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Tentative Assignment of Fundamental Vibrations of
Thio- and Selenocarboxylates III. The Dimethyl-

diselenocarbamate Ion and the Concept of Selenation
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The vibrational spectra of potassium and lead(II) dimethyl-
diselenocarbamate 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 dimethyldiselenocarbamate
ion with a 24-parameter generalized valence force field, mainly
transferred from that previously derived for the dimethyldithio-
carbamate ion.

For the purpose of analyzing the infrared spectrum attributed to the di-
methyldiselenocarbamate (DDSC) ion, (CH,;),NCSeSe™, the ion can con-
veniently be considered to be derived from the analogous dimethyldithio-

(CH, ), NCSSK-1H,0
(CH,), NCSeSeK: T H,0-===-==~

I S ' "
500 400 400 300 200 cm

Fig. 1. The infrared spectra of potassium dimethyldithiocarbamate and its selenium
analogue in the range 200 — 1333 cm™. The numbering refers to the assigned fundamentals,
discussed in the text.
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THIO- AND SELENOCARBOXYLATES III 2043

carbamate (DDTC) ion, (CH;),NCSS~, by what may be called ‘selenation”,
i.e. the replacement of sulfur with selenium. The infrared spectra of the
potassium salts of the ions in the range 200 —1333 cm™ are shown in Fig. 1.
By consideration of the superimposed spectra, it is seen that the infrared
absorption bands can be divided roughly into two groups: (1) those hardly
influenced by selenation (e.g. the bands numbered 20, 27, and 21), and (2)
those displaced towards lower frequencies on selenation (e.g. the bands
numbered 22, 23, and 10). A similar trend was observed when the infrared
spectra of thioamides were compared with those of selenoamides?! as well as
in many other cases (see refs. in part I of this series 2). It therefore seems a
reasonable conclusion ! that selenation allows an empirically useful classifica-
tion of the infrared bands of sulfur compounds, containing the NCS grouping.

However, the question remains how this classification should be explained
in terms of the changes in geometry, mass, and force field, induced in the
molecule by selenation. For example, we should like answers to such questions
as: Is the shift of the strong band at 965 em™ in DDTC to 872 ecm™ in DDSC
due to a change in bond lengths, interbond angles, and the greater mass of
selenium compared with sulfur, or to changes in the force constants in the
ion? Such problems are discussed in the present paper by comparing the results
of a vibrational analysis of the DDTC ion ® with those reported below for the
DDSC ion.

The experimental results (Table 1) comprise the infrared and Raman spectra
of potassium DDSC and the infrared spectrum of lead(II) DDSC. The spectra
of the perdeuterated compounds have also been recorded to provide a more
reliable basis for the normal coordinate analysis. The differences in the spectra
of the potassium and lead compounds should probably be explained in the
same way as for the DDTC salts.® The spectra of potassium DDSC have been
assumed to represent the free DDSC ion and have been used in the normal
coordinate analysis.

NORMAL COORDINATE ANALYSIS

The symmetry, number, and type of fundamentals, internal coordinates,
and symmetry coordinates for DDSC have been assumed to be identical with
those previously employed for DDTC.2 The geometry has also been transferred
unchanged, except that the distance C—Se=1.91 A was used for DDSC.
This is the mean value of the two C —Se distances found for the Ni(IT) complex
of diethyldiselenocarbamate.*

The force field was derived in the following way (c¢f. Table 2). First, a calcula-
tion (A) was made, using the force field previously reported for DDTC.3 The
calculated frequencies were then compared to the experimental values and a
preliminary assignment made. Next, the Jacobian matrix elements, relating
changes in frequency to changes in force constants, were calculated for the
relevant force constants of the force field. From these it was deduced that
agreement between the experimental and the calculated frequencies for DDSC
could be obtained in several equally satisfactory ways. Actual calculations
showed that the satisfactory force fields ranged between two extremes. The

Acta Chem, Scand. 25 (1971) No. 6



2044 KAI ARNE JENSEN ET AL.

Table 3. Final valence force constants for dimethyldiselenocarbamate, which are not
identical with those reported for dimethyldithiocarbamate.?

Foreo Dir;’::{)‘g:g;&‘i"' Dimethyldiselenocarbamate
constant * Cale. A Cale. B Cale. C
Kg 4.80 5.35
Kp 4.87 4.45
Fyp 0.83 1.05
el 3.95 3.92
Py 0.95 1.57
Ho, 0.57 0.538
Ho, 0.167 0.18
H, 1.40 1.60 1.40
Hy 1.40 0.90 1.00
Hs 0.80 0.80 1.10

% In units of mdyn/A(stretch constants) and mdyn A/(rad)? (bending constants).

final force fields of these two extremes are given in Table 3, and the calculated
frequencies have been listed in Table 2 under the headings Calc. B and C.

It is interesting that the changes in force field from DDTC to DDSC
(Table 3) are consistent with those expected from simple chemical arguments.
For example, it is expected that selenation of DDTC will be followed by
increased importance of the resonance structure

CH, X~
N+ 7
N=C (X =S8, Se)
AN
CH;, X~

which means that the force constant for stretching of the central CN bond,
K, should increase from DDTC to DDSC. In support of this argument, both
calculations B and C show that the value K,=4.80 in DDTC3 should be
increased to Ky =5.35 in DDSC.

The increased positive charge of the nitrogen atom in DDSC relative to
DDTC is also expected to increase the polarity of the CH;—N bond, i.e.
decrease the corresponding stretching force constant, K,. This is supported
by the calculations, indicating that K, should be decreased from 4.67 in
DDTC to 4.45 in DDSC. In addition, several changes were necessary in the
force field used for the NCSS/NCSeSe part of the molecule, but since the
absolute values undoubtedly depend to a high degree on the assumption that
the interbond angles are identical in DDTC and DDSC, we prefer not to
comment on the remaining part of Table 3. '

Acta Chem. Scand. 25 (1971) No. 6
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DISCUSSION

We are now in a position to give a quantitative account of the changes
observed in the infrared spectrum of DDTC on selenation. The experimental
spectra are given in Fig. 1 in the range 200—1333 cm™; the region 1333 —
4000 cm™ has been omitted, because only insignificant changes are observed
here. The calculated values for the frequencies and potential energy distribu-
tions can be found in Table 2 and in the previously reported analogous table
for DDTC.3

Let us first consider the infrared region 1000—4000 cm™. A total of
15 fundamentals in DDTC and DDSC have been assigned to bands in this
region, characterized with a few exceptions by being found at almost identical
positions in the two compounds. The explanation for this result is, according
to the potential energy distribution of the contributing symmetry coordinates,
that most of these bands are due to internal vibrations of the methyl groups,
t.e. stretching, deformation, and rocking modes. The fundamentals »,, v,,
and »g of species A, have in some cases important contributions from the
skeletal stretching motions (either a single symmetry coordinate or an out-
of-phase combination), but these do not change from DDTC to DDSC to
such a degree that the band positions differ much. The strongly mixed skeletal
vibration v, of species B, exhibits a shift of 25 cm™ towards lower frequencies
on selenation, partly because the force constant for the asymmetric CNC
stretching motion has been lowered, partly owing to a slight change in com-
position. It seems justified in an empirical context to describe this strong
characteristic band in both DDTC and DDSC, as »,,CNC coupled to oCNC;
t.e. when the CH,—N distance changes, the angles CH; - N —CX, are also
altered. More explicitly, this band can be characterized as an out-of-phase
combination of »,CNC and »,CXX, strongly coupled to skeletal rocking
motions.

The infrared region 600—1000 cm™ is dominated by the strong broad
fundamental v,,(B,). This band is strongly influenced by selenation, and has
accordingly generally been assumed to originate in asymmetric CSS/CSeSe
stretching (see refs. in part I of this series 2). Our results show that the band
is insensitive to deuteration both in DDTC and DDSC, and the calculations
confirm the reasonable conclusion that this band is due to skeletal vibrations.
However, calculations on both DDTC and DDSC also agree, in showing that
the band is due to an in-phase combination of », CNC and »,,CXX (X =8, Se)
in varying proportions. In contrast to the out-of-phase combination (in »,)
this vibration is not coupled to the skeletal rocking modes. The shift of v,,
on selenation of DDTC is mainly due to lowered force constants for asymmetric
CNC stretching and asymmetric CXX stretching. The change in geometry
and mass of the CXX grouping following selenation has only a small influence
on the position of ,,.

In the range 500— 600 cm™, the fundamentals v4 (A;) and »,3 (B,) occur,
both showing a shift of ca. 50 cm™ towards lower frequencies on selenation.
Based on the L-matrix, the former band can be described as dCNC coupled
to an in-phase combination of »,CNC, »,CXX, and »CN. The coupling of
JCNC to »,OCNC represents an interaction similar to that discussed above

Acta Chem. Scand. 25 (1971) No. 6



2046 KAI ARNE JENSEN ET AL.

for vy,. A descriptive term for this motion would be a ‘“skeletal breathing
vibration” coupled to CNC deformation; from this description, the band is
expected to be weak in the infrared and strong in the Raman spectrum, as
is also found. The calculations indicate that approximately one half of the
frequency shift of vg on selenation is due to the changes in mass and geometry
of the molecule; the other half of the shift is the result of the changes in force
constants. The fundamental »,4 is approximately described as the CXX wagging
motion. In this case, most of the shift on selenation is due to the greater mass
of the selenium atom, compared to sulfur and to the increased C—X distance
in DDSC; the force constant is almost unchanged.

In the range 200-—500 cm™, four fundamentals have been identified.
One of these, v,y (B,), is almost unaffected by selenation, but is displaced by
ca. 20 cm™ on deuteration. This fundamental is identified as the wagging
motion of the dimethylamino group, and the shift on deuteration primarily
reflects the greater mass of the CDg groups. It is noteworthy that the force
constant for the CXX wagging motion is approximately three times as big
as the force constant of the CNC wagging motion. A reasonable explanation
would be that the difference originates in the m-electron density in the CXX
part of the molecule.

The three remaining bands shift towards lower frequencies on selenation,
ves (B,) by ca. 50 cm™, v, (A,) and »;, (A,) by ca. 100 cm™. The first two of
these bands can be described as v, ,CXX coupled to ¢gCNC, and »,CXX coupled
to dCNC, respectively. This description is valid also for the deuterated ions.
A trait common to both skeletal vibrations is that stretching of the CX bonds
is followed by a bending motion of the methyl group relative to the central
CN bond (i.e. a change in the CH;—N —CX angle). The calculations show
that the shifts of the fundamentals »,; and », on selenation originate in the
increased mass of selenium and the greater C—Se distance, not in changes
in the force field. The same applies to the remaining fundamental »,;, which
can to a reasonable approximation be described as the symmetrical deforma-
tion motion of the CXX group.

To summarize, the usefulness of the selenation method rests on a good
separation between the skeletal vibrations and the internal vibrations of the
methyl groups. In so far as this condition is fulfilled, selenation and isotopic
substitution can both be of value to the spectroscopist.

EXPERIMENTAL

The experimental details of obtaining the spectra and performing the normal
coordinate analyses were described in part I of this series.?

Dimethylammonium dimethyldiselenocarbamate. At 0°C, 10 N aqueous sodium hydroxide
(2 ml) was added to a suspension of dimethylammonium chloride (2 x 1072 mol) in ether
(100 ml). The reaction mixture was shaken and then dried over potassium hydroxide
pellets. To the filtered and stirred ethereal solution of dimethylamine, cooled in an ice-
salt bath, a solution of carbon diselenide (1072 mol) in dry ether (25 ml) was added drop-
wise over a period of 20 min. The reaction was performed under nitrogen. The precipitated
yellow salt was filtered off, washed with pentane, and dried i¢n vacuo. Yield 90 9%,. The
product was purified by dissolution in the minimum amount of absolute ethanol, followed
by precipitation with ten times the volume of pentane.

Acta Chem. Scand. 25 (1971) No. 6
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Potassium dimethyldiselenocarbamate hemihydrate. Dimethylammonium dimethyl-
diselenocarbamate (1.5 x 1073 mol) was dissolved in the minimum amount of absolute
ethanol and added to a solution of potassium hydroxide (1.5 x 107 mol) in absolute
ethanol (2 ml). Nitrogen was passed through the reaction mixture at room temperature
for approximately 4 h, to remove dimethylamine. The volume of the solution was adjusted
to 5 — 6 ml, if necessary by adding oxygen-free ethanol. Pentane (50 — 90 ml) was added,
and small amounts of impurities removed from the clear solution by filtration. More
pentane was added, until the solution became turbid. After standing for a few minutes,
the mixture was stirred gently, and light yellow crystals of potassium dimethyldiseleno-
carbamate precipitated. The addition of pentane and stirring were repeated, until no
more salt separated. The compound was isolated by decantation and dried in vacuo.
Yield 40 %. (Found: C 13.93; H 2.68; N 5.20. Calc. for C;H{KNSe,-}H,0: C 13.74; H 2.69;
N 5.34.)

Lead(I1) dimethyldiselenocarbamate. On mixing the calculated amounts of aqueous
solutions of lead(I1) acetate and dimethylammonium dimethyldiselenocarbamate, yellow
lead(II) dimethyldiselenocarbamate precipitated in excellent yield. (Found: C 11.31;
H 1.82; N 4.42. Cale. for C,H,;N,PbSe,: C 11.34; H 1.91; N 4.41.)

REFERENCES

Jensen, K. A. and Nielsen, P. H. Acta Chem. Scand. 20 (1966) 597.

. Jensen, K. A., Mygind, H., Nielsen, P. H. and Borch, G. Acta Chem. Scand. 24 (1970)
1492. ’

. Jensen, K. A., Dahl, B. M., Nielsen, P. H. and Borch, G. Acta Chem. Scand. 25 (1971)
2029.

. Bonamico, M. and Dessy, G. Chem. Commun. 1967 1114,

[

Received November 13, 1970.

Acta Chem. Scand. 25 (1971) No. 6



