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Structural Studies of Metal Dithiocarbamates.
I11. The Crystal and Molecular Structure of Zinc Diethyldithiocarbamate*

By M.BonaMico, G.MAZZONEt, A. VACIAGO AND L.ZAMBONELLI

Centro di Studio per la Strutturistica Chimica (CNR),
Istituto di Chimica Farmaceutica e Tossicologica della Universita degli Studi, Roma, Italy

(Received 9 June 1965)

The crystal structure of zinc(II) bis(NV, N-diethyldithiocarbamate), [(C2Hs)2NCS;], Zn, at room temper-
ature has been determined by three-dimensional methods, including anisotropic refinement by differen-
tial Fourier synthesis (final R value, 0-106). There are four formula units in the monoclinic cell, a=
10-015, b=10-661, c=16-357 A, B=111°58’, with space group P2;/c. Each pair of centrosymmetrically
related zinc atoms share sulphur atoms, thus forming a dimeric unit in which each zinc atom is co-
ordinated with five sulphur atoms, at distances ranging from 2-33; to 2-81s A, in a distorted trigonal
bipyramidal environment. Alternatively, it could be regarded as a distorted tetragonal pyramidal en-
vironment. One of the sulphur-zinc intrachelate distances is ca.0-4 A longer than the corresponding
interchelate distance. The same ligand molecule thus behaves in two very different ways in the same
complex: one ligand forming a four-membered chelate ring, and a second coordinating with two
different zinc atoms, whilst at the same time completing a chelate ring with a remarkably long approach
distance. The four shortest bonds formed by any one zinc atom are directed to the corners of a very
distorted tetrahedron. The ligand molecules are planar (obviously apart from the terminal CH3 groups),
sulphur-carbon bond lengths range from 1:72; to 1-737 A, and the two C(sp?) — N(sp?) bonds are 1-31
(=)
and 1-34 A long. As expected from previous infrared work, ---S,C=NR; is an important canonical
form in the structure of zinc diethyldithiocarbamate. The crystal parameters of zinc diethyldithiocarbam-
ate have values very near to those of the corresponding copper complex. However, the two compounds
are only partially isostructural, because small differences in atomic positions, mainly of the metal atoms,

produce a rather different coordination geometry in the two cases.

Introduction

The first paper of this series (Bonamico, Dessy, Maria-
ni, Vaciago & Zambonelli, 1965) gave the general
reasons for the investigation of the structure of metal
dithiocarbamates.

The second paper (Bonamico, Dessy, Mugnoli, Vacia-
g0 & Zambonelli, 1965) dealt with the structure of
copper diethyldithiocarbamate and reported earlier
suggestions (Shugam & Shkol’nikova, 1958; Vaciago,
Gramaccioli & Pullia, 1960) that the similarity of the
crystal parameters of zinc diethyldithiocarbamate
(Simonsen & Wah Ho, 1953) to those of the copper
salt could indicate that these compounds were iso-
structural. It was, however, pointed out in the second
paper of this series that the results found on the co-
ordination geometry of the copper complex did not
seem to be applicable to the case of the zinc salt but
no detailed discussion was possible because no struc-
tural investigation of a zinc coordination compound of
dithiocarbamic acid had been carried out previously.

For this particular reason, as well as for the more
general ones, the third compound investigated in our
laboratory was zinc(II) bis(N,N-diethyldithiocarbam-
ate):

* This paper was part of communication 6-27 to the I1.U.Cr,
Sixth International Congress held in Rome in 1963.

t Permanent address: Laboratorio di Fisica Nucleare Ap-
plicata (CNEN), Centro di Studi Nucleari della Casaccia,
Roma, Italy.
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with the bond orders written in the conventional way.
An interim report on the three-dimensional work on
this structure was published in 1963 (Bonamico, Dessy,
Mazzone, Mugnoli, Vaciago & Zambonelli, 1963).

Experimental

Crystal data

Zinc diethyldithiocarbamate forms transparent
monoclinic prisms, stable in air and in the X-ray beam.

The unit-cell dimensions were redetermined by a
modified, improved version of Christ’s method (Maz-
zone, Vaciago & Bonamico, 1963) from zero-layer
Weissenberg films about the a and b axes, using Cu Ko
radiation (4 taken as 15418 A). They should replace
the earlier values given by Simonsen & Wah Ho (1953).

Zinc(IT) bis(N,N-diethyldithiocarbamate)

CoH20N,S4Zn . F.W.=36191.

Monoclinic prismatic, a=10-015+0-010, b=10-661 +
0-005, ¢=16:357+0010 A;

B=111°58+5; U=1619-7 A3;

Dy, =1-480 £ 0-005 g.cm~3 (by flotation); Z=4;

D.=1-485 g.cm™3; F(000)=752.
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Absorption coefficient for Cu radiation, 67 cm-.
Space group P2,/c (C3,, No. 14), from systematic abs-
ences.*

Intensity measurements

The X-ray intensities were estimated visually from
sets of multiple-film equi-inclination Weissenberg phot-
ographs taken about the a (6 layers), b (7 layers) and
¢ axes (1 layer) for approximately square crystals, 0-02
cm thick. 2652 independent reflexions were collected
(about 75%; of the possible ones with Cu radiation).
The intensities were corrected for Lorentz and polar-
ization factors, and placed on a common scale by the
method of Rollett & Sparks (1960). No absorption or
extinction corrections were applied. Spot-size correct-
ion was applied according to Phillips (1954).

* Unit-cell dimensions for the copper compound, quoted
from paper Il of this series, are: a=9:907, 6=10-627, c=
16:591 A; B=113°52"; U=1597-4 A3; space group P2/c. As
in paper 11, setting P2;/c is again preferred here to the conven-
tional P2;/n for the sake of comparison with the work of
other authors.

Table 1. Final coordinates
with standard deviations ( x 10%)

xla y/b z/c
Zn 1697 (1) 725 (1) 540 (1)
S 3408 (3) 2441 (2) 1121 (2)
S() 2169 (3) 725 (2) 2063 (2)
S(3) 2439 (3) —386 (3) —443 (2)
S(4) 535 (2) —1714 (2) 288 (1)
N() 3872 (9) 2672 (8) 2834 (5)
NQ?) 1352 (9) —-2624 (7) —982 (5)
C(1) 3206 (10) 2027 (10) 2086 (5)
C(2) 4713 (11) 3776 (10) 2854 (8)
C(3) 3690 (13) 2342 (12) 3670 (7)
C4) 3762 (16) 4937 (12) 2580 (10)
C(5) 4865 (20) 1536( 23) 4258 (9)
C(6) 1416 (11) —1687 (8) —447 (5)
Cc(7) 2123 (13) —2636 (12) —1595 (9)
C(8) 451 (12)  —3740 (10)  —1027 (8)
C(9) 1191 (18) —2181 (19) —2506 (8)
C(10) 1347 (17) —4817 (12) —476 (13)
Table 2.
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Determination of structure

A three-dimensional Patterson function was computed.
Approximate positions were found for zinc and sulphur
atoms. By a three-dimensional F, synthesis, phased on
the contribution of these five atoms, it was possible to
locate all the atoms, apart from the hydrogen atoms.
At this stage, a structure factor calculation gave a reli-
ability index R=0-36.

Refinement

Refinement was done by differential Fourier syn-
thesis. After the first cycle, the reliability index R was
0-19. Two other cycles lowered the R value to 0:167.
Three cycles of anisotropic refinement, and the in-
troduction of hydrogen atoms in positions* calculated

* When the choice of the hydrogen positions is not unique,
as on the methyl groups, a staggered conformation is assumed.

Table 3. Coordinates ( x 10%) and isotropic
temperature factors for hydrogen atoms

xla ylb z/c B(A2)
HQ2)a 5272 3647 2402 4.7
HQ2)b 5498 3909 3521 47
H3)a 2672 1845 3509 43
H@3)b 3663 3205 4019 4-3
H@®)a 4427 5754 2601 53
H4)b 3202 5074 9030 53
H(4)c 2976 4812 1911 53
H(5)a 4668 1329 4855 5-9
H(5)b 5890 2023 4430 59
H(5)c 4899 662 3919 59
H()a 2468 —3592 — 1645 4-5
H(7)b 3063 —2028 —1332 45
H(8)a —47 —4042 —-1711 4-4
H(8)b —384 —3492 —-779 4-4
H(9)a 1806 —2207 —2931 55
H()b 844 —1221 —2464 55
H(9)c 249 — 2785 —2778 55
H(10)a 653 —5623 —522 6-3
H(10)b 1845 —4523 210 6-3
H(10)¢ 2182 -~ 5073 —-721 63

Thermal exponent coefficients (with e.s.d.’s)

bi; as given here are defined by: T=exp {— 10~4(b11h2 + b22k2 + b3312 + b1 2hk + byshl + baskl)}.

b1 b2 b33
Zn 125 (2) 79 (1) 31 0)
S(1) 1[50 (3) 94 (2) 35 ()
S(2) 141 (3) 77 ) 33 (1)
S(3) 187 (4) 78 ) 50 (1)
S4) 133 (3) 75 (2) 28 (1)
N() 119 (12) 94 (9) 36 (3)
NQ) 139 (11) 69 (7) 3 3
c 108 (11) 69 (8) 33 (3)
C2) 152 (19) 104 (11) 58 (6)
C(3) 174 (19) 145 (15) 36 (4)
C4) 235 (24) 81 (10) 75 (8)
C(5) 207 (27) 162 (19) 47 (6)
C(6) 128 (12) 67 (8) 35 (4)
c(7) 176 (17) 105 (12) 51 (5)
C(8) 174 (18) 72 (9) 56 (6)
Cc) 260 (28) 208 (22) 39 (5)
C(10) 206 (23) 80 (12) 106 (10)

bz b1 b23
-3 () 49 (1) —16 (1)
—54 (4) 66 (2) —14 (2)
—44 (4 45 (3) -5 (@
—58 4) 118 (2) -21 (2
0 @ 55 (2 18 (2)
—42 (16) 35 (10) ~15 (8)
10 (14) 69 (8) -20 (7
7 (15) 49 (9) -4 (8)
—98 (23) 68 (16) —67 (13)
—23 (25) 73 (12) —37012)
—123 (25) 136 (17) —56 (14)
—4 (33) 44 (20) 12 (16)
—25(16) 53 (10) —24 (8
—16 (22) 112 (11) —52(11)
—-63 (21) 93 (14) —-26(11)
—63 (35) 111 (15) —52(15)
—38 (26) 171 (18) 1 Q)
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to make the C-H bond lengths 1-:09 A and to complete
tetrahedra around the carbon atoms, brought the final
R index to the value of 0-106 (calculated on observed
reflections only).

Table 1 gives the final atomic coordinates with their
e.s.d.’s (Cruickshank, 1949). Anisotropic temperature
factors with their e.s.d.’s (Cruickshank, 1956) are
listed in Table 2. In Table 3 atomic coordinates and
isotropic temperature factors for hydrogen atoms are
given.

The numbering of atoms is included in Fig. 1 and

Fig. 2, except for the hydrogen atoms, which are num-
bered by reference to their respective carbon atoms.

STRUCTURAL STUDIES OF METAL DITHIOCARBAMATES. III

Structure factors based on final parameters are com-
pared with the observed structure amplitude in Table 4.
The e.s.d. on the electron density is o(g) =0-23 e.A-3
Atomic scattering values were those recommended in
International Tables for X-ray Crystallography (1962).
Correction for anomalous dispersion was applied for
zinc and sulphur atoms (/nternational Tables for X-ray
Crystallography, 1962).

Thecomparison of peak heights and of curvatures was
made as in the previous two papers of this series (Bona-
mico, Dessy, Mariani, Vaciago & Zambonelli, 1965;

Bonamico, Dessy, Mugnoli, Vaciago & Zambonelli,
1965), but the table is omitted for the sake of brevity.

12b

C(4)

c(10)

Fig.1. Orthographic projection of the structure down the line which makes an angle of 90° with the b axis
and 60°—(8—90°)=138°2" with the c axis.

S(3)

c(e)

S(4)

/N
1-31

106’52 121'0 121 °43'
117°47°  69°34' Zn 7547 117°32 ci(-1j,_—-N(1) 116°21°
93°37° 121°25" 121°46

S(1)

/ \ C( )\cw
134

C(1)———N(1)

7z,
’ b 7
i\ ‘?S / X
R / \ P——
s 4)

S(1)

84°29'
S(2)

Fig.2., Bond lengths (A) and angles within the formula unit of zinc(Il) bis(N,N-diethyldithiocarbamate).
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Table 4. Observed and calculated structure factors

FL rc
19.8 18.0
19.8 =-20.1

T.4 7.9
227 =~20.2
30.3 28.1
2845 2546
15.9 -l4.1
16.4 -12.8
8201 =88.6
11.9 =~12.4
11.4 =-12.5
63.0 64.5

8.1 2.2
24.3 24.0
27.5 =26.6
50.0 446
25.6 =-25.8
14.6 -13.8
19.1 15.6
25.7 -23.0
12.6 10.1
33.7 30.5

9.0 T.7
13.2 -10.0
17.4 =-19.2
53.5 =~6l.4
31.3 -26.8
23.4 =23.6
15.4 -14.2
13.3 -13.1
59.0 55.3
70.5 64.0
295 -27.2
17.7 16.9
36.2 30.7

Te.6 6.3

8.1 -8e3

T4 =843

5.5 =57
16.8 <~17.8

7.3 -3.3
39.0 -=36.6
23.9 <=21.5
52.8 49.2
40.2 364
14.3 ~12.4
22.0 21.8
23.2 20.7
11.1 13.5

9.0 «~10.1
25.0 =-23.5
13.6 -12.1
14.0 =12.1
17.8 13.9
21.3 19.4

6.6 ~3.4

5.9 5.0
20.1 17.4
1643 23.9
32.2 -25.7
44.2 =35.,3
15.0 -11.2

9.1 ~beb
13.3 12.3
11.2 10.4
65.7 =58.7

132.1 165.6
27.0 30.%
2644 31.53
53.6 68.8

Fe5 =9.9
16.7 -18.5
16.3 19.0

2.8 4.0

121.6 145.8
94.5 108.7
170.2 -161.9
30.2 -30.6
25.8 =28.5
83.4 -93.6
29.9 33.3
164 =-21.3
41.6 41.2
29.8 38.9

3.5 =3.9
33.8 36.3
13.8 -13.6
13.3 14.2

6.5 =846
12.4 -14.1

6.0 =T.8
18,5 =21.6

9.5 ~12.2

5.6 -T.1

3.7 4ol
79.0 -110.9
16,7 -14.1
87.2 92.3
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44.1

9.8
19.2
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Table 4 (cont.)

H X L FC FC H K L FO FC H K L FO FC H X L FO FC H K L FOo FC
-7 120 19.7 =26.5 -1 2 5 1.8 =0.9 0 210 49.1 =53.6 0 216 13,2 15.4 -1 3 3 75.8 =T4.5
-8 120 740 =lco0 < & 5 8l.2 3.6 1 210 287 2547 -1 16 24e7 2648 2 3 3 2T.0 =25.0

0o 2 ¢C 421 =37.1 -z 2 5 45.5 =%2.1 -1 21¢ 24.6 =23.2 2 216 16.1 1642 -2 3 3 52.5 =4T.1

1 2 0 45.9 4C.4 3 2 5 9543 98.0C 2 210 24.6 2546 -2 216 20.9 -19.6 3 3 3 8.8 =T.8

2 2 0 85,1 -83.8 -3 2 5 55.6 =-52.6 -2 210 22.7 22.7 -3 216 22.2 =22.7 -3 3 3 6.3 -T.0

3 2 0 110.1 -114.4 4 2 S 35.0 37.2 3 210 3.7 5.5 -4 216 5.5 lel 4 3 3 21.9 2207

4 2 0 '56.0 6243 -4 2 5 32.9 30.8 -3 210 4.2 1.1 -5 216 17.3 1644 -4 3 3 9.1 =75

S 2 0 38.0 4443 5 2 % 19.7 -17.6 4 210 2T.4 28.1 -6 2 16 16.8 21.3 5 3 3 45.3 39.4

6 2 0 13.3 -13.5 -5 2 5 35.0 3l.4 -4 210 8.7 7.0 -7 2 16 9.7 =12.4 -5 3 3 58.8 =55.5

7T 2 0 14.2 13.5 6 2 S 21.8 =22.1 -5 210 1.8 =1l.6 -8 216 24.9 =34.1 6 3 3 2446 2le4

9 2 ¢C 642 =548 -6 2 S 4248 40.8 6 210 14.9 ~-13.4 -9 2 16 2.1 =21 -6 3 3 13.6 -12.1
10 2 0 2.8 3.6 T 2 S 7.0 =79 -6 210 35,7 <3646 -10 2 16 7.0 Te7 -7 3 3 11.9 12.6
1 2 0 4.6 5.3 -7 2 5 2444 2545 7 210 Sl 5¢7 =11 2 16 4.5 ~6.6 -8 3 3 20.9 19.3

0 2 1 56T =58.5 8 2 5 10.8 13.3 -1 210 29.2 =32.9 o 217 9.1 7.0 9 3 3 9.5 11.0

1 21 56.9 =53.3 -8 2 5 2249 23.0 -9 210 2.9 2.1 -1 217 1lel =12.5 10 3 3 3.8 4.3
-1 21 31.7 -25.0 9 2 5 5.1 5.8 -10 210 1l.4 14.2 2 217 8.8 -17.4 -10 3 3 4.9 4.6

2 21 4642 46.5 10 2 5 3.2 -3.5 =11 210 T.7 8.5 -3 217 8.0 -8e¢2 -11 3 3 62 [ XX3
-2 2 1 111.2 -118.3 =10 2 5 6.0 =649 =12 210 11.0 -11.8 -5 217 4.4 =2.6 -12 3 3 Se6 7.0

3 21 55.5 54.5 12 2 5 9.3 10.7 o 211 24.1 2402 -6 217 6.9 -8.3 0 3 4 57.6 =54.2
-3 21 18.8 =-19.8 0 2 & 13.1 -12.7 -1 211 10.5 -8.9 -7 217 18.1 -20.4 1 3 4 83.0 -79.5

4 2 1 59.0 64.6 1 2 6 44.6 <4047 2 211 31.3 3444 -8 217 14.9 -18.8 -1 3 4 3.8 =26
-4 2 1 63.2 66.4 -1 2 6 8.1 8.8 -2 211 282 =24.0 =10 217 8.1 16.9 2 3 4 38.5 36.7

5 2 1 30.6 37.2 2 2 & 11.2 9.5 3 211 8.6 -85 0o 218 6.2 T4 -2 3 4 16,0 <-14.0
-5 2 1 3.7 80.7 -2 2 6 8.8 7.8 -3 211 3.8 5.2 1 218 12.6 16.7 3 3 4 41.3 41.9

6 2 1 9.0 -8+3 3 2 6 17.8 18.8 4 211 23.0 =25.4 -1 218 11.1 12.1 -3 3 4 84,0 <-81.9
-6 2 1 10.1 10.8 -3 2 6 19.5 18.2 -4 211 28.1 <=26.7 -3 218 19.5 =2t.7 -4 3 4 18.7 -16.0

7 2 1 13.6 -12.1 4 2 6 20.1 22.1 5 211 14.0 -18.0 -4 218 9.8 11.6 5 3 4 9.3 94
-7 2 1 26.8 -28.0 -4 2 6 661 <-62.9 -5 211 28.2 =25.9 -5 218 11.2 11.9 -5 3 4 38.9 34.5

8 2 1 3.4 ~3.4 5 2 6 21.6 21.2 6 211 3.7 3.7 -6 218 4.2 =643 6 3 4 36.5 -36.5
-8 2 1 10.1 -10.0 -5 2 6 82.8 -94.4 -6 211 15.7 -17.6 -7 218 2.1 4.1 -6 3 4 13.9 12.1
-9 2 1 12.5 13.5 6 2 6 6.5 -6.6 7T 21 8.4 8.8 -8 218 3.4 -3.9 7 3 4 35.2 -33.9

=10 2 1 7.7 9.8 -6 2 6 14.9 15.7 -7 21 13.6 15.2 -9 218 9.8 -12.7 8 3 4 22.0 20.9

0 2 2 63.5 60.5 7T 2 6 9.3 -10.5 -8 211 18.8 19.9 -1 219 15.4 -16.8 9 3 4 16.0 14.1

1 2 2 4.6 -5.0 -1 2 6 33.8 36.0 -9 211 15.4 18.1 -2 219 9.1 ~8.1 -9 3 4 28.9 <=26.8
-1 2 2 37.6 32.6 8 2 6 T.7 8.8 0o 212 1l4.6 =15.6 -3 219 4.4 -0.2 10 3 4 4ok 4.9

2 2 2 11l4.1 -122.4 -8 2 6 Te4 b4 1 212 10.2 8.7 -5 219 4e9 ~4.8 -10 3 4 10.4 -10.2
-2 2 2 4.5 4.1 9 2 6 8.4 8.1 -1 212 50.5 =54.3 -6 219 8.1 -10.9 =11 3 4 8.1 12.7

3 2 2 40.9 =~42.4 -9 2 & 4.9 3.6 2 212 19.7 21.9 -7 219 16.1 -19.3 =12 3 4 7.0 Tel
-3 2 2 50.3 <~47.6 =10 ! & 4e6 =5.6 -2 212 39.9 37.7 -8 219 9.0 =-10.6 o 3 S5 56.6 <=48.2

4 2 2 44.6 50.9 =11 2 6 3.8 ~3.9 3 212 34.5 39.2 -2 220 10.7 9.2 1 3 5 19.0 =17.7
-4 2 2 87.9 -87.4 ~12 2 & 4.l 5.0 -3 212 45.2 4649 -3 220 8.6 -8.7 -1 3 5 23.2 =21.5

5 2 2 18.4 21.2 0 2 7 44,5 -43.3 4 212 9.3 -11.5 -4 220 6.9 =65 2 3 5 49.8 -49.7
-5 2 2 Sel ~4.2 1 2 7 57.8 53.3 -4 212 43.2 -39.6 -5 2 20 27.4 25.3 -2 3 5 20.9 -17.8

6 2 2 10.5 10.6 -1 2 17 73.3 752 5 212 14.9 <-16.4 -6 2 20 3.2 4e2 3 3 5 9.7 -8.3
-6 2 2 15.3 15.6 2 2 1 T1.3 T76.9 -5 212 3.8 4e2 -7 220 9.8 -1l4.0 4 3 5 24.4 24.9

T 2 2 16.6 l6.4 -2 2 1 32.0 =27.9 6 212 9.8 10.7 1 3 0 60.7 -54.2 -4 3 5 45.1 -38.6
-7 2 2 19.2 17.4 3 2 71 39.0 37.4 -7 212 30,0 =34.9 2 3 0 165.7 -179.5 5 3 6§ 41.7 41.8

8 2 2 ‘9.4 ~-10.2 -3 2 7 64.7 =-60.5 -8 212 11.8 -12.0 3 3 0 24.1 23.5 -5 3 5 4803 -=41.4
-8 2 2 2540 22.8 4 2 7 19.4 -19.5 -9 212 6.0 -4.3 4 3 0 117.8 115.9 6 3 5 8.1 8.7
-9 2 2 10.2 -11l.7 -4 2 1 45.1 =417 -10 212 6.0 8.1 S 3 0 12.8 13.7 -6 3 5 38.5 =-3%5.2
10 2 2 6.6 T3 s 2 7 19.2 -20.3 -11 212 9.7 11.9 7 3 0 25.0 =27.8 7 3 S 2.7 1.9
-10 2 2 7.0 ~Te4 -5 2 7 17.5 169 -12 212 3.7 =3.9 8 3 0 15.3 -14.9 -7 3 5 6.5 6.9
-11 2 2 12.5 12.1 6 2 17 2.9 =2.2 0 213 52.6 54.9 9 3 0 10.5 10.6 8 3 5 5.3 Se5

-12 2 2 3.8 54 -6 2 7 43.4 4le2 1 213 26.1 28.8 10 3 0 6.5 T3 -8 3 5 18.8 17.8

0 2 3 48.3 -44.2 T 2 7 2.9 4ol -1 213 32.2 -31.9 11 3 0 2.7 =3.0 9 3 5 T3 6.8

1 2 3 62.9 8l.2 -1 2 1 43.0 44.8 2 213 149 -17.4 0 3 1 2.9 =2.2 -9 3 5 9.0 8.5
-1 2 3 9.3 -6.9 -8 2 7 T4 645 -2 213 23.6 22.4 1 3 1 32.9 -3l.1 -1 3 5 Be4 8.6

2 2 3 23.6 24,1 9 2 1 1.8 =2.2 3 213 18.8 =-21.3 -1 3 1 64.7 =-6T.8 -2 3 5 4.6 S.4
-2 2 3 LZe? =lied -> 2 1 ol -6.7 -3 213 17.0 15.6 2 3 1 85.8 -79.9 0 3 6 137.0 -147.6

3 2 3 70.5 70.7 -l 2 7 4.6 =52 4 213 9«7 =10.4 -2 3 1 18.4 ~18.4 1 3 6 15.2 =15.9
=3 2 3. 84.8 -T8.8 =11 2 7 2.2 3.6 -4 213 19.5 =-19.6 3 3 1 29.9 =28.6 -1 3 6 50.8 4T7.4

4 2 3 41.6 43.7 -12 2 7 3.4 3.5 5 213 3.4 3.8 -3 3 1 34.3 -29.8 2 3 6 106.0 117.0
-4 2 3 19.1 17.5 9 2 8 92.0 =93.2 -5 213 4B.6 =44.6 4 3 1 53.8 52.8 -2 3 6 60.0 =554

5 2 3 38.6 35.2 1 2 8 12.9 -13.7 6 213 4e5 5.0 -4 3 1 13.6 9.1 3 3 6 47.7 49.2
-5 2 3 63.0 67.5 -1 2 8 31.9 =33.2 -6 213 26.8 ~17.4 5 3 1 20.2 18.7 -3 3 & 52.1 -51.9

6 2 3 11.7 -13.0 2 2 8 67.3 61.5 -7 213 14.2 15.6 -5 3 1 13.9 11.4 4 3 & 13.6 -13.8
-6 2 3 69.6 6443 - 2 8 30.6 25.9 -8 213 12.9 15.0 6 3 1 9.8 840 -4 3 o 51.8 <~46.1

7T 2 3 20.1 -=19.5 3 2 &8 14.9 14.8 -9 213 7.0 6e6 -6 3 1 10.8 ~10.5 5 3 6 46.5 -44.7
-7 2 3 l6.4 17.1 -3 2 8 21.9 24.3 ~-10 213 Sel 7.8 7 3 1 53 Se4 -5 3 6 31.6 2642

8 2 3 13.8 -1l4.4 4 2 8 8.8 9.1 -1 213 6.9 845 8 3 1 10.4 11.0 6 3 6 28.9 =27.2
-8 2 3 8.8 -8.8 -4 2 8 23.7 20.6 0 214 17.8 19.7 -8 3 1 11.9 11.7 -6 3 & 9.3 9.8

9 2 3 12.6 14,2 S 2 8 15.7 16.4 1 214 16.4 20.1 9 3 1 5.6 6.3 7 3 6 10.8 11.6
-9 2 3 8.4 -9.1 -5 2 8 Tle7 =-68.9 -1 2 14 8.0 84 -9 3 1 S5e3 6.9 -7 3 & T.9 -T7.3
10 2 3 Be4 8.4 6 2 8 4.5 =348 2 214 13.2 14.8 10 3 1 46 645 8 3 6 12.2 11.5
-10 2 3 3.8 4.8 ~6 2 8 38.9 -35.5 -2 2 14 24.1 =22.2 -10 3 1 44 4ol -8 3 6 13.6 14.7
-1 2 3 11.2 12.7 7 2 8 45 ~5.8 -3 214 10.1 <-10.4 11 3 1 2.1 2.5 -9 3 & 27 0.7

0 2 4 89.0 90.7 -1 2 8 4i.4 40.1 4 2 14 11.4 -11l.6 -11 3 1 5.9 6.1 =10 3 & 17.1 =17.7

1 2 4 5.6 =5.1 8 2 8 3.4 3.7 -4 2 14 4.1 3.1 0 3 2 44,6 ~42.4 =12 3 & T.9 7.2
-1 2 4 78.3 -86.3 -9 2 8 12.5 -13.6 5 2 14 1.8 =1.3 1 3 2 4648 =45.9 o 3 7 22.7 =23.6

2 2 4 93.6 =96.2 -10 2 8 8.1 94 -5 2 14 2.5 1.8 -1 3 2 62.6 6242 1 3 7 Te2 ~647
-2 2 4 56e4 -41.3 -11 2 8 2.9 -3.8 -6 2 14 6.0 6.6 2 3 2 15.3 13.0 -1 3 7 2643 =24.1

3 2 4 13.8 -l5.4 0 2 9 25.1 21.8 =7 214 23,4 -21.5 =2 3 2 43.9 -42.2 2 3 71 T.4 9.8
-3 2 4 46.3 42.0 1 2 9 16.8 17.0 -8 2 14 26.4 =29.9 3 3 2 8.6 10.6 -2 3 7 8.6 -7.8

4 2 4 12.8 12.4 -1 2 9 8.3 -8.7 -9 2 14 10.8 1442 =3 3 2 105.4 -109.0 3 3 7 10.0 7.5
-4 2 4 47.5 =~45.8 2 2 9 32.6 32.5 =10 2 14 5.8 8.5 4 3 2 3.5 2e4 -3 3 7 24.4 24.0

S 2 4 58.5 53.4 - 2 9 21.9 19.9 0 215 22.6 25.2 -4 3 2 3842 33.3 4 3 7 1l.4 116
-5 2 4 56,7 -52.9 3 2 9 3.8 5S4 1 215 5.3 -T2 5 3 2 8.7 93 -4 3 7 52.8 =50.1

6 2 4 38.0 40.1 -3 2 9 55 ~4.4 -1 215 3642 -37.8 =5 3 2 110.9 110.4 s 3 7 37.9 21.5
-6 2 4 15.7 -14.7 4 2 9 4.9 -S.1 2 215 12.1 =1l4.4 6 3 2 12.5 12.5 -5 3 7 T7.6 =6T.6

1 2 4 27.0 =30.1 -4 2 9 56.6 -51.2 -2 215 1l4.2 -13.7 7T 3 2 286 =26.3 6 3 7 11l.1 12.4
-1 2 4 18.5 19.5 S 2 9 16,1 =17.4 3 215 6e2 -7.8 -1 3 2 2601 -23.2 -6 3 7 13.6 =12.2

8 2 4 8.8 =10.3 -5 2 9 61.8 =53.6 -3 215 23.3 2246 8 3 2 22.6 =22.0 7T 3 17 hob 6.1
-8 2 4 36.6 38.6 6 2 9 5.6 -6.5 4 215 4.5 =5.9 -8 3 2 38.2 -36.2 -7 3 17 10.4 10.6

9 2 4 12.2 13.4 7 2 9 2.8 ~2.7 -4 215 16.3 15.7 9 3 2 19.7 18.7 -8 3 7 5.3 5.3
-9 2 4 7.0 7.1 -1 2 9 £3.4 4607 -5 215 2046 =19.5 -9 3 2 15.7 -13.9 -9 3 7 5.2 6.6
10 2 4 2.2 3.1 8 2 3 1.7 3.2 -6 215 23.3 -28.7 10 3 2 10.5 9.8 -11 3 7 46 5.8
=10 2 4 17.4 -19.4 -8 2 9 39.0 4l.7 -7 215 12.5 -16.6 -10 3 2 16.3 17.4 o 3 8 37.1 =35.8
-12 2 4 5.8 67 -9 2 9 8.l -8.6 -8 215 2.5 3.6 =11 3 2 9.5 el 1 3 8 69.2 64.4

¢ 2 5 80.6 =81l.7 -10 2 9 13.2 -15.5 -9 215 1l.4 1643 o 3 3 2846 —25.5 -1 3 8 T4e7 69.0

1 2 5 37.3 -34.0 -1z 2 9 9.0 10.5 -10 2 1% 9.8 11.3 1 3 3 55.0 =52.4 2 3 8 226 23.3
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20.2

43.8
14.5
3.1
9.0
67.0
16.0

35.5

T.3
10.2
20.2
31.6
16.0
11.9

5.9

14.3
16.6
24.0

8.8

B4
17.3
15.9
11.9
16.6
20.5
11l.1

2.1
36.9
38.0
15.3
38.8
15.6
71.2

BONAMICO,
FC H K L
Be6 -4 3 14

-3.7 5 3 14
=642 -5 3 14
=9.4 -6 3 14

~6642 ~7 3 14

=10.7 -8 3 14

~77.1 -9 3 14

59.4 =10 3 14
8.6 0 315
6l.1 1 315
-10.1 -1 315
=26.1 2 315
-3.3 -2 315
13.4 3 315
-18.0 -3 315
30.6 -4 315
~4.9 -5 315
19.2 -6 315
15.0 -7 315
-8 315

-9 315

~10 315

-11 315

-1 316

-2 316

3 316

-3 316

-4 316

-5 316

-6 316

-7 316

~8 3 16

-9 316

-10 3 16

-11 316

o 317

1 317

-1 317

< 317

-2 317

-3 317

-4 317

-5 317

-6 317

-7 317

-8 317

-9 317

0 318

-1 318

-2 318

-3 318

-4 318

-5 318

-6 318

-8 318

-1 319

-2 319

-4 319

-5 319

-6 319

-7 319

-8 319

~21.6 -3 3 20
~6el -4 3 20
-3.8 -5 3 20
43.9 -6 320
8.9 0 4 O
0.9 1 4 0
10.0 2 4 0
65.4 3 4 0

-18.3 4 4 0
5.5 7 4 0

-39.6 8 4 0
T.7 9 4 0

~8.3 0 4 1
17.7 1 4 1
-30.9 -1 4 1
l6.0 2 4 1
11.0 -2 4 1
=6.9 3 4 1
-9.5 -3 4 1
14.8 4 4 1
17.7 -4 4 1
27.0 5 4 1
l.4 -5 4 1
11.4 6 & 1
~18.5 -6 4 1
-3.3 7 4 1

-1l4.1 -7 4 1

-11l.6 8 4 1

~lée.2 ~8 4 1

~22.4 9 4 1

=13.4 -9 4 1
2.8 10 4 1

38.6 <10 4 1
~40.8 11 4 1
~-17.8 -11 4 1

37.6 0 4 2
=16.6 1 4 2

73.9 -1 4 2

G. MAZZONE, A. VACIAGO AND

17.0
14.7

16.1

85.4
25.6
57.6
124.8
8.1
92.0

58.7
11.5
68.4
14.6
22.7
30.7
71.0
18.1
29.1

6.6

4.8
10.1
12.2

5.5

2.0
32.4
20.4
39.2

FC

1.9

=40.6
=27.1
-10.2
20.7
4.1
-4.9
14.1
12.5
4.2
16.5
=36
5.5
~14.9
-6.1
12.0
7.2
-22.8
=21.5
-5.0
-4.9
=3.0
~17.4
-12.7
=10.9
2l.4

-140.6

-88.3
7.1
55.2
-84
67.0
-11.3
-19.8
-26.6
~5644
-16.9
=24.9
5.6
bob

11.1
5.9
2.9

=29.1

12.9

~35.9

Table 4 (cont.)
H K L FO FC
2 4 2 30.9 265
-2 4 2 TTe6 =T74.7
3 4 2 2604 -23.1
-3 4 2 11.5 -8.5
4 & 2 9.4 ~8.8
-4 4 2 80.0 73.1
-5 4 2 17.3 -15.9
-6 & 2 15.0 =-13.8
T & 2 17.1 -1l4.7
-7 4 2 19.9 16.1
8 & 2 16.4 13.7
-8 4 2 3.1 ~3.8
9 4 2 10.8 9.8
-9 & 2 17.1 16.1
-11 4 2 5.5 -3.9
0 4 3 73.1 -71.3
1 4 3 T4.7 -68.8
-1 4 3 4l.8 38.8
2 4 3 16.8 -15.8
-2 4 3 Tl.7 =68.9
3 4 3 25.1 -23.0
-3 4 3 88.6 =91.4
4 4 3 4e5 0.5
-4 4 3 25.1 =21.2
5 & 3 16.0 19.0
-5 4 3 44.8 40.0
6 & 3 2l.6 ~16.6
-6 4 3 22.3 20.2
7 4 3 43.1 <=37.6
-7 & 3 23.0 -20.4
-8 4 3 50.1 =40.1
9 4 3 16.0 14.2
-9 4 3 2le6 -18.7
10 4 3 17.1 12.7
~-11 4 3 12.5 9.2
0 4 4 4l.4 =-38.1
1 4 4 23.3 214
-1 4 4 9.5 -8.7
2 4 & 5441 46.9
-2 4 4 34.0 =31.3
3 4 4 10.4 -11.1
=3 4 4 4ot 1.5
4 4 & 9.4 Tel
-4 4 4 2T .4 24.2
5 4 4 11.5 12.9
6 4 4 30.0 =-26.3
-6 4 4 12.9 -10.3
T 4 4 13.2 1l.1
-7 4 & 12.9 10.3
8 4 4 10.4 9.7
-9 4 4 13.9 -13.9
10 4 4 3.1 2.9
-10 4 4 9.0 8.8
~11 4 4 4.8 b4
0 4 S 98.6 -104.9
1 & 5 68.1 =~60.7
-1 4 5 29.5 29.0
2 4 5 14.5 15.5
-2 4 S 83.8 -~T6.5
3 4 5 25.4 27.3
-3 4 S5 37.2 =32.7
-5 4 5 18.0 15.8
S 4 5 55.7 =44.4
-5 4 5 15.3 14.0
6 4 S5 3l.2 =-28.7
-6 4 5 15.3 ~15.2
7 4 S T.3 Se&
-7 4 5 9.4 ~Te4
8 4 5 22.7 164
-8 4 5 4.8 ~5.2
9 4 5 15.7 11.2
-9 4 S5 26.5 ~-24.9
-10 & S 21e3 -20.2
-12 4 5 10.4 8.2
0 4 6 23.4 -20.8
1 4 6 58.0 52.0
-1 4 6 647 =59.2
2 4 6 9.0 8.4
-2 4 6 9.5 6.6
3 4 6 15.7 =15.6
-3 4 6 16.7 =-13.7
4 4 6 244 22.9
-4 4 6 21.5 17.8
-5 4 6 9.7 10.0
6 4 6 20.6 18.8
-6 4 6 36.8 =34.2
T 4 6 5.5 5.8
-7 4 6 6.9 -T.3
-9 4 6 9.0 -8.0
-11 4 & 12.5 9.7
0 4 7 86.8 =-89.1
1 4 7 8.4 8e4
-1 4 7 89.2 86,7
2 4 7 6243 6le4
-2 4 7 27.8 24.0
3 4 7 4o -l.2
-3 4 7 48.2 ~44.6
4 4 7 5le4 =-51.3
-4 4 7 55.7 =47.1
5 4 7 29¢3 -206+4
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13.6
41.8

62.8

5.9
59.7
21.3

6.9
21.3
82.0

2.7
23.0
18.8
36.1
17.8
17.1
18.5
29.1
1ll.1

13.9
7.3
8.3

11.5

19.9

37.9

31.4

19.2

20.9

23.0

21.3
8.7

16.4
8.0

36.4

18.1

61.8

37.2

33.6
20.2

21.6
10.8
16.0

8.7

40.7
17.1
15.0
14.3
32.3

4.5
12.9
13.5

4.8
16.0
10.4
18.5

5.9
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STRUCTURAL STUDIES OF METAL DITHIOCARBAMATES. III

38.3
26.3

11.7
9.0

18.5

2648
~l4.4
-12.3

18.2

=-9.9

55.1
-51.1
29.2
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2.9
15.3

T.7
T.2
216
10.1

—4.7

~16e4
=11.3
42.2
34.3
64.9
-9.9

~35.9
-28.1

19.9
=645
-T.7
33.7
23.0

6.5
-17.3
58.8
=15.1
-37.8
11.9

Table 4 (cont.)

H XK L FO FC
-6 5 12 9.8 12.1
-7 5 12 Te7 T.2
-9 512 2.4 3.1

-10 5 12 4.8 =542

1 513 21.6 =-22.0
-1 513 20.5 21.1

2 513 25.8 =27.2
-2 513 2142 19.0

3 513 4e5 -3.8
-3 513 20.9 -19.6

4 513 9.5 8.8
-4 513 2942 =27.5

5 513 4.8 4.5
-5 513 11.0 10.1
-6 513 24.3 2448
-7 513 15.9 15.9
-8 513 5.3 64
-9 513 2.4 -3.5

-10 513 2.0 2.8

0 5 14 20.2 21.2

1 514 8.0 -8.8
-1 5 14 9.3 -8.8

2 5 14 19.5 =22.9
-2 5 14 2243 19.3

3 514 2.4 2.9
-3 5 14 40.2 39.8

4 5 14 15.0 13.7
-4 5 14 28.9 277
-5 S5 14 20.9 -18.8
-6 5 14 10.1 -9.7
-7 5 14 26.7 26.1
-9 5 14 2.0 =26

0 S 15 17.3 -16.7

1 515 18.8 =20.1
-1 515 Se2 5.0

2 515 12.9 -11.7
-2 S5 15 17.1 17.3
-3 515 51 4.8
-4 515 11.7 -11l.1
-5 515 16.0 =13.9
-7 S 15 21.2 23.0
-8 515 11.7 12.6
-9 515 T4 6.6

0 516 11.1 11.3

1 516 11.9 -9.2
-1 5 16 6.7 ~6.4

2 516 9.0 -Be7
-2 S5 16 11.8 11.8
-3 5 16 T4 6.6
-4 5 16 30.2 29.9
-5 5 16 22.2 19.7
-7 S5 16 2.4 -3.1
-8 5 16 2.9 -4.1
-9 5 16 1.7 -3.1

-10 5 16 10.8 12.1

0 517 5.5 =67

1 517 13.2 -13.3
-1 517 25 “1.9
-2 5 17 5.2 -1.8
-3 517 2.9 ~2.4
-4 517 3.9 1.9
-5 5 17 3.2 4.3
-8 5 17 18.0 16.
-9 517 l4.6 l4.4

0 518 1.7 9.8
-1 518 14.0 -13.1
-2 518 15.7 13.3
-3 S 18 T2 6ol
-5 518 22.6 20.7
-6 5 18 18.3 17.3
-8 5 18 Te7 =76
-3 519 9.5 9.4
-4 5 19 2.7 -3.0
-5 519 10.7 -8.5
-6 S5 19 3.2 ~-2.9

o 6 0 77.9 =-78.3

1 6 0 Be4 8.8

s 6 0 844 80.0

3 6 0 45.9 44.5

4 6 0 29.3 274

5 6 G 33.7 -3%5.8

6 6 0 364 -35.6

86 0 5.6 43

9 6 0 6.1 ~1.0

0 6 1 49,1 -44.4

1 6 1 5.8 -4.6
-1 6 1 5.3  =3.5

2 6 1 3.9 3.7
-2 6 1 29.5 =31l.7

3 6 1 10.1 ~1ll.6
-3 &6 1 20.8 =21.6

4 6 1 9.3 T4
-4 6 1 38.3 34.5

5 6 1 33.6 35.7
-5 6 1 37.3 37.8
-6 & 1 10.C 9.2

17 6 1 6.0 ~4.6
-7 6 1 2C.9 =19.5
-8 6 1 442 4.2

9 6 1 3.1 =04
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=34.,6

11.4
19.5
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-13.5

17.9

=256
~8.7
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Se4
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53,9
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20.1
32.5
4.4

Table 4 (cont.)

H 'K

PP PPN PR NIRRT DD P TR RDPDONIRRDPRORODRPRORPD NP O RO OO PR RO PP OR PRI DD O RO DI RRROPDRO PO OOROPPORIRRXIRDROPRORROPRPRODRD®

L

OO VDD DOODOONNNNNNOCCOCOCOCCCCOVVNVMVMVUVVMVNIIIIIDLLPIPUVLUWUWWUWRNNNRNRNRNRNNR -~

FO

4.4
11.0
40.7
1l.4
35.5
31.2
50.4
12.5

9.5
14,7
35.8
15.9

643
28,2
11.1

6.6
11.0
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28.2
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20.9
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9e5
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23.6
13.8
1646
16.7
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20.9

3.1
10.4
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10.2

5.5
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15.2

6.6
17.0
23.6
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10.5

8.8
20.9
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7.3
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10.2
4.5
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8.1
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35.7
bob
34.0
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36.8
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3.7
11.1
33.1
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11.4
16.3

28.8
29.5
15.2
13.3
10.4
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44,0
49.3
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Table 4 (cont.)
H K L FO FC H K L FO FC H K L FO FC H K L FO FC H K L FO FC
211 2 11.1 -14.8 -2 11 17 9.5 8.0 -4 12 1 11.0 =842 -11:2 7 19.0 -19.6 -2 9 14 8.1 -840
-2 11 2 13.3 15.3 -31 17 3.7 6.1 0112 2 Se2 6.8 -212 7 2.9 =59 -3 9 14 19.9 =-16.6
311 2 9.5 =1ll.4 -4 11 7 8.3 T.6 112 2 6.3 -5.0 =312 7 12.5 13.4 -1 915 1.3 3.7
-311 2 6.6 Te2 V1l 8 12.1 =13.5 -112 2 23.4 25.8 -4 12 7 12.8 11.7 -2 915 14.7 12.8
411 2 11.9 =15.8 111 8 13.9 =14.3 212 2 8.1 10.2 012 8 6.2 -1.0 -3 915 8.8 7.1
-111 3 8.1 7.8 -1 11 8 10.8 =-10.8 -2 12 2 12.5 15.5 -212 8 6.6 T2 -5 915 16.7 =-16.2
211 3 8.1 9.0 =211 8 18.5 =-20.2 412 2 11.0 -10.4 =312 8 15.4 16.7 010 O 35.8 -33.4
=211 3 14.0 18.1 -3 11 8 11.1 1.6 -4 12 2 8.3 =8.5 -4 12 8 8.3 6.4 210 0 13.3 14.7
311 3 8.1 9.3 -4 11 8 29.5 26.1 012 3 Sel Te4 -212 9 1l.1 -11.4 010 1 28.1 244
411 3 9.1 -8.7 =11 9 6.3 7.6 212 3 6.6 5.9 -4 12 9 11.0 11.9 110 1 19.0 20.8
-4 11 3 4.5 ~7.3 -2 11 9 52 7.0 -312 3 3.7 3.5 -3 12 10 4.4 5.0 -110 1 10.8 12.0
111 4 3.1 =2.2 -3 1 9 3.7 2.1 412 3 6.3 -T.7 113 o 8.8 8.0 210 1 7.3 4.7
211 4 5.9 6.8 -4 11 9 1646 16.4 -4 12 3 11.0 11.0 213 0 12.6 16.7 -2 10 1 15.6 17.1
-2 11 4 12.5 15.9 -2 11 10 2.9 ~4.9 112 4 2.5 -1.7 013 1 7.9 5.9 310 1 36.2 -46.l
311 4 12.5 =14.2 -4 11 10 9.1 9.7 -112 4 27.2 26.3 113 1 T6 -5.3 -3 10 1 7.3 -8.6
=3 11 4 5.9 =5.9 -2 11 11 2.9 -0.4 212 4 b4 547 -113 1 17.1 16.0 410 1 22.0 =~26.2
4 11 4 30.3 =-31.0 =4 11 11 9.1 7.0 =212 4 9.5 11.6 213 1 5.2 -5.6 -4 10 1 29.5 -33.8
111 5 10.8 =-12.2 -1 11 12 3.1 -3.5 =312 4 S.l =448 =313 1 10.2 =-12.3 -5 10 1 15.3 =21.8
-111 S5 20.4 23.2 =311 12 2.9 2.5 012 5 10.5 10.9 113 2 6.9 T.2 010 2 23.6 =-21.1
211 5 16.3 =6.0 -4 11 12 11.0 12.2 112 5 6.9 9.1 213 2 10.4 12,3 110 2 5.6 1.2
-2 11 5 9.5 6.5 o112 0 22.5 24.9 -112 S 6.9 -7.8 -313 2 10.2 11.0 210 2 44 O
311 5 3.7 3.7 112 0 9.7 11.5 212 5 10.4 0.1 113 3 8.1 -9.7 =210 2 13.3 142
111 6 6.3 =548 212 o0 5.9 -0.4 -212 5 5.2 3.8 -113 3 14.6 16.6 310 2 4o b -0.6
-111 & 16,4 =17.4 412 0 11.9 -14.2 312 S 10.2 -12.2 213 3 6.6 5.2 -3 10 2 8.8 -T.7
-2 11 & 3.7 4.8 012 1 11.5 9.5 -312 5 7.3 7.9 -4 13 3 8.3 -9.2 -4 10 2 10.1 -8.3
311 6 19.9 =22.5 112 1 13.3 l6.4 112 6 5.6 -7.9 -2 9 3 22.2 =22.3 110 3 17.7 204
-3 11 6 21e5 27.3 -112 1 11.4 13.5 -112 6 19.0 20.0 -3 9 3 10.2 -7.8 -110 3 1l.4 -10.6
~4 11 6 4.5 ~2.2 212 1 3.7 4.2 =212 & 274 23.7 -4 9 3 5.5 5.2 210 3 4ol =Tl
o111 7 10.8 2.0 =212 1 11.8 14.6 -3 12 o 5.9 =5.2 0 9 4 20.5 -19.1 -210 3 7.3 -5.7
111 7 152 =17.9 312 1 2.9 ~-5.3 -5 12 6 11.1 l14.6 1 9 « 21.6 30.0 310 3 20.6 =25.2
-11 7 15.9 18.0 412 1 3.7 -5.3
Calculations Table 5. Bond lengths within the formula unit,

The calculations were carried out on an IBM 1620
electronic computer.

Intensity corrections and structure factors were calc-
ulated with the use of programs of V. Scatturin and co-
workers. D. van der Helm’s general Fourier synthesis
and E. Giglio’s program for the differential Fourier
syntheses were used. The least-squares planes were
calculated by a program written by S. Chu (equation
of the plane in the form Ax+ By+ Cz= D, referred to
the crystallographic axes). Special modifications of the
programs above and various minor other programs
were written by one of us (L. Z.) and by A. Domeni-
cano.

Discussion

An orthographic projection of the structure of zinc
diethyldithiocarbamate, as seen down the line which
makes an angle of 90° with the b axis and 60° —(—90°)
=38°2' with the ¢ axis, is given in Fig. 1. The asym-
metric unit is chosen so as to contain one monomer
of zinc diethyldithiocarbamate. However, each pair of
centrosymmetrically related zinc atoms, at the rather
short distance of 3-546 A (e.s.d.: 0-002 A), share sulphur
atoms, thus forming a dimeric unit.

The bond lengths and angles within the formula
unit, with their e.s.d.’s (Cruickshank & Robertson,
1953) are listed in Tables 5 and 6 respectively, and are
also shown in Fig. 2. All the relevant bond, interaction
and contact distances and angles in the zinc coordin-
ation sphere are reported in Table 7, including, for the
sake of completeness, some of the values already given
in Tables 5 and 6.

The results of the calculation of a number of signific-
ant least-squares planes are presented in Table 8.

In zinc diethyldithiocarbamate the metal atom is
five-coordinated. The geometry of this coordination is
intermediate between tetragonal pyramidal and trig-

with standard deviations

2:443 A (0:003)
(0-003)
(0-003)
(0-002)
(0-010)
(0:010)
(0-010)
(0-009)
(0-013)
(0-012)
(0-014)
(0-015)
(0-015)
(0-014)
(0:018)
(0-022)
(0-021)
(0-020)

Table 6. Bond angles within the formula unit,
with standard deviations

Zn-S(1)
Zn-S(2)
Zn-S(3)
Zn-S(4)
S(1)-C(1)
S(2)-C(1)
S(3)-C(6)
S(4)-C(6)
C(1)-N(1)
C(6)-N(2)
N(1)-C(2)
N(1)-C(3)
N(2)-C(7)
N(2)-C(8)
C(2)-C(4)
C(3)-C(5)
C(7)-C(9)
C(8)-C(10)

S(1)-Zn-S(2)
S(1)-Zn-S(3)
S(2)-Zn-S(4)
S(3)-Zn-S(4)
Zn-S(1)-C(1)
Zn-S(2)-C(1)
Zn-S(3)-C(6)
Zn-S(4)-C(6)
S(1)-C(1)-S(2)
S(1)-C(1)-N(1)
S(2)-C(1)-N(1)
S(3)-C(6)-S(4)
S(3)-C(6)-N(2)
5(4)-C(6)-N(2)
C(1)-N(1)-C(2)
C(1)-N(1)-C(3)
C(2)-N(1)-C(3)
C(6)-N(2)-C(7)
C(6)-N(2)-C(8)
C(7)-N(2)-C(8)
N(1)-C(2)-C(4)
N(1)-C(3)-C(5)
N(Q2)-C(71)-C(9)
N(2)-C(8)-C(10)

2:355
2331
2815
1-722
1-725
1-723
1737
134
131
1-44
1-49
1-48
1-48
1-52
1-48
1-51
1-53

75
106
93
69
81
84
93
78
117
121
121
117
119
122
121
121
116
123
121
115
111
113
112
111

O47I
52
37
34
53
29
56
16
32

0
25
47
40
31
43
46
21
27
26

4

8

6
17
14

(139
(14)
(12)
(12)
(35)
(35)
(34)
(34)
(51)
(59)
(59)
(49)
XA
(57)
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onal bipyramidal, although in our opinion it is more
correct to consider it as a distorted example of the
second case. The five zinc-sulphur distances range
from 2:33; to 2:815A. Of these, Zn-S(2), Zn-S(3),
Zn-S(4"), 2-35s, 2:33,, 2-38; A respectively*, can be
regarded as normal by comparison with the value of
2:35 A found in dichlorobisthioureazinc (Kunchur &
Truter, 1958), where the coordination is tetrahedral.
On the other hand, Zn-S(1) and especially Zn-S(4),
2:44; and 2-815 A respectively, are much longer, as
would be expected if they were regarded as the axial
bonds in a trigonal bipyramidal configuration.

* The bond distance Zn-S(4’), not reported in Table 5
because it is not within the formula unit, has an e.s.d. of
0-002 A.

Table 7. Distances and angles
in the zinc coordination sphere

Zn-S(1) =2-443 A S(1)-Zn-SQ2) = 75°47’
Zn-S(2) =2-355 S(1)-Zn-S(4) =105 13
Zn-S(3) =2-331 S(1)-Zn-S(3) =106 52
Zn-S(4) =2:815 S(4)-Zn-S(2) = 93 37
Zn-S(4') =2-383 S(4)-Zn-S(4) = 94 23
Zn-Zn' =3-546 S(4)-Zn-S(3) = 69 34
S(2)-S(4’) =3930 S(2)-Zn-S(4") =112 3
S(4')-S(3)=3-810 S(4')-Zn-S(3) =107 49
S(3)-S(2) =4-371 S(3)-Zn-S(2) =137 43
S(1)-S(2) =2-948 S(1)-Zn-S(4) =160 2
S(1)-S(4')=3-835 S(3)-S(2)-S(4")= 54 19
S(1)-S(3) =3-835 S(2)-S(4')-S(3)= 68 45
S(4)-S(2) =3-783 S(4)-S(3)-S(2)= 56 55
S(4)-S(4’)=3-825 S(2)-S(1)-S3) = 79 4
S(4)-S(3) =2-963 S(4)-S(2)-S(1) = 99 51
S(1)-S(3)-S(4) = 98 26
S(3)-S(4)-S(2) = 79 46
Zn-S@d)-Zn’ = 85 37

VACIAGO AND L. ZAMBONELLI 907

An arrangement of five ligand atoms about the zinc
that could be regarded either as a distorted trigonal
bipyramid or as a distorted tetragonal pyramid has
already been found in the case of monoaquobisacetyl-
acetonatozinc (Lippert & Truter, 1960; Montgomery
& Lingafelter, 1963). However, this type of coordin-
ation in zinc¢ diethyldithiocarbamate is attained only
through the formation of a dimer in which the zinc
forms a normal bond with a sulphur atom of the
centrosymmetrically related monomer and a very long
bond with a sulphur atom within its own monomer.

In our interim report (Bonamico, Dessy, Mazzone,
Mugnoli, Vaciago & Zambonelli, 1963) we remarked
that this compound was then, to our knowledge,
unique in that the same ligand was engaged in bonding
in two very different ways in one complex: one ligand
molecule forming a four-membered chelate ring, and
a second coordinating with two different zinc atoms,
whilst at the same time completing a chelate ring with
a remarkably long approach distance. A second similar
case has recently been reported of bis(/N-methylsalicyl-
aldiminato)zinc(II) (Orioli, Di Vaira & Sacconi,
1965), where each zinc atom is five-coordinated in a
distorted trigonal bipyramidal environment and one of
the oxygen-zinc intrachelate distances is ca. 0-1 A
longer than the corresponding interchelate distance.

Tables 7 and 8 give all the relevant information on
the deviations of zinc diethyldithiocarbamate from the
ideal cases of either a regular square-pyramidal or a
regular trigonal-bipyramidal coordination. It appears
that the same zinc—sulphur interaction which makes it
possible for zinc to be five-coordinated, and the strain
in the four-membered ring, revealed by the valence

Table 8. Least-squares planes

Equation in the form Ax+ By+ Cz=D, referred to the crystallographic axes, calculated after Schomaker, Waser, Marsh &

Bergman (1959) with all weights equal to 1. All values have been multiplied by 103.

Plane A B C D Atoms defining the plane

I 700 —-515 196 1596 S(1) S(2) S(3) S(4)

1I —572 76 971 0 Zn Zn’ S(1) S(1’) S4) S4)

111 586 810 —196 1297 Zn S(2) S(3) S@4")

v 776 —583 —69 1005 S(1) S(2) C(1) N(1) C(2) C(3®)

v 777 —582 -70 1010 C(1) N(1) C(2) C(@3)

VI 572 —432 433 1279 S(3) S(4) C(6) N(2) C(7) C(8)

VII 556 —439 446 1256 C(6) N(2) C(7) C(8)

‘Deviations from planes (10-3 A)
I 1I 111 v A% VI VIL

Zn —631 - 56 153 —-197 — —259 —
Zn’ — 56 — — — — —
S(1) — 186 26 2453 1 — — —
S(1”) — —26 — — — — —
S(2) 189 — —-57 -2 — — —
S(3) 185 — —56 — — —18 —
S4) —187 13 —2554 — — 21 —
S4) — —13 -39 — — — —
C(1) — — — -8 -9 — —
N(1) — — — 25 24 — —
CQ2) — — — -10 -8 — —
C(3) — — — —6 —8 — —
C(6) — — — — — -8 -3
N(2) — — — — — 8 9
C(7) — —_ — — — 21 -3
C(8) — — — — — —25 -3
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angles around the zinc atom, are largely responsible
for the distortions. It is noteworthy that Zn, S(1), S(4)
and the centrosymmetrically related atoms Zn’, S(1')
and S(4") lie roughly in a plane, the maximum and
mean deviations being 0-06 A and 0-03 A respectively,
whilst in the case of the copper compound the degree
of 'coplanarity of the corresponding atoms is higher,
the six atoms all lying in a plane within less than +0-01
A (Bonamico, Dessy, Mugnoli, Vaciago & Zambonelli,
1965).

It is also interesting to note that the four shortest

pongs formed by any one zinc atom in this dimeric
complex are directed to the corners of a rather dis-
torted tetrahedron. Some of the distances and angles
reported in Table 8 are relevant to the analysis of the
deviations of this tetrahedron from a regular one.

Five-coordinated zinc(II) in a distorted trigonal bi-
pyramidal environment has been found also in the
related complex bis(N,N-dimethyldithiocarbamato)
pyridine-zinc(IT) (Fraser & Harding, 1965), where two
long zinc-sulphur bonds (ca. 2:60 A) can be regarded
as axial, and two short zinc-sulphur bonds (ca. 2:33 A)
and one zinc-nitrogen bond (ca. 2:07 A) can be regard-
ed as equatorial.

As a final remark on the coordination of zinc in the
present compound it should be pointed out that the
dimeric unit does not seem to be present in solution:
zinc diethyldithiocarbamate has a normal molecular
weight in benzene (Malatesta, 1965).

Each of the two ligand molecules is planar, except
for the terminal CH; groups. Planarity and bond
length values indicate conjugation, with sp? hybrid-
ization of the valence orbitals of C(1), N(1), C(6) and
N(2) atoms. The strain in the four-membered ring
does not result in any apparent increase in the ex-
pected values of sulphur—carbon bond lengths. Our
values compare well with the values found in thiourea
and several of its derivatives and coordination com-
plexes (Lopez-Castro & Truter, 1963; Dias & Truter,
1964; and other references quoted therein) and seem
to be normal for S—C(sp?) distances.

As in the cases of the nickel compound (Bonamico,
Dessy, Mariani, Vaciago & Zambonelli, 1965) and of
the copper compound (Bonamico, Dessy, Mugnoli,
Vaciago & Zambonelli, 1965) our present results on
the coplanarity of the nitrogen valence orbitals and on
the C(1)-N(1) and C(6)-N(2) bond lengths confirm the

findings of previous infrared work (Chatt, Duncanson

=) (P
& Venanzi, 19564, b) that - - - S,C=NR; i$ an import-
ant canonical form in the structure of the dialkyl-
dithiocarbamates*.

All other bond distances and angles in the ligand
molecules compare closely, within the e.s.d.’s, with the
corresponding ones in the nickel and copper com-
pounds.

* The LCAO-MO double bond orders of the C(1)-N(1) and

C(6)-N(2) bonds, calculated as shown in paper 1 of this series,
are p=0-60 and p=0-79 respectively.

STRUCTURAL STUDIES OF METAL DITHIOCARBAMATES. 111

As mentioned in the introduction, one of the reasons
for the investigation of the present structure was the
need for an explanation of the similarity between the
crystal parameters of zinc and copper diethyldithio-
carbamates}, which could indicate that these com-
pounds were isostructural, with the same coordination
geometry around the metal atoms. It is now clear that
they are, indeed, isostructural to a point, but not to
the extent of having the same coordination configur-
ation around the two different metal atoms. Only small
changes in atomic positions, mainly of the metal atoms,
produce all the necessary differences in the coordin-

ation geometry, leaving the general size and shape of
the molecules practically unchanged (compare Fig. 1
and Table 1 of this paper with Fig. 1 and Table 1 of
paper II of this series). Also because of these small
changes the metal intermolecular contact to C(2"),
which is 3-78 A long in the case of copper and implies
a hydrogen atom in the sixth octahedral position at
2.86 A from it, becomes 4-13 A long for the zinc com-
pound, with the corresponding hydrogen atom at 3-28
A, and thus loses any significance it might have had in
the former case.

It is worth noticing that the crystal parameters of
cadmium diethyldithiocarbamate, as recently deter-
mined in our laboratory, are: a=10'166+0-010, b=
10-746 +0-005, ¢c=16:717+0-010 A; f=111° 53'+3’;
U=1694-6 A3; space group P2,/c. As can be seen, they
are very near to the corresponding parameters of the
zinc and the copper salts. It will be interesting to det-
ermine to what extent the cadmium compound is iso-
structural with the zinc and the copper complexes. For
this reason the structure of cadmium diethyldithio-
carbamate is now being investigated and will be dis-
cussed in a subsequent paper of this series.
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On Hydrogen Bonds in Crystalline Hydrates
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According to the results of recent neutron and X-ray diffraction studies of crystalline hydrates linear
hydrogen bonds are not as common in these compounds as has been hitherto assumed. Bent and
bifurcated hydrogen bonds, as well as hydrogen atoms in positions in which they do not form hydrogen
bonds, have been found to occur even in cases where arrangements with more linear hydrogen bonds
would have been geometrically possible. These observations are at variance with the notion that the
coordination number of the hydrogen atom in a hydrogen bond is necessarily two. It seems that the
orientation of the water molecules, and hence the geometry of the hydrogen bonds, is determined by
the electrostatic interactions between the water molecules and the surrounding atoms. This view is
supported by the good agreement found in several hydrates between the positions of the hydrogen
atoms (a) as determined experimentally and (b) as calculated theoretically to have the least electrostatic
energy. The calculation of the electrostatic energy was done for different orientations of the water
molecule until the position with the extreme value of the electrostatic energy was found. The shape of
the molecule and the position of the water oxygen atom were held fixed throughout the calculations.

Introduction

Hydrogen bonds are formed between the most elec-
tronegative elements like F, O, N, Cl and S. Usually
the hydrogen atom is connected more closely with one
of the atoms, the donor atom X(d), and is at a larger
distance from the second atom, the acceptor atom Y(a)
of the hydrogen bond: X(d)-H - - - Y(a). Until the ad-
vent of neutron diffraction methods this arrangement
was believed to be more or less linear, the angle
X(d)-H - - - Y(a) being close to 180°. According to
Pauling (1960) the hydrogen bond is largely ionic in
character, since the hydrogen atom with its one stable
orbital is capable of forming one covalent bond only
(to the donor atom). Coulson & Danielsson (1954)
estimated the relative magnitudes of the ionic and
covalent contributions to the hydrogen bond. They
concluded that the electrostatic contribution seems to

* Present address: Department of Geology, University of
Illinois at Chicago Circle, Chicago, Illinois 60680, U.S.A.

be dominant, and is the more so the longer the hyd-
rogen bond is. Pimentel & McClellan (1960) emphas-
ized the difficulties in reconciling the electrostatic des-
cription of the hydrogen bond with some of its prop-
erties and stressed the importance of the covalent con-
tribution to the hydrogen bond. It is generally accepted
that the coordination number of a hydrogen atom in
a hydrogen bond is two. There are a few exceptions
to this rule; one of these is glycine (Albrecht & Corey,
1939; Marsh, 1957; Burns & Levy, 1958), where a
hydrogen atom from the -NHj;" group has the coordin-
,O
ation number three: N-H . Such an arrangement

(6]
is called a bifurcated hydrogen bond.

Since C. A. Beevers, H. Lipson and coworkers in the
early 1930’s determined the crystal structures of several
salt hydrates it is known that the oxygen atoms of the
water molecules, O(w), in these structures can act as



