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IMPACT OF SOLVENT MIXTURES ON EQUILIBRIUM CONSTANTS
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Example - Speciation of molybdenum in solution

@ Example of polymolybdenate
@ In aqueous medium : the speciation is well known (Cruywagen et al., Inorg. Chem. 1980, 19, 552-554)

@ Determination of the formation constant by potentiometric titration m Log (Bmp) @ 25°C

7M00% + (8 + x)H* & H,M0,0™®™ + 4H,0 Mo, 08" 52.81
HMo,03 57.40
_ [HxM Omoy] H,Mo,0% 60.97
Pmp = [MoOZ~]™ - [H*]P HyMo,03" 63.03
@ Confirmation by Raman Spectroscopy (Bergwerff Ph-D, 2007) Mog0¢~ 71.19
HMog0}~ 73.03
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Example - Speciation of molybdenum in mixed

solvent solution

@ With Phosphoric acid : formation of heteropolycompounds (increase of Mo solubility ...)
@ Constants are known... but analytical datas did not corroborate even in « simple » case(Bergwerff et al )

Raman spectra with respect to pH

pH1.4-pH 5.8 pH58-pH85

Taga

PCA Analysis

——>

Comparison
with theory
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TOOLS

HA+ H,0 = A~ + H;07

IZI(ai )" =

I

What is activity?

K

A4

What is the equilibrium constant?
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THE CHEMICAL POTENTIAL
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dG <0

Z:ui ;=0

What is the chemical potential?

oG

~ ON;
HIP,T,Njyi

4

du; = RTdIn(f;)

Ui

The chemical potential :

Depends on a reference state
Logarithmic function of concentration
(=>minus infinite at high dilution)

Fugacity (pressure dimension)
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THE FUGACITY
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Separately defined for each component

du; = RTdIn(f)) %0

P SEleTher
W@ _ i
U U —RTlnfi@

A thermodynamic state is defined from :

- Temperature (necessarily identical in all states)

- Pressure

- Physical state (may be virtual -> careful definition)
- Composition

Fugacity:

Is a direct measure of chemical potential
Measures the ‘escaping tendency’ of a compound
More or less linear function of concentration
(=>definition of activity coefficient)

fi =af i

What is c? What is ref?
QfP&”ﬁ%ﬁEﬁ



REFERENCE STATES {Eether
fi=caf ™y ke
@ For solvents fi= %Py P’
@ For ions/solutes (x) fi = xiHiy{ H; = %ﬁ_z =Py Vi = ;T;
@ For ions/solutes (m) f, =m, H‘T: ym H—ZZ = M,H, Vit =Vixs
m ml-
@ For ions/solutes (c) f = [i]I:—(‘;Cyf HE = cOu H, yE = vﬁsyix
O o1 0mt e (fPae
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MODELING : CHEMICAL EQUILIBRIUM

tn(K)
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type
H20 solvent
HAc solvent_refmolality
Methanol solvent
KOH solute_refmolality
KAc solute_refmolality
H30+ ion
K+ ion
OH- ion
Ac- ion
Dissociationconstants
10
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Equation considérée

2 H20 = H30+ + OH-
HAc + H20 = H30+ + Ac-

KOH = K+ + OH-
KAc = K+ + Ac-

250

pK = —log (exp (—

Mu (298.15)  pK
-40050.0823
-27083.8843

6472.7881
1303.94124

RT

AGreact

14.03
4.75

-1.13
-0.23

)) = ~log (exp

)
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ACTIVITY COEFFICIENT MODEL : ENRTL

1. Take parameters from Aspen
Revisit some parameters to allow simultaneous Psat and MIAC

3. Interactions between ions and cosolvents (MeOH et HAC) must be regressed on ternary data
(partial pressures)

4. Other parameters are either default or nul

W Me OH HAc KAc KOH
Me OH
HAc APVI100
KAc NISTVI00
KOH Fit Bin MIAC Fit Bin +Ter 0 0
K+/OH- Fit Bin MIAC Fit Bin +Ter 0 0 0
H30+/OH- |ENRILRK  Defaut 0 0 0
K+ Ac- Fit Bin MIAC Fit Bin +Ter Fit Bin +Ter 0 0
H30+/Ac- Defaut Fit pKa 0 0 0

Bin W|th W) ﬂ ﬂ

(f €nergies
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TEleThe
ELECTRIC CONDUCTIVITY MEASUREMENTS S o

AB= A" +B*
A= A”a(c,K)h(c,0,T, &, p)
Ny N 2
a=%=% avec K=%y§(c)

A model is required (not a direct measurement)

One salt at a time
Cover a large concentration range (min 4 points)
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Forces électrophoréese + relaxation => modele théorique

100 135 150 L.75
\'T Ir [mﬂﬂ”. L—I:I.'!'
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CONFRONT MODEL AND DATA

S —Novi(u:S — W s\ Vi
HAC+H20\_—\H30+ + Ac™ In K— = ZlVl('ul Hi )=1n1_[ i

K" RT e

Feb., 1956 IonizaTioNn CoNSTANT OF AcETIC Acip IN WATER-METHANOL 151

THE IONIZATION CONSTANT OF ACETIC ACID IN WATER-METHANOL

MIXTURES AT 25° FROM CONDUCTANCE MEASUREMENTS
By THEODORE SHEDLOVSEY AND ROBERT L. Kay S 5.00
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Plus dissocié

16 © | 2021 IFPEN

DISSOCIATION CONSTANTS VS SOLVENT COMPOSITION
(ACCORDING TO ENRTL)

In(K)
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TITRATION
0.2M HAc
HAc + H,0 = H;0% + Ac™
@ Titration de HAC par KOH .
10
8
T [ )
N ° ° e A )
Point d’équivalence = pKa , {. o o
Hypothese: I'ajout de la base ,
(« forte ») n’impacte pas les
coefficients activités (faibles dilution) 0
0,00E+00 5,00E-06 1,00E-05 1,50E-05 2,00E-05 2,50E-05 3,00E-05
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€nergies
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I CONCLUSION

@ Passing from one reference state to another is feasible but requires attention
@ Molality => needs to distinguish solvents and solutes
@ Molarity (concentration) => implies knowing the molar volume of the system.

@ eNRTL activity model allows computing activity coefficients, but
@ Many parameteres and few data
@ Allows describing the change of the equilibrium constant with solvent composition
@ Parameterisation needs to be revisited (KAc behaviour is unphysical); lack of data!

@ La conductimetry

@ Interpretation of titration in mixed solvents requires attention
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I PH EN SOLVANT MIXTE
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2H,0 = H;0% + OH™

pH = —log(ay+) = —log(ay,o+) + log(au,o)

2H,0 = H,0% + OH™

pH = log(Ks) — log(agy+) + log(ag)

J.J. Kosinski, P. Wang, R.D. Springer, A. Anderko, Fluid Phase
Equilib. 256 (2007) 34-41.
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