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The infrared spectra in the range 40—4000 em™ of bis(V,N-
dimethyldithiocarbamato)nickel(II), and bis(NV,N-dimethyldiseleno-
carbamato)nickel(II), and the corresponding perdeuterated com-
pounds are reported. For these compounds, the frequencies and
description in symmetry coordinates of the normal vibrations of
species B,,, By, and Bj, have been calculated using a 31-parameter
force field in the generalised valence force field (GVFF) approxima-
tion. The force fields were derived by adaption of those of the free
ligands and those of analogous complexes. A complete tentative as-
signment of the fundamentals of species B,,, B,,, and B,, is pre-
sented for the four complexes and previous assignments are discussed.

rl‘he first normal coordinate analysis of metal complex compounds con-
taining dithio- and diselenocarbamate ligands was reported in 1963 by
Nakamoto et all The wvibrational fundamentals of bis(dithiocarbamato)-
platinum(IT) and the corresponding perdeuterated complex were calculated
using a Urey-Bradley force field. However, the procedure was approximative,
since the calculations were performed adopting a 1:1 model, ¢.e. the complex
was treated as if it consisted only of one ligand connected to the central metal
atom. Furthermore, all out-of-plane vibrations were neglected and only the
eleven in-plane vibrations were compared with the nine experimentally found
frequencies. Recently, exploratory calculations have been published for bis-
(dimethyldithiocarbamato)nickel(II) (DDTC-Ni) and the selenium analogue
(DDSC-Ni) 2 using 1:1 models, but owing mainly to the lack of reliable ex-
perimental information the conclusions are still far from definitive. A prelim-
inary account of the results obtained for metal complexes containing the
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Table 1. Observed infrared spectra ¢ of bis(dimethyldithiocarbamato)nickel(II), bis-
(dimethyldiselenocarbamato)nickel(IT) and the deuterated compounds in KBr (400—
4000 cm™) and polyethylene (40 —400 cm™) with a tentative assignment of the funda-

mentals.

[(CH;),NCSS].Ni [(CD,),NCSS],Ni [(CH,;),NCSeSel,Ni [(CD;),NCSeSe],Ni Assignment ®

3003vw
2950w
2910m

2849w
2776w
2117w
1967w
1936w
1788w
1717w
1553vs
1446m

1394s°
1394s°

1246s
1150vs®

1150vs¢
1103w
1054m
1013w
975vs
944vw

894vw

820vw
570w
549w
444m,
414m
388s
376m
30Im
273m
179m
104wbr
90m

2260vw
2186vw
2233w
2221wsh
2141m
2104w
2061m
1949vw
1916vw
1639w
1583vw

1500vs
1048m

1037wsh
1064s

1225s
790w
1301vw
1208msh
1168w
1098wsh
977vs

824w

984vs
1113m

947msh

927wsh

860vw

539w
545w
414m
397s
363m
376m
286m
245m,
175m
100wbr
85m,

2998vw
2950w
2908m

2848w
2774w
2031vw

1880vw
1765w
1736w
1555vs
1446m

1401s°¢
1401s°
1367w
1226m
1144vs

1144vs

1080vwsh

1046m,
995vw
892m

870m,

766vw
535vw
498vw
328s
378m,
298w¢
298w*
204m,
272m,
144vw
96wbr
78m

2253vw
2174vw v12(B o)y Vao(Bay)
2219w 11(B 1)
2207vwsh
2131m
2093w
2053m, ”z(Blu)a o1 (B
1939w
1760w
1626w
1504vs v3(B 1)
1044m Vo (B1u)s v1a(Bau)»
Vaa(By)
1033w v5(B 1)
1059s Ves(Bau)
1201s Voo(Bay)
765w vs(Blu)
1298vw
1168w
1093wsh
965vs V14(Bau)
815W 1’35(B8u)
883m Vaa(Biu)
1107m vo(B1u)
926wsh
490vw® vg(Byu)
490vw* Vy5(Bay)
328s Vy(Byu)
34Tm Vor(Bay)
298w*¢ V1o(B 1)
298w¢ st(Bau)
204m, 1’11(B 1u)’
246m, V16(Bau)
l144vw V1:(Baw)
96wbr
74m, Vao(Bau)

4 Abbreviations used: vs=very strong, s=strong, m=medium, w=weak, vw=very weak,
br=broad, and sh=shoulder.
b The numbering of the fundamentals refer to the undeuterated compound. The counterparts.
of the deuterated compounds are the bands, which according to the normal coordinate analysis,

correspond most closely in description.

¢ Multiple assigned bands.
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diethyldithiocarbamate ligand was given a short time ago by Pilipenko and
Mel’nikova.?

The purpose of the present paper is to present a complete assignment of
the infrared-active fundamentals of species B,,, B,,, and B, of the nickel
complexes DDTC-Ni and DDSC-Ni. For this purpose a full normal coordinate
analysis was performed using the actual 2:1 model of the complexes. A major
part of the force fields were transferred from those derived previously for the
free ligands, DDTC and DDSC.4,5

The infrared data for DDTC-Ni, DDSC-Ni, and the perdeuterated com-
plexes and a tentative assignment of the fundamentals of species B,,, B,,,
and B,, are given in Table 1. A graphical representation of the infrared spectra
of the complexes in the region below 1330 cm™ is shown in Fig. 1. In the upper
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Fig. 1. The infrared spectra of bis(dimethyldithiocarbamato)nickel(II), its selenium

analogue, and the perdeuterated compounds in the range 60 — 1333 cm™. The numbering
of the bands refers to the assigned fundamentals discussed in the text.

part the superimposed spectra of DDTC-Ni and DDSC-Ni are drawn with a
full and a dashed line, respectively. In the lower part of Fig. 1 the superimposed
spectra of the deuterated counterparts are shown in the same way. When
arranged in this way it is immediately apparent that a number of infrared
absorptions by virtue of their position, shape, and intensity appear to have
common origins in the four compounds. In fact, it has often been convenient
to consider the infrared spectrum of a selenium compound as DDSC-Ni to be
derived from the infrared spectrum of the corresponding sulfur compound
(here DDTC-Ni) by “selenation’’, 7.e. the replacement of sulfur with selenium.5
However, though it is empirically useful to say that, e.g., the absorption band
of DDTC-Ni, numbered 26 in Fig. 1, is “displaced from 975 cm™! to 892 cm™!

Acta Chem. Scand. 26 (1972) No. 6
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on selenation”, it is (1) not known to which extent this shift is due to changes
in bond lengths, interbond angles, masses, or force constants when sulfur is
replaced by selenium, and (2) also not known to which extent this absorp-
tion band can be described by similar symmetry coordinates and potential
energy distributions in DDTC-Ni and DDSC-Ni. This problem will be discussed
later on the basis of the results obtained from the vibrational analyses.

EXPERIMENTAL

The experimental details of obtaining the spectra and performing the normal
coordinate analyses were described in part I of this series.®* We thank Dr. Kjeld Rasmussen
for providing us with the far-infrared data.

The complex compounds were prepared by published methods.” Their elemental
compositions were checked by analysis. All spectra were recorded several times and with
different concentrations of the complexes in the KBr-discs in order to get a reliable
determination of the absorption maxima.

NORMAL COORDINATE ANALYSIS

The nickel(II) complexes in the full 2:1 model contain a total of 25 atoms
assumed to be arranged according to the point group D,, with the molecule
in the XZ-plane and the ligands along the Z-axis. The 69 normal modes of
vibration can consequently be described by the representation 114,+ 64, +
5B, +11B,,+10B,,+8B,,+ 7By, +11B,,. However, only the 30 normal
vibrations of the species B,,, B,,, and By, are infrared active, corresponding
to the species A,, B,, and B, of the free ligands,*5 respectively. The present
work is confined to the treatment of these three species.

In the absence of infrared or Raman polarisation data, there was, a priort,
no way of distinguishing the fundamentals of the three species in question.
Therefore, the following method was adopted. First, by comparing the spectra
of the nickel(IT) complexes to those of the corresponding free ligands, it was
noted that many absorption bands were almost unchanged in position, shape,
and strength. As a first approximation it was assumed that these bands corre-
sponded to those ligand vibrations that were least perturbed by complex
formation. A normal coordinate calculation was then carried out using the
force fields previously derived for the free ligands 45 combined with those
described for related complex compounds.!,® By varying the force field it
proved possible to obtain agreement between most of the experimental and
calculated frequencies, and a revised assignment of the fundamentals was
obtained.

In the process of developing the final force field and assigning the funda-
mentals, several problems were encountered some of which will be mentioned
here. The assignment of the bands in the CH/CD stretching and the CH4/CD,
deformation regions cannot be taken as decisive, and changes will undoubtedly
prove necessary as the available evidence increases. Also, the assignments of
the four rather closely spaced bands in the region 300 — 450 cm—! in DDTC-Ni
and DDSC-Ni may have to be interchanged. The essential problem in assigning
these bands is that only three counterparts are observed in the corresponding
deuterated complex compounds. Accordingly, it has been necessary to assume

Acta Chem. Scand. 26 (1972) No. 6
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that two fundamentals are superimposed in the deuterated complexes which,
however, increases the number of possible assignments of this region and leaves
the results somewhat arbitrary.

The bond distances and the interbond angles have been assumed unchanged
from those used for the free ligands %% as regards the (CH,),NC group. The
remaining bond distances and angles, including those of the dithio- or diseleno-
carboxylate groups and around the nickel atom, were assumed identical with
those estimated by Durgaprasad et al.? on the basis of X-ray determinations
on the diethyl analogues. The internal coordinates are shown in Fig. 2, and

Fig. 2. Internal coordinates for bis(di-
methyldithiocarbamato)nickel(11), also
used for the selenium substituted analogue.
Additional coordinates are: torsions of
methyl groups 1, and 1, out-of-plane
NCSS wagging, o, and out-of-plane
(CH,;),N wagging, ;. Bending around the
S---S line, b;, has been defined by si-
multaneous torsion around the two CS
bonds. Bending of the two ligands around H
a line ( x --- x ) through the nickel atom as
indicated on the figure, b,, has been
defined by simultaneous torsion around
the four NiS bonds. The internal coor-

C C
dinates of the other ligand are identical r
with those shown on the figure, except iz 3 rla 6
that each coordinate obtained by reflection o " o ’
H H

P1 Y3

in the mirror plane (through the line
X +++x ) has been marked with a prime.

express the changes in distances and angles. The symmetry coordinates listed
in Table 2 were constructed from the internal coordinates in the usual way
(¢f- Ref. 4). Normalisation of the symmetry coordinates and removal of the
redundant ones were made automatically by the program used in the calcula-
tions.

The final force field is given in Table 3 and includes 31 force constants
which are only seven more than those necessary to calculate the vibrational
spectrum of the ligands. Six of these are simple stretching and bending force
constants applying to the new bonds with the nickel atom. The additional
force constant was necessary to adjust the frequency of the vibration in which
the two ligands rock in-plane around the nickel atom (p Lig). It was chosen
as an interaction constant between deformation of angles which are not
contiguous (J and u) as the simplest solution even though it is physically not
the most probable.

Acta Chem. Scand. 26 (1972) No. 6
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Table 2. Symmetry coordinates for bis(dimethyldithiocarbamato)nickel(II).

Symmetry coordinate (unnormalized)

Species B,

S,=2r —rg—rs+2r,—1y— 74—
(2ry =7y —r + 2r) —7 —7)
Se=r14+ry+ 713+ +75+1,—
(r 1y’ +7 47, +r/ +7,)
Sn=P1+RI?a"(1)1,+P2’)
Ss=D,+ Dy — (D, + Dy’

o = 200) — oty — oty + 200, — ot — g —
(2o0) — oty — "+ 20, — &tg" — ")
S,=a1+a,+a3+u‘+a5+a.—
(a,'+a,’+a, +oy +og’ +a,')
Sy=2p,— ﬁs'*' 2ﬁ4 — B
(2ﬁ1/ - ﬂl ﬂs - ﬁs ﬁs,)
Sy = ﬁx+ﬂ:+ﬂa+ﬂ;+ﬂs
(»31 + By’ + By +ﬁ. +ﬂs +ﬂ.

‘51+5z"( V+6y)

11-53
Su—lx‘*‘la (A +2y)
p=n—a

8¢ )’1+J’z"‘()"1 +72)

=P 7y
S =L+ L,—(Ly+Ly)

Species By,,.

Sy=ry—ry+ry—re+ (1) — 1y ""'s "«)
Sy=og—otg+ g — oty + (g — &y’ + g — ")
Sy= fs— ﬁs"’ﬁs B«+(ﬁz By +ﬂs B))
S.—'r,+t,+t, + 14

S, -—(ul+w1

=0y + 0y
S, =b,+b,
Sy=by
Qpemes By,
S,=2 1Ty ‘)"4+75+"«+

(2ry —ry —7, —2r‘ +ry+ry)
Se=ri+ry+ry3—re—7,— 7+
(ry +ry + 1y =1 =1/ —1f)
Sg=P,—P,+ (P~ Py’)
Sy=D,—D,+ (D, ~Dy’)

85 =200y — oty — g — oy + o5 + g +
(20" — oty — aty” — 200" + 015" + )
S,=a1+a,+a3—-a4——as—as+
(o) + o+ o0y — oty —otg” —o5")

S, =28~ B — ﬁa_2ﬁ4+ﬂs+ﬁe
( ﬁ _‘ﬂa —ﬁa —'254 +ﬂs +ﬁs)
Ss=ﬁl+ﬁa+ﬁa ﬂ; ﬂs Bs +
B+ LB - B

Symbol

v,sCH

rsCH
rsCNC
vCN
r,CSS

8,sCH,
5,CH,
oCH,

oCSS

d5CSNi
JOSNiS
JCNC

v NiS

vCH
6CH,
¢CH,
tCH,
«CNC
«CSS
bSS
bLig

s CH

»sCH
1,,CNC
1,sCSS

0,sCH,
6,CH,
oCH,

oCSS
0,sCSNi
oCNC

1,eNiS
oLig

Description

Asym. CH stretch

Sym. CH stretch
Sym. CNC stretch
CN stretch

Sym. CSS stretch

Asym. CH, deformation
Sym. CH, deformation
In-plane CH, rock

Redundant

CSS deformation
Redundant

Sym. CSNi deformation
SNiS deformation
(CH;):N deformation
Redundant

Sym. Ni8 stretch

CH stretch

CH, deformation

CH,; rock

CH, torsion

(CH,),N out-of-plane wag
CSS out-of-plane wag
S---S bending
Out-of-plane bending of
both ligands relative to
the nickel atom

Asym. CH stretch

Sym. CH stretch
Asym. CNC stretch
Asym. CSS stretch

Asym. CH, deformation
Sym. CH; deformation
In-plane CH, rock

Redundant

In-plane CSS rock
Asym. CSNi deformation
In-plane (CH,),N rock
Asym. NiS stretch
In-plane rocking of both
ligands relative to the
nickel atom
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Table 3. Final valence force constants for bis(dimethyldithiocarbamato)nickel(II) and
bis(dimethyldiselenocarbamato)nickel(I1), [(CH,;),NCXX],Ni, X =8 or Se.

Atoms
Force Grou Coordinates common to Value @ for
constant p involved interacting X=8 X==Se
coordinates
Stretch
K, CH, C-H — 4.699 4.699
Kp CH;—-N C-N - 4.60 4.37
Ky N-C*X, N-C* - 6.50 6.47
Kp C*X, Cc*-X - 3.95 4.45
__EL NiX, Ni—-X - 0.90 0.80
Stretch-stretch
F, CH, C-H,C-H C 0.043 0.043
Fyp CH,—-N-CH, C-N,C-N N 0.80 1.01
Fy X-—-C*-X C*-X, C*-X C* 0.55 2.00
Fpn CH;—N-C*X, C—N,N-C* N 0.178 0.178
F.Ri}l N-C*—- N-C* C*-X C* 0.234 0.234
Bend
H, CH, /HCH - 0.54 0.54
Hg CH;-N /HCN - 0.73 0.73
H, =H,, CH,;—-N-C*X, /. CNC* — 0.60 1.20
a CH,-N-CH, /. CNC - 1.00 0.60
Hs,=Hs, N-C*-X /. NC*X — 1.40 1.30
Hos, X-C*-X L. XC*X - 1.20 0.60
H; C*—-X—-Ni / C*XNi - 1.20 1.11
H; X~-Ni—-X /. XNiX - 1.20 1.04
H, X —-Ni—-X* /. XNiX* - 1.00 1.00
Ho, (CH;) N —C* /. C,NC* — 0.158 0.177
Hy, N -C*X, /NC*X, - 0.40 0.422
Hy, C*X,Ni /. C*X,Ni - 0.35 0.335
H,, X NiX,* /. X NiX,* - 0.35 0.335
Streteh-bend
Fpp CH,—~N C-N, LHCN C— 0.318 0.318
Fpy CH,—-N-C*X, C-N, LCNC* C—- 0.347 0.347
Fygy CH;—-N-C*X, C*-N, /CNC* C* 0.283 0.283
_ Fge N-C*-X N-C*, /NC*X N-C 0.283 0.283
Bend-bend
Fg CH;-N /HCN, /HCN C—-N —0.04 —0.04
Fo,0, C;N —C*X, /. CeNC*, / NC*X, N-—-C* 0.10°% 0.10°%
_ Fay NC*X,NiX,* /NC*X, /XNiX* X 0.20 0.20
Torsion
H, CH;—-N C—-N - 0.0335 0.0335

2 In units of mdyn/A (stretch constants), mdyn/rad (stretch-bend interaction constants),
and mdyn A/(rad)? (bending and torsion constants).

b The out-of-plane wagging coordinates have been defined in such a way, that displacements
to the same side of the ligand correspond to identical signs of the wagging coordinates.
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The force field for the internal coordinates around the nickel atom was
initially estimated from several published UBFF values.!;2,8-10 A Ni — S stretch-
ing force constant between 1.4 and 2.0 mdyn/A and a S — Ni—S bending force
constant somewhere below 0.65 mdyn A/(rad)? were selected as a first ap-
proximation. The omission of the repulsive terms of the UBFF and the intro-
duction of the GVFT interaction terms must necessarily have a large influence
on these values. The results of the present calculations (where the number of
interaction constants has been held as low as possible) give a Ni— S stretching
force constant of 0.90 mdyn/A and a S—Ni—S bending force constant of
1.0—1.2 mdyn A/(rad)2 As expected, the values of the selenium complex
tend to be somewhat smaller.

On comparing the results listed in Table 3 with those previously given
for the ligands 4, it can be seen that most of the force constants have been
almost directly transferred. However, several changes occur, which can be
related to the influence of the nickel atom and interpreted in conventional
terms. The most striking change is that of the force constant of the central
CN bond, which increases from 4.80/5.35 in the DDTC/DDSC ligands to
around 6.50 mdyn/A in the complexes. This is satisfactory, since complex
formation will be followed by an increased weight of the resonance structure !

CH,_ X"
N=c( (X = 8, Se)
/ N
CH, X

and the increased double bond character of the central CN bond is properly
reflected in an increased force constant for stretching of this bond.

The changes in force field on substituting selenium for sulfur in the DDTC
ligand have previously been discussed ® and comprise, apart from the changes
discussed above, a decrease in K, and an increase in ¥, and F,, as well as
several changes in the bending force constants. The stretching force constants
K., Fy, and F;, show a similar trend for the complex compounds, but the
changes in K, and F, appear to be greater in the complex compounds,
indicating that the force field is not wholly correct. The changes in the bending
force constants are not consistent, but this may depend on the assumption
of identical interbond angles in the thio and the seleno compounds and is
not considered serious.

The calculated fundamentals and an approximate description in symmetry
coordinates are listed in Table 4 for DDTC-Ni and DDSC-Ni. The deviation
of the frequencies originating mainly from the ligand vibrations is generally
similar to that found for the free ligands.*® For the several new modes of
vibration introduced by complex formation with nickel the agreement between
calculated and experimental values is considered satisfactory in view of the
very simplified GVFF used in the calculations.

DISCUSSION

A description of the infrared spectra of the complex compounds is now
possible by comparing the spectra in three different ways. First, the spectrum

Acta Chem- Scand. 26 (1972) No. 6
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of a compound can be compared to the spectrum of the corresponding per-
deuterated compound, which gives the familiar effect of deuteration. Second,
the spectrum of a certain ligand can be compared to the spectrum of the cor-
responding (nickel) complex, i.e. we can discuss the effect of complex forma-
tion. Third, the spectrum of a compound containing sulfur can be compared
to the spectrum of the corresponding compound in which sulfur has been
replaced by selenium, indicating the effect of selenation.

The experimental spectra of the free ligands are shown in a previous
paper 3 while those of the complex compounds are reproduced in Fig. 1 of
this paper, all in the region below 1330 ecm™. The description of the funda-
mentals is based on the potential energy distributions (Table 4) and the
calculated L-matrices (which are not reproduced to save space). A descrip-
tion of the fundamentals of the ligands has been given in previous papers.:®

The most characteristic band of the complex compounds is v4(B,,), a
very strong, broad band in the region 1500 —1600 cm~1. The counterparts in
the spectra of the free ligands are found at somewhat lower frequencies and
have been shown to originate mainly in an out-of-phase combination of »CN
and »,CNC (more or less coupled to internal modes of the methyl groups).
A quite similar description applies to the complex compounds, although the
contribution from »CN has increased relative to that of »CNC. In the case
of the selenium-containing complexes this vibration is coupled also to »,CSeSe,
so that a more appropriate description is an out-of-phase combination of
vCN, »,CNC, and »,SeSe. On deuteration, the frequency of the internal
modes of the methyl groups is lowered and the contribution to this absorp-
tion drops almost to zero; accordingly, »4(B,,) is displaced towards lower
frequencies on deuteration. According to Durgaprasad’s results,? in DDTC-Ni
this band arises from yCN weakly coupled (out-of-phase?) to »,CNC and »,CSS,
in fair agreement with the results of the present calculation. To summarise,
the strong, broad band in the region 1400-—1600 ¢cm~' can be generally de-
scribed as due to out-of-phase skeletal stretching, however, with varying
contributions from internal modes of the methyl groups.

Both descriptions of v,(B;,) compare favourably to empirical evidence,
which is best rationalised by treating this band as due to stretching of the
central CN bond, ¢.e. vON. Thus, when the importance of the resonance struc-
ture RNt =0X,2- (X =8, Se) is expected to increase (by complex formation;
introducing electron donating groups on nitrogen) the frequency of this band
also increases.l?-18

In the frequency range 1300—1500 cm™! in DDTC-Ni and DDSC-Ni the
deformational modes of the methyl groups occur. On deuteration they are
displaced to the region 1000 —1100 cm~1. In the frequency range 1000 — 1200
em™! in DDTC-Ni and DDSC-Ni the rocking modes of the methyl groups are
found. The band near 1150 cm™ is the strongest of these, probably because
the B,, fundamental, »;, containing the skeletal »CXX (X=§, Se) sym-
metrical stretching mode, is a component of this absorption. Some authors
have assigned this band to one of the CNC stretching frequencies,®:1 probably
because it was observed only in dialkyldithiocarbamates and not in dithio-
carbamates lacking alkyl substituents. Obviously, the present assignment may
also explain this experimental result.

Acta Chem. Scand. 26 (1972) No. 6
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In the region between 1240 and 1260 cm—! in DDTC and DDTC-Ni there
is observed vy,(Bs,), a band of medium strength, which is displaced by about
20 cm™! on deuteration or by selenation. This band is due to an out-of-phase
combination of v, CNC and »,,0XX (X =8, Se) coupled to skeletal angle
deformation. In the case of the free ligands the latter component was mainly
oCNC, but in the case of the complex compounds this has been replaced by
oCXX (X =8, Se) and ¢,,CXNi. According to the calculations by Durgaprasad
et al. on DDTC-Ni? it should be described as due mainly to »,,CNC, but with
small contributions from gCNC and pCSS. The use of this absorption in em-
pirical work has turned out to be of doubtful value.1?,18

In the infrared region between 950 and 1000 cm™ a strong broad band is
observed in both DDTC and DDTC-Ni. Since it is almost unchanged by
deuteration, but displaced by about 100 cm™ towards lower frequencies on
selenation, a tentative empirical conclusion is that it can be described as
mainly v, CXX (X =8, Se) (see references in part I of this series.) The calcula-
tions indicate that this band should be assigned to v,(Bj,) which originates
from »,,0XX coupled in-phase with »,,CNC in various proportions. Since
the potential energy distributions (Table 4) are almost identical in DDTC-Ni
and DDSC-Ni it is obviously correct to say that this band has the same origin
in both complexes. This is also approximately true for the deuterated com-
plexes.

The reason for the shift of this absorption towards lower frequencies on
selenation can now be summarised as follows. (1) Probably the geometry of
the CXX group differs for the two complexes, but this effect has not been
explored and will be neglected in the present discussion. (2) The increased mass
of selenium relative to sulfur can account only for ca. 30 cm~! of the 100 cm™
shift actually found (cf. Ref. 3). (3) The remaining shift is due partly to the
lowered force constant for asymmetrical CNC stretching, partly to the lowered
force constant for asymmetrical CXX stretching on selenation. It has been
proposed that this frequency could be used to estimate stability of complex
compounds, but in the light of our calculations the use of »4(B,,) in the
1500 em™! region seems much more attractive for this purpose.

In the region between 500 and 600 cm™! the two fundamentals vg(B,,)
and v;;(B,,) are found. Both behave in the same way as the infrared counter-
parts vg(4,) and vy4(B,) in the spectra of the free ligands, and have a similar
origin.5 The former is the in-phase combination of », (XX, »CN, and »,CNC
(X =8, Se), 1.e. the skeletal breathing vibration. The latter is due to the CXX
wagging motion.

The region below 500 cm™ has recently been discussed by Ojima et al. for
DDTC-Ni.?® The three metal translation vibrations expected to occur in this
region are (1) the symmetrical Ni—S stretching vibration of species By,
¥ NiS, (2) the antisymmetrical Ni—S stretching vibration of species Bj,,
v, NiS, and (3) a ring out-of-plane vibration, in which the ligands bend
out-of-plane relative to the central nickel atom, bLig. In the latter vibration
the ligands move up and down like the wings of a butterfly, and it may con-
veniently be described as a “flapping” motion of the molecule. The working
hypothesis of Ojima et al. is, that since only three strong bands whose fre-
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quencies change with the central metal ion were observed, these can be assigned
to the vibrations described above, at 387, 300, and 179 cm™, respectively.

According to our results this treatment is not adequate. In our opinion,
the resistance of the C—S —metal angle to deformation is expected to depend
on the strength of the bond between the sulfur atom of the ligand and the
metal atom. This means that absorptions involving either (1) symmetrical
deformation of the CSNi angles, §,CSN1, of species B,,, or (2) antisymmetrical
deformation of the CSNi angles, J,,CSNi, of species B,, are also expected to
be dependent on the central metal ion. This is necessarily also true for the
vibration in which the two ligands rock in-plane around the metal atom,
oLig, of species B,,.

In species B,, the fundamental »,, at 388 cm™! can be described as ¥ )NiS
in agreement with Ojima et al.2° The two fundamentals v, and »,, both involve
J,CSNi, but their main components are other skeletal deformation vibrations,
and their variation with the metal atom should only be small. The former
band at 444 cm™! is independent of the central metal, while the latter funda-
mental at 301 cm™! changes at least 30 cm™ from the nickel to the palladium
complex. It seems that calculations and experiment disagree slightly here.

In species Bj, the fundamental v,4 at 376 cm™! can be described as v, NiS.
This means that according to our treatment »NiS and v, NiS should be almost
coincident, while Ojima et al. ascribe them to bands separated by ca. 75 cm™1.
We do not claim our assignment to be correct, but if the two vibrations are
to be placed so far apart it is necessary to introduce a fairly big interaction
force constant in the GVFF, and this seems rather unlikely in view of the mass
of the nickel atom.

The fundamentals v,y and vy, of species B,, arise from the strongly coupled
oLig and J,,CSNi modes. Only the latter fundamental has been assigned to
the band near 90 em™. It is displaced 8 cm™ towards lower frequencies by
replacing nickel with palladium.

In species B,, the calculations show that the “flapping” motion of the
ligands is strongly coupled to bending of the ligands around the S...S line
(see Fig. 2), giving rise to the fundamentals »,, and »;,. Only the former of
these has been observed, at 179 em™, in accordance with the results of Ojima
et al. The fundamental v, at 273 cm™ occurs in all dimethyldithiocarbamates
and dimethyldiselenocarbamates irrespective of the nature of the central
metal. According to the calulations it can be described as mainly «wCNC, i.e.
the wagging motion of the dimethylamino group.
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