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Eleven copper(l) complexes of the type L.CuSCN have been prepared (L = pyridine, 2- and
4-picolines, 2,4-, 2,5- and 2,6-lutidines, s-collidine, methyl- and ethyl nicotinate, methyl and
ethyl isonicotinate), which are diamagnetic and stable on air. Only, those derived from ligands
with electron attracting substituents (i.e. the nicotinates) show M—L bands. Based on the infra-
red IR absorption spectra these complexes are assumed to be binuclear dimers or polynuclear
chains with bridging thiocyanate group, which increases the coordination number to three.

The linear thiocyanate group can coordinate either through the sulfur or nitrogen atoms or both.
Livingstone! has pointed out that the thiocyanate group generally coordinates to class “a”
metals? through nitrogen and to class “b” metals® through sulfur. From the X-ray data*'3,
the first transition series elements are known to be N-bonded. Criteria for establishing the mode
of bonding of the thiocyanate ligand in various complexes of the transition metals by IR spectro-
scopy have been worked out, based on the frequency range found for the three vibrational
modes of the thiocyanate group (in cm™1): 2200—2000 for vey (ref.®'7), 860—690 for vcs
(ref.%) and 500—410 for the degenerated gy (ref.?712). Absorptions in the 720—690 cm ™~ !
region have been accepted as indicating M—SCN bonding while those about 860— 760 em™!
indicate M—-NCS bonding. The S-bonded ligands exhibit a very sharp, well-developed CN
stretching peak above 2100 cm ™! whereas N-bonded ligands give relatively broad, more intense
peaks around or below 2100 cm ™ *. In addition the weak and medium bands between 440 —410
cm ™! and 490—460 cm ! also indicate M-SCN and M-NCS bonding, respectively.

Recently, we have been interested in the study of copper(l) complexes with some
pyridine derivatives'3~!5 of the type L,CuX prepared by reduction of copper(II)
sulfate or chloride in presence of the ligand L (pyridine derivative) by ascorbic acid
followed by addition of the desired anion X~ (i.e‘ Br~, 17, ClO,, CN™, SCN').
As an extension of that work and since only few examples of copper(l) thiocyanate
complexes have been reported®:’, we tried to prepare the thiocyanate complexes
with such pyridine derivative ligands. In this paper the isolated L.CuSCN complexes
are described and their structures are considered on the basis of IR spectroscopy.

EXPERIMENTAL

The liquid ligands were purified by GLC. The other chemicals were analytical grade and commer-
cially available.
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Magnetic measurements were made by the Faraday method at room temperature using an ap-
paratus described elsewhere '8, X-ray powder patterns were taken on a Mikrometa 2 (Chirana,
Prague) instrument, @ = 53-3 mm, with CuKa radiation. Reflectance spectra of the solids were
measured on a VSU-1 (Zeiss, Jena) instrument with MgO as a standard and diluent. IR spectra
in the 4000—400 cm ™! region were measured on a Zeiss (Jena) spectrometer UR-20. The solid
samples were measured as Nujol mulls and KBr pellets and the liquid pyridine derivatives as
capillary film.

Micro-analysis of C, H, N were carried out on a Perkin-Elmer 240 elemental analyzer. Copper
was determined gravimetrically as CuSCN or by titration against disodium ADTA after degrada-
tion and oxidation of the complexes with boiling mixtures of concentrated H,SO, and 30% H,0,.

Preparation of the Complexes

The complexes were prepared according to the publishecl13 method. In the case of methyl nicotin-
ate the complex was prepared as follows. After precipitation of the yellow perchlorate (Men);.
.CuClO, according to the general method, a solution of potassium thiocyanate was added at vigor-
ous stirring until the canary yellow disappeared and a faint yellow powder was obtained. The IR
spectrum of this powder showed that it is completely free from traces of perchlorate ion. All
complexes were filtered off at the pump and washed several times with water, ethanol, and then
dried.

RESULTS

The isolated complexes are characterised in Table I. In Table II the vibrational fre-
quencies of the thiocyanate group in the complexes are collected. Location of the
thiocyanate bands in the regions vsc and d(scn) absorption was accomplished by com-
parison of the spectra of the complexes L,CuSCN with those of the free pyridine
derivatives and their copper(I) halide complexes L,CuX (X = halogen).

All the isolated complexes are diamagnetic, sufficiently stable on air, and insoluble
in acetone, water and alcohols. In chloroform the yellow complexes dissociate
into CuSCN and free nicotinate.

The chemical individuality of the prepared complexes was proved by comparison
of their X-ray powder patterns with that of simple CuSCN.

DISCUSSION

It is seen from Table I that copper(I) thiocyanate complexes derived from ligands
with electron attracting substituents are yellow colored or nearly so. Their color
is certainly due to Cu(d'®) — L(n*)'® charge transfer transition, which appeared at
420—400 nm. The complexes derived from the other ligands are white and did not show
M - L charge transfer bands. This is reasonable since the electron attracting groups
cause a shift of the electron density from the pyridine ring to the substituent which
decreases the electron density on the nitrogen atom. This effect enhances the M — L
charge transfer transitions. In case of the ligands with electron releasing substituents
the reversc effect can be anticipated and thus the M — L transitions are not observed.
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Complexes [ — X1 are insoluble in most of the organic solvents and similarly to the
copper(l) ion, having d'° configuration, did not show d — ¢ transitions. Therefore,
the structure of the complexes can not be derived from their electronic spectra.
The most valuable information about the ligand coordination can be obtained from
IR spectra of the solids.

The IR spectra of the complexes showed that all ligands are coordinated to Cu
through the nitrogen atoms!®:2%2!. Since detailed analyses of the ligand spectra

TABLE I
Analytical Data for (LYCu(SCN) Complexes

Lo B Calculated/Found, wt.% Color
Cu C H N of powder
py 31-40 3540 2:58 13-90 white
31-66 3591 2-51 13-95
2-pic 29-17 39-99 319 13-12 white
’ 2960 39-14 3-28 13-03
4-pic 29-20 39-43 3-24 12:90 white
29-60 39-14 3-28 13-04
2,4-lut 27-95 42:40 3-90 12:62 . white
27-68 42-26 3-96 12:22
2,5-Iut 27-46 4211 3-94 12-38 white
27-68 42:26 396 12:22
2,6-lut 27-38 42:09 393 12:42 white
27-68 4226 3-96 12:22
s-coll 27-00 46-25 4-75 11-98 white
2721 4673 472 11-93
Men 24-42 37-12 2272 10-65 pale yellow
24-56 37-15 2:70 10-81
Mein 24-36 37:50 2-80 10-62 yellow
24-56 37-15 2-70 10-81
Etn 23-40 39-32 3:45 10-34 yellow
23-30 39-44 3-33 10-26
Etin 2316 3972 349 10-38  deep yellow

2330 39-44 3-33 10-22

9 py pyridine, pic picoline, lut lutidine, s-coll sym. collidine, Men methyl nicotinate, Etn ethyl
nicotinate, Mein methyl isonicotinate, Etin ethyl isonicotinate.
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have been examined for related compounds??, these general spectral properties are
not concerned here.

Table II shows that complexes I —XI exhibit at least two CN stretching bands
in the region 2170—1080 cm™*. The higher frequency band is sharp and well deve-
loped, splitted in some cases, and the other is of medium intensity. The higher
frequency absorption may be due to S-bonding thiocyanate group, and the lower
due to N-bonded group. The structure of the complex [(P(CH;)(C4Hj),),-CuSCN]
has been examined by X-ray analysis®>. It exists as a dimer in which the thiocyanate
group bridges the two copper atoms. This complex showed two CN stretching bands
at 2112cm™* and 2080 em™* attributed to S- and N-bonding thiocyanate group,
respectively. Tramer’ and others®* have pointed out that an increase of ¥(C=N)
within 50—70 cm™* relative to free SCN™ indicates a S-bonding. For N-bonded
thiocyanate this increase is only 30—40 cm™*. A large increase of 70—170 cm ™!
is diagnostic for bridging groups. The free thiocyanate ion shows ¥(C=N) band
at 2053 cm ™!, In line with this correlation and with Table II, one could postulate
bridging thiocyanate groups in our copper(I) complexes.

For vgc which is most diagnostic of S- or N-bonding, the frequency range is 765 to
750 cm™* for the copper(I) thiocyanate complexes, which is a little wider than previ-
ously reported for S-bonded compounds®. For those copper(I) complexes where
¥(S— C) could not be located in the 770—720 cm™* region due to strong absorption

TaBLE IT
Positions (cm ™ 1) and Intensities® of the Thiocyanate Bands in LCu(SCN)

WC=N)
Complexe L v(§—C) 3(SCN)
Nujol KBr

1 py 2136 vs 2125vs 2080w 480w  445m
11 2-pic 2170m 2120vs 2165w 2120vs 2080m 760 wm 470w 440 m
nr 4-pic 2170 m 2135vs 2170w 2130vs 2080w 755m 450 m
v 24-lut 2170w 2135vys 2170w 2120vs 2080w 760 wm 450 w
Vv 2,5-tut 2125 vs 2165w 2120vs 2080w 760 m 440 w
VI 2,6-lut 2160w 2135vs 2160w 2130vs 2080 vs 760 m 430 w
vil s-coll 2170w 2125vs 2170 m 2125vs 2085m 765 m 460 w

Vi Men 2140 vs 2 140 vs 2 080 wm 750 m 460w 410 w
X Mein  2132vs 2130 vs 2085 m 442 w
X Etn 2125 vs 2130 vs 2 080 ms 445 w
X1 Etin 2125 vs 2180, 2130vs, 2080 ms 445 w

¢ Abbreviations: w weak, s strong, m medium, v very.
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" by the organic ligands, the absence of bands between 860—770 cm™?!

against N-bonding.

still argued

For the bonding mode of the thiocyanate group, all the complexes showed a weak
to medium band in 450~410 cm™? region which is slightly higher than reported
for other S-bonded thiocyanate complexes'?. Compounds I, II, VIII showed
another band above 460 cm ™!, It may be due to the ligand absorption in this region,
as the other complexes did not show a similar band.

The appearance of two bands (around 450—410cm™' and above 460 cm™')
for some of the prepared complexes, indicates bridging thiocyanate groups. This
assignment indicating bridging thiocyanate ligands, would accord with insolubility
of our compounds. The properties of the compounds suggests that their structure
is made up of chains as could be inferred from the band positions.

Our results thus complement the published conclusions®# that for study of solids
the position of d(scyy is of greatest use for diagnostic purposes in distinguishing bet-
ween S- and N-bonded thiocyanate groups. However, the positions of v(cny and vics,
also are sensitive to the mode of bonding.

From the discussion, one can conclude that our copper(I) complexes are bridged
thiocyanate compounds of a chain type and furthermore copper atom is attached
to the sulfur atom more strongly than the nitrogen. Copper(I) ion therefore belongs
to class “b” elements®. With such polymeric chain structures, copper(I) ion pre-
sumably has coordination number three and approximately a trigonal structure.

The autor expresses his gratitude to Dr M. Drdtovsky, Department of Inorganic Chemistry,
Charles University, Prague, for helpfull discussions.
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