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The Crystal Structure of Cadmium Ethylxanthate
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The crystal structure of cadmium ethylxanthate, Cd(S,COC,Hs),, is monoclinic with a=11-289 (0-010),
b=5872 (0-004), c=9-057 (0:002) A, B=90-28 (0-05)°, and space group Pa. The unit cell contains two
formula units. Intensity measurements of the X-ray reflexions were made using a counter diffractometer.
A three-dimensional structure analysis was carried out with the final R value of 0-022. Absolute structure
with reference to the external shape of the crystal was determined. Each cadmium atom is tetrahedrally
coordinated to four sulphur atoms belonging to different xanthic groups. Each xanthic group bridges
two cadmium atoms forming a two-dimensional network. The networks are piled up through van der
Waals contact of the ethyl groups. Cd-S bond lengths are all longer than the sum of the covalent radii
of cadmium and sulphur atoms. Two asymmetric xanthic radicals have almost the same configuration.
The mean value of the four C-S bond lengths and that of the two C-O bond lengths show the partial
double bond character of these bonds. Cd-S-C bond angles range from 97-8° to 107-5°.

Introduction

The crystal structures of zinc and cadmium salts of the
same dithioacids, such as zinc and cadmium diethyl-
dithiocarbamate (Bonamico, Mazzone, Vaciago &
Zambonelli (1965) and Domenicano, Torelli, Vaciago &
Zambonelli (1968) respectively) or zinc and cadmium
diisopropyldithiophosphate (Lawton & Kokotailo,
1969) are isostructural. With xanthic radicals as
ligands, however, the structural data of zinc and cad-
mium xanthates with the same ligand were not avail-
able. Zinc ethylxanthate (hereafter written as ZnEX)
(Ikeda & Hagihara, 1966) and cadmium n-butyl-
xanthate (Cdn-BX) (Rietveld & Maslen, 1965) show
a closely similar structure. Except for the difference in
the lengths of the ¢ axis of Cdn-BX (25-7 A, with space
group P2,/a) and the a axis of ZnEX (18-278 A, with
space group P2,/c) which arises from the difference in
the lengths of the alkyl groups of the ligand, the two
structures are intrinsically the same. The CdEX crystal
was, therefore, expected to be isostructural with that
of ZnEX. Contrary to this expectation, a provisional
X-ray study of the CdEX crystal showed unit-cell
dimensions and diffraction symmetry quite different
from those of the ZnEX crystal. A precise structure
determination of the CdEX crystal was, therefore,
undertaken by the use of a counter diffractometer in
order to compare the structure with that of the ZnEX
and Cdn-BX crystals.

Experimental
Crystal data
Cadmium ethylxanthate powder was precipitated by
mixing aqueous solutions of cadmium acetate and
potassium ethylxanthate slowly in a molar ratio of 1:2.
The precipitate was filtered and dried in a vacuum
desiccator. Crystals were obtained by slow evaporation

of a methanol solution of the precipitate at room
temperatures. From preliminary Weissenberg photo-
graphs the crystal was found to be monoclinic with the
a axis as the prism axis. The reflexions, systematically
absent for 40/ with & odd, revealed the space group to
be either the non-centric Pa or the centric P2/a. Pa
was adopted because a statistical study indicated lack
of centrosymmetry, and was subsequently confirmed
by the solution of the structure. The cell dimensions
were measured with a diffractometer of equi-inclination
type READ 1 (Sakurai, Ito & limura, 1970) using
Bond’s method (Bond, 1960).

Cadmium ethylxanthate, Cd(S,COC,Hj),;

F.W. 354-80

Monoclinic prismatic along the a axis,

a=11-289 (0-010), b=5-872 (0-004), ¢ = 9-057 (0-002) A,
£=90-28 (0-05)°, ¥=600-4 (0-7) A3,

D,,=1-98 g.cm™? by flotation, Z=2, D,=2-02 g.cm™3.
Space group Pa.

#(Mo Ko)=25-08 cm™1.

Intensity measurements

The intensities were measured with the diffractom-
eter READ-1 around the a (0 to 14th layers) and [120]
(0 to Ist layers) axes. Graphite monochromated Mo K«
radiation was used. The cross section of the crystal
used for the g-axis setting was 0-15x0-16 mm. The
crystal was rotated in the w-scan mode with the scan-
ning speed of 1° per minute. The diffracted X-rays were
detected with a scintillation counter with a pulse height
analyser. Deviations from linearity in the sensitivity of
the counter were kept below 1% by the use of zir-
conium attenuators. For every twenty reflexions a
standard reflexion was measured as a monitor. When
the deviation of the intensity of the monitor reflexion
was less than 1% before and after twenty measure-
ments the intensity data were adopted.
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Reflexions within the range sin 8/A<0-5 were ex-
plored and a total of 1903 independent reflexions,
excluding the 400 reflexions, were obtained. Of these,
1688 reflexions with intensities larger than 2-5 times
the standard deviations based on the counting statistics
were taken as observed reflexions. These were corrected
for Lorentz and polarization factors. No absorption
(uR=0-20) or extinction corrections were applied. The
intensity data around the [120] axis were used for the
inter-layer scaling. The intensities of the seven A00
(h=2,4,...,14) reflexions were measured from the
O-layer Weissenberg photograph of a b-axis oriented
crystal, but they were not used in the calculations of the
least squares refinement because of the difference in the
accuracy of intensity measurements with the counter
and the photographic methods.

Determination of the structure

From a three-dimensional Patterson function approx-
imate coordinates of cadmium and sulphur atoms were
found. All the thirteen non-hydrogen atoms in the
asymmetric unit were located by a Fourier synthesis.
The atomic coordinates and isotropic thermal param-

Table 1. Atomic coordinates of the non-hydrogen atoms
with standard deviations

x/a y/b z/c

Cd 0-50000 (6) 045111 (5) 0-50000 (8)
S(1) 0-72043 (10) 0-36398 (20) 0-44560 (14)
S(2) 0-87708 (11) 0-68391 (27) 0:27928 (16)
S(3) 0-53477 (11) 0-87401 (19) 0-54853 (195)
S4) 0-40895 (14) 1-23609 (19) 0-71527 (15)
O(1) 0-6464 (3) 0:6455 (6) 0-2520 (4)
0(2) 0-3734 (3) 0-7980 (5) 0-7414 (3)
C(1) 0-7436 (4) 0-5738 (7) 0-3214 (5)
C(2) 0-6504 (5) 0-8388 (10) 0-1512 (6)
C(@3) 0-5319 (6) 0-8479 (12) 0-0763 (7)
C4) 0-4335 (4) 0-9597 (7) 0:6728 (5)
C(5) 0-2749 (5) 0-8560 (9) 0-8381 (6)
C(6) 0-2285 (6) 06373 (11) 0-9005 (7)
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eters were then refined by three cycles of block-diagonal
least-squares to an R value of 0-095. A further five
cycles including anisotropic thermal parameters re-
duced the R value to 0:026. At this point a difference
synthesis showed the positions of all the ten hydrogen
atoms. These were then included in the refinement with
isotropic thermal parameters. After five cycles the
final R value was 0-022. The quantity >Sw(kF,—F,)?
was minimized, where & is a scale factor. The weight
w was chosen as 1 if 0< F, < 50 and (50/F,)? if F,>50.

Fig. 1. External shape and crystal axes of a typical cadmium
ethylxanthate crystal.

Table 3. Atomic coordinates and isotropic thermal
parameters of the hydrogen atoms with standard

deviations
xla y/b z/c B(A2)
H(1) 0-671 (6) 0-971 (11) 0-209 (7) 2:5(1-3)
H(2) 0-719 (6) 0-784 (12)  0-091 (7) 2:9 (1-5)
H(@3) 0-522 (11) 0978 (13)  0-019 (13)  52(2-2)
H@4) 0-476 (6) 0-838 (12) 0-140 (7) 2:7 (1-4)
H(5) 0-508 (9) 0-716 (12) 0013 (12) 51 (1-8)
H(6) 0-304 (7) 0-952 (12) 0-915 (7) 3-2(1-6)
H(7) 0-210 (6) 0-931 (10)  0-778 (7) 2:2(1-3)
H(8) 0-165 (7) 0-676 (12) 0-966 (8) 3-4 (1-6)
H(9) 0-303 (9) 0-553 (16) 0966 (10) 63 (2-5)
H(10) 0-184 (11) 0-536 (18) 0-818 (12) 7-7 (2:9)

Table 2. Thermal parameters of the non-hydrogen atoms with standard deviations

The thermal parameters refer to the expression:

T=exp[—10-4.272(Uy 1h2a*2+ . .. +2U 2hka*b* + . . )]
The Beq values are the equivalent isotropic temperature factors proposed by Hamilton (1959).

Un Uz Uss
Cd 306 (1) 278 (1) 448 (1)
S(1) 272 (S) 351 (5) 528 (6)
S(2) 281 (5) 667 (9) 536 (7)
S(3) 385 (6) 258 (5) 608 (7)
S(4) 647 (8) 240 (4 503 (6)
o) 282 (15) 440 (17) 439 (16)
0(2) 344 (15) 251 (13) 399 (15)
C(1) 249 (17) 315 (19) 333 (18)
C(2) 519 (30) 469 (28) 502 (28)
C@3) 578 (395) 698 (40) 604 (34)
C4) 325 (19) 216 (16) 359 (19)
C5) 420 (25) 414 (24) 468 (25)
C(6) 542 (32) 529 (31) 655 (35)

Uz Uis Uz Beq
—27 (2) 30 (1) 10 (2) 27
27 @) 7(4) 120 (5) 3-0
—95(6) 8 (5) 199 (6) 39
—58 (4) 210 (5) —49 (5) 33
28 (5) 213 (6) 1(5) 3.7
13 (14) —14 (12) 126 (15) 31
—6(12) 55 (12) -8 (2) 2:6
—25(15) 17 (14) 8 (16) 2-4
42 (24) —81 (23) 184 (24) 39
129 (32) — 154 (29) 191 (32) 50
—16 (15) 8 (15) -3 (15) 24
62 (21) 179 (20) 100 (21) 34
—36 (27) 253 (27) 180 (28) 45



YASUHIRO IIMURA, TETSUZO ITO AND HITOSI HAGIHARA

Table 4. Observed and calculated structure factors
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Fo and F. values are multiplied by a factor 10. F, values of the 400 (h=2,4, ..., 14) reflexions are left blank, because they were
photographically and were not included in the least-squares refinements.
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Table 4 (cont.)
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Fig.2. Configuration of atoms in cadmium ethylxanthate within the sectional layer, 0<z < 10, viewed along the ¢ axis. Thick
circles and lines denote atoms and bonds within the layer 0-5<z<1-0.
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The atomic scattering factors were taken from Inter-
national Tables for X-ray Crystallography (1962). The
correction factors of the anomalous dispersion were
assumed as follows: Af'= —0-85, 4f"'=1-50 for the
Cd atom and 4f'=0-10, 4f"”=0-20 for the S atoms.
The angular dependence of these quantities were
neglected.

The final atomic coordinates for non-hydrogen
atoms are given in Table 1, the anisotropic thermal
parameters for non-hydrogen atoms in Table 2, and
the atomic coordinates and isotropic thermal param-
eters for hydrogen atoms in Table 3. The observed and
calculated structure factors are compared in Table 4.

Absolute structure

The crystal of CdEX is polar in the a-axis direction.
A typical example of the external shape of the crystal
is shown in Fig. 1. With the space group Pa, the
reflexions hk! and hkl are not equivalent as the result
of the breakdown of Friedel’s law. Since the inequality
in intensity for ikl and Akl reflexions is reversed for the
reversed structure, this reversed structure model was
checked and also refined by block-diagonal least-
squares methods. The final R value became 0-024.
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Although the difference in the R values is small for
Eoth structures, a detailed examination of the individual
reflexions and standard deviations of parameters clearly
excludes the possibility of obtaining a better structure
by the reversal of the atomic coordinates. Therefore,
the parameters given in Table 1 correspond to the cor-
rect absolute structure with reference to the external
shape of the crystal shown in Fig. 1.

Discussion

The structure in general

The structure as seen along the ¢ axis is shown in
Fig. 2. Each cadmium atom is surrounded by four
sulphur atoms arranged almost tetrahedrally around it.
Each sulphur atom belongs to a different xanthic group,
which, in turn, bridges two adjacent cadmium atoms in
such a way that —S(1)C(1)S(2)- bridges them in the a-
axis direction, while -S(3)C(4)S(4)- bridges them in
the b-axis direction completing a two-dimensional
network consisting of the cadmium atoms and xanthic
groups. The ethyl groups protrude on both sides of the
network. This situation is clearly seen in Fig. 3, which
shows the structure as seen along the b axis. The con-

Table 5. Atomic distances and bond angles for the non-hydrogen atoms with standard deviations

Bond distances

Cd—S5(1) 2590 (0-003) A
Cd—S(2G,—a) 2:554 (0-002)
Cd—S(3) 2-552 (0:002)
Cd—S(4,—-b) 2:544 (0-002)
C(1)-S(1) 1-690 (0-004)
C(1)-S(2) 1-685 (0-005)
C(4)-S(3) 1-685 (0-005)
C(4)-S(4) 1-691 (0-004)
C(1)-0(1) 1-331 (0-005)
C(4)-0(2) 1-323 (0-005)
Oo(1)-C(2) 1-457 (0-007)
C(2)-C(3) 1-498 (0-009)
0O(2)-C(5) 1-:459 (0-006)
C(5)-C(6) 1-:499 (0-008)

Table 5 (cont.)
Van der Waals contact distances
CH;-CH3:

C(@3, +¢)-C(6) 397 (0-01) A
C(3, +c)-C(6G) 3-95 (0-01)
C(3, +¢)-C(6G, +b) 4-08 (0-01)
CH3—CH2!

C@3, +¢)-C(5) 3-61 (0-01)
C(@3, +¢)-C(5G, +b) 3-91 (0-01)
C(6G)-C(2, +¢) 3-71 (0-01)
C(6G, +b)-C(2, +¢) 3-93 (0-01)
CH,-CH>:

C(2, +¢)-C(5G, +b) 3-64 (0-01)

Bond angles

S(1) Cd-S(2G, - a) 107-98 (0-07)°
S(1) Cd—S(3) 94-47 (0-05)

S(1) Cd—-S(4,—b) 11610 (0-06)

S(2G,—a)-Cd—-S(3)
S(2G,—a)-Cd—S(4, - b)

121-29 (0-05)
103-05 (0-06)

S(3)—-—Cd—S(4, - b) 114-42 (0-05)
Cd———S(1)-C(1) 97-8 (0-2)
Cd(G)—S(2)-C(1) 100-8 (0-2)
Cd S(3)-C(4) 107-5 (0-2)
Cd(+b)-S(4)-C(4) 103-6 (0-2)
S(1)——C(1)-5(2) 124-9 (0-3)
S(1H)——C(1)-0(1) 1145 (0-3)
S(2)——C(1)-0(1) 120-6 (0-3)
$(3)———C(4)-S(4) 123-4 (0-3)
S(3)——C(4)-0(2) 116-8 (0-3)
S(4)——C(4)-0(2) 119-8 (0-3)
C(1)——0)-C(2) 120:9 (0-4)
O(1)——C(2)-C(3) 106-3 (0-5)
C(4)——0(2)-C(5) 120-6 (0-4)
0O(2)——C(5)-C(6) 107-2 (0-4)

figuration of atoms within the network is quite similar
to that of Cdn-BX and ZnEX. The difference arises
in the packing mode of these networks by van der
Waals contact. With Cdn-BX and ZnEX the methyl
ends of the alkyl groups of the network are brought
into van der Waals contact with those of the neigh-
bouring network through twofold screw axes or sym-
metry centres, whereas in CdEX the methyl and
methylene groups of the ethyl groups of the network
are brought into van der Waals contact with those of
the network translated along the ¢ axis. Van der Waals
contacts are shown by broken lines in Fig. 3.

Atomic distances and bond angles are listed in
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Table 6. Bond distances and angles for the hydrogen
atoms with standard deviations

Bond distances Bond angles
C(2)-H(1) 0:96 (007 A O(1)-C(2)-H(1) 107 (4)°
C(2)-H(2) 1-00 (0-07) O(1)-C(2)-H(2) 97 (4)
C(3)-H(3) 0-94 (0-12) H(D-C(2)-H(2) 112 (6)
C(3)-H(4) 0-86 (0-07) H(1-C(2)-C(3) 115 (4)
C(3)-H(5) 1-00 (0-11) H(2)-C(2)-C(3) 117 (4
C(5)-H(6) 0-96 (0-08) C(2)-C(3)-H(3) 113 (7)
C(5)-H(7) 1-02 (0-07) C(2)-C(3)-H(4) 111 (5)
C(6)-H(8) 0-96 (0-08) C(2)-C(3)-H(5) 118 (7)
C(6)-H(9) 1-14 (0-11) H@3)-C(3)-H(4) 110 (9)
C(6)-H(10) 1-08 (0-12) H(3)-C(3)-H(5) 107 (10)
H(4)-C(3)-H(5) 97 (8)
O---H van der Waals 0(2)-C(5)-H(6) 108 (5)
contact distances 0(2)-C(5)-H(7) 109 (4)
O(1)-H4) 2:45(0:07) A H(6)-C(5)-H(7) 112 (6)
O(1)-H(5) 2:70 (0-11) H(6)-C(5)-C(6) 111 (5)
O(2)-H(%) 2:62 (0-10) H(7)-C(5)-C(6) 109 (4)
O(2)-H(10) 2:73 (0-12) C(5)-C(6)-H(8) 107 (5)
C(5)--C(6)-H(9) 108 (5)
C(5)-C(6)-H(10) 112(7)
H(8)-C(6)-H(9) 109 (7)
H(8)-C(6)-H(10) 102 (8)
H(9)-C(6)-H(10) 118 (8)

THE CRYSTAL STRUCTURE OF CADMIUM ETHYLXANTHATE

Tables 5 and 6 with standard deviations in parentheses.

Configuration of sulphur atoms about the cadmium atom

As shown in Fig. 4(a) four sulphur atoms are coor-
dinated to a cadmium atom in a distorted tetrahedral
configuration. Of the four cadmium-sulphur bonds,
three, Cd(G)-S(4G,+b): 2-544 (0-002), Cd(G)-S(3G):
2:552 (0-002) and Cd(G)-S(2): 2-554 (0-002) A, are
almost equal in length, while the other one, Cd(G)-
S(1G): 2-590 (0-003) A, is by far the longest. These
bond lengths are all longer than the sum of the tetra-
hedral covalent radii of cadmium and sulphur atoms,
2:52 A (Pauling, 1960). The S-Cd-S bond angles of
the distorted tetrahedral configuration range from
94-47 (0-05)° to 121-29 (0-05)°. The configuration is
similar to that of Cdn-BX shown in Fig. 4(d) for com-
parison. However, when Cd-S bond lengths are com-
pared for CdEX and Cdn-BX along each corre-
sponding bond direction, they are all shorter for the
former. The difference between the Cd(G)-S(3G) and
Cd-S(21) bond lengths, —0-008 (0-009) A, is insigni-

- -7
: N N H(9) '59’1
c ¥5Q \\\\ /‘/'/,(
H(B)\‘\: oY / fH(G/), ,,56
co 2N /.
Y- C(5)
H(10)0
y ? S(4G)
H(7) o Sl4 QO
02 g 0(26)
Y Cl4) \\Cl46)
TO Cd{+b) TO Cd(G,-b) 5(36)
| D . TOS(4-b)\ 2 S(3) TOS4G+b)\| §)
s()
2 Cd 2) Cd(G) s )
o c)
% om %
©. S(2G,~a) o H(1) S(2)
c(2
Q o H(4) o e
o ° c(3)p © Hi2)
./. H(5] '. H(3)

0

Fig. 3. Structure of cadmium ethylxanthate viewed along the b axis. Broken lines denote van der Waals contact.
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ficant, while the differences of the Cd-S bond lengths
along the other three bond directions, —0-029 (0-008),
—0-036 (0-009) and —0-058 (0-011) A, are all signi-
ficant. The covalent bond character of the coordinate
bond is, therefore, concluded to be stronger for CAdEX
than for Cdrn-BX. As compared with ZnEX in which
four Zn-S bond lengths are equal to the sum of the
tetrahedral covalent radii of zinc and sulphur atoms,
2-35 A, within the error limit, the covalent character
of the metal atom-sulphur atom bond is thought to be
stronger for the Zn-S bonds in ZnEX than the Cd-S
bonds in CdEX. Distortion of the tetrahedral configu-
ration is much less for ZnEX than for CdEX; the maxi-
mum deviation of the S-metal-S bond angles from
the tetrahedral angle of 109-5° being 6-9° for ZnEX
and 15-0° for CAdEX. This also supports the conclusion

S(4G,+b)

Fig.4. Configuration of four sulphur atoms about a cadmium
atom in (@) cadmium ethylxanthate and (b) cadmium n-
butylxanthate (Rietveld & Maslen, 1965) crystals.
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of a stronger covalent character for the Zn-S bond
than for the Cd-S bond with these crystals.

Xanthic radicals

The bond lengths and angles of the two asymmetric
xanthic radicals are shown in Fig. 5. The four C-S
bond lengths, 1:690 (0-004), 1-685 (0-005), 1-685 (0-005)
and 1-691 (0-004) A are equal to each other. The devia-
tion of each bond length from the mean value, 1-688 A,
is insignificant. As compared with the case of diethyl-
dixanthogen crystal (Watanabe, 1971), in which C-S
single bond and C=S double bond lengths are 1-729
(0-013) and 1-620 (0-009) A respectively, the C-S
bonds in CdEX are interpreted to have a nature inter-
mediate between single and double bond character.
CdEX is different from Cdn-BX or ZnEX in this
respect. With Cdn-BX the lengths of the two C-S
bonds differ markedly from each other in each of the
two asymmetric xanthic groups. The average value of
the longer C-S bonds is 1-75 + 0-03 A and of the shorter
ones 163 +£0-03 A. These values agree well with the
C-S and C=S bond lengths found in diethyldixantho-
gen. In ZnEX the four C-S bond lengths are 1:61, 1-69,
170 and 1-70 A, all +0-03 A. One bond distance,
1-61 A, corresponds to the C=S bond, and the remain-
ing three to distances intermediate between C-S and
C=S bonds.

The C(1)-O(1) and C(4)-O(2) bond lengths,
1331 (0-005) A and 1-323 (0-005) A respectively, are
equal. They are shorter than the C-O single bond
distance of 1-43 A and longer than the C=O double
bond distance of 129 A (Pauling, 1960). O(1)-C(2)
and O(2)-C(5) bond lengths, 1-457 (0-007) A and
1-459 (0-006) A, are also equal to each other. They are
a little longer than but are almost in conformity with
the C-O single bond distance. Thus, when bond nature
intermediate between a single bond and a double bond
is represented with the symbol ----, the following
bond type is concluded for the xanthic group in CdEX.

S,
Ne---0
S,

This type of bonding has been found with potassium
ethyl xanthate (KEX) and interpreted by a resonance
among the three possible electronic structures of the
xanthic group (Mazzi & Tadini, 1963).

The SSCO groups are both planar. The deviation
of the C(1) atom from the plane defined by S(1), S(2)
and O(1) and that of the C(4) atom from the plane
defined by S(3), S(4) and O(2) are 0-017 A and
—0-012 A respectively, as shown in Fig. 5. They are
not significant.

Bond lengths between carbon atoms in the ethyl
groups, C(2)-C(3): 1498 (0-009) A and C(5)-C(6):
1499 (0-008) A, are almost in conformity with the C—C
single bond distance of 1:53-1-54 A. The bond angles,
O(1)-C(2)-C(3): 1063 (0-5)° and O(2)-C(5)-C(6):
107-2 (0-4)°, are also almost in conformity with the
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tetrahedral angle 109-5°. The carbon atoms of each
ethyl group are not coplanar with the plane of SSCO-
atoms. Their deviations from each plane are shown in
Fig. 5 and can be explained in terms of the small
rotations of the ethyl groups about the O-C bonds as
in the case of ZnEX.

SO esnen————)-
®
S(2) s(1 c@1 on C(2
(2)s(1) €(1) (1) (2) )

0012 A -0162 A 0067 A
Geesegeesn———— o
S4S@) (4 o ®
( 2) () C(6)

Fig.5. Configuration of the two asymmetric ethylxanthate
ligands in cadmium ethylxanthate.

THE CRYSTAL STRUCTURE OF CADMIUM ETHYLXANTHATE

Van der Waals contact of the ethyl groups

Van der Waals contact distances are shown in Fig. 3
and with standard deviations in Table 5. The distances
between two methyl groups range from 3-95 to 4-08 A,
between methyl and methylene groups from 3-61 to
393 A and between two methylene groups 3-64 A.
These distances are best explained by assigning the
methyl and methylene groups the van der Waals radii
2:0 A and 1-8 A respectively.

Hydrogen atoms

The atomic coordinates and isotropic thermal param-
eters of the hydrogen atoms were determined by a dif-
ference Fourier synthesis and least-squares refinements.
The results are listed in Table 3. The bond lengths and
bond angles in which the hydrogen atoms are involved

H(2)

H(7)

Fig.6. Configuration of the hydrogen atoms in the ethyl

groups of cadmium ethylxanthate.
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and the oxygen-hydrogen van der Waals contact
distances are listed in Table 6 and shown in Fig. 6.
C-H bond lengths and O-C-H, C-C-H and H-C-H
bond angles are in conformity with the C—H bond
length of 1-09 +0-01 A (Pauling, 1960) and the tetra-
hedral angle of 109-5° when the error limit of + 2 is
considered, except for C(3)-H(4): 0-86 (0-07) A and
O(1)-C(2)-H(2): 97 (4)°. For the former the lengthen-
ing of the bond distance and for the latter the widening
of the bond angle both by about 3¢ are necessary so
that H(4) and H(2) atoms will occupy expected reason-
able positions. The distances between oxygen and
hydrogen atoms, O(1)-H(4): 2-45 (0-07), O(1)-H(5):
270 (0-11), O(2)-H(9): 262 (0-10) and O(2)-H(10):
2:73 (0-12) A, are in conformity with the sum of the
van der Waals radii of oxygen and hydrogen atoms,

2:6 A.

The numerical calculations were performed on the
FACOM 270-30 computer of this Institute with the
universal crystallographic computation program system
UNICS (Sakurai, Ito, Iwasaki, Watanabe & Fukuhara,
1967).

Acta Cryst. (1972). B28, 2279
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We are grateful to Dr H. Iwasaki of this Institute
for his valuable discussions of the analysis.
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The Crystal Structure of Potassium O,0-Dibenzylphosphorodithioate
KS,P(O-CH,-CsHs),

By J. P. HAZEL AND R. L. CoLLIN

Department of Radiation Biology and Biophysics, School of Medicine and Dentistry, The University of Rochester,
Rochester, New York 14642, U.S.A.

(Received 9 December 1971)

The crystal structure of potassium O,0O-dibenzylphosphorodithioate {KS,P(O-CH,-C,H;),] has been
determined with diffractometer data. The space group is triclinic, PT, and the unit cell contains two
formula units. The unit-cell dimensions at 23°C are a= 11468 (6), b=11-735 (6), c=6-542 (4) A, a=
99-48 (4), =98-50 (3), y=69-09 (2)°. The intensities were measured by the 26-scan method with Mo K«
radiation. The structure was solved using symbolic addition procedures and refined by block-diagonal
least-squares methods to an R value of 0-043. The K+ ion is coordinated to four sulfur atoms at an
average distance of 3-319 A and to three oxygen atoms at an average distance of 2:971 A. The P-O

distances are both 1619 (3) A and the average P-S distance is 1-957

A. The conformation of the ester

groups with respect to the phosphorodithioate group is synclinal, and antiperiplanar.

Introduction

The phosphorodithioate anion is an analog of the
phosphate ion in which two oxygen atoms have been
replaced by sulfur. Both simple and extended Hiickel
calculations on the =n-bonding system in phosphate
diesters that uses the 3d orbitals on phosphorus sug-
gest that the conformation stabilized most by 7 bond-
ing is one in which the ester groups are rotated 90°
about the P-O bond out of the plane of the phosphorus
and esterified oxygen atoms (Collin, 1966, 1969).

The same stable conformation would be predicted
for the analogous O,O-diester phosphorodithioate ion
in which the = bonding should be similar to that in
the phosphate diester.

The crystal structure of potassium O,0-dimethyl-
phosphorodithioate, KPS,(O-CHs),, has been solved
by Coppens, MacGillavry, Hovenkamp & Douwes
(1962), and the conformation does agree closely with
that expected from the Hiickel calculations (Collin,
1966). However, the large thermal motion of the car-
bon and oxygen atoms, together with an anomalously



