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Summary

The structures of trans-[CoIII(cyclam)(NCS)2](NCS) and
of [CoII(Me4cyclam)(NCS)]2[Co(NCS)4] áMeOH have
been established by X-ray di�raction methods. The
solvatochromic behavior of the trans-[Co(cyclam)-
(NCS)2]

+ cation in several binary aqueous solvent
mixtures is reported. Transfer chemical potentials for
this complex from H2O into MeOH-H2O mixtures have
been established from solubility measurements on its
thiocyanate salt. The solvatochromic behavior of this
cation is discussed in the context of other solvato-
chromic inorganic complexes; its transfer chemical
potentials are discussed in relation to those of other
cobalt(III) complexes.

Introduction

Many years ago we discovered the complex trans-[Co-
(cyclam)(NCS)2]

+± to be solvatochromic(1,2). Whereas
there are a large number of solvatochromic compounds
and complexes of the cis-[ML4L

0
2], [M(LL)2L

0], or
[ML4(LL)] types, such as [Fe(diimine)2(CN)2], [Fe(di-
imine)(CN)4]

2), or [Mo(diimine)(CO4)], where di-
imine � a (substituted) 2,20-bipyridyl or 1,10-
phenanthroline, a pyridine-derived Schi� base, or a
diazabutadiene(3), there are very few reported solvato-
chromic trans-analogues. We have now completed a
fuller investigation of the solvatochromism of trans-
[Co(cyclam)(NCS)2]

+ in water-rich binary aqueous
solvent mixtures. We have con®rmed the trans-geometry
of the complexes by anX-ray di�raction crystal structure
determination of its thiocyanate salt, improving on an
earlier determination(1,4). We have also obtained
complementary information on solvation of trans-[Co-
(cyclam)(NCS)2]

+ by measuring solubilities of its thio-
cyanate and thence deriving transfer chemical potentials
as a thermodynamic solvation indicator. We discuss the
solvatochromism of trans-[Co(cyclam)(NCS)2]

+ in rela-
tion to that of other inorganic complexes and compounds,
especially ternary iron(II)-diimine-cyanide and mo-
lybdenum(0)-diimine-carbonyl species. We compare
transfer chemical trends for trans-[Co(cyclam)(NCS)2]

+

from water into methanol-water mixtures with trends
established for a variety of cobalt(III) complexes and as-
sess the e�ects of the cyclam and thiocyanate ligands on
solvation in these binary media.

Our intended preparation of the analogous salt trans-
[Co(Me4cyclam)(NCS)2]NCS), planned to provide a

somewhat more hydrophobic complex cation, in fact
produced the ®ve-coordinated cobalt(II) complex [Co-
(Me4cyclam)(NCS)]+, in the form of a methanol solvate
of its [CoII(NCS)4]2) salt. The structure of this salt has
been established by X-ray di�raction methods, and is
described hereunder. The solvatochromic behavior of the
[Co(Me4cyclam)(NCS)]+ cation is, at any rate in water-
rich mixed solvents, very similar to that of the trans-
[Co(cyclam)(NCS)2]

+ cation. Dissociation of the

[CoII(NCS)4]
2) anion on dissolving the salt in aqueous

media prevented us from measuring solubilities and
thence estimating transfer chemical potentials in metha-
nol-water mixtures.

Experimental

Materials

The cobalt(III) salt trans-[Co(cyclam)(NCS)2](NCS) was
prepared by air oxidation of an aqueous solution of
cobalt(II) chloride, cyclam, and a generous excess
of sodium thiocyanate(5). An analogous experiment
using Me4cyclam in place of cyclam produced what
proved to be the cobalt(II) salt [Co(Me4cyclam)-
(NCS)]2[Co(NCS)4] áMeOH. The products were puri®ed
by recrystallisation from H2O, to give deep orange-red
(cyclam complex) or intensely blue (Me4cyclam com-
plex) crystals. The crystals used for the X-ray di�raction
structure determinations were selected from the re-
crystallised products. The purity of the cyclam complex
was checked through comparisons of its i.r. and
uv-visible spectra with published data.

Doubly distilled H2O was used for the solubility and
spectroscopy experiments. The best commercially avail-
able grades of the organic cosolventswere used, somewith
further puri®cation(6). Thus MeOH was allowed to stand
overMg turnings and a trace of I2 before ®nal distillation,
and dioxan was passed down an alumina column to
remove traces of peroxides before being distilled.

Spectroscopy and solubilities

Visible absorption spectra were run at 298 K in 1 cm
cells in the thermostatted cell compartment of a Pye-
Unicam SP8-100 or SP1800, a Shimadzu UV160, or a
Perkin Elmer lambda 16 spectrophotometer. Solubilities
were obtained by our usual method(7). It was checked
that aquation was negligible over a period of several
days at 298 K in the solvent media used for the solubi-
lity experiments.

X-ray structure determination

Details of X-ray data collection, and of solution
and re®nement of the structures(8), are summarised in
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Table 1. Atom numbering diagrams are shown as
Figures 1 and 2; selected bond distances and bond
angles are given in Tables 2, 3, and 4, for trans-[Co-
(cyclam)(NCS)2]

+, [Co(Me4cyclam)(NCS)2]
+, and

[Co(NCS)4]
2) respectively. All other crystallographic

data may be obtained from the Cambridge Crystal-
lographic Data Centre, where CIF ®les have been
deposited {Deposition Number 102665 for trans-[Co-
(cyclam)(NCS)2](NCS) (1) and Deposition Number
102666 for [Co(Me4cyclam)(NCS)]2[Co(NCS)4} (2).

Data for (1) and (2) were measured on a Siemens P4
di�ractometer, using graphite monochromated Mo-Ka
radiation (k � 0.7107 AÊ ) with an x scan technique. 3
standard re¯ections monitored every 100 scans showed
no signi®cant variation in intensity, the re¯ections were
corrected for Lorentz and polarisation e�ects. The
structures were solved by Direct methods using the
program SHELXTL-PC(8) and re®ned by full-matrix
least squares on F2. All hydrogen atoms were included in
calculated positions (CAH � 0.96 AÊ ) with isotropic
displacement parameters set to 1.2Ueq(C). The methanol
solvent molecule found in (2) was found to be
disordered with two possible positions for the O atom
(60:40), hydrogen atoms of the solvent molecule were
not included in the re®nement. All non-hydrogen atoms
except the solvent methanol molecule of (2) were
re®ned with anisotropic displacement parameters.

Results and discussion

Structures

The X-ray crystal structure determination for [Co(cy-
clam)(NCS)2](NCS) (1) con®rmed the trans-geometry
originally assigned, on the basis of uv-visible spectro-

Figure 1. Structure of one of the unique cations of (1) showing the
atom labelling scheme with 30% probability ellipsoids. H atoms except
those bonded to N atoms are omitted for clarity. Primed atoms are
generated by symmetry (code; 2)x, 1)y, z).

Table 1. Crystal data, data collection and re®nement parameters for (1) and (2)

Compound (1) (2)

Formula C12H24N6S2Co
+NCS) 2(C15H32N5SCo)

+Co(NSC)2ÿ4 .CH4O
Mol. Wt. 433.50 1070.18
Lattice Triclinic Monoclinic
Space group P-1 P21/c
a AÊ 8.254(1) 8.630(2)
b AÊ 9.602(1) 23.930(7)
c AÊ 12.179(1) 24.419(5)
a� 90.87(1) 90
b� 92.20(1) 93.81(2)
c� 90.23(1) 90
V AÊ 3, Z 964.4(2) 5032(2)
setting re¯ections, h range(°) 37, 4.93±12.46 37, 5.11±12.44
crystal size mm 0.44 � 0.39 � 0.09 0.63 � 0.21 � 0.16
crystal colour/habit orange plate blue needle
Dx Mg m)3 1.493 1.413
l mm)1 1.225 1.270
min., max. transmission not applied 0.848, 0.964
scan range ° 5.36±52 5.0±50
scan index limits (h, k, l) )1 10, )11 11, )15 15 )1 10, )1 28, )29 28
data collected 4608 9750
unique data 3786 8557
goodness of ®t on F2 1.015 1.026
a,ba in weighting scheme 0.0361, 0.478 0.0359, 8.602
R (int) 0.0219 0.0558
observed data [I > 2r(I)] 3086 4359
R1 0.0347 0.0717
wR2 (all data) 0.0898 0.1434
parameters n 220 526
DF eAÊ )3 +0.374, )0.292 +0.787, )0.482
D=r 0.001 0.000

R1 = RkFoj ÿ jFck=RjFoj, wR2 = [w(Fo2 ) Fc2)2/(Fo2)2]1=2, goodness of ®t s = �Rw�Fo2 ÿ Fc2�2=�n ÿ p��1=2 where n = number of

re¯ections and p = total number of parameters, a w = 1=�r2�Fo2� � �aP�2 � bP� where P = �Fo2 ÿ Fc2�=3.
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scopy (comparisons with spectra of cis- and trans-
[Co(LL)2X2])

(5) for the [Co(cyclam)(NCS)2]
+ cation.

The thiocyanate-NACoAthiocyanate-N angle is 180°, as
it is in trans-[Co(NH3)4(NCS)2]

+(9). The conformation
of the cyclam ligand is shown in (Figure 1), hydrogen
atoms bonded to cyclam nitrogen atoms are included to
indicate the conformation clearly. There are in principle
several possible conformations for the cyclam, varying
in stability over a range of 46 kJ mol)1 (10). The con-
formation adopted here, that represented as (3) ac-
cording to Curtis's convention(11), is the most stable ± it
is also that found in [Ni(cyclam)Cl2]

(5,12). Other features
of this cation are mentioned in the general discussion
below.

The central metal in the [Co(Me4cyclam)(NCS)]+

cation is ®ve-coordinate. Structures of previously re-
ported ®ve-coordinate cobalt(II) complexes range from
approximately trigonal bipyramidal to approximately
square pyramidal(13). [Co(Me4cyclam)(NCS)]+ has
a coordination geometry intermediate between the

extremes of a square-based pyramid and a trigonal
bipyramid. Appropriate NACoAN angles are shown in
the two representations of the CoN5 core in Figure 3.
The cation seems to be rather closer to a trigonal bi-
pyramid, with the thiocyanate equatorial, than to a
square-based pyramid.

The geometry of the central CoN4 unit of [Co(NCS)4]
2)

anion (all thiocyanates are N-bonded) is fairly close to
tetrahedral, with angles ranging from 105.8 to 115.3°.

Table 2. Selected bond lengths (AÊ ) and angles (°) for the trans-[Co(cyclam)(NCS)2]
+ cation in (1)

Co(1)AN(1) 1.884(2) Co(1)AN(2) 1.974(2)
Co(1)AN(3) 1.981(2) S(1)AC(1) 1.609(3)
N(1)AC(1) 1.158(3) Co(1A)AN(1A) 1.882(2)
Co(1A)AN(3A) 1.975(2) Co(1A)AN(2A) 1.975(2)
S(1A)AC(1A) 1.612(3) N(1A)AC(1A) 1.157(3)

N(1)ACo(1)AN(2) 88.85(10) N(1)ACo(1)AN(3) 89.44(10)
N(2)ACo(1)AN(3) 93.70(9) C(1)AN(1)ACo(1) 168.4(2)
N(1)AC(1)AS(1) 177.7(3) N(1A)ACo(1A)AN(3A) 89.38(9)
N(1A)ACo(1A)AN(2A) 89.07(9) N(3A)ACo(1A)AN(2A) 93.73(9)
C(1A)AN(1A)ACo(1A) 165.6(2) N(1A)AC(1A)AS(1A) 179.0(2)

Figure 2. Structure of (2) showing atom labelling scheme with 30% probability ellipsoids. H atoms and the solvent are omitted for clarity.
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Cobalt-nitrogen distances, in the present complexes and
for a selection of other cobalt complexes for compar-
ison, are collected in Table 5(9,13±23). Cobalt-nitrogen
distance to the macrocyclic ligands are in the expected

ranges for cobalt(III) and cobalt(II) in the trans-[Co-
(cyclam)(NCS)2]

+ and [Co(Me4cyclam)(NCS)]+ cations
respectively. The di�erence between CoIIIAN(thiocya-
nate) and CoIIAN(thiocyanate), in these and related
complexes, is less marked. Cobalt(II)Anitrogen dis-
tances in the near-tetrahedral anion are all equal within
experimental uncertainty. The mean value of 1.95 AÊ is
the same, within experimental uncertainty, as the
CoIIAN(thiocyanate) bond distance in the [Co(Me4cy-
clam)(NCS)]+ cation, but signi®cantly less than in the
six-coordinate complexes (Table 5).

The CoANAC(thiocyanate) angles in a range of co-
balt(II) and cobalt(III) thiocyanate complexes are listed
in Table 5. There is a remarkable range of values, with
the CoANAC angles indicating deviations from linear-
ity of from 2 to 35°. These angles in trans-[Co(cy-
clam)(NCS)2]

+ are 166 and 168°, deviating signi®cantly
more from linearity than the CoANAC angles of 176° in
the analogous ammine complex. The angle in [Co(Me4-
cyclam)(NCS)]+ is, at 164°, very similar. It is in
the homoleptic cobalt(II) anions [Co(NCS)4]

2) and
[Co(NCS)6]

4) that the biggest and smallest deviations
occur, with the shapes of the former in the two salts of
established structure being markedly di�erent. Inclusion
of iodoform of crystallisation also has a considerable
e�ect on thiocyanate geometry in the ternary complexes
with pyridine(24,25)d (Table 6).

Solvatochromism

The band at 524 nm (in water) for trans-[Co(cy-
clam)(NCS)2]

+ shifts slightly but progressively to longer
wavelength (lower energy) as the proportion of organic
cosolvent increases (Table 7). This behaviour parallels
that of the MLCT bands of complexes of the iron(II)-
diimine-cyanide type, but the shifts for the cobalt com-
plex are much less than those for the iron(II) complexes.
Plots of shifts for the trans-[Co(cyclam)(NCS)2]

+ cation
against those for [Fe(bipy)2(CN)2], the reference
iron(II)-diimine-cyanide complex, for water-methanol
and water-ethanol mixtures give a reasonable correla-
tion, with a slope 0.27; points for i-propanol and for
dioxan as cosolvents lie appreciably o� this correlation
line. As so often is the case for inorganic substrates,
shifts for trans-[Co(cyclam)(NCS)2]

+ correlate less well
with solvent ET values(26), the standard organic solva-
tochromism reference scale.

Inspection of Table 7 shows that [Co(Me4cy-
clam)(NCS)]+ exhibits similar solvatochromic beha-

Table 3. Selective bond lengths (AÊ ) and angles (°) for the [Co(Me4
cyclam)(NCS)]+ cations in (2)

Co(1)AN(1) 1.966(7) Co(1)AN(4) 2.092(6)
Co(1)AN(2) 2.110(6) Co(1)AN(3) 2.207(6)
Co(1)AN(5) 2.213(6) S(1)AC(1) 1.609(9)
N(1)AC(1) 1.165(9) Co(2)AN(6) 1.971(7)
Co(2)AN(10) 2.115(6) Co(2)AN(8) 2.123(6)
Co(2)AN(7) 2.194(6) Co(2)AN(9) 2.204(6)
S(2)AC(16) 1.625(8) N(6)AC(16) 1.151(9)

N(1)ACo(1)AN(4) 111.0(3) N(1)ACo(1)AN(2) 108.9(3)
N(4)ACo(1)AN(2) 140.0(2) N(1)ACo(1)AN(3) 96.3(3)
N(4)ACo(1)AN(3) 84.3(3) N(2)ACo(1)AN(3) 92.6(2)
N(1)ACo(1)AN(5) 94.3(3) N(4)ACo(1)AN(5) 92.5(3)
N(2)ACo(1)AN(5) 83.3(2) N(3)ACo(1)AN(5) 169.4(2)
N(6)ACo(2)AN(10) 110.2(3) N(6)ACo(2)AN(8) 108.1(3)
N(10)ACo(2)AN(8) 141.6(2) N(6)ACo(2)AN(7) 94.6(3)
N(10)ACo(2)AN(7) 92.4(3) N(8)ACo(2)AN(7) 83.8(2)
N(6)ACo(2)AN(9) 94.6(3) N(10)ACo(2)AN(9) 84.6(2)
N(8)ACo(2)AN(9) 93.1(2) N(7)ACo(2)AN(9) 170.9(2)

Figure 3. Relation of the coordination geometry around the cobalt in
the trans-[Co(Me4Cyclam)(NCS)]+ cation to the square pyramidal and
trigonal bipyramidal extremes for ®ve-coordination.

Table 4. Selected bond lengths (AÊ ) and angles (°) for the
[Co(NCS)4]

2) anion in (2)

Co(3)AN(11) 1.944(7) Co(3)AN(13) 1.946(7)
Co(3)AN(14) 1.951(7) Co(3)AN(12) 1.955(7)
S(3)AC(31) 1.619(9) N(11)AC(31) 1.161(10)
S(4)AC(32) 1.629(9) N(12)AC(32) 1.144(9)
S(5)AC(33) 1.615(9) N(13)AC(33) 1.158(10)
S(6)AC(34) 1.600(9) N(14)AC(34) 1.178(9)

N(11)ACo(3)AN(13) 115.3(3) N(11)ACo(3)AN(14) 108.6(3)
N(13)ACo(3)AN(14) 109.1(3) N(11)ACo(3)AN(12) 107.4(3)
N(13)ACo(3)AN(12) 110.2(3) N(14)ACo(3)AN(12) 105.8(3)
C(31)AN(11)ACo(3) 177.9(7) N(11)AC(31)AS(3) 179.6(8)
C(32)AN(12)ACo(3) 168.7(8) N(12)AC(32)AS(4) 178.2(8)
C(33)AN(13)ACo(3) 175.7(7) N(13)AC(33)AS(5) 178.9(8)
C(34)AN(14)ACo(3) 167.2(7) N(14)AC(34)AS(6) 179.6(7)
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viour to trans-[Co(cyclam)(NCS)2]
+. The shifts are too

small to make a quantitative comparison, but the shifts
are, as one would expect, in the same direction and are
perhaps slightly smaller than for the Me4cyclam com-
plex. The presence of a formally vacant sixth co-
ordination site in the Me4cyclam complex might lead
one to expect greater sensitivity to solvent composition.
Either this site has a strong preference for water, or it
is su�ciently well shielded by the bulky ligand that

solvation at this site is not signi®cant. An earlier study
of solvatochromism of ®ve-coordinate manganese(III)-
tetraazamacrocycle-thiocyanate complexes showed si-
milarly low solvent sensitivities, but did indicate sig-
ni®cant solute±solvent interactions in strong donor
solvents. We cannot make direct comparisons between
[Co(Me4cyclam)(NCS)]+ and the manganese systems,
since the latter were studied in a range of non-aqueous
solvents, the former in water-rich mixtures.

Transfer chemical potentials

The derivation of transfer chemical potentials for the
trans-[Co(cyclam)(NCS)2]

+ cation is set out in Table 8.
The single ion assumption employed is the TATB (or
TPTB; the di�erence is <1% over our range of solvent
mixtures) assumption, i.e. it is assumed that transfer
chemical potentials for the large and lightly solvated
tetraphenylarsonium (TA, or tetraphenylphosphonium,
TP) cation and tetraphenylboronate (TB) anion are
equal. This assumption enters the calculations via the
published data used for the transfer chemical potentials
for thiocyanate. There are three sets of these values,
based on Gibbs energies of transfer of H++ NCS)(27),
on solubilities of the thiocyanate and perchlorate of the
[Co(en)2(ox)]

+cation(28), and on solubilities of a range
of thiocyanate and perchlorate salts of iron(II)-diimine
cations(1). The last two are in turn based on published
transfer chemical potentials for perchlorate. The values

Table 5. CobaltAnitrogen bond distances (AÊ ) in trans-[Co(cyclam)(NCS)2]
+, [Co(Me4cyclam)(NCS)]+, and [Co(NCS)4]

2), with some
comparative data

CoAN[am(m)ine]a CoAN(thiocyanate) Ref.

Cobalt(II) Complexes
Four-Coordinate
[Co(NCS)4]

2) 1.95 b; 14
Five-Coordinate
[Co(Me4cyclam)(NCS)]+ 2.09 to 2.21 1.97 b
[Co(Me6tren)Br]

+ 2.08 to 2.15 13
Six-Coordinate
[Co(NH3)6]

2+ 2.16 15
cis-[Co(bipy)2(NCS)2] 2.15 to 2.19 2.06, 2.08 16
trans-[Co(X-py)4(NCS)2]

c 2.15 to 2.20 2.05 to 2.10 17±19
trans-[Co(mbtz)4(NCS)2]

d 2.21 2.05 20
[Co(NCS)6]

2) 2.11 to 2.14 21

Cobalt(III) Complexes
trans-[Co(cyclam)(NCS)2]

+ 1.98 1.88 b
trans-[Co(NH3)4(NCS)2]

+ 1.96 1.91 9
cis-[Co(tn)2(NCS)2]

+e 1.99 1.92 22
[Co(NH3)5(NCS)]2+ f 1.90 23
[Co(NH3)6]

3+ 1.97 15

aOr pyridine. b This work. c X � H, 4-benzoyl, or 4-vinyl (orthorhombic and tetragonal forms). dmbtz = 1-methylbenzotriazole. e tn = 1,3-
propanediamine (trimethylenediamine). f Not reported (disorder problems).

Table 6. CoANAC angles at coordinated nitrogen of thiocyanate in
cobalt(II) and cobalt(III) complexes

Complex CoANAC angle Ref.

Cobalt(II) Complexes
[Co(NCS)4]

2) 156 to 178° a b, 14
trans-[Co(py)4(NCS)2] 155.9° 17
trans-[Co(py)4(NCS)2]2CHI3 174.7° 23
trans-[Co(py)4(NCS.I2)2] 177.3° 24
trans-[Co(4-benzoyl py)4(NCS)2] 173.8° 19
[Co(Me4cyclam)(NCS)]+ 164° b

Cobalt(III) Complexes
[Co(NCS)6]

2) 145 to 165° 21
trans-[Co(cyclam)(NCS)2]

+ 166 to 168° b
trans-[Co(NH3)4(NCS)2]

+ 176° 9
cis-[Co(tn)2(NCS)2]

+ 166 to 173° 22

a 167 to 178° in the nitron salt, 156 to 175° in the [Co(Me4cy-
clam)(NCS)]+ salt. b This work.

Table 7. Wavelengths (nm) of maximum absorption for trans-
[Co(cyclam)(NCS)2]

+ and for [Co(Me4cyclam)(NCS)]+ in binary
aqueous solvent mixtures

Cosolvent (vol %) 20 40 60 80 90

trans-[Co(cyclam)(NCS)2]
+a

MeOH 527 528 529 532 535
EtOH 528 529 531 533 535
i-PrOH 525 526 528 529
1,4-dioxan 526 527 530 532 535
Me2Co 525 527 529 531

[Co(Me4cyclam)(NCS)]+b

MeOH 481
(708)c

482
(710)c

484
(712)c

a 524 nm in H2O. b 480 (706) nm in H2O. c Broad weak band.

Table 8. Solubilities (at 298.2 K) of trans-[Co(cyclam)(NCS)2](NCS)
and derivation of transfer chemical potentials for trans-[Co(cyclam)-
NCS)2]

+

MeOH (vol %) 0 10 20 30 40

ASSa 2.70b 1.99 1.73 1.60 1.68
DGtr(salt)/kJ mol)1 +1.5 +2.2 +2.6 +2.4
DGtr(NCS))/kJ mol)1 c )0.2 )0.3 )0.3 )1.4
DGtr(complex)/kJ mol)1 +1.7 +2.5 +2.9 +2.8

aAbsorbance of saturated solution, measured at kmax.
b This corre-

sponds to a solubility of 0.010 mol dm)3 (e524 = 270, according to
Figure 3 of reference 5) cMean values estimated as detailed in the text.
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from the three sets agree well, within about 1 kJ mol)1

over the solvent composition range 0 to 40% methanol,
so we have averaged the three sets for use in Table 8.
The derived transfer chemical potentials for trans-[Co-
(cyclam)(NCS)2]

+ from water into water-rich methanol-
water mixtures are slightly but signi®cantly positive.
Such modestly unfavourable transfer from water into
the mixed solvents indicates that the complex shows a
slight preference for solvation by water. The hydrophilic
thiocyanates and the charge on the complex are just
outweighing the hydrophobic periphery of the co-
ordinated cyclam.

The transfer chemical potential trend for trans-
[Co(cyclam)(NCS)2]

+ is compared with trends for a
selection of other cobalt(III) complexes(29) in Figure 4.
This Figure shows how relatively small the transfer
chemical potentials are for this complex, especially in
comparison with, on the one hand, the strongly hy-
drophilic [Co(NH3)6]

3+ and, on the other, [Co(phen)2-
(CO3)]

+ and trans-[Co(py)4Cl2]
+. In the case of these

latter complexes, the strongly hydrophobic characters of
the coordinated 1,10-phenanthroline or pyridine ligands
dominate over the e�ects of the hydrophilic carbonate or
chlorides.

We were not able to determine transfer chemical
potentials from solubilities for the [Co(Me4cyclam)
(NCS)]+ cation. In the ®rst place, there are no transfer
chemical potentials published for the [Co(NCS)4]

2)

anion, and in the second place, this anion dissociates
into Co2+aq and NCS) on dissolution in water, as is

evidenced by the pale pink colour (and the spectrum) of
the aqueous supernatant above solid [Co(Me4cy-
clam)(NCS)]2[Co(NCS)4](2).
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