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Complexation of Metal Ions in Nonaqueous Solvents
Shin-ichi Ishiguro

Received May 2, 1991

Complexation of some bivalent transition metal with halide and pseudohalide ions has been
studied by calorimetry and spectrophotometry in some nonaquenus solvents and their mixtures.
Formation costants, enthalpies and entropies of formation of complexes vary strongly depend-
ing on the solvent. Solvent effects on the thermodynamic parameters are discussed in terms of
solvation of fons and solvent-solvent interactions in the bulk. The coordination structure change
upon complexation, which occurs in a different manner depending on the metal ion and ligand,
will be also discussed.

GOV RTE L T B OB A, 2, Al
BTG T Do RIS R T Y 4

1. ELBIC

R AL LR S GO R CATIRE T (S BRE ) B oo, IR LT RS AF LT

CELGLDDVLA A i 1, e Ao S TR AT A Lo

GRS LS L -l ELEOh T, s 2 Lodbo UL EIINIOEI T 50T Ao el T o
LT D e A Flr e T 2500 400, DD T EAWIA A S

TR 20 JONE0R 7, i ’f‘/U A wkvmmi;}&i % vk, MBI 2EE O ) A =g ko

COENEDTICR DL, AEEER S T A T ST > 2T 25 Hlus, (o D7 A B ittt

PR S O ’N,f (I z’f}n’i*vﬂi g T wIE A A S DEETIOOG £ RO BT 2
L

T -
=
IS
3
=
oy
&
R
s
.

! Kivir e T h k TEH TS A AR R A T ;:‘ﬁfixn'f'/liﬂ’éi"fi
HITHE, ZALE TR A D BB A ‘v*/:,’{{bSZ'iE B2 VRT3 00D FovA: SR D fr
BDdueh e ST s, - -y, /iL‘l'ﬂLf: Lxzxg BIZOGTERT S
LD L O BIR D L AL s L
BEALT O B0, Z DD TH G R R AL 2. BEORER L BRI
PHE 7223y RBIRAMEIZ 2, 2o DS DEENO e % Table 112054, frkks
P ANIPERTIE 2 2 X% TH . B HBADY L, EDFEAL - KIZ AN TR G, 2t 4
e - — f‘r&%‘(\%‘%f&"i‘%l’f‘ﬁi — oA s B R, R
WU U P B 1 PR R LS s R RN é).’]" S rEZ LT 5, FURW
BRI RN L BINAT 4259 T 227 (28 (1D T A AL A A L DESER RS D
Department of Electronic Chemistry, Tokyo Insti- THEL TA L '} .niJ LI O miﬁﬂft%ﬂ’ *ok
tute of Technology at Nagatsuta, 1259, Nagatsuta- AT TE /, &, PO B L7 L5 70 o EHR L &,

cho, Midori-ku, Yokohama 227, Japan - 7) L S 4&*{’% WA B4 IR P o L T

Netsu Sokutei 18(4) 1991 —- 193 —



iR # W
Table 1 Physicochemical properties of solvents. ®

DMF DMSO AN TFE® pPC
molecular weight 73.10 78.14 41.05 100.04 102.09
boiling point/°C 163.0 189.0 81.6 73.6 241.7
freezing point/ °C —60.43 18.55 —43.84 —44.6 —54.53
density/g cm? 0.9440 1.096 0.7768 1.382 1.195
viscosity/107% Pa s 8.02 19.6 3.25 178 253
heat of vaporization/J mol™! 475 52.9 329 44.0 -
heat capacity/J K 'g™! 148.4 153.2 91.5 - -
dipole moment/107% C m 12.9 13.0 115 638 16.5
relative dielectric constant 36.71 46.45 35.94 26.7 64.92
donor number 266 29.8 14.1 ~0c 15.1
acceptor number 16.0 19.3 19.3 53.5¢ 18.3

aValues refer to 25 °C and 1.0132x10° Pa,
bref. 2. ¢ref. 3.

w%@ﬁW” Gld A A TR T BB A A
PEAr L Bierum O BEED nu L R0
WWm&%Hw\Atl»T&§ué“

Hao = LCuCl” -+ 2 {CuCl.
+ 4 CuCl,?
“1Cu?t ]+ [CuClj + [CuCl,; + (Cull,
+[CuCly? T3 (1)
2 01 Y, BEMERD ERCE R  H
TR SILE,
Moo = LBV + 2 B+ 3 By + 4 Bt
(1 +By+ B+ Byt + Bt (2)
I I T v RERh ORI 1 o BT Z)é

i+ 3 {CuCly

VTR

G

B BOG 3 TR 5 CuCl2 -8R 4kl
T%U.K(4}smﬁ§ué
Cu* +nCl =CuCl, 2~

B.= (CuCl,® »/"Cu*]ICl 7 (4
HELEERD L AR T B, e id N (20 D k9 is
WAL A A BRIy DADEETH Y. BiEA A
SEBIICRTE L T W oD h T s T
WA (I1) 7o w HHAD B0 Ry e, s
WEE L A A BN LT, K2 A7
oo T hE, Fig 1L io%5

Fig. 125 H2 5 £ 912, e sz im < f\(f Ea
%, —ED n HIZT 2 pCl = —log: Cl" i.mol
N & IET A 2, ATEGEIR D DT é Kid

— 194 -~

t\ ‘\' i i T

. CuCt ,3 42+

\\ \ |
\\

\

L \ N _
N N \\

_\w \DMSO\\ OMF \ 1

N j\\u,\\\ \\\

1 14
—h:g([C\ ]/mo' dm3)

w
T

formation function
— ~

<

o

Fig. 1 Formation functions of copper’ [l

chloro complexes in water (Wi,
dimethyl sulfoxide :DMSO:, N, N-
dimethylformamide {DMFI,
acetonitrile AN and propylene car-

bonate PC:.
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Table 2 Stepwise formation constants, log
K,/ mol-'dm?®;, enthalpies.
AH/k] mol™', and entropies,
AS /] K'mol™!, for the forma-
tion of CuCl,.%™-in various
solvents.
wae DMSO DMF AN PC
log K; 0.6 4.11 6.79 9.69 12.0
log K, 2.45 454 7.95 10.7
log K3 2.29 4.00 4.49 6.2
log K4 0.79 1.52 285 5.2
AHS 12 9.2 10.3 —-117
AHS 11.5 9.7 —=5.0
AHS 175 73 44
AHS 145  —81  —343
ASS 33 109 165 147
ASY 85 120 135
ASS 103 101 80
ASS —33 2 —61
a) 3 mol dm™® LiClO,
atrbuob—rF L (A TALS (Table2). %
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Table 3 Ovemall formation constants, log ;5 ,/mol*dm '?i, enthalpies, AH ,, kJ mol™!

and entropies, AS” ,,/J K 'mol ', of formation of [CuCl,’* in AN-DMF and

AN-DMSO mixtures at 25C.

ZDMF Zpmso

0 0.025 0.05 0.1 0.5 1 0.05 0.1 1
log B4 254 21.4 19.7 18.4 17.3 16.9 16.9 156 9.6
AHS,  _es4 187 188 209 235 197 235 257 235
A Sﬂo4 300 473 441 423 410 388 409 377 263
zg . mole fraction of solvent S.
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Table 4 Thermodynamic parameters of
transfer. AG k] mol ', AH k]
mol™! and AS ., J K ' mol ' from
acetonitrile to NN -dimethvl-
formamide.
AG? AHY ASY
Cu®t - 77.4% —79.7 - 8
Cl~ 3.7 2.3 — 5P
[CuCl]}' —57.2 —55.4 6
[CuCl,]® 340 - 384 -15
[CuCls]™ ~25.3 -24.4 3
[CuCl‘;]Z‘ —14.0 4.1 61
a) ref. 20, b) ref. 21.
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Table 5 Thermodynamic parameters, AG”,/k] mol -, AH®,/k}] mol™ and AS",/] K-} -
mol !, for the stepwise formation of [MCI,]® »= complexes in N, N-
dimethylformamide at 25°C.
X=Ct X=SCN
Mn Co N: Zn Cd Mn Co N Zn Cd
log Ky 3.69 343 2.85 4.81 6.9 2.25 2.70 2.73 3.22 3.57
log K, 2.40 3.42 0.91 6.99 5.2 1.56 1.39 1.91 - 2.41
log K3 3.49 4.99 1.77 5.26 58 0.76 3.22 0.84 6.812 1.61
log K4 2.61 2.29 1.87 2.22 3.8 1.04 3.02 0.83 3.12 1.23
AHY 1.1 6.3 8.6 14.7 —120 —-1.0 -1.0 —0.7 5.2 —49
AHS 26 52 19 1.4 77 —16 —215 ~1.8 - —4.3
AHS 5.1 —24.8 63 —17.6 —3.3 9.3 35 —3.0 528 1.9
AHS -10.5 —6.2 —134 —-79 —20.9 8.6 —70 1.6 —17.8 9.9
A ST 74 87 84 142 91 40 49 50 79 52
ASY 132 241 82 139 124 24 —45 31 - 32
AS3 92 12 245 42 101 46 180 6 144% 37
ASY 15 23 -9 16 3 49 34 21 0 56
#for [Zn(NCS)]* +2NCS =[Zn(NCS)5]"
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