
!"

!"#$%&'()*+,-./012345/

06789:;<=>;?@./0ABCD

E7FG8HIJKL

M"NFOP$Q&(Free energy)8RHJKS

T"?UVW+X8WYZ[98\:S

!"#$%&'()*+(,-./012

#$%&'(

!" O]^$_&7`abH = U + PV

!H = !U +P!V, c!U = !Q - !W

           ccccccdefgh"

!H = !Q - !W +P!V = !Q - !W’

M"O]ij_&bkcdS = dQ/T (lmno"

UbOP$Q&

Pbpq

Vbrs

Qbt

Wbuv

w7xy7!Hvap=40.7 kJmol-1+

T=373 °K+z095 !Svap= 109.1 JK -1

x{3|0}~7

O]^$_&�C

T" Q�'7NFOP$Q&bG = H - TS

ccc!G = !H - T!Sd����"

1N = 1 Kg�m�s-2

[N�m] = [J]

0.24 cal = 1J = 1 Kg�m2�s-2

1/2�mv2 = 1/2�(2 kg)�(1 m�s-1)2 = 1 Kg�m2�s-2 = 1Nm 

��2 kg(1 m�s-17�.+�[>[06

77��OP$Q&31J(��

+,-.78

BC����8M¦7§��¨3©:0

Nernst1

n=��3z�90���

F=���� &`�

!E�¡�qorBC����+z¢;��8£=¤�q8¥�

)*+,-./0

1{p�25��pH03�:0BC����
E0=0.00V

?�+�pH78��3�0
E0=&0.421V

2,%3456

)*+,-./0

pH78��3�0

34567+389

:56;+<=9



9:;9<=>?-.&@ABC<DEF,

¬7��8M¦7§��¨3©:0¬}(¤G0

­��7BC����ª�

NFOP$Q&}BC����}7®¯¨8°±}

­>7��(f²$³´=Z}~7

NFOP$Q&�C(µ¶·Z

9:;9<=>?-.&@ABC<DEF,

Acetaldehyde}NADH(1M+Ehanol}NAD+(0.1M7}~3�

BC����ª8NFOP$Q&�C3�«

Figure 22-1 The sites of electron transfer that form

NADH and FADH2 in glycolysis and the citric acid cycle.
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shuttle (fig9-4)
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Chemiosmosis: How the mitochondrial membrane couples

electron transport to oxidative phosphorylation (fig9-15)
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Figure 22-2aMitochondria. (a) An electron

micrograph of an animal mitochondrion.
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Figure 22-2bMitochondria. (b) Cutaway diagram of a

mitochondrion.
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Figure 22-3 Freeze-fracture and freeze-etch electron

micrographs of the inner and outer mitochondrial membranes.
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Figure 22-4 Electron microscopy–based three-dimensional

image reconstruction of a rat liver mitochondrion.
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Figure 22-5 The two mitochondrial Ca2+ transport systems. Figure 22-7 The malate–aspartate shuttle.
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Figure 22-8 The glycerophosphate shuttle.
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