
Chemistry2720Fall 2001Assignment7 Solutions

1. (a) This is a fairly straightforwardexercise,exceptthatstep4 generatesoneequivalentof
eachof dihydroxyacetonephosphateandof glyceraldehyde-3-phosphate,the former
beingconvertedto thelatterin step5. Steps4 and5 canthereforebereplacedby

D-fructose-1,6-diphosphate� 2glyceraldehyde-3-phosphate ∆Ḡ
�����

31� 3kJ
�
mol�

We thereforeneedto doubleup all the following reactionsin order to useup the
glyceraldehyde-3-phosphateproducedin thesesteps.Theoverall reactionis therefore
foundby addingthefollowing reactions:

∆Ḡ
���

(kJ/mol)
1. D-glucose	 ATP �

D-glucose-6-phosphate	 ADP 
 16� 7
2. D-glucose-6-phosphate� D-fructose-6-phosphate 1 � 7
3. D-fructose-6-phosphate	 ATP �

D-fructose-1,6-diphosphate	 ADP 
 14� 2
4 	 5. D-fructose-1,6-diphosphate� 2glyceraldehyde-3-phosphate 31� 3

6. 2glyceraldehyde-3-phosphate	 2phosphate	 2NAD � �
2(1,3-diphosphoglycerate)	 2NADH 	 2H � 12� 6

7. 2(1,3-diphosphoglycerate)	 2ADP �
2(3-phosphoglycerate)	 2ATP 
 37� 6

8. 2(3-phosphoglycerate)� 2(2-phosphoglycerate) 9 � 2
9. 2(2-phosphoglycerate)� 2(2-phosphoenolpyruvate)	 2H2O 3 � 4

10. 2(2-phosphoenolpyruvate)	 2ADP � 2pyruvate	 2ATP 
 62� 8
D-glucose	 2phosphate	 2NAD � 	 2ADP �

2pyruvate	 2NADH 	 2H � 	 2ATP 	 2H2O 
 73� 1
(b) Thereactionwill producethemaximumATPto ADP ratiowhenthereis noexcessfree

energy, i.e.when∆Ḡ
�

0.

∆Ḡ
�

∆Ḡ
��� 	 RT lnQ

��
0 �� Q

�
max

�
e � ∆Ḡ ������� RT � � exp

�
73100J

�
mol�

8 � 314510JK � 1mol � 1 � � 298� 15K ����
6 � 40 � 1012 �

SinceQ
��� �

a
�
pyr
� 2 � a �NADH

� 2 � a �H � � 2 � a �ATP
� 2 � a �H2O

� 2�
a
�
gluc

� � a �Pi
� 2 � a �NAD � � 2 � a �ADP

� 2 ��
aATP

aADP
� 2      max

�
Q
�
max

�
a
�
gluc

� � a �Pi
� 2�

a
�
pyr
� 2 � a �H � � 2 � a �H2O

� 2 �
a
�
NAD �

a
�
NADH

� 2 �
1



Thetermsappearingin thisequationaremostlystraightforward,exceptfor theactivity
of H � . Sincethe pH is 7 in thebiochemists’standardstate,thestandardconcentration
of protonsis 10� 7mol

�
L. Theactivity of H � is therefore

a
�
H � � !H �#"

10� 7mol
�
L

�
1 �

� �
aATP

aADP
� 2      max

� �
6 � 40 � 1012� �

0 � 01� � 0 � 002� 2�
6 � 10� 5 � 2 � 1� 2 � 1� 2 � 0 � 25� 2 � 4 � 44 � 1014 �

� aATP

aADP

    max

�
2 � 11 � 106 �

2. (a) Thesolubility equilibriumis

Be
�
OH� 2 � s�%$ Be2�� aq� 	 2OH� � aq� �

When4 � 3 � 10� 8mol
�
L of berylliumhydroxidedissolvein water, 8 � 6 � 10� 8mol

�
L of

hydroxideionsarereleased.Sincethis is similar to theamountof hydroxidegenerated
by theautoionizationof water, wecan’t neglecteithersourceof hydroxide.

(b) !OH� " � !H �&" 	 2 !Be2�&"
(c) SinceKw

� �
aH � � � aOH' � , thehydrogenion concentrationcanbewrittenas!H � " � Kw

aOH' c
�

wherec
� �

1mol
�
L is thestandardconcentration.Substitutingthisexpressioninto the

chargebalanceequationandrecallingthat !Be2�(" � 4 � 3 � 10� 8mol
�
L, weget!OH�)" � Kw

aOH' c
� 	 2 !Be2� " �� 0

� !OH� " 2 
 2 !Be2� " !OH� " 
 Kwc
�� !OH�)" 2 
 8 � 6 � 10� 8 !OH�*" 
 10� 14 �� !OH�)" � 1

2 + 8 � 6 � 10� 8 ,.- �
8 � 6 � 10� 8 � 2 
 4

� 
 10� 14�0/�
1 � 5 � 10� 7mol

�
L �

(d) Ksp
� �

aBe2� � � aOH' � 2 � �
4 � 3 � 10� 8 � � 1 � 5 � 10� 7 � 2 � 9 � 9 � 10� 22 �

(e) Sincethe only sourceof beryllium ions in solution is the beryllium hydroxide,the
solubility is justequalto theconcentrationof berylliumionsin solution.

aBe2� � Ksp�
aOH' � 2 � Ksp

�
aH � � 2

K2
w

� Ksp
�
10� pH � 2
K2

w

� Ksp10� 2pH

K2
w

�
2
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Figure1: Base-10logarithmof thesolubility of Be
�
OH� 2 in waterat 25

�
C asa functionof pH.

Notethatthesolubilitiesat very low pH areunrealisticallyhighandwouldnodoubtbelimited by
otherfactorsthanthoseconsideredin ourcalculation.

� log10

� !Be2�("
c
� � �

log10

�
Ksp

K2
w
� 
 2pH�

7 � 0 
 2pH �
Remarkably, therelationshipbetweensolubility andpH is linear. Theresultis shown
in Fig. 1.

3. (a) Henry’s law hasto dowith theequilibrium

N2 � g� � N2 � aq� �
Give or take the units, the Henry’s law constantis the equilibrium constantfor this
process.ThusK

�
6 � 2 � 10� 4 and

∆Ḡ
�#� 
 RT lnK

� 
 � 8 � 314510JK � 1mol � 1 � � 298� 15K � ln � 6 � 2 � 10� 4 � � 18� 3kJ
�
mol�

Since∆Ḡ
� �

∆Ḡ
�
f � aq� 
 ∆Ḡ

�
f � g� andthe standardfree energy of formationof gaseous

N2 is zero,∆Ḡ
�
f � aq� � 18� 3kJ

�
mol.

(b) Again,kH is justanequilibriumconstant.Equation5.1 is (slightly rewritten)

lnkH 
 lnkH � 2� � ∆H̄
�

R

�
1
T2


 1
T � �

5 � 1�
3



wherekH � 2� is theHenry’s law constantat a referencetemperatureT2 (e.g.298.15K).
It follows,by directevaluationof thederivative,that

d
�
lnkH

�
d
�
1
�
T � � 
 ∆H̄

�
R

�
Therefore,

∆H̄
�2� 
 � 8 � 314510JK � 1mol � 1 � � 1300K � � 
 10� 8kJ

�
mol �

Again,sincetheenthalpy of formationof gaseousnitrogeniszero∆H̄
�
f � aq� � 
 10� 8kJ

�
mol.

(c) Thisisastraightforwardapplicationof equation5.1.Weknow theHenry’slaw constant
at298.15and∆H̄

� �
R, sowecancalculatekH atany othertemperature:

lnkH
�

lnkH � 298� 	 ∆H̄
�

R

�
1

298� 15K

 1

T ��
ln
�
6 � 2 � 10� 4 � 
 �

1300K � � 1
298� 15K


 1
310� 15K �� 
 7 � 55�� kH

�
e � 7 3 55 � 5 � 2 � 10� 4molL � 1bar� 1 �

(d) !N2 " � �
5 � 2 � 10� 4molL � 1bar� 1 � � 5bar� � 2 � 6 � 10� 3mol

�
L �

(e) At 1bar, thesolubility is 5 � 2 � 10� 4mol
�
L. Thedifferencebetweenthesolubilitiesat

5 andat1baris therefore2 � 1 � 10� 3mol
�
L. For 5.7L of blood,thiswould represent

nN2

� �
2 � 1 � 10� 3mol

�
L � � 5 � 7L � � 1 � 2 � 10� 2mol �

This muchgasatapressureof 1baranda temperatureof 37
�
C occupiesavolumeof

V
� nRT

P

� �
1 � 2 � 10� 2mol� � 8 � 314510JK � 1mol � 1 � � 310� 15K �

100000Pa

�
3 � 08 � 10� 4m3 �4 �

3 � 08 � 10� 4m3 � � 100cm
�
m� 3 � 308cm3 �

(f) 308cm3 is almosta third of a litre. Large bubbleswill almostcertainlybe formed
almosteverywherein thebloodstream.Thiscouldindeedcauseseriousproblems.
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