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The Crystal Structure of bis-Ethylenethiourea-Cadmium Thiocyanate

By Luict Cavarca, MAR1o NARDELLI AND GIOVANNA Fava

Structural Chemistry Laboratory, Institute of Chemistry, University of Parma, Italy

(Received 5 June 1959)

bis-Ethylenethiourea-cadmium thiocyanate crystallizes in the monoclinic system and is isostruc-
tural with the corresponding lead compound. The cell dimensions are:

a=1560+0-04, b=817+0-02, ¢=11-51+0-01 A; f=95°41";

the number of formula units per unit cell is 4 and the space group is C§,—C 2/c. The structure has
been solved by two-dimensional Patterson and Fourier syntheses, and refinement has been carried
out with generalized projections of partial differences and back-shift corrections. The cadmium atom
coordinates octahedrally with two sulphur atoms attached to ethylenethiourea molecules, and
with two sulphur and two nitrogen atoms in four different NCS groups. The coordination polyhedra
are therefore linked in chains by these NCS groups, which form bridges between cadmium atoms.

1. Introduction

The study of the structure of bis-ethylenethiourea-
cadmium thiocyanate,

Cdetus (NCS)2  (etu=SC(NHCHz)z) ,

is part of an extensive series of research with the
object of finding the nature of the coordination com-
pounds formed by divalent cations and organic mole-
cules containing sulphur. The thiocyanates of divalent
metals form with thiourea (fu=SC(NHz):) and
ethylenethiourea two series of compounds:

Melltus (NCS)2, Me™=Mn, Co, Ni, Cd
(Nardelli, Braibanti & Fava, 1957) and
Meetus (NCS)2, Me™=Mn, Co, Ni, Cd, Pb

(Nardelli & Chierici, 1958). The thiourea compounds
are all isostructural and triclinic and are characterized
by a particularly small value of a translation identity
period (@ ~ 39 A). On the contrary, the ethylene-
thiourea compounds crystallize in two different sys-
tems: the compounds with Mn, Co, Ni are triclinic,
whilst those with Cd and Pb are monoclinic. None of
the ethylenethiourea derivatives has a translation
period near 4 A.

bis-Ethylenethiourea-cadmium thiocyanate and the
isostructural lead compound have the following lattice
parameters:

Cdetusz (NCS)2:
a=1560+0-04, b=8-17+0-02, ¢=11-51+0-01 A,
f=95°41".
Pbetus (NCS)2:
a=16-25+002, b=7-94+0-01, ¢=11-95+0-02 4,
f=93°8".

The unit cells contain Z=4 formula units. The space

groups consistent with the observed extinctions are
C$,~02/c and Ci-Ce.

2. Experimental

The usual habit of Cdetus (NCS)2 crystals, obtained by
slow recrystallization from alcoholic solution, was pris-
matic, showing the {100}, {110}, and {001} forms and
being elongated along [001]. It was therefore easy to
obtain a nearly cylindrical sample around [001]
(cross-sectional dimension ~ 0-25 mm.) by rubbing
with a wet filter paper. This sample was used for taking
integrated Weissenberg photographs (Wiebenga &
Smits, 1950) of Ak0 and Akl reflexions. The same
technique was used to obtain photographs of the /0!
and %1l reflexions from a nearly spherical sample
(mean diameter 0-30 mm.). All photographs were
taken with the multiple-film method (Cu Kg-radia-
tion, 120 hr. exposure time). The intensity determina-
tions were carried out photometrically on 107 A0l
173 R1l, 65 kk0, and 113 kkl (out of a possible 113 201,
233 k1l, 91 RkO, and 157 kkl) reflexions. The correc-
tions for polarization and Lorentz factors were made
by means of a Cochran (1948) chart. Absorption cor-
rections (u=177 cm."1) were made assuming a cylin-
drical or spherical sample, but secondary extinction
was not taken into account.

The relative values of FZ(k0l) and FZ(hk0) were put
on an absolute scale by the Wilson (1942) method.
A first scaling factor for F2(k1l) was obtained by com-
parison of the %210 reflexions with the same ones
present in the k0 photograph; F2(hkl) were likewise
scaled using h11 reflexions. A first mean temperature
coefficient was B=2-0 A2 Scaling and mean tem-
perature factors were improved by graphical compari-
son of F, and F. values for the reflexions of each
photograph. Finally an isotropic temperature correc-
tion was determined for each kind of atom by a least-
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Fig. 1. Patterson projections: (a) P(U, W), (b) P(U, V).

squares method (Cochran, 1951). The final values were
21 A2 for Cd and 2-8 A2 for all the other atoms.

3. P(U,W) and P(U,V) projections

The unit cell contains four molecules of Cdefus(NCS)s,
and so the cadmium atom must be located on one of
the five special positions of the (%, space group or in
the general position of the C% space group. Examina-
tion of the P(U, W) Patterson projection (Fig.1(a))
cannot distinguish between these possibilities as the
Cd-Cd interactions occur only at the origin peak.
On the other hand, in the P(U,V) projection (Fig.1(b))
the C(U=0, W=0-116) peak (due to the Cd-Cd inter-
action) shows that the Cd atom, having a degree of
freedom in the y direction, must be in the ¢(0, y, })
position of the C}, space group or in the general
position of the C% space group. In this latter case
there is no crystallographic equivalence between atoms
which are probably chemically equivalent. Considering
this, the C§, space group was chosen as a starting
point and this choice was later found to be correct.

The A, D and B, E peaks in the two Patterson
projections were interpreted as due to the Cd-S: and
Cd-S11 interactions respectively. The other peaks in-
volving lighter atoms were not taken into account.

The coordinates obtained from Patterson projeetions
were:

z/a y/b z/c
Cd 0 0-058 0-250
St 0-034 0-309 0-109
Si 0-154 0-058 0-358

4. Fourier projections and refinements

The first go(X, Z) projection was obtained using the
signs of the structure factors calculated by considering
the heavier atoms only. As the peaks of the lighter
atoms were unresolved, it was impossible to find the
orientation of the organic molecule and of the NCS
group. It therefore appeared convenient to consider
the generalized projections S:(X, Z), C:1(X, Z) and
01(X, Z)=[82+ C?]}; the last was also combined with
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Contours at arbitrary intervals.

the go(X, Z) projection. From §; and C; projections
y coordinates were obtained too.

From these projections it was possible to distinguish
the light atoms of the organic molecule, which was
found to be completed by the Si; sulphur atom.
Carbon and nitrogen atoms of the NCS group were
superimposed on two S; atoms symmetrically placed
with respect to the origin, and so at this stage they
were ignored. Reliability indices were R(R0l)=0-214,
R(R11)=0-213.

A successive series of the same projections was
calculated, subtracting out the cadmium and sulphur
contributions, and this series was then used to locate
the carbon and nitrogen atoms of the NCS group and
to improve the coordinates of the other light atoms.
The new R factors were R(h0l)=0-196, R(21l)=0-142.
Little further improvement of coordinates was ob-
tained recalculating the projections either with all the
light atoms contributions or with the sulphur contribu-
tions alone.

00(X, ¥), oa(X, Y) and {go+ 01}(X, Y) were also
calculated at this stage, but, owing to the extensive
overlapping of the light atoms, they were used only
to control the x and y coordinates of heavier atoms
obtained from (X, Z)-projections. The final go(X, Y)
projection (Fig. 3(b)) shows that all the light atoms lie
on high electron-density regions.

The S81(X, Z) and C1(X, Z) final projections are
shown in Fig. 2(a), (b); Fig. 3(a) represent the cor-
responding g1 (X, Z) projection. As a further refine-
ment isotropic thermal factors were calculated for each
atomic kind and back-shift corrections for finite-series
errors were applied. At the end of these refinements
the R factors (for observed reflexions only) were:

R(hOl) =0-165, R(h1l) =0-109,
R(hk0)=0-232, R(hk1)=0-151.

In Table 1 the observed structure factors are compared
with those calculated.

5. Atomic coordinates and accuracy

The final coordinates are shown in Table 2. The
z/a, y[b, z/c values are referred to monoclinic axes with
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Table 1. Observed and calculated structure factors
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Fig. 2. (a) §,(X, Z), (b) C,(X, Z). Contour interval 2 e.A~2 in light atoms, and arbitrary in others, starting from 3 e.A-2,
Negative contours broken and zero contour omitted. The symbols primed indicate the atoms related to those in z, Y, 2

by 1 or 2,.

(a)
Fig. 3. (a) 0,(X, Z), (b) gy(X, Y). Contour invervals as in Fig. 2.

the origin at the centre of symmetry. The z’, y', 2’
coordinates are referred to orthogonal axes a’, b, ¢,
with a’ being taken perpendicular to the & and ¢ crystal
axes, so that

¥=xsinf, y'=y, 2’=z2+xcosf.

The standard deviations of the atomic coordinates of
the Cd and S atoms were estimated by Cruickshank’s
(1949) method from g, (X, Z) for o(z) and o(z) and
from go(X, Y) for o(y). For the light atoms ¢(z) and
o(z) were found in the same way, and o(y) was ob-
tained using the relation (Bryden, 1958)

o(yr) ={b/2nA{Z(AF)2}}/(o1)r ,

where A4 is the area of the cell projection, and ¢ (4F)?
is taken over all the 21! observed reflexions.
The mean values of the standard deviations were:

Ny

-

-
m

)

Cd-o(y)=0-006 A&, S—o(x)=0-010, o(y)=0-025, o(z)=
0-009 A, light atoms—o(z)=0-030, o(y)=0-162, o(z)=
0-023 A.

The standard deviations of the electron densities
o(p) were 1:84 e.A-2 for A0l data, 116 e.A-2 for A1l
data and 2-72 e.A-2 for 1k0 data.

Table 2. Atomic coordinates

z/a y/b z[c z (&) y (4 2z (4
cd 0 0-0605 0-250 0 0494  2-878
S 0039  0-286 0-088  0-605 2-337  0-953
St 0-153  0-073 0-362 2375  0-596  3-931
Cy 0233  0-070  0-267 3617 0-572 2713
Cu 0-301  0-040 0096 4-673  0-327  0-640
Cur 0369  0-091 0199 5728 0743  1-720
Cry  —0-009 0241 —0-032 —0-140 1.969 —0-353
Ni 0222  0-033 0155 3446 0270  1-441
Ni 0-314  0-103 0296 4-874  0-842  2-922
Nmr  —0033 0179 —0-128 —0-512 1-462 —1-365
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Fig. 4. Clinographic projection of a chain in Cdetu,(NCS),.

6. Discussion of the structure

The coordination around each cadmium atom is octa-
hedral, as it coordinates two Si; atoms of two ethylene-
thiourea molecules, two S; and two N1 atoms of four
different NCS groups. Each pair of equivalent atoms
is related by the 2-fold axis running through the
cadmium atom. The octahedra are linked in slightly
zigzag chains by NCS groups forming bridges between
the cadmium atoms. These chains lie along [001]
(Fig. 4).

The bond distances and angles in the coordination
polyhedron are listed below. (When the coordinates
are not given the atom is in the z, y, z or—for the
atomic symbol primed—%, ¥, Z position.)

Cd-St = 273+ 0-02 A
Cd-St1 = 2:60+0-01
Cd-N111 = 2-53+0-13
S1-Cd—S1(F, ¥, }—2) = 951+0-8°
S1-Cd-N111 = 93-2+2:6°
S1—Cd-S11 = 93:2+4+0-5°
S11—-Cd-S1(Z, ¥, + —2) = 83:74+0-5°
S1-Cd-N1r = 950+ 0-8°
S1-Cd-Nig1(x, ¥, $+2) = 88:5+0-8°
Nin-Cd-Ni(z, 7, $+2) = 784 +59°

To evaluate the standard deviations of the distances
and angles the relations given by Ahmed & Cruick-
shank (1953) were used. The distances and angles in
the ethylenethiourea molecule are:

S11-Cr = 174 + 0-03 A (1-708 A)
C-Ni = 1-32 + 0-06 A (1-322 A)
Cr—N1x = 1:30 + 0-06 A

9*

N1-Crr = 1-47 + 0-04 A (1-471 A)
N1-Crr =148 + 0-04 A

Cr—Crr = 1-57 + 0-07 A (1-536 A)
Ni-Cr-Si1 = 1259+ 2-4° (124-8°)
Ni-Cr-S;p = 1250+ 2-3°

N1-Cr-Nj; = 109-1+ 3-2° (110-2°)
C-N1-Cyp = 114-2+ 3-3° (112-6°)
Cr-N11-Crip = 114-4 4 3-2°
Ni-Ci—Criy = 101-4+4+ 2-9° (102-4°)
N1—Cir—Cr = 100-9 + 3-0°

The values in brackets are those found by Wheatley
(1953) in ethylenethiourea crystals. The figures ob-
tained are satisfactory even though the coordinates
of the light atoms are subject to relatively rather high
errors. There are no significant departures of the
ethylenethiourea atoms from the plane (calculated by
the least-squares method)

0-2772" —1-520y’ +0-3182' =1 .

This plane is roughly perpendicular to [010], and so
large errors in the y coordinates have little effect on
the distances and angles. The distances in the NCS
group are:

Si-Civ = 1:65+0-05 A
Crv—Nir = 1-19+0-10 A .

Owing to the errors in bond lengths, bond orders
cannot be deduced and also the angle S;—Crv—Nii=
165+ 9° is not worth discussing. A departure from
linearity of this group has been already found in
Hg(SCN);~ (163° 12') by Scouloudi (1953) and by
Lindqvist (1957a, b) in AgSCN and NHiAg(SCN)..
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However, Lindqvist does not consider the deviation
from linearity of SCN group he found to be significant,
being smaller than that calculated from the standard
deviations of atomic positions. In Nitue(NCS). the
NCS group was found to be linear, as it was in
NH,4[Cr(SCN)s(NHs):]2 H:O (Saito, Takeuchi & Pe-
pinsky, 1955), in Ni(NH;)s(NCS): and in Ni(NHs)s
(NCS): (Paraj-Kojic, Antzishkina, Dickareva &
Jukhnov, 1957).

The angle Cd—Si-Crv=109-1+4-4° suggests that
the bonds on the Sy atoms are tetrahedral. The rather
high error in the Cd-Ny;—Cry=143 + 12° angle, makes
any interpretation uncertain.

It is particularly interesting to compare the struc-
ture of Cdetuz (NCS)2 with that of Nitus (NCS)2 which
is isostructural with Cdéus (NCS)s. The substitution of
thiourea for ethylenethiourea does not limit its conse-
quences to an alteration of the crystal structure due
only to steric-hindrance, but the observed modifica-
tions are more chemical in nature. In Cdtus (NCS)z the
coordination around the cadmium atom is also octa-
hedral but in this case the bridges between the coor-
dination polyhedra are constituted by sulphur atoms
of thiourea which are forming two coordinative bonds.

The bond angle Cd-S;;—Cr=111-641-1° in Cdetus
(NCS)2 suggests tetrahedral bonds to the Syr atom, as
has been found in Nitus (NCS)s. The coordination of the
NCS groups in Cdetus(NCS)2, which occurs through
the ends of the molecule, follows what has been found
by Lindqvist (1957a,b). Lindqvist observes that,
while with the elements of the first long row of the
Periodic Table the metal atom coordinates the nitro-
gen-ends of the NCS groups and in the second and
third long rows the coordination is through the
sulphur-ends, the cadmium atom can coordinate the
nitrogen or the sulphur atoms as well. The iso-
structurality found between Cdetus (NCS)2 and Pbetus
(NCR)2 shows that lead represents an exception to the

STRUCTURE OF b¢s-ETHYLENETHIOUREA-CADMIUM THIOCYANATE

previous generalization. The packing distances shorter
than 4 A are:

N -81 = 8-55+0-10 A
Ny -Nigg = 3:41+0-12
N Sp (=.9,2—13) = 3544005
Ci-Sn (v, 9,2—3) = 3-49+0-05
Nu-Crr (2,9, 2+ 3) = 3:67+0-08
Cr Cir (=,7,24+1%) = 394+ 0-06
S —-Cir (3—2, 34y, $—2) = 3:90+0-16
CI _NI (é“"x’ é'l'y’ %—z) = 39410‘22

Sy N1 (3—=, $+y, $—2) = 3-63+0-12
Nur (7, 1 -y, 2)-Crr (3—2, $+y, 3—2) = 3-:07+0-14
N (7, 1-y,2)-Npx (3—=, 3+y, $—2) = 3:05+0-14

The shortest distances observed involve the nitrogen
atoms of the NCS groups and of the ethylene-
thiourea molecules. This indicates that the packing
of the chains is based on the formation of hydrogen
bonds.
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