.0DE6D mole
PV=nRT = VO2=(1.0869 x 0.05206x295)= 26,5789 liL
Volume of air =(26,5789)(100 21)=126.5662 li1.

(b): (b}: Predict the behavior of 80.5 gm of a gas analyzing (as®s by volume): of 25% CO;, 10%
CO, 5% Oyand 6% N; at the following specified conditions, (5)

i. Pressure of 2 atm. and occupying a volume of 50 lit. at a temperature of 17 °C?

ii. Pressurc of 405.3 k pa. and occupying a volume of 0.005 m’ at a temperature of 27 °C?

iii. Occupying a volume of 56035 ¢m’ a1 standard conditions (5. T.P)?

Solution
M mixture = {y Mlcart ¥ Mo - (Y Mo (Y Mg =(0.25 014} +(0. 1 x 28 HML05 324 (0.6x28)=32.pmimole
n=(8N,522.21=1.5 mole
i- Pressure of 2atm.and occupying a volume of 50 lit. at o temperature of 17 #C7
Z= PVINRT= (2)(50)/(2.5)(0.082)(290) = 1.68 Non idenl gas and a positive deviation

{i- Pressure of 405.3 k pa. and occupying a volume of0.005m’. at a temperature of 27 °C7
Z= PVINRT= (405300)(0.005)/(2.5)(8.314)(300) = 0.32 Non ideal gas and n negative deviation

iil. Occupying a volume of 56035 em’ at standard conditions (S.T.P)?
Z=PVInRT=(1)56.035)X2.5)(0,082)(273) = | ideal

(€): By applying van der Waals equation of state predict the molor volume of CO; gas, ot a temperature
of 27 °C and pressure of 15 atm. Neglect the effect of the intenmolecular attractive forces and  considering
the volume of gas molecules whose diameter = 4 x 107 mm, and Avogadro's Number =6 x 10™ molecule

_E.r_nnlc. {5

Solution

(P+ an¥V¥) {V-nb) =nRT
Negleet the effect of the intermolecular attractive forecs, = (an? V2 }=0 b= (23 5 N~
b=[(23)x (4x10®)® (6x10¥) ] /(1000) = 0.0804 lit./mole
(V-nb) =[(n RTY(P)]+nb V= [(0.08206x300)J[(15)] + 0.0804 =1.7216 LIt.

uestion (No. (2):  (8Marks)

(a): Calculate the change in internal energy, (AE) and AH when 28 gm of methane gas (CHy), are
compresed isobarically at 7.749 atm, from 15 liters to 5 liters by coling the gas,? (consider methane
behaves as an ideal gas during this process and the spcific heat of CHy at comstant volum

C=3.364+0.0115T cal/mol. k }. (6)
< Solution

To calculate AE, we (ind at first, the work, (W), and the heat, (Q): We=.P(AV)
Where: P= 7.749atm ,AV= V;-V, = 5-15=-10 liters.

W =-(7.749)( -10) =77.49 atm. liter. = 77.49 (1.98/0,08206) calories = 1869.731% calorles
Q may be obtained either by considering constant Cp or varinble Cp with temperature.

the ideal gas equation: PV=nRT
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Where : T, is obtained when, P= 7749 am. V= 15 liters.  n=28/16 =1.75males
= T= (2.749)( 15)(1.75)(0.08206)=809.4078 K

by the application of Charle's law: Va/ V= T2/ T, (since the pressure is kept constant),
o Tp= 2698026 k Cp=Cyv+R=136+1.95+0.0115T Cp=5.34+0.0115T
Consldering Cpvanable:
Ty 269K,
SQe=n [ CpdT= (1.75)f (534 +0.0115T) dT =-10902.483
T 50941

AE= Q+W =-10902.483+1869.7319=.9032.75] calories =- 9.0328 kenl.
At constant pressucre  All= Qp=-10.902 keal.

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

FeiOyy + 2ALy —> 2Fey + ALOy, Compound | AH® s
prediet whether the given reaction would be: keal/mole | eal/mole.deg.
(i) Exothermic or endothermic at 25°C. Fe(s) 000,00 6.490
(ii) Natwral and possible or nol Al(s) 000.00 6.770
(1i1) Caleulate the stander free-energy change (AG™). Fiey04(s) -196.50 21.500
Al Oy(s) -390.002 12,185
Solution

(1) Forfinding AH®r at25°C;
AH%r = Iprod AH% - IrcactAH%
= [(0.0) + (-399.092)] - [(-196.50)+(0.0)] =.-202.592 keal.  The reaction is
exothermic (ii) For finding AS°r a1 25°C;
AS® = EProd 5 - IZReact 5°
=[ (20 6.490)+( 12.185)] - [ (21.500) + (2} 6.770)] = -9.875 cal
A negative AS®, This reaction is Unnatural at the given condition
(iii) Applying equalion AG® = AHP-T AS®
- AG® =AH® -TAS®=-202.592- (208)(0.009875)=-199.669 keal
It is interesting to note that this relation has a negoative AH® and a negative AS®, so the Reaction is
sponlancous at low temperature (standard statc conditions and at 25°C.) but become nonspontancous
at high temperature.

) Express the free-energy change in n process in terms of the changes that oceur in the enthalpy and
entropy of the system? and Indicafe the effect of temperature on spontancity for the followlng reactions

Solution

() KClOy(s) = KCI(s) + 1.5 Oy(g), AH®=- 44.7 kJ; AS =+ v
The reaction Is spontaneous at all temperature

(1) 2A1(s) + 3Cly(g) — 2AICI(s) AllP=-332 kJ AS =-ve
The reaction Is spontaneous at law temperature

(iii) NOCl(g) — NO(g) + 0.5 Cly(g) All"=37.6 kJ; AS=+ve
The reaction Is spontaneous at high temperature

(iv) ZH;0(1) — 2H(g) + Oafg), AH%= 572 kJ; AS = +ve

The reaction is spontaneous at high temperature
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Question Na, (1) (12NMarky)

(a): Benzene and toluene form selutions that are nearly ideal. At 80°C, the vapor pressures of pure
benzene and pure toluene are 753 torr and 290 torr respectively. Caleulate the total vapor pressure of o

solution and the composition of vapor al $0°C above a solution made by mixing 100 gm benzene, (Celly),
I with 100 gm toluene, (CALCIHL). (5)

Solution

¥ parzane = M benrane / NP={10078) [ (100 78)+(10092) ]=0.5412

Pa =P%Xa  Pg =P%x;
P berzane = =(753)(0.5412)=407.5236 lomm. P ionene =(290)(0.4588)=133.052 lor.
P 1o = 407.5236 + 133.052 = 540.5756 torr,
The composition of the vapor is determined by applying equalion in the form:

yi=Pi /Py

v Ybenzene = P bencane /' Py = 407.5236 1 540.5756 = 0.7538

(b): When 0.555 gm of a solute, (molecular weight = 110 gm'mole), is dissolved in 100 gm. of a solvent ,
{molecular weight = 94,10 pm‘mole and normal freczing point= 318.1 K). a freezing point lowering for
the solvent of 0.382°C occurs. Caleulate:

(1) Ky, the molal freezing point lowering constant_.
{ii) The enthalpy of fusion (AN*..) lor the solvenl. ({5}
Solulin

ATi=Kip

Molality () =( Nsonse® GMiciven ) = (0.555 7 110)/(0.1) = 7.5712 kg/mole

Ki= R { T% ) M" [{(1000){AH,)

7.5712 = {1.98) ( 318.1)°(94.1) {1000){AH/.s)

AHie=2492.47 cal/imole

{c):The osmotic pressure of 0.2 g of hemoglobin i 20 mL of solution 15 2.88 mm Hg at 25°C, Caleulate the

moleculor weight of hemoglobin (3}
alutio

V= nRT n = VI RT=(2.88/760)(0.02)/{0.08206){298)=3.0993x10"* mole
Molecular weight of hemoglobin (M)=64531 gm/mole

Question Mo. (4): (1001 arks)
(a) Based on the relation between electrode potentials and free energy change, derive the Nemst equation? (4)
Solution

ﬂGr='nFE1:!II T Ill
Where: AG, = Free energy change of reaction (calories/mole).
n =Mumber of moles of electrons transferred,

F = Faraday 96500 coulombs/ mole electron)

E..n= Potential of cell {volts).
AG®, =-nFE®y SESRUUDRR )

Substituting for AG®, = - nFE® = - (RT) In (i)
E%en = (RT/AF}IN (Keg)  vererrrrmenermeeres (3]
AG, = AG® + (RT)IN(Q) ooveeeeerrrereennee (8)

Substituting for AGp from Eqn.{6.1) and for AG®, from Eqn.(2), equation (4) becomes:
Ecol = E%q - [RT/nF} In{Q) ........c.secoee. (5)  The Nernst equation
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(B Calvndong Rap S Ageh ar 290 Seam e 17 v .
of wen U et NL.=\g =0, I“r-0TMm\ ‘l‘.‘u" = “-n.'l . l'l-n'I::‘ i

Solution
Vie a%e rierested n fradng M, | for T reacton
AglL, == Ag" = QO
Tha bay for wcivrg ™moorties g 0 Sdng the ha¥oel reactons. wheh whon
Combined logether Qve T regured rescton

Adv*Ag * o Ez.gTo0V
A.;'.":.‘.. ol L‘;t .I‘:: -E.:= : P “,

(Smem net e bers Ratont reg-s

TS w2 T3y add drectly the two equations inchadng (h
Metvn ! b vates of B

AgQl, = A5 s E'=.nsTTYVY
Aiotfng Eon b (Mo = (~FE"., ) IRT Where,
n*moleelactron F= 08500 oo, o—he —ola electron E*u= 0877
R = 8314 pule’ ¥ mete T=25+27T3=208K Ky will be replaced by K.,

N (Ke) = (1)(96500) (-0 £677) /(2 314) (203) = .22 4738 Kee= 1.7368x10"

fek: Unlewlare ibe olectorale el Boag emd the ozl Mo ot ant IR o1 Bor thie roactom
b LS
Pl « 2000 = PH™ 0 1y, ender the comtnum fhas, (L] =00 malar, [ ] = 000 eelar amd
L]
IPHL= 1007 mten mond o termpaTatuer o 250 f yvmg are gpiven

'h™ e 2e sPhy, 17, =016 voly Wi — 210 ¢2e F* =DOvelt (%)
Salulion
dH" =« 2e = H. Ev=00v.
Phy= Pb"<20, E:=0126w,

ﬂﬂﬂﬂ Ph,, * 2117 ='W« 01, s E'cen =0120v
5 E.[.'II =0.126 v.
Applying Noms! equation in the lorm
Ecee = Ecer - (RT/0F) In{ Q) Where
R= 8314 joule / k mole . n = 2 mole electron
F = 9G500 Coulombs/mo'e electron , T=25+271=298 K
E® =0.126 V [as calculated in)
Activilies for ions will be taken as their molar concentration as parial r

forsolids asunity  Eces = 0.126 - [(8.314) (298) / (2)(96500)] In (0.1) (10%) /{ 0.01)?

SEcen =0.214T v
AG, =- nFEy = - (2x26500x 0.2147)= - 41437.1 joule =- 41.437 kj

With My Best Regards and Good Luck
Prof, Dr. Ahmed Ahmed Al sarawy
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