
Chemistry2720Fall 2002Test3 Solutions

1. Thesecondionizationenergy of heliumwouldbe

EI
��� E1

� 22RH

12
� 4RH �

In electron-volts,Rydberg’s constantis therefore54� 416eV
�
4 � 13� 604eV.

2. (a) ∆p � h
4π∆x . Sincethecavity hasa radiusof 1.14nm, ∆x � 1 � 14nm. (If we guessthat

themoleculeis in themiddleof thecavity, wecanbewrongby atmost1.14nm.) Thus,

∆p � 6 � 6260688 � 10� 34J
�
Hz

4π � 1 � 14 � 10� 9m	 � 4 � 63 � 10� 26kgm
�
s�

mCH4
� 16� 043 � 10� 3kg

�
mol

6 � 0221420 � 1023mol � 1
� 2 � 6640 � 10� 26kg �
 ∆v � ∆p

�
m � 4 � 63 � 10� 26kgm

�
s

2 � 6640 � 10� 26kg
� 1 � 74m

�
s�

(b) If theradiusis 1.14nm, thenthelengthof thebox is thediameter, 2.28nm. (This is of
courseverycrude.)Theminimumkineticenergy is

Kmin
� E1

� 12h2

8mL2� � 6 � 6260688 � 10� 34J
�
Hz	 2

8 � 2 � 6640 � 10� 26kg	�� 2 � 28 � 10� 9m	 2� 3 � 9629 � 10� 25J�
 vmin
� � 2Kmin

�
m� 2 � 3 � 9629 � 10� 25J	

2 � 6640 � 10� 26kg
� 5 � 4545m

�
s�

(c) The minimum speedis 5.4545m/s. Sincethe velocity vectorcanbe orientedin any
directionin thecavity, theuncertaintyin any componentof thevelocity (which is what
we get from theuncertaintyprinciple) is 5.4545m/s. This is considerablylarger than
thelimit imposedby theuncertaintyprinciple.

3. This is a conservation of momentumquestion. The photonhasmomentum. When it is
created,theatom’smomentummustthereforechangeby anequalandoppositeamount.

pphoton
� h

λ
� 6 � 6260688 � 10� 34J

�
Hz

0 � 4960 � 10� 6m
� 1 � 336 � 10� 27kgm

�
s�

1



mHg
� 201� 970617 � 10� 3kg

�
mol

6 � 0221420 � 1023mol � 1
� 3 � 3538 � 10� 25kg �
 ∆v � ∆p

m
� 1 � 336 � 10� 27kgm

�
s

3 � 3538 � 10� 25kg
� 3 � 983 � 10� 3m

�
s�

This is aninsignificantchange.

4. Theenergy of thephotonis

Ephoton
� hc

λ
� � 6 � 6260688 � 10� 34J

�
Hz	
� 2 � 99792458 � 108m

�
s	

58� 4 � 10� 9m
� 3 � 40 � 10� 18J�

Thekineticenergy of theejectedelectronsis

K � 1
2

mv2 � 1
2
� 9 � 1093819 � 10� 31kg	
� 1 � 59 � 106m

�
s	 2 � 1 � 15 � 10� 18J�

Thedifferencebetweenthetwo is theionizationenergy:

EI
� Ephoton

� K � 2 � 25 � 10� 18J�
5. (a) Becausethesymmetryis notcubic,the(100),(010)and(001)reflectionsareall differ-

ent. It seemshighly likely that they will producethe threelowestangles,so I’ ll start
with these.Note that the (010),which correspondsto planesseparatedby the largest
latticeconstant,will give thesmallestangle.

d010
� b � 784pm�

sinθ010
� λ

2d010

� 178� 5pm
2 � 784pm	 � 0 � 114�
 θ010

� 6 � 54� �
d100

� a � 634pm�
sinθ100

� λ
2d100

� 178� 5pm
2 � 634pm	 � 0 � 141�
 θ100

� 8 � 09� �
d001

� c � 516pm�
sinθ001

� λ
2d001

� 178� 5pm
2 � 516pm	 � 0 � 173�
 θ001

� 9 � 96� �
After that,we’re goingto have to experimenta little. Thesmallestanglescorrespond
to thelargestdistances.Let’s just calculatea few distancesandpick thesmallesttwo:

1

d2
110

� 1� 634pm	 2 � 1� 784pm	 2 � 4 � 11 � 10� 6 � pm	 2 �
2




 d110
� 493pm�

1

d2
011

� 1� 784pm	 2 � 1� 516pm	 2 � 5 � 38 � 10� 6 � pm	 2 �
 d011
� 431pm�

1

d2
101

� 1� 634pm	 2 � 1� 516pm	 2 � 6 � 24 � 10� 6 � pm	 2 �
 d101
� 400pm�

d020
� b

�
2 � 392pm�

It shouldbe clearby now that we’re not going to do betterthanthe (110) and(011).
We cannow proceedto calculatethecorrespondingrefractionangles:

sinθ110
� λ

2d110

� 178� 5pm
2 � 493pm	 � 0 � 181�
 θ110

� 10� 43� �
sinθ011

� λ
2d011

� 178� 5pm
2 � 431pm	 � 0 � 207�
 θ011

� 11� 95� �
(b)

p � h
λ
� 6 � 6260688 � 10� 34J

�
Hz

178� 5 � 10� 12m
� 3 � 712 � 10� 24kgm

�
s�

v � p
m
� 3 � 712 � 10� 24kgm

�
s

1 � 67492716 � 10� 27kg
� 2216m

�
s�

6. The longestwavelengthline will have the smallest∆E of the series. This hasto be the
transitionfrom level n f � 1 to level n f . Thephotonenergy is

Ephoton
� ∆E � hc

λ� � 6 � 6260688 � 10� 34J
�
Hz	�� 2 � 99792458 � 108m

�
s	

12� 368 � 10� 6m� 1 � 6061 � 10� 20J�
Thedifferencein energy betweenthetwo levelscanbewrittenas

∆E � RH

�
1

n2
f

� 1

n2
i �� RH

�
1

n2
f

� 1� n f � 1	 2 � �
 1

n2
f

� 1� n f � 1	 2 � ∆E
RH

� 7 � 3679 � 10� 3 �
3



1
�
n2

f hasto be larger thanthe quantityon the right of the last equality, which meansthat
n f � 11. Let’s just try valuesof n f , workingour waydown from 11:

n f
1
n2

f

� 1�
n f � 1� 2

11 1 � 3200 � 10� 3

10 1 � 7355 � 10� 3

9 2 � 3457 � 10� 3

8 3 � 2793 � 10� 3

7 4 � 7832 � 10� 3

6 7 � 3696 � 10� 3

This lastvalueis in reasonablycloseagreementwith theexperimentalvalue.Thedifference
is almostcertainlyattributableto experimentalerror. Accordingly, weconcludethatn f

� 6.
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