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[XeF+][{SbF;;—]. In [BtF.*][Sb.F1;—] the atoms Br,
Sb(1), Sb(2), F(1), F(2), F(4), F(5), F(7), F(8), F(9),
F(12), and F(15) are all within 0.3 A of being coplanar;
their common plane is very nearly parallel to the 201
planes. This near coplanarity extends the whole
length of any given chain. The planes of adjacent
chains (see Figure 2) are parallel but are spaced ¢/2 or
¢ apart along the ¢ direction. The closest approaches
of fluorine atoms bonded to different bromine and anti-
mony atoms within the chains are 3.03, 3.24, and 3.47
A, all of which are substantially greater than twice the
van der Waals radius of fluorine.

The chains are approximately close packed. There
is no bridging between chains. The minimum inter-
chain F---F separation is 2.72 A, which is approximately
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twice the van der Waals radius of fluorine. The min-
imum interchain Br---F and Sb---F distance is 3.56 A,
which is approximately the value expected for the sums
of the van der Waals radii of the atom pairs.

In summary, this is the first direct evidence for the
existence of the BrFy* cation. Although the present
experimental data do not allow very precise determina-
tions of bond lengths and angles, valuable information
about the structure of this interesting adduct was ob-
tained.
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Copper(I) 0,0'-diisopropylphosphorodithioate, Cu,[(i-CsH:0).PSy]s, crystallizes as light yellow prisms in the orthorhombic
space group P2,2,2, with unit cell parameters ¢ = 11.283 £ 0.006, b = 12.380 =+ 0.004, and ¢ = 33.825 & 0.008 A. The
observed and calculated densities are 1.55 = 0.02 and 1.556 = 0.002 g/cm? (for Z = 4 molecules/unit cell), respectively.
A full-matrix anisotropic—isotropic least squares refinement has resulted in a discrepancy index of 0.072 using three-dimen-
sional X-ray diffraction counter data. The crystal structure is comprised of discrete tetrameric molecules, each containing
a central tetrahedron of copper atoms. Chelated to this tetrahedron through sulfur atoms ate four (C;H;0).PS; ligands,
so arranged as to give the molecule a symmetry approaching Si.  One of the sulfur atoms in each ligand bridges two copper
atoms almost symmetrically with average distances of 2.256 (9) and 2.272 (16) A; the other forms a bond with a third copper
atom at a distance of 2.272 (@) A. Each phosphorus atom is thus centered more or less above a face of the copper tetra-

hedron.
the other two edges average 2.950 (6)
ference is reflected in the lengths of the P-S bonds.

Of the six edges of the tetrahedron (the Cu—~Cu bonds), the four which are bridged by sulfur average 2.74 (3) A;
The two sulfurs in each ligand play different roles in the chelation and this dif-
Those associated with the Cu—-S—Cu bridges average 2.036 (11) Ain

length; those bonded to a single Cu are shorter, at 1.972 (8) A. The average P~O bond length is 1.56 (2) A, a value en-
tirely comparable to those in previously determined metal phosphorodithioates.

Introduction

Structural investigations of organocopper(I) com-
plexes have shown that the cuprous ion generally adopts
a tetrahedral configuration. Recently, compounds
containing clusters of four or more copper atoms, en-
tailing coordination numbers greater than 4, have also
been reported. These include the copper tetramer,
hexamer, and octamer. The tetrameric compounds,
eg., CU4I4 [AS(C2H5)3]41 and CLI4 [SQCN(CQH;) ]42 dlsplay
a central tetrahedral configuration of copper atoms.
The hexamer, e.g., Cus[SOCN(C;H;):)s,® and octamer,
e.g., the phenyltrimethylammonium salt of Cus[S.CC-
(CN);J¢*,* exhibit a central octahedral and cubic clus-
ter, respectively. Syntheses and characterizations of
other copper clusters have also been reported.®

(1) A. F. Wells, Z. Kristallogr., Kristallgeomelrie, Kristallphys., Kristall-
chem., 94, 447 (1938).

(2) R. Hesse, Ark. Kemi, 30, 481 (1963).

(8) R. Hesse and U. Aava, Acta Chem. Scand., 24, 1355 (1970).

(4) L. E. McCandlish, E. C. Bissell, D. Coucouvanis, J. P. Fackler, and

K. Knox, J. Amer. Chem. Soc., 90, 7357 (1968).
(6) A. Cairncross and W. A. Sheppard, ibid., 98, 247 (1971), plus ref-

erences contained therein; A. Cairncross, H. Omura, and W. A, Sheppard,-

ibid., 98, 248 (1971), plus references contained therein,

As part of a continuing investigation of metal phos-
phorodithioate complexes, the crystal structure of Cuy-
(dtp)s, where dtp = S;P(OC;H;)., was undertaken.
Initial evidence of a tetranuclear copper cluster in Cu,-
(dtp)s was based on vapor pressure osmometry data®
for benzene solutions at 37°. The present study ex-
amines the stereochemistry of this metal cluster com-
plex in the crystalline form and the influence of the dtp
ligand on the copper—copper interactions.

Experimental Section
Preparation.—Copper(I) 0,0’-diisopropylphosphorodithioate
was synthesized according to a method previously described.”
Brittle, light yellow prismatic crystals for use in the X-ray in-
vestigation were obtained by recrystallization of the compound
from a warm ethanol-acetone mixture.

(6) J. J. Dickert, Mobil Research and Development Corp., private com-
munication, 1969.

(7) J. J. Dickert and C. N. Rowe, J. Org. Chem., 82, 647 (1967). An
aqueous solution of cuprous chloride (0.1 mol in 50 ml) containing sufficient
ammonia (about 30% aqueous solution) to promote dissolution of the solid
was filtered and added to an aqueous solution of ammonium O,0’-diiso-
propylphosphorodithioate (0.1 mol in 100 ml). The precipitate was isolated
by filtration and recrystallized (mp 117-118°) from a solution of approxi-
mately 75% ethanol and 25% water.
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Crystal Data.—Cuy(dtp)s, of formula weight 1107.28, is
orthorhombic with space group P2,2,2; (D:*). The lattice
parameters at 27° areg = 11.283 (6), b = 12.380 (4), ¢ = 33.825
(8) A, and V = 4724 (5) A% dopsa = 1.55 (2) g/cm? (by flotation),
doated = 1.556 (2) g/em?® for Z = 4 formula units/unit cell.

The crystal symmetry was determined from Weissenberg and
precession X-ray photographs which yielded systematic ex-
tinctions (A00, b = 2n + 1; 080, & = 2» + 1; 00,7 = 2n + 1)
consistent with the space group P2,2,2;. The lattice parameters
were determined by a least-squares fit® to 112 high-angle Ka re-
flections measured from zero-level Weissenberg zones taken with
copper radiation [A(Kou) 1.54050 A and MKey) 1.54434  A]
using crystals mounted in several different orientations; each
film was calibrated with superimposed aluminum powder lines
(ae = 4.0332 A). The Nelson-Riley extrapolation function
was employed in the refinement. Indicated errorsare 2¢.

Collection and Reduction of X-Ray Intensity Data.—Complete
three-dimensional X-ray diffraction intensity data were taken at
room temperature (23 = 4°) with zirconium-filtered molybdenum
radiation from a prismatic crystal of length 0.33 mm and of a
cross section measuring 0.08 X 0.12 mm. The crystal was
sealed in a thin-walled Lindemann glass capillary and mounted
on the diffractometer with ¢* (the 0.33-mm axis) coincident with
the ¢ axis. The half-widths of a number of narrow-source,
open-counter 26 scans® ranged from 0.06 to 0.10° in 6, indicating
that the crystal mosaicity was acceptably small. A General Elec-
tric quarter-circle Eulerian cradle mounted on a Siemens dif-
fractometer equipped with a Siemens scintillation detector and a
pulse height discriminator was used with the moving-crystal,
moving-counter measurement technique (6, 26 coupling) and a
3.5° takeoff angle. The crystal-source and crystal-counter
distances were 17 and 18.5 cm, respectively. The dimensions of
the counter aperture were 5.0 mm X 5.0 mm. The counter
angle, 26, was scanned over 2° at a speed of 1°/min. Background
counts of 24 sec were taken at each end of the 20 scan, Collec-
tion of the data covered the range 260 < 55° to include all possible
observed reflections. A ‘total of 4667 independent reflections
were measured. Equivalent reflections were not measured.
Three standard reflections were measured periodically as a check
on crystal and electronic stability and a linear 49, decrease in
intensities was observed.

The raw intensity of each reflection was corrected for back-
ground, crystal decomposition, and Lorentz and polarization
effects. Transmission factors ranged from 0.83 to 0.87 based
on a linear absorption coefficient of 23.5 ¢m™; no absorption
corrections were therefore applied. Estimated standard devia-
tions in the intensities were computed as described elsewhere,!
using a value of 0.05 for p. The estimated standard deviation in
each F, was calculated by employing the finite-difference method.
A total of 2093 reflections were observed above the background
level of which 1904 had F,? > ¢(F,?). The remaining 189 re-
flections were considered as unobserved and thus omitted from
the refinements.

Solution and Refinement of the Structure

The structure was solved using Patterson superposition and
Fourier techniques.!! An unsharpened Patterson function was
first calculated using all observed reflections. From the
crystallographic data (Z = 16 formula units of Cu(dtp) in a space
group of order 4) the molecule was initially assumed to exist as a
tetramer in which four copper atoms formed a tetrahedron. Us-
ing this assumption a tetrahedron was readily located at the
origin. A superposition along one of the three Cu-Cu vectors
emanating from the origin revealed the three remaining Cuy
tetrahedra in the unit cell generated by the three unit cell twofold
screw axes. A series of three-dimensional electron density func-

(8) D. E. Williams, “LCR-2, A Fortran Lattice Constant Refinement
Program,” Report IS-1052, Ames Laboratory, Iowa State University,
Ames, Iowa, 1964,

(9) In the region examined, 26 < 15°, the 26-scan and w-scan techniques
yield comparable results: T. C. Furnas, “‘Single Crystal Orienter Instruc-
tion Manual,” General Electric Co., Milwaukee, Wis., 1966.

(10) P. W. R. Corfield, R. J. Doedens, and J. A. Ibers, Inorg. Chem., 6,
197 (1967).

(11) In addition to various local programs for the CDC 1604B computer,
local modifications of the following programs were used in the solution and
refinement of this structure: Guggenberger’s Four Fourier program;
Busing, Martin, and Levy’s oRFLS crystallographic least-squares program;
Busing and Levy’s oRFFE function and error program; and - Johnson's
ORTEP thermal ellipsoid plotting program.
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TABLE I
FINAL POSITIONAL AND IsOoTROPIC THERMAL
PARAMETERS FOR THE NONHYDROGEN ATOMS
IN Cuy[(#-CiH70):PSe]4®

Atom x LY 4 Bb Az
Cu(l) 0.53887 (32) 0.58226 (32) 0.60472 (10)

Cu(2) 0.66224 (32) 0.39530 (34) 0.59980 (11)

Cu(3d) 0.48817 (31) 0.39632 (31) 0.65677 (10)

Cu(4) 0.40907 (32) 0.40964 (34) 0.57923 (10)

S(1) 0.39551 (82) 0.69026 (64) 0.63082 (27)

S(2) 0.30055 (64) 0.42551 (66) 0.63519 (22)

S(3) 0.72136 (73) 0.38217 (70) 0.53595 (22)

S(4) 0.47552 (75) 0.54706 (85) 0.54194 (22)

S(5) 0.55631 (72) 0.49349 (74) 0.70877 (23)

S(6) 0.72462 (78) 0.55447 (70) 0.62723 (21)

ST 0.42129 (78) 0.23753 (64) 0.55531 (23)

S(8) 0.60093 (77) 0.25562 (62) 0.63722 (21)

P(1) 0.27829 (69) 0.58422 (73) 0.64977 (21)

P(2) 0.60844 (76) 0.47945 (64) 0.50959 (22)

P(3) 0.71128 (74) 0.53421 (68) 0.68706 (22)

P(4) 0.49266 (77) 0.16639 (63) 0.60175 (25) .
o) 0.1492(16) 0.6169 (16) 0.6367 (5) 4.9 (5)
0(2) 0.2628 (17) 0.5848 (17) 0.6954 (5) 4.9 (5)
0@3) 0.5367 (18) 0.4236 (16) 0.4765 (5) 5.1 (5)
o(4) 0.6726 (16) 0.5714 (15) 0.4865 (5) 4.2 (4)
O(5) 0.8014 (17) 0.4482 (15) 0.6997 (5) 4.5 (5)
O(6) 0.7662 (17) 0.68395 (15) 0.7085 (5) 4.6 (5)
o(7) 0.3874 (16) 0.1190 (15) 0.6266 (5) 4.5 (4)
o(8) 0.5632 (17) 0.0647 (15) 0.5903 (5) 5.0 (5)
C(1) 0.1244 (29) 0.6528 (25) 0.5951 (10) 5.7 (8)
C(2) 0.2866 (30) 0.6782 (27) 0.7210 (10) 5.8 (8)
C(3) 0.5951 (31) 0.3504 (27) 0.4472 (10) 6.3 (9)
C4) 0.7754 (34) 0.6259 (30) 0.4998 (10) 7.2 (10)
C(5) 0.9324 (31) 0.4559 (27) 0.6893 (10) 6.1 (9)
C(®) 0.7040 (33) 0.7388 (29) 0.7014 (10) 6.4 (9)
(M 0.4031 (30) 0.0777 (28) 0.6684 (9) 6.2 (8)
C(8) 0.6757 (33) 0.0764 (32) 0.5676 (11) 7.9 (10)
C(9) 0.0467 (38) 0.5603 (32) 0.5781 (12) 9.1 (12)
Cc(10) 0.0838 (38) 0.7533 (33) 0.5960 (12) 8.7 (11)
C(11) 0.2918 (35) 0.6396 (31) 0.7609 (12) 7.9 (11)
C(12) 0.1914 (37) 0.7567 (33) 0.7159 (11) 8.0 (11)
C(13) 0.5332 (45) 0.2513 (39) 0.4460 (14) 11.2 (14)
C(14) 0.5998 (42) 0.4121 (42) 0.4103 (14) 11.2 (13)
C(15) 0.7464 (36) 0.7294 (33) 0.5164 (11) 7.7 (11)
C(16) 0.8684 (43) 0.6261 (39) 0.48680 (15) 11.4 (14)
can 0.9542 (39) 0.3484 (35) 0.6689 (13) 9.7 (13)
C(18) 0.9956 (40) 0.4710 (34) 0.7244 (13) 9.6 (12)
Cc(19) 0.6656 (38) 0.7799 (34) 0.7403 (13) 8.7 (12)
C(20) 0.7935 (47) 0.8153 (39) 0.6872 (14) 11.2 (14)
C(21) 0.2761 (40) 0.0740 (87) 0.6828 (12) 9.8 (12)
C(22) 0.4496 (38) —0.0255 (35) 0.6692 (12) ‘9.1 (12)
C(23) 0.6544 (41) 0.0380 (36) 0.5285 (14) 10,2 (13)

C(24) 0.7538 (60) —0.0024 (51) 0.5890 (17) 14.5 (18)

a All atoms are in the general symmetry position 4(a). Num-
bers in parentheses in all tables and in the text are estimated
standard deviations occurring in the least significant digit of the
parameter. ® The final anisotropic thermal parameters for Cu, S,
and P are given in Table II.

tions (F and AF) and isotropic least-squares refinements led to the
location of all remaining atoms in the structure.

The structure was refined by using a full-matrix least-squares
procedure, The function minimized was Zw(|F,| — |F))?,
where |F,| and |F,| are the observed and calculated structure
amplitudes, respectively, and w is the weight defined as 1/
o?(F.). Atomic scattering factors for neutral atoms were those
tabulated by Hanson, ef ¢l.'? Effects of anomalous scattering
were included in the structure factor calculations,!® using values
of Af’ and Af’’ for Cu, 8, and P given in ref 14, The best fully
weighted isotropic refinement of all 48 nonhydrogen atoms plus
the scale factor resulted in R, = Z||F| — [F.Jl|/Z|F| = 0.086
and Ry = [Zw(|Fo| — | Fe|)2/Zw| Fof?]*/2 = 0.084 for the reflections
above o(F,?). Additional least-squares cycles with anisotropic
thermal parameters assigned to Cu, S, and P further reduced R,
and R, to 0.077 and 0.075, respectively. A three-dimensional
difference synthesis at this stage provided evidence of slight
anisotropic motion of the lighter oxygen and carbon atoms but due
to the paucity of data (seven reflections per variable at this
point) no attempt was made to refine them anisotropically.

(12) H. P. Hanson, F. Herman, J. D. Lea, and 8. Skillman, Acta Crystal-
logr., 17, 1040 (1964).

(13) J. A, Ibers and W. C. Hamilton, tbid., 17, 781 (1964).

(14) “International Tables for X-Ray Crystallography,” Vol. III,
Kynoch Press, Birmingham, England, 1962, pp 215, 216.
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TABLE II
FINAL ANISOTROPIC THERMAL PARAMETERS FOR Cuiyy[(¢-CoH70),PS;]40

Atom Bu Bo2 B3
Cu(l) 0.00774 (38) 0.00777 (33) 0.00084 (4)
Cu(2) 0.00866 (41) 0.00845 (36) 0.00077 (4)
Cu(3) 0.00760 (39)  0.00711 (32)  0.00085 (4)
Cu4) 0.00770 (37) 0.00738 (33) 0.00084 (4)
S(1) 0.0100 (10) 0.00564 (7) 0.00133 (11)
S(2) 0.0057 (7) 0.0068 (7) 0.00095 (8)
S(3) 0.0081 (8) 0.0080 (8) 0.00094 (9)
S(4) 0.0085 (9) 0.0080 (7) 0.00076 (8)
S(5) 0.0079 (9) 0.0102 (8) 0.00074 (8)
S(6) 0.0097 (9) 0.0095 (8) 0.00054 (8)
S(7) 0.0099 (10) 0.0060 (7) 0.00093 (9)
S(8) 0.0100 (9) 0.0057 (6) 0.00069 (8)
P1) 0.0074 (8) 0.0068 (7) 0.00076 (8)
P2) 0.0072 (8) 0.0055 (7) 0.00076 (8)
P(3) 0.0064 (8) 0.0073 (7) 0.00065 (8)
P@4) 0.0092 (9) 0.0052 (6) 0.00085 (9)

e The form of the anisotropic temperature factor expression is exp{ — (Buk? + Buk? + Bul? 4+ 2Bnphk + 2Bkl + 2Bunkl)].

Iso equiv,?

Bz B3 Bz B, A?
0.00061 (35) 0.00023 (11) —0.00008 (11) 4.31
0.00019 (35) —0.00006 (11) —0.00004 (12) 4.50
—0.00121 (34) 0.00017 (11) —0.00013 (11) 4.15
0.00049 (35)  —0.00006 (115  —0.00030 (11)  4.21
—0.0005 (7) 0.0005 (3) —0.0005 (2) 4.92
—0.0004 (6) 0.0000 (2) —0.0002 (2) 3.90
0.0029 (7) 0.0007 (2) 0.0000 (2) 4.57
0.0008 (7) 0.0001 (2) 0.0003 (2) 4.37
—0.0019 (7) —0.0001 (2) —0.0007 (2) 4.71
—0.0033 (7) 0.0002 (2) —0.0000 (2) 4.55
—0.0010 (7) —0.0006 (3) 0.0001 (2) 4.42
0.0002 (7) —0.0004 (3) —0.0001 (2) 4.00
0.0013 (7) 0.0004 (2) —0.0006 (2) 3.91
0.0009 (7) —0.0002 (2) 0.0001 (2) 3.57
—0.0012 (7) —0.0004 (2) 0.0001 (2) 3.68
0.0005 (7) °  0.0002 (3) —0.0000 (2) 4.00

b Caleu-

lated from the anisotropic thermal parameters and unit cell parameters by the equation B =2 (4/3)(8ua? + Bu2b? + Bic® + 2B12ab cos

v + 2Biac cos B + 2Bubc cos a):

TaBLE III

CALCULATED POSITIONAL PARAMETERS (X 104) FOR
HyYpROGEN IN Cu,[(4-C;H,0),PS, ],

Atomb x £Y 2 Atom? x y 2z
C(H(1) 1984 6592 5802 C(15)H(29) 8181 7625 5274
C(2)H(2) 3626 7110 7138 C(16)H(30) 8404 6687 4454
CBIN(3) 6764 3364 4560 C(16)H(31) 9416 6578 4783
C(4)N(4) 8075 5825 5215 C(16)H(32) 8837 5517 4595
C(5)H(5) 9465 5159 6710 C(17)H(33) 9397 2895 6876
C(6)H(6) 6376 7317 6829 C(17)H(34) 9005 3413 6463
C(THYH(T) 4509 1276 6843 C(17)H(35) 10365 3452 6597
C(8)H(8) 7069 1503 5681 C(18)H(36) 9804 4103 7423
COH®) —~0268 5549 5934 C(18)H(37) 10805 4748 7185
C(9)H(10) 0279 5758 5504 C(18)H(38) 9701 5384 7369
C(8)H(11) 0002 49019 5798 CQ9)H(39) 7344 7858 7578
C(10)H(12) —0099 7455 6111 C(19)H(40) 6292 8513 7370
C(10)H(13) 1141 8078 6086 C(19)H(41) 6077 7301 7518
C(10)H(14) 0453 7759 5689 C(20)H(42) 8581 8200 7065
C1)H(15) 2157 6068 7680 C(20)H(43) 8240 7004 6618
C(11)H((16) 3548 5854 7632 (C(20)H(44) 7573 8867 6838
C(1DH(17) 3086 7000 7788 C(21)H(45) 2307 0236 6664
C(12)H(18) 1157 7235 7232 C(21)H(46) 2744 0498 7104
C(12)H(19) 2062 8194 7329 C(QLH34T) 2411 1463 6809
C(12)H(20) 1885 7799 6882 C(22)H(48) 4001 —0734 6531
C13)H(21) 4516 2640 4373 C(22)H(49) 5303 —0244 6585
C(13)H(22) 5726 2021 4276 C(22)H(50) 4514 —0519 6965
C(13)H(23) 5325 2191 4725 C(23)H(51) 6235 —0359 5297
C(149)H(24) 5100 4267 4011 C(23)H(52) 5965 0849 5155
C(14)H(25) 6412 4805 4149 C(23)H(53) 7288 0385 5136
C(14)H(26) 6424 3703 3902 C(24H(54) 7186 —0747 5876
C15)H(27) 7137 7762 4958 C(24)H(55) 8323 —0034 5766
C(15)H(28) 6876 7200 5375 C(24)H(56) 7614 0195 6167

@ Based on C-H = 0.98 A.

gen n of carbon m.

b C(m)H(n) corresponds to hydro-

This same map, however, revealed plausible locations of nearly
all the 56 independent hydrogen atoms, as determined by cal-
culation of the hydrogen atom positions based on those found in
the molecule [(4-C:H70):PS:]2.2* These hydrogen atoms were
subsequently included in the remaining cycles of refinement as
fixed atoms' with an isotropic thermal parameter of 7.0 A2,

Convergence was reached with R; = 0.072 and R, = 0.069 for
the 1904 observed reflections. The corresponding values for
all 2093 reflections were R; = 0.082 and R, = 0.076. The final
standard deviation for an observation of unit weight was 1.09.
On the final cycle the shift in each positional and thermal param-
eter averaged 0.008 times its own o. A statistical analysis of
wA? (A = |F,| — |FJ|) vs. | Fo| as well as (sin 6)/A showed no un-
usual trends. A final difference synthesis showed no peaks
greater than 0.2 e/A% or at most 5.6% of a terminal carbon atom.
Comparison of the final values of F, and F, indicated that a
correction for secondary extinction was not necessary.

(15) S. L. Lawton, Inorg. Chem., 9, 2269 (1970).

(18) Idealized hydrogen coordinates were computed assuming C—H bond
lengths of 0.98 A and H-C-H bond angles of 109° 28’, and the methy! groups
were rotated to give perfect staggered conformations with respect to the
C—-H bonds radiating from the vertex carbon atoms.

W. C. Hamilton, Acta Crystallogr., 12, 609 (1959).

The final positional and thermal parameters derived from the
last cycle of least-squares refinement are presented in Tables I
and II, along with the associated standard deviations in these
parameters as estimated from the inverse matrix.”” The final
hydrogen positional parameters are given in Table III. Princi-
pal root-mean-square amplitudes of vibration of Cu, 8, and P
are given in Table IV.

Description of the Structure

Cuy[(-C3H70),PS. )4 exists in the crystalline form as a
discrete tetramer, the nucleus of which is a copper
tetrahedron. Surrounding this tetrahedron are four
effectively tridentate S;P(OC;Hq)s ligands, coordinated
to copper through the sulfur atoms. One sulfur atom
in each ligand is coordinated to two copper atoms while
the other is coordinated to only one. Each phosphorus
is thus centered more or less above a face of the copper
tetrahedron, as shown in Figure 1. Of the six Cu-Cu

Cu-"z'z'g"s

Figure 1.—Molecular configuration of the copper tetrahedron
and one of the four bidentate ligands in Cuy[(#-CsH70)PS:ls,
summarizing the average bond lengths and angles.

bonds comprising the edges of the tetrahedron, two are
not bridged by sulfur. Accordingly, each copper
atom interacts with six neighboring atoms, three of
which are copper and three are sulfur. By virtue of

(17) Observed and calculated structure amplitudes utilized in the least-
squares refinement will appear following these pages in the microfilm edition of
this volume of the journal. Single copies may be obtained from the Business
Operations Office, Books and Journals Division, American Chemical Society,
1155 Sixteenth St., N.W., Washington, D. C. 200386, by referring to author,
title of article, volume, and page number, Remit check or money order for
$3.00 for photocopy or $2.00 for microfiche. Included in the listing (Fe
only) are four strong low-order reflections excluded from the refinement,
9iz., 002, 011, 012, and 101 with 26 < 4.1°,
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Figure 3.—-Stereographic view of the Cuy[(4-CsH70),PS:]4 molecule normal to a Cus face of the copper tetrahedron.

the nominal .S; symmetry and the small bite of the PS,
group, these six bonded neighbors are constrained to
occupy space within a hemisphere. The complete
arrangement of all four ligands about the copper cluster
is depicted in Figures 2 and 3. The rms thermal dis-
placements of atoms in the inner coordination sphere
are shown in Figure 4. Tables V and VI summarize
the final interatomic distatices and angles; corre-
sponding standard deviations were computed from the
final variance—covariance matrix. Owing to the com-

TABLE IV

FiNAL RooT-MEAN-SQUARE THERMAL AMPLITUDES
oF VIBRATION (A) IN Cus[(i-CoH70 ), PSy] 45

Atom Min Med Max
Cu(l) 0.210 (8) 0.231 (8) 0.249 (6)
Cu(2) 0.211 (5) 0.236 (6) 0.257 (5)
Cu(3) 0.207 (6) 0.220 (5) 0.250 (6)
Cu(4) 0.213 (6) - 0.221 (6) 0.249 (6)
S(1) 0.198 (13) 0.242 (14) 0.293 (13)
S(2) 0.191 (12) 0.224 (12) 0.240 (12)
S(3) 0.178 (15) 0.236 (12) 0.285 (13)
S@4) 0.206 (12) 0.228 (13) 0.258 (12)
S(5) 0.189 (13) 0.222 (13) 0.297 (12)
S(6) 0.175 (13) 0.211 (13) 0.303 (12)
S(7) 0.207 (13) 0.221 (13) 0.270 (13)
S(8) 0.194 (12) 0.210 (12) 0.258 (12)
P(1) © 0.168 (15) 0.232 (12) 0.250 (13)
P(2) 0.190 (14) 0.211 (18) 0.228 (13)
P(@3) 0.174 (14) 0.207 (13) 0.250(13)
P(4) 0.198 (12) 0.219 (13) 0.248 (13)

2 An indication of the directions of these principal axes of
vibration is given in Figure 4.

plexity of thermal motion within the molecule, no cor-
rections in the bond lengths were made.

The copper—copper distances fall into two categories.
Those (four out of six) bridged by sulfur average 2.74
(8) A and those not bridged average 2.950 (6) A.
Other copper clusters and their average copper-copper

Figure 4.—A parallel projection of the Cuy[(i-CoH,0)%PSy),
molecule, showing the principal rms thermal displacements of
the atoms in the inner coordination sphere.
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14

Figure 5.—[010] projection of the primitive unit cell of Cus{(3-C;H-0),PS;]s. The numbered atoms define the asymmetric init (Table
I). Numbers adjacent to the molecules represent the fractional unit cell y coordinates (elevation) of the Cu, centroids, where the plane
of the paperisy = 0.0. TFor clarity the isopropyl groups are not shown.

TasLe V distances which may be compared with this tetrahedron
InTERATOMIC DI1sTANCES (A) IN Cuy[(4-C5H70 )P Sl are as follows: Cus[S:CN(CoHs):ls, 2.658 (5) A, bridged,
Atoms Type Dist Atoms Type Dist and 2.757 (5) A, nonbridged:? Cus[SOCN(CsHq)sls,
81128-8118; 2 g-ggg Eg; gg;—ggg i i?g g; 2.97 (7) A, bridged, and 2.79 (8) A, nonbridged* Cus-
u —-Lu . s 1 .0 —_ : :
CallrCad) o 2730(3 poLOM i 17 (SCCCNLL, 283 (3) A, I, Pridged.t The dis-
Cu(2)-Cu(3) a 2.752(5) P(3)-0(5) i 1.53(2) tance in copper metal is 2.556 A.
Cu(2)-Cu(4) b 2.945(5) P(3)-0(6) i 1.59 (2) A qualitative assessment of the extent of metal-
Cu(3)-Cu(4) a 2.775(5) PH)»0(7) i 1.57 (2) metal bonding in the copper cluster may be obtained
S“EB‘SEB < ggg Egg g%))—g((i)) i i?é Eg; by using the Pauling expression®® D(n) = D(1) —
u —, . e J .o . « -
Cu(1)-5(6) e 2256 (10) O(2)-C(2) Po1.47 (@) 0.60 log », where D(n) 1s'the length of a bon_d having a
Cu(2)-8(3) ¢ 2.266(8) O(3)-C(3) i 1.50(3)  bond order n and D(1) is the length of a single bond
Cu(2)-5(6) d 2.280(8) O4)-C@) i 1.42(4) (270 A for copper®). For the four bridged Cu-Cu
Cu(2)-8(8) e 2.252(9) O(5)-C(5) i 1.52 (4) bonds averaging 2.74 A in length and the two non-
8118%:22?% e gggg Egg 82%:%2?; J iéf g; bridged bonds averaging 2.950 A, fractional bond
e p ‘ _ ! ‘ orders of 0.86 and 0.38, respectively, are obtained. It
Cu(3)-5(8) d 2.256 (9) 0(8)-C(8) b 1.49 (4) . Y
Cu(4)-5(2) d 2.263(8)  C(1)-C(9) k  1.55(5) follows from this that three copper atoms collectively
Cu(4)-S(4) e 2.247 (9) C(1)-C(10) Kk 1.42(5) contribute two electrons to the valence shell of the
Cu(4)-8(7) ¢ 2.283(9)  C(2-C(1) k 1.43(4)  fourth copper atom. These two electrons, together
géég 2% ; gigg Eﬂg 823%:8%‘3% 11: i'i? Egg with six electrons from the negatively charged [(s-
8(5)++-8(6) f 3:432 (11) C(3)-C(14) k 1:46 (5) CsH-{O)zPSz].— anion and ten valence electrons from
S(7)- - -8(8) f  3.440 (11) C(4)-C(15) Kk 1.44(5) Cut, result in a closed-shell configuration for each cop-
P(1)-8(1) g 1.971(12) C@#4)-C(16) k 1.50(5) per atom.
ﬁgg:gg; }gl ?-8;}2 g?; ggggzggg ﬁ iig Egg The average copper—sulfur distances are summarized
P(2)-S(4) b 2020 (11)  C(8)-C(19) K  1.48 (5 in Figure 1. Variations among the 12 individual dis-
P(3)-S(5) g 1.962 (12) C(6)-C(20) K 1.47 (5) stances are small, amounting to no more than 0.04 A
P(3)-S(6) h  2.045 (10) C(7)-C(21) ¥k 1.51(5) The range, 2.247 (9)-2.289 (9) A, is similar to that,
ggig‘gég g ég;g 833 ggg—gggg 11: izg g; 2.246 (7)-2.290 (6) A, in the related tetrameric mole-
PUMOM) FAme) CEcen ks e O T wih & range of
6 3117)2 16,
Averages of Chemically Equivalent Bond Lengths (A) 2.20 (1)-2.25(1) A, and the octamer C}ls [S:CC(CN)alet—,
Bond  Type Av(rmsdev)  Bond Type Av (rmsdev) with a range of 2.237 (5)-2.266 (5) A. All tend to be
8‘&:8& ';‘) ggéo(?e)‘)) 112 :g i ég;g E?i) shorter than those in tetrahedral copper(I) complexes
Cu-5 ¢ 2.272(9) P-O i 1.56 (2) (18) L. E. Sutton, Ed., Chem. Soc., Spec. Publ., No. 11, S5 (1958).
gﬁ—g 2 gggg Eé?) 8—8 f{ % ig g‘;g (19) L. Pauli:;, "‘Th: 'Nature of tl;e ghemical Bonod,” Corunell University
a . - : Press, Ithaca, N. Y., 1960, p 255,
S-S f 3.443 (9) (20) Reference 19, p 246.
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Atoms

Type

Angle

Copper Coordination

TABLE
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VI

INTERATOMIC ANGLES (DEG) IN Cua[(3-CsH70),PS;]4

Atoms

Type

Angle )

Copper Coordination

Cu@)-Cu(l)~Cu(3) a  58.0(1) Cu@)-Cu(3)-S(2) e 52.1 (2)
Cu(2)-Cu(l)-Cu(4) b  65.6(1) Cu(d)-Cu(3)-S(5) ¢ 144.2 (3)
Cu@)-Cu(l)-Cu(4) a  58.3(1) Cu(4)-Cu(3)-s(@®) d 87.1 (2)
Cu(l)-Cu(2)-Cu(3) b  65.5 () Cu(l)-Cu(@)-S(2) d 87.6 (2)
Cu(l)-Cu(2)-Cu(4) a  57.6(1) Cu(l)-Cu(4)-S4) e 53.5 (2)
Cu(3)-Cu(2)-Cu(4) a  58.2 (1) Cu(l)-Cu(4)-S(7) ¢ 144.1 (3)
Cu(1)-Cu(3)-Cu(2) a  56.5(1) Cu(2)-Cu($)-S(2) g 109.4 (2)
Cu(l)~-Cu(3)-Cu(4) a  56.8 (1) Cu(@2)-Cu(4)-S(4) h 81.6 (3)
Cu(2)-Cu(3)-Cu(4) b  64.4(1) Cu(2-Cu(4)-8(n 1 88.2 (3)
Cu(l)-Cu(4)-Cu(2) a  56.8 (1) Cu(3)~-Cu(d)-S(2) j 52.3 (2)
Cu(l)-Cu(4)-Cu(3) b  64.9 (1) Cu@-Cu(¥)-8(4) k 117.9 (3)
Cu(2)-Cu(4)-Cu(3) a  57.4(1) Cu@)-Cu(@)-S(7) i 105.1 (3)
Cu(2)-Cu(1)-8(1) e 153.1(3)  S(1)-Cu(1)-S(4) 1 104.5 (3)
Cu(2)-Cu(1)-S(4) d  86.6(2)  S(1)-Cu(1)-S(8) m 128.2 (3)
Cu(2)~-Cu(1)-S(6) e 54.0(2)  S(4)-Cu()-S(6) n  125.2 3)
Cu(3)-Cu(1)-8(1) f 95.1 (3)  S(3)-Cu(2)-5(6) 1 111.0 (3)
Cu(3)~Cu(l)-5(4) g 110.2 (3)  S(3)-Cu(2)-S(8) m  124.8 (3)
Cu(8)-Cu(1)-5(8) h  81.8(2)  S(8)~Cu(2)-S(8) n  121.9 (3)
Cu(4)-Cu(1)-8(1) i 101.6 (3)  S(2)-Cu(®)-S(5) m 118.8 (3)
Cu(4)~Cu(1)~S(4) j 52.3 (2)  S(2)-Cu(3)-S(8) n  123.7 (3)
Cu(4)~Cu(1)~8(6) k 119.03)  S(5)-Cu(3)-S(8) 1 116.5 (3)
Cu(1)-Cu(2)-8(8) i 105.7(3)  S(2)-Cu(4)-S(4) n 125.8 (4)
Cu(1)-Cu(2)-S(6) j 52.9 3  S(2)-Cu(4)-8(7) 1 114.2 (3)
Cu(1)-Cu(2)-S(8) Kk 117.7 8)  S(&)-Cu(d)-S(7) m  119,.2 (3)
Cu(3)-Cu(2)-8(3) ¢  151.4 (3)

Cu(8)-Cu(2)~S(6) d 86.1 (2) Sulfur Coordination
Cu(3)-Cu(2)-5(8) e 52.5 (2)

Cu(4)-Cu(2)-S(3) f 93.7 (3) Cu(3)-8(2)-Cu{d) o 75.5 (3)
Cu(4)~Cu(2)~S(6) g 110.0 (3) Cu(1)-S(4)-Cu(4) o 74.1 (8)
Cu(4)-Cu(2)-$(8) h  83.2(8)  Cu(l)-8(6)-Cu(2) o 73.1 (3)
Cu(1)-Cu(3)-8(2) h 82.2(2) Cu(®-S(®8-Cu@ o 75.2 (3)
Cu(1)~-Cu(3)-5(5) f 89.0 3)  Cu(1)-S(1)-P(1) p 102.2 (4)
Cu(1)-Cu(3)-S(8) g 108.5(2) Cu(3)-S(2)-P(1) q 101.0 (4)
Cu(2)-Cu(3)-8(2) k  116.2 (2)  Cu(9)-S(2)-P(1) r 110.6 (4)
Cu(2)~Cu(3)~-8(5) i 107.7 (3)  Cu(2)-S(3)~P(2) p  101.1(4)
Cu(2)-Cu(3)-5(8) j 52,8 (2) Cu(l)-S(4)-P(2) r 110.7 (4)

Atoms

Type

Angle

Sulfur Coordination

Cu(4)-5(4)~P(2) q 103.6 (4) P(1)-0(1)-C(1) w 121 (2) .
Cu(3)-S(5)~-P(3) p 98.5 (4) P(1)-0(2)-C(2) w 125 (2)
Cu(l)-8(6)-P(3) q 106.5 (4) P(2)~0(3)~C(3) w 122 (2)
Cu(2)-5(6)-P(3) r 105.8 (4) P(2)~-0(4)-C(4) w 125 (2)
Cu(d)-S(7)-P(4) p 99.2 (4) P(3)-0(5)~-C(5) w 122 (2)
Cu(2)-5(8)-P(4) a 105.6 (4) P(38)-0(6)-C(6) w 118 (2)
Cu(3)-S(8)-P(4) r 104.7 (4) P(4)-0(7)~-C(7) w 123 (2)
P(4)-0(8)~C(8) w 119 (2)

Phosphorus Coordination

Atoms

Type

Angle

Oxygen Coordination

Carbon Coordination

S(1)-P(1)-8(2) s 118.7 (5)
S(3)-P(2)~-8(4) s 119.1 (5) Oo(1)~C(1)~C(9) X 104 (3)
S(5)-P(3)-8(6) s 117.9 (&) o(1)~C(1)~-C(10) x 109 (3)
S(7)-P(4)-S(8) s 118.1 (5) 0(2)-C(2)~-Cc(11) X 107 (3)
S(1H-P(1)-0(1) t 111.0 (9) 0(2)-C(2)-C(12) x 109 (3)
S(1)-P(1)-0(2) t  113.3 (9) o@3)-C(3)~-C(13) X 109 (8)
S(2)~P(1)-0(D) u 107.1(9) 0(3)-C(3)~C(14) x 105 (3)
S(2)~-P(1)-0(2) u  105.0 (9) 0(4)~C(4)-C(15) x 111 (3)
$(3)-P(2)-0(3) t 1129 (9) O(4)~-C(4)-C(16) X 110 (3)
S(3)-P(2)~-0(4) t 110.7 (8) 0(5)-C(5)-C(17) x 102 (3)
S(4)~P(2)-0(3) u 101.9 (9) 0(5)~C(5)-C(18) x 108 (3)
S(4)-P(2)-0(4) u 108.5 (8) 0(8)~C(8)-C(19) X 110 (3)
$(5)-P(3)~0(56) t 107.9 (8) 0(8)—-C(8)-C(20) X 105 (3)
S(5)-P(8)-0(6) t  113.9 (9) o(N)-C(1)-C(21) X 101 (8)
S(8)-P(3)-0(5) u 108.2 (8) O(7N)~C(7)~C(22) X 112 (3)
S(6)-P(3)-0(6) u 106.3 (8) 0(8)—-C(8)-C(23) X 108 (3)
S(7)=~P(4)~-0(7) t 106.6 (9) O(8)-C(8)-C(24) x 101 (3)
S(7)-P(4)~0(8) t  112.1 (9 C(9)-C(1)-C(10) y 112 (3)
S(8)-P(4)-0(7) u 109.9 (8) C(11)-C(2)-C(12) y 111 (3)
S(8)-P(4)-0(8) u 106.3 (9 C(13)-C(3)-C(14) y 117 (4)
O(L~-P(1)-0(2) v 100.0 (11) C(15)-C(4)-C(16) y 116 (4)
0(3)-P(2)~0(4) v 102.1(10) C(17)-C(5)-C(18) y 115 (4)
0(5)-P(3)-0(8) v 101.3 (10) C(19)-C(6)-C(20) y 106 (3)
O(7)-P(4)-0(8) v 102.7 (10) C(21)-C(")-C(22) y 109 (4)
C(23)-C(8)-C(24) y 109 (4)

Averages of Chemically Equivalent Bond Angles (deg)

Angle Type Av (rms dev) Angle Type Av (rms dev)
Cu~-Cu~Cu a 57.5 (7) Cu~Cu-8 h 82.2 (7)
Cu-Cu~Cu b 65.1 (8) Cu-Cu-8 i 105 (3)
Cu-Cu-8 c 148 (5) Cu-Cu-~-8 i 52.4 (3)
Cu~Cu-8 d 86.9 (7) Cu-Cu-8 k 117. 8 (12)
Cu-Cu~8 e 53.0 (9) S-Cu-S 1 112 (5)
Cu-Cu-8 f 92 (3) S-Cu-8 m 123 (5)
Cu~Cu-8S g 109.5 (8) S-Cu-8 n 124 (2)

Angle Type Av (rms dev) Angle Type Av (rmsdev)
Cu-8-Cu o 74.5 (11) 0-P-0 v 101.6 (12)
Cu-S-P P 100 (2) P-0-C w 122 (3)
Cu~S-P q 104 (2) 0-C-C x 107 (4)
Cu-S-P r 108 (3) C-C-C y 112 (4)
S-P-S s 118.5 (6)
$-P-0 t 111 (3)
8-pP-0 u 107 (2)

(range 2.23-2.47 A).2! The distances are also shorter
than the 2.39-A sum of the covalent radii of copper
(1.35 A) and sulfur (1.04 A).%

The two P-S bonds within each ligand are unequal
in length. Sulfur donating only one electron pair to
the copper tetrahedron is more tightly bonded to phos-
phorus than is the sulfur donating two electron pairs
to the tetrahedron. The P-S bond lengths associated
with these sulfur atoms average 1.972 (8) and 2.036
(11) A, respectively. The eight P-O bonds average
1.56 (2) A, a value entirely comparable to those in
other 0,0’-dialkylphosphorodithioates.

A selected list of weighted least-squares planes?
through sets of atoms in the molecule and distances of
these atoms from their respective planes are presented
in Table VII. The results may be summarized as
follows. (1) Each ligand is attached to two sites in
the copper tetrahedron, one of which may be considered

(21) C. B. Knobler, Y. Okaya, and R. Pepinsky, Z. Kristallogr., Kristall-
geometrie, Kristallphys., Kristallchem., 111, 385 (1959); M. R. Truter and
K. W. Rutherford, J. Chem, Soc., 1748 (1062); C. 1. Branden, Acta Chem.
Scand., 21, 1000 (1987); J. Garaj, Inorg. Chem., 8, 304 (1969); Y. Okaya
and C. B. Knobler, Acta Crystallogr., 1T, 928 (1964); A. Braibanti and A.
Tiripicchio, ibid., 31, A137 (1968); R. G. Vranka and E. L. Amma, J.
Amer. Chem. Soc., 88, 4270 (1966); W. A. Spofford and E. L. Amma,
Acta Crystallogr., Sect. B, 28, 1474 (1970); R. L. Girling and E. L, Amma,
Inorg. Chem., 10, 335 (1971).

(22) W. C. Hamilton, Acta Crystallogr., 14, 185 (1961).

a vertex atom and the other an edge of the correspond-
ing base plane. The sulfur straddling the edge lies in an
extension of the base plane. (2) The three sulfur
atoms bonded to a given copper atom are approxi-
mately coplanar with that atom. (3) The atoms in the
linkage Cu-S-P-S< do not deviate greatly from a com-
mon plane.

Within each S,P(OC;Hy); group, each pair of C-O
bonds assumes both a trans and a gauche conformation
with respect to the associated P-O bonds. The rota-
tional isomers may be defined by (0’S’S)P-O(CEE’),
where S’ denotes the nonbridging sulfur atom (ie.,
that which is singly bonded to copper), E and E’ de-
note the unshared pairs of electrons associated with
the unprimed oxygen atom, O, and P-O denotes the
reference bond about which the rotations may occur.
The more energetically favored trans conformation
corresponds to the planar array of atoms C,0,P,0’
with C being “trans” to O’. The gauche conforma-
tion corresponds to the planar array of atoms C,0,P,S’
with C being “trans’’ to S’.

Figure 5 shows the [010] view of the noncentrosym-
metric primitive unit cell containing the four discrete
tetrameric molecules. These molecules are separated
by normal van der Waals distances. The closest inter-
molecular H---S, H---O, and H: - -H approaches are
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TABLE VII

WEIGHTED LEAST-SQUARES PLANES AND DISTANCES OF THE ATOMS FROM
TueIR RESPECTIVE PLANES IN Cuy[(i-C;H;0),PS;]4¢

Plane Equation of best plane: A4x + By + Cz — D =0
no. A4 B C D
1 7.504 4.050 22,708 20.159
2 3.010 2.820 —31.676 —15.930
3 9.491 —5.641 —9.853 —4.100
4 0.842 12.336 1.290 6.177
5 4,201 10.487 —12.826 0.691
6 10.358 —4.041 7.616 9.903
7 4.474 7.668 —~22.920 —9.877
8 9.678 —0.992 17.176 13.456
9 4.998 —1.457 30.062 20.016
10 6.660 9,842 4.738 11.139
11 6.446 —9.987 5.111 2.522
12 8.702 2.060 —20.783 - —7.614

e —Defining atoms and distances (A) from plane————— — .
Cu(l), —0.026 (3); Cu(2), 0.031 (3); Cu(3), 0.022 (3); S(8), —0.145 (7)
Cu(l1), 0.039 (3); Cu(2), 0.039 (3); Cu(4), —0.031 (3); S(6), —0.193 (6)
Cu(l), —0.029 (3); Cu(3), 0.026 (3); Cu(4), —0.036 (3); S(4), 0.187 (7)
Cu(2), 0.031 (4); Cu(3), —0.030 (3); Cu(4), —0.032 (4); S(2), 0.144 (7)
Cu(l), —0.076 (3); S(1), 0.119 (7); S(4), 0.094 (7); S(6), 0.124 (7)
Cu(2), —0.073 (3); S(3), 0.106 (7); S(6), 0.139 (8); S(8), 0.142 (7)
Cu(3), 0.046 (3); S(2), —0.075 (7); S(5), —0.096 (7); S(8), —0.080 ()
Cu(4), 0.046 (3); S(2), —0.059 (6); S(4), —0.088 (7); S(7), —0.076 (7)
Cu(1), 0.009 (3); S(1), —0.080 (8); 8(2), —0.038 (7); P(1), 0.058 (7)
Cu(2), 0.003 (4); 8(3), —0.035 (8); S(4), —0.021 (7);

Cu(3), 0.024 (3); S(5), —0.242 (8); S(6), —0.182 (8); P(3), 0.240 (7)
Cu(4), —0.021 (3); S(7), 0.228 (8); S(8), 0.126 (7); P(4), —0.263 (8)

P(2), 0.033 (7)

F ¢ Bquations of the best planes are expressed in terms of the orthorhombic unit cell axes,

2.90, 2.47, and 2.35 A, respectively,?® compared with
the respective van der Waals radius sums of 3.0, 2.6,
and 2.4 A, indicating that there are no unusual inter-
molecular interactions. The closest Cu- - -H approach
occurs at 3.9 A, well beyond the distance for any signifi-
cant interaction,

(23) Based on the final hydrogen coordinates adjusted to give C-H bond
lengths of 1.11 &,
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The crystal and molecular structure of triethylammonium phenylthioarsenate, (C:H:)NH +(CeH;)AsSO(OH)™, was de-
termined from three-dimensional X-ray data collected with a manual diffractometer using Mo Ko (A 0.71069 A) radiation,
The compound crystallizes in the triclinic space group P1, with ¢ = 11.807 (1) 4,5 = 10.558 (A, ¢c = 8788 (NA, a =
116.21 (2)°, 8 = 98.95 (1)°, v = 117.91 (1)°, Z = 2, dieasa = 1.40 (1) g cm ™3, and dentea = 1.373 (3) g cm ™3, at 23°. The
structure was determined by Patterson and Fourier methods and refined with 362 observed reflections by full-matrix least
squares to an R of 0.051. In the final refinement the phenyl ring was constrained as a rigid group, and the As and S atoms
were refined with anisotropic thermal parameters. The anion of the structure consists of an arsenic atom tetrahedrally
bonded to a phenyl group, two oxygen atoms, and a sulfur atom at distances of 1.90 (2), 1.65 (2), 1.75 (3), and 2.08 (2) 4,

respectively. Hydrogen bonding holds pairs of anions together and one cation to each anion.

This is the first monothio-

arsenate structure to be reported, and the As—S bond length is one of the shortest values reported for that bond.

Introduction

Several structures of cyclic arsenic-sulfur mole-
cules are under investigation in our laboratory, with
an interest in the structural evidence for possible
p = d or d = d = bonding in the As—S linkages. There
is a paucity, however, of As-S bond distances in the
structural literature: less than a dozen molecular
structures with As-S bonds have been reported. The
As-S distances reported range from 2.075 (7) in (Me,-
AsS)s! to 2.21 to 2.25 A for several arsenic sulfides
(AssSs,? AssSy,® and AssSe*) and the tetrathioarsenate
ion,® to 2.32-2.35 A for As(III)-S bonds.57
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We wish to report here the structure of the phenyl-
thioarsenate ion, (CeH;)AsSO(OH)~, which has an
As-S distance (2.08 (2) A) that is equal in length to
the shortest As-S bond distance previously reported.
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