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§ Answer the following questions (C=12, N=14, O =16, H=1 and Ar= 4() 1

- ,

Question-1:  (12Marks)

a- Prove that the equation state of ideal gas mixture is PrV = ngRT and the volume fraction of
any component in the gas mixture is the same as the mole fraction? (4)

b- N;O; partially dissociated according to the following equation:  NaOyp = 2NOy 1 it s
found that 24 gm. of the gases mixture N;O4 plus NO; occupics 0.015 m'.at 90 °C and
pressure of 730 mmHg. Calculate: (i) The percentage of N2Oy in the gases mixture. (6)

(ii) Partial pressure of NO; in the mixture. (iii) The equilibrium constant Kp for the reaction?
¢- A 585 Cm’ Cylinder contains 1.0 gm. of argon gas (Ar) at 22 “C Calculate the pressure using
the equation of state for real gases. (for Ar, a=1.345 atm. Lit’/mole’, and b=0.43 Lit./mole) (2)

Question-2:  (8Marks)

a- State the first and sccond law of thermodynamics? (2)
b- What is meant by the extensive properties of the system? and Prove that the heat cxchanged
in a process carried out isochorically (Qv) is state function” (3)
¢- Expiess the frec-energy change in a process in terms of the changes that occur in the enthalpy
and entropy of the system? Using this expression, predict which of the following reactions
would be spontaneous at 25 °C: -~
Reactiion A AH = - 10.5 kJ/mole, and AS =30 J/k;
Reaction B: Al = 1.8 kJ/mole, and AS =-113 J/k. (3)
Question-3:  (J10Marks)
a- Explain Heury's law? (2)
b- What is the composition of the vapor which is in equilibrium at 30 °C. with a benzene (Celly) :
toluene (C5Hz) solution contains 70 % by weight benzene, (Consider at 30 °C.P” benzene =

119 tor and P%toluene = 37 tor) (4)
- Given that the density of a solution containing of 1.71 gni. of ethylenc glycol (CoHqO2) in 14

mole of water (H,0) is 1.19 g/cmj,calculate: (i) freezing point lowering,
(ii) boiling point clevalion and (iii) The osmotic pressure of solution at 17 °C? -

(for water. Ky = .86 and K, = 0.52). (4)

Qucstion-«l: (10 arks)

a- State the phase rule and apply this ruie to interpret the triple point of water ou its phase
diagram? Coniirm your answer with drawing. (3)
a- The normal, (one atmosphere), boiling point of n-butane, is (-0.50°C). lts enthalpy of
vaporization, (Alvap)- is given as 5363.3 cal./mole. Calculate the vapor pressure of n-butance
at 20 °C? (3)
b- The solubility of ionic compound M;X3 in water is 3.6x107™"7 gm./lit. Calculate the solubility
product, Ksp. (for M2X3 inolar mass =288 gm/mole). (4)
Question-5: (10 Marks)
b- What are the most comnon cathodic reactions encountered in metallic corrosion? (3)
c- Lixplain the phenomena of activation polarization? Confirm your answer with drawing. (3)
d- If you are given the following standard potentials I,
Cu™ +e > Cu'  E°=0.153volt Cug —> Cu’ +e E°=-0.521 volt
(i) Calculate the equilibrium constant for the reaction. 2Cu"=Cu"" + Cugs)
(i) A 0.03 molar Cu(NQj3), solution is stored in a copper vessel. Calculate the equilibrium
Cu” concentration in this solution.? (4)
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Question-1: | 1_2.,&!4}_!:&5

a. Assume that a mixture of (N) components, each behaves as an ideal gas, contained in a

container of volume (V) at a temperature (T). The ideal gas equation can be applied to each
component individually as follows:

For the first component 2> PitV=nRT

( For the second component -2 PV =nRT

For the third component > PV =n; RT
..... O R DL T
andsoon ... for the N" > PvV=nRT

Summing up these system of equations :

{Pi+Pa*+ Py ... + Pn) V= (ny +n; +n3+
PTV =nTRT

Assume that a miilure of (N) components, each behaves as an ideal gas, contained in a

container at pressure (P) at a temperature (T). The ideal gas equation can be applied to
each component individually as follows:

For the first component 2> PVl =n RT

For the second component > PV2 = n, RT

For the third component > PV3 =n; RT

andsoon ... for the N™ 2> PVn=nyRT

Summing up these system of equations :

P Vt=(n +nz +n3+ ..... +nn) RT
PVr =ntRT
PVi = niRT
PVt = nt RT
Vi = ni1
Vt = nt
b.
PV=nRT

. nt = (0.9603) (15)/ (0.082) (363) = 0.4835 moles.

- Average molecular weight of the gas mixture May = my/ ny

= (24) / (0.4835) = 49.65 g/mole

But My = yiM  +y, M,

e e e ——
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’ 92y, + 46 y, = 4965 and yit+yz = 1

Where; y; = mole fraction of N,O4 and y, = mole fraction of NO;

Solving the last two equations = y; =0.0792 andy; =0.921
Prnoz= Y2 X Py =0.921 x 0.9603 = 0.8842 atm, Pnz0s= Y1 X P, =0.0792 x 0.9603 = 0.0761atm.

{ (0.8842)(0.8842)
Kp= -
L 00761

=10.273,

C.Real gas : 2
S (p +a-3—2)(v —nb) =nRT

&)
(P +1.345—OL

I l
0.585 —(—)(0.43) = (—)0.082x2
(05857 " (55)(0-43) = (55)0.082x295

P=1.0516 atm.

Question-2: (8 _Marks)
a. 1% Law of thermodynamics
AE system T AE surrounding = 0 y AE universe =0

The encrgy can be changed from one form into another and transferred from one part of the
universc to another, but it can be neither created nor destroyed.

Another statement of the first law is as follows:
[THE ENERGY OF UNIVERSE IS CONSTANT]

2" Law of Thermodynamics

Entropy of the universe are increasing

AS Universe = 0
AS surrounding + AS system > 0

b. Extensive properties_depend upon the mass of matter, such as volume, surface
area., and all forms of energy, at constant volume (AE) = Qv

C. AG() = A[Ia"' TASO,
Reaction A , spontaneous at all temperature and at 25°C
Reaction B, nonspontaneous at all temperature and at 25 °C
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Question-3: ( 10 _Marks)

a- In a dilute solution, the vapor pressure of the solute is proportional to its
concenfration”™. P, = H, x;

H, is a constant, known as Henry's law constant, x; which may be mole fraction, molarity
or molality

b. Assume benzene (CcHg) = A, toluene (C-Hq) = B, and 100 g of solution.
70
n =2, = 0.897 mole , n p= - = 0.326 mole

| =

 fw = 1223 mole, X,=0.7352 ,and Xp=0.265

Py=0.7352 x 119 = 87.489 torr
Pp=0.265x 37 = 9.81 torr
l’ foital - ‘)7.2‘)4 IOI’I'

Ya=0.899 | Yy=0.1 171

C. A 'l‘r = l\’l H = 1.86 * 0.252
=0.2035 deg.
ATy=K, p =0.0569 deg.

1.71
= T3 7‘;{ ) (0.082) (1.7+273) = 2.8028 atm.
= Y x10 P
1.19
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Question-4: (10 Marks)

a.

1) 11 USRIV | IRSOTAIRR ceaeens /|

Pressure (torr)

4.579 |---mooooemeeees vapour

A - .
O 0.01 100 Te;TIDeratLIre oC
Phase rule:
F= C-P+2
At triple pt :
F=1-3+2=0
b.
InP = Ay 11
R |T, T
AHMI, =5363.3 cal / mole
5363 .3 | |
In(P) = _
1.98 |372.5 293
P=2.0047 atm
C.
MX; —> 2M" +3X?
3.6 x10-17 19
2R =1.25x10
Ksp = (1.25x10"%)%(1.25x10™)> = 3.052 x 10™°
——_‘_—”a‘_———“
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Question-5: (10 Marks)
a, The most common cathodic reactions ary: 3

1- Hydrogen evolution: 2H* + 2e —H;

2.0Oxygen reduction {acid solution): 0;*4H* +de - 2H:0
2.0xygen reduction (neutral or basic solutions)
;+ 2H;0 + 4 — 40H 1
3-Metal ion reduction: |
M+ e —— M-

4-Mctal deposition:

-

M+e — M i
H
i

b. Activation polarization refers to an electrochemical process, which is controlled

by the reaction sequence at the metal electrolyte interface.
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These- ﬁlcps .an also be .:]wplu:d to the reduction of-any-species on a metal surface,
The species must first be absorbed or attached to the surface before the reaction can proceed according to

(step 1),
Following this, electron transfer (sfep 2) must occur, resulting in a reduction of the species.
As shown in (step 3). two hydrogen atoms then combine to form a bubble of hydrogen gas (step 4).

The speed of reduction of the hydrogen ions will be controlled by the slowest of these steps.

o4
Cu' +e —> Cug E°=+0.52V

Cu wg — > Cu +e E® =-0.153V

2Cu g —>CU g + Cug) E° =0.368V

RT
o —
E eell — ',_l;.' [n (Keqm.)'

8314 x 298
= InK
0.368 V 1 x96500 eqm

[n K eqn=14.33

K eqn = 1.678x10°

003

keqm

[Cu’ gl = = 1.337 x 104

With My Best Regards and Good Luck
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