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Studies on Ion-Solvent Interactions VI.
A Sketch of Ion-Solvent-Solvent Interactions Based on Ion-Solvent Complexing
and Ionic Solvent Transfer
Ikko Saxamoros, Kunihisa Socase: and Satoshi Oxazaxi-

Qutline of this study

Introduction

It is important to elucidate ion-solvent interactions in different solvents not only for
electroanalytical chemistry but also for chemistry in general. From this point of view, we
have payed attention to two parameters reflecting the ion solvation. One is the complex
formation constants (B.) of ions in the proper reference solvents with other complexing
solvents, by which the solvating abilities of different solvents can be compared qualita-
tively with each other. The other parameter is the ionic Gibbs energies of transfer (AG%)
from one solvent to another, by which the solvation energies of ions in different solvent
can be compared quantitatively with each other.

You can see in Fig.1 a typical example reflecting the differences in the ion-solvent-solvent
interactions. The solubility products (K5) of AgCl change much differently in the mixtures
of water with acetonitrile (AN) and dimethyl sulfoxide (DMSO). This difference in the
change of solubility products can be explained well taking into account the change of the
ionic Gibbs energies of transfer in these solvent mixtures, as shown in Fig.2. When AN or
DMSO is added to water, the silver ion becomes more stable and the chloride ion becomes
more unstable in both mixtures. As shown in the Fig.2, relatively speaking, the silver ion
becomes stable more rapidly in the water-AN mixtures than in the water-DMSO mixtures.
On the other hand, the chloride ion becomes unstable more rapidly in the water-DMSO
mixtures than in the water-AN mixtures. This causes the solubility products of AgCl to
change much differently in these two solvent mixtures.

After all, this is due to the differences in the ion-solvent-solvent interactions, and we tried
to evaluate the differences like this on the bases of the ion-solvent complexing and the
ionic solvent transfer.

Experimental

We measured by potentiometry the overall complex formation constants of the silver ion
in some proper reference solvents with other complexing solvents. The ion-solvent
complexing means the replacement reaction of solvent molecules in the solvation sphere of
ions. '

*  BEAFHEEFHENBENRE * % BRRFEPIMICERE
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Ag+(81)n + nS: = Ag‘+(82)n + nS

Si : reference solvents
S: : complexing solvents
Solvent basicity : S < S.

The complex formation constants were determined by measuring the potential changes in
the following cell.

Ag | 0.01 M AgCl0,, 0.02 M Kryptofix 22, 0.1 M BuNCIO: (S) || 0.1 M BuNCIO: (S) |l
0.001 M AgClO: (Si+Sy) | Ag

The Gibbs energies of transfer of the silver ion from acetylacetone (Hacac) to other sol-
vents were also determined by measuring the emf of the following cell.

Ag | 0.01 M AgClO: (Hacac) Il 0.1 M Et.N-picrate (Hacac) [l 0.001 M AgClO: (S) | Ag

We used an amphiprotic solvent acetylacetone as the reference solvent. Its basicity and
acidity are both weak. We used the negligible liquid junction assumption by using the
picrate bridge proposed by Parker and others. The measurements for Li* and Na* were
also performed.

Results and discussion

(1) In the solvent systems with the weak: interactins between the reference and complexing
solvents : When the reference solvents used were less acidic solvents such as acetylacetone,
acetone (AC) and nitrobenzene (NB), the complex formation constants of cations with
other donor complexing solvents changed according to the combination of ions, reference
solvents and complexing solvents. These changes can be explained taking into account the
differences in the ionic properties and the solvating abilities of the reference and
complexing solvents.

(2) Relation between ion-solvent complexing and ionic solvent transfer :

The ion-solvent complex formation constants and ionic Gibbs energies of transfer changed
according to the combination of ions and reference and complexing solvents. In the solvent
systems mentioned above (1), however, the same linear relation was observed between the
logarithmic values of 1-1 complex formation constants and the ionic transfer energies
from the reference solvent to the complexing one. This fact means that the ion-solvent
complexing occurs corresponding to only the differences in solvation energies of the refer-
ence and complexing solvents, independently of the kind of ions and solvents. In these sol-
vent systems, the relation between the overall complex formation constants and ionic
solvent transfer energies can be explained quantitatively.

(3) In the solvent systems with the strong interactions between the reference and
complexing solvents :

When the reference solvents used were more acidic solvents such as water and alcohols,
the observed cation-solvent complex formation constants became smaller than expected
from the transfer energies with the increase of hydrogen bonding accepting abilities of the
complexing solvents (generally speaking the solvent basicity). The strong hydorogen
bonding interactions between the reference and complexing sovents reduce the solvating
ability of the complexing sovents, and in some cases no ion-solvent complexing occurs. In
this connection, the selective solvation of ions in the reference-complexing solvents mix-
tures occurred only to a much smaller extent in these solvent systems than in those men-
tioned in (1).

(4) In conclusion, the ion-solvent complex formation constants and the ionic Gibbs energies
of transfer can be the quantitative parameters to evaluate the ion-solvent interactions.
Furthermore, we can also understand better the solvent-solvent interactions by the
systematical investigation of these parameters and their relations.
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Fig.2 Gibbs energies of transfer of the silver
and chloride ions in the mixtures of water with
acetonitrile and dimethyl sulfoxide
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(® :Cl"in H:0 + AN (O):Cl" in H:O + DMSO
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log (B1/mol™ dm?®)

Donor number
Fig.3 Correlation between the 1-1 complex formation constants of the silver ion in less acidic

reference solvents and the donor number of the complexing solvents

Reference solvents : (@) ; Hacac (A) ; AC @) ; NB
Complexing solvents : 1 ; AN 2 ; H.O 3 ; DMF 4 : DMA 5 ; DMSO 6 ; AC
7 ; MeOH 8 ; EtOH 9 ; HMPA 10 ; Py 11 ; Hacac

0
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AN A e9%  Fa puroma B p
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log (B1/mol™ dm?®)

Donor number

Fig.4 Correlation between the 1-1 complex formation constants of the lithium and sodium ions
and the donor number of the complexing solvents

Reference solvents and ions : (@) ; Hacac and Li* (@) ; Hacac and Na* (A) ; EtOH and Na*
(® ; AN and Na* (O) ; H:O and Na*
Complexing solvents :1-11;same as those presented in Fig. 3 12;NB 13;DEA (N,N-diethylacetamide)
14;SDMF (N, N-dimethylthioformamide) 15;FA(formamide)
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Fig.5 Correlation between the 1-1 complex formation constants of the silver ion in less acidic
reference solvents and its Gibbs energies of transfer from the reference to the complexing solvents

The symbols of reference solvents Si and the numbers of complexing solvents S; are same as those

in Fig. 3.
(—) : the correlation line except S:=Py



A - GRIBEA - [AF 85 19

log (B1/mol™ dm®)

(o)

0 1‘0 2‘0 30 40 50 60 70
—AGY (Ag*: 81— S) /kJ mol™

Fig.6 Correlation between the 1-1 complex formation constants of the silver ion in more acidic
reference solvents and its Gibbs energies of transfer

Reference solvents S :
(©) ; HO (B ; MeOH (A) ; EtOH (®) ; 1-PrOH (D; 1-BuOH
Complexing solvents S :
1:AN 2; H.0 3 ; DMF 4 ; DMA 5 ; DMSO 9 ; HMPA 10 ; Py
(—) : the correlation line in Hacac, AC and NB except S:=Py
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Fig.7 Correlation between the 1-1 complex formation constants of the lithium and sodium ions
and their Gibbs energies of transfer from the reference to the complexing solvents

Reference solvents S: and ions : () ; Hacac and Li* () ; AN and Li* (®) ; Hacac and Na*
(®) ; AN and Na* (/) ; EtOH and Na* (O) ; HO and Na*
Complexing solvents S;: 1 ; AN 2 ; H.0 3 ;DMF 4 ; DMA 5 ; DMSO 6 ; AC
7 ;MeOH 8 ;EtOH 10; Py 13 ; DEA 14 ; SDMF 15; FA
(—) : the correlation line for Ag" in Hacac, AC and NB reference solvents
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Fig.8 Normalized changes of the silver ion transfer energies in the mixtures of dimethyl sulfoxide

with other solvents

Other solvents S: (@) ; H:0 (B8 ; MeOH
Normalized changes of transfer energies :

() ; EtOH

(A) ; 1-BuOH (O) ; Hacac

ACAGY = (AGE (Ag': S—S+DMS0)AG: (Ag* : S—DMSO0)) x 100
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Fig.9 Normalized changes of the silver ion transfer energies in some solvent mixtures

S: + S: mixtures : (@) ; H:O+DMSO ) ; HHO+DMA (O) ; HO+DMF (A) ; HO+AN
() ; Hacac+DMSO

Normalized changes of transfer energies :
ACAGY = (AGe (Ag* 18— Si+S) AGY (Ag* 18— S)) x 100
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Fig.10 Normalized changes of the silver ion transfer energies in the mixtures of pyridine with

other solvents

Other solvents S : (@) ; TFE (A) ; EtOH (@) ; AN (@ ; H:0
Normalized changes of tansfer energies:see Fig. 8
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Fig.12 Coordination model of ionic solvation
and solvent transfer

B.G.Cox, A.J.Parker and W.E.Waghorne,
J.Phys.Chem., 78(1974)1731
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Fig.13 Observed and calculated values of the silver ion transfer energies

Reference solvents S; :

(®) ; Hacac (&) ; AC @) ; NB @ ; AN (D) ; DMF (V) ; DMA
(V) ; DMSO (O) ; H:O0 (B ; MeOH (A ; EtOH (®) ; 1-PrOH (O ; 1-BuCH
Complexing solvents S :
1 ;AN 2 ; H.O 3 ; DMF 4 ; DMA 5 ; DMSO 6 ; AC
7 ; MeOH 8 ; EtOH 9 ; HMPA 10 ; Py 11 ; Hacac
(——) : observed values= calculated values
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Fig.14 Observed and calculated values of the lithium and sodium ions transfer energies

Reference solvents S and ions :

(@) ; Hacac and Li* (®) ; Hacac and Na* (A) ; EtOH and Na* (®) ; AN and Na*
Complexing solvents S:: 1-10; same as those in Fig.13 13 ; DEA 15; FA

(—) : observed values = calculated values
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