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On the basis of assumption of the effects which can cause stabilization of
oxidation state II in copper complexes with the ligands having strong reduction
influence, the reaction of copper(II) acetate with triphenylphosphine (Ph;P) in
different solvents was investigated. The complex of stoichiometric composition
CuAc,Ph,P was prepared in solvents preferring the existence of dimeric units of
copper(II) acetate. The magnetic and spectral properties of the prepared
complex indicate that the complex has the structure of dimer in the solid state.
The course of the reduction of Cu(II) to Cu(I) was observed under conditions
for which the equilibrium in solution is shifted in favour of monomeric
copper(II) acetate. These results confirm the rightness of the assumption that
the dimeric structure of copper(II) carboxylates may be one of the effects
causing the stabilization of oxidation state II in copper complexes.

Ha ocHoBaHHH npepnonoxeHuit 06 apdekrax, KOTOpbie MOTYT 06YCIIOBUTD
cTabunu3auMio creneHd okucieHuss II B koMmiekcax MelM C JIMTaHgaM#
C BbIpaXX€HHbIMH BOCCTAHOBHMTEJIbHBIMH CBOHCTBaMH GbUIM M3y4eHbI peaKUHH
auerata Meau ¢ tpudennngocdusom (Ph;P) B paznuuneix pactBopHTENsX.
B pacTBopuTensix, cnoco6CTBYIOLIMX CYIIIECTBOBaHHIO AUMEPHBIX YaCTHIL aue-
TaTa Meau, Obll MPUrOTOBJIEH KOMIUIEKC cTexHoMeTpuieckoro cocraBa Cu-
Ac,Ph;P. MaruutHble ¥ cnekTpanbHble CBOWCTBA MOJY4YEeHHOTO KOMIIIEKca
CBHAETEJILCTBYIOT O TOM, YTO B TBEPAOM COCTOSTHUH KOMIUIEKC UMEET CTPYKTY-
py auMepa. B ycnoBusx, np¥ KOTOpBIX paBHOBECHE B PacTBOpE COBHUraeTcs
B CTOPOHY MOHOMepa aleTaTa MedH, HaGmofancs npouecc BOCCTAHOBIEHHS
Cu(II) na Cu(l). [TpuBegeHHbIE pe3ynbTaThl NOATBEPAWIM BEPHOCTH NMPEANO-
JIOKEHHS, YTO AMMEPHass CTPYKTypa MeIOHbIX KapGOKCHIaTOB MOXET ObITh
OHHUM M3 (PaKTOpOB, 06YCIaBIMBAIOLIMX CTAGHIN3aLHUIO CTENIEHH OKHCIEHUs
II B koMnnekcax Mem. '
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Triphenylphosphine is one of the ligands Lr (Lr =ligand with strong reduction
influence, e.g. CN~,I7, SCN-, R;E, where R = alkyl, aryl and E =P, As, Sb, Bi) the
presence of which in the coordination sphere of Cu(II) usually causes a redox
decomposition of copper(Il) complex. In these reactions the relatively stable
complexes of Cu(I) with the ligands Lr in coordination sphere arise. The reducing
influence of the ligand Ph;P is documented by the fact that simple copper(II) salts
CuX; (X~ =CI", Br, NO3, ClO3, BF:, RCOO-, etc.) are reduced in its presence
[1—6]. Besides the complexes of Cu(I) of stoichiometric composition
[CuX(PhsP).] (n=1, 2, 3 or 1.5), the formation of triphenylphosphine oxide as
final product of oxidation was either proved [4, 5] or assumed [6] in most cases.

On the other hand, the existence of Cu(II) complexes with the ligands L in the
coordination sphere suggests the possibility to stabilize the oxidation state of Cu(II)
by convenient composition of the coordination sphere. The analysis of the data
hitherto known from literature about the stabilization of oxidation state II in the
presence of ligand L in the coordination sphere reveals two effects [7] which may
significantly influence this phenomenon:

a) The presence of certain ligands Ls in the coordination sphere of Cu(II)
together with ligands Lx.

b) A certain specific structure of the complex with the ligands which do not
usually stabilize oxidation state II.

Some triphenylphosphine copper(II) complexes of the composition Cu(Ls).-

(PhsP) in which the hexafluoroacetylacetonate [8] or trifluoroacetylacetonate [9]
anions function as stabilizing ligands have been prepared up to now. A characteris-
tic example of the stabilizing effect of structure is represented by the complexes
[Cu,O(X)s(PhsP)s] (X~ =CI7, Br7) [10].

By comparing the data about the reducing influence of Ph;P on fifteen different
carboxylates of Cu(II) [5] with the data about preparation of Cu(II) complexes of
the composition (CH,=CH(CH,),CO0),CuPh;P (n=1,2) [11] and
((CH3);CCOO),CuPh;P [12], we have come to the conclusion [7] that the dimeric
structure of Cu(II) carboxylates may cause the stabilization of the oxidation state of
Cu(II). This assumption is also supported by the data published in the course of our
experiments. These data concern the complex CuY(PhsP) [13, 14] (Y =dianion of
2,9-bis(methoxymethyl)-2,9-dimethyl-4,7-dioxadecanedicarboxylic acid) in which
the existence of dimeric structure and Ph;P—Cu(II) bond was proved by X-ray
structural analysis.

Many copper(II) carboxylates in which the reduction of Cu(II) in the presence of
Ph;P was observed [5] also have dimeric structure. In order to contribute to
elucidation of the conditions under which the dimeric structure can produce the
stabilization of oxidation state in Cu(II) complexes, we aimed at studying the
reactions of different copper(II) carboxylates with triphenylphosphine. This paper
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deals with the reactions of copper(II) acetate with triphenylphosphine under
different conditions.

Experimental

Chemicals

Monohydrate of copper(II) acetate Cu(CH,COO), - HO — anal. grade (Lachema, Brno)
was used without any further treatment.

Anhydrous copper(Il) acetate Cu(CH,COO), was prepared by thermal dehydration of
Cu(CH,COO), H,O at 120 °C in the presence of phosphorous pentoxide.

Triphenylphosphine C,sH,sP (Ph;P) (Lachema, Brno) was purified by three-fold recrys-
tallization from hot ethanol before use.

The solvents (ethanol, methanol, ether, acetone, chloroform, benzene, dioxan) were
purified by usual methods [15].

Instruments

The infrared spectra in the region v =400—4000 cm™' were measured in nujol suspension
on a Specord 75 IR instrument and in KBr pellets on a Perkin—Elmer 180 instrument. The
spectra obtained with both instruments exhibited no significant differences. The infrared
spectra in the region v=50—400cm™ (FIR) were measured in nujol suspension on
a Perkin—Elmer 180 instrument by using a polyethylene cell.

The electronic spectra of solution or nujol suspension in the region A =330—800 nm
were measured on a Specord UV VIS instrument. The spectra of nujol suspension in the
region A =250—1000 nm were taken on a Beckman UV 5240 instrument.

The magnetic susceptibility was measured at laboratory temperature by the Gouy method
with an instrument constructed in the Department of Inorganic Chemistry, Slovak Technical
University. The dependence of magnetic susceptibility on temperature in the interval (80 K ;
300 K) was measured with Faraday balance. Both instruments were calibrated with
Hg[Co(SCN).] [16, 17]. The molar magnetic susceptibility of the Cu(II) ions x. was
corrected [18, 19] for diamagnetism (Ym4 = —288 X 10™"" m® mol™") by means of the Pascal
constants and for temperature independent paramagnetism (N,=75x 107" m® mol™?).
The effective magnetic moment was calculated from the equation

#/us=(3RT * Ymeor * Ho" * N2*+ u5?)"?

The exchange parameter J was calculated using computer ODRA 1204.
The EPR spectra of polycrystalline sample in X-zone were taken at laboratory tempera-
ture on a JES-ME-3X instrument.
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Analysis

Copper was determined by complexometric titration of aqueous acetonic or aqueous
ethanolic solutions of samples (after repeated decomposition with hot concentrated nitric
acid diluted with water in the volume ratio 1:1) by using murexide as indicator.

The content of carbon and hydrogen in the samples was determined in the service
laboratory of the Department of Analytical Chemistry, Slovak Technical University.

Preparation of [Cu,Acs(PhsP),]

A solution containing Ph,P (10 mmol; 2.62 g) in dried ethanol (40 cm®) (heated to
40—50 °C for raising the solubility) was added into the solution containing CuAc, H,O
(5 mmol; 1 g) in dried ethanol (26 cm®) which was cooled with cold water. After 75 min
stirring the dark-green microcrystalline product was filtered off and two-times washed with
small portions of cooled dried ethanol and subsequently it was dried in vacuo in a desiccator
over CaCl,. The yield was 1 g.

For Cu,Ac,(Ph;P), wi(calc.): 14.315% Cu, 59.524 % C, 4.768 % H; w(found):
14.10 % Cu, 59.41 % C, 4.80 % H.

Results and discussion

It is known that the monohydrate of copper(II) acetate exists in the solid state in
the form of dimer [Cu,Acs(H,0),] [20, 21]. This structure gives rise to exchange
interactions of unpaired spins of the atoms of Cu(II) the consequence of which is
a subnormal value of the effective magnetic moment [22]. The value of the
effective magnetic moment of copper(II) acetate in solution is significantly affected
by solvent [23]. According to the increase in these interactions, the solvents were
arranged [22] in this order: (water, pyridine); (methanol); (ethanol, acetone,
chloroform, benzene); (carbon tetrachloride, dioxan); (ether). This sequence is
determined by dielectric properties of the solvent and its coordinating ability [22].

The experiments performed for investigating the course of the reaction of
copper(II) acetate with triphenylphosphine in different solvents have shown that
only some solvents are suitable for the preparation of the complex of copper(II)
acetate with triphenylphosphine. Owing to very low solubility of copper(II) acetate
in ether, the beginning of the product formation was observed as late as 24 h after
mixing the solutions. The microcrystalline product of the composition CuAc,Ph;P
was isolated from the system after 60 h stirring. In dioxan which has relatively high
coordinating ability with respect to Cu(II), we observed the formation of the
complex CuAc; - 0.5 diox. Because of very low solubility of copper(II) acetate in
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benzene and chloroform, these solvents are unsuitable for preparation of the
complex in demand. The colour change indicating formation of the complex of
copper(Il) acetate with triphenylphosphine in acetone appeared immediately after
mixing the reactants, but we did not succeed in isolating the product because some
redox processes accompanied its formation. The most convenient solvent for the
preparation was ethanol in which the formation of the dark-green microcrystalline
product of the composition CuAc,Ph;P was observed instantaneously after mixing
the saturated solutions of reactants at laboratory temperature. The use of dilute
solutions or a rise of temperature of the reaction mixture resulted in the fact that
a redox process took place in the system. A prolongation of the time of stirring of
the saturated solution of reactants brought about that the formed product gradually
dissolved and a redox process was also observed. These observations allow to
assume that the equilibrium Cu,Acs(dimer)=2CuAc;(monomer) significantly
affects character of the isolated products from ethanolic solutions. The optimum
conditions under which the product CuAc,PhsP is reproducibly obtained in
maximum yield are described in Experimental.

The data characterizing the spectral and magnetic properties of the CuAc,Ph;P
complex in the solid state are given in Table 1.

The symmetric, asymmetric, and bending vibrations of the carboxyl group
appear in the region of wavenumbers typical for the dimeric acetato complexes of
Cu(II) [22]. Similarly, the difference between the wavenumbers v, — ¥; suggests the
bridging bonding of the carboxyl group.

The positions of band I and II in the electronic spectrum are also in the region
typical for copper(II) acetate complexes [25], the only difference being that band
I in the spectrum of the CuAc,PhsP complex is at lower energy than in the spectrum
of the CuAc;H,O complex.

The subnormal value of magnetic moment at laboratory temperature of the
CuAc,Ph;P complex also indicates an antiferromagnetic superexchange between
the Cu®* ions in the dimer. The EPR spectrum of polycrystalline sample at
laboratory temperature is typical for the triplet state (S =1) [26]. The qualitative
similarity of the spectrum of CuAc,Ph;P with spectra of other dimeric Cu(II)
carboxylates [27] allows the following assignment of the lines: By, =57.2 mT,
B, =472.1 mT, and B =603.3 mT. On the basis of this assignment, the parame-
ters of EPR spectrum given in Table 1 were obtained according to [26]. The values
thus obtained, especially g, are greater than the values for the monohydrate of
copper(II) acetate [28] (g,=2.073, g;=2.344, D =0.345 cm™!, E=0.005 cm™).
This indicates a greater orbital contribution in the phosphine complex.

The magnetic susceptibility and magnetic moment of CuAc;Ph;P (Table 2) show
temperature dependence characteristic of antiferromagnetic interactions of two
centres coupled in dimer. The value of singlet-triplet separation (—2J) was
obtained from the modified Bleaney—Bowers equation [26]
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Table 1
Data characterizing the spectral and magnetic properties and EPR spectrum of the CuAc.PhsP complex

Infrared spectrum” v/em™
1

vas(COO) 1618 vs
vs(COO) 1414 m
Vas = Va 204
v(X-sens)” 1094 s
v(0OCO) 680 s
Vas(C—P)"* 503 s
vs(C—P)" 430 w
v(Cu—O0) 348 vs
Electronic spectrum” Amax/Nm
Band I 717
Band II 375 sh
Charge-transfer bands 276 sh, 266, 211
Magnetic moment® Uerr/ U

1.34

EPR spectrum*

a1 242
" 2.08
Gov 2.20
D/cm™! 0.372
E/cm™ 0.0062

a) In nujol suspension.

b) Characteristic vibrations of the PhsP ligand ; for noncoordinated PhsP v(X-sens) v =1090 cm™',
Vas(C—P) ¥=499 cm™', and v,(C—P) v=420cm™' [24].

¢) Measured at laboratory temperature by the Gouy method.

1 1/2

_ NAuogfvﬂlzi [ l E(-21)/k :I_l _ <NAuogi2mp#123)
Ap—— KT 1+ 3 (e Nl 1-x)+ T ) *
where x is mole fraction of the monomeric form of complex and other symbols
have usual meaning [29, 30]. The spectroscopic splitting parameter g.,=2.20 was
obtained from the EPR spectrum. It was used for least-squares method fitting. The
quality of fitting was considered from the sum of squared residua
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Table 2

Magnetic data”

T/K Xmeorrcar 10" /(m* mol ') fen/ tn
80 132 0.26
100 204 0.36
120 292 0.47
140 432 0.62
160 522 0.73
180 627 0.85
200 734 0.97
220 807 1.06
240 855 1.14
260 875 1.20
280 907 1.27
295 907 1.31

a) Selected from 48 experimental points.
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Fig. 1. Variation of magnetic susceptibility with temperature.
Circles denote experimental date for which the course of plot has been optimized (see the text).
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ERR = 2 (Xm.calc.i - Xm,exp,i)z

The best agreement of the calculated plot (full line in Fig. 1) with experimental
values (circles) was obtained for J= —175 cm™ (ERR =2.200 x 10~* m® mol~?)
while the portion of the monomeric form of complex was x =0. The energy of
singlet—triplet separation corresponding to —2J=350 cm™* for the CuAc,Ph,P
complex is higher than for the acetato copper(II) complexes with other ligands
[31]. This fact may be explained by a greater transfer of electron density from Ph,P
to the 3d, orbitals owing to a considerable o-donating ability of the Ph,P ligand.

These data about the properties of the CuAc,PhsP complex in the solid state
enable us to come to the conclusion that the prepared complex in the solid state has
the dimeric structure Cu,Acs(PhsP), in which the atoms of Cu(II) are joined with
four bridging acetate groups and the PhsP ligands occupy the axial positions of
dimeric unit Cu,Ac,.

The electronic spectrum (measured 5 min after adding the solvent to the solid
sample) of the freshly prepared ethanolic solution of the Cu,Ac.(Ph;P), complex
(ccuan=1.73 X107 mol dm™?) exhibits a distinct shoulder at the wavelength of
375 nm (e =88 mol~' dm® cm™") and a broad absorption band at the wavelength of
710 nm (¢ =226 mol™' dm? cm™"). The spectrum changes with time, a decrease in
absorbance is to be observed in the whole visible region of the spectrum. One hour
after the preparation of solution, the decrease in absorbance is about 25 % at the
wavelength of 375 nm and about 7 % at the wavelength of 710 nm. The character
of the spectrum of Cu,Acs(PhsP), in solution and the observed changes indicate
that the complex decomposes in solution and the existing equilibrium gives rise to
the redox process manifesting itself by a decrease of absorbance in the whole region
of the spectrum. A more expressive decrease in absorbance at 375 nm is obviously
due to the fact that the particles with dimeric grouping of the atoms of Cu(II)
absorb radiation in this region, while both dimer and monomer of copper(II)
acetate [32] absorb radiation in the region of 700 nm.

The course of thermal decomposition of the Cu,Acs(PhsP), complex, which is
thermally stable up to 130 °C approximately, is interesting in connection with
redox process. The thermal decomposition accompanied with a mass loss of ca.
5 % takes place in the temperature interval 135 °C—145 °C. However, the
decomposition product is unstable, which results in a small increase in mass (ca.
1 % in the temperature interval 155 °C—170 °C). It is assumed that the total
decomposition of the complex proceeds simultaneously with this process or
instantaneously after it. Though the results of thermogravimetric investigation may
be regarded as preliminary, the mass decrease in the first stage of decomposition
may be explained by splitting off the acetate group (theoretical mass loss 6.6 %),
which gives rise to a complex containing Cu(I). This explanation is in agreement
with the views on the course of a redox process due to the presence of a ligand with
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reducing influence in the coordination sphere of Cu(II) [33]. Similarly, the
reduction of the Cu(II)(hfac),Ph;P complex in the presence of excess PhsP has
been explained by origination of a radical from the hexafluoroacetylacetonate
ligand (hfac) [8] giving rise to Cu(I)(hfac)(Ph;P)..

The presented results (possibility to isolate the Cu,Acs(PhsP), complex only
from certain solvents and properties of this complex in the solid state and solution)
confirm the assumption that the dimeric structure is important for the stabilization
of oxidation state II in carboxylato complexes of copper.

Note added in proof.

After sending of the manuscript of this paper to the Editor a citation of the paper T.
Tokki, T. Ikeda, and Y. Muto, Bull. Chem. Soc. Jap. 55, 3925 (1982) appeared in Chem.
Abstr. 98, 82801 (1983). The authors prepared the green crystals of dimeric copper(II)
acetate adduct with triphenylphosphine Cu(CH;COO), - Ph,P by reaction of Ph,P in ether
with Cu(CH,COO); - H;O in ethanol adding also a few drops of glacial acetic acid. Their
results of magnetic susceptibility measurements differ slightly in values of —2J=371 cm™*
and magnetic moment p./us=1.23 (at 283 K), from those presented in our paper.
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