Ecology and Evolution of Microorganisms

P XXX/00 Terms and definitions used with Thermodyn

Free energy equation: AG, =AH, -T-AS,

Equilibrium equation: AG, =0

AG’ =-R-T-In K’ AG; = Y vGfy - ¥ v Gfg 2)
J ' 1
or
_AG()
K’= exp [—r ]
[RT|

Disequilibrium equation: AG, <0

AG, = AG® +R-T-InQ (3)
or

AGI=R-T-ln% %d

or

Q=K"-exp [ﬁ]

|R-T
or
K exp | F]
Q=K exp[ RT |
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Influence of temperature changes on equilibrium equation:
T T,-T
AG). =AG), -=% i AH’

. ref act
T 0T pef T,  ref
Tref Tref

Influence of temperature changes on equilibrium constant:
KO _ KO + AH?’Tref . Txef — Tact
PPr = PP ¥ 53006 R T, T,

Influence of pH-changes on equilibrium equation:
AG! = AG -2.3026-R-T-q-pH,, 4)

Influence of pH-changes on disequilibrium equation:

AG, = AG] +2.3026‘R-T -(log Q- q° pHact) (5)
or
AG, =2.3026-R-T-(pK® +log Q,.,—q - pH,,) (5)

Influence of changes in solute concentrations on solubility products:
(follows from equilibrium equation):

PK =pK§ - log (ITf;")
or

V-'A'Z?'\ﬁ

K. =pK. + !
Py =pPKg 21+aj-B'ﬁ

Influence of changes in solute concentrations on precipitation-dissolution reactions:
(follows from disequilibrium equation):

AG, =R-T:-In IA,P dissolution if AG, <0 or IA,P <1
KS N
IAP
precipitation if AG, >0 or —>1
KS
IAP
saturation equilibrium if ~ AG, =0 or =1
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Influence of changes in pH, I (ionic strength) and T on the species composition of the carbonate-
bicarbonate-carbonic acid equilibrium:

2- K;’l 'Kaz
[cor]-[e ] g 10+ K, K,
) K, 10"
[HCO3]=[CT]'10‘2PH+K', 10" +K K

107"

[H:CO.J =[] 1077+ K, -10™+ K, ‘K,

Influence of changes in solute concentrations on disequilibrium redox potentials:

E-2AG:
n-F
or
-AG? R- -AG?
p-A9r R T-an and since aG; _ E?, and AG} = -R-T-InK® ©)
n'F ]I“I'F n-F
E=E"- ‘In
n-F Q
or
R-T & KO
- n—
nF Q

Influence of changes in pH on standard redox potentials:

, 23026 R-T
B’ =EO—T-%-pH 4)

Influence of changes in pH and/or solute concentrations on disequilibrium redox potential:

AGY 2.3026-R-T \
E=- 1 F - n-F : (lOg Qred/ox - q.pHact) (8)’ (7)’ (4)
or
2.3026-R-T \
—pO_ =" - . —q-
E = E n-F (log Qred/ox q pHact)
or
2.3026-R-T \
E = —— (pKO + log Qredlox - q.pHaCt)

n-F

Influence of changes in solute concentrations or/and pH on disequilibrium electron activity:

q 1 ,

1
pe - H . log KO - H ' pH B H . log Qred/ox (7)’ (4), (9)
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Notes and explanations

(1) See list of abbreviations for meaning of terms.

O}
n{p,.}”

(4) q is — for H*-consuming and + for H"-producing reactions respectively.

, A + q
]

(5) From Q = H{S{ }Vi = Queq .{H+}q follows: Q. = {H?}q
1} Sineq
- n{Pa}
S}
(7) From Q = ) = Qo {H} e} follows 1 Qg = Q{17 {e}

I._I{S'iox}vl : {H+}q '{e_}n
(8) Electrons which are given off by oxidation half - reactions are assigned a negative sign,

electrons which are consumed by reduction half - reactions have a positive sign.

(9) n is always + in the pe- formalism.
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