Chemistry2720Fall 2001Assignmen® Solutions

1. (a) Thisis afairly straightforvardexercise exceptthatstep4 generategneequialentof
eachof dihydroxyacetong@hosphatend of glyceraldehyde-3-phosphatie former
beingcorvertedto thelatterin step5. Steps4 and5 canthereforebereplacedoy

D-fructose-1,6-diphosphate 2glyceraldehyde-3-phosphate AG® = 313kJ/mol.

We thereforeneedto doubleup all the following reactionsin orderto use up the
glyceraldehyde-3-phosphgteoducedn thesesteps.The overall reactionis therefore
foundby addingthefollowing reactions:

AGOI

(kJ/mol)

1. D-glucoset ATP — D-glucose-6-phosphateADP -16.7

2. D-glucose-6-phosphate D-fructose-6-phosphate 1.7
3. D-fructose-6-phosphateATP —

D-fructose-1,6-diphosphateADP -14.2

4+ 5. D-fructose-1,6-diphosphate 2glyceraldehyde-3-phosphate 31.3
6. 2glyceraldehyde-3-phosphatephosphate- 2NAD* —

2(1,3-diphosphoglycerate)2NADH 4 2H™ 12.6

7. 2(1,3-diphosphoglycerate)2 ADP —
2(3-phosphoglycerate) 2ATP —37.6
8. 2(3-phosphoglycerate) 2(2-phosphoglycerate) 9.2
9. 2(2-phosphoglycerate} 2(2-phosphoenolguvate+ 2H,0 3.4
10. 2(2-phosphoenolpuvate+ 2ADP — 2pyruvate+ 2ATP —62.8

D-glucoset 2phosphate- 2NAD ™+ + 2ADP —

2pyruvate+ 2NADH + 2H* + 2ATP+ 2H,0 -731

(b) Thereactionwill producethe maximumATP to ADP ratiowhenthereis noexcesdree
eneqy, i.e.whenAG = 0.

AG = AGY+RTINQ =0.
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-0 — @ AGY/(RT) _
. Qmax € &P ((8_314510JK—1m0I—1) (29815K))

= 6.40x 10'2
(afoyr)z(a/r\lADH)Z(aﬁ+)2(a/ATP)2(a’Hzo)2

D C WAV SN 7 A
(M)z - q (aigluc)(a;%)z (a’,\,AD+)2
AADP/ | hax " (apyr)?(84+)?(844,0)? \Bapn/

1



Thetermsappearingn this equationraremostly straightforvard,exceptfor the actvity
of HT. Sincethe pH is 7 in the biochemistsstandardstate the standarcdconcentration
of protonsis 10~/ mol/L. Theactiity of HT is therefore

;o H]
B+ = 10-"mol/L — 1
2 2
o guialli = (6.40x 10 0.25)2 = 4.44x 10'*.
.- <aADP) o ( X )(6 >< 10—5)2(1)2(1)2( ) X
LSBT L 5 11x 108,
AADP | max

(a) Thesolubility equilibriumis

Be(OH) (g = Bl +20H .

When4.3 x 10~8mol/L of berylliumhydroxidedissohein water 8.6 x 10~8mol/L of
hydroxideionsarereleasedSincethisis similarto theamountof hydroxidegenerated
by the autoionizatiorof water we cant neglecteithersourceof hydroxide.

(b) [OH™] = [H*] +2[Be*']
(c) SinceKy = (ay+)(aon- ), thehydrogenion concentratiortanbewritten as
Kw

aoH-

O

[Ht] = C

wherec® = 1mol/L is thestandardconcentrationSubstitutinghis expressiorinto the
chage balanceequatiorandrecallingthat[Be?+] = 4.3 x 10~8mol/L, we get

[OH] = a:—wc°+2[5e2+].
o
-0 = [OH *—2[BEM][OH |- KuC®
= [OH *—8.6x10°8[OH"] - 1074
~JOH] = %{8.6>< 10 8+ \/(8.6>< 1&8)2—4(—1&14)}

= 1.5x10 "mol/L.

(d) Ksp= (8ge+)(Aon-)? = (4.3 x 1078)(1.5x 1077)?2=9.9x 10722,

(e) Sincethe only sourceof beryllium ionsin solutionis the beryllium hydroxide,the
solubility is justequalto the concentratiorof berylliumionsin solution.
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Figurel: Base-10ogarithmof the solubility of Be(OH), in waterat 25°C asa function of pH.
Notethatthesolubilitiesat very low pH areunrealisticallyhigh andwould no doubtbe limited by
otherfactorsthanthoseconsideredn our calculation.

Be*t K
Ioglo([ = ]) = logyg (K—S\,Z\t)) —2pH
= 7.0—2pH.

Remarkablythe relationshipbetweensolubility and pH is linear Theresultis shavn
in Fig. 1.

3. (@) Henry'slaw hasto do with theequilibrium

N2(g) = Na(ag)-

Give or take the units, the Henry’s law constantis the equilibrium constantfor this
processThusK = 6.2 x 10~% and

AG® = —RT InK = —(8.314510JK ~*mol~1)(29815K) In(6.2x 10~ %) = 18.3kJ/mol.
SinceAG® = AGS . AGS (g @ndthe standardree enegy of formationof gaseous
N> is zero,AG‘;(aq) = 18.3kJ/mol.
(b) Again,ky is justanequilibriumconstantEquation5.1is (slightly rewritten)
AHC° /(1 1

|nk|-|—|nk|_|(2)— R (?2_?) (5.1)
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whereky ) is the Henry’s law constantat a referenceemperaturd (e.9.298.1XK).
It follows, by directevaluationof thederwative, that

d(nky)  AH°
d(1/T) = R’

Therefore,
AH® = —(8.314510JK ~*mol~1)(1300K) = —10.8kJ/mol.

Again,sincetheenthaly of formationof gaseousitrogenis zeroAI—T}’(aq) = —10.8kJ/mol.

(c) Thisisastraightforvardapplicationof equatiorb.1. We know theHenry'slaw constant
at298.15andAH°/R, sowe cancalculateky atary othertemperature:

AH° 1 1
Inki = Inky20g + ( )

R \29815K T
= In(6.2><104)—(1300K)< t 1 )
29815K 31015K
—7.55.

~ky = e7°=52x10*molL"tbar .

(d) [N2] = (5.2 x 10~*molL~tbar1)(5bar) = 2.6 x 10~3mol/L.
(e) At 1bar thesolubility is 5.2 x 10—4moI/L. Thedifferencebetweerthe solubilitiesat
5 andat 1 baris therefore2.1 x 10 3mol/L. For 5.7L of blood, this would represent
NN, = (2.1x 1073mol/L)(5.7L) = 1.2 x 10~?mol.

This muchgasat a pressuref 1 barandatemperaturef 37°C occupiesa volumeof

_ NnRT _ (1.2x107?mol)(8.314510JK ~'mol~1)(31015K) 4 s

= (3.08x 10~*m3)(100cm/m)3 = 308cn.

(f) 308cm?® is almosta third of a litre. Large bubbleswill almostcertainly be formed
almosteverywherein thebloodstreamThis couldindeedcauseseriousproblems.



