
Chemistry2720Fall 2001Test2 Solutions

1. Thewavelengthof theneutronsmustbe

λ � 2d sinθ
n

� 2
�
1 � 8Å � sin

�
10���

1
� 0 � 625Å �

Themomentumof theneutronsis therefore

p � h
λ
� 6 � 6260688 � 10� 34J� Hz

0 � 625 � 10� 10m
� 1 � 06 � 10� 23kgm� s�

Thespeedis

v � p
m

� 1 � 06 � 10� 23kgm� s
1 � 67492716 � 10� 27kg

� 6328m� s�
Thekineticenergy is therefore

K � 1
2

mv2 � 1
2

�
1 � 67492716 � 10� 27kg� � 6328m� s� 2 � 3 � 35 � 10� 20J�

2. (a) Thereactionis
3UF6 	 g
�� 4O2 	 g
 U3O8 	 s

� 9F2 	 g
 �

For this reaction,

∆Ḡ � � ∆Ḡ � f 	 U3O8 
�� 3∆Ḡ � f 	 UF6 
� � 3369� 5 � 3
� � 2029� 1� kJ� mol � 2717� 8kJ� mol�

∆Ḡ � ∆Ḡ � � RT ln

� �
aU3O8 � � aF2 � 9�
aUF6 � 3 � aO2 � 4 �� 2717� 8kJ� mol � �

8 � 314472 � 10� 3kJK � 1mol � 1 � � 298� 15K � ln � �
1� � 10� 4 � 9�
1� 3 � 0 � 2� 4 �� 2528� 3kJ� mol�

Since∆Ḡ � 0, theprocessis nonspontaneous.

(b) Goodcandidateswouldeitherproducethereactantoxygenor removetheproductfluo-
rine. Sincefluorineis astrongoxidizingagent,its reactionwith agoodreducingagent
might besufficiently spontaneousto make thedesiredconversiongo. Sinceoxygenis
necessarilyalsopresent,we have to choosea reactantwhich isn’t oxidizedtoo fastin
air. Onepossibilitywouldbeto try addingmetalshavingsto thereactionchamber. For
instance,we couldtry to addaluminiumshavings. Aluminium is passivatedby a thin
oxidelayerin air, but it mightstill reactwith fluorineaccordingto

Al 	 s
�� 3
2

F2 	 g
�� AlF3 	 s
 �
1



3. Thereactionis
NiCl2 	 s
�� Ni2�	 aq
 � 2Cl� 	 aq
 �

For this reaction,

∆Ḡ � � ∆Ḡ � f 	 Ni2� 
 � 2∆Ḡ � f 	 Cl �

 � ∆Ḡ � f 	 NiCl2 
� � 46 � 2
� � 131� 218� � � � 259� 03� kJ� mol � � 49kJ� mol �� K � e � ∆Ḡ ����	 RT 
� exp

�
49000J� mol�

8 � 314472JK � 1mol � 1 � � 298� 15K � �� 4 � 52 � 108 �
Supposethatthesolubility is s. Thentheconcentrationof Ni2� is s andtheconcentrationof
Cl � ionsis 2s. Accordingly,

K � s
�
2s � 2 � 4s3 �� s3 � �

4 � 52 � 108 ��� 4 � 1 � 13 � 108 �� s � 483mol� L
(sincethestandardconcentrationis 1mol/L). Thisis anenormousvalue,clearlymuchhigher
thanthe solubility couldpossiblybe. (Themoledensityof wateris only about55mol/L.)
Thismeansthatnickel chlorideis extremelysolublein water.

4. Thereactionis
2NO2 	 g
� N2O4 	 g
 �

Notethattheresultswhichfollow dependonexactlyhow youwrotedown thereaction.The
equilibriumconstantcanbecalculatedfrom thepressuresby

K � aN2O4�
aNO2 � 2 � PN2O4 � P ��

PNO2 � P � � 2 �
Thus

K298
� 23Torr� 750� 062Torr�

46Torr� 750� 062Torr� 2 � 8 � 15

and

K305
� 30Torr� 750� 062Torr�

68Torr� 750� 062Torr� 2 � 4 � 87�
Thestandardfreeenergy of reactioncanbecalculateddirectly from K298:

∆Ḡ � � � RT lnK� � �
8 � 314472JK � 1mol � 1 � � 298K � ln � 8 � 15�� � 5 � 20kJ� mol �

2



Thestandardenthalpy of reactioncanbefoundfrom thevariationof theequilibriumconstant
with temperature:

∆H̄ � � R ln
�
K1 � K2 �

1
T2

� 1
T1� �

8 � 314472JK � 1mol � 1 � ln � 8 � 15� 4 � 87�
1

305K � 1
298K� � 55� 59kJ� mol�

5. (a)

another
primitive
unit cell

primitive unit cell

(b) We startby drawing somex andy axeswhich follow themajorcrystallographicaxes:

3



x

y

The x interceptis 1 (in units of the unit cell length)andthe y interceptis ! 2. The
reciprocalsof thesenumbersare1 and ! 1

2. We multiply bothof thesevaluesby 2 to
getintegers.TheMiller index of thisplaneis therefore" 21̄# .
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