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The crystal and molecular structures of tetraphenylphosphonium bis(tetrathiotungstato)zincate, [P(CsHs)41,[Zn(WS,),],
were determined from single-crystal x-ray diffractometer data. The diffraction pattern of the tetragonal compound shows
strong and sharp reflections of a substructure cell (space group /4, with a = 13.292 (5) A, ¢ = 6.890 (2) A, V' =1217.3
A3 Z=1,dpy =188 (2) g/em?, dyyeq = 1.866 g/cm?) besides weak and diffuse superstructure reflections (14, a’ = a
+ b, ¢’=2¢, Z = 4), caused by a partially disordered arrangement of the anions. Least-squares refinement of 720 independent
substructure reflections gave a final R factor of 0.044; the nature of the superstructure was derived from 1009 diffuse reflections.
The structure consists of isolated [Zn(WS,),]? and tetraphenylphosphonium ions. In the complex anion the central Zn
is coordinated by two bidentate chelating WS, tetrahedra, forming a linear (S,WS,ZnS,WS,)?" unit of three edge-sharing
tetrahedra. Bond lengths in the planar four-membered chelate rings are Zn-S = 2.392 (5) A and W-S =2.233 (5) A,
while the terminal W-S bonds are 2.156 (6) A. The nonbonded Zn«W distance across the ring is 2.927 (1) A, the S-Zn-S
bond angle in the ring being 96.7 (3)°. The vibrational spectra of the [Zn(WS,),]* complex were measured and interpreted,

using data from samples with pure *Zn and %®Zn isotopes.

Introduction

Novel transition-metal complexes containing simple tran-
sition-metal complexes as ligands have been prepared as thio-
or selenometalatometalates (e.g., [Ni(WS),),]%) by our group
for the first time.? The vibrational spectra gave evidence that
the anions act as bidentate ligands.? Electronic, ESR, and
magnetic measurements demonstrated the existence of strong
metal-ligand interactions.* This demonstrates that there is
an interesting type of bonding in the bridge system
S,MS,M’S,MS, (M = Mo, W; M’ = transition metal of the
first row) with a strongly delocalized w-electron system.

Since no structural data such as bond distances are known
for this class of compounds, we have determined the crystal
structure of [P(C¢Hs)4]2[Zn(WS,),], single crystals of which
could be obtained. We have also measured the vibrational
spectra of the compound with %4Zn and % Zn isotopes to obtain

- additional information about the type of complexation and an
understanding of the coupling between the stretching vibrations
(see also ref 3).

Experimental Section

Preparation. Tetraphenylphosphonium bis(tetrathiotungstato)-
zincate(II), [P(C¢Hs)4]2[Zn(WSy),], was prepared by adding an
aqueous solution of tetraphenylphosphonium chloride to an aqueous
solution of ZnCl, containing (NH,),WS, in excess (see also ref 6).
The compounds with Zn isotopes were prepared.on a milligram scale.
647n (99.66%) and ®*Zn (98.5%) were purchased from Oak Ridge
National Laboratory. The crystals used for the structure determination
were obtained as yellow elongated prisms (prism axis ¢) by mixing
the solution of the compound in dimethylformamide with 96% ethanol.

Measurement of the Spectra. The infrared spectra were measured
on a Perkin-Elmer Model 180 (4000-140 cm™'). The Nujol mull
technique with CsI (4000-200 cm™) or polyethylene plates (400140
cm™') was employed. The frequency reading was checked by running
the spectra of standard compounds for calibration.”® The Raman
spectra of the solid compounds mixed with KBr (ratio 1:1) were
obtained with a Coderg PHO instrument equipped with a krypton
laser, using the 15453.5-cm™ line.

Collection and Reduction of the X-Ray Data. Weissenberg and
precession photographs showed that the crystals belong to the tet-
ragonal system, the observed systematic absences h + k+ /= 2n+
1 for hk! and the Laue symmetry 4/m being consistent with the space
groups 14, I4, and 14/m.

The unit cell parameters obtained at 22 °C by least-squares re-
finement of the diffractometer angular coordinates of 13 high-angle
reflections are @ = & = 13.292 (5) A, ¢ = 6.890 (2) A. The ex-
perimental density, d., = 1.88 (2) g/cm’, determined pycnometrically
under benzene, is in good agreement with the calculated value, d.,cq
= 1.866 g/cm?, for Z = | formula unit.
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Closer inspection of overexposed photographs showed a system of
much weaker, diffuse reflections which indicated a unit cell larger
by a factor of 4, being body-centered tetragonal like the smaller one
and being related to it by @’ = a + b = 18.800 (7) &, ¢’ = 2¢ = 13.780
(4) A. Because a precise evaluation of the diffuse intensities was
doubtful, it was decided at this point to start with a determination
of the substructure and to try to explain the superstructure in a second
step.

X-ray intensity data for a 0.08 X 0.08 X 0,12 mm single crystal
were collected at 22 °C on a Syntex P2, computer-controlled four-circle
diffractometer, using graphite-monochromated Mo K« radiation (A
(Ka) 0.70926 A, A(Karp) 0.71 354 A, w~28 scan, scintillation counter,
takeoff angle 4°). The sampling interval (in 28) for each reflection
was from 1.0° below the calculated Mo Ko maximum to 1.0° above
the calculated Mo Ko, maximum, The scan rate varied from 1.2° /min
to 15°/min (in 26), depending on the intensity of the reflection.
Background measurements were made at the beginning and the end
of each scan with the counter stationary; the total time for background
counts was equal to the scan time. The intensity of a standard
reflection measured at 50 reflection intervals showed no significant
change during data collection.

A total of 720 unique reflections were obtained by averaging the
data of two octants (hk! and hkl) measured in the range of (sin ) /A
between 0.03 and 0.64 A1, No significant intensities were observed
for the reflections classified above as systematically absent; no deviation
from tetragonal symmetry was noticed. The linear absorption
coefficient for Mo Ka radiation is 4 = 59.2 cm™ giving ur values (r
radius) between 0.32 and 0.39 for the crystal used. No absorption
and anomalous dispersion corrections were applied to the Lp corrected
data. Standard deviations for the net intensities were determined
according to the counting statistics.

Determination and Refinement of the Substructure. The acentric
space groups /4 and 74 were favored by intensity statistics. From
these 74 was chosen, because the 4 axes were expected to be possible
sites for at least some of the tetrahedrally coordinated central atoms
(Zn, W, P).

Since the number of equivalent positions in the space group 74 is
at least 2 and since there is only one [Zn(WS,),]% ion per unit cell,
some kind of disorder of the structure was expected from the beginning.
The positions of the Zn, W, S, and P atoms including the partial
occupation of the Zn, W, and S sites were determined from the
three-dimensional Patterson function. The strongest Patterson vector
was found on the twofold axis (0, 0, z; z = 0.147) with a length of
only 1 A. This vector was interpreted as a W-W distance resulting
from partial occupation of the site 4e (0, 0, z etc.) with z = 0.574,
the positions 0, 0, z or 0, 0 Z (and, respectively, }/5, 1/5, z or /5, 1/,
1/, - z) being alternatively occupied tungsten positions. A probable
W-S vector with two parallel satellites differing from the first only
by about £1 A in z yielded a structure model of two WS, tetrahedra
alternatively fitting with one of the statistically occupied W sites. The
Zn and P positions were determined from the Patterson map to be
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Table I. Fractional Atomic Coordinates and Thermal Parameters,® Referring to the Cell with 2 = 13.292, ¢ = 6.890 &, with

Standard Deviations

No. of

equiv
Atom posn x . y z B, B, By, By, B, B,,
Zn 2b 0.0 0.0 0.0 4.02 (20) 4.02(20) 1.93(12) 0 0 0
W 4b 0.0 0.0 0.5752 (1)  2.68(9) 1.85 (7) 195(3) -0.18(1) 0 - 0
s(1) 8 0.0392 4) 0.1287(4) 0.7693(8) 4.20(24) 2.19(18) 2.73(19) -1.01(17) 0.04 (19) -0.30(17)
S(2) 8b -0:.1265 (4) 0.0378(5) 0.3933(8) 3.51(24) 3.95(25) 3.05(23) -0.92(0) 0.89 (21) 0.37 (22)
P 2 0.0 0.5 0.75 243(21) 24321 28120 0 0 0
C1) 8 0.0471 (7) 0.4017 (7) 09073 (16) 3.23(37) 246 (34) 3.60(37) 0.20(29) -—0.30 (44) 0.96 (41)
C2) 8 0.1490 (7) 0.3745(9) 09023 (17) 2.69 (37) 5.06(53) 3.68(42) -0.25(35) -—1.30(45) ~1.02(48)
C@3) 8 0.1795 (8) 0.2966 (9)  0.0294 (17) 4.29 (44) 35.61(51) 3.38(65) 1.86 (39) 0.03 (44) 0.07 45)
Cc4) 8 0.1136 (12) 0.2501 (12) 0.1468 (17) 5.40(69) S5.91(76) 3.97 (51) 1.22 (58) 0.45 (47) 1.43 (46)
Cs) 8 0.0109 (12) 0.2781 (12) 0.1514 (16) 5.89(73) 6.00(76) 3.46 (49) 1.76 (61) 0.56 (45) 1.72 (46)
C6) 8 —0.0222(8) 0.3557(8) 0.0310(16) 4.44 (44) 4.51(43) 2.80(61) 1.55 (36) 0.67 (38) 0.76 (38)

@ The anisotropic temperature factor is used as exp[—!/4(B; h%a*? + B,,k*b*? + B,,l2c*? + 2B, ,hka*b* + 2B, hla*c* + 2B,klb*c*)).

b Occupancy factor of 0.5 for Zn, W, S(1), and S(2) due to statistical disorder.

Figure 1. [Zn(WS,),]* ion with atomic designations and bond lengths
in

2a (0, 0, 0) and 2d (0, !/, 3/4). Since chemical analysis and ex-
perimental density only allow one Zn per unit cell, the population factor
was reduced to half its full value, as has been done for the W and
S atoms.

The starting parameters (with individual isotropic temperature
factors) were refined to R = 0.168. The phenyl carbon atoms were
successfully located from the subsequent AF map phased by the W,
Zn, S, and P atoms. Full-matrix least-squares refinement of the scale
factor and the positional and isotropic thermal parameters of all
nonhydrogen atoms converged to residuals of R, = 0.058 and R, =
0.060 for all 720 reflections, where Ry = 3_||F,| — |F.|l/ 2| F,} and
R, = [Sw(F,| - |F)}/ TwF,2]'/2. The quantity minimized was
Sw(|F,) = |FJ)>. The weighting scheme was based on the standard
deviations of the scan counts with an additional term proportional
to the net intensity: w = 4F.2/(a(F,})* with o(F2) = [(e(D))* +
(0.030D3'2Lp!, Reflections with I < 2¢(J) were classified as
unobserved and given zero weight (83 reflections). The atomic
scattering factors for W, Zn, S, P, and C were taken from ref 9. After
several cycles of refinement with anisotropic thermal parameters, the
shifts of all variables in the last cycle were below 0.05¢. The following
final residuals were obtained: R; = 0.044, R, = 0.043 (for all re-
flections) and R, = 0.038, R, = 0.043 (only observed reflections),
the final standard deviation of an observation of unit weight being
1.68 e. In all final refinements the occupancy factors of Zn, W, S(1),
and S(2) were taken constant as 0.5 according to the statistical
structure model. Their inclusion as variables into the refinement gave
no significant change of the starting values. The final difference
Fourier map contained no significant peaks except near the tungsten
sites (up to 3 e/A%) which were attributed to series termination effects.
Especially at or near the statistically nonoccupied Zn sites, there was
no clear indication of possible additional atoms (see discussion below).1°

The final positional and thermal parameters are given in Table L
A list of observed and calculated structure factor amplitudes (also

Table II. Interatomic Distances (&) and Bond Angles (deg)
in the {Zn(WS,),}*" and [P(C,H,),]" Ions®

[Zn(WS,),]*” Bonded Distances

W-S(1) 2233 (5) Zn-S(1)
o) b2.156 6) n-S(1b)
-S(22) Zn-S(1c)
[Zn(WS,),]*” Bond Angles and Nonbonded Distances®
S .8
Bond Angle distance
ggg-‘\z-ggi) 106.4 (3) 3.575 (9)
S(Iw-SCa) hio6 @ 3.608 (8)
s h102@ 3.599 (8)
S(2)-W-S(22) 108.9 (3) 3.509 (10)
PTG T }96.7 3) 3.575 (9)
S(1)~Zn-S(1b)
S(1)-Zn-S(1c)
iU iR 116.2 (3) 4.062 (10)
S(1a)-Zn-S(1¢c)
W-S-Zn 78.5 (2)
[P(C4H,), 1" Bond Distances
) de e
P-C(le) 1810110 C()-C(3) 1.415 (17)
P-C(1f) C(3)-C(4) 1.343 (18)
C(4)-C(5) 1414 (22)
C(5)-C(6) 1.396 (18)
[P(C,H,),]" Bond Angles
C(1)-P-C(1d) hosas) COLCHLEO  12270)
C(1e)-P-C(1f) ' C()-C)-C3)  116.7 (10)
C(1)-P-C(1e) CQCGC@  121.5 (1)
C(1)-PC(1D) 110G COCE-CE) 1214 (12)
C(1d)-P-C(le) C@)C(5)-C(6)  119.1 (12)
C(1d)-P-C(1) C(5)-C(6)-C(1)  118.6 (10)

@ The indices refer to the following transformations of the atom-
ic coordinates given in TableI: (@)X, 7, z; () ¥, %, 1 —2z; () 7, x,
l-z;@x 1-y,2;@) Ya=», YVt x Ya—z;O) =, + p,
V=X, —2; @) F, x, 7. ®W-+ Zn=12927 (1) A.

of the superstructure reflections, see below) is available.!!
Description and Discussion of the Structure

The crystal'structure consists of discrete [Zn(WS,),]* and
[P(C¢Hs),]* ions. Figure 1 shows the anion with atomic
designations and bond lengths. The anion forms a novel type
of mononuclear complex and consists of a central ZnS, tet-
rahedron sharing edges with two WS, tetrahedra. Thus, the
WS, > ions act as bidentate chelating ligands toward Zn?*,
as has been predicted from the vibrational spectra.$
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In Table II bond lengths, bond angles, nonbonded distances
between neighboring S atoms, and the Zn«W distances within
the [Zn(WS,),]?" ion as well as bond lengths and angles in
the cation are listed together with their standard deviations.
According to the exact crystallographic 4 site symmetry of the
complex anion, the four-membered ZnS,W chelate rings are
constrained to being exactly planar, the four Zn-S bonds being
equal in length (2.392 (5) A) and the W-S bridging and
terminal bonds being equal in pairs of two.

As expected, the terminal bonds (2.156 (6) A) in the slightly
distorted WS, tetrahedra are shorter than the chelating ones
(2.233 (5) A). Comparison with the mean W-S bond lengths
in the isolated WS,2 (2.17 (1) A in the ammonium salt!?),
WOS, (2.198 A with individual values 2.193 (6)-2.206 (6)
A in K;WOS,CI), and W0O,S,%" (2,193 (2) A in the am-
monium salt'#) ions show that the chelating W-S bridge bonds
in the complex are slightly longer, as is to be expected. The
average value over all four bonds in the complex WS, group
(2.195 A), however, is in very good agreement with the data
for the free ions.

The tetrahedral environment of Zn?* is strongly disorted
with S—Zn-S bond angles of 96.7 (3)° within the strained
four-membered ZnS,W rings. This distortion, being mainly
caused by repulsion between the central atoms of the tet-
rahedra, is observed in a very similar form in the four-
membered ZnS,P and ZnS,C chelate rings of dithio-
phosphinato,’s dithiophosphato,'®!” dithiobenzoato,'® xan-
thato,'® or dithiocarbamato??! zinc complexes. Another
consequence of the strain in the four-membered rings is a
significant lengthening of the Zn-S bonds compared to un-
strained systems. The bond length of 2.392 (5) A in [Zn-
(WS,),]* compares with mean values in the range of
2.37-2.41 A (individual distances ranging from
2.307(4)-2.509(8) A) in the four-membered rings formed with
the bidentate ligands above,'*2! whereas the normal Zn-S
bond lengths in unstrained complex systems (chains, larger
rings, unidentate ligand complexes; see also ref 15-21 and
literature cited therein) are observed at values between ca. 2.28
and 2.35 A,

The symmetric structure of the four-membered chelate ring
in [Zn(WS,),]%" is in contrast to the given examples of ZnS,P
and ZnS,C chelate rings where there is invariably one short
and one longer Zn—S bond differing significantly by about
0.03-0.10 A.15-2!

Bond lengths and angles in the [P(C¢Hjs),4]* ion with exact
4 symmetry are, within the limits of error, in close agreement
with literature data. The P-C distance of 1.810 (10) A, which
is slightly longer than other reported values, and the average
C-C bond length of 1.39 (2) A in the phenyl rings compare
with mean values such as 1.796 (3) and 1.390 (11) A,221.775
(7) and 1.391 (11) A,% or 1.790 (8) and 1.40 (2) A?* for
tetraphenylphosphonium ions in different compounds. There
is no significant deviation from planarity observed in the phenyl
rings.

The crystal structure can be described as an arrangement
of stacks parallel to the ¢ axis (a) of cationsat x =0, y = !/,,
and x = !/, y = 0 with identity periods of ¢ = 6.890 (2)
and (b) of anions at x =0,y =0and x = !/,, y = 1/, with
periods 2¢ = 13.780 (4) A. Within the individual stacks, the
anions are constrained to an essentially ordered occupation
of every second unit cell. As there are two such anion sites
possible in every stack, the unit cell with ¢ = 6.890 A describes
a statistical average structure, being an arbitrary arrangement
of individual stacks in relation to each other with independent
filling of one of the two possible anion sites.

In this sense, Figure 2 shows only one possible realization
of this statistical anion distribution. The disorder is favored
by the fact that the space-determining sulfur atoms have to
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Figure 2. Projection of the [P(C4H;),]2{Zn(WS,),] structure parallel
to the a axis of the substructure cell . One of the several possible
relative orientations of the [Zn{WS,);]> anion stacks is given in solid
lines with the alternative positions of the anions represented in dotted
lines; the partial ordering of the anions (7 centering of the super-
structure cell IT) is indicated.

be shifted only about 1.0 A parallel to ¢ to change from one
anion stack to the alternate one, inferring minimal disturbance
to the rest of the structure. All intermolecular contacts are
normal for the alternate arrangements except around the site
of the nonoccupied Zn position (shortest S-S distance between
two neighboring anions within one stack: 5.96 A; see discussion
below).

The Superstructure. The additional diffuse reflections
indicate that the distribution of the anion stacks is not strictly
random. Using modified measuring parameters (sampling
interval 6° instead of 2° in 26, counter aperture diameter 5
mm instead of 2.5 mm, scan rate 0.5°/min), the approximate
integrated intensities of 1339 (1009 classified as observed)
supercell reflections with // # 2n were measured. They could
be indexed on the basis of a body-centered cell (cell IT) with
a’=a+ b, ¢’ = 2c, with no extinctions except '+ k' + I
== 2n. As to be expected, no additional significant reflections
besides the substructure ones were registered in the layers with

’=2n.

A solution of the superstructure problem could be reached
assigning the space group /4 also for cell II. This space group
for the larger cell results from a two-step supergroup—maximal
subgroup symmetry-reduction procedure?’ in the following
way: removal of 4 at '/4, 0, !/, etc. in the substructure cell
I leads to P4 as the maximal subgroup which is further reduced
to maximal subgroup F4 by doubling a, b, and ¢ and removal
of 4at0,0,!/,etc.and !/, !/,, O etc. of this new cell. F4
is identical with /4 in the diagonal setting of cell IT (¥ = 4F7).

Using only the reflections of the odd (diffuse) layers of cell
II (I # 2n), a good fit between observed and calculated
structure amplitudes was obtained by placing nothing but one
[Zn(WS,),]* anion at 0, 0, O etc., refining the transformed
coordinates and the isotropic temperature factors of the subcell.
The final R, value for this model was 0.107 with isotropic
temperature factors for W, Zn, and S, which was accepted
as satisfactory in view of the difficulties in obtaining reasonably
precise intensities for the diffuse reflections. The atomic
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Table III. Vibrational Spectra of [**Zn(WS,),]*” and
[¢4Zn(WS,),]*" in the Tetraphenylphosphonium
Salts above 200 cm™*

Freq data, cm™ Assign®

IR® R AVE D,q4 Vib
d 494 (10) A, v (WS, % ip
492.4 sh B, v (WS, %) op
4872 E vas(WS, %
d 447 (2) A, v (WS,P) ip
435 sh ‘ B, vg(WS,2) op
4455 s 0.7 E Vas(WSP)
d b A vg(ZnS)
285 sh 5 B, vag(Zn8)
2715w 1.5 E Vas(ZnS)

@ Data of [%Zn(WS,),]*". b Qverlapped by bands of the cation.
€ Av=v[*ZnWs,),1* — v[*Zn(WS,),]1? . ¢ Inactive, ¢ Assign-
ment of »(WS,) to in-phase (ip) and out-of-phase (op) vibrations.

coordinates did not change by more than 1.5¢ from the
substructure values. The refined scale factor (3.26 (2) vs.
1.564 (2) for the statistical even-layer substructure model)
indicates only partial (ca. 50%) superstructure ordering.
Summarizing, the partially ordered structure model can be
-described as follows: The neighboring anion stacks parallel
to ¢ are not completely independent from each other with
respect to the occupation of the two possible anion sites of the
statistical model. Referring to the larger superstructure cell
I1, an [ centering relation between the different anion stacks
is partially retained. No modification of the cation part of
the structure is necessary: the (C¢Hs),P* ions which are at
4 sites at 0, 1/,, 3/, etc. in cell | remain at their locations, now
on 2, axes at !/, /4, !/ etc. in cell II. The diffuse character
of the superstructure reflections (half-widths of the approx-
imately spherical reflections 0.6—-1.2° in #) on weak back-
ground of diffuse scattering especially along the #/ planes with
I’ # 2n is indicative of the limited degree of order within the
superstructure symmetry. The most probable cause is ro-
tational anion disorder around the ¢ direction together with
librational displacements in the ab plane. In any case, the
average substructure gives a very close picture of the true anion
and cation dimensions; part of the disorder effects are evidently
absorbed in the temperature factor coefficients of the average
structure. )

A question which remains open is the possible occupation

of the site at or around 0, 0, !/, etc. by ordered or disordered

water molecules. For the structure model described this site
is surrounded by four S(2) atoms at a distance of 3.228 (6)
A and eight phenyl hydrogen atoms (bonded to C(4) and C(5),
calculated coordinates), at ca. 3.55-3.66 A distance, this void
being large enough to keep one H,O molecule. From AF
Fourier syntheses in both superstructure and substructure cells,
however, no significant electron density of more than 1 e/A3
and no refinable atomic positions were found. Yet, partial
highly disordered H,O occupation of this site cannot be ex-
cluded completely. One H,O per anion would result in d,q
= 1.891 g/cm?.

Vibrational Spectra. The measured infrared and Raman
frequencies of [Zn(WS,),]* with ¢4Zn and %Zn isotopes are
summarized in Table III. The approximation of the anion
toward an idealized D,; (42m) symmetry is very close, so the
normal modes of vibration can be classified according to the
species of this point group as

Tuip =SA (R)+ A, (. )+2B (R)+5B, (R, IR) +
7E (R, IR)
and the stretching vibrations of the two terminal WS,' groups

and the two bridging WS,® groups and the ZnS, skeletal
vibrations can be classified as
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Fvib=3Al+3B2+3E

Compared to the stretching frequencies of the WS,> ion
(n(A) = v, = 479 cm™), 13(F,) = v, = 455 cm™),? complex
bands at higher and lower wavenumbers are observed in the
spectrum of the complex. According to the stronger bonding
(shorter bond distance) in the terminal W-S bonds, the WSt
stretching frequencies should be at higher energy.

Corresponding in-phase (ip) and out-of-phase (op) vibrations
are similar in frequencies as expected. As the compound is
a poor Raman scattering material, only the totally symmetric
vibrations are observed in the Raman spectra. It is interesting
to note that the intensity of the band due to »(WS,") is stronger
than that of »(WS,?) because of the higher bond order in the
terminal group.

Additional information for an understanding of the vi-
brational spectrum is given from the measured isotopic shifts.
The comparison with similar complexes shows that the fre-
quency shifts of the »(ZnS) vibrations are in the expected
order.?® The frequencies »(WS,?) show a small shift whereas
the frequencies of »(WS,!) are not shifted during 4Zn-%8Zn
substitution. This nicely demonstrates that there exists only
small coupling between the »(ZnS) skeletal and the »(WS?)
vibrations. The »(WS") vibrations should be nearly pure
normal modes.

Acknowledgment. We thank the Deutsche Forschungs-
gemeinschaft, the Fonds der Chemischen Industrie, the
Minister fiir Wissenschaft und Forschung des Landes Nor-
drhein-Westfalen, and the NATO Scientific Affairs Division
for financial support.

Registry No. [P(C¢Hs).]2[Zn(WS,),], 45845-17-8.

Supplemeéntary Material Available: Listing of structure factor
amplitudes (9 pages). Ordering information is given on any current
masthead page.

References and Notes

(1) (a) University of Bielefeld. (b) University of Dortmund. (c) Max Planck
Institute of Solid State Research.

(2) A. Miiller and E. Diemann, Coord. Chem. Rev., 10, 79 (1973).

(3) K. H. Schmidt and A. Miiller, Coord. Chem. Rev., 14, 115 (1974).

(4) A.Miiller and S. Sarkar, Angew. Chem., Int, Ed. Engl., 16, 705 (1977).

(5) N. Mohan, A. Miller, and K. Nakamoto, Adv. Infrared Raman
Spectrosc., 1, 173 (1975).

(6) A.Miller, E. Diemann, and H. H. Heinsen, Chem, Ber., 104, 975 (1971).

(7)" L.R. Blaine, E. K. Pleyler, and W. S. Benedict, J, Res. Natl. Bur. Stand.,
Sect. A, 66a, 223 (1962).

(8) IUPAC Commission on Molecular Structure and Spectroscopy, “Tables
of Wavenumbers for the Calibration of Infrared Spectrometers”,
Butterworths, London, 1961.

(9) “International Tables for X-Ray Crystallography”, Vol. IV, Kynoch Press,
Birmingham, England, 1974, p 99 ff.

(10) In addition to local programs for the IBM 360/158 and Data General
Nova 1200 computers, modified versions of the ORFLS least-squares
programs of Busing, Martin, and Levy, of Zalkin’s FORDAP program,
and of the Syntex XTL system were employed. *

(11) Supplementary material.

(12) K. Sasviri, Acta Crystallogr., 16, 719 (1963).

(13) B. Krebs, B. Buss, and A. Ferwanah, Z. Anorg. Allg. Chem., 387, 142
(1972).

(14) W.Gonschorek, T. Hahn, and A. Miller, Z. Kristallogr., Kristallgeom.,
Kristallphys., Kristallchem., 138, 380 (1973).

(15) M. Calligaris, G. Nardin, and A. Ripamonti, J. Chem. Soc. A4, 715 (1970).

(16) T. Ito, T. Igarashi, and H. Hagihara, Acta Crystallogr., Sect. B, 25,
2303 (1969). , :

(17) S. L. Lawton and G. T. Kokotailo, /norg. Chem., 8, 2410 (1969).

(18) M. Bonamico, G. Dessy, and V. Fares, J. Chem. Soc., Dalton Trans.,
2515 (1972).

(19) T. Ito, Acta Crystallogr., Sect. B, 28, 1697 (1972).

(20) M. Bonamico, G. Mazzone, A. Vaciago, and L. Zambonelli, 4Acta
Crystallogr., 19, 898 (1965).

(21) H. P. Klug, Acta Crystallogr., 21, 536 (1966).

(22) P. Goldstein, K. Seff, and K. N. Trueblood, Acta Crystallogr., Sect. B,
24, 778 (1968). ’

(23) M. Textor, E. Dubler, and H. R. Oswald, Inorg. Chem., 13 1361 (1974).

(24) R.Spagna and L. Zambonelli, Acta Crystallogr., Sect. B, 29, 2302 (1973).

(25) J. Neubtiser and H. Wondratschek, “Tables of Maximal Subgroups of
the Space Groups”, Aachen and Karlsruhe, 1977.

(26) For a review about metal isotope effects on vibrational frequencies see
ref 5.



