Mid-Term Exam Mansoura University
Engineering Chemistry MTH D21 Faculty of Engincering
8710/ 2017 PR Program: BME
Tatal Mark: 25 Time: 45 minute % o Level: 0.0
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{Ar=40, K=39, C=11, CI=35.5, N=14, 0 =16, He =4 and =1}
Answer the following questions: Y1 ALY e Ll
(1): How many gm of KCIO; was decomposed in the lab to produce 182 em’ of oxygen pas form the
reaction: 2KCI0y ——— 2 KCI + 30);. The oxygen was collected over water. Atmospheric pressure
in the room at the time was 731 e, The temperature of the water{= temp of the gas) was 20 °C. If the
vapor pressure of water at this temperature is 17.54 1orr, (5)
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(2): Calculate the density of an equimolar mixture of He and Ar at 82 °C and 600 mm le? (3)
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(3): Calculate the change in internal cnergy, (AE) and AH when 28 gm of methane gas (CH,), are
compresed isobarically at 7.749 atm. from 15 hiters to 5 hiters by coling the gas,” {consider methane
behaves as an ideal pas during this process and the speific heat of CHi a1 constant volum
Cy=336+0.0115T cal/mol. k ).  (6)
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{4): RefTering to the information in the table at 25°C: (6)
FE:(]“H +:,-“"] —_— IFEI.. "'r".!_'_nl“

predict whether the given reaction would be: Compotnd ':“_[ f _ )
o , to i keal'mole | cal'mole.deg.
(i) Exothermic or endothermic at 25°C, -
. " Fe(s) (00,00 6,490
(i) Natwral and possible or not, Y Y R
(1) Takes place as written at the standard state 5 {:i 11%' o "'I‘ 500
conditions at 25°C. and indieate the effect of (s Mol .
Al Oy(s) =399.092 12,185
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(5):Calculate the volume of air required and the velume and composition of the (Tue gases at S.T.P., when | Kg.
of oil is bumed stoichiometrically, if the oil analysis is 84% carbon and 16% hydrogen by weight. (5)
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(6):By applying van der Waals equation of state predict the pressure exerted by 15,714 gm of CO; ina
closed vessel of volume 1.50 liter at 27 °C.Consider van der waals constants as:
2=3.592 atm liter’/mole’, b=0.9698 r:m".a'gm (3)
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Mid-Term Exam Mansoura University
Engineering Chemistry MTII 021 Faculty of Engineering
RI10/ 2017 AT Program: BME
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(Ar =40, K=1%, C=11, CI=35.5, N=14, 0 =16, [le =4 and [I=1}
Answer the following questions: AL ALY 8 v
(1): How many gm of KCIO; was decomposed in the lab to produce 182 cm’ of oxygen gas form the
reaction: ZKCI0; ——— 2 KC1+ 30;. The oxygen was collected over water, Atmosphenic pressure
in the room at the time was 731 torr. The temperature of the water(= temp of the gas) was 20 °C. If the
vapor pressure of water at this temperature 15 17.54 1o, (5)
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Solution
Peas = Prossi = Pagrer = 7311754 = 713,46 torr = 0.9388 atm
Applying: n=PV/RT
Np; = (0.9388 x 0.182)/ { 0.08206 x 293.15 )= 7.10x 10 moles

From bal, eqn 2mol KCLOy = 3mol O: . N gaon= 7.10 x 107 (2/3)=4.7333x107 moles
Mass of KCLO=4.7333x10%%122.5 = 0.5798 gm.

(2): Caleulate the density of an equimolar mixture of He and Ar at 82 °C and 600 mm Hg? (3)

Solution
Density p is defined as mass per unit volume or p=PM/RT
P=0600/760 =0.7895 atm T =82+273 = 155K R =0.08206 aim.lit/ K mole

Mav = wM, =voMa =

Mav = 0.5x 4 +0.5x40 =22 g/mole .. p= (0.7895)22)/(355)(0.08206) = 0.5962 gm !/ lit.
(3): Caleulate the change in intemal energy, (AE) and ANl when 28 gm of methane gas (CH.), are
compresed isobarically at 7.749 atm. from 15 liters to 5 liters by coling the gas,? (consider methane
behaves as an ideal pas during this process and the speific heat of CHy at constant volum
Co=136+00115Tcal'mol. k). (6)

Solution

To calculate AE, we find at first, the work, (W), and the heat, (Q): W=-P(AV)
Where: P= 7.749atm AV = V-V = §-15=-10 liters.
W o (T.749) -10) =77.49 atm, liter. = 77.49 (| 98/0.08206) calories = 1869.7119 calories
Q may be obtained cither by considering constant Cp or variable Cp with temperature,
the ideal gas equation: PV=nRT
Where : Ty is oblnined when, P = 7.749 atm.V, = | 5 liters. n=28/16=1.75molcs
S Ty= (T.T40) 151(1.7500.08206)=809.4078 k
by the application of Charle's law: Vi/ V= Ta/ Ty (since the pressure is kept constant).
5 Ty= 2698026 k  Cp=Cv+R=336+1.98+0.0115T Cp=534+0.0115T
Considering Cpvanable:

T, 260 8
5 Qp=n | CpdT = (1.75)] (5.34 < 0.0115T) dT =-10902.483
T, 809.41
AE= Q+W =.10902.483+1869.7319= -9032.751 calories = - 9.0328 keal.

At constant pressucre AH= Qp=-10.902 Keal.
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{4): Reflening to the information in the table at 25°C: ()

FL";H.I:-; +2ALy —_3‘ aFe + ALy E'ﬂmrmuml AHOT go
prfdlct wh-.:tln:'r the given r:.-uull:'nn would be: keal/mole | cal/mole.deg.
{l] Exothermic or i:m:!ul:hi.:nm:: at 25°C, Fe(s) 000,00 6.490
[n]l Natural and rms:ﬂhln:_ur not, Al(s) | OO0.00 6,770
(1) Tokes place as wrilten ot the standard state Fe:05(s) | -196.50 31,500

conditions al 25°C. and Indicate the efTect of
Al:Oy(5) | -399.092

Solution
(i} Forfinding AH% a1 25°C;
AH®r = Iprod AH"f - LreactAH®%
= [(0.0) + (-399.092)] - [(-196.50)+(0.0)] =.-202.592 kcal. The reaction is exothermic
(i1} Forfinding AS°r a1t 25°C;
AS® = EProd §° - EReact §°
= [ (21 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 equation AG® = AH? =T AS®
SoAGT =AHT < T AS? =<202.592- (298)(0.009875)= «199.669 keal
It is interesting to note that this relation has a negative AH® and a negative AS®, so the Reaction is
sportancous at low temperature (standard state conditions and at 25°C.) but become nonspontancous at
high lemperature.

(5):Caleulate the volume of air required and the volume and composition of the ue gases at ST.P, when | Kg.
of oil is burned stoichiometrically, if the oil analysis is 84% carbon and 16% hydrogen by weight. (6)
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Solution

Basis: 1 Kg. of oil,
Therefore, | K gm. of oil required theoretically (84071 2+160/4)=110 mole oxygen
Number of mole air required =110 (100°21) = 523.8095 mole
Volume of air required actually {at 5.T.P) = 523.8095 X22.4=11740.6667 liL=11.7407m’
The fue pases consist of at {5.T.P):

Na= 110 x (79/21)= 413.8095 mole= 413.8095x.0224 = 9.2751 m’

CO,= (840/12)(0.0224)~ 1.5689 m’ Hy0= (160/2)(0.0224)= 1.7928 m’
. Vaolume of the combustion gases from | K gm. oil = 12,637 m’ mt S.T.P.
S Flue gas analysis by volume is: Ny=73.5%, CO;=124%, & H:0=14.1%

(6):By applying van der Waals equation of state predict the pressure exerted by 15.714 gm of CO;y inn
closed vessel of volume 1.50 liter at 27 "C.Consider van der waals constants as:
n=3.592 atm liter’/mole’. h=0.9698 cm’/gm  (3)

Solution
applying van der Waals equation of state: F=[nﬂﬂf[\’-nh)—(nn:ﬂ':]

n=15.714/44=0357TImole  T=300K 5=3.592 atm liter’/mole’  b=0.9698 cm’/gm =0.04267 livmole
S P=] (03571x0.08206x300)/(1.5 - 0357 1x0.04267 )| - I{J.S'ihl],.‘l-ﬁ'!l’!l.ﬁ’] | =5.717 atm.
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