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Spectral and Magnetic Properties of Complexes Formed by
Copper (II) Benzoate and Copper(II) Chlorobenzoates

with Some Diamines

MILAN MELN{K*

Department of Inorganic Chemistry, University of Helsinki, Helsinki 17, Finland

Complexes of copper(II) benzoate and copper(II) chlorobenzoates
with ethylenediamine, 1,2-propanediamine, and 1,3-propanediamine
have been prepared. Magnetic data of the mono- an(f) bisdiamine
complexes were determined. All mono- and bisdiamine complexes
are magnetically dilute. A square planar structure is assigned to the
monodiamine complexes and a tetragonal structure to the bisdiamine
complexes. The electronic spectra of the complexes corroborate these
structures.

In 1963, Koizumi ef all showed with X-rays that crystalline copper(II)
benzoate trihydrate has a polymeric structure [Cu-CgH,COO0-2H,0],
consisting of linear chains of copper ions bridged by two water oxygen atoms
and one carboxylate group. In spite of the short Cu—Cu distance, 3.15 A,
the compound has a normal magnetic moment 1.87 B.M.2,3

In contrast, the addition compounds formed by copper(Il) benzoate with
ethanol, urea, benzoic acid,%3® benzaldehyde,* pyridine,%5 bipyridyl,® butanol,®
and heterocyclic N-oxides are all magnetically non-dilute. The results lead
to the conclusion that there exist paired copper atoms in the crystals of these
complexes as in the crystals of copper(II) acetate monohydrate.8®

On the other hand, the values 1.91 and 1.90 B.M. which have been deter-
mined for the bispyridine complex of copper (II) benzoate and its monohy-
drate ¢ indicate that these complexes probably have mononuclear structures.

Magnetic and spectral studies of copper(II) chlorobenzoates have been
made by Lewis et al.1%!! Their results show that the value of the magnetic
moment very often depends upon the method of preparation of the salt.
In 1964, Yamada et al? concluded from electronic spectra that the salts
have a binuclear structure. Similar structures have been proposed for

* Permanent address: Department of Inorganic and Organic Chemistry, Pharmaceutical
Faculty, Komensky University, Bratislava, Czechoslovakia.

Acta Chem. Scand. 25 (1971) No. 2



670 MILAN MELNIK

Cu(o-CIC{H,C00),-C;H;N 1 and Cu(p-CICgH,CO0),-C,H,OH 3 on the basis
of their magnetic and spectral study.

In the present paper, the preparation of copper(Il) benzoate and copper
(II) chlorobenzoate complexes of ethylenediamine, 1,2-propanediamine and
1,3-propanediamine is described and the electronic absorption spectra and
magnetic susceptibilities of the complexes are presented.

EXPERIMENTAL

Copper(II) benzoate trihydrate was prepared from aqueous solutions of copper sul-
fate and sodium benzoate by the method of Ephraim and Pfister '* Copper(II) salts of
chloro-substituted benzoic acids were prepared by a similar method. The monohydrate
of copper(Il) o-chlorobenzoate and copper(II) p-chlorobenzoate, and the dihydrate of
copper(II) m-chlorobenzoate were isolated.

The monodiamine complexes were prepared by adding a solution of a diamine in
acetone to a solution containing an equimolar amount of copper(II) salt in acetone.
The mixture was refluxed for a few hours and then filtered. The filtrate was concentrated
under reduced pressure. The blue microcrystals that separated when the filtrate cooled
to room temperature were isolated, washed with ether, and dried at room temperature.

The bisdiamine complexes were prepared by mixing the copper(II) salt with a di-
amine in acetone in the molar ratio of 1:2.5. Violet microcrystalline products precipitated
after several minutes. The violet products were separated, wa.shecf) and dried as in the
case of the preceding complexes.

Copger was determined by electrolytic deposition on a platinum electrode and ni-
trogen by standard microanalytical procedures. Analytical data for the complexes are
given in Table 1.

Magnetic measurements. Magnetic susceptibilities were determined at room tempera-
ture by the Gouy method, using equipment and procedures that have been described
previously.’® Magnetic data for the complexes are given in Table 1.

Electronic spectra. Visible absorption spectra of the complexes in Nujol mulls were
measured with a Beckman DK 2A ratio recording spectrophotometer.

»

RESULTS AND DISCUSSION

As seen in Table 1, the magnetic moments of the monodiamine complexes
fall in the range 1.91 —1.96 B.M. The solid spectra (in Nujol) of all the mono-
diamine complexes exhibit absorption bands at ca. 15 860 cm™1. These results
suggest that the monodiamine complexes have mononuclear structures, which
obviously have approximately square planar arrangements with the acid anions
as monodentate ligands in cis positions. The statement of Narain 16 that
bis (benzoato)ethylenediaminecopper(II) and bis(benzoato)-1,2-propanedi-
aminecopper(IT) are violet in color seems to be erroneous, for these complexes
were found to be blue. The bisdiamine complexes were, however, violet.

From the standpoint of the magnetic properties of the bisdiamine complexes
it is possible to classify these complexes as so-called magnetically dilute copper
(II) complexes with a tetragonal distorted octahedral coordination of the
copper atom. The electronic spectra of the complexes (in Nujol), which have
absorption bands at ca. 18 200 em™, corroborate this conclusion.

The bis(1,2-propanediamine)copper(Il) benzoate tetrahydrate studied
by Uggla et al.l” was found to have a monoclinic unit cell with space group
P2, or P2,/m. The similarity of the spectral and magnetic properties of the
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Table 1. Analytical and magnetic data for copper(II) benzoate and copper(II) monochlorobenzoate
complexes of ethylenediamine (en), 1.2-propanediamine (1,2-PDA), and 1,3-propanediamine (1,3-PDA).

Cale. Found Fard Hett °C
Compound Cu(%) N (%)|Cu(%) N(%) Y Moo BEL

Cu(C,H,CO0),en H,0 16.556  7.20 | 1635  7.28 | 3.50 1549 1.92 24
Cu(C,H,C00),(1,2-PDA) H,0 16.96  7.04 | 16.05 7.0 | 3.36 1560 1.92 24
Cu(C,H,C00),(1,3-PDA) 1672 7.37 | 1658 745 | 3.56 1554 1.92 23.1
Cu ony(C,H,COO), 2H,0 1375 1212 | 13.89 1232 | 2.67 1501 1.89 24.3
Cu(1.3-PDA)y(C;H,C00),2H,0 12.96 1143 | 13.18  11.56 | 2.41 1471 1.87 24.5
Cu(1,3-PDA),(C,H,C00), 13.99  12.34 | 13.87 1247 | 278 1523 1.90 22.8
Cu(o-C1C,H,CO0), en H,0 14.03 618 | 13.98 612 | 3.00 1595 1.95 24.6
Cu(oC1C,H,C00),(1,2-PDA) 1416  6.24 | 1403  6.38 | 3.02 1592 1.95 25
Cu(0-CIC,H,C00),(1,3-PDA) 1416  6.24 | 1406  6.35 | 3.06 1615 1.96 24.1
Cu eny(0-CIC,H,C00), 2H,0 11.97 1055 | 11.93 1070 | 2.25 1482 1.88 24.8
Cu(1,2-PDA)y(0-CIC,H,CO0), 1215 1071 | 12.00 1075 | 2.35 1522 1.90 23.6
Cu(1,3-PDA)4(0-CIC,H,COO), 12.15 1071 | 11.97  10.80 | 2.30 1507 1.89 23.5
Cu(m-CIC,H,C00),en 2H,0 13.49 595 | 13.54  6.02 | 2.83 1587 1.94 235
Cu(m-CIC,H,COO),(1,2-PDA) 2H,0 | 13.10 578 | 13.18  5.90 | 275 1600 1.95 24
Cu eny(m-CIC,H,C00), 2H,0 11.97 1055 | 11.80  10.64 | 2.24 1490 1.88 23.1
Cu(1,2-PDA),(m-CIC,H,CO0), 2H,0 | 11.36  10.02 | 11.35  10.06 | 2.03 1457 1.86 23.4
Cu(1,3-PDA),(m-CIC,H,COO), 12,15 1071 | 1210  10.85 | 2.25 1474 1.87 23.5
Cu(p-CIC,H,CO0),(1,2-PDA) 2H,0 | 13.10 578 | 13.02 584 | 2.68 1565 1.93 24.2
Cup-CIC,H,C00), (1,3-PDA) H,0 | 13.61  6.00 | 13.60  6.29 | 2.85 1586 1.94 23.2
Cu’ eny(p-CIC,H,C00), 2HO 11.97 1055 | 11.81 1076 | 2.17 1455 1.86 23.6
Cu(1,2-PDA), (p-CIC;H,C00), 2H,0 | 11.36  10.02 | 11.50  10.16 | 2.09 1492 1.88 23.5
Cu(1,3-PDA)y(p-CIC,H,COO0), 1216 1071 | 1217 1078 | 2.28 1490 1.88 23

diamine complexes of copper(II) benzoates and copper(II) chlorobenzoates,
and those of the complexes formed by some copper(II) alkanoates with di-
amines 15,18 guggests that the complexes have similar mononuclear structures.
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