
Chemistry2720Fall 2001Assignment4 Solutions

1. If we addthefour reactionsgiven,we get thereverseof thedesiredreaction.Theenthalpy
changefor thedisproportionationreactionis therefore

∆H̄
� ��� � 91 � 51� 5 � 41� 8 � 36kJ� mol� �	� 220kJ� mol �

2. (a) Theenthalpy of combustionrefersto thereaction

CH2O 
 g� � O2 
 g�
� CO2 
 g� � H2O 
 l � �
Theenthalpy of combustionis therefore

∆H̄
�
c
� ∆H̄

�
f 
 CO2 � � ∆H̄

�
f 
 H2O� ��� ∆H̄

�
f 
 CH2O� � ∆H̄

�
f 
 O2 ��� �

Notethat∆H̄
�
f 
 O2 � � 0 �� ∆H̄

�
f 
 CH2O� � ∆H̄

�
f 
 CO2 � � ∆H̄

�
f 
 H2O� � ∆H̄

�
c� � 393� 51 � � � 285� 830� � � � 570� 78� kJ� mol� � 108� 56kJ� mol �

(b) For thecombustionreaction,

∆n̄gas
� 1 � 2 ��� 1 �� ∆Ē

� � ∆H̄
� � RT ∆n̄gas� � 570� 78kJ� mol � � 8 � 314510 � 10� 3kJK � 1mol � 1 � � 298� 15K � � � 1�� � 568� 30kJ� mol �

nCH2O
� 1 � 0045g

30� 03g� mol
� 0 � 03345mol �� q �V � � � 568� 30kJ� mol� � 0 � 03345mol� ��� 19� 01kJ�

3. Theoverall reactionis
H � 
 aq� � OH � 
 aq� � H2O 
 l � �

Theenthalpy changefor this reactionis

∆H̄
� � ∆H̄

�
f 
 H2O� � ∆H̄

�
f 
 OH ��� ��� 55� 815kJ� mol �

Wehave
�
0 � 080L � � 0 � 50mol� L � � 0 � 040mol of hydrogenionsand

�
0 � 045L � � 0 � 85mol� L � �

0 � 038mol of hydroxideions. Thehydroxideionsarethereforelimiting. Theheatgenerated
is therefore

q � P � � � 55� 815kJ� mol� � 0 � 038mol� ��� 2 � 1kJ�
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Sincethereactionproducesheat— this is themeaningof thenegativesign— the80 � 45 �
125mL of watergains2.1kJ,which will causethetemperatureto rise. Sincethedensityof
wateris about1g/mL, wehaveabout125g of water. Thechangein temperatureis therefore

∆T � q

mC̃P

� 2 � 1 � 103J�
125g� � 4 � 184JK � 1g � 1 � � 4 � 1K �� Tfinal

� 4 � 1 � 22
�
C � 26

�
C �

4. (a) We needto warmtheiron from 20
�
C andthenmelt it. Thenumberof molesof iron is

nFe
� 10g

55� 85g� mol
� 0 � 18mol �

Warmingtheiron to its meltingpoint requires

q1
� � 0 � 18mol� � 25� 1JK � 1mol � 1 � � 1808 � 293K � � 6809J�

To melt 10g of iron, weneed

q2
� � 10g� � 267J� g� � 2670J�

Thetotal heatrequiredis
qtotal

� q1 � q2
� 9479J�

Thereactionis writtenpermoleof Fe2O3 sothenumberof molesof Fe2O3 requiredis

nFe2O3
� 9 � 479kJ

852kJ� mol
� 0 � 0111mol �

Thenumberof molesof aluminiumis twiceaslargeasthis,sowehavenAl
� 0 � 0223mol.

Themassesof thetwo reactantsare

mFe2O3
� �

0 � 0111mol� � 159� 70g� mol� � 1 � 78g �
mAl

� �
0 � 0223mol� � 26� 98g� mol� � 0 � 600g �

Thetotalmassof thermitereagentis therefore2.38g.

(b) The standardenthalpy of reactionis for a fictitious reactionoccurringat 25
�
C. Thus

we imaginethat theheatreleasedby thereactiongoesinto heatingtheproductsfrom
25 to 3000

�
C. Heatingliquid iron from 25 to 3000

�
C takes

q̄Fe
� � 46� 024JK � 1mol � 1 � � 3000� 25K � � 136� 9kJ� mol �

Therearetwo molesof iron in a stoichiometricmixtureof the resultsfor the reaction
aswritten, soheatingthesetwo molestakes273.8kJ/mol of aluminiumoxide. From
theoriginal 852kJ/molproducedby thereaction,this leaves578kJ/mol. If all of this
is usedto heatAl2O3 
 l � , thenwehave

C̄P
� 578kJ� mol

3000� 25K
� 194JK � 1mol � 1 �

This is of courseaverycrudeestimate.
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