First-Year SL Chemistry

5. Energetics: Thermochemistry
Solution further problems.

1. Decrease in the strength and/or the number of bonds causes energy to be released in an exothermic
reaction.
2. d

2Mg 9+ Oz (g

(or Enthalpy)/kJ

Potential Energy

2MgO

Reaction coordinate
b) The reaction is exothermic.
) Reactants.
3. Heat gained by the calorimeter + water ssmplein calorimeter = - heat lost by 2" water sample

P (massof cdorimeter X C, of calorimeter X DT) + (mass of water X C,, of water X DT) = -
(mass of second water sample X C, of water X DT)

b (Hest capacity of caorimeter) (32.6- 24.1) K + (0.050 kg) (4.18 kkg 'K 1) (32.6 - 24.1) K
= - (0.050 kg) (418 kkg 'K ) (32.6 - 41L.7) K

P (Hesat capacity of calorimeter) (8.5K) + 1.77 kJ=1.90 kJ

P Heat capacity of calorimeter = [(1.90- 1.77) kJ] / 85K

b Hest capadity of caorimeter = 0.01520 kJK * = 0.015 kK *

4. alf 2NO( + Clyg ® 2NOCl DH'=- 77.4kJ
then NO(g + %2 Clyg ® NOCly) DH'=- 77.4kJ/2=- 38.7kJ
b) 6 NOClg ® 6 NO() + 3 Clyg DH'=- 77.4kJX 3=- 232.2kJ

5. 2Na+2Sg+3/2029® NapS,0s¢ DH=DH

DH.
CHyg) + 202 ¥%® COzg + 2H20 ()

DH; \ / DH,

C9 + 2Hzg) *+ 202 (g
DH, = DH; + DH.
DH. = DH, - DH;
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Where, DHy = DH { [CHag] = (Lmoal) (- 75 kJmol 1) =- 75kJ

DH, = (2 mol) DH} [H200)] + (1 mol) DH} [COzg]

=(2mol) X (- 285.83 kJmol ! ) + (1 mol)(- 393.51 kamol ! )
DH, = - 956.17 kJ
DH;=- 956.17kJ- (- 75kJ)
DH: =- 890.17 kJ

DHc = - 8.90 X 10° kImol * (mol * obtained from the equation)

. MR (C5H1005) = 155.15
Hesat gained by the calorimeter and contents = heat capacity X DT
= (15.8kJ°C) (210.54 - 20.00) °C

=3010.532 kJ
DH = - heat energy gained by caorimeter and its contents
DH =- 3010 kJ
) _ 5 _
@ S010k)  OFSIS0CH0s 2 grraziymor?
§0.548 g C,H,,0, & 1mol C,H,i0; 4
DHc=- 852X 10° kimol *
Cl g ® 2Cl g DH = bond enthapy
[%2Clg ® Clg DH = enthapy of atomizetion]

- @

DHan
CHyg + Clg %%® CHsClg + HClg

DH; \ / DH,

C *+4H g+ 2Cly
DHyxn = DHy + DH,
where, DH; = bond breaking
= (4 mol) E(C-H) + (1 mol) E(C-Cl)
= (4mol) (412 kImol * + (1 mol) (242 kImol )
= 1890 kJ
DH, = bond making
= (3mal) E(C-H) + (1 mal) E(C-Cl) + (1 mal) E(H-Cl)
= (3moal)(- 412 kJmol ") + (1 mol)(- 338 kImal ™) + (1 mol)(- 431 kI mal ')
= - 2005 kJ
DHixn = (1890 - 2005) kJ=- 115 kJ

DHxn = - 115 kJmol ! (mol ! from the equation)
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(b)

DHrxn
CHo=CH, (g + MO () %% ® CHsCH,OH

DH; \ / DH;

2C (g +6H @ + O
DHexn = DHy + DH;
where, DH; = bond breaking
= (4 mal) E(C-H) + (1 mal) E(C=C) + (2 mol) E(H-O)
= (4 mol) (412 kI mol ) + (1 mol)(612 kImal *) + (2 mol) (463 kd mol %)
= 3186 kJ
DH2 = bond making = (5 mal) E(C-H) + (1 mol) E(C-C) + (1 mol) E(C-O) + (1 mal) E(O-H)
= (5mol) X (- 412 kJmol ) + (1 mol)(- 348 kJ mol ) + (1 mol)(- 360 kd mol %) + (1 mol)
(- 463 kImal )
= - 3231kJ
DHexn = (3186 - 3231) kJ=- 45kJ

10.
Cis-but-2-ene
Trans-but-2-ene
I~
2
S - 6.8 kIJmoal - 6.6 kJmol
o
|5
£
v v CH3CH2CH,CHjs ()
Reaction coordinate

Trans-but-2-ene is thermodynamically more stable. Because hydrogenation of trans- but- 2-ene give off
less heat than cis-but-2-ene, it can be said that the former is a alower potentid energy than the latter and
therefore more stable as depicted above.
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