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Tentative Assignment of Fundamental Vibrations of Thio-
and Selenocarboxylates II. The Dimethyldithiocarbamate Ion

KAI ARNE JENSEN, BRITTA MYNSTER DAHL, PER HALFDAN
NIELSEN® and GUNNER BORCH?

a8 Chemical Laboratory Il (General and Organic Chemistry), University of Copenhagen, The
H. C. Orsted Institute, DK-2100 Copenhagen, and ® Chemistry Department A, The Technical
University of Denmark, DK-2800 Lyngby, Denmark

The vibrational spectra of potassium and lead(II) dimethyl-
dithiocarbamate are reported. The fundamentals are assigned on the
basis of (1) comparison with the spectra of the deuterated species,
and (2) a normal coordinate analysis of the dimethyldithiocarbamate
ion with a 24 parameter generalized valence force field.

Currently, much attention is being directed towards the infrared absorption
of dithiocarbamate ligands in transition metal chemistry. However, reliable
information on the assignment of frequencies and the values of the force
constants of the free ligands is not yet available. In the previous paper?! of
this series, the vibrational modes of the dithioacetate ion were described in
terms of a generalized valence force field (GVFF). In the present paper, the
infrared and Raman spectra of the dimethyldithiocarbamate ion, (CH;),NCSS™
(DDTC), and the perdeuterated species are reported.

The result of a normal coordinate analysis, using a GVFF based upon that
for dithioacetate,! will be discussed with emphasis on the correlation of the
results with spectroscopic evidence.

The experimental results are listed in Table 1. It is assumed that the
potassium salt of DDTC is ionic, and accordingly, the infrared and Raman
spectra have been taken to represent those of the free ion. It cannot at present
be judged how good this approximation is. For example, v4,(B,) is placed in
the region where the lattice modes occur (Table 1), and the presence of strong
coupling between these vibrations cannot be excluded. The selection rules
may be quite different for the crystalline state and for solutions, and the
static field effect of the metal ion in solid potassium DDTC has also been
ignored. However, we feel that the results justify some confidence in the
validity of this approximation.

The spectrum of the lead(II) salt has been included for comparison. The
deviations from the spectrum of the potassium salt is generally small, but in
most cases beyond experimental error.
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2032 KAI ARNE JENSEN ET AL.

NORMAL COORDINATE ANALYSIS

The DDTC ion has 12 atoms and has been assumed to belong to the point
group C,,. It has accordingly 30 fundamental modes of vibration, which can
be described by the representation 10A, + 5A,+ 9B, + 6B,. All vibrations are
Raman active, and all but the vibrations of species A, infrared active. From
the results listed in Table 1 it is seen that comparison of the infrared and
Raman spectra does not allow an assignment of the vibrations of species A,.
This species has accordingly been omitted in the normal analysis. The polarized
lines have been assumed to belong to species A,.

The geometry of the DDTC ion used in the calculations is based upon X-ray
investigations of the complexes 2 and the dithiocarbazate ion ® and an assumed
tetrahedral configuration around the carbon atoms of the methyl groups.
The following distances have been used: C—H=1.10 4, C— N (dimethylamino
group)=1.46 A, C—N (central bond)=1.33 A, and C—S=1.709 A. The follow-
ing angles have been used: H—-C-H=H-C-N=109°28'", C—N-C (di-
methylamino group)=118°, and S—C—-S8=123°20".

The internal coordinates were chosen as the changes in bond lengths
and bond angles, and are shown in Fig. 1. From these, the symmetry coordinates

c Fig. 1. Internal coordinates for the di-
methyldithiocarbamate ion. Additional
"3 6 coordinates are: torsions of methyl groups
fspa, 1, and 1, out-of-plane CSS wagging
H w,, and out-of-plane (CH,),N wagging w,.

H

listed in Table 2 were constructed by analogy with those reported for acetone 4
and dimethyl ketone.® Normalization of the symmetry coordinates and
removal of the redundant ones were effected automatically by the program
used for the calculations.

The force field shown in Table 3 (referring to normalized symmetry
coordinates) gave the best reproduction of the experimental spectra. The
assignment of all observed bands are given in Table 1, but some of these
(especially in the »CH/»CD and 6CH,;/dCD, regions) are open to criticism
and may have to be interchanged in the light of future evidence.

The total number of force constants used in calculation of fundamentals
is 24, of which K, F, and H, have been transferred from alkanes.® Of the
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Table 2. Symmetry coordinates for dimethyldithiocarbamate.

Symmetry coordinate (unnormalized) Symbol Description

Si(A,;) =2r;—ry—r3+4 2r,—r;—rg v, CH Asym, CH stretch
Sa(A,) =ri+ry+rytritrtrg v,CH Sym. CH stretch

S3(A;) =P, +P, ,ONC Sym. CNC stretch
SdA;) =R »CN CN stretch

Ss(Ay) =D+ D, r,CSS Sym. CSS stretch
Se(A,) =200y — ag— ozt 200, — 05— g 0.sCH, Asym. CH, deformation
S1(A1) =0yt og+ gt o+ o5+ g (SSCH; Sym. CH3 deformation
Sg(Ay) =281~ Bs— Pa+ 28— Bs— Ba ¢CH, In-plane CH; rock
Sy(Ay) =B+ Bat Bat Bat Bs+ Be - Redundant
S1n(A)=0;+3J, JCSS CSS deformation
811(A)=7y1+ 72 JCNC (CH,),N deformation
812(A,)=04 - Redundant

Sla(A1)= V& _ Redundant

S;(B,) =2r;—ry—ry;—2ry+r5+ 1 v,sCH Asym. CH stretch
Sy(B;) =r;+ry3+r3—r,—r5—7T} v,CH Sym. CH stretch

S3(B,) =P,—P, v,dsCNC Asym. CNC stretch
84(B,) =D,—D, v,6CS8 Asym. CSS stretch
Ss(Bl) = 211— Og— Og— 2a4+ og+ g 63501'13 Asym. CH3 deformation
S,(Bl) =ayt oyt ag—ag— g — g JSCHs Sym. CHa deformation
S7(B 1) = 2ﬂ1—‘ Ba" ﬂa" 2/94"' ﬂs'i" ﬂo QCH;; In-plane CHs rock
Sg(By) = B1+ Bat Bs— Ba— Bs— Bs - Redundant

Sg(By) =0,— 0, 0CSS In-plane CSS rock
S10(B1)=y1— 72 oCNC In-plane (CH,),N rock
8,(By) =r1p—r3+ 151, yCH CH stretch

Sy(By) =g~y a5 — g 6CH, CH, deformation

Ss(By) = Ba— Bs+ Bs— Bs oCH, Out-of-plane CH, rock
84(By) =1:+71, tCH, CH, torsion

85(B,) =w, »CSS CSS out-of-plane wag
S4(B;) =w, »CNC (CH,),N out-of-plane wag

remaining 21 force constants, those referring to the dimethylamino group
have been chosen so as to correspond as closely as possible to those previously
reported for methyl amines ? and N-methylacetamide.® Thus, the value for
K, (4.67) and Hj (0.73) are close to the counterparts for amines (4.627 and
0.797) and N-methylacetamide (4.704 and 0.757). The local force field for the
dithiocarboxylate group (Table 3) was initially chosen as that used for dithio-
acetate,! 7.e. K,=3.50, F,=0.95, H;=1.15, Hys=1.60, and H,, =0.41. The
value of the force constant K for stretching of the central CN bond depends
heavily on the number of interaction constants used in the calculations.
Different selections or values of interaction force constants turned out to have
the effect that K, had to be increased to ca. 6 mdyn/A as compared to
4.8 mdyn/A in Table 3. Accordingly, the present calculations are not decisive
as regards the double bond character of the central CN bond. The validity
of the final force field (Table 3) has been ascertained by carrying out preliminary
normal coordinate analyses on the dimethyldiselenocarbamate ion and
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2034 KAI ARNE JENSEN ET AL.
Table 3. Final valence force constants for dimethyldithiocarbamate.
Force Coordinate(s) | Atoms common to
constant Group involved interacting Value®
coordinates
Stretch
K, CH, C-H - 4.699°
Kp CH;—~ N C—N — 4.67
Kg N-CS8, N-C - 4.80
Kp CS, C-—8 — 3.95
Stretch-stretch
F, CH, C-H,C—-H C 0.043°
Fp CH,— N-CH, C—N,C-N N 0.83
Fy S—-C-8 C—8,C-8 C 0.95
Fpgr CH;—N-CS, C—N,N-C N 0.178
RD N-C-8 N-C,C-S8 C 0.234
Bend
H, CH, /HCH - 0.54°
Hp CH,—N /. HCN - 0.73
H, CH,—N-C’'S, /. CNC’ — 1.40
H,/ CH;— N—-CH, / CNC - 1.40
Hys N-C-8§ /. NCS — 0.80
Hy/ S—-C-8 /. 8CS - 1.80
H,, N-CS, /. NCS, - 0.57
Ho, (CH,),N—-C’ /£ CNC’ —_ 0.167
Stretch-bend
Fpp CH,—N C—-N, /HCN C—-N 0.318
Fp, CH;—N-C’S, C—-N, /CNC’ C-N 0.347
_ Fry CH;—N-C'S, C¢'—N, /CNC’ C'—N 0.283
Fre N—-C-8 N-C, /NCS N-C 0.283
Bend-bend
Fp CH;—N / HCN, / HCN C—-N —0.04
Fo,o, C,N—C8, /. C,NC,/ NCS, | N-C 0.10
Torsion
H, CH,—N ‘ C-N — 0.0335

4 In units of mdyn/A (stretch constants), mdyn/rad (stretch-bend interaction constants),
and mdyn A/(rad)? (bending and torsion constants). ® Values transforred from Ref. 6.
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2036 KAI ARNE JENSEN ET AL,

nickel(Il1) dimethyldithio- and dimethyldiselenocarbamate. These results
will be published shortly.

The calculated fundamentals and their description in the symmetry
coordinates is given in Table 4. The overall agreement is considered fairly
good, except that some of the calculated frequencies associated with the methyl
rocking and symmetrical deformation modes (vg, ¥4, ¥5;, and »,,) deviate
considerably from the experimental values. This is a phenomenon previously
noted when using similar force fields for methyl groups attached to unsaturated
systems,*% and its origin has not been clarified. Within the framework of the
force field chosen for the present work, exploratory calculations showed that
the discrepancy could not be removed.

DISCUSSION

From Table 1 is seen that the experimental spectrum of the DDTC ion
in the region 1400—1500 cm™ is dominated by the presence of the strong
broad vg(A,) at 1489 cm™. A counterpart to this band is found in metal complex
compounds of differently substituted dithiocarbamates (see references in part
I1), and is generally assumed to originate mainly in the stretching vibration
of the central CN bond which has attained some double bond character. This
interpretation does not apply for the DDTC ion. From Table 4 is seen that
the A, fundamentals in the region 1400 — 1500 cm™,»; and v,, arise from cou-
pling between asymmetric CH; deformation and a skeletal mode, which
according to the L-matrix is due to an out-of-phase combination of yCN and
»,CNC. In the deuterated compound, the frequency of the deformation mode
is lowered with the result that the almost pure §,,CD; vibration is observed
at 1064 cm™, while the out-of-phase combination of ¥yCN and »,CNC becomes
the main component of the strong band at 1400 cm™. The strong mixing of
»CN and »,CNC is quite reasonable in view of the similar values of the stretch-
ing force constants K; and K (Table 3).

In the infrared region 1200—1400 cm™ of DDTC, the two strong funda-
mentals v5(A,) and »,y(B,) occur at 1361 cm™ and 1257 cm™, respectively.
The former of these is due to J,CHj stretching, but the latter band is only
displaced by ca. 20 cm™ on deuteration, and must accordingly originate
mainly from a skeletal motion. From Table 4 and the L-matrix values it can
be concluded that it arises from approximately equal amounts (as measured
by the contribution to the potential energy) of skeletal stretching (out-of-
phase combination of »,, CSS and »,,CNC) and skeletal rocking modes. If the
GVFF treatment adopted here is not gravely in error, it can be concluded
that bands occurring in what is commonly described as the CN stretching
region may contain a considerable contribution from skeletal rocking modes
usually placed at much lower frequencies.

Proceeding towards lower frequencies in the infrared spectrum of the
DDTC ion, the next strong, characteristic band is found at 966 ecm™. This
has been assigned to the fundamental v,(B,) and is hardly influenced by
deuteration. According to the L-matrix elements, it originates from in-phase
combinations of %,CSS and »,,CNC in different proportions in the undeuter-
ated and the deuterated compounds. A similar origin would be expected for

Acta Chem. Scand. 25 (1971) No. 6
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the counterpart observed in metal complex compounds of dithiocarbamates
(between 900 cm™ and 1000 cm ™, see references in part I 1), which is generally
assumed to arise chiefly from »,CSS.

The fundamentals v4(A;) and »,,(B,) are observed partly superimposed
at 583 and 590 cm™!, respectively, in the infrared spectrum of the DDTC ion.
The former of these bands is also the strongest band in the Raman spectrum,
with a depolarization ratio of ca. 0.1. According to the L-matrix, the main
contribution is from a skeletal stretching motion, in which all five bonds
stretch in phase: a ‘‘skeletal breathing motion’’. The correspondence between
the Raman results and the GVFF description as regards this fundamental
supports the validity of the treatment adopted in the present work.

The remaining fundamentals will be discussed in some detail in connection
with the dimethyldiselenocarbamate ion. In the present context, we shall
only point out that the asymmetrical and the symmetrical CSS stretching
modes in the DDTC ion are both strongly coupled to other vibrational modes.
The JCSS scissoring mode is found at slightly lower frequencies in DDTC
(ca. 325 cm™) than in dithioacetate (ca. 370 cm™). The wagging mode, wCSS,
shows the opposite trend (ca. 590 cm™ in DDTC, 450 cm™ in dithioacetate).
The CSS rocking mode, which gives rise to very weak absorption in dithio-
acetate near 325 cm™, has not been observed for the DDTC ion. According
to the calculations, it should be located below 200 em™ where the strong,
broad absorption from the lattice modes dominates the spectrum.

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 Ras-
mussen and Dr. O. Faurskov Nielsen for providing us with the far-infrared and the
Raman data, respectively.

Potassium dimethyldithiocarbamate hemihydrate. To a suspension of powdered potas-
sium hydroxide (2 x 10™2 mol) in dioxane (25 ml) was added dimethylammonium chloride
(2% 1072 mol), and the reaction mixture was stirred for 1 h at room temperature. The
solution containing the free amine was separated from potassium chloride by centrifuga-
tion and added to another suspension of powdered potassium hydroxide (2 x 1072 mol)
in dioxane (15 ml). Into this vigorously stirred mixture was dropped a solution of carbon
disulfide (2 x 107 mol) in dioxane (25 ml) over a period of 1 h at room temperature.
The colourless precipitate was isolated by filtration, washed successively with dioxane
and dry ether, and dried in vacuo. More salt could be obtained by adding dry ether to
the mother liquor. Total yield: 95 9. The salt was purified by one recrystallization from
dioxane, followed by one from dry acetone. (Found: C 21.76; H 4.40; N 8.52. Cale. for
C,HNS,K-4H,0: C 21.40; H 4.19; N 8.32.)

The perdeuterated salt was prepared in an identical manner, using C-deuterated
dimethylammonium chloride.

Lead(I1) dimethyldithiocarbamate. On mixing the calculated amounts of aqueous
solutions of lead(II) acetate and potassium dimethyldithiocarbamate, colourless lead(IT)
dimethyldithiocarbamate precipitated in excellent yield. (Found: C 16.25; H 2.76; N 6.31.
Cale. for C{H,N,S,Pb: C 16.10; H 2.70; N 6.26.)

:
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