3g0oogn
0ooooooooooodAs,, AS,z, AS 0O0O0O0DO0OOOOODOOOOOOOOD
ubobooobobooobuooboobobooboobbobbooboo

300 H,0(l) - H,O(c)DOODOAH = -333Jg™
01000 000000000000
OO0O0AH = -333Jg7*x100g = -33300J

ugoboooboobooobuoobooobbon
000AS,, = 3330J/273.15K = 121.9JK™
goooabooboodan

O0O0AS, = AS,,+AS = 0JK™

gobooobbooobooboobbooboobbooobooboboon
ODO0O0AS = -AS,, = —-33300J/273.15K = -121.9JK™

40 (000000000O0-000000T, =27315K000T, D000000
000D0D0000000000100000000000000000000000000

DDDDDDDDDDDDDTNZ:77KDDDDDDDDDDDDDDDDDDDDDD

00000000000 o0ooooooooooon
AH _AH
Tice N,
oo0oDooooooon

OO00AS,; = = 121.9JK™ -4325JK™ =-310.6 JK™

O0O0AS, = AS,,+AS = 0JK™

gogobobooooboooboobbboooobobboooooooboooooooog
ugoooooodan

DO0OAS = -AS,, = 3106JK™

oooo

(o) AS,, = 0JK'OODDOOODDOOODOOODOO
0000000000000000000000000000000000
oooAS = —?—H+ﬁ = 310.6JK™

ice N,

uboboooboobooobuoobooboboobooaonbon
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50 H,0(c) - H,O()ODDOOAH = 6008Jmol™

000AS, , =6008Jmol™/273.15K = 22.0JK 'mol™
H,O(l) - H,O0(g)0DOOOAH = 40880Jmol™0 00 2-18
DOD0AS, , =40880Jmol™/373.15K = 109.6JK‘mol™

gogobobooooboboobooobobbooooobboooooooboooooobooog
gogobobooooboboobooobobbooooobboooooooboooooobooog
goooaboood

70100007, =373.15K 000000 q,()000000000000w({d)00000
00000000000q, ()0 000T, =373.15K0000000000000000
000

n0pas = -yl s

H L

Onooooooo2o000

gogoboboooobooboboooobbobooooobboooooooboooooobooboog
ugobooooo

noog. 2 (T /Ty)a, = 07320,

@ g, = 1000Jo00q, = (T /T )a, = 7327
by w = q,—-0q, < 268J
© (w/q,)x100 < 268000

()000000D00000000000000000000000Gq,/q,=T,/T,00

uobooobobooobuooboobbooboobbobooboobobooboon

T Co Co/T ERA L
110 0 0
10 0.494 0.0494 0.247
20 3.849 0.19245 1.20925
40 17.368 0.4342 6.2665
60 31.02 0.517 9.512
80 42.63 0.532875 10.49875
100 52.55 0.5255 10.58375
140 68.99| 0.492785714| 20.36571429
180 83.22| 0.462333333| 19.10238095
220 96.23| 0.437409091| 17.99484848
260 109.7| 0.421923077| 17.18664336
300 122.84| 0.409466667| 16.33397141
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I hAE—DEHE

0.6

0.4 m

0.2

Ce/T

0O 20 60 100 180 260
T(K)

S = 129.3JK*mol™

130 2C,H.0,N(¢c) - C,H,O,N,(c) + H,O(l)
00 053723000000 074601000 [285.840 00 AH? (kimol™)

D00 10351 189.95 69.94  S°(IK*mol™)
alsfalsfalsfals

DDAS = 1molx189.95JK *mol™ + 1mol x 69.94 JK *mol™
-2molx103.51JK *mol? = 52.87JK™

goooaboood

AH = 1molx(-746.01kimol™) + 1molx(-285.54kimol™)

0o
~ 2molx(-537.23kimol™) = 42.61kJ

uobooobobooobuooobobbooboobbooooboooo

00 DSy = ﬁ = -142.91)K™
O0ASws = AS + ASum, = -9004JK™ 000000000
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400000

3DC2H5OH(|)DDDDDDDDDDDDDDDDDDDDDDDDIID
O0O0AH,° = -276.98kimol™, AG,° = -174.18kImol™
C,HOH()oooooo

2c(l) + 3H,(g) + %Oz(g) - C,H,OH(l)
gdoodoooooo nooooooooooa

AS° = 1molx161.04JK *mol™ - 2mol x5.69JK *mol™ —3mol x
130.59JK *mol™ -0.5molx205.03JK *mol™ = -344.63JK™

g0 lbdoooudbooooouoooououooooooo
ODO0O0AS® = -344.63JK'mol™
gdododooouooooooon

NG, = AH.° - TAS® = -276.98kImol™

0od
~298.15K x (~344.63x10° kK *mol™) = -174.23kJmol ™

gobooobbooboobboooboonnoboboaabooo

40250000 0.031zatm DO DO O0OO0O0O0OO0O0O0OO0O0 10000000000
gooodg

000AG,°(00250) = AG, (DD O @50,0.0312atm)
oo g

000AG,°(00250) = -237.19kimol™

000AG,°(0 00 @50,1atm) = -228.60kJmol™
oooo
AG,°(000M@50,1atm) - AG,°(0 00 @50,0.0312atm) = 8.59kJmol™

gbobooobgoboggo2sdb0lrl bgogobobooooobooooboobooooon
gboboboboboboboboboboc3lzobonoobobobOobOobOon
gobooobbooboboobobooboonbog
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50dG = VdP dP = 19atm
ooooooV 0O 18cc/mol = 18x10° m®*mol™

18x10°° m®*mol ™ x19atm x101325 Nm 2atm™
34.65Nmmol™ = 0.03kJmol™

VdP
ud

00 AG, (250 0 20atm 0 0)0 00 AGY (0)0 +0 VdP

0000000000ooo0O0 o 0237.19kJmol”t +  0.03kdmol”?t

00 0 237.16kJmol"?
0atm 00000000000 laimO0000000000O000O00O00O00O0OIOO 1
gboboooboobooobuooboobbooboobbooboobbooboobon
el 00000ogoooonog

00 AG, (250 00.0312atm 000 0)00 0 AGY (DO 0)3+0RTINP P = 0.0312atm

RTInP 0O 8.3145JK"!mol"x 298.15Kx 10”3kJ/J In(0.0312)
O [08.5954kJmol” 0 0O O O 8.60kJmol“?
O RTO O O 2.4790kJmol” 0
gooo4doooououoooooon

oo, 0ooooooboooooboobooboobooobobooboboboboobooon

00 AG, (250 00.21atm 00 O,)0 00 AG? (O,)0+0 RTINP [

00 AGY(0,)0000000 POOOO0.21atm

00 RTInPL O O 2.4790kJmol®*x In(0.21)0 O O O 3.87kJmol"?t

8000000 Co,00000 xmO Co,000000000000
00 AG! (CO,(g)) U 00O AG, (CO,(aq)d X)

CO,(aq)I 000000000

00 AG, (CO,(aq)D )00 O AG? (CO,(aq))d +0 RTInx

0oooo

OORTInx 00 AG! (CO,(g)0 00 AG? (CO,(aq))
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0 O 0 394.38kJdmol" 10 0O (0 386.22 kdmol“ YO O O O 8.16kJmol“

O0OInx0O OO0 8.16 kdmol®%/2.4790kJmol” 0 O O O 3.2916...
00 x0 00 exp(d 3.2916...)0 0 0 0.03719...0 0 0 0.0372m
O00O0O0doooae40Cco,/Jioo0 00 ODOooboOoOoooOon

0.0372mol/1000g O O - 0 0.1640 /1000 O O O CO,O O 440 /mold
ouoouoooono
000 AG, (0,(aq))0 O O AG? (O,(ag))0 +0 RTIND
ogoooodoo

000 AG, (0,(aq)d 0 0 AG! (0,(aq)d +0 RTInD J+0 RTInyd 0yl 00 0 O

000000000 RTMImyaooO

000 RTInyd O O 2.479kJmol“In1.0520 O O 0.126kJmol" !
100 CaF,(c) - Ca*(aq) + 2F(aq)

ogoooodoo

000 AG, (CaF,(c))0 O O AG; (Ca?*(aq))d +2AG, (F (aq))

uoooaboooan

000 AG, (CaF,(c))d O O AG? (CaF,(c))
000 AG, (Ca*(aq)D OO AG? (Ca?*(aq))d +0 RTIn[Ca?']
000 AG, (F(ag)d 00 AG! (F(aq))d +0 RTIN[F]

0000000 AG) (CaF,(c)) = 01161.90 AG? (Ca?'(ag)) = 0 553.040 AG! (F(aq)) =
027648 0000 kImol?'0 000000000000 O000OO
00O RTIn[Ca?] [F 2= AG? (CaF,(c)) O AG? (Ca?*(aq)) O 2AG? (F (aq))

= [ 55.90kJ

55.90k]

2.479kJ

000K = [Ca2] [F2= e =1.61x10"m?
SP: Solubility Product O O OO

000In[Ca2] [F)2= O 22.55
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120 NH;(g@) - NHs(aq)
(@ 1mO O O0P=0.01764 atm

() AG, (NH,(g),0.01764 atm) = AG? (NH,(g)) + RTIn0.01764

= -16.64kJmol"* + 2.479kJImol" 1x(-4.038)
= —26.65kJmol"” !
(o 000000

00 AG, (NHy(aq),1m)0 0 0 AG? (NHy(aq))D 0 O AG, (NH,(g),0.01764 atm)

00000000000 0O0-26.65kJmol™?

000000 100000-2657kdmol”?0000000000ONH, 00000000
gobooabooanood

wpooooooooooooooboobooboboobo

000 AG, (Caz(ag))d O 0 AGY (Ca**(aqg))0) +0 RTIny ¢,2+ [Ca?']

0000000000 0O0-553.04kJmol” 0 +0 2.479kJmol"” *xIn(0.28%0.0091)
0 0 -567.85kJmol"*

000 AG, (CO(ag))d 0 0 AGY (COZ* (aq))0 +0 RTINY ¢ 2- [CO:Z]

0000000000 O0-528.10kJmol?i0 +0 2.479kJImol® txIn(0.20x2.43x10° %)
0 0 -558.43kJmol”
00000000 CaCOy=Ca?+C0o,2)0 0000000000

000 AG, (CaCO,0000)000 AG, (Ca*(aq))d +00 AG, (CO4* (aq))
O00DO0O00000DO0OO0DO 0O0-1126.28kdmol®?
OD00000O000 CaCO(00D0000000000 AG?(CaCOy(c)) = -1128.76kJ

mol°! 00 000000000000000000000000000000000mMO
0000000 Ca*(ag) + CO2(ag) — CaCOyc) 00O0MOOOOOOOOOO
00000000000000000000000
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Hdoooooogooo
u = %[0.535(—1)2 +0.028(- 2)* +0.456(1)° +0.055(2)° +o.01o(2)2] = 0.682

ooooooo ar SO,~ Na* Mg?* Ca?*
uobooobbooboobbooobuoobboobooboobbooobobooboon
uboboooobooobooooboboobooobooodon 44 0000000000040
gbooooboooboobboobooboobooboobooboobooboonb os
gioyooooboboboobobobobobo oybobobobOobOobOobOoo
uooboboooooboboooooobbboooobbooooobooboboooooobooon
ugobooooo
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suaboog

ubobooobboob xgbboil1oboboo Aboboboobooobbooboaonog

00 G(AX)D0ODOAG,(A,Xx)000D00D00D00000000000000000000

G°(A,x)00D0 AG, (A x)oo0Oo00

1025000000 pU00O0O0ODOOO0O0O0O0O0O0O0O0O0OOODmMOoOoOon
0ooG(H,01) = G(H,0,9,p), G(H,0,1) = G°(H,0,I)
gooooooooooooonooooooooa

000G(H,0,9,p) = G°(H,0,9)+RTInp

ooooooo 20000

O0ORTInp = G°(H,0,1)-G°(H,0,9) = AG,’(H,0,1)-AG,°(H,0,9)
00000000 RT =8.3145JK ™" mol™ x298.15K =2.4790kimol™ 00000 100
AG,°(H,0,1)-AG,°(H,0,g)=-237.19kJmol ™ +228.60kiJmol™ = -8.59kimol™ O

oooon0

OO0OO0Inp = -3465 p = e = 0.03127atm

0O0o0o0ooon

OO0 p = 0.03127atmx760mmHgatm™ = 23.76 mmHg
0000000000000000M000000000000000000000(™D

20000004d

D00 G°(AgCle) = G(Ag*,aq)+G(CI™,aq)
gooooooooooo

DDDG(Ag*,aq) = G°(Ag+,aq)+RTIn[Ag+]
nooG(cltag) = G°(CIm,ag)+RTIn[CI]
goooooooon

000 RTIn[Ag*][CI"] = -AG°

D00AG® = G°(Ag*,ag)+G°(Cl-,aq)-G°(AgCl,c)

oooooo= AG,°(AgT,aq)+AG,° (I, aq)-AG, ° (AgCl,c)

= 55.64kJmol"?
0000000000 Solubility Product 000 OOOOOODOO
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000 K =exp(-55.64/2.479) =1.788x107° m?

3000000000 glucose OODOOO lacticacid O GOOO LOOOOOOOO
uoboogbboobilibooboboobooon

000G(G,aq) = G°(G,ag)+RTIna,

000G(Lag) = G°(L,aq)+RTIna,
0000000000a,0 X00000000000G(G,aq) = 2G(L,aq)0

000AG,%(G,aq) = -914.54kimol™

000AG,°(L,ag) = -538.77kimol™

gobonooooooaobooboobooobooaoo

2
0
oooK = E(ﬂg = 3.596x10%
O % Clquitibrium

40@UO0O0O0O0000DO0OO

DDDDZCOZ(Q) < Oz(g)+2CO(g)
goocounoooboobobooboobooboboboboobooboboooo
gooobooooboobooboboobooobobobobooboobooooo
oon

pooooobooOOoobOoobboOobobOo0obooboboOoooooDbo

100 4G, (C0,,0.P, ) = AG,°(CO,,9)+RTINP,,
100 46G,(0,.9.R,,) = 46G,°(0,,9)+RTInP,

000AG,(CO,9,P,) = AG,’°(CO,g)+RTInP,
Oo00ddooooooo 250010000000 oooo 1tooo

000AG,%(CO,,9) = -394.38kimol*00 AG,°(0,,9) = 0

000AG,°(CO,g) = -137.27kJmol™

ugobooobbooboobooobooboobon
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000AG® = AG,°(0,,9)+2AG,°(CO,9)-2AG,°(CO,,9) = 514.22kJ
gdobodooouoooon
000AG = AG,(0,,9,P, )+24G,(CO,g,P,)-20G,(CO,,9,Py,) = O

goboooboboobuooboobboobooboan
000 InK, =-514.22kJ/2.479kJ = -207.43

— EPOZ P002 %
K 2
E PCO? aquilibrium

(© Py, =0.2atm 0 P, =0.003atmO P, =7 atm

000K, =e "% =8.206x107*" atm

K, [P >
PP—COZ =36.9x107% atm?

0,

000 P’ =
000 Py, =6.08x107 atm

5000000-1-000 glucose 1-phosphate 0 0O OO0 O0O0O-6-000 glucose
6-phosphate 00000 glp OO0 g6p 000D O0DODOODOOODODOOODOOODOO
o000

000 AG, (glp,eqbuf) = AG,°(glpeqbuf )+RTIna,,

000 AG,(g6p,eqbuf) = AG,’(g6p,eqbuf )+RTInay,
oooo

000 AG, (glp,eqbuf) = AG,(g6p,eqbuf)

good
000 e L |nElg6p] Ez 7ATKIMOI™ 5 14
Ha, 0 Holpld 2.479kJmol™
000 [g6p] _ e3 =20.35= 20
[91p]
gpoooogog
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600 ATP+H,0 - ADP+P,
O00AG = AG°+RTInK

D00AGY = -31k), K = HADPIRIY

D [ATP] |1quilibrium

(@ OO0O0AG=0
0
ooomk = -28 - 3130“ = 12.02
RT 8.3145JK ' x310.15K

D00 K = 166269x10°M 0O 1.7x10°M
(b)

AG = AG®+RTInAPPIR]
[ATP]
. e 0*mo
000 = —31kJ+8.3145JK™ x310.15K x10™ kJJ ™ xIn 10

—-48.8kJ

(c) ATPIOODOODOOOODOOMUODDODOODOOODOODODOOODODOOODOOn
J00dddooooooOoOOO000O0dOoodas.skd

@) (oo [ATP|=107,[ADA =107 [P] =10"00D00DOO

O00AG = -13kl00O0001.3kJd

70 InK'=InK = —AHOBL—EH = —AHOBT— lH

R O’ T( RT OT'

0o0oo
000 AH® =-24kdmol™, T =310.15K, T'=273.17K, K =1.66x10°
00000 K'oOOoO0OoOo

[ -1
noo g 24000 Jmol P05 41 260677
K 0 83145JKmol* x310.15K (27315 [

000 K'=3.5278K =5.8657 x10° [15.87 x10°

80 d(AG) = AvdPOOODO

000AG-AG® =AV°(P-P°%), P°=1atm

AG° =-31kimol™, AV° =20mImol™, P =40atm 000 AGO OO OO
0D00AV? =-20cm®x10° m®ecm™ =-2.0x10° m?®

000 P-P°=39atm = 39atm x101325 Nm 2atm ™
AV°(P-P°)=-79Jmol*DODD OO
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AG=AG°-79Jmol' 0000000000000 O00O0ONO0O0ON0NDO0OO00O
ugogobobooooboobooobobotboooobbboooobboooobboooog
ugoo

90 0 0 CH,CH(OH)COOH
0000 C;HgO4(aq) - C;H;0, (aq) + H'(aq)
gopoooooooogooog

D00 G(C,Hs0;,a0) = G°(C;Hs0;,a0)+RT Inac o

00O G(C3H503‘,aq) = GO(C3H503‘,aq)+ RT Ina

SHeor
000G(H*,aq) = G°(H*,aq)+RTIna,.
goooooooooooooooooooOo noo

0 AG,°(C,H,0;,aq)= -538.77kimol ™, AG,°(C,H,0,”,aq)= ~516.72kimol ™
godoooooooooooood

26 = G(c,H,0,  aq)+G(H" ag)-G(C,H,0,.aq)
00O = 6°(C,H,0, .aq)+G°(H",aq)-G°(C,H,0,.aq)
+RT In 8o ¥ RTIna,. -RTInac,

gdooooooooogooooooooood
OOO0RTINK = -AG°
good

Eachsoa’ aH+ E

[ p—

E aC3H503 aquilibrium

2c° = 6°(c,H,0, aq)+G(H",aq)-G°(C,H,0,.aq)
AGfO(C3HSO3_,aq)—AGf°(C3H603,aq)
22.05kJmol™

oooK =

oog

uboboooboobooobuoobooboboobooaonbon

- 22, 10
000K = exp22 05k‘]m°!1 g = 1.37x10™
0 2.479kimol™ [

73



1000 H,0() - H'(ag) + OH (aq)
gooooooooooo

0ooG(H,01) = G°(H,0,1)
Do0G(H',ag) = G°(H*,aq)+RTIn[H']
D00 G(OH ,aq) = G°(OH",aq)+RT IN[OH"]
gooooooooooooooooo 1im

000AG,°(H,0,1) = -237.19kimol™, AG,°(H*,aq) = 0

000AG,°(OH ,aq) = -157.30kimol™,

gooooooooooooooooobooooooooooooonon
000 RTIN[H*][OH™] = -AG°

000AG® = AG,°(OH",aq)-4G,°(H,0,1) = 79.89kJmol™,
godooooooooobooooobooooooooOon

-79.89kJmol "0 _

E 2.479kJmol ™ E 1010107 m*

000K, = [H']J[OH] = exp
ooooo

1o0o4ad
oooH,0(l) - H,0(9)
ugopPOO0DOOO0ODLOOOODOOOOO1IO0OO0

OO0ORTINP = -AG°, AG° = AG,°(H,0,9,P)-AG,°(H,0,1)

000T =298.15K, P =0.03127atm
uobooobbooboobbooboobbodlb KO pOOOOOOOOODOO
DDDT'(K)DDDDDDDDDDDDDD 10000 K'=P' =1(atm)0 000000
goboooboooobuooboon

0
000 InK'=-InK = _ A BL—EH InK'=0
R O TO
0on
-1
gooL = R jnpyg = 24790l 5 466)11 = 0.8007
T aH 43.1kImol
OoOoT" = 372.36K00099.20
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gooog

120 2C,H.O,N(aq) - C,H,O;N,(aq)+H,0(l)
gdoododouoooouooooooouoouooboooo iIonoa

oo AGY = AGf0(C4H803N2raq)+AGfO(Hzorl)_ZAGfO(CszoeraQ)
= 29.58kJ
ooo AR = AHfO(C4H803N2'aq)+AHfO(HZO’I)_ZAHfO(C2H502N'aq)

= 25.91kJ

uobooobobooooon

0 U . U
OO0 K = exp 4G = exprr 2958kJD = 6.575x107°
RT 0 2479kl

000037000000 K'D

0
oooinK -k = -2 HL CIH 1 oo9815K, T'=31015K
R Or 10O
goo
K B? 1% XpD2591 29815% 14984
K RT [ %479 310.15
oooK' = 9.85><10‘6
gogod

130 H,0(l) - H'(ag) + OH™(aq)
00 1000000000000 0D00000

00DO0AH® = AH,°(OH,ag)-AH,°(H,0,1) = 55.90kimol™

ugobooobboobboobbooboobbooboobboobooboooboo
_AH°
R O

000 InK'-InK =

—Tlg T =208.15K, T'=310.15K

ugoboogbobooaoog
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K
K RT
K' = 2.3928><1.OO9><10_14 = 2.41x10™

(5590 [1_298.15
%— _qfH - X0 470 ™ H = 23028

310.15

ugobooooo

140000000 CH,COCOOH
(@uoO000od
cathoded reaction0 D 00000000

D00 2Fe (cyt-c)(aq) + 2¢° - 2Fe? (cyt-c)(aq)
anoded reaction0 0 OO0 OOO0OO
000 CH,CHOHCOO (ag) - CH,COCOO (aq) +2H"(aq) + 2e”

()DoODoooO

(c)0 5.3000pHO 700 DO OO DO cathode reaction O O O anode reaction 000000
gogozs4aviddolasvooooooooooooooooooooo

0 0 00.254v0 0.19v0O 0.444Vv0 0.44V

gooooono

@0 & = 0444V, AG' = -2F¢'

goooao

000 AG' = -2molx96485Cmol ™ x0.444V = -85679) = —85.68KkJ
gooao

() 000000000O0O0O0([HY]=10"00000000000

G(H",aq) = G'(H" aq)+RTIn{H"]/207)

DDDG'(H*,aq) = G°(H*,aq)+RTIn10~

000@O00000000000000000000000
00O G(Fe2+ (cyt —c),aq): G°(Fe2+(cyt —c),aq)+ RT In[Fe* (cyt — )]
00O G(Fe3+ (cyt —c),aq): GO(Fe3+ (cyt —c),aq)+ RT In[Fe** (cyt — )]

000 6(CH,coc00™,aq)=G°(CH,COC00™,ag)+ RT IN[CH,COCO0 ]

0 G(CH,CHOHCO0",aq)= G°(CH,CHOHCOO", ag)+ RT In[CH,CHOHCOO ]

ugobooobbooboobooobooboobon
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L, A6=2G (Fe?* (cyt - c),aq)+ G(CH,COCO0",ag)+2G(H", aq)
~ 2G(Fe** (cyt - ¢), aq) - G(CH,CHOHCOO ", aq)

goooabooboodan

O00AG=AG'+RTInK =000 AG' =AG® +2RTIn10”’
goooogooooooogoood

_OFe" oyt - ¢),aq]’[CH,COCO0][H* ]2 /10™)0 [H']
ooo K= -
0  [Fe* (cyt-c),aq]*[CH,CHOHCOO]

|1=qui|ibrium

0000000000AG’000000ONNNNNDONDNONNONNOnn

0 AG'Q [B5.68kJ ] ©
OO0OgK = ex —T0] = ex = 1.024x10
PH RT H p%mg

gooog

fH K= [CH,COCO0 ] —_ 1.024x10"
[CH,CHOHCOO] '

150 cathode reaction

D00 2Fe (cyt-c)(aq) + 26 - 2Fe?’ (cyt-c)(aq)
anode reaction

oooC,H,OH(aq) - CH,CHO(agq) + 2H"(agq) + 2e”

0 5.2DDDDDDDDDDDDD£'(V)D 0254000 0180000
000 RTInK =-AG' =2F¢', &' =0.434V

ooo
1 -1 ] |:|
000K :eXpEQFe E: eXIOEQmoI><96485Cm0I x0 434VD= 4.70x10M
HRT H 0 2479CV 0

uboboodgbobooobuooboobbbooboooboooan

500 k = JFe” (eyt=0).aal’[CH,CHOJ(H ' 110 )0
0 [Fe(eyt-c),adl’[C,H;OH]

|1>qui|ibrium

0ooooO
(@ 0OooOoooO

77



. [Fe® (cyt—c),aq] = 2x(m), [Fe* (cyt-c),aq]=0.1-2x(m), [H*]=107"(m)
[C,H.OH] = 0.1-x(m), [CH,CHO]= x(m)
Ooooooo
0oo e =4.7x10"
(0.1-2x)*(0.1-x)
D00000000000D00000000000000Xx=00500000000000
000 x=0.05-9, o:verysmall

ugobooooo

3
0 —4x£0'05) 04.7x10%, 45°021.28x107° = (4.6x10°f
45 ?x0.05
00020 = 4.6x107°
gopoogogoono
[Fe* (cyt—c),aq] =0.1m, [Fe* (cyt-c),aq]=4.6x10"°m, [H*]=10"m
[C,H.OH]=0.05m, [CH,CHO]=0.05m

0000
(by 00O0O0OO([H']=10000
3 14 3
000 M(?O =47x10"000000 4ﬁ =47
(0.1-2x)*(0.1-x) (0.1-2x)*(0.1-x)

000000000M00000000000000000000000000000
DMOo000 X =01YxO0000O0O

opoo f(x) = (X-2f(x-1)-0.85106 = 0

0000 ooooooo00 f(2.7)=-001806000 £(2.8)=0.30094000000 X
0270000000000000000000000000X=27+£60000000

f(27+¢e) = (0.7+&)(L.7+¢)-0.85106
= -0.01806+2.87¢ +--- = -0.01806+2.87¢ = 0

uoo

00000000 e=00063000000000270000000000000000
00004/x = 27063, x = 0.03695 = 0.037
0ooooO
[Fe* (cyt —c),aq] = 2x =0.074m, [Fe* (cyt—c),aq] =0.1-2x =0.026m,
[C,H.OH]=0.1-x =0.063m, [CH,CHO]=0.037m
oDoood
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enoonon

30 C6H5NH3+(aq) - CGHSNHZ(aq) + H+(aq)

ogod 0.5-x X X

2

0Dooo =K, =25x107°

0.5-x
0000000 xgos0000oooooooooon
oooox? 0O 05x25x10° = 125x10°

D000 x O 4125x10° = 3.54x10°M

gooog

[H*]=x=354x10"M,
oooog
[OH ]=10" +x= 31—£§)4><1o—12 =2.82x10" M

gooog

40 HCO, (aq) - CO,"(aq) + H"(aq)
0 O acid conjugate base

CO,"(ag) + H,0 - HCO, (ag) + OH"(aq)

[CO,* 1[H"]

OooK, = —2 == pK, 10.3
[HCO, ]
Doo0K, = [HCO, ]Z[EJH ], K, = [H']J[OH] = 10™
[CO,™ ]
oookK, = K,/K,, pK, = pK,-pK, = 14-103 = 37
000K, = 10" = 1995x10™* = 2.0x107"

7000 CH,CHOHCOOH(aq) - CH,CHOHCOO (aq) + H'(aq)

gobomMmooboo2n0 ooooooooooooooooooonon
gboobobOo 6100000000000 90O bObODObOobLDObLObLODbOD
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gobooobboobooonoodg

X2

000 = 1.4x10™*
0.2-x
000000 300000000 xoooooooog
ooox? = 02x1.4x10™" = 28x10°°, x = 5.29x107

D0000MO00000000Xx=522x10°0000 0000000000000
ugoo

Oo0O0a = MQ(M) = 0.026

0.2(M)

suuoooonog

000 NH,(ag) + H,0 - NH,"(ag) + OH (aq)

000K, = % K, = 56x10™00 6.10
3

00O00[NH,]=01-x[NH,"]=[OH ]=x0000 MOOOO0OOO

X2

00D — = 179x10°(=K, /K,), x = 1.34x10°M
A=X

uobooobobooooon

oono [NH, ] _ 000134M - _ 001300013000

[NH,] 0.1M

gbooooooboboooooobooi1r3ooobobooooooboobooonD oavm
goboogbobooooooboon

90 Na,CO, - 2Na*(ag) + CO,” (aq)
CO,"(ag) + H,O0 - HCO, (aq) + OH(aq)

[HCO, J[OH] K, 107

000K, = > = W o= _—___ = 213x10™
[CO,”] K 4.7x10

a

00O00[CO,*]1=0.2-x,[HCO, ]=[OH ]=x0000 MOOODOOO
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0J0e.53x 10" 0000000 pHOODODODOOOOOO

ooopH = pK,+log[OH] = 14-3+0.81 = 1138

100 B(ag) + H,0 - BH*(ag) + OH (ag), B:C,H,NO,

[BH'][OH]
[B]

BH"(aq) - B(ag) + H'(aq)

[BI[H"]

[BH]

ooopkK, = pK,-pK, = 79

[B]=0.001-x,[BH']=[OH ]=x00000

X2

D [ —

0.001 - x
goooooood
0DO0O0[H']=10"/x=355x10", pH=9.4
goooa

DooK, , pK, = 6.1

nDoo0K, =

00 =10 =7.94%x107", x*=7.94x10™", x=[OH ]=2.82x10"°

110 (C,H,),N(ag) + H,0 - (C,H,),NH*(ag) + OH (aq)D OO OO D10

oobQ011o0101.0100 o001 0DOOOO0ODOOODOO1IOM/IOOOOOD oaMODOOO
ugoboogobooboaoog

(C,H,),N(ag) + H,0* - (C,H;),NH*(ag) + H,0(aq)onDODOODO20
0Doo0o0ooon

pK, =14-pK, =14-10.8=3.2, K, =107°* =6.3x10™

Do1000000000000[(C,H,),N]=0.1-x,[(C,H;),NH*]=[OH ]=x0D

ugoo

X2

oooao = 6.3x107%, x* = 63x10° x = 7.94x10°°
0.1-x

DDDD]DDDDDDDDDDDDDDDDDXZ

goodmoooog

DO0O0O0[H'] = 10™/x = 1.26x107™, pH

6.3x10*0000000000

11.9
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gopoogogo
goooooon pH
0200000000000 oo oo Do’ s ooOoggg
ggoono

[(C,H,),N]

— dodoodooooooooooooosg
[(C,Hs),NH"]

OoopH = pKa + log

oooo[(C,H,),NH loDooDoooooon

D0.AMHCI5om/ID0000000000
[(C.H;),NH"]

oo300 [(C,Hs),N1=[(C,H,),NH"l0 00000 pH =pKa =10.8

O0o0.iAMHCI1I00m/ODOOOO00OO000O
gobodobobz00obooobooobbooboboooboooobooobooo
OO0pDooOob0oDbOOoOo2oom/OO00D0C0O00O00DOODOO0OODOOCOO0ODObL 20

Doooo0o0o00o000000[(C,Hs),NH"]1=0.05-x0[(C,H,),NH*]=[H,0"]=

oooooo
2
000 —2 = 1585x10™", x* = 79.25x10™, x = 8.9x10”
0.05-x
000000pHOOODODOOOOOOOODO
ooopH = -logx = 7-1log89 = 6.05 = 6.1

goooaboood

0030000000 0Db0o0boOXoooooooOmimyOpHOO

xgpooooo 1o 20 30 40 50 60 70 80 90 100
yoo119 118 114 112 110 10.8 10.6 104 10.2 9.8 6.1
ugoboooboobooobooboonbog

120 00000000000

B(ag) + H,0 - BH'(ag) + OH(aq)

oooK, = w pK, = 4 or 8
[B]

BH"(aq) - B(ag) + H"(aq)

[BI[H']

DooK, = -
[BH']
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goooaboog

_ [BH'] _ 1
gopg v =2 —4m—m— = —
[BH*]+[B] 1+[B]/[BH"]
good
_pKW
alals [B]+ _ K?. _ KW+ - %(ll __ = 1QPH+PKs 14
[BH™] [H'] K,[H'] 107PKe10P
DDDDpr = 4 or SDDDDDDDDDDDDDV4 orv,ubhoooooooo
gpoooogog

noov, = Yf+10M%) v, =

1/{L+10™7)

uobooobobooooon

—y

o
o

JOrAEDIRE

o

10 12 14

pH

130 HZPOA_(aq) o HPO42_(aq) + H+(aq), pKa=7.2
[HPO, " ][H"]

oDooK, = .
[H,PO, ]

gobodobpHOOOOOOOO0OO

qHPO,* 1T

O0O0pH = 0
H,PO, 10

pK, +log

0000000 pKa=72, pH=7000000

logAHPO. 18 _
H,PO," 10

[HPO,” 1 _ _

oo [H.PO, ]

00000000NaHPO,~2H,0 1000000 0NaH,PO,~H,01.600000000
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gbobobobobobobobooobo

wudboogoboooboooobaoobooo

H,CO, - H' + HCO,” K, = 45x107
HCO,” -~ H' + CO,” K, = 47x10™

o [Hmcos o THTICO, ]
[H.CO,] [HCO, ]

OO[H] = 10™
000000000000000000

[HCO,] = K,[0™ [H,CO,]00[CO,”] = K, [0 HCO, ]
0ooo0oo0oooO

2[H,C0,]+[HCO, ] _ 2+4.5%10"7

[H,CO,]+[HCO, 1+[CO,"] 1+ 45x10™7 + 2 1x107

gobooobboobooonoodg

2.5

2
1.5 \

JOrAEDRE

0.5
0 ‘ \\0—0—0

0 2 4 6 8 10 12 14
pH

le0D00000e63@UULLOOMGUuLIDOOODOOODO
gboooo
obobOobobOobOoNaBOODOODODOODOO
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1000000008 + H - HB K, = LB

[HB]
D0000000O0BH + HY - H,B* K, = [BH][lzl]
[H,B]
HB+ H+
D0D0D00O0O00OH,BY + HY - HB* K, = [H, ]2[+ ]
[HB™]
D000000000[H] = 10™00000000K; =107, i=1230000

00000000000[B7]0000000000000000000
3[H,B%*]+ 2[H,B*]+[HB]
[H,B*"]+[H,B"]+[HB] +[B"]
3+2x10P" P 10
= 1+10PHPK: 4 1Q2PH-PKiPKz 1 03H-PKi-PK,-PK; (1)
D000D0O0O0[BH]IOODODODOOO 63(b)0000000000M0000000

g

2[H,B']+[H,B"]-[B]
[H,B*"1+[H,B"]+[HB]+[B"]

2 +10PHPK1 _1(3PH-PKiPK, =K,
= 3107 4 [gPR e g @G, 10000000000 020
0000.0000000D0000DO00O0ooOOoOpK, 1=12300000000000
000@OODOD0D0000000000000000
oooooos5000
pH =pK, - pK,; =10.7
000001500
pH =pK, - pK, =9.2
000002500
pH =pK, - pK, =2.3
0000010000000000
0000000000020000
0000000000000000

0oooOg®ooooo
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JarEniEE
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25
2 0-x

1.5

05 N\

JOrEDIRE

lrymoobobgooboboobobobobobobobobOobOoobOoboboon
gboboooGchoobobooeeePOOODOO eUODLOODDOODODOODDOODOOOD
oboboboboboon

000K, = [CIR]_ 122
[G6P]
. - - H +]
100 [G6P] =[G - OPO,H ] +[G ~OPO, ] =[G —0PO > R+ LH*_
[G6P] = H T+ .- 1=1 3 ]D 93x107 -
1= 1+ 1= =+ H*H
000 [P]=[H,PO, ]+[HPO,> ] = [HPO, ]@, Toxi07
2_
(a)DDDDDKZMDDDDDDDDDDDDDD
[G-0PO,” ]
L HT 7
-7 - +
000K, =K 0 L9xX107 _ 4 goi F-9X10 +[H ]
G 9.3x107 +[H"]
9.3x107

(OOO[H]=10" =3.16x10°000000000 K =121
(c) O@O[H']=10"0D000

K; =4.89K G;z—ii =1.377K =166
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ragoog

10Trouton's rule0 0000000 OO0DOOO 75p001000000000O0OOOODO
oooooooAH,0O00O0T, 00000

ooo AH% 0 90JK™mol™ O O v: vaporization O O
b

gboboboboboboon
00000000000 0O00000000O0O00O00O0bO000O0DO0OOO0nG,UoOO

GgDDDDDDDDDDDDDDDDDDDDDDDDD
000dG, = -S,dT+V,dP, dG, = -S.dT+V,dP

DDDDDDDDDDDDDDDDDDDDGl:GgDDDDdGlszgDDDDDD

noof(s,-s T = fv,-v, )P

ugobooooo
AH, _
noo(s,-s) = as, = =5 VoSV, = AV Oy,
gooooo
dP _ AH, _ AH
ugoo =
aT T TAV v

DDDDDDDDDDDDDDDDDDDDDDDPVQ:RT, P/RT:]/\/gDDDDDD

g _ AH,P dP _ AH, _ 1
DDDd—T——RTZ,P dTDIB—H R%— H

goboogboodgP=latmd T= Tb=273.15+80.1=353.25KD T'=298.15K0 0000
ugoooooodan

G00mp = -2 1, = P T—"H = -2.00043
R R R[]
oooP = 2% = 0.135atm

2000 000000000000O000O000OO0
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In(P/325)

4.5

3.9

2.5

1.5

0.5

0.02 0.025 0.03 0.035
1/T
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uoboogbooboaoog

B 4.1 _
0.0405 - 0.0225
gogooooon

P 1
| = — ZZSBT— —0.0405
05085 -2 -ave

ugoboooboobooobuoobooobbon
ooopP = 760mmHg O T, = 27.2K

—-228

O0O0AH,/R = 228 0 AH, = 228R = 1896Jmol™ = 1900Jmol™

O00AS, = AH,/T, = 69.7JK mol™

300.66atmI 00000

o000 In Pg- oA, 1 P, =latm, T, =373.15K, P =0.66atm
Ps R T,

OO0O0AH, = 40.67kimol™00OO00 7600000 3.2

obobgoobgsss3apogod

50 0 1000g O 1000g/18.015¢g/mol = 5551mol 000000000 OOO0DOOO AOOO
oo BOOOOoOoOOOooOnO
@QO0O0000 1imOD0OOOooooooo

n, 55.51

O00x, = = = 0.9823
n, +ng 55.51+1

gboobobooboecbooboooob PAO:31.82mmHgDDDDDDDDDDDDDD

gobooobboobooonoog

0

ooop, = x,P, = 31.26mmHg
00000000000 000000000 PR, =31.20mmHgO0000000O0

0

APpoy _ Pa” ~Pag _31.82-31.20 _ 0.62mmHg _

000 =— = =
AP P, -P, 31.82-31.26 0.56mmHg

Acal

1.11
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oooooo 318 &
() 0DOD0O02mO0O0000OOOOO0 316 ¢
314 \

_n, _ 5551 :
. Xo, = —— = ———— $312 |
n, +n, 5551+ 2 <812 | N\
0.9652 S
' 308 | \\

00000000000000000000000 e | DN
T e
— 0 — 30-4 L L L |

oopP, = x,P, = 30.71mmHg

ggoouoooooooooooobn 11ooo00 32K

gobooobboobooobboobooon

Prop =30.50mmHgOD0 0000

o DPas _ P’ ~Pas _3182-3050 _1.32mmHg

AP, P°-P, 3182-3071 1.1lmmHg

=1.19

gooobo0obooo0o 10000 boboo0obtdoobobo0obOobOoben
000o0o0o00oo00ooo0o0o0oo0o0ooo0o0o0ooDXx, -1000000000
gogobobooooboboobooobbboooobobboooooooboooooooboog
uobooobbooobooboobbooboboboboaoboobo

60 10 H,00 20 NH,NO, 0 00O
10000000000 095835 0000000002000 000 0.9970470 000
110000 10000 0000001000000000 95849 UOUODODOOOOOOOO
0000000000000000000000
1looooooo

958.4¢g
18.015g mol™
Raoult 000000
o0ox = il() _ 760mmHg —-12.8mmHg — 0.93316

R, 760 mmHg

0000000000000000000

n, _ 1 _ 1
n+n,  1+(n,/n)  1+0.01713
000000000000 200000
ooon, = 0.01713n, = 0.91mol

gbobobobob 20 8200000000n

ooo0n 53.20mol

ooo0x =
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Ouogooogooo

00 ||mEﬂH = 67.4atmmlg™
c-o LIC [J

78 ¢
000000000000 ok
RT ] I o >
00— = 67.4atmmig™ S 74 ¢
IS r
M E 72 ¢ /
000000 S b /
< 70 F
RT = :
= ) 68 g
67.4atmml g 66 F e
—_— 82.06 mlatm K "mol ™ x 283.15K 0 0.1 0.2 03 0.4
67.4atmml g™ o(g/mb)
=345gmol™
Dooo0
800 M = ?/—ZRT, T =310.15K, R =0.08206!atmK *mol™

—7'2+8'0 = 7.6atm

ooon

0oooooooooooo
n, _ T _ 7.6atm

ooo Vv

RT 0.082061 atm K *mol™ x310.15K
0.2986moll™ = 0.30moll™

90NaClOO0O0OO58.44
9g0 NaClO 0.154mol 000 000O0O0DOOOOOOODOO
ubobooobooobuooboobobooboanbn

c=0.308moll™, T =310.15K, R =0.08206latmK *mol™
Oooon = cRT = 0.308moll ™ x0.082061atm K *mol™ x310.15K 000
= 7.84atm

0000 1kgOODOOODOOOO

0 0O 0 0.546+0.456+0.053+0.028+0.010 = 1.093mol

0000001.020 1.03kg/|

0000 1kg DDDDDDD1kg/1.025kg|"1=0.9456IDDDDDDDDDDDDDD
O
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ooOdc = 1.033mol - _ 1.120mol ™
0.97561
ODoOo0o0oo0
100 M = cRT = 1.120moll™*x0.08206atm| K *mol™ x298.15K
= 27.40atm

goboooboboobuooboobboobooboan

110 (a)
00o00o0O0M, M,
0o n n
J— + +
aoom, = MM, MiEMe - 150 000
2n 2
2 2
qoom, = "MiMy+aM,IM, o My My ge7 108
nM, +nM, M, +M,
(b)
oo oooooomMm, M,
0o m m
0 00 m/M, m/M, O
m m
EM %AlJrEM %AZ 2M M
oooM, = - Z = L2 = 1333x10°
m m M; +M,
M, H FM,
J— + +
noowm, = MMurmM, o MM 150000
m+m 2

200000000000 b00D0O0ObOO0O000bOoObO0ObOO0OO0ODbOobOOob0bOoDOn
U0oO0bO0obOb 100000 2000001000000 000 amud 00 doonoonoO
lamuO¥*CO0 100000 /12000000
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