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Some complexes of Ni'' with dithiooxamide (DH,),
N,N’-dimethyldithiooxamide (Met,DH,;) and N,N’-di-
hydroxyethyldithiooxamide (HOEt,DH,;) were inve-
stigated in the solid state and in solution. The solid
complexes Ni(DH,)CLBr,ClO,HSO,),, Ni(Met,DH;)-
(CLBr,ClOy): 2H;0, Ni(Met,DH,)Cl; H;O .0.5 Et-
OH, Ni(Met,DH;):(HSO,):.05 HAc and Ni(HOEtr
DH2){CIO,); are diamagnetic. Their electronic spec-
tra show a square planar coordination; the splitting
paramelers A; (cm™!), evaluated for the perchlorate
complexes, are in the sequence DH{18420) < HOEt,
DH(19060) < Met,DH,(19550). The compounds Ni
(HOE[;D)Z glyCOl and le(HOEtzDH)z(SO4) 1.5 gly~
col are binuclear and polymer complexes containing
one diamagnetic square planar and one paramagnetic
octahedral nickel atom (p.y = 3.33 and 3.27 B.M.),
as indicated also by their electronic spectra. The
complexes investigated in solution by the Job method
show that in glacial acetic acid containing HCl or
HCIO, the metal: ligand ratio is always 1:2, in methyl-
cellosolve DH, and HOELDH; give with NiCl, the ra-
tio 1:1 while the stronger ligand Met,DH, still gives the
ratio 1:2; with the less competitive perchlorate all the
three ligands give the ratio 1:2. The I.R. and far I.R.
spectra of the soldis show that DH, and Met;DH; are
cordinated to the metal through both sulphur and ni-
trogen atoms. In the NiL,X, complexes this coordin-
ation results in a splitting of the v(CN) band in the
region of 1500 cm=' and of the v(CS) band in the re-
gion of 800 cm~' corresponding to the coordinated
and uncoordinated halves of the molecules. This
spliting is larger for the DH, than for the Met,DHr
complexes, presumably because of the inductive effect
of the methyl group in this latter ligand.

introduction

Dithiooxamide (DH4) and N,N’-monosubstituted di-
thiooxamides generally give, in neutral media, poly-
meric and insoluble complexes, which, for divalent
metals, correspond to a 1:1 stoichiometry. The di-
thiooxamide, acting as a bridging group, loses a pro-
ton from each nitrogen upon complexation.! The
polymeric chains may have different lengths, depending
upon the method of preparation.® We have demon-

(1) J. Barceld, Spectrocrum. Acta, 10, 245 (1958).
(2) R.N. Hurd, G, De La Mater, G.C. McElheny, and L.V. Peiffer,
J. Am. Chem. Soc., 82, 4454 (1960).

strated*® that in strong acid media dithiooxamides
can give crystalline and fairly soluble complexes with
transition metals without losing protons. Some infra-
red studies have been performed on the polymeric 1:1
complexes of Ni, Cu', Hg", and Pb"™ with N,N"-
monosubstituted dithiooxamide,® on some complexes
of the dithiooxamide with TiCl;, TiBr,, and SnCl/
and on the complexes CoL,Cl, (L = dithiooxamide or
dimethyldithiooxamide).?

We have now extended our previous works on the
complexes of tetrasubstituted dithiooxamides with
transition metals®? to the nickel(II) complexes with
dithiooxamide (DH.), N,N’-dimethyldithiooxamide
(Met;DH;) and N,N’-dihydroxyethyl-dithiooxamide
(HOEt,DH;), using conductivity and magnetochemi-
cal measurements and infrared and electronic spectra.

Experimental Section

For the preparation of the complexes all reagents
were of the best commercial grade. Acid used: HAc
glacial, HCI (37%), HBr (48%), HCIO, (60%). Most
of the complexes were prepared by cooling the warm
solution that resulted from mixing the following so-
lutions of the reagents: Ni(DH,).Cl;: NiAc, - 4H,0
(2 mM) in 30 ml HCI to DH, (7.5 mM) in 50 ml HAc.
Ni(DH,);Br;: NiBr:; - 3H,0 (3 mM) in 10 ml of HBr
to DH4 (6 mM) in 100 ml of HAc. Ni(DH)ACIlOy);:
Ni(ClOy). - 6H,0 (2 mM) in 25 ml HAc to DH; (4 mM)
in 50 ml HAc. Ni(DH:)AHSQy):: NiSO;- 7H,O (2.5
mM) in 6 ml ethylene glycol to DHs (5 mM) in 60
ml HAc. (NiDH:),: NiAc; 4H;O (2 mM) in 10 ml
HAc to DH; (2 mM) in 10 ml HAc+20 ml EtOH
and warming for 12 hours. Ni(Met,DH),Cl; 2HO:
NiAc; ' 4H,O (4 mM) in 40 ml HCl to Met,DH, (8
mM) in 80 ml HAc. Ni(MetzDHz)zClz Hzo 0.25 Et-
OH: NiCl; - 6H;0 (8 mM) in 3 ml H;O+ 30 ml HCI

¢(3) R.N, Hurd, G. De La Mater, G.C. McElheny, and J.P. McDer-
mott, Advances in the chemistry of the coordination compounds, Edited
by Kirschner, MacMillan, New York, 1961, pp. 350-365.
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Table I. Analytical results.

Color
Ni S Cl N C H.O Sison  (in transparency)
Ni(DH.):Cl; calcd. 15.86 34.66 19.16 brown
found. 15.92 34.89 19.07
Ni(DH.):Br; caled. 12.79 2795 black-brown
found 12.71 28.39
Ni(DH,);(ClOx), calcd. 11.78 25.75 14.24 brown
found 11.76 25.79 13.99
Ni(DH,).(HS0O.), caled. 11.90 39.00 9.74 13.00 green
found 11.99 38.37 9.86 11.10
Ni(Met.DH,).Cl; . 2H.O calcd. 12.70 27.75 15.34 7.80 red
found 12.76 27.87 15.55 9.63
Ni(Met,DH,).Cl, . H;O . 0.25EtOH calcd. 12.89 15.57 22.38 red
" found 12.84 15.30 22.44
Ni(Met.DH,).Br; . 2H,;O calcd. 10.65 23.27 red-violet
found 10.77 23.82
Ni(Met.DH,)(C10,). . 2H.O calcd. 9.94 21.73 12.01 6.10 red-brown
found 9.74 21.34 11.47 6.44
Ni(Met.DH;):(HSO,). . 0.5HAc caled. 10.13 33.21 9.67 18.66 11.07 red-viclet
found 9.95 32.81 9.74 18.59 10.28
Ni(HOEt,DH,).(C1O,), calcd. 8.71 19.02 10.51 black-red
found 8.70 18.64 10.22
Ni(HOEt,D) . 0.5Glycol caled. 19.83 9.46 28.40 red
found 19.81 9.60 28.49
Ni:(HOEt,DM):(SO,) . 1.5Glycol caled. 16.28 22.23 7.77 24 .98 black-blue
found 16.31 22.54 7.80 24.60

to Met;.DH; (8 mM) in 40 EtOH. Ni(Met;DH,);Br, 2-

H;O: NiBr;* 3H;0 (3 mM) in 10 ml HBr to Met,DH,
(6 mM) in 60 ml HAc. Ni(Met,DH)XCIO,), 2HO:
NiAc; * 4H;O (4 mM) in 60 HAc+13 ml HCIO, to
Met,DH, (8 mM) in 70 HAc. Ni(Met.DH,),(HSO,);
0.5 HAc: NiSO;- 7H:0 (2.5 mM) in 6 ml ethylene
glycol to Met;DH; (5 mM) in 60 ml HAc. (NiMet,
D).: NiAcz* 4HO (2 mM) in 10 HAc to Met:DH;
(2 mM) in 10 ml HAc+20 ml EtOH and warming
for 12 hours. NI(HOEt$;DH)ACIO4);: Ni(ClOs) *
6H.O (2.7 mM) in 12 ml HCIO, to HOEt,DH, (5.4
mM) in 15 ml EtOH. Ni(HOE#D) 0.5 glycol: Ni-
SO, 7H,O (5 mM) in 8 ml glycol to HOEt,DH, (5
mM) in 12 ml glycol, by adding to the mixture 18 ml
EtOH and warming for several hours.

Ni(HOEt;DH)AS80,) 1.5 glycol: NiSO,* 7H,O
(2.5 mM) in 4 ml ethylene glycol to HOEt,DH, (5
mM) in 10 ml EtOH, and warming for 1 hour. The
color in bulk is black for the DH,complexes, black-
violet for the Met,DH,complexes, black, black-brown
and black-violet for the HOEt;DH;-complexes in the
given sequence.

The compounds were analysed by conventional me-
thods (Table 1). The SOsion was determined gravi-
metrically in the HCl-solution of the complex after
filtering the black polymer Ni—DH;—complex or the
ligand Met;DH,, which was precipitated by cooling
the solution; a little SO, is lost especially in the first
case. In the case of the polymers (NiL) the precipi-
tation is quantitative and it is sufficient to weigh the
precipitate.

Magnetic susceptibilities were measured with the
Gouy method at room temperature, or at variable
temperature, by using HgCo(NCS), as calibrating stan-
dard and correcting for diamagnetism with the ap-
propriate Pascal constants. I.R. spectra were record-
ed on KBr pellets from 4000 to 250 cm~! with a Per-
kin Elmer 521 spectrophotometer and far I.R. spectra
from 400 to 60 cm™!, in nujol mulls, with a Hitachi
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FIS3 spectrophotometer. Electronic spectra were re-
corded from 200 to 2000 my., on the solids in nujol
mulls or on filter paper and on the solutions in quartz
cells, with a Beckman DKI1A spectrophotometer.
Conductivities were measured in acetone with a
WTW conductivity bridge. The Job method of con-
tinuous variations was applied to the systems indicat-
ed in Table VI.

Results and Discussion

The solid complexes having the stoichiometry NiL,-
X2 (L = DH,, Met,.DH;, HOEt,DH,; X = Cl, Br,
ClO,, HSO,) are diamagnetic. The molar conductivi-
ties of the perchlorate complexes in acetone (An =
178-184 cm? Q~! mol~") correspond to 1:2 electroly-
tes. Those of the halide and sulphate complexes
could not be measured because of their low solubility.

The complexes Ni(HOEt:D): 0.5 glycol and Nis-
(HOEt;DH)xSO,) 1.5 glycol which are microcrystal-
line and poorly soluble, are probably polymeric.
Both are paramagnetic. For one or two paramagnetic
nickel atoms the following stoichiometric formulae
enable the magnetic moments at 20°C to be calculated
from the magnetic susceptibility, correction being
made for the diamagnetism of the ligands:

Ni,(HOEtDH),

Ni,(HOEt:D). . glycol (SO 1.5glycol

for one Ni atom 3.33 3.27 B.M.
for two Ni atoms 2.36 2.31 B.M.

The lower magnetic moments calculated for two nic-
kel atoms are intermediate between the values expect-
ed for singlet and triplet ground state. The full tem-
perature range of temperature measurements, between
110 and 330°K, with three different field strengths,
was applied to these complexes. The plot 1/ym ver-



sus T gives straight lines (Figure 1) with an intercept
9 fin the formula pe = 2.83 [xm(T—0)1*} of +17°C
for Niy(HOEtD), . glycol and of +6° for Niy(HOEtD-
H)(S04) - 1.5 glycol.
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Flgure 1. A) Plots of 1/xm versus T(°K) and

B) Plots of pr (B.M.) versus T (°K) for the complexes:
Ni,(HOEtD). . glycol: A1, Bi (B.M. calculated for 1Ni) and
B2 (B.M. calculated for 2Ni); Ni(HOEt,DH),(SO,) . 1.5 gly-
col: A2, B3 (BM. calculated for 1Ni) and B4 (B.M. calcu-
lated for 2Ni). Dashed lines correspond to the p. values
corrected for the temperature independent paramagnetism
(T.1.P).

For both complexes the plot of per = 2.83 [Ym "
TI1" versus T gives, a straight line in all cases, whe-
ther calculated for 1Ni or for 2Ni atoms (Figure 1),
with a slight negative slope even if corrected for T.1.P.
The magnetic susceptibilities obey the Curie-Weiss
law and the magnetic moments L are sufficiently
independent of the temperature and of the field stren-
gth to preclude the possibilities of spin-state isomerism
and of cooperative interactions in the crystal. The-
refore, in these complexes only one nickel atom may
be considered paramagnetic with a presumably octa-
hedral coordination, whilc the other one is diama-
gnetic with a presumably square planar coordination
in a binuclear structure. The presence of an octahe-
dral nickel. ion in these complexes is shown by the
bands at 10750 and 10150 cm™! in their electronic
spectra. This case is analogous to that of the S, S’-
0-xylyl-2, 3-pentanedionebis (mercaptoethylimine) ni-
ckel(11) dibromide" (magnetic moment = 1.5 B.M.)
in which octahedral dibromo molecules may coexist
with either the square-pyramidal monobromo complex
or the square-planar dibromide, in the ratio of appro-
ximately one paramagnetic complex to three diama-
gnetic entities. Similar is the case of the bis (C, C-
diphenylethylendiamine) nickel(IT) dichloroacetate®
in which the unit cell contains both octahedral nickel
jons and square-planar nickel ion in the ratio 2:1,
with a paramagnetism of 2.5 B.M.

L.R. Spectra

Met,DH-complexes (Table 11). The very strong
thioamide 1 band of the ligand (1528 c¢cm~!), having
a high v(CN) contribution,®” is practically unaltered
in the (Ni-‘Met,D) complex (1521 c¢cm™!), in which
both sulphur and both nitrogen atoms are symmetri-

(11) G.R. Brubaker and D.H. Busch, Inorg. Chem., 5, 2114 (1966).
(12) S.C. Nyburg and }.S. Wood, Inorg. Chem., 3, 468 (1964).

(13) H.O. Desseyn and M.A. Herman, Spectrochim. Acta, 23A,
2457 (1967).
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cally bonded to nickel atoms in the polymeric struc-
ture:

i
N—-C=S§
e,
\Nl/ Nl/
7 Net N\
v

In the Ni(Met:DH,»X; (X = Cl, Br, ClO,, HSOy)
complexes this band is split into two very strong bands
at 1590-1600 cm™! and 1480-1490 cm™', correspon-
ding to an increase and a decrease of the (CN) double
bond character of the metal-sulphur-bonded and of
the metal-nitrogen-bonded half of the molecule, re-
spectively, in a structure such as:

GH) o,

Ni (A)

@&+)

Similarly the very strong thioamide TV band of the
ligand (867 cm™!) having a high v(CS) contribution,®"
has practically the same value in the polymer (862
cm™!), with a second weaker band at 883 cm™!
due to the uncomplexated terminal groups of
the polymer chaines. This band is split in the other
complexes into a strong band at 870 cm™! and into
a second band at 800 cm~! for the Br- and ClO4com-
plexes, or at 847 cm™! for the Cl- and HSO,complexes;
this corresponds to an increase and a decrease of the
(CS) double bond character of the metal-nitrogen-
bonded and of the metal-sulphur-bonded half of the
molecule, respectively, in the structure (A).

The very weak thioamide VI band of the ligand
(462 cm~"), corresponding to a (CS) deformation mo-
de,” may be masked by the strong bands appearing in
the complexes at 450-490 cm™'; in context of the other
far infrared bands these may be attributed to a metal-
ligand bond.

The new bands observed in the complexes at 403-
406 and 382-386 cm~' may be assigned to a w(NiS)
mode analogously to the bands observed at 340 cm™!
in the nickel complex of quinazoline (1H, 3H)-24-
dithione,”* and at 351-383 cm~' in the Ni-xanthates.'®
A predominantly v(MS) mode was also assigned to
the bands at 295-410 cm™' in the Ni-dimercaptoethyl-
ene complex.’®

Since no other new bands appear in the far I.R.
spectra of the complexes, their strong bands at 450-
490 c¢cm~! may be assigned to a Vw(NiN) mode, like
those observed at 510 cm~' for the nickel complex
of quinazoline (1H, 3H)-24-dithione,” at 494 cm™!
for the nicekl-bis-dimethylglyoximate” and at 435

“9((’1‘)1) B. Singh. Lakshmi and U. Agarwala, Inorg. Chem., 8, 2341
(15) D.M. Adams, Metal-Ligand and related vibrations, E. Arnold
Publ., London, 1967, p. 325.
(16) D.M. Adams and 1.B. Cornell, J. Chemn. Soc. (A), 1299 (1968).
(17) A. Bigotto, G. Costa, V. Galasso, and G. De Alti, Spectro-
chim. Acta, 26A, 1939 (1970).
(18) G.W. Watt and ].F. Kniffon, Inorg. Cheni., 6, 1010 (1967).
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Table II. Infrared spectra (cm™!) of Ni" complexes of Met:D H, (L)
L (NiL). NiL,Cl,.2H,0 NiL,Br,.2H,O NiL(Cl0,)..2H.O NiL;(HSO,)..0.5HAc
3180vs 3255ms 3230s 3260s 3225s
v(NH) 3120sh 3150ms 3160ms 3165ms 3155m
3076vw 3120sh 3105ms 3130m 3105m
1604vs 1595vs 1588vsb 1603vsb
I v(CN) 1528vs 1521vs 1555s 1510w 1520w 1520m
1480vs 1478vs 1478vs 1478vs
8(CH,) 1426ms 1440w 1440ms 1438ms 1435s 1434s
II S(NH)+v(CS) +v(CN) 1345vs 1392s 1383vs 1383vs 1380vs 1382vs
112263‘:):; 1212vs 1214vs 1217vs 1214vs V(RN)
p(CH;) 1154w
1126s 1100vs 1100vs 1090vsb 1096s v(RN)?
1064w 1062ms 1065sh 1073w
IIT v(CS)+v(RN) 1016vs 1032vs 1020s 1020ms 1020vs 1016vs
v(CC) + def(CH,) 20
883w 872s 870s 870s 872vs
v WES) 867vs 862m 847vs 803vs 802m 846m
\"% T(NH) 693vs 680w 620vs 625vs 620vsb 625vs
604m 584m 587m 59xsh 582ms
476m 481s 479s 487s 459s
VI def(CS) 462vw 458s 4525 420sh v(MN)
406s 403wb 405s 406ms 404m (MS)
386w 384m 382w ¥
284sb 306mb 286s 284s 282mb 284s
238sh
210s 206sb 183m 220s
90s 124sb
Table Ill. Infrared spectra (cm™') of Ni' complexes of DH, (L).
L (NiL)a NiL.Cl, NiL.Br, NiL(ClO.); NiL(HSO.),
3370sh 3425vs 3360m 3360s 3360s 3360m
(NH 3295s 3260s 3280sh 3280sh 3290s 3290sh
v(NH) 3212s 3200sh 3170s 3200sh
3140s 3130sh 3000sb 3000sb
1675vs 1660s 1662vs 1665s
S(NH,) 1580vs 1590w 1640w 1626s 1640m 1629m
1592s b 1560wb 1585wb
1490vs 1475vs 1468vs 1485vs 1480vs
I v(CN) 1423vs 1285w 1275vsb 12555 1283s
11 v(CC)+p(NH;) +v(CS) 1327w 1348w 1310sh 1300ms 1300ms 1310sh
111 p(NH_;)+v(CS) 1193s 1213m 1212m 1220w 1230sh
1112s
1015w
890vw 865sh 865w 860w 870w
825s
1005vs 996vs 1000w 1002s
v v(CS) 832vs 980w
764vs 773s 748vsb 750s 753sb
v w(NH,) 700vs 700sh 650m 654m 650mb
T(NH,) 640vs 582m 602vs 602vs 605vs 606vs
VI 472m 506w 505w 508w
407m 410s 435s 428s 451s 418s v(MN)
393w 374m 371m 374m 374m v(MS)
352s 355w 353sh 358sh 355w
293m 290w 279m 278m 273m 278m
195m 150m 150m 176m
90m 166m 115m 125m
cm~! in the bis(glycinato) nickel(T1).® The same polymeric 1:1 complexes of Cu'' and Ni' with N,N’

bands at 476-458 and 406 c¢cm~' are shown by the

substituted dithiooxamides.

This band was assigned

polymer in which Ni—N and Ni-S bonds are certainly
present.

A Ni—N(amidic) bond stronger than the Ni—S
bond may be questionable and requires further com-
ment. The very strong band observed at 1264 cm™!
for the polymer and at 1212-1217 cm™! for the other
complexes is very similar to the strong band cobserved
in the region of 1200 cm™' by Desseyn et al.® in the
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to R—N vibrations; the increase of the polarity of the
R-N bond, subsequent to complexation, resulted in
an increase in intensity. For this reason Cu'! and Ni"!
were considered by these authors as being linked
mainly to nitrogen, while Hg" and Pb", which in their
complexes, like the ligand, give practically no absorp-
tion in this region, were considered as being linked
mainly to sulphur., Similarly the presence of a strong
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Table IV. 1.R. spectra (cm™') of the ClO,~ and HSO, ions in the Nil,X; complexes. The values in parenthesis correspond

to superimposed bands.

X L

ClO,~ DH., 1120s 1095vs 922m 618s 469m
Met,DH, 1137vs (1090vsb) 917s 726sb (620vsb) 466m

HSO,- DH., 1172vsb 1068s (886s) (851s) 568vs 438m
Met;DH, 1166sb 1050ms (783mb) (693mb) 564ms 446m

v(RN) band could mean that also in these complexes
the Ni—N is stronger than the Ni—S bond.

In the polymeric 1:1 complex the negative charge
of both nitrogen atoms is enhanced by removing the
protons. In the case of the Ni(Met:.DH,)»X, com-
plexes the negative charge of the nitrogen atom bond-
ed to the metal may be enhanced either if the proton
of the complexated HNR groups is involved in an
hydrogen bridge removing the (84 ) chafge, or through
a tautomeric structure such as:

(+)

in which the free HNR group is protonated. The (B)
structure may also account for the splitting of the v
(CN) and v(CS) bands.

The very strong v(NH) band of the ligand (3180
cm™'), which obviously disappears in the 1:1 poly-
mer, is substituted in the other complexes by three
strong or medium bands at 3230-3260, 3150-3165, and
3100-3130 cm™!, observed on mulls in hexachlorobu-
tadiene. Two w(NH) bands could be ascribed, in
the structure (A), to the different situation of the two,
bonded and not bonded, RHN- groups. But, consi-
dering (a) that three v(NH) bands are observed in
the I.R. spectrum of DH, (Table III) at 3295, 3212
and 3140 cm~!, (b) that the absorptions of the NH,*
groups are similar to those of the primary amines and
(c) that the N~H stretching frequencies are lower in
the former case,” the appearance of three w(NH) bands
in these complexes could be due to the presence of a
RNH,* group, as in structure (B).

Structure (B), in which only one hydrogen atom has
been substituted by the metal, as in the 1:1 polvme-
ric complex, could also explain the fact that a proto-
nation of the other nitrogen atom by strong acids,
which cuts the polymeric sequence, allows the for-
mation of these crystalline and soluble 1:2 complexes
instead of the insoluble 1:1 polymer obtained in neu-
tral media.

The spectra of the perchiorate and sulphate ions
(Table IV) correspond to a deformation of these ions
from the Td symmetry,®? obvious for the sulphate

(19) C.N.R. Rao, Chemical applications of infrared spectroscopy,
Academic Press, New York, 1963, p. 251, 252.

(20) B.J. Hathaway and A.E. Underhill, J. Chem. Soc., 3091 (1961).

(21) LLM. Procter, B.|]. Hathaway, and P. Nicholls, J. Chem. Soc.
(A), 1678 (1968).

(22) K. Nakamoto, |. Fujita, S. Tanaka, and M. Kobayashi, J. Am.
Chem. Soc., 79, 4904 (1957).

ion, by assuming it to be present as a HSO,~ ion. The
perchlorate ion deformation can be explained only
by an interaction with the molecule of the complex.

It is, however, very likely that this interaction also
takes place for the other anions, HSO,~, Cl-, Br-,
since the I.R. and electronic spectra of the four com-
plexes are very similar.

The possibility of a coordinative axial interaction
taking place between the anion and the metal should
be excluded from their elctronic spectra, which indi-
cate a planar symmetry of these diamagnetic comple-
xes. A purely electrostatic axial interaction with the
metal could, however, justify the rather high differen-
ce (about 45 cm™!) of the lower vw(CS) frequencies
between the complexes of the more electronegative
Cl- and HSOs~ ions (847 cm™!) and the complexes
of the less electronegative Br~ and ClO,~ ions (803
cm™), in the sense that a more electronegative ion
pointing on the metal in the structure (A) could induce
a mesomeric backshift resulting in a higher double
bond character of the (CS) group bonded to the metal.
Another interaction of the ions could, however, take
place on the hydrogen atom of the positively charged
groups RNH(6+) bonded to the metal in the structure
(A), enhancing the Ni—N bond and weakening the
Ni-S bond.

The infrared spectrum of Ni(Met,.DH,).Cl; - H.O -
+0.25 EtOH is identical to that of Ni(Met;DH,);Cl; -
2H,0 excepting the presence of several bands of EtOH
which may be observed on samples preserved in des-
sicator for some months.

DH rcomplexes (Table 1I1). The greater difference
between the L.R. spectra of the DH,complexes seems
to be due to the absence of the screening or stabili-
zing effect of the methyl groups and to the consequen-
tly greater sensitivity of the DH; molecule toward the
environment.

The v(CN) band of the ligand (1423 cm™") is raised
in the complexes to 1470-1485 cm™', corresponding to

the (_ICT}-C :%—)) group, which is sulphur-bonded to the
metal. The lower w(CN) frequency, corresponding to
the (§=C—-N—») group, which is nitrogen-bonded to
the metal, could be identified in the strong band at
1255-1285 cm~! in three of the Ni(DH,):X,; complex.
Jensen and Nielsen® considered the 1280 and 1330
cm~! bands of the complex Co(DH4),Cl, as correspon-
ding to the 1199 cm™! band of DH;. The assigne-
ment of the strong band at 1260-1280 cm™~! to a v(CN)
mode seems, however, to be likely, although it is
about 150 cm™! lower than that of the ligand. In both
structures (A) and (B) a lone pair of the nitrogen atom
is involved in the M=N bond without the compensation
due to the inductive effect of the methyl groups that
occurs in the Met;:DHz—complexes, in which this v(CN)
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Table V. Electronic spectra (cm™') of the solid complexes.

'A,—'Byg —'B,, ->'Ag or C.T. C.T.
Ni(DH,),Cl, 15380 17090 18870 23260
Ni(DH.),Br. 15620 17090 18690 24390
Ni(DH,)(Cl10,), 15620 17240 18870 24390
Ni(DH.,).(HSQO.), 15080 17090 18350
Ni(Met,DH.).Cl; . 2H,O 16450 17860 19230 23810
Ni(Met.DH.).Br, . 2H,O 16530 18180 19800
Ni(Met,DH,)»(Cl10,), . 2HO 16750 18280 19610 23810
Ni(Met.DH.)(HSQ.). . 0.5HAc 16640 18180 19120
Ni(HOEt,DH,),(ClO,), 16260 17700 18690 23530
Ni(HOEt;D) . 0.5 Glycol 10750 16390 19530
Ni,(HOEt.DH),SOQ. . 1.5 Glycol 10150 15920 16810 18690 25000

Table VI. Nickel: Ligand ratic obtained by the Job method and electronic spectra (cm™') of the complexes in solution
(extinctions in parenthesis).

Solution Job DH., Job Met,DH; Job HOEt,DH,

NiAc, in HAc+HCI (9:1) 1:2 15620(269) 18020(123) 1:2 16810(360) 18870(335) 1:2 16260(739) 18450(684)
NiAc; in HAc+HCIO, (9:1) 1:2 15620(683) 17790(490) 1:2 16670(453) 18870(540) 1:2 16450(91) 18660(87)
NiCl, in MCS 1: 1 15150(46) 20320(81) 1:2 16180(17)  20410*(71) f:1 15500(22) 21740(40)
Ni(ClO); in MCS 1:2 17540*(370) 19120(560) 1:2 15870(93) 19880(288) 1:2 15620(51) 19800(120)
NiAc, in HAc 1:1 14920 16393*

* Shoulder.

frequency is only 40-50 cm~' lower. Furthermore, it
may be observed that v(CN) frequencies of pure sin-
gle (CN) bonds, as in tertiary amines and simple
amides, are at about 1000-1230 cm~."

The vw(CS) band of the ligand (832 cm—!) is lowe-
red in the complexs to 750-770 cm™! and corresponds

to the (’I&C:r\S—)) group. The higher v(CS) fre-
quency, corresponding to the (S=C-N—) groups,
-could be identified in the strong band at about 1000
c¢cm~! and is shown by three of the complexes. It is
worthy of note that the perchlorate complex does not
show the lower v(CN) band and only a weak higher
v(CS) band at 980-1000 cm~!. Similarly, the sym-
metrically complexated polymer shows only weak
bands at 1285 and 1015 cm™}, probably due to irre-
gularities in the polymer itself, or to the presence of
uncomplexated terminal groups in the polymer
chains. The strong thioamide V band of the ligand
(700 cm™!), mainly w(NH:), might correspond to the
band at 825-865 cm™' in the complexes as was pro-
posed by Jensen and Nielsen® for the Co(DH4).Cl;
complex, but it seems more likely that it corresponds
to those at 650-700 ¢cm~'.

In the far infrared spectra of the complexes the
strong band at 410-450 ¢cm~' may be assigned to a
v(MN) frequency, while the bands at 350-375 cm™!
may correspond to v(MS) frequencies. These bands
are lower in the DHs;—complexes than the correspon-
ding bands of the Met,DH;—complexes, since, as a
result of the inductive effect of the methyl groups,
Met,DH, is a stronger ligand than DH,. The induc-
tive effect of the CH; groups is clearly shown by the
fact that the v(CN) mode of Met;DH, (1528 cm™') is
greater than that of DH, (1423 cm~'). The v(CS)
frequency is greater in Met:DH, (867 cm™!) than in
DH; (832 cm™') because in DH, the sulphur atom is
hydrogen-bonded to a NH; group of another molecule®

(23) P.]J. Weatley, J. Chem. Soc., 396 (1965).
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and consequently the C=S double bond character is
reduced.

The §(NH;) band of DH. (1580 ¢cm™) still present
in the polymer as a weak band (1590 ¢m™') due to
uncomplexated terminal groups of the polymer chains,
is shifted to higher frequencies and split in the com-
plexes as a result of the different situation of the
complexated and uncomplexated NH, groups, as in
the structure (A).

In the DHs—complexes the ClO,~ and SO~ ions
also show a multiplicity of bands (Table 1V) corre-
sponding to an interaction of these ions with the
complex, as in the Met;DH;—complexes.

HOEtDHz—complexes. The I.R. spectra of the
HOEt:DH;~complexes are much more complicated;
only the perchlorate complex has the same stoichio-
metry as that the other two ligands, but no valuable
information can be obtained from its I.R. spectrum.

Electronic spectra. The electronic spectra of the
solid complexes (Table V) show three bands which
may be considered as d-d in character because they
are at greater energy in the Met;DH. complexes than
in the DHs—complexes; this is in agreemcnt with the
fact, already observed for the v(MN) frequencies, that
Met,DH; is a stronger ligand than DH,.

These planar complexes may be considered as ha-
ving a Dz symmetry because of the presence of two
symmetrical M—S bonds and two symmetrical M—=N
bonds. Some L(r) interaction with the Z axis of the
metal may be expected, as in other sulphur coordi-
nated complexes. This situation may be compared
with that of the [bis(maleonitriledithiolato)Ni'']"-%
and that of the bis(dithioacetylacetonato) Ni''® in
which the ligands were assumed to point to the metal

(24) S.I. Shupak, E. Billig, R.I.H. Clark, R. Williams, and H.B.
Gray, J. Am. Chem. Soc., 86, 4594 (1964).
(25) O. Siiman and }. Fresco, J. Am. Chem. Soc., 92, 2652 (1970).



in four directions intermediate to the XY axes.

With a similar orientation of the ligands to the XY
axes the first two bands at 15000-16000 and at
17000-18000 c¢cm~' may be assigned to 'A~>!B,; and
—'By; transitions, respectively, while the third, ob-
servable only in the solid spectra at 18300-19800
cm™', may be due to a 'A;—'A, transition or to C.T.
transition. The constancy of these bands in all the
complexes of the same ligand, irrespective of the
anions, seems to confirm that the anions are not
coordinatively bonded to the metal in axial position,
even if a pure electrostatic interaction may be admit-
ted, as previously discussed.

With the coordinate system rotated 45° from the
system used in square planar tetrahalides and other
similar complexes, the splitting parameter A is the
reverse of the one—electron transition for the latter
complexes. A correction factor” (F,=10F,=800
cm™') of 2800 cm~'® gives A, for the perchlorate
complexes of the three ligands in the sequence DH,
(18420) < HOEt,DH3(19060) < Met,DH1(19550).

The complexes Ni(HOEt,D)- 0.5 glycol and Nigx
(HOEt,DH); - SO, 1.5 glycol show a band at 10750
and 10150 cm™' attributable to an octahedral nickel

o (26) H.B. Gray and C.]. Ballhausen, J. Am. Chem. Soc., 85, 260
(27) H.B. Gray, in Transition Metal Chemistry, Edited by R.L.
Carlin, Vol. 1, M. Dekker Inc., New York, p. 278.
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ion while the other d—d band corresponds to a planar
nickel ion present in a binuclear structure.

The complexes existing in the solutions of the
systems investigated (Table VI) by the Job method
show that in HAc containing strong mineral acids
(HCl1 or HCIO,) the metal: ligand ratio is always 1:2,
while in the neutral solutions of NiCl, in methylcel-
losolve (MCS) the competitive action of the chloride
ion is strong enough to reduce the ratio to 1: 1 for the
weaker ligands DH, and HOEt,DH, but not for the
stronger Met,DH, which gives the ratio 1:2. In the
solutions of Ni(CIO,), in methylcellosolve, in the ab-
sence of a competitive action of the perchlorate ion,
all the three ligands give a ratio 1:2. Also, the solu-
tions of DH, in pure HAc only give the 1:1 complex,
due to the competitive action of the Ac~ ion and/or
to a partial polymerization.

The influence of strong acids on the formation of
the 1:2 complex, in solution and in the solid state,
may be ascribed to the protonation of one nitrogen
atom of the dithiooxamides which prevents poly-
merization.
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