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Answer the follawing guestions: (Required 50 Marks out of 56 Mnarks)

{ Na=23, C=11, He=4, 5=32 H=1, N=14, and O=16)

Question No. {1)  (12Marks)

(a): A 1.42 gm sample of helivm (He) and an unknown mass of oxygen (Qy) are mixed [n n flask at room
temperature. The partial pressure of the helium is 42.5 torr. , and that of the oxygen is 158 mm He.
Calculate the mass of the oxygen? (4)

(b): The vapor pressure of water vapar is 200 mmilg. in a mixture of dry nir and water vapor, The total
pressure is 740 mmHg. and temperature is 71.1°C. What is the density of the gascous mixture in
gmilit. (Assuming dry air has the following composition by volume C0,=0.03%, 0;=20.9 7% and

N;=79%) (4)
(¢): Autamebile air bags are inflated by nitrogen gas generated by the rapid decompasition of sodium

azide, (NaNy) : Rxn. 2NaNyy —+ 2Nagy +3Nz 1M an air bag has a volume of 36 L and is lo be
filled with nitrogen gas at 874 mml g and 26 °C, how many grams ol NaN; must be decomposed? (4)

Question No, (2):  (12Marks)

(a): For o system of 32.55 gm of natural gas (NG) whose composition (as % by volume): 84% CH,, 10%
C;Hg, 3% Cilly and 3 % N, by volume, Calculate the change in Internal energy (AE) for this system,
when it is expanded isobarically at pressure of 8.6184 atm from a volume of Sliters 1015 liters by
raising its temperature (Consider NG behaves as an ideal gas and its specific heats as

| Cp = (6 + 0.0012T) cal/mole. K (6)
(b): The information in the table at 25°C: Compound AR AGT 5¢
] kealimole kcal/mole cal/mole K
(i) Caleulaie AG®r at 25°C for the reaction:
CH,0Hy, = COy + 1My Hagy 0.00 0.00 3121
(if) Caleulate AG® for CH;OHg at 25°C, |0 -26.42 -32.81 47.30
ClLOHy -57.04 e 10.26

(i) Discuss the effect of lemperature on the
spontaneity of the reaction  (6)

Question No. (3); (12 Marks)

(a): A 6 gm of NaHS0, dissolved in 500 gm of waler |owers the freezing point of water by 0.426°C.
Assuming that NaFlSO, dissociates completely into Na® and HSO4"i.eNaHSO,,, — Na" + HSO4
and that the weak acid HSO4" dissociates partinlly to I1” and SO47, according to the following reversible
renction: HSO4 — H* + S04~ Caleulate from the observed freezing point lowering the molality of
S04 jons in solution and the P of this solution,  for water T'=273K, and AHg.=1436 calimol ) {3)

(b): How many grams of O; are dissolved in a round lake that is 1.6093 km in diameter and an average of
6.096 m deep. Assume that O; obeys Henry's Inw when dissolved in water at 25°C and the atmospheric
pressure is 760 torr and Lhe composition of nir is 21% oxygen and 79% nitrogen by volume,

{Assume that Henre's constant of oxygen at 25°C=33.3x1 0° torr/mole franction and the density of

waler=1 gma’cm’}. {4)
(c):The osmotic pressure of 0.2 gm of hemoglobin in 20 mL of solution is 2.88 mm Hg at 25°C. Calculate the
maolecular weight of hemoglobin. (3)
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Caestion Mo, (4] (5Marks)

(a): Based vn the reltion between electrode potentials and froe energs change, derive the Nernst
rqu.!lit‘ﬂ'.' (M]

(h): Calkulate the electrode petentual, . &G and the equilibrium constant {Key ) for the reaction
Phy + 217 =Pb™ + 1y, under the condition thar, [11°] =0.01 molar, [I'h**] = 0.1 molar and
PH=10" atm and at temmerature of 28°C if VDU ArT gihven:

Ph™ ¢ le'—aPh,, E5=-0.126voh Haed —— 211" «2c E% = 0Dvoll ()

Oueslinon Na, (%) (12Marks)

(a): In 2 simplified flow sheet dizgram, explain the main steps of Portland cement manufacture? ()

(b): What arc the factoey that Rave 19 be censidered in propertionating aw materials for cement elinker? (2)
(€): Identify the mam stages of vetting and hardening of Pertland cement acconding to the modem theory™(Y)
(ih): What are the most common cathadic reactiont enceuntered in metallic corrosion” (1)

(e): Explain the phenomena of activation pelarization? (2)

With My Best Regards and Good Luck
Prof. Dr. Ahmed Ahmed Al sarawy
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Duestinn No. (1) (10Marks) I'.h

(a): A 142 gm sample ol helium (1le) and an unknown mass ol oxygen (O} are mised in o Nask al )

lemperature. The partinl pressure of the helium is 42.5 torr. . and that of the oxygen is 158 mm | Ig.
Calculate the mass of 1he oxygen? (3)

Solution
Pre PP =425+ 158 = 2005 1om. fge = (14244 = 0,055 mnle
y O =POXPT = 158200.5 = 0.7881 = nOVnT fig; = 07881 ( nO2+ 0.155)
0.211% ny = 0.355 x 0.7881 fg: = 1.32 mole mass of ;= 42,25 pm

(b): The vapor pressure of water vapor is 200 mmHg. in a mixture of dry air and waler vapor, The total
pressurc 1s 740 mmlg. and temperature is 71.1°C. What is the density of the gaseons mixture in
gmflit. (Assuming dry air has the following composition by volume CO;=0,03%, 0;=20.97% nnd

N=T79%) (1)
Solution
Yo = (Pea)P1) yien=200740=0.27 vair=1-0.27=0.73
Maw = (M¥)enz HMydm =My bz = (4420.0003) = {32x 0.2097) + {28x0,79) =28.787 mole/gm
Mua™ (Mydizo 4 My),, = (18x 0.27) = (28.78940.73) = 25.8759malu/gm
P =PMIRT = (740776025 8759 (0.08206)(344.1) = 0.8923 gm/lit.

(c): Automohile nir bags are inflated by nitrogen gas penerated by the rapid decomposition of sodium
azide, (NaNy): Rxm. 2 NaNy,, — 2Nn,y 43Nz If an air bag has a volume of 36 L and is 1o be
filled with nitrogen gas at 874 mmiig and 26 “C. how many grams of NaN, must be decomposed? (3)

Solution
My ™ PVIRT= (874/760K16)/(0.08206(299) = 1.6873 male
fromblan. Eq. 2 ny = 3 s My = { 1L6873)/(2/3) =1.1249 mole

mass of NoN3 =73.12 om

Question No. {2):  (12Marks)

(a): For a syslem of 32.55 gm of natural gas (NG) whose composition (as % by valume): 84% CH,, 10 %
C:H;. 3% CyHy and 3 % N; by volume, Caleulate the change in internal energy (AE) and the enthalpy
change (AH) for this system, when it is expanded isobarically at pressure of 8.6184 atm from a volume
of Sliters tol5 liters by raising i1s temperature (Consider NG behaves as an ideal gas and its specilic
heats as Cp = (6+0012T) cal/mole. K (6)
Solution

Mine-={ MY dariaH{MY Jena (Mydesiat(My )= (16x 0.84)+(30x0,1)#(44x0.03) + (28x0.03)=18.6¢m /mole
nng™ (32.55/18.6) = 1.74 mole
To calculate AE, we find at first, the work, (W), and the heat, (Q): W=-P(AV)
Where: P=86184am ,AV= V-V, = 15-5=10 liters.
W =-(8.0184)( 10) =- 86.184 atm. liter. = -86.184 x (1.98/0.08206) calories = -2079 calories
Q may be obtained either by considering constant Cp or variable Cp with temperature,
the ideal gas equation: PV=nRT
Where: T; isobtained when, P=8.6184 atm.V;=5liters. n=1.75moles
~Ti=(8.6184)( 5)/(1.75)(0.08206)=200 k

by the application of Charle's law; Va/ V= Ta/ T (since the pressure is kept constant).

S Ty= 900 k Cp=6-+0.012T Considering Cp varinble:
T; 200,

5 Qeen | CpdT = (1.75)] (64 0.012T) dT = 13860
T, g

AE= Q+W =13860-2079= 11781 calories = 11.781 keal.
At constant pressuere  AH= Qp= 13860keal.
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(b): The information in the table a1 25°C: Compound Al aG?%y 5 \
keal/mole keal/mole calfmale K

(i) Calculate AG®r at 25°C for the reaction:

CH,OHy, = COyy+ 2Hyy, Hagp 0.00 0.00 31.21
(i) Caleulate AG®; for TH,0H,y, at 25°C, CO.,, =26.42 -12.81 4730 ]
(i) Discuss the effect of tempemture on the  LEHOHyy -57.04 P 10.26

spontaneity of the reaction  (6)

Solution
AH®r = Eprod AH% - Ereact AH® = [(-26.42) +(0) — [(-57.04)+(0)] = 30.62 keal/ mol
AS°r=EProd5° - IReact §° . AS°r= [(47.321)+2(31.21)) - ((30.26)] =79.481 cal/ mol k
Applying equation: AG® = AH®.T AS®
. AG%=ANr- T AS® = 30.62 - (298)(-0.079481) = 59.7827 keal/ K
AG® r=LProd A G°% - ZReact A G% = [(-32.81) - [{AGH CHyOI; )] =6.97827 keal/ K
i ﬂG“pC"jﬂ"m‘-‘ -39.7883 Kcal/mole
The reaction is spontaneous only at high femperoture because the reaction Is endothermic
and natural

Question No. {3): (12 Marks)

(2): A 6 gm of NaHSO, dissolved in 500 gm of water lowers the freezing point of water by 0.426°C.
Assuming that NaH50, dissociates completely into Na* and H5047.1.eNall150 0y ——* Na* + HS04
and that the weak acid HSO4" dissociates partially to H" and 5047, according 1o the following reversible
' reaction: HSO4" —— H' + 8047 Calculate from the observed freezing point lowering the molality of
S04 iona in solution and the P of this solution, { tor watee TH=273K, and AHy,=1436 calimol ] {5
Solution
The apparent molakity = (6/120)/(0.5) =0.1
The effective malality of the solution is coleulated from e, n=AT /K,

K= R{T% }I= Maf (1000WAH, ) = 1.85 Sp= (042611 85)= £.2303 molal
The 1otal molality of the solution is given ns, Pro = Mpge ¥ Wi ® Ma® + Hsor
Where: .= 0.1 , Haie = Hs0ie, Hyso=0.1- pH*

02303 = 0,1 +0.1 - pH+ + pH++ pll+
Myt = o™, = 0.0103 molal. P ofsolution. =1.519
{): How many grams of O; are dissolved in a round lake that is 15093 km in diameter and an average of
6.096 m deep. Assume that O; obeys Henry's law when dissolved in water at 25°C and the atmospheric
pressure 1s 760 torr and the composition of air is 21% oxygen and 79% nitrogen by volume. {Assume
Henre's constant of oxygen at 25°C=333x10° torr./mole fraction), (4)

Solution
From Henry's law the solubility of each gas depends on its partial pressure;
Partial pressure = Tolal pressure x mole fraction
Por=(1)0.21)=021atm. x4 =Pp/lp= xgy®" P/ Hy
o Xgr= (D21)(760) (33.3x10%) = 4,793 x 10°
X o ={n M n.+1n;) m.= volume x density
Velume =3.14 x 600x(1.6x10%)%4=1.20576x10" cm’
m.= 1 gnv/em' x 1.20576x10" em3 = 1,20576x10"" gm
nw = 1.20576x10"/18 = 6.6987x 10" mole
4793 % 10" =(n o) 6.6987x10"+ ngg)  ..nge =3301624.7 mole massof O; = 1.03x 10°gm
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(£):The osmotic pressure of 0.2 gm of hemoglobin in 20 mL of solution is 2.88 mm 11g 0t 25°C. Caleulate the
molecular welght of hemoglobin. (3)
Solution
2 =nRTV R = 0,08206 mm. liv K. mol: T=25+427)=2N0 K
n=xV/RT =(2.88760 X0.02/(0.082)(298) = 1.0993x10* mole
o M=(0.23.0993x10% )= 6451 gm'molc

Question No. {4): (8Marks)

(a): Based on the relation between electrode potentials and free energy change, derive the Nemst
cquation?  (2)
Solution

AGr = - nFEcell R f

Wherc: AGr = Free energy change of reaction {calories’mole).

n =Number ol moles ol electrons transferred,

F = Faraday 96500 coulombs/ mole electron)

Feell = Potential of cell (volts).

IT the cell reaction oceurs under siandard state conditions, Eqn.{1) would be expressed as:

| AG"r=- nFE®eell ST 4 |
Substituting for AG®r = - nFE"cell = « (RT) In (Keq)
E%ell = (RTMF) In(Keq)  .oovvcencrvrcanns (1

AGr=AGT+{RT ) In(Q) ..vnvenrcnnsennens [#)
Substitvting for AGr from Eqn.(6.1} and for AG®r from Eqn.(2), equation (4) becomes:
Eecell = Eo%ell - (RT/0F) In(Q) wooveovvcceccsieens (5) The Nernst equation

(b): Calculate the electrode potential, E, AG and the equilibrium conslant {Keq.) for the reaction:
Pb,y+ 2H" =Pb™ + Hy,, under the condition that, [H7] =0.01 molaz, [Pb™] = 0.1 molar and

PH,=10"* atm and at temperature of 25°C. if you are given:
Pb™ + 26— Pby E%=-0.126volt  Hyg)—s 2H' #2¢- E% = 00volt  (6)

Solution
ZH® + 2" =H,, E*=0.0v,
Pby= Pb™+2a”, E°2=0126v,

Addlng th'l']H‘ =pp™+ H, te) Eﬂcgll =(0.126 v
& B = 0126 v,

Applying Mernst equation in the form :

Ecet = E%ei - (RT/NF) In{ Q) Where ;

R = 8.314 joule / k.male ; n = 2 mole electron

F = 86500 Coulombs/mole electron ; T=25+273 =288 K

E® =0.126 V [as calculated in]
Activities for ions will be taken as their molar concentrations gases as partial pessure and
for solids as unity .Econ = 0,126 - [(8.314) (298} / (2){96500)] In (0.1) (10%) /{ 0.01)*

CEBean =0.2147 v
AG, = - NFE = - (2% 96500x 0.2147)=- 41437.1 joule =- 41,437 k]
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Question No. [§): {12Marks)

(a): In a simplified Mow sheet diagram, explain the main steps of Portland cement manulbcture?  (3)
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(b): What are the factors that have 1o be considered in proportionating raw materials for cement elinker? (2)
The three main considerations in proporioning raw materials for cement clinker ore!
(13 The potential compound composition, which con be colculated from the oxide analysis of a given row
material mixtures or from the oxide analyses of the coment clinker or finished cement.

(2) The percentage of lguid phase at ¢linkering temperatures, The potential liquid phase content al
clinkering temperatures range from 18 to 25% and can be estimated from the oxide analysis of the mw mix., as
an example for 1450°C

(3} The burnability of the raw mix, i.e., ihe relative ease, in lerms of lemperature, time and foel
requirements, of combining the oxides inte good quality elinker.
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(€): [dentify the maia stages of setimyg and hardening of Portland cement acconding 1o the modem theany7())
Solution

(1) Dispenien of unreacted clmber praing = nater

(2) Alter a few mifiutca I'.}d_-:[!-r-; ooty et o gl e ot friom the surlace of cach |:r.1in

(0 Affter & fow bours; the coatings of differemt ¢limter eraind have begum tojoin up, the gel thus bevoming

continunusd wetting)
(A) After a few daxe. further develr—ent of

the gel hassccumed (handening)
(d): What are the mout common cathod

i reactions enceuntenad in metallic cormosion? (2)
| Solution

H}'{lrhpl:l! ovnlulion = = 2 s}

Exypen reduction (acid solution) (3« 4]+ “dg -» 210

Onypen reduction newtral or basic solutions) 0,5 2110 + de ——y JOIT
Metal i reduction: M7 & ¢ _u N

Metal deposition: LY I a— ¥ |

(¢): Explain the phenomena of activation polarization? (1)

Solution
Activation polarization refers to an electrochemical process, which Is controlled by
the reaction sequence at the metal electrolyte inferface. Ihis is caily illustraied by
considering hydrogen-evolution reaction on zine dunng comosion in aeid slution, Fig. (7.6) schemnticnlly
shows some of the possible steps in hydrogen reduction on a zing surfuce. These steps can also be applicd to
the reduction of any species on a metal surface,

step 12 The species must first be absarbed or attached 1o the surface before the reaction can proceed
necording to

step 22 electron transfer must occur, resulting in a reduction of the species.
step 3 two hadrogen atoms then combine 1o form hydrogen gas molucle

step 4; hydrogen molucles then combine to form hydrogen gas bubble,
The speed of reduction of the hydrogen ions will be controlled by the slowest of these sleps.

Scanned by CamScanner



Solution

(1).Dispersion of unreacted clinker ETRins in water.

(2):Aller a few minutes: hydration products eat into and grow out from the surface of each grain

(3):Afler a few hours: 1he coatings of different clinker grains have begun tajoin up, the gel thus becoming
continunus sclting),

(A)Alter a few days: further development of the gel hasoccurred thardening),
(): What are the most common cathodic reactions encountered in metallic corrosion? (8]
Solution

Hydrogen evolution: 211+ + 2" —slt,

Onygen reduction (acid salution). ;=411 +d¢” =+ 211,0

Oxypen reduction (neutral or hasic solwtions) O+ 21,0 + d4e° ——» JOIT
Mcinl ton reduction: M7 4 ¢ — M

Metal deposition: Me v ¢ —s M

(¢): Explain the phenomena of activation polarization? (2)

Solution
Activation polarization: refers to an eleclrochemical process, which is controlled by the
reaction sequence at the melal efectrolyte interface. This Is easily illustrated by cansidering
hydrogen-evolution reaction on zine during corrosion in acid solution. In the following figure,

schematically shows some of the passible steps in hydrogen reduction on a zing surface. These
sleps can also be applied to the reduction of any species on a metal surface.

(1):The species must first be absorbed or attached Lo the surface befare the reaction can proceed according
to [step 1).

(2) Following this, electron transfer (step 2) must eccur, resulting in a reduction of the species.

(3)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 slawest of these steps.

P - -
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