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The complexes Cr(H,NNHCS;);.2H,0, Ni(H;NNH-
CS2);. H,O, and M(H:NNHCS:), (M = Pd, Pt, Zn,
Cd, Pb) have been obtained by the reaction of hydra-
zinium dithiocarbazate with the appropriate metal
salt. Infrared and electronic spectral data indicate
that the ligand is coordinated via one nitrogen and
one sulphur atom. S-Methyldithiocarbazate yields
high-spin nickel(11) complexes of two types: [Ni(Hzx
NNHCSSCH:);1X: (X = NO;, Cl, Br) and Ni(H,NNH-
CSSCH;):X; (X = Cl, NCS). Spectral data indicate
NS coordination in these compounds. The complexes
M(H;NN =CSSCH;); (M = Ni, Pd, Pt) containing de-
protonated S-methyldithiocarbazate were also isolated;
the nickel complex is diamagnetic.

Introduction

Recently there has been considerable interest in
nitrogen-sulphur chelating agents; however, nearly all
the metal-ligand systems which have been studied con-
tain the NCCS backbone (I). The analogous NNCS
grouping (1) has been less thoroughly investigated.
Nevertheless, some of the few examples known have
been found to exhibxit biological activity.
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We have commenced a study of the metal com-
plexes formed by dithiocarbazic acid (IIl), S-methyl-
dithiocarbazate (IV), and some of their Schiff base
derivatives. In this paper we report some metal
chelates of the acid (III) and its S-methyl ester (IV).

Results and Discussion

Free dithiocarbazic acid, H,NNHCSSH, has only
recently been isolated,' although its ammonium and

(1) U. Anthoni, Acta Chem. Scand., 23, 1061 (1969).

hydrazinium salts have long been known.”? Aqueous
solutions. of the ammonium salt give precipitates with
nickel(1), zinc(I1), and cadmium(il). These pro-
ducts were isolated and found to be very impure.
It was subsequently found that pure complexes can
be obtained by the reaction of hydrazinium dithiocar-
bazate, [ N;Hs][ H.NNHCS;] with metal ions in slight-
ly acid aqueous solution. The complexes which were
isolated are listed in Table 1.

Vdrious metal complexes of dithiocarbazic acid
have been reported by other workers.*®* The formu-
lations given for these compounds are listed in Ta-
ble II. These workers have assigned the NS bonded
structure (V) to the complexes, although the alternat-
ive SS bonded structure (VI) is possible. 1f SS bon-
ding is present, the complexes would be expected
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to resemble those of dialkyldithiocarbamates (VII)
and dialkyldithiophosphates (VIII),"®" which are rea-
dily soluble in polar and non-polar organic solvents.
The almost complete insolubility of the dithiocarba-
zate complexes in all -solvents suggests that they do
not possess the SS bonded structure (VI). However,
the insolubility could be due to a polymeric structure.

The infrared spectra of all the complexes display
a medium to strong band in the region 358-399 cm™'

(2) T. Curtius and H. Heidenreich, Ber. ditsch. chem. Ges., 27,
55 (1894).
(3) R. Hattas, 1. Sumipa, |. Kinugawa, B. Tamura, H. Yamamoto,

and S. Suzuki, Brit. Pat. 963924 (1964).

?4) J. Koromogawa and B. Tamura, Jap. Pat. 22569 (1963).

5) P. V. Gogorishvili and M., G. Tskitishvili, Kompleks. Soedin.
Nekot, Perekhod. Redk. Elem. (1966) p. 5, Chem. Abstr., 68, 56057
(1968)

(6) L. Cambi, E. D. Paglia, G. Bargigia, and C. Crescentini, Chi-
mica e Industria, 48, 689 (1966).

(7) K. A. Jensen, Z. anorg. u. aligem, Chem., 221, 11 (1934).

(8) P. V. Gogorishvili and M. G. Tskitishvili, Russ. J. Inorg. Chem.,
7, 649 (1962).

(9) A. [. Mashentsev and 1. 1. Chernyaev, Doklady Akad. Nauk.
§.8.8.R., 79, 803 (1951); Chem. Abstr., 45, 2812 (1951), 46, 2949 (1952).

(10) S E. Livingstone, Quart. Rev., 19, 386 (1965).

(11) S. E. Llivingstone and A. E. Mihkelson, Inorg. Chem., 9,
2545 (1970).
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Table I. Metal Complexes of Dithiocarbazic Acid

Analyses %

v(M—S) v(C—N) Calcd.
Compound Colour (cm™) (cm™) Found
C H N S M
Cr{H,NNHCS,), . 2H;0 green 374 1470 8.8 3.2 205 12.7
8.8 3.2 19.8 12,5
Ni(H.NNHCS,), . H;O red 374 1485 8.3 2.8 19.25 44.1 20.2
8.5 28 18.8 445 203
Pd(H.NNHCS,), yellow 399, 337 1497 75 1.9 17.5 40.0 33.2
8.0 1.7 179 40.1 33.8
Pt(H.NNHCS;), « pale yellow 382, 357 1498 59 1.5 13.8 477
6.2 14 12.6 47.5
Pt(H.NNHCS,), » pale yellow 382, 357 1498 5.9 1.5 13.8 47.7
6.2 19 13.3 474
Zn(H,NNHCS,), colourless 373, 364 1485 8.6 22 20.0 459 234
9.0 2.1 19.7 46.0 23.2
Cd(H,NNHCS:). colourless 358, 342 1483 7.4 1.8 17.1 34.4
7.7 1.9 17.0 35.3
Pb(H;NNHCS:), pale yellow 359, 351 1489 5.7 1.4 13.3 304
6.1 1.4 13.0 30.5

a Preparation (A); P preparation (B).

Table Il. Metal Complexes of Dithiocarbazic Acid Previously
Reported

Complex Reference
[CO(HzNNHCSZ)Z(HZO)z] . XHIO

[ Rh(H,NNHCS;)(H.NNCS,)(H,0):]

[ Ni(H,NNHCS,),] . H.NNHCS;H
[Ni(H.NNHCS:),

[ Ni(H,NNHCS:):(H,0).] . 0.5H.0
Ni(H,NNCS;) . 1.5N;H, . 4H,O
Ni,(H.NNHCS,),(H.NNCS,) . N;H. . 54,0
cis—[ Pt(H,NNHCS:),

trans—[ Pt(H.NNHCS;),

Zn(H,NNCS,) . 0.5N,H. . 0.75H,0
Zn,(H,NNHCS,),(H.NNCS,) . 5H.0
Cd.(H.NNHCS;,),(H.NNCS;) . H;O
[Pb(H.NNHCS;).]

O OO ®IATWU

and, in most cases, another, usually weaker, band in
the range 337-364 cm™' (see Table I). These bands
have been assigned as being essentially metal-sulphur
stretching vibrations.

The infrared spectra would be expected to give in-
formation concerning the structures of the dithiocar-
bazate complexes. If NS bonding occurs, the NH,
stretching frequencies in the complexes should occur
at lower frequencies than in the free ligand. Un-
fortunately there appears to be extensive hydrogen
bonding present in the complexes, since the v(NH>)
bands are broad, complex, and ill-defined.

With N,N-dialkyldithiocarbamates the w(C—N) fre-
quency has been used to distinguish between disulphur
chelation (VII) and unidentate sulphur coordination
(IX). Where disulphur chelation occurs, W(C—N)

R s
SN cZ
R~ s
\M
(1X)

is found within the range 1490-1590 cm~'. With
unidentate sulphur coordination the frequency of the
C—N stretching vibration has been observed in the
range 1460-1490 cm~' and has similar values to those
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found for the sodium salts of dimethyl and diethyl-
dithiocarbamate.''* A crystal structure determination
of hydrazinium dithiocarbazate, [N,H;][ H-NNHCS,]
has shown that the NCS, group in the dithiocarba-
zate anjon closely resembles that in N,N-dialkyldithio-
carbamates.® Consequently, the criterion, mentioned
above, concerning the frequency of v(C—N) should be
applicable to dithiocarbazate complexes. The v(C—N)
frequency for hydrazinium dithiocarbazate occurs at
1500 cm~'. If the metal complexes of dithiocarbazic
acid have NS bonded structures, i.e. unidentate sul-
phur coordination (V), then w(C~N) frequencies be-
low 1500 cm~' would be expected. This is indeed
found to be so (see Table I) and is a further indicat-
ion that NS bonded structures are present. The as-
signment of the v(C—N) frequency for the nickel and
platinum complexes has been confirmed by the mea-
surement of the infrared spectra of the deuterated
complexes. The NH; deformation mode occurs at
1586 c¢cm™! for the nickel complex and at 1570 cm™!
for the platinum complex. In the spectra of the deu-
terated complexes this band is absent and 8(ND;) oc-
curs at 1097 and 1110 cm™' for the nickel and plati-
num ccmplexes, respectively, while the frequency of
v(C—N) is lowered by about 40 cm™! in each case.
Further evidence of NS bonding is provided by the
CS; infrared absorption. In dithiocarbamates the
asymmetric CS; stretching frequency occurs at ca.
1000 cm~*. With disulphur chelation a single W(C=S)
is usually found, whereas when unidentate sulphur
coordination (IX) occurs, this band is split.® The spec-
tra of our dithiocarbazate complexes exhibit strong ab-
sorption near 1000 cm~'. In every case this absorption
is either split into two bands or has well defin-
ed shoulders. This further supports the postu-
late of unidentate sulphur coordination associated with
the NS bonded structure (V). The positions of these
bands are unaffected by deuteration in the case of

(12) A. Domenicano, A. Vaciago, E. Zambonelli, P. L. Loader,
and L. M. Venanzi, Chem. Commun., 476 (1966).

(13) C. O’Connor, 1. D Gilbert, and G. Wilkinson, J. Chem. Soc.
(A), 84 (1969).

(14) A. Braibanti, A. M. Manotti Lanfredi, and A. Tiripicchio,
Acta Cryst., B25, 93 (1969).

(15) § Bonati, S. Cenini, and R. Ugo, ]J. Organomet. Chem., 9,
395 (1967).



the nickel and platinum complexes, as would be ex-
pected for v(CS;) absorptions. This tends to confirm
our assignment of these bands as v(CS;) modes.

The isolation of orange-yellow and bright yellow
forms of Pt(H,NNHCS;), has been reported; the for-
mer was prepared from cis—[Pt(NH;),Cl,], while the
latter was obtained from K,PtCl,. It was proposed
that these two forms were cis-trans isomers, although
no supporting physical measurements were made.’
We were unable to confirm the occurrence of cis-trans
isomerism for this complex, since the samples which
we obtained from both preparative methods (see
Experimental Section) had identical infrared spectra
and X-ray powder diffraction patterns.

The electronic diffuse reflectance spectrum of the
diamagnetic complex Ni(H.NNHCS,], . H,O gives lit-
tle information about its structure, since it contains
a broad envelope with a shoulder at ca. 20,000 cm™';
this is the region of absorption usually found for
low-spin nickel(II). The spectrum of the chromium
complex displays a band at 16,600 cm~! and a shoul-
der at ca. 24,000 cm~!; these bands are assigned to
the ‘Az — ‘T3, and ‘Az, — *Ty(F) transitions, respec-
tively (Ox symmetry). The spectrum is significantly
different from the spectra of chromium(III) complexes
of disulphur chelates such as dithiocarbamates and
xanthate, which have the first band at ca. 16,000 cm™!
but the second at ca. 20,000 cm~'.*1® [If a value of
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23,000 cm~! be taken as a lower limit for the energy
of the *Aj, — *T\,(F) transition, then approximate va-
lues for B of 630 cm~' and for 3(=B/Bs) of 0.7 are
obtained for Cr(H.NNHCS;); . 2H,O. The disulphur
chelates produce a marked lowering of B with values
of B of approximtaely 0.45 for chromium(III) com-
plexes. The value of 0.7 obtained for the chro-
mium{III) complex of dithiocarbazic acid, although
only approximate, further illustrates the difference
between this compound and the SS bonded complexes
and suggests the occurrence of unidentate sulphur (i.e.
NS) coordination.

Both tris- and bis-chelated complexes of nickel were
obtained with S-methyldithiocarbazate(1V); these are
listed in Table III. The tris-chelated complexes are
sparingly soluble in dimethylformamide in which
they decompose. Both the tris- and the bis-chelated
complexes are high-spin and their electronic reflec-
tance spectra are indicative of six-coordinate nickel(II).
The 2A;, —> *Ty(F) transition occurs within the range
11050-11200 cm™! for the tris-chelated complexes and
at 10000-10800 cm~' for the bis-chelated complexes,
while the 3A,, —> 3T (F) transition occurs at 17000-
17300 cm~! for the tris complexes and at 16100-17600
cm~! for the bis complexes (see Table IV). The in-
frared spectra display bands in the range 370-347 cm™!
(see Table INI): these bands have been assigned as
essentially w(Ni—S) modes.

Table lll. Metal Complexes of S-Methyldithiocarbazate
Magnetic Analyses %
moment at v(M=S) Calcd.
Compound Colour 298°K (cm ') Found
p (B.M) C H S M
[Ni(H,NNHCSSCH;);](NOy);  pale blue 3.09 376, 354 13.1 3.3 20.4 10.7
13.4 35 19.8 10.5
[Ni(H.;NNHCSSCH;);]CL . HO pale green 3.00 370 14.0 3.9 16.3 114
14.1 4.0 16.1 11.5
[Ni(H,NNHCSSCH;);]Br.; pale blue 299 366, 347 123 3.1 14.4 10.0
12.4 33 13.8 10.1
[Ni(H,NNHCSSCH;),Cl;] . H}O green 3.11 370, 349 123 3.6 14.3 15.0
12.5 3.0 14.0 14.3
[Ni(H.NNHCSSCH;),(NCS).] pale blue 3.09 364, 340 17.2 29 20.0 14.0
17.5 3.2 19.6 14.1
[Ni#(H.NN =CSSCH3),] buff diam 418, 321 159 34 18.6 42.6 19.5
159 3.2 18.2 429 194
[Pd(H.NN =CSSCH)),] yellow diam 370, 315 138 29 16.1 36.8 305
‘ 13.8 3.1 16.3 36.6 30.7
[Pt(H.NN=CSSCH,).] greenish yellow diam 373, 325 11.0 23 12.8 446
11.8 25 12.8 445

Table V. Electronic Diffuse Reflectance Spectra of Nickel(11)
Complexes of S-Methyldithiocarbazate

Vmax (cM™)
Compound A Ti(F) Ay —’T (F)
[Ni(H;NNHCSSCH;)s](NO;), . 11200 17200
Ni(H,NNHCSSCH,); ]Cl. . H:O 11100 17100
Ni(H.NNHCSSCH;)]Br, 11100 17200
[Ni(HzNNHCSSCH,)zCl,} .H,0 10100 16100
[ Ni(H.NNHCSSCH,)(NCS),] 10800 17600

(16) A. B. P. Lever, « Inorganic Electronic Spectroscopy », Elsevier,
Amsterdam, pp 275, 277 (1968).

(17) C. K. Jorgensen, J. Inorg. Nucl. Chem., 24, 1571 (1962).

(18) C. Furlani, E. Cervone, and F. Diomedi Camassei, Inorg. Chem.,
7, 265 (1968).

As for the complexes of dithiocarbazic acid, both
NS and SS bonded structures are possible. However,
the former is more likely, especially since the elec-
tronic spectra of the tris complexes are very similar
to those of the tris-chelated nickel(Il) complexes of
thiosemicarbazide (X; R = NH,) and thiocarbazide
(X; R = NHNH;) which are known to possess NS
bonded structures.

R
7
H;N—N-—-C
1 \S
(0,9}
(19) G. R. Burns, Inorg. Chem., 7, 277 (1968).
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(X1

The infrared spectrum of the thiocyanato complex
Ni(H:NNHCSSCH:)A{NCS), display w(C—N) at 2095
cm™', indicating the presence of N-bonded thiocya-
nate. The electronic spectrum of this compound di-
splays marked band broadening compared to the spec-
tra of the other complexes. This band symmetry can
be explained by the postulate of the frans-structure
(XI) which would give rise to a weak SS crystal field
along one axis and a stronger NN field along the other
two axes. A similar structure has been reported for
the complex Ni(HNNHCSNH,):(NCS),.®

The complex Ni(HNNHCSSCH,).Cl; is high-spin
and its electronic spectrum displays narrow symmetric
bands unlike the thiosemicarbazide complex [Ni(Hy-
NNHCSNH,),]Cl, which is diamagnetic and square-
planar.?® The ligand field strength of S-methyldithio-
carbazate is similar to that of thiosemicarbazide.""
It is possible that a solid-state effect may lower the
donor strength of the ligand in Ni(H.NNHCSSCH;)-
Cl;, thereby reducing the tetragonal distortion below
that necessary to produce a spin-paired complex. Ne-
vertheless appreciable tetragonal distortion would be
expected; this should result in pronounced broadening
or splitting of the electronic absorption bands due
to the concomitant lowering of symmetry. Since no
broadening was observed in the bands of this com-
plex, it seems likely that it has a cis configuration.
The observed value of 10 D, — viz 10100 cm™! —
is in reasonable agreement with the value of 9800
cm~!, calculated from the « average environment »
rule for the NiCI;N.S; chromophore by using the va-
lues for the NiCls chromophore” and [Ni(H.NNHC-
SSCH;); 1**. Although a monomeric cis structure is
likely, a chloro-bridged structure similar to that found
for cis—[ Ni(en);C1];Cl; cannot be excluded.® How-
ever, since the complex Ni(H,NNHCSSCH;).Cl; is
insoluble, no conductivity measurements could be
made.

Complexes of the deprotonated ligand (XIT) were
obtained with nickel(1l), palladium(II), and platinum-
(I (see Table III) from an aqueous solution of §-
methyldithiocarbazate containing alkali. The

/SCH,

HzNN:C\S

(XII)
diamagnetism of nickel complex indicates a squa-

(20) J. Garaj and M Dunaj-jurco, Chem. Commun., 518 (1968).

(21) D. P. Mellor and D. P. Craig, /. Proc. Roy. Soc. New South
Wales, 74, 475 (1941).

{22) B. N. Figgis, « Introduction to Ligand Fields », Wiley Inter-
science, New York, pp. 236, 242 (1966).

(23) A. S. Antsyshkina and M. A. Porai-Koshits, Doklady Akad.
Nauk. S.S.S.R., 143, 105 (1962).
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re-planar configuration: this suggests that the ligand
is bound through the terminal nitrogen and thiolo
sulphur, since thiols but not thioethers almost inva-
riably cause spin-pairing in complexes of nickel(II)."

With cobalt(11) and copper(II) salts S-methyldithio-
carbazate gives insoluble products which slowly de-
compose, giving off mercaptanlike odours. No pure
compounds were isolated.

Several Schiff base derivatives of S-methyldithio-
carbazate have been found to yield stable, crystalline
complexes with a range of metal ions. These com-
plexes will be reported in subsequent parts of this
series.

Experimental Section

Analyses. Carbon, hydrogen, and nitrogen were
determined by Dr. E. Challen of the Microanalytical
Laboratory, University of New South Wales. Sulphur
was determined by the Australian Microanalytical Ser-
vice, Melbourne. Metal analyses were made by stan-
dard gravimetric procedures after the complex had
been decomposed by heating with a mixture of sul-
phuric, nitric, and perchloric acids.

Hydrazinium Dithiocarbazate. This compound was
prepared by the reaction of hydrazine hydrate with
carbon disulphide in alcohol, as reported by Curtius
and Heidenreich,’ and was recrystallized from water.

S-Methyldithiocarbazate. This compound was pre-
pared from potassium hydroxide, carbon disulphide,
hydrazine hydrate, and methyl iodide by the method
of Bdhr and Schleitzer® The crude product was
dissolved in benzene and reprecipitated by the addi-
tion of ligroin; m.p. 80° (Found: C, 199: H, 4.9;
N, 23.3. Caled. for C;H¢N,S:: C, 19.7; H, 4.95;
N, 22.95).

Method of Preparation of Bis(dithiocarbazato) Com-
plexes of Nickel(1I), Zinc(1I), Cadmium(II), and Lead-
(II). A solution of hydrazinium dithiocarbazate (0.56
g, 0.004 mole) in water (15 ml) was added dropwise
with stirring to a solutioir ‘of the hydrated metal
acetate (0.002 mole) in water (25 ml) containing 5 M-
acetic acid (1 ml). The stirring was continued for a
further 10 min, when the precipitated metal com-
plex was filtered off, washed first with water, then
with alcohol, and dried in vacuo over potassium hy-
droxide; yield, 80-85%.

Tris(dithiocarbazato)chromium(1[1) Dihydrate. A
solution of hydrazinium dithiocarbazate (2.0 g, 0.014
mole) in water (25 ml) containing 5 M-hydrochloric
acid (0.5 mlj was added, with stirring, to a solution
of chromium(I1II) chloride hexahydrate (1.6 g, 0.006
mole) in water (30 ml). After 1 hr the dark green
complex was filtered off, washed with water, then
with alcohol, and dried in vacuo over potassium hy-
droxide; yield, 1.5 g (62%).

Bis(dithiocarbazato)palladium(II). Potassium chlo-
ropalladate(11) (1.0 g) in water (50 ml) was added

(24) G. Bahr and G. Schleitzer, Z. anorg. u. aligem. Chem., 280,
176 (1955). !



slowly with stirring to a solution of hydrazinium di-
thiocarbazate (2.0 g) in water (50 ml). The resulting
yellow precipitate of the complex was filtered off,
washed with 0.5 M-acetic acid, then with water, and
dried in vacuo over potassium hydroxide; yield, 0.4
g (40%).

Bis(dithiocarbazato)platinum(II). Preparation (A).
Potassium chloroplatinate(II) (0.5 g) in water (20
ml) was added with stirring to a solution of hydrazi-
nium dithiocarbazate (0.34 g) in water (50 ml). The
resulting yellow precipitate was filtered off and dis-
solved in 0.25 M-sodium hydroxide. The addition of
5 M-acetic to this solution precipitated the pure com-
plex which was dried at 40° in vacuo over potassium
hydroxide for 12 hr; yield, 0.3 g (60%).

Preparation (B). Cis-dichlorodiammineplatinum(I!)
(0.5 g) and hydrazinium dithiocarbazate (3.0 g) were
ground together in water (10 ml) in a mortar for 30
min. The resulting paste was kept in vacuo over con-
centrated sulphuric acid for 4 hr. The yellow resi-
due was dissolved in 0.25 M-sodium hydroxide (100
ml) and reprecipitated by the addition of 2 M-hydro-
chloric acid dropwise with stirring. The bright yel-
low complex was filtered off, washed with water,
and dried at 60° in vacuo over potassium hydroxide;
yield, 0.46 g (92%).

Method of Preparation of Tris(S-methyldithiocarba-
zate)nickel(I11) Chloride, Bromide, and Nitrate. The
hydrated nickel salt (0.0025 mole) in alcohol (40 ml)
was added -to a hot solution of S-methyldithiocarba-
zate (1.0 g, 0.0082 mole) in alcohol (25 ml) containing
5 M-mineral acid (1 ml). The solution, on ¢ooling,
deposited crystals of the complex; these were filtered
off, washed with alcohol, and dried in vacuo over
phosphorus pentoxide; yield, 75-85%.

Dichlorobis(S-methyldithiocarbazate)nickel(II) Mo-
nohydrate. S-Methyldithiocarbazate (0.5 g) in hot al-
cohol (10 ml) was added to a solution of nickel chlo-
ride hexahydrate (2 g) in hot alcohol (40 ml). The
mixture was cooled and the green crystalline com-
plex was filtered off, washed with alcohol, and dried
in vacuo over phosphorus pentoxide; yield, 0.74 g
(92%).

Dithiocyanatobis(S-methyldithiocarbazate)nickel(11).
S-Methyldithiocarbazate (0.5 g) in hot alcohol (10 ml)
was added to a solution of nickel thiocyanate (1 g)
in hot 90% alcohol (100 ml). The mixture was cool-
ed and the pale blue complex was filtered off, washed
with alcohol, and dried in vacuo over phosphorus
pentoxide; yield, 0.8 g (93%).
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Bis(S-methyldithiocarbazato)palladium(i).  Potas-
sium chloropalladate(II) (0.5 g) in water (20 ml) was
added to the filtered solution obtained by dissolving
S-methyldithiocarbazate (0.4 g) in water (20 ml) con-
taining potassium hydroxide (0.12 g). The resulting
yellow precipitate of the complex was filtered off,
washed with water, and dried in vacuo over phospho-
rus pentoxide; yield, 0.4 g (75%).

 Bis(S-methyldithiocarbazato)platinum(il). The pla-
tinum complex was prepared from potassium chlo-
roplatinate(Il) in a similar manner to that described
for the palladium complex; yield, 0.6 g (85%).

Bis (S-methyldithiocarbazato)nickel(1I). S-Methyl-
dithiocarbazate (1.5 g) was added to a solution of
potassium hydroxide (0.45 g) in water (20 ml). The
solution was stirred for 5 min and then filtered. To
the filtrate a solution of nickel chloride hexahydrate
(0.95 g) in water 10 ml) was added. The resulting
beige precipitate was filtered off, washed several ti-
mes with water, and dried in vacuo over phosphorus
pentoxide at 60° for 12 hr; yield, 1.2 g (95%).

Preparation of Deuterated Complexes. Hydrazium
dithiocarbazate (9.25 g) was dissolved in deuterium
oxide (5 ml). The solution was kept standing in a
stoppered flask for 3 hr before use. Deuterated acetic
acid was prepared by refluxing acetic anhydride with
the requisite amount of deuterium oxide; this was di-
luted further with deuterium oxide. The metal salts
were dissolved in deuterium oxide and the prepara-
tions were carried out as described above, prepara-
tion (A) being used for the platinum complex.

Spectral Measurements. The electronic diffuse re-
flectance spectra were measured on a Zeiss PMQII
spectrophotometer from the sample spread on filter
paper. The infrared spctra were obtained from nujol
or halocarbon mulls on a Perkin-Elmer 337 spectro-
photometer for the range 4000-400 ¢m~! and on a
Perkin-Elmer 521 spectrophotometer below 400 cm™,

X-Ray Diffraction Data. The X-ray powder dif-
fraction paterns were obtained with CuK,. radiation
on a Philips PW1010 generator with a Philips camera
of radius 57.3 mm.
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