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Mononuclear copper(ll) complexes with 2-[2-
(alkylthio Jethylthio] ethanol, Cu{RSCH,CH,SCH,-
CH,0H)Cl, and Cuf(RSCH,CH,SCH,CH,0H),
(ClO4); (R = CH; and C,Hs), and binuclear copper-
(II) complexes, Cu,(RSCH,CH,SCH,CH,0),X, (X
= Cl gnd NQ;), were prepared and characterized by
elemental analyses, infrared and electronic spectra,
and magnetic susceptibilities. The magnetic data
(80—300 K} Of Cug('CH3SCH2CH2SCH2CH20}2C12
indicate that a strong antiferromagnetic interaction
is operating between the copper ions. However,
temperature dependence of magnetic susceptibilities
of the other binuclear complexes do not obey the
equation based on a binuclear model. The binuclear
copper(Il) complexes exhibit a band at 22—-26 X
10® em™ characteristic of alkoxo-bridged structure.
These results were compared with those of the com-
plexes with 2-[2-(dialkylamino Jethylthio] ethanol,
Cuy(R,NCH,CH,SCH,CH,0), X,.

Introduction

As a part of our continuing interest in binuclear
copper(Il) complexes, we have reported the synthe-
sis, crystal structures, spectra and magnetism of
alkoxo-bridged binuclear copper(Il) complexes with
the tridentate ligands containing a NSO or SNO
donor set [2-4]. By comparison of the results with
those of the binuclear complexes with the NNO-
tridentate ligands, we examined the in-plane coordi-
nation effects of thioether sulfur on the structures
and properties of binuclear copper(Il) complexes.

As an extention of these studies in the present
study we prepared binuclear copper(Il) complexes
with SSO-tridentate ligands, Cu,(RSCH, CH,;SCH,-
CH, 0), X, (abbreviated as Cu(R-ss0)X, where R-ssoH
denotes 2-[2-(alkylthio)ethylthio]ethanol, and R =
CH; and G H;s; X = Cl and NO;) and studied their
magnetic and spectral properties. According to our
previous papers on the X-ray structure analyses of
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Fig. 1. Structures of complexes. (a) Cu(R-nso)X and (b)
Cu(R-ss0)X.

Cu, (R, NCH, CH,SCH,CH, 0), X, (abbreviated as
Cu(R-nso)X, where R-nsoH denotes ~2-[2{dialkyl-
amino )ethylthio]ethanol, R = CH;, C,Hs, n-C5H,,
and n-C4Hy; X = Br, Cl, and NCS), the coordina-
tion geometry around the copper ion is a distorted
square pyramid formed by the two alkoxo oxygens,
thioether sulfur and anion X in the basal plane and
the amino nitrogen in the apical position [4]. Thus,
in analogy with the Cu(R-nso)X complexes, the
terminal alkyl thiogroup of the Cu(R-ss0)X com-
plexes was supposed to coordinate to the copper
ion from the apical position.

Therefore in order to reveal the apical coordina-
tion effects of thioether on the spectral and magnetic
properties, we have compared in this study the
properties of the Cu(R-sso)X complexes with those
of the Cu(R-nso)X complexes.

Experimental

Preparation of the Complexes
2-[2-(Alkylthio)ethylthio] ethanol, R-ssoH (R =
CH; and C,Hj;), were prepared following the method
described in the literature [5]. The preparative
methods were similar to each other for this series of
binuclear complexes. The procedure for the prepara-
tion of Cu(CH;-ss0)Cl is shown as an example in the
following. A solution of copper(II) chloride (134 mg)
in absolute ethanol was added to an absolute ethanol

© Elsevier Sequoia/Printed in Switzerland



224

TABLE I. Magnetic Moments (uq¢¢) of Complexes.

Complex kets/BM. (T/K)

Cu(CH3-ss0)Cl
Cu(C,Hjs)-ss0)Cl
Cu(CH3-ss0)NO3
Cu(C,Hs)+s0)NO3

0.16(89) 0.83(299)
0.54(87) 1.30(291)
0.22(87) 0.80(293)
0.21(87) 0.86(295)

Cu(CHj3-ssoH)Cl, 1.86(298)
Cu(C,Hs-ssoH)Cl, 1.78(297)
Cu(CH3-ss0H), (C104), 1.78(298)
Cu(C,Hs-ss0H), (C104), 1.77(298)

solution of CHj-ssoH (609 mg) and triethylamine
(143 mg). A dark green precipitate was obtained in
the solution. This precipitate was separated by filtra-
tion and dried in vacuo over P,0;. Anal. Found:
C, 24.06; H, 4.45; Cu, 25.7%. Calcd. for CsH;, CICu-
0S,:C,24.00;H,4.43;Cu, 25.4%.

Cu(C,Hs-ss0)Cl. Found: C, 27.39; H, 5.01; Cu,
24.1%. Calcd. for C¢H,3 CICuOS;: C, 27.27; H, 4.96;
Cu, 24 .0%.

Cu(CH3-ss0)NO;. Found: C, 21.86; H, 4.05; N,
498; Cu, 23.1%. Calcd. for Cs;H;, CuNQ,S,: C,
21.70;H,4.01;N, 5.06; Cu, 23.0%.

Cu(C,H;-ss0)NOj;. Found: C, 24.91; H, 4.61; N,
4.66; Cu, 22.0%. Calcd. for CgH;3CuNQ,S,: C,
24.78;H,4.51;N, 4.82; Cu, 21.9%.

In the absence of triethylamine, a mononuclear
copper(Il) complex was formed. Preparation of the
mononuclear complexes is exemplified by that of
Cu(CHj;-ssoH)Cl,. A solution of copper(Il) chloride
(134 mg) in absolute ethanol was added to a solution
of CHj;-ssoH (152 mg) in absolute ethanol. The mix-
ture was allowed to stand for several days to give a
dark green precipitate, which was collected and dried
in vacuo over P,0s. Anal. Found: C, 20.63;H,4.18;
Cu. 21.9%. Caled. for CsH,;,Cl,CuQS,: C, 20.95;
H,4.22;Cu, 22.2%.

Cu(C,H;-ssoH)Cl,. Found: C, 24.09; H, 4.79;
Cu, 21.0%. Calcd. for Cg Hy4Cl,CuQS,: C, 23.96;
H,4.69;Cu,21.1%.

Cu(CH;-ss0H),(Cl04),. Found: C, 21.20; H, 4.30;
Cu, 11.1%. Caled. for C1oH24Cl,Cu0,6S4: C,21.18;
H,4.27;Cu, 11.2%.

Cu(C,H;-ssoH),(Cl0,4),. Found: C, 24.28; H,
4.84; Cu, 10.3%. Calcd. for C;,HysCl,CuQ;6S,:
C,24.22;H,4.74; Cu, 10.7%.

Measurements

Carbon, hydrogen, and nitrogen analyses were
carried out at the Service Center of Elemental Analy-
sis, Kyushu University. Copper analysis was carried
out with a Shimadzu Atomic Absorption-Flame
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Spectrophotometer Model AA-610. Infrared and
electronic spectra were measured with a Hitachi
Grating Infrared Spectrophotometer Model 215
and a Shimadzu Multipurpose Spectrophotometer
Model MSP-5000, respectively. Magnetic suscepti-
bilities were measured by the Faraday method in the
temperature range 80-300 K. Effective magnetic
moments were calculated from the equation, gess =
2.828/(xa — Na)T, where x, is atomic magnetic
susceptibility and Na is temperature-independent
paramagnetism in cgs emu. (1 BM. =9.274 X 107%
Am?; 1 cm® mol™ (cgs emu) =47 X 107 m* mol™).

Results and Discussion

The Cu(R-ssoH)Cl, and Cuf{R-ssoH),(ClO, ), Com-
plexes

In the infrared spectra of Cu(R-ssoH)Cl, and
Cu(R-ssoH),(C10,),, the »(O—H) band was observ-
ed at about 3400 cm™, indicating that the alcoholic
OH group is not deprotonated. For Cu(R-ssoH),-
(C10,),, the band due to the perchlorate jon was
observed at 1030-1100 cm™, and showed no
appreciable splitting indicative of the perchlorate
coordination [2].

The magnetic moments of Cu(R-ssoH)Cl, and Cu-
(R-ssoH),(Cl10,), at room temperature are 1.77—1.86
B.M. and fall in the range of those for ordinary mono-
nuclear copper(Il) complexes (Table I).

The electronic spectra of Cu(R-ssoH)Cl, and
Cu(R-ssoH),(Cl04), show a broad band assignable
to d—d transitions at 12 X 10® cm™ and 17 X 103
cm !, respectively. The spectra of Cu(R-ssoH)Cl,
and Cu(R-ssoH),(ClO,), are similar to those of
Cu(dth)Cl, and Cu(dth),(ClO,), (where dth = 2,5-
dithiahexane) [6, 7], respectively (Table II). A more
intense band at cz. 23 X 10° cm™ of these com-
plexes is assigned to the o(S) - d,(Cu) charge trans-
fer [6—8]. As possible equatorial donor sets, S;Cl,
and SOCl, are considered for the Cu(R-ssoH)Cl,
complexes, and S; and S,0, for the Cu(R-ssoH),-
(Cl04), complexes. Considered from the similarity
between the electronic spectra of our complexes
and those of the dth complexes, it is likely that the
Cu(RssoH)Cl; and Cu(R-ssoH),(ClO4), complexes
have equatorial S,Cl, and S, donor sets, respectively.

The CufR-sso )X Complexes

The »(O—H) band around 3400 cm™ of the free
ligands, is absent in the spectra of Cu(R-sso)Cl and
Cu(R-ss0)NO;. This indicates that the alcoholic
proton is lost upon complexation. In the case of the
nitrates, Cu(R-ss0)NQOj3, the ¥(N—O) splits into three
(1280, 1420 and 1460 cm™!), suggesting that the
nitrate ion coordinates to the copper ion [4].

The magnetic moments per copper atom are sub-
normal at room temperature and decrease with lower-
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TABLE 1I. Band Maxima (¥, ) of Electronic Spectra of Complexes.

Complex Nujol mull spectra Absorption spectra (in 1,2-dichloroethane)
?1‘“1,,‘/103 cm vmx/103 cm ! (loge)

Cu(CH3-ss0)Cl 14.0 23.1 14.6(2.31) 23.6(3.16) 31.4(3.39) 37.7(3.43)

Cu(C, H;-ss0)Cl 13.6 21.7 13.8(2.10) 23.6(3.13) 31.3(3.42) 37.3(3.47)

Cu(CH3-550)NO3 10.2sh®* 14.8 23.6 14.2(2.02) 25.6sh(2.91) 32.2(3.35)

Cu(C,H;-ss0)NO3 10.5sh  14.2 25.0sh 14.3(2.07) 25.6sh(3.04) 31.8(3.41)

Cu(CH3-ssoH)Cl, 11.0sh 128 229 25.2sh

Cu(C, Hs-ssoH)Cl, 12.3 23.0 263

Cu(CHj3-ss0H), (C104), 17.2 235

Cu(C,H;5-ssoH), (Cl04), 17.2 235

Cu(dth)Cl, 124 22.1°

Cu(dth), (C104), 16.8 22.2°

4h = shoulder. Data taken from ref. [6]. °Data taken from ref. [7].

ing of temperature, indicating the existence of an
antiferromagnetic interaction (Table I). In the case
of Cu(CHjs-ss0)Cl, the susceptibility data (80—300 K)
can be interpreted by the modified Bleaney-Bowers
equation:

Ne's” [1 L expl 2J/kT]~l (1-P)
= + —exp(— — +
Xa 3KT 3 P )
0.45P
+ T + Na (1)

where x, is susceptibility per copper atom, P is the
mole fraction of the mononuclear copper(Il) impu-
rity, and other symbols have the usual meanings
[2, 4]. The second term in eqn. 1 was added to
account for the presence of a small amount of para-
magnetic impurity. The —2J, g, Na, and P values
obtained by the best fit of the experimental data to
eqn. 1 are 585 cm™, 2.10, 60 X 107 cgs emu/mol,
and 0.007, respectively. On the other hand, the
temperature dependence of magnetic susceptibilities
of the Cu(R-ss0)X complexes except for Cu(CHj;-
530)Cl cannot be interpreted by the equation based
on a binuclear structure. A similar magnetic behav-
ior was also observed for the Cu(R-nso)X complexes,
except for Cu(n-C4Hg-nso)Cl [4]. The magnetic
moments for the Cu(R-sso)X complexes are gener-
ally smaller than those for the corresponding Cu-
(R-nso)X complexes (1.0—1.2 B.M. at room temper-
ature) [4]. Therefore, antiferromagnetic interaction
seems to become stronger upon substitution of the
sulfur donor for the nitrogen donor. This trend was
already found in the binuclear copper(Il) complexes
with the SNO- and NSO-tridentate ligands where the
sulfur donor takes part in the in-plane coordina-
tion [2,3].
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Fig. 2. Electronic spectra of Cu(C,;Hs-ss0)Cl (
Cu(C,Hs5-nso)C1 (----- ) in 1,2-dichloroethane.

) and

As shown in Fig. 2, the Cu(R-ss0)X complexes
show electronic spectra similar to those of the Cu-
(R-nso)X complexes [4]. The d—d bands around
14 X 10® cm™ are higher in frequency compared
with those (12—13 X 10% cm™) of the Cu(R-nso)X
complexes. The more intense bands in the 22-38
X 10% cm™ region are attributable to charge transfer
transitions from ligands to the copper ion. They all
shift by ca. 0.5 X 10% cm™ to lower frequency com-
pared with those of the corresponding Cu(R-nso)X
complexes. The band at 23.6 X 10°> cm™ of Cu-
(R-ss0)Cl corresponds to the 24.0 X 10°> cm™ band
of Cu(R-nso0)Cl and the 25.6 X 10® cm™ band of
Cu(R-ss0)NO; to the 26.2 X 10° cm™ band of
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Cu(R-nso)NO;. These bands seem to be character-

istic of an alkoxo-bridged binuclear structure [4].
Thus, they may be assigned to the p,(0) - d,(Cu)
transition. It is believed that the degree of donation
of thioether sulfur is less than that of amino nitrogen
[9]. Therefore, substitution of thioether group for
amino group at the apical position would result in
the lowering of energy of whole copper 3d orbitals,
while as the result of the ligand field change, the
d, orbital would be relatively lifted in the mani-
fold of the 3d shell. Thus, it is understandable that
the blue shift for the d—d bands and the red shift for
the CT bands relative to those of the Cu(R-nso)X
complexes were observed in the present complexes.
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