
D. L. WARD,  A. I. POPOV A N D  N. S. POONIA 241 

References 

BHAGWAT, V. W., MANOHAR, H. & POONIA, N. S. (1980a). Inorg, 
Nucl. Chem. Lett. 16, 289-292. 

BHAGWAT, V. W., MANOHAR, H. 8:, POONIA, N. S. (1980b). lnorg. 
Nucl. Chem. Lett. 16, 373-375. 

BHAGWAT, V. W., MANOHAR, H. & POONIA, N. S. (1981). lnorg. 
Nucl. Chem. Lett. 17, 207-210. 

BUSH, M. A. & TRUTER, M. R. (1972). J. Chem. Soc. Perkin Trans. 
2, pp. 341-344. 

International Tables for X-ray Crystallography (1974). Vol. IV, 
Table 2.2B, p. 99 and Table 2.3.1, p. 149. Birmingham: Kynoch 
Press. 

JOHNSON, C. K. (1965). ORTEP. Report ORNL-3794 (revised). 
Oak Ridge National Laboratory, Tennessee. 

MAIN, P., HULL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ, J. 
P. & WOOLFSON, M. M. (1978). MULTAN78. A System oJ" 
Computer Programs for the A utornatic Solution of Crystal 
Structures from X-ray Diffraction Data, Univs. of York, 
England, and Louvain, Belgium. 

MALLINSON, P. R. & TRUTER, M. R. (1972). J. Chem. Soc. Perkin 
Trans. 2, pp. 1818-1823. 

OWEN, J. D. (1980). J. Chem. Soc. Dalton Trans. pp. 1066-1075. 
POON1A, N. S. & BAJAJ, A. V. (1979). Chem. Rev. 79, 389-445. 
TEMPLETON, L. K. & TEMPLETON, D. H. (1973). Abstr. Am. 

Crystallogr. Assoc. Proc. Ser. 2, 1, 143. 
VENKATASUBRAMANIAN, K., POONIA, N. S., HACKERT, M. L., 

CLINGER, C. & ERNST, S. R. (1983). J. Inclus. Phenom. In the 
press. 

WEI, K.-T. & WARD, D. L. (1976).Acta Cryst. B32, 2768-2773. 
WILLIAMS, R. J. P. (1970). Q. Rev. Chem. Soc. 24, 331-365. 

Acta  Cryst. (1984). C40, 241-243 
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Abstract. M r = 2 0 9 . 2 5  , triclinic, P1, a = 7 . 7 1 0 ( 1 ) ,  
b = 8 . 7 8 4 ( 3 ) ,  c = 9 . 1 5 4 ( 1 ) / k ,  ct---- 77.88 (1), f l =  
82.67(1) ,  y = 6 4 . 9 3 ( 2 )  o, V = 5 4 8 . 5 ( 3 ) / k  3, Z = 2 ,  
D x = 1.267 (1) Mg m -3, 2(Mo K~t) = 0.71069 ,~,, :t = 
0 . 4 4 m m  -1, F ( 0 0 0 ) = 2 2 4 ,  T = 2 9 8 K .  Final R =  
0.041 for 2573 observed intensities. Pairs of distorted 
I Li(H20)~I tetrahedra are formed by edge-sharing. 
Such pairs are linked to a three-dimensional network by 
six O - H . . . S  hydrogen bonds. The non-polar ends of 
the dithiocarbamate ions are packed with van der 
Waals contacts in channels parallel to the a axis. 

Introduction. The magnetic properties of tris(dithio- 
carbamato)iron(III) compounds, Fe(S2CNR2) 3, are 
dependent on the nature of the substituents R 2. Fe IH 
compounds of -SzCN(CH2)4, -S2CN(CH3)2, 
-S2CN(C2Hs) 2 and -S2CN[CH(CH3)2] 2 exhibit high- 
spin, cross-over, cross-over and low-spin behaviour, 
respectively (Ewald, Martin, Sinn & White, 1969; Sthhl, 
1983). The most obvious ways in which the substituents 
may influence the magnetic behaviour are through 
inductive effects, cooperative effects and steric inter- 
ference with the S2CNC 2 moiety. In order to elucidate 
steric effects in the ligands given above, their geometries 
in the solid state have been studied by diffraction 
methods. Li ÷ and Na ÷ dithiocarbamates have been used 
in this study, since small metal-l igand interactions are 
expected in these compounds so that the observed 
geometry may be approximated to that of an uncoor- 
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dinated ('free') ligand. The crystal structures of three 
sodium and three lithium compounds have been 
reported previously {NaS2CN(CH2)4.2H20 (AI- 
bertsson, Oskarsson, Stahl, Svensson & Ym6n, 1980); 
NaSzCN(CH3)2.2H20 (Oskarsson & Ym6n, 1983); 
NaS2CN[CH(CH3)212.5H20 (Ym6n, 1983b); LiS2CN- 
(CH2)4.4H20 (Ym+n, 1983a); LiSzCN(CH3)2.4HzO 
(Ym6n, 1984); LiS2CN[CH(CH3)212.3H20 (Oskarsson 
& Ym6n, 1984)}. This paper reports the structure of 
LiS2CN(CzHs)2.3H20, which is the last compound in 
this series. 

Experimental. Prismatic, hygroscopic crystals obtained 
at about 1 kPa from aqueous solution of HN(C2Hs)2, 
CS 2 and LiOH; triclinic, P1 assumed in calculations. 
Cell dimensions obtained from 44 diffractometer 0 
values. 3115 independent reflections, 3 < 8< 30 °, 
- 1 0  < h < 10, - 1 2  < k < 12, 0 < l < 12, CAD-4 dif- 
fractometer, graphite(002)-monochromatized M o K a ,  
542 reflections with I < 3O-count(D, 09--20 scan, width 
= 1.0 ° + 0.5°tan0,  max. recording time 120s, 
O'count(1)//< 0.033 requested in a scan. Four standard 
reflections, no significant variations. I and O'count(/) 
corrected for Lorentz and polarization effects, no 
absorption correction due to loss of the crystal. Direct 
methods ( M U L T A N ,  Germain, Main & Woolfson, 
1971) and subsequent Ddiff, ~ w A F  2 minimized with 
weights w = [acou,t(I)2/4lFo 12 + (0.03 IFol)2] -1. 2573 
reflections in final least-squares cycle, 174 parameters; 
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R = 0 . 0 4 1 ,  wR =0.056 ,  S =  1.585. Max. height in 
final Pdiff < 0.8 e fik -3. (A/tr)max = 0" 28, (Zl/O')mea n = 
0.028. Scattering factors with corrections for 
anomalous dispersion from International Tables for 
X-ray Crystallography (1974). A full normal fiR plot 
(Abrahams & Keve, 1971) comparing observed and 
calculated structure amplitudes resulted in an approxi- 
mately straight line with slope 1.452(5), intercept 
0.101(5), correlation coefficient 0.990. Computer 
programs used given by Svensson (1978). 

Discussion. Final atomic parameters are given in Table 
1" and distances and angles in Table 2. The structure is 
depicted in Fig. 1. Li + coordinates four water O atoms 
forming a distorted tetrahedron. Pairs of such tetra- 
hedra are formed by edge-sharing. These pairs are 
connected to a three-dimensional network by six 
O - H . . . S  hydrogen bonds from water molecules to the 
dithiocarbamate ions. The S. . .O distances are in the 
range given by Mereiter, Preisinger & Guth (1979). 
Within the hydrogen-bond network channels are 
formed along a. These channels contain dithiocarba- 
mate ions, packed with their non-polar ends at 
approximate van der Waals distances (Bondi, 1964). 
The shortest intermolecular van der Waals distance, 
2.44 (5) A, is between two H(C5) atoms. 

The observed conformation of the dithiocarbamate 
ion is similar to that in NaS2CN(C2Hs)2.3H20 
(Colapietro, Domenicano & Vaciago, 1968; Mereiter & 
Preisinger, 1983) and [ N H 2 ( C 2 H 5 ) ] [ S 2 C N ( C 2 H s ) 2 ]  
(Wahlberg, 1978), i.e. the atoms C(4) and C(5) deviate 
1.236(2) and -1 .391(2 )  A on each side of the 
least-squares plane defined by S(1), S(2), C(1) and N. 
Other significant deviations from this plane are ob- 
served for C(1)[0.019(1) A] and C(2)[0.105(2) A]. 

It has previously been shown that the ligand bite 
decreases as the substituents RE, in - S E C N R 2 ,  become 
bulkier (Oskarsson & Ym6n, 1984) and this was 
interpreted as the result of intramolecular steric 
interactions, C - H . . . S .  If steric interactions are of 
importance in determining the spin state of Fe a+ in 
tris(dithiocarbamato)iron(III) compounds, the steric 
effect in - S 2 C N ( C H 3 )  2 and - S E C N ( C E H s ) 2  should be of 
similar strength, since the corresponding Fe 3+ com- 
pounds exhibit almost identical cross-over behaviour 
(St~hl, 1983; Ewald et al., 1969). A comparison of the 
geometry of the S E C N C  2 moiety (Fig. 2) in 
L i S E C N ( C H a ) E . 4 H 2 0  a n d  L i S E C N ( C E H s ) E . 3 H 2 0  
shows no significant differences, except for the angle 
C ( 2 ) - N - C ( 3 )  [115.4(2) and 114.0(1) ° respectively] 
and the averages of the N--C(2) and N--C(3) distances 

* Lists of structure factors, anisotropic thermal parameters and H 
atom positional and isotropic thermal parameters have been 
deposited with the British Library Lending Division as Supplemen- 
tary Publication No. SUP 38907 (13 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

Table 1. Positional and equivalent isotropic thermal 
parameters for the non-H atoms with e.s.d.'s in 

parentheses 

Be. = ~ Y. Yj~o a. a i. 

x y z Beq(A 2) 
S(1) 0.14258 (5) 0.76945 (4) 0.90265 (4) 2.5 (1) 
S(2) 0.44543 (5) 0.76240 (5) 0.66577 (5) 3.1 (l) 
N 0.14068 (15) 0.70546 (14) 0.63157 (14) 2.3 (1) 
C(1) 0.23204 (17) 0.74468 (14) 0.72262 (15) 2.0 (1) 
C(2) 0-21676 (23 0.66831 (19) 0.48188 (18) 2.8 (1) 
C(3) -0.04121 (20) 0.68787 (20) 0-67572 (20) 2.8 (1) 
C(4) 0.12619 (31) 0.81967 (26) 0.35923 (22) 3.9 (1) 
C(5) -0.01197 (29) 0.50905 (25) 0.75324 (25) 3-9 (1) 
0(2) 0.69611 (15) 0.98494 (14) -0.00248 (14) 2.7 (1) 
O(1) 0.56534 (26) 0.86909 (22) 0.31313 (18) 4.7 (1) 
0(3) 0.60094 (24) 0.65912 (18) 0.02524 (22) 5.4 (1) 
Li 0.54784(39) 0.85258(34) 0.11283(33) 3.1(1) 

Table 2. Selected distances (A), valence angles and 
torsion angles (o) with e.s.d.'s in parentheses 

(a) The dithiocarbamate ligand 
S(1)...S(2) 2.966 (1) 
S(1)-C(1) 1.724 (1) 
S(2)-C(1) 1.722 (1) 
C(1)--N 1.336 (2) 
N-C(2) 1.466 (2) 
S(1)-C(I)--S(2) 118.8 (1) 
S(1)--C(1)--N 120.2 (1) 
S(2)-C(1)-N 120.9 (1) 
C(I)-N-C(2)  123.1 (1) 
S(1)-C(1)-N-C(2) -174.6 (l) 
S(1)-C(1)-N-C(3) 2.4 (2) 
S(2)-C(1)-N--C(2) 2.5 (2) 
S(2)-C(1)-N-C(3) 179.6 (1) 

N-C(3) 1.472 (2) 
C(2)-C(4) 1.517 (3) 
C(3)-C(5) 1.515 (3) 
C(2)...C(3) 2.464 (2) 

C(1)--N--C(3) 122.8 (1) 
C(2)--N--C(3) ! 14-0 (1) 
N--C(2)-C(4) 112.6 (1) 
N-C(3)--C(5) 112.7 (1) 
C(I)-N-C(2)-C(4)  -100.0 (2) 
C(1)-N-C(3)--C(5) -87.8 (2) 
C(5)-C(3)-N--C(2) 89.5 (2) 
C(4)-C(2)-N-C(3) 82-7 (2) 

(b) The coordination polyhedron 
Li-O(2) 2.019 (3) Li-O(1) 1.895 (3) 
Li--O(2 l) 2.049 (3) Li-O(3) 1.897 (3) 
O(2)--Li-O(1) 102.2 (1) O(2)--Li--O(1) 118.8 
O(2)--Li--O(3) 109.4 (2) O(2~--Li--O(3) 97.7 
O(2)--Li--O(2 ~) 96.6 (I) O(1)-Li--O(3) 130.4 

(c) The hydrogen bonds 
S(1)...O(2 i~) 3-254 (1) S(2)...O(1) 3.295 (2) 
S(1)...O(2 ~) 3.229 (1) S(2)...O(1 t~) 3.248 (2) 
S(1)...0(3 ~') 3.391 (2) 8(2)...O(3 v) 3.452 (2) 
S-..H range: 2.44 (2)-2.71 (4) 

Symmetry code: (i) 1 - x, 2 - y ,  - z ;  (ii) x - 1,y, z + 1; (iii) 
2 - y , l - z ; ( i v )  l - x , l - y , l - z ; ( v ) x , y ,  1 +z .  

(2) 
(1) 
(2) 

1 m X ,  

Fig. 1. A stereoscopic view of the structure. 
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Fig. 2. Denotations of the atoms in the dithiocarbamate ion. 
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Fig. 3. S(1)-.-S(2)=flC(2)...C(3)I. Circles represent Na ~ and 
triangles Li + compounds. Data are taken from (a) Albertsson et 
al. (1980); (b) Ym~n (1983a); (e) Oskarsson & Ym6n (1983); 
(d) Ymen (1983b); (e) Mereiter & Preisinger (1983); (f) this 
paper; (g) Ym~n (1984) and (h) Oskarsson & Ym~n (1984). 
Point (b) was excluded from the calculation of the correlation 
coefficient, r, for reasons discussed by Oskarsson & Ym~n 
(1984). Points (d) and (f) represent LiS2CN(CH3)2.4H20 and 
LiS2CN(C2Hs)v3H20 respectively. 

[1.460(4) and 1.469(2) A respectivelyl. These 
parameters are important for the intramolecular steric 
interference and their combined effect is reflected in the 
distance C(2). . .C(3),  which only differs by 0.005 A in 
the two compounds. It has been proposed previously 
that the steric interactions are reflected in the distance 

S(1)..-S(2) as a function of the distance C(2) . . .C(3)  
(Oskarsson & Ym6n, 1984). The steric interference 
increases as the distance C(2) . . .C(3)  increases (Fig. 3). 
As expected the points for LiS2CN(CH3)2.4H20 and 
LiS2CN(C2Hs)2.3HzO almost coincide in the middle of 
the .graph, showing that the intramolecular steric 
interference in these two ligands is of similar strength 
(further support is provided by the two points observed 
for the corresponding Na ÷ compounds). 

I would like to express my special gratitude to Dr 
Ake Oskarsson for all his invaluable help. Financial 
support from the Swedish Natural Science Research 
Council and the Royal Physiographic Society of Lund 
is gratefully acknowledged. 
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A eetatobis(l, 10-phenanthroline)eopper(ll) T etrafluoroborate, 
[ C u ( C  12HaN2)2 ( C  2 H 3 0 2 ) ] B  F4 
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Abstract .  M r =  569.81, triclinic, P]-, a =  15.087 (3), 
b =  10.615 (2), c =  8.443 (2) A, a =  106.43 (2), f l =  
76.67 (2), ) ,= 109.40 (2) ° , U =  1209.37A 3, Z = 2 ,  

* To whom correspondence should be addressed. 
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D m = 1.52 (5), D x = 1.564 g cm -3, 2(Mo Ka) = 
0.71069 A, /1= 9 . 2 2 c m  -l ,  F(000)- -  577.98, T =  
296 K. Final R = 0.036 for 3287 unique observed 
reflections. The structure involves ICu(phen)2- 
(O2CCH3)] + cations and BF4- anions; the cation 
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