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Synopsis. The crystal structure of {2-[2-(dimethylami-
no)ethylthiolethanolato}isothiocyanatocopper(II) at 210 K
was determined by the single-crystal X-ray diffraction
method. The unusual magnetic property was examined in
terms of the temperature dependence of the magnetic sus-
ceptibility (85—290 K) and a differential scanning calori-
metric analysis.

For many years, a great number of dinuclear copper-
(II) complexes have been prepared, and their struc-
tures and magnetic properties have been extensively
studied. So far, most of their magnetic susceptibil-
ity data have been well explained by the Bleaney—
Bowers equation') based on the Heisenberg model.
However, in very few cases, the Bleaney—Bowers for-
mula is unable to explain the magnetic behavior of
the dinuclear copper(II) system.2~* One of the rea-
sons for the unusual magnetic behavior is a phase tran-
sition. Although such a phase transition was already
noticed by some authors,%” a dialkoxo-bridged dinu-
clear complex, {2-[2-(dimethylamino)ethylthio]ethanol-
ato }isothiocyanatocopper(II) (1), may be a typical ex-
ample of the phase change.®) In the course of studies
on dinuclear copper(II) complexes with 2-[2-(dialkyl-
amino)ethylthiolethanol,>~* we found that 1 exhibits a
drastic change in the magnetic susceptibility in the tem-
perature range 180—240 K, although the magnetic data
can be fitted to the Bleaney—Bowers equation indepen-
dently in the two temperature ranges (—2J=595 cm™!
for 90< T<170 K; —2J=535 cm™?! for 240< T <300
K). The X-ray crystal structure of 1 at 297 K excludes
the possibility of an intermolecular interaction, and re-
veals that the complex comprises dialkoxo-bridged dinu-
clear units, in which the coordination geometry around
each copper atom can be described as a distorted square
pyramid with two bridging alkoxo-oxygen atoms, a thio-
ether sulfur atom, and an isothiocyanate nitrogen atom
in the basal plane, and an amino nitrogen atom in the
apical position.®

In the present study we tried to collect the X-ray
diffraction data of 1 at low temperatures, especially at
a temperature below 170 K, with a view to obtain more
information concerning this unusual magnetic behavior
(Table 1). However, upon cooling below 210 K, the
crystals of 1 always became broken. We could barely
obtain low-temperature X-ray data at 210 K without
destroying the crystal. Judging from the magnetic data

reported earlier,® this temperature should correspond
to the transition point. Thus, we expected a signifi-
cant structural change in the crystal structure at 210 K,
compared with the room-temperature structure. How-
ever, the crystal showed the same space group, and the
crystal-packing feature is the same as that at 297 K.
Figure 1 gives a view of 1 at 210 K. The dinuclear
structure is essentially the same as that found at 297
K (Table 2), except that the low-temperature structure
does not show any severe disorder, which is observed
for the carbon atom of the chelate ring in the room-
temperature structure, although the thermal parame-
ters are still high. In order to check for the possibil-
ity of hysterisis, the magnetic susceptibility of 1 was
measured between 290 and 85 K, by decreasing and in-
creasing the temperature succesively (Fig. 2). Starting
at 290 K, the temperature was gradually lowered to 85
K, as indicated by the downward-pointing arrow, and
then increased up to 290 K, as indicated by the upward-
pointing arrow. The xavs. T curves show a hysterisis
effect of ca. 20 K. Transitions were observed at around
208 and 230 K for decreasing and increasing tempera-
tures, respectively. This hysterisis effect suggests a first-
order nature of the phase transition. A differential scan-
ning calorimetric analysis shows an endothermic peak

Table 1. Fractional Positional Parameters and Ther-
mal Parameters of Non-Hydrogen Atoms with
Their Estimated Standard Deviations in Parenthe-

ses
Atom x y z Beq/A% ®
Cu 0.1418(1) 0.0137(1) —0.0248(1)  2.86(1)
S(1)  0.3676(1) 0.0063(1) 0.1961(2)  4.64(3)
S(2)  0.2113(2) 0.2022(1) —0.4309(1)  5.17(4)
Y] 0.0656(3) —0.0148(2) 0.1449(3)  3.79(8)
N(1)  0.2042(4) —0.1290(2) —0.0987(4)  3.58(9)
N(2) 0.1933(4) 0.0887(3) —0.1813(5)  4.51(12)
C(1)  0.1484(5) —0.0460(4) 0.3048(5)  4.44(13)
C(2)  0.2955(6) —0.0031(4) 0.3609(6)  5.99(18)
C(3)  0.4080(7) —0.1137(5) 0.1675(9)  7.81(23)
C(4) 0.3466(9) —0.1503(6) 0.0180(11) 10.88(32)
C(5)  0.1001(8) —0.1964(4) —0.0875(10) 6.87(25)
C(6)  0.2080(9) —0.1275(4) —0.2658(8)  7.62(27)
C(7)  0.1994(4) 0.1354(3) —0.2855(5)  3.25(10)

a)  Anisotropically refined atoms are given in the
form of the isotropic equivalent thermal parameters de-
fined as 4/3[a® B(1,1)+b% B(2,2)+¢c* B(3,3)+ab(cos v) B(1,
2)+ac(cos B)B(1,3)+bc(cos o) B(2,3)].
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Fig. 1. Perspective view of 1 at 210 K.

Table 2.  Selected Interatomic Distances (I/A) and
Bond Angles (¢/°) with Their Estimated Standard
Deviations in Parentheses

NOTES

210 K* 297 K®)
Cu---Cu' © 3.032(1) 3.009(2)
Cu-S(1) 2.367(1) 2.361(3)
Cu-0O 1.918(3) 1.902(7)
Cu-0O! 1.949(3) 1.942(5)
Cu-N(1) 2.309(4) 2.296(7)
Cu-N(2) 1.936(5) 1.940(9)
Cu-0-Cu! 103.3(1) 103.0(2)
S(1)-Cu-0O 84.33(9) 84.1(2)
S(1)-Cu-0? 160.9(1) 160.8(2)
S(1)-Cu-N(1) 84.74(8) 84.4(2)
S(1)-Cu-N(2) 99.8(1) 99.5(2)
O-Cu-N(1) 103.7(1) 102.3(3)
0-Cu-N(2) 157.9(2) 159.0(3)
0-Cu-0! 76.7(1) 77.0(2)
N(1)-Cu-N(2) 98.3(2) 98.7(3)
N(1)-Cu-O! 101.6(1) 102.5(2)
N(2)-Cu-O! 97.1(1) 97.1(3)

a) This work. b) Ref. 8. c¢) Superscript (i) refers to
the equivalent position (—z, —y, —z).

at around 230 K upon increasing the temperature. At
present, although we cannot elucidate the origin of the
unusual magnetic behavior, this type of phase change
is the first example of a dinuclear copper(II) system.

Experimental

The synthesis of the complex has been described
elsewhere.®) The magnetic susceptibilities were measured
by the Faraday method over the 85—290 K tempera-
ture range. The apparatus was calibrated using [Ni-
(HoNCH2CH2NH2)3]S203.%) The susceptibilities were cor-
rected for the diamagnetism of the constituent atoms by the
use of Pascal’s constants.'® A differential scanning calori-
metric analysis was performed using a Du Pont 990 Thermal
Analyzer.

Crystal Data: Ci14H28CusN4O2Ss, F.W.=539.7, mono-
clinic, P2;/a; a=9.962(2), b=14.456(3), ¢=8.604(1) A,
B=111.12(1)°, V=1155.8(4) A®, D\n=1.52, D.=1.55 gcm ™3,
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Fig. 2. Temperature dependence of the magnetic sus-

ceptibilities of 1. The downward- and upward-point-
ing arrows indicate decreasing (O) and increasing (@)
temperatures, respectively.

Z=2, p(Mo Ka)=21.7 cm™!, T=210 K. The unit-cell pa-
rameters and intensities were measured on a Rigaku AFC-
5 automated four-circle diffractometer attached to a vari-
able-temperature apparatus based on a cold-nitrogen stream
method. The intensity data were collected by the w—26 scan
technique and corrected for Lorentz-polarization effects, but
not for absorption. A total of 3055 reflections were mea-
sured in the 2<26<60° range; 1793 with |Fo|>30(|Fo])
were assumed as observed. The structure was solved by the
heavy-atom method and refined by the block-diagonal least-
squares method. All of the non-hydrogen atoms were re-
fined with anisotropic thermal parameters. Hydrogen atoms
were inserted at their calculated positions. A weighting
scheme w=1/[5.7+|Fo|+0.0125|F,|?] was employed. The
final discrepancy factors are R=X||Fo|—|Fc||/Z|Fo|=0.038
and Ry=[Sw(|Fo|—|Fc|)?/Sw|Fo|?]"/?=0.057.

All of the calculations were carried out on the FACOM M-
200 computer at the Computer Center of Kyushu University
using the UNICS-III program.'’ The atomic coordinates
and thermal parameters of non-hydrogen atoms are listed
in Table 1. The anisotropic thermal parameters of non-hy-
drogen atoms, and the F,—F; tables have been deposited as
a Document No. 66022 at the Office of the Editor of Bull.
Chem. Soc. Jpn.
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