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Final exam

Exercisel (7points)

Calculate the change in enthalpy and internal energy of 10 g of ice whose temperature varies
from -20 °C to 100 °C at atmospheric pressure.

The heats of mass of the pure bodies are given:

e Cp (H20, solid) =0.5cal. gt K V (H:0, solid) = 19.6 cm3.mol*
e Cp (H0, liquid) =1cal. gt K? V (H:0, liquid) = 18 cm®.mol*

The enthalpies of mass of phase change:

e Ah° melting, at 273 K (H20, solid) = 80 cal.g*
e Ah° evaporation, 373 K (H.0, liquid) = 539 cal.g*

Exercise2 (7points)
Calculate the standard enthalpy of the following reaction:
CzHa (9) + H20 (g) — C2HsOH (9)

1. From the standard molar enthalpies of formation.
2. From the binding energies.
3. Give an explanation for the results found.

We giVGZ AHfo,zgg (CzH4,g) = 33.6 kJ.mol-1 AHf°,298 (CszOH,g) =-275.9 kiJ.mol-1
AH;° 208 (HzO,g) = -242.4 kJ.mol-1

Bond H-H C-H C-C O-H C-0 C=C
Ah® 5 -4347 -4138 -2633 -4598 -3135 -611.8
(kJ.mol™)

Exercise3 (6points)

1-Give the work formula for

e isothermal transformation ( T = cst)
e isobaric trasformation (p=cst)
¢ Reversible adiabatic transformation (dQ= 0)
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* Cp(H;0, solid)=05cal gt K WV (H:0, solid) = 19.6 cm’ mol!
o  Cp(H.O, ligud) =1 cal g K'! WV (H20, liguid) = 18 cm® mol!
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*  Ah? melting, at 273 K (H;O, solid) = 80 cal g!
+  Ah® evaporation, 373 K (H;O, liquid) = 539 cal gt
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C2H4 (g) + H20 (g) — C2H50H (g)
(Sl gl sall Y (g 1.
Ll il (e 2.

i".H;":'_;gg {C:H.;g} =336 kl.mol-1 .’J.Hf'::;_g-g {C]Hf DH@} =-275.9 kI.mal-1 - H

AHF, 253 (H,0,g) =-242 4 kI.mol-1

Y HH CH CC OH CO C=C
Ah® g -4347 -4138 -2633 -4598 -3135 -6l1.8
(kJ.mol™)
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Final exam correction

Exercisel (7points)
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1. The enthalpy of heating of the ice is:

o 273
AHI = [ mC,(H,0,s)dT | 05
253

Note that the specific heats at constant pressure are mass.

H:® = 10%0.5%(273-253) = 100cal. [ 5

2. The enthalpy of fusion of ice is: AH® = m AH® fusion

AH,° = 1080 = 800cal [ o g -
3. The enthalpy of heating of liquid water is:

o 373 AH3° =10.1. (373-273) = 1000cal. | g5
AH, = | mC,(H,0,)dq o5

2

4. The enthalpy of vaporisation of water is: AH4° =m AH%zp | g5
AH4° =10.539 = 5390cal | (5

The change in enthalpy of transformation of water is : AH®= > AH®= 7290 cal.

a) AH® = AU® + A (PV) => AU* = AH>- A (V) [ 05
APVI=PAV=0 : V(S -V(s)s=0 =>AH®=AU? =100 cal. | 025
b) AU, = AH®,- P [V(1)273 - V(5)273] 0.25
V (173 - V(5)a73 = (18 =196 ) =-1.6 ecm’.mol™ = -1,6.10° m’.mol™
AU%=800—-[1.013 .10° (-1,6 . 10©)] /4,18. 18 = 800 — 2,15.10° = AH",
AU°, = 800 cal. | 0.25

0.25

¢) AU° = AH°; = 1000 cal. | 0.25

0.25
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Exercise2 (7points)

CH, (g +H,O(g) — CHOH(Z AH sk

1. According to Hess's law, the standard enthalpy of the reaction is :

ﬁHR(z*}B) =) ,&H? (. PRODUCTS) - ' ﬂH? (REAGENTS )

1.0
AH," 508 = Ah¢® 505 (C;HsOH, g) - Ahy® 505 ( CoHy g) - Ahy®.005 (H50,2) | 050
ﬂHroqggg = -234,1 — 3:1“6) - (- 242,4) =-25.3KkJ 0.25
2. All substances are in a gaseous state. Therefore, to calculate the enthalpy of
reaction, we can apply Hess's law according to the binding energies or the
cycle method.
AH;% = E”I_A;,;gg Product’s bond — E”;'M;gg' Reactive’s bond 1.0
AH?
H,C = CH, (g) + H-O-H (g) 228y H,C-CH, OH (g) a 298K
AH, 1.0
' (2) +6H(g) +O(g)
AH, oo = AH, — AH, —AH, | 05
AH1 :4Ah29 (C —H)Jré.h2 (C=C)| 050
AH, =[4(-413,8)-611.8]=-2267kJ | 0.25
AH, =2Ah. (O—H
) 105 ) | 050
AH, =2(-459,8)=-919,6kJ | 025
o _5 o L o . . [+ S . o B
AHy = 5Ah, o (C—H)+Ah o (C=O0)+ M, (C=C)+ AR, (O—H) | 050

AH, =-3105.6kJ | 0.25
AH .o =AH, —AH, —AH, =79] | 0.5
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c) The value found in (b) is different from that found in (a) because the enthalpies
of the bond energies are calculated using approximate methods. It is assumed that
the bonds are identical and have the same value in the different molecules.

Exercise3 (6points)

e isothermal transformation ( T = cst)

1.0

P, Vi
WH:uRTth— = | W, =nRT In—
L v, |[L0

e isobaric trasformation (p=cst)

0.25

1.0 le — _Pl (VZ _ Vl) le = —mR {Tz — Tl }

1.0

e Reversible adiabatic transformation (dQ= 0)

nRT,—nRT, P, V,—P,V 2.0
(y—1) - (y=-1

Wi, =




