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The crystal and molecular structure of the title metal complex was determined by the X-ray diffraction
method. The crystal is triclinic, with the space group PI, Z=1, a=11.934(2), b=14.642(9), C=ll.801(6)A,
a=90.41(5), B=94.04(2), and '¥y=83.82(2)°. The final R value for 6928 reflections is 0.065. The cobalt(II) atom is
in a tetrahedral geometry, ligated by four nitrogen atoms of the thiocyanato (SCN) ligands, while the mercury(II)
atom is in a trigonal-bipyramidal geometry, where two phosphorus atoms of both the triphenylphosphine
ligands bond axially and three sulfur atoms of SCN’s equatorially; however, these Hg-S bonds are very long.
Thus, the pairs of cobalt(II) and mercury(II) atoms are linked by one SCN bridge, forming a sixteen-membered
ring of Co,Hgy(SCN),, and this ring is linked with the next ones on both sides in the a-axis direction with two

longer bondings.

Tetrakisthiocyanatocobalt(II)mercury(Il), CoHg-
(SCN)s (1), is known as a ‘“diamond-like” three-di-
mensional polymeric type of complex where each met-
al atom is linked with four metal atoms of another
kind by thiocyanate (SCN) bridges. Its structure was
clarified by Jeffery,? and its characteristic structure
was discussed by Wells.2® Some of its Lewis-base ad-
ducts were also synthesized,34 and the structures of
the pyridine (py) adduct, CoHg(SCN)a(py)2,® and of
N,N-dimethylformamide (dmf), CoHg(SCN )4(dmf),®
were also elucidated. In both of the adducts, the co-
balt(II) atom is in the octahedral geometry, and the
mercury(II) atom, in the tetrahedral configuration,
although the three-dimensional network by the SCN
bridges was retained. Because of the octahedral geom-
etry of cobalt(II) in the adducts, they are reddish in
color. On the other hand, Makhija has also obtained
the title complex, which is deep blue in color; this fact
shows that it contains tetrahedral cobalt(II) atoms.¥
Mainly on the base of infrared absorption spectral
considerations, Makhija proposed a monomer struc-
ture for it, where a cobalt atom and a mercury atom
are bridged by two SCN ligands. According to his for-
mula, the cobaly(Il) atom is bonded with two phos-
phorus atoms of triphenylphosphine (PhsP) ligands
as well as two nitrogen atoms of SCN ions while the
mercury(Il) atom is ligated by four sulfur atoms of
SCN ions. This formula was not yet been proved by
the single crystal X-ray diffraction method, and the
former concept receives some support even now.3:7:8
Although cobalt(II) complexes including phosphine
derivatives have been reported elsewhere,9-10 as the
ligands are soft ones, they may prefer to bond with the
mercury(II) atom, which is softer than cobalt(II).12
The observed affinity of Ph3P in the title complex seems
to be higher than those of dmf or N,N-dimethylacet-
amide (dma). When the dmf or dma adduct CoHg-
(SCN)4L2 (where L=dmf or dma) in its solid phase
was left standing in an acetonitrile solution of PhsP,
they turned into the title PhsP adduct rapidly and the
base was removed, on the other hand, when the title

complex was stirred in an acetonitrile solution of dmf
or dma, no substitution reaction occurred. Therefore,
we were not able to believe the traditional formula;
we have now determined its structure by the single-
crystal X-ray diffraction method.

Experimental

Synthesis of Tetrakisthiocyanatobis(triphenylphosphine)-
cobalt(Il)mercury(1l) (2). Although the title complex was
synthesized by Makhija from the tetrahydrofuran (thf) ad-
duct of 1, CoHg(SCN)4(thf)z, which had itself been obtain-
ed from cobalt(II) and mercury(II) thiocyanates and thf, we
could obtain the title complex 2, easier by the following
method.

The complex, 1, obtained by Figgis’ method,!® was finely
powdered (2.0g, 4.1 mmol) and then poured into 20 cm? of
an acetonitrile solution containing PhsP (2.4g, 9.2 mmol),
after which the mixture was stirred for 6h at the ambient
temperature. The addition reaction occurred rapidly, and
the solid product thus obtained was filtered off, washed by
acetonitrile, and dried on silica-gel in a vacuum desiccator.
Yield, 3.5g, (85%). By the gradual evaporation of the fil-
trate, some additional crop was obtained in larger-crystal
grains, some of which were used for the X-ray diffraction
measurement. Anal. of the main and the additional crops:
(Co2Hg2CsHeNsP4Ss) Co, C, H, N. The infrared and visible
absorption spectra of the product were similar to those
reported by Makhija.®

Intensity-data Collection. A crystal with the dimen-
sions of 0.3X0.3X0.4mm3 was used for the measurement
without shaping. The crystallographic data are: Co2Hg2Cso-
HeoNsP4Ss, F.W.=2032.87, triclinic, space group P1, Z=1,
a=11.934(2), b=14.642(9), c=11.801(6) A, a=90.41(5), B=
94.04(2), v=83.82(2)°, '=2045(1) A3, D,,=1.64(3), D,=1.65
gcm~3, y(MoKa)=4.56mm~1. The reflections within the
range of 3°<20<50° were collected on a Rigaku AFC-6A
automated four-circle X-ray diffractometer with graphite
monochromated Mo Ka radiation, the §—26 scan technique
being employed (scan speed, 4° min~! in 26; scan width,
1.204+0.5tan 6). The crystal was stable during the exposure to
X-rays. Of the 7243 independent reflections thus obtained,
6928 with |F,|>3a(|F,|) were selected and used for the
structure determination. The intensities were corrected for
the Lorentz and polarization factors, but no correction was
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made for absorption and extinction.

Structure Determination. The structure was solved by
the heavy-atom method. The positions of the cobaly(II),
mercury(II), and some sulfur and phosphorus atoms were
deduced from a three-dimensional Patterson map, while the
other non-hydrogen atoms were located by means of suc-
cessive Fourier syntheses. Their positional, isotropic, and
then anisotropic thermal parameters were refined by the
block-diagonal least-squares method. The positions of all the
non-hydrogen atoms were found. All the hydrogen atoms
were fixed at calculated positions with Bi,=10.0 (the C-H
length was assumed to be 1.08A). In the last cycle of the
refinement, all the parameter-shifts of the non-hydrogen
atoms were less than o/3.

All the calculations were carried out on a HITAC M-200H
computer at the Computer Center of The University of
Tokyo, using the local version of the UNICS program sys-
tem.¥ The atomic scattering factors were taken from the
tables.1®

Results and Discussion

The final atomic parameters of non-hydrogen atoms
are listed in Table 1,® while the bond lengths and
bond-angles are tabulated in Table 2.1® The perspec-
tive drawings around the cobalt(II) and mercury(II)
atoms, together with the numbering scheme, are shown
in Figs. 1 and 2. The crystal packing diagram is shown
in Fig. 3, while the schematic drawing to show the
bondings in a unit cell is in Fig. 4.

The cobalt(II) atom is tetra-coordinated and is in a
tetrahedral geometry, where four nitrogen atoms of
four SCN ions are ligated. Although S(3) of the SCN
does not bond with any metal atom, the other three SCN
ligands bridge to three mercury(II) atoms, as is shown
in Fig. 4. The average Co-N bond length is 1.954 4,
which is not much different from the sum of the re-
spective atomic radii (Co=1.25, N=0.70 A).1? The aver-
age Co-N-C angle is 173.48°, and these atoms are
almost collinear, although the deviation from 180° is
a little larger than that of 1 (178.66°).0

The mercury(Il) atom is bonded with two phos-
phorus atoms of the respective PhsP ligands in an ap-
proximately collinear geometry (P-Hg-P=166.63(10)°),
and the average Hg-P bond length is 2.430A, which
is about the same as the sum of the two atomic radii
(Hg=1.50, P=1.10A).1? Three sulfur atoms of the SCN
ligands take their positions about perpendicular to
the P-Hg-P axis, and the sulfur atoms as well as the
central metal atom are almost on one plane: the aver-
age positional deviation of the atoms from the plane
is 0.043A (maximum 0.085A for Hg). The S-Hg-P
angles are between 81.4t0 100.2° (90.6° on the average).
The S(1)-Hg-S(2!) angle (101.0°) is a little smaller than
the other two (133.6 and 125.0°). From these angular
observations, the geometry around the mercury(II)
atom is thought to be trigonal-bipyramidal; however,
the bond lengths of Hg-S are long (Hg-S(1)=2.990(3),
Hg-S(2)=2.745(4), and Hg-S(4%)=3.323(4) A), while the
atomic radii of the two atoms are Hg=1.50 and S=
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TaBLE 1. FINAL ATOMIC COORDINATES (X104) AND EQUIVALENT
ISOTROPIC TEMPERATURE FACTORS (Beq/A2), WITH
ESTIMATED STANDARD DEVIATIONS
IN PARENTHESES

Atom x Y z Be/ A%
Co 7995(1) 3149(1) 6016(1) 4.5
Hg 3340.2(4) 2493.7(3) 4400.1(4) 3.6
S(1) 5286(3) 1097(2) 5071(3) 4.7
S(2) 5638(3) 5914(2) 5423(4) 6.0
S(3) 9320(4)  2648(4)  9816(4) 8.3
S(4) 10704(3) 2349(3) 3365(3) 5.4
C(1) 6183(9) 1832(7) 5379(9) 4.0
C(2) 6605(10) 5043(8) 5656(10) 4.4
C(3) 8851(10) 2812(8) 8532(11) 5.0
C(4) 9813(9) 2641(7) 4306(10) 3.9
N(1) 6829(8) 2332(6) 5620(9) 5.1
N(2) 7241(8) 4410(7) 5807(9) 5.1
N(3) 8528(8) 2926(8) 7586(9) 5.8
N(4) 9186(8) 2863(7) 4980(8) 4.9
P(1) 2687(2)  2414(2)  6297(2) 3.3
P(2) 3692(2) 2306(2) 2403(2) 3.6
C(11) 3274(9) 3344(7) 1591(9) 3.9
C(12) 2410(10) 3972(8) 1948(9) 4.4
C(13) 2131(11) 4799(9) 1383(11) 5.5
C(14) 2710(12) 5004(8) 490(11) 5.5
C(15) 3548(12) 4384(10) 105(11) 59
C(16) 3839(11) 3559(9) 678(10) 5.4
C2l1) 5196(9) 2035(9) 2224(10) 4.8
C(22) 5884(11) 2720(11)  2477(13) 6.8
C(23) 7041(12) 2545(13)  2322(14) 8.3
C(24) 7464(11) 1729(11)  1941(14) 7.4
C(25) 6792(13) 1048(11)  1685(14) 7.9
C(26) 5625(10) 1206(9) 1840(11) 5.5
C(31) 2962(9) 1381(7) 1805(9) 3.9
C(32) 3038(10) 564(8) 2385(11) 5.0
C(33) 2474(11) —167(9) 1987(11) 5.6
C(34) 1827(12) —56(9) 962(12) 6.2
C(35) 1726(12) 734(10) 395(12) 6.5
C(36) 2289(11) 1478(9) 796(10) 5.2
C(41) 1896(9) 1440(7) 6407(8) 3.6
C(42)  2236(11)  644(8)  5841(11) 5.2
C(43) 1622(12)  —119(9) 5876(12) 6.2
C(44) 656(11) —33(9) 6438(13) 6.4
C(45) 316(11) 767(10)  6966(14) 7.1
C(46) 909(10) 1504(9) 6980(12) 5.8
C(51) 1857(8) 3437(7) 6717(9) 3.8
C(52) 1656(10) 3586(9) 7832(10) 5.2
C(53)  1045(11)  4402(10) 8174(11) 6.3
C(54) 677(11) 5063(9) 7389(13) 6.1
C(55) 886(11) 4926(9) 6278(13) 6.0
C(56) 1472(10) 4119(8) 5935(10) 4.4
C(61) 3891(9) 2288(8) 7345(8) 3.9
C(62) 4575(10) 2996(9) 7420(9) 5.2
C(63) 5516(11) 2923(11)  8182(11) 6.6
C(64) 5766(11) 2164(11)  8867(11) 6.4
C(65) 5078(13) 1477(10)  8799(11) 6.9
C(66) 4109(11) 1529(8) 8036(10) 5.1

a) The isotropic temperature factors were computed
using the following expression:
Be=4/3(B11a%+Basb?+Basc2+Bisabcosy+BisaccosP+Basbe-
cosa). The By’s are defined by:
exp[—(h2B11+k2B2o+12B33+2kIB2s+2h[B13+2h kB12)).

1.04A.1 In many mercury(Il) compounds where the
sulfur atom is ligated to the metal atom, the Hg-S bond
length is found to be about 2.5A. Even in the related
complexes, the normal values are shown to be writen
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TABLE 2. SELECTED BOND LENGTHS AND BOND ANGLES WITH
ESTIMATED STANDARD DEVIATIONS IN PARENTHESES

Hisashi KinosHrta, Mamoru SHimol, and Akira OucHi

Bond length /A Bond length /A
Co-N(1) 1.962(10) Co-N(2) 1.975(9)
Co-N(3) 1.934(14) Co-N(4) 1.948(11)
Hg-S(1) 2.991(3) Hg-S(2) 2.745(4)
Hg-S(4") 3.322(4) Hg-P(1) 2.429(4)
Hg-P(2) 2.432(4) Co..-Hg 5.920(2)
Co-..Co' 8.699(4) Hg...Hg' 8.768(4)
Co---Hg' 6.421(4) Hg---Co' 6.754(2)
S(1)-C(1) 1.619(11) 5(2)-C(2) 1.637(11)
S(3)-C(3) 1.589(16) S(4)-C(4) 1.615(13)
C(1)-N(1) 1.140(15) C(2)-N(2) 1.139(14)
C(3)-N(3) 1.16(2) C(4)-N(4) 1.152(17)
P(1)-C(41) 1.804(11) P(1)-C(51) 1.791(11)
P(1)-C(61) 1.823(12) P(2)-C(11) 1.808(12)
P(2)-C(21) 1.822(11) P(2)-C(31) 1.800(12)
Bond angle @/° Bond angle @/°
N(1)-Co-N(2) 105.8(4) N(1)-Co-N(3) 108.1(5)
N(1)-Co-N(4)  106.9(5) N(2)-Co-N(3)  111.0(5)
N(2)-Co-N(4)  112.3(4) N(3)-Co-N(4)  112.3(5)
S(1)-Hg-P(1) 89.58(10) S(1)-Hg-P(2) 91.26(10)
P(1)-Hg-P(2) 166.65(12) S(1)-Hg-S(2') 101.01(9)
S(2)-Hg-P(1) 100.22(11) S(2')-Hg-P(2) 92.71(11)
S(4")-Hg-P(1)  88.36(10) S(4")-Hg-P(2) 81.41(10)
S(4")-Hg-S(1)  133.53(8) S(4")-Hg-S(2')  125.02(9)
Hg-S(1)-C(1) 95.8(4) Hg-S(2)-C(2)  108.6(4)
Hg-S(4")-C(4") 111.2(5) Hg-P(1)-C(41) 110.1(4)
Hg-P(1)-C(51) 113.8(4) Hg-P(1)-C(61) 110.0(4)
Hg-P(2)-C(11) 112.5(4) Hg-P(2)-C(21) 111.0(4)
Hg-P(2)-C(31) 109.8(4) Co-N(1)-C(1) 177.4(10)
Co-N(2)-C(2)  165.4(9) Co-N(3)-C(3)  178.5(13)
Co-N(4)-C(4) 173.0(10) S(1)-C(1)-N(1)  178.0(11)
S(2)-C(2)-N(2) 176.9(10) S(3)-C(3)-N(3) 178.7(15)

S4)-C(4)-N(4) 178.9(12)

Key to the symmetric operations: i, 1.0—x, 1.0—y, 1.0—z;
ii, —1.0+x, y, z.

Fig. 1. Perspective drawing of the complex around
the cobalt(II) atom with the numbering scheme (Key
to the symmetric operations; i, 1.0—x, 1.0—y,
1.0—z; iv, 1.0+x, vy, 2).

as follows: CoHg(SCN)4, 2.558(4)A;Y CoHg(SCN)s-
(dmf)z, 2.539A on the average,® CoHg(SCN)«(py)z,
2.525 A on the average;® and Hg(SCN)z(PhsP), 2.503 A1®
and 2.528 A19 on the average.

Although there has been no report about such an
elongated Hg-S bond as is found in this complex, it
is a well-known fact that, in some multi-coordinated
mercury(II) complexes, several groups of bond lengths
are found;2? for example, in HgSO4.- H20, which is in
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Fig. 2. Perspective drawing of the complex around
the mercury atom with the numbering scheme (Key
to the symmetric operations; i, 1.0—x, 1.0—y, 1.0—
z; ii, —1.0+x, y, 2).
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Fig. 3. Crystal packing diagram of the complex.

Fig. 4. Schematic presentation to show the bondings
in a unit cell (Key to the symmetric operations; i,
1.0—x, 1.0—y, 1.0—z; ii, —1.0+x, vy, z; iii, 2.0—x,
1.0—y, 1.0—z).

about an octahedral geometry around the central metal
atom, two Hg-O bond lengths of one axis are normal,
while the other four equatorial Hg-O lengths are much
longer.20 As PhsP is a base which is softer than SCN,12
it is not impossible that the Hg-P bonds take priority
over the Hg-S bonds in the title complex; however, as
the Hg-S bond has commonly been thought to be a
typically strong bond, this kind of the long Hg-S bond
has rarely been reported.
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The trigonal-bipyramidal configuration of the ligat-
ing atoms around the central mercury(II) atom in its
complexes has been reported in only a few cases, such
as (CHa3)sSHgl3?® and Hg(SCN)2(PhsP).18:19 In these
complexes, however, the axially ligating atoms take
abnormally far positions: Hg-I1=3.52 and 3.69A in
the former, and Hg-N=2.74 and 2.89A in the latter
complex. On the other hand, in the title complex, the
equatorially bonded atoms are still farther apart;
such a type of mercury(II) complex has not previous-
ly been reported.

The Hg-S-C angles in the title complex are 95.79
(S(1)), 108.65 (S(2)), and 111.14° (S(4")). In comparison
with the other thiocyanato complexes of mercury(II),
where the angles are about 95—98°, and where even
the large one in Hg(SCN)(PhsP) is only 104.5°, 1® these
angles in the title complex, especially the latter two, are
exceptionally large.

As Hg-S(4%) is longer than the other two Hg-S bonds,
a sixteen-membered ring including two mercury(II)
and two cobalt(IT) atoms which are linked by four SCN~-
ions, as is shown in Fig. 4, is considered to be the unit
structure, which is linked to the next ones on both sides
by means of two relatively long bondings (Hg-S(4));
they lie parallel to the a-axis as a ladder lying per-
pendicular to the bec-plane. No bridgings are found
in either the b- or the c-axis direction between the rings.
This type of structure is unique and has never been
reported for the thiocyanate-bridged metal complexes.

As Porai-Koshits has already shown, the mixed
complex CoHg(SCN)4(tu)s (where tu=thiourea) con-
sists of discrete [Hg(tu)4]2* and [Co(SCN)4]2~ ions,
and both of them are bonded only electrostatically; all
thiocyanato sulfur atoms are far from the mercury(II)
atoms.29 Therefore, the title complex is thought to
belong to an intermediate group between the three-
dimensional polymeric-type complexes such as 1 and
those consisting of discrete anionic and cationic com-
plexes such as the thiourea adduct of 1.
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