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AP<0 AP=0 AP>0 APeff<0
Process occurs Process cannot Coupled processes can
spontaneously occur occur spontaneously
# Potential Potential 4 P
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f AP M, AP4q M>
I | \=
1
[
AP | | @
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~ ot
1. Exergonic 2. Equilibrium 3. Endergonic 4. Energetically coupled
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— A. Group transfer reactions

Reaction A+B ¥——— (C+D
awof  [q.p] | S
mass action K= [A] s [B] 1} eCIuiIibrium
\
]_/ Equilibrium constant
Relationship .
Lotz AG® = -R-T-InK
AGYand K R=8.314]-mol -1 -K-1
In any conditions (C]-[D]
AG =AG°+R-T-In
;\ [A]-[B]

Measure of group transfer potential

A G (KJ/mol)

Glu+NH,® — GIn+H50

Equi-
librium

ATP +

H,0 —>ADP+P;

0

20

40 60 80 100

% converted
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(Redox reactions) J/5aY) s saust) cielil o

Al adels ggils Laul (JhisVlg 81uws Ul SMlclai) q,0Ul Jai oile a7 g
ol gl 8)3 gl csiz e 481 gl ayistl olads aulac o :(Oxidation) sawsS VI iy =5 #
sl gl By3 gl ez o 43S ol ayiS)] OlwiS] dulac o :(Reduction) JlisVl =5

Lol LS lglbiiwl of SligySIUl e (sl Gl alie JisVlg 53uwS Ul allail oeyiSIyl Jai 1g> i
O ligy iUl e lzill plail Jue sl izl 51uS Ul 1g>

(Acid-base reactions) sl y padlall oilelll ¢

GlSar Gz L ouzgyugll Sligl Jols wle sehii il Silelaill (b diylaiall yawlzlly acladll zlgjl oasiwi
airyle gl ulull yu2illy Jy Sligall 3850 Bsle dic sy U oSy gy gl Slisl 315y lus Gle yaalall
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— B. Redox reactions
-0.5
Ared +t—— Ayx
For a redox
system fope + RT oy, [Aod 04
\ n-F [Ared] > | NADYNADH+H®
Measure of electron transfer potential \ "'_J_ 03 | e
o
For any redox = AE° (a)
reaction AE = AF° + R-T In [Box] - [Ared] %
n-F [Bred] - [Aox] a-02 (e
S
T
DE‘finition AE = EAcceptor - EDongr &-0.1 AE® (b)
and sizes .
AG=-n-F-AE Pyruvate/lactate
n = No. of electrons transferred 0.0
F = Faraday constant 0 20 40 60 80 100

% reduced

2025 i bl dese A 8



— C. Acid-base reactions
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Standard HA"‘HZO «-— A@+ H30® 0
reaction
2 | CH3 COOH/CH5;CO0° (a)
Law of mass [A°] - [H309]
action K= 4
[HA] - [H20]
AO]-[H T
Simplified Ky= ) [ P
[HA] 8
10
Henderson- [A®]
Hasselbalch pH=pKz+log —— 12
equation A [HA]
Measure of proton transfer potential 14
0 20 40 60 80 100
% dissociated
2025 Cald L) daaa Hgall 9
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— A. Heat of reaction and calorimetry

Thermometer Ignition wire
to start the reaction

—

Temperature 1 ||

insulation —— Combustion Water Water
: > ‘ heated

Pressurized co,

metal ()

container An enthalpy of H,0

1k warms 1 | of water

by 0.24°C D

Sample |

Stirrer 4
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— B. Enthalpy and entropy

1. “Knall-gas” reaction

AH: change AG=AH -T- AS AS: change of
of enthalpy, entropy, i.e.
heat exchange degree of order
Gibbs-Helmholtz equation
1 mol Hy 8p® @ 1 mol Nacl
1/2mol 0, Og Cbéﬂcgp S o (crystalline)
808 ©Q
9 Q&P 3 8
Low degree @ 8 & %@8 High degree
of order P o (5) & O 0O of order
System re- System
leases heat, absorbs
AH <0 heat,
(exothermic) AH=0
(endothermic)
1 mol H;0 1mol Na ©
(liquid) 1molCl ©
. L
Higher degree dzgf;e
of order, of order
AS<0
AS=>0
AH=-287k] - mal-1 AH=+3.8k] . mol
T-AS=+49k| - mol -1 T-AS=-12.8Kk]- mol~1
AG=-238k] . mol~1 AG=-9.0k]- mol "1
T T I ] [ T 1T 17 17 17T 1T 1T 1T T 1T T71
=200 -100 0 +100  +200 -12 -8 -4 0 +4  +8 +12
Energy Energy
2. Dissolution of NaCl in water
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(Activation energy) Ludill 43k i
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— A. Activation energy

10
Chemical
potential
G —fromermmmmmmm oo S s 8-
o6l
£ 6
Activation energy = :
Substrate A E5=G,-Ge =40 1 \27 °C
=R
v 1
""""""""""""""""" 5 :
2_ I
-Ga Product B |
________________ oL
0.0 0.5 1.0
An/n
1.
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(Reaction Rate) Jeladl Jome .o

ol dlcliiall Balell 1157 b sl Gusb oo clarsll ans lgy pl il dcpudl ob Jeliill (deyw) Jase
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Jelaill Jaso ol 13 .awli JS 6 o aolill oI | alclaiall 83La)l oo 3 mmol s go o o Jliall Jasw (le
8

v—3mMs ' =3%10 % mol L7t s !

(Reaction Order) Jelail 44) .z #

(s 5azlg dlclaio 53lo Azoi Cuz) [A] 555 go cuwlin Jelaill Jamo 555 iuds¥l Apll go Jelos
oulelatall glall DSy s Jol> ge cuwlin Jolail Jaso S ‘Al agll go Jelas s
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— B. Reaction rate

[Alp=32mM

[Bly =3mM

mhl =
rrmal - 171

1.

[A]=29mM
AJA] = -3 mM

[B] =6 mM
A[B] =3 mM

2.

[A]=23 mMm
A[A] = -9 mM

At=3s
[B] =12 mM
A[E]= 9mM

v = -A[A][JAt = A[B]/At (mol-1-1-5-1)

S |

— C. Reaction order

1

AD—»OC

&

[A] (mn) vi(mM.s 1)
5 (@) 1
10 | OO |2
15 L OO0 |3

First-order reaction

v =k-[A]

k, k' : Rate constants

k=1/5s"1

Second-order reaction

v = k'-[A]-[B]

k'=1/121- mmal-1-s-1
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Haso (AG) 8y=ll &l

8)h>) 8=l Jsly yulid ¢ :(Enthalpy) (A H) )yl sgixoll ) bl Sgizall daghg v Lo
b bhsub e (Jeladl oMclaill o (AH

(8ly> 180) dllw AH 4S5 .(Exothermic) 8)ly=l 3)UaJl Jelaill o )=l SMlelai o g0l gt Lo
OlwiSl) dzge AH 437 (Endothermic) 8=l golall Jclaill (né SAH Suz o dolallg 83yUnll
clhill (Degree of Order) wwiyill 42> o il Lug, iVl Jiaj P67 aiSq (AS) Lug,ii¥l s Lo
AH il Jelaill a4l 3yaail ;ilggaltn-us Aslzo (b pisiud S Jclaill 45lEl7 (e

8201 @lall by 90 1ay> AG = AH — T - AS 1,0 @slsall  log jilggalid-uys dslzo (b Lo
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JiisN1 3T gl 50yl olads dulac b :(Oxidation) 8a.uS il SUbisVlg oSVl oy mign Lo 12
28T gl gyl LS| duloc b :(Reduction)

S e B 0657 1l il 9 DKL) goiesdl Ji5 DKL) psigpl S Sl iy Blo 13

aiacls go (HA) Laslall 5187 sqluis loaic 1) <8847 38 ool 2(
(A7) aasl il
.(Henderson-Hasselbalch equation) alulwla-guw)ain dilso uni il delgll dslsall iy Lo 14

‘pAL g pH u dolsll

E1b oo el 11 gy aly il eyl gb Jelill (dcyuw) Jase Sdclaill Jaso iy Riga lo 15
1Bl yeyes ailill of dlcliiall 33lall 545y7 (o il
Jelatll eay) dojll @lall oo oVl a2l o :(E, ) bowiduiill @lbs (E.) byt @b o Lo 16
Jlclaiall 33lallg gyl Gu diolUl AUl (xo G§yall (pidg - siliasSII
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Byl @23 6 10°C lany 26 823 g
JA] 835l dlclaio 83lo 345,7 go wwliiy Jelaill Jaso gl dgyll bl gl SMelas pp §yall o 18
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