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Nonagueous Solution Coordination Chemistry
Studied by Titration Calorimetry
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Titration calorimetry is a powerful tool for determining thermodynamic parameters of metal-
ion complexation in non-aqueous solvents. By using this method, we could have simultaneously
obtained formation constants and enthalpies of not only binary but also ternary metal complexes.
The enthalpy and entropy values of metal-ion complexation reflect the change in the solvation
number, and thus provide useful information on the coordination structure of metal complexes
in solution. In non-aqueous solvent, unlike water, solvent-solvent interaction (solvent structure)
in the bulk liquid is generally weak, and solvation steric effect operates upon coordination of
bulky solvent molecules to the metal ion. This leads to an enhanced complexation of anionic
ligands such as halide ions, even in an aprotic donor solvent that has a stronger donor property
than water. Here, the results on the formation thermodynamics and structure of metal-ion complexes
will be discussed from the view-point of solvation steric effect.
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Fig.1 Formation constant of ZnClI® as a function of
donor number of solvents.
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Fig.2 Calorimetric titration curves for the Zn(l1)-Clo system in DMA and DMF at 298 K. Czn,ine Stands for the

concentration of zinc(ll) ion in an initial solution.
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Table 1 Stepwise thermodynamic parameters for reaction,
ZnClyg 1@ame g Clog ZnCly@ame in N,N-
dimethylformamide and N,N-dimethylacetamide

at 298 K.15.16)
n 1 2 3 4

DMF
log Kn/mol dmo3 4.8 7.0 5.3 2.2
AHp° /kJ molot 14.7 14 0176 079
AS°/JKoimolol 142 139 42 16

DMA
log K, /mol dmos3 8.6 7.8 5.0 1.9
AHp° /kJ molot 0l7 0206 0169 0104
AS°/IJKFimolot 159 80 39 2
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Table 2 Structural parameters of transition metal ions in solution at 298 K.

Water DMF DMA T™MU HMPA
H20 OHCN(CH3)2  O(CH3)CN(CHa)2 {(CH3)2N}2CO {(CHz3)2N}3PO
Mn(Il) r/pm 217 216 216 209 2007
n 6 5.8 5.8 4.9 4.9
Fe(l1) r/pm 211 210 - 205 198
n 6 5.8 - 4.9 4.0
Co(ll)  r/pm 208 208 207 200 195
n 6 5.9 55 4.1 3.9
Ni(I1) r/pm 205 204 205 200 197
n 6 5.9 5.9 4.8 4.2
Cull)  redpm 197 196 196 192 192
Nex 4 4.1 4.1 3.9 3.7
Cu(In) Iad/pm 229 229 227 - -
Nax 2 2 1.8 — .
zn(l)y  ripm 207 208 199 195 193
n 6 5.8 4.6 3.8 4.1
Cd(In r/pm 227 - - 228 223
n 6 — - 5.9 4.8

DMF: N,N-dimethylformamide, DMA: N,N-dimethylacetamide, TMU: tetramethylurea, HMPA: hexamethylphosphoric triamide.
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Fig.3 Species distribution in N,N-dimethylformamide
and N,N-dimethylacetamide.
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Table 3 Stepwise thermodynamic parameters for
reaction, NiClny1G3™o0 Clog NiCl, 20mo in N,N-
dimethylformamide and N,N-dimethylacetamide

at 298 K.
n 1 2 3 4

DMF
log Kn/mol dm@3  2.85 0.91 1.77 1.87
AHp° /kJ molot 8.6 19.1 62.9 0134
AS,°/J Kol molot 84 82 245 09

DMA
log Kn/mol dme3  4.31 4.22 451 1.73
AHp° /kJ molot 28.4 22 033 06.4
AS,°/J Kol molol 178 154 75 12
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Fig.4 Intrinsic electronic spectra of NiCl,@mo(nQg 1-4)

in N,N-dimethylformamide at 298 K. The value
shows n in the complex.
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Fig.5 Intrinsic electronic spectra of NiCl,@mo(nQg 1-4)

in N,N-dimethylacetamide at 278 K (dotted line),
298 K (solid line) and 318 K (broken line).
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Table 4 Molar heat capacity changes for reaction,
NiClno1@mmag Clog NiCl, @mo in N,N-dimethyl-
formamide and N,N-dimethylacetamide at 298 K.

from AH,° from AS,°
in DMF ACp1° 0.02 00.02
in DMA ACy1° 0.20 0.22
ACy2° 00.09 0 0.05
ACy3° 00.24 00.23
ACps° 00.01 0.00

Table 5 Stepwise thermodynamic parameters for
reaction, CoCl,51B30mog Clog CoCl,(20mo in
hexamethylphosphoric triamide at 298 K.

HMPA DMF
Cl Br | Cl

log K1 6.7 5.55 2.69 3.43
log K2 4.2 3.19 0.89 3.42
log K3 2.7 0.79 - 4.99
log Ks 0.8 - — 2.29
AH1° 015.2 027 13.0 6.3
AHz° 0126 0o0.3 6.9 52.2
AH3° 0128 21 - 024.8
AHg° o8 — - 06.2
ASy° 78 97 95 87
ASy° 38 62 40 241
ASz° 9 22 - 12
ASy° 010 — - 23
ASps° 115 — - 363
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Table 6 Ternary complexes MX m(N-N)n@imo(mn)
and their coordination number in N,N-
dimethylformamide at 298 K.
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