
The reaction of [Co(aet)(en)2](NO3)2 (1(NO3)2; aet = 2-
aminoethanethiolate; en = ethylenediamine) with AgNO3 in
water produced a novel S-bridged CoIIIAgI chain complex-poly-
mer, [Ag{Co(aet)(en)2}](NO3)3 (3(NO3)3), by way of a
CoIIIAgICoIII trinuclear complex, [Ag{Co(aet)(en)2}2](NO3)5
(2(NO3)5). The crystal structure of 3(NO3)3, which crystallizes
as a conglomerate, was determined by X-ray crystallography.

In 1979 Heeg et al. reported that the mono(thiolato)-type
CoIII complexes, [Co(aet)(en)2]

2+ (1) and [Co(tga)(en)2]
+ (tga =

mercaptoacetate), readily form 1:1 and 2:1 adducts with AgI or
HgII in water.1 Only the 2:1 adducts with AgI that were isolated
as solid samples have been characterized to have an S-bridged
CoIIIAgICoIII trinuclear structure in [Ag{Co(aet or tga)(en)2}2]

5+ or

3+.1,2 No further reports concerning these adducts have appeared
to date, despite intensive interest concerning the structures and
chiral properties of S-bridged polynuclear complexes constructed
by the aggregation of octahedral thiolato metal complexes.3 We,
therefore, thought it worthwhile to reexamine this fundamental
system, in order to find key factors to control the aggregation of
thiolato complexes around metal ions.  Here we report that the 1:1
adduct of [Co(aet)(en)2](NO3)2 (1(NO3)2) and AgNO3, which is
obtained by way of the 2:1 adduct [Ag{Co(aet)(en)2}2](NO3)5
(2(NO3)5), does not take a CoIIIAgI dinuclear structure but a one-
dimensional chain structure in [Ag{Co(aet)(en)2}](NO3)3
(3(NO3)3) in solid state (Scheme 1).  The fascinating stereochemi-
cal behavior of 3, together with the significance of the counter
anion for the aggregation of thiolato complexes around AgI ion is
also reported.

Treatment of a dark-brown aqueous solution of 1(NO3)2
4

with AgNO3 in a ratio of 2:1 at room temperature gave a dark-red
solution, from which a red crystalline powder (2(NO3)5·4H2O)
was isolated by adding an aqueous solution of NaNO3.

5 The ele-

mental and plasma emission analyses of this red product are in
good agreement with the formula for an S-bridged CoIIIAgICoIII

complex, [Ag{Co(aet)(en)2}2](NO3)5·4H2O.  The molecular struc-
ture of 2 was determined by X-ray analysis for its ClO4

– salt,6

which was prepared by adding an aqueous solution of NaClO4 to
the aqueous solution of 2(NO3)5·4H2O.7 As pointed out by Heeg,1

in 2 one Ag atom is coordinated by two S atoms from two octahe-
dral [Co(aet)(en)2]

+ units to form an S-bridged CoIIIAgICoIII trinu-
clear structure.  The S–Ag–S angle (164.50(8)°) is significantly
deviated from 180°, which is inferred by three weak interactions
between AgI ion and ClO4

– anions (Ag---O = 2.884(9) Å,
2.884(9) Å, and 3.01(1) Å).  Considering the chiral configurations
(∆ and Λ) for the two [Co(aet)(en)2]

2+ units, three isomers (∆∆,
ΛΛ, and ∆Λ) are possible for 2.  Crystal 2 consists of ∆∆ and ΛΛ
isomers, which combine to form a racemic compound.

When an aqueous solution of 2(NO3)5 was treated with ca. 1
molar equiv of AgNO3 at room temperature, the first d–d absorp-
tion band at 20.33 × 103 cm–1 characteristic for 2 5 shifted slightly
to the lower energy side, from which a pink powder
(3(NO3)3·H2O) was isolated by adding an aqueous solution of
NaNO3.

8 This product was also obtained directly from the 1:1
reaction of 1(NO3)2 with AgNO3 in water at room temperature.
The plasma emission analysis indicated that 3 contains Co and Ag
atoms in a ratio of 1:1, and the elemental analysis is consistent
with the 1:1 stoichiometry of [Co(aet)(en)2](NO3)2·AgNO3·H2O.
X-ray analysis of a single crystal of 3(NO3)3·H2O,9 which was
prepared by slow evaporation of an aqueous solution of the pink
powder at room temperature, demonstrated that 3 is not a dis-
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crete S-bridged CoIIIAgI dinuclear complex, but an unprecedented
one-dimensional CoIIIAgI chain complex-polymer.  As shown in
Figure 1, the S atom in each octahedral [Co(aet)(en)2]

2+ unit is
bound to two AgI ions to form a µ3-thiolato structure, such that the
chain of [Ag{Co(aet)(en)2}]3+ zigzags in the direction parallel to
the c axis having the S–Ag–S angle of 173.14(6)°.  In 3 the Ag–S
bond distances (2.546(2) Å and 2.532(2) Å) are considerably
longer than the Ag–S distance (2.400(1) Å) observed in 2.  Since
the Co–S distance in 3 (2.287(2) Å) is similar to that in 2
(2.259(2) Å), the much longer Ag–S distances in 3 are ascribed
mainly to the bonding interaction of NO3

– anions with AgI ion
(Ag---O = 2.657(6) Å, 2.725(7) Å, and 2.924(7) Å), which could
diminish the electrophilicity of AgI atom toward the S atom in
[Co(aet)(en)2]2+, rather than the coordination of µ3-thiolato S
atoms in 3.10 Here it should be noted that in 3 the same configura-
tional [Co(aet)(en)2]

2+ units are linked by AgI ions to form a chiral
CoIIIAgI chain.  Furthermore, 3(NO3)3·H2O is subject to sponta-
neous resolution to give a conglomerate,11 which implies that one
crystal of 3(NO3)3·H2O is composed of the same configurational
CoIIIAgI chains (Figure 2).  For the crystal used for X-ray analy-
sis, the absolute configuration for each [Co(aet)(en)2]

2+ unit was
determined to be Λ from the Flack parameters, which were calcu-
lated for each configuration.12

In contrast to the 1:1 reaction of 2(NO3)5 with AgNO3, the
corresponding 1:1 reaction using 2(ClO4)5 and AgClO4 in water
did not produce 3; only 2(ClO4)5·2H2O was precipitated from
the dark red reaction solution.  This was also the case for the
1:1 reaction of 2(BF4)5 with AgBF4 in water.13 It is considered
that neither ClO4

– nor BF4
– anion contacts with AgI ions as

closely as does the NO3
– anion, because of the non-planar

geometry and the lower nucleophilic character.  Thus, the chain
structure in 3 is stabilized by the close contact of NO3

− anions
with AgI ion, which weakens the electrophilicity of AgI ion, so
as to permit two AgI ions to bind to one thiolato S atom in
[Co(aet)(en)2]

2+.
In summary, it was demonstrated in this study that treat-

ment of the mononuclear complex 1(NO3)2 with AgNO3 gives

an unexpected one-dimensional CoIIIAgI chain complex-poly-
mer 3(NO3)3, besides the S-bridged CoIIIAgICoIII trinuclear
complex 2(NO3)5.  The chain structure in 3 was found to be sta-
bilized by the close contact of NO3

– anions with AgI ions,
which diminishes the electrophilicity of AgI ion toward the thi-
olato S atom in [Co(aet)(en)2]

2+.  While 3 is no other than the
aggregate of the mononuclear complex 1, 3 can be regarded as
resulting from the aggregation of the S-bridged trinuclear com-
plex 2 assisted by additional AgI ion.  Thus, a variety of aggre-
gates based on S-bridged polynuclear complexes could be con-
structed by controlling the nuleophilicity of µ2-thiolato S atoms
and/or the electrophilicity of bridging metal ions.  The chain
structure in 3(NO3)3 was found to isolate the chiral configura-
tions (∆ and Λ) of [Co(aet)(en)2]

2+, giving ∆-CoIIIAgI and Λ-
CoIIIAgI enantiomeric chains, which separate from one another
as homochiral crystals.  Since the mononuclear complex ∆/Λ-1
and the trinuclear complex ∆∆/ΛΛ-2 are racemates, it is consid-
ered that the high organization of the octahedral mono(thiolato)
CoIII units in a one-dimensional chain array leads to a rare
example of spontaneous resolution.14
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