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Infrared Absorption Spectra of Inorganic Coordination Complexes.

XXII. Infrared

Studies of Methylthiourea and its Metal Complexes!®®

By T. J. Lang, C.S.C.,'* A. YamacucHl, J. V. QUAGLIANO, JAMES A. RYAN AND S. MI1zusuiMald
RECEIVED JANUARY 30, 1959

Infrared spectra of some metal methylthiourea complexes have been measured in the region from 2 ta 15 4.

From the

result it is concluded that for Zu(1I) and Cd(II) complexes the coérdination takes place through sulfur, whereas for Pt(II),
Pd(I1) and Cu(I) complexes it probably takes place through nitrogen.

Introduction

A study of infrared absorption spectra (2-35 u
region) was reported for some metal thiourea
complexes.!= Also, considerable information on
the infrared spectra of formamide, acetamide,
N-methylformamide, = N-methylacetamide and
N,N’-dimethyloxamide? is available. The present
infrared absorption study of methylthiourea and
its metal complexes was undertaken to increase our
knowledge of structure by substituting an alkyl
group for a hydrogen atom.

Experimental

Preparation of Compounds.—Methylthiourca was pre-
pared according to the method of Moore and Crossley.?
The ligand was recrystallized three successive times from
ethanol-water mixture and dried in vacuo over phosphorus
pentoxide.

Tetrakis-(methylthiourea)-copper(I) chloride was pre-
pared according to the method of Palmer¢ for a similar com-
plex of thiourca.

Anal. Caled. for Cu(CsHuN:S,)Cl: Cu, 13.83; C,
20.91; H, 5.26. Found: Cu, 13.88; C, 21.41; H, 5.21.
The complexes tetrakis-(methylthiourea)-platinum(II)

chloride, and tetrakis-(methylithiourea)-palladium(II) chlo-
ride were prepared according to the method of Kurnakow5
for similar complexes with thiourea.

Amnal. Caled. for Pt(CsHyN:sS:)Cle: N, 17.88; C, 15.33;
H, 3.86. Found: N, 17.74; C, 15.51; H, 3.94.

Anal. Caled. for Pd(CsHxuN;S)Cl: N, 22.29; C,
19.11; H,4.81. Found: N,21.00; C, 18.11; H, 4.68.

The complex dichlorobis-(methylthiourea)-cadmium(II)
was prepared according to the method of Rosenheim and
Meyvers® for a similar complex of thiourea.

Anal. Caled. for Cd(CHp.N,S)Cl: C, 13.21; N,
15.41; H, 3.33. Found: C, 12.92; N, 15.09; H, 3.28.

The complex dichlorobis-(methylthiourea)-zine(II) was
prepared according to the method of Maly’ for a similar
complex of thiourea.

Anal. Caled. for Zn(C,H,-N,S:)Cly: C, 15.17; N, 17.70;
H, 3.82. Found: C, 15.97; N, 17.65; H, 3.83.

Absorption Measurements.—The infrared spectra of

methylthiourea and its metal complexes were determined
using a Perkin—-Elmer infrared spectrophotometer Model 21
with sodium chloride and calcium fluoride prisms over their
regions of greatest resolution. The spectra of the solid
complexes were obtained by the potassium bromide disk
technique. All studies were coufined to tlie region from 2
to 15 u.
(1) (a) Refer to Paper X1V, THis JourNaL, 80, 527 (1958). (b)
presented in part at the Pittsburgh Conference on Analytical Chemis-
try and Applied Spectroscopy, March, 1957; (c¢) to whom corre-
spondence concerning this article should be addressed; (d) visiting
Professor from Faculty of Science, Tokyo University.
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Results
The experimental results obtained for methyl-
thiourea and some of its metal comiplexes are
presented in Table I.

TagLE I”
ABsORPTION MaAxtMA 1N CM.~! oF MeTu AND 1TS METAL
COMPLEXES

Methyl-

thio- Complex

urea Pt(11) PA(1T) Cu(l) Zn(11)  Cd(1l)
3300sh  3360sh 3360sh 3300sh

3280sh 3280sh
3240s 3180s 3190s 3230s 3270s 3250s
3150s 3040s 3050s 3180s 3180s 3100s
2940sh  2920sh 2920sh 2950sh 3050sh  2930sh

1660sh 1660sh

1635sh 1632sh
1634s 1625s 1620s 1620s 1634s 1629s
1550s 1575s 1565s 1568s 1578s 1575s

e 1545sh 1545sh 1555s 1510m 1528w
1480m 1474s 1480s 1475m 1495m 1490m
1455m  1435m 1148m 1455m 1155m  1464m
1408m 1404w 1405w 1405w 1408m  1416m
1296s 1282s 1285m 1292m 1303s 1303s
1257m 1238w 1240m
1148m 1148w 1148m 1145m 1160m 1167
F124s 1125m 1122m 1117m 1120s 1142m

472m G65-075w a465-980w 970w 75w G88w

T74m 762m 767m 765s 7638 775s

718s 710s 704s 738-728s 702s 717s
2 Abbreviations: MeTu, methylthiourca; s. strong;

ut, mediunt; w, weak; sh, shoulder.

Discussion

The normal vibration calculations and assiginent
of the bands observed in the infrared spectra of
thiourea have been reported previously.'= When
one of the hydrogens of thiourea is replaced by a
methyl group, as in methylthiourea, two structures,
the “‘cis’” and ‘‘frans” forms, as shown in Fig. 1,
are conceivable. The spectra of these forms can be
explained by comparison with either a cis-thio-
amide and thiourea or a {rans-thioamide and
thiourea. However, in the case of methylurea?
only “trans” amide frequencies (amide I, II and
III) appeared in the spectra. It seems, therefore,
reasonable to assign the bands of the mniethyl-
tliiourea spectra on the assumption that the
compound exists in the trans form.

Methylthiourea complexes give two different
kind of infrared spectra, zinc and cadmium com-
plexes belonging to the first group and platinum,
palladium and copper(I) complexes belonging to
the second group. The fact that the molecules of
the first group coérdinate through sulfur and those
of the second group through nitrogen might have
been expected from previous studies of metal-urea

(8) Unpublished results from this Laboratory.
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Fig. 1.—Two possible configuratious of methylthiourea.

complexes,® whose spectra showed that urea forms
unitrogen-to-metal bonds with Pt(II) and Pd(II),
and oxygen-to-metal bonds with Cr(III), Fe(III),
Zn(II) and Cu(I).

The bands observed in the frequency region
higher than 3000 cm.~! undoubtedly can be as-
signed to the N-H stretching frequencies. In zinc
and cadmium complexes the frequencies are almost
the same as those of the ligand. However, in
platinum and palladium complexes, there is con-
siderable decrease of the frequencies on coérdina-
tion. The relation is the same as that of the urea
complexes reported previously.® The band ob-
served at 2940 cm.™! of methylthiourea can be
identified with the C-H stretching frequency.

The strong band observed at 1634 cm.™! in the
methylthiourea spectrum corresponds to the bands
at 1610 and 1625 cm.™! for thiourea which were
assigned to the NH, bending frequencies.!* This
band of methylthiourea remains almost constant
in frequency on coérdination.

The strong band at 1550 cm. ! of methylthiourea
can be explained as the amide II band or N~H de-
formation plus C-N antisymmetric stretching.* !
On cobrdination the frequency is increased by
25-28 cm.™! in the first group and only by about
10 cm.~! in the second group. This is under-
standable, since the C-N antisymmetric stretching
frequency probably will be raised by the incre-
ment of the double bond nature of the C-N bond
on codrdination in the first group.

The most important change of spectrum on co-
ordination is observed in the complexes of the
second group for the band at 1490 cm.™! of the
ligand, which arises from a vibration consisting
of NH; rocking, C-N symmetric stretching and
C=S stretching motions. The intensity of the
band becomes much stronger and the frequency
is lowered by 10-16 cm.™!, as seen in Fig. 2. In
contrast to this there is observed no appreciable
change of frequency and intensity in the first
group, as in the case of the thiourea complexes.

The methyl group attached to the nitrogen atom
will exert three deformation vibrations, the de-
generate, symmetric and rocking. By comparison
with the spectra of molecules containing CHj,
groups,®!? it is possible to identify the three fre-
quencies at 1455, 1408, and the paired values 1148
and 1124 cm.™! with the degenerate, symmetric
and rocking frequencies, the last being split into
two peaks. Formation of the complexes does not
change the frequency values of these deformation
vibrations.

(9) R. B. Penland, S. Mizushima, C, Curran and J. V. Quagliano,
THIS JOURNAL, 79, 1575 (1957).

(10) 8. Mizushima and T. Shimanouchi, '“Festschrift Arthur Stoll,”
Saudoz Ag., Basel, 1957, p. 305,
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Fig, 2.—Infrared spectra of methylthiourea and its co-
ordination complexes in the region from 6.2 to 7.2 4.

As a result of comparison with the spectra of
several amides?!® the band at 1296 cm.™! in the
methylthiourea spectra is explained as the amide
III band and assigned to C-N antisymmetric
stretching and N-H deformation motions. In the
first group of complexes this frequency is raised by
5-8 cm.~! and in the second group it is decreased
by 10~-13 cm.—!, This behavior is almost the same
as that observed for the amide II band.

The band at 972 em. ! for methylthiourea can be
considered to correspond to the band at 1083
cm. 7! in the spectra of thiourea, which has been
assigned to a motion consisting of symmetric C-N
stretching, NH, rocking and C=S stretching. The
corresponding bands of the complexes have been
found in the region 965-990 cm.—! and are con-
siderably decreased in intensity. This is due to the
fact that the contribution of the C=S$ stretching
motion in the first group of complexes becomes very
small on complexing and in consequence the C-N
symmetric stretching motion becomes the main
contributor to the 972 cm.~! band. Since the
C-N symmetric stretching motion will appear
as a very weak absorption band, the 972 cm.™!
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band is considerably decreased in intensity. In
the case of the second group the contribution of the
C==S stretching and the NH. rocking motions to
the 970 cm.™! band will be decreased, since this
contribution is greater for the 1490 cin.~! band as
is seen from the increased intensity of this band.
Therefore, the intensity of the band at 970 cm. ™!
will also be decreased on complexing as in the case
of the first group.

The band at 774 cm.”! of methylthiourea is
considered to correspond to the band at 731 cni.~!
of thiourea which arises from the motion consisting
of C==8 stretching and symmetric C-N stretching.
This frequency corresponds to those of the bands
observed in the spectraof the complexesin thisregion.

Finally the band observed at 718 cm.—! for
methylthiourea may be explained as the out-of-
plane NH. bending vibration. This band is
shifted on deuteration, and mno corresponding
band was observed for symmetric dimethylthiourea.
Bands of almost the same frequency are observed
in the spectra of the complexes.

S. BrownstelN, B. C. Smiti, G. EnrLIcH AND A. W. LAUBENGAYER
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As explained above, the spectra of the metal
coniplexes measured in this experiment can be
divided into two groups. There is no doubt that
the coordination of the first group takes place
through sulfur. However, for the second group the
spectral evidence for the coérdination through
nitrogen is not so conclusive as in the case of the
urea complexes. This is due to the fact that the
C==0 stretching frequency in urea or methylurea
lies well above the C-N stretching frequency,
whereas the C=S frequency is not much different
from the C~N frequency.
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The Effect of Coordination on Electron Withdrawal

By S. BrownNsTEIN,* B. C. SMmrtn, G. EHRLICH aND A. W. LAUBENGAYER
RECEIVED FEBRUARY 23, 1959

The electran withidrawing pawer of a graup III metal is found to decrease when it is codérdinated with diethy! etlier. It
is also confirmed that gallium has a greater electronegativity than alumtinur,

Introduction

In trying to relate chemical shifts in proton
magnetic resonance spectra, with the nature of the
substituent attached to the proton, a relationship
was developed between the separation of methyl
and methylene protons of an ethyl group and the
electron withdrawal power of the substituent at-
taclied to the ethyl group.! For the halogens this
relationship could be expressed by: electronega-
tivity = 0.605(ACH; ~ ACH;) + 1.71. By
changing the constant to 2.1 good agreement was
found with the metal alkyls and hydrogen itself.?
Since there is a large magnetic anisotropy associ-
ated with the unshared pairs of electrons of the
halogens, this will affect the shielding of protons
adjacent to them. Therefore a different constant
term is required when this additional shielding is
absent. This equation predicts a reversal in the
positions of the resonance lines due to the methyl
group and the methylene group for a substituent of
low electronegativity, and this has been shown for
AICI(CeHs)2.® A similar type of equation, based
on rather limited data, has been developed to relate
spin coupling between the protons with the elec-
tronegativity of the substituent.?

* Division of Applied Chemistry, National Research Council,
Ottawa, Ontario, Canada.

(1) B. P. Dailey and J. N. Shoolery, Tris Jourxan, 77, 3977
(1955).

12) J. N. Shoolery, Varian Lecture Notes No. II, p. I, October,
157,

v3) E. B. Baker, J. Chem. Phys., 26, 960 (1957).

(4) R. E. Glick and A. A. Bothner-By, ¢biJd., 28, 362 (1035).

It was thought that since electron withdrawal
tendencies can be obtained for individual elements
in their ethyl compounds by this method, it would
also be useful in studying the change in electron
withdrawal upon coérdination of an element.

Experimental

The proton resonance spectra were obtained at 40 Mec.
it a manner described previously.® Triethylgalliwu, origi-
ially prepared in this Laboratory® and stored in a sealed
ampoule, was distilled before use. Triethyvlgallium etherate
was prepared from triethylgallium and diethyl ether aud
excess ether was rentoved by puiping at —40°. Triethyl-
aluminum was obtained framr U. S, Industrial Chlenticals
Co., and the etherate was prepared in thie same way as the
gallium compound. Cuanventiotal vacuu techiiques were
employed througliout. Triethyloxonium fluoroborate was
kindly supplied by A. M. Eastha of the Natiunal Research

Council. Solutions in spectroscopic grade 1ethyleie
chloride and acetonitrile were prepared i1 an inert atimos-
phere.

Results

The proton magnetic resonance spectra obtained
from a series of compounds are shown in Table I.

In all cases except gallium triethyl and alumi-
num triethyl J/6 was small enough so that the
values of J and 8 were obtained by direct measure-
ment of the separation of the linies in a multiplet
and between the ceuters of the two multiplets,
respectively. This approximation ight cause
a slight error for the ethyl groups attached to gal-
lium in gallium triethyl etherate. However, a
more refined method of calculation could not be

(5) S. Brownstein, THIS JOURNAL, 80, 2300 (1058).
f15) 1.. M. Dennis aidl W. Patnode, ibid., 64, 182 (1132)



