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Hydroxycarboxylatocopper(ZZ) complexes of the 
type Ck(oca)2, cU(m-ca), and cU(h& [oca = 
o-cresotk acid, m-ca = mcresotic acid, hna = 
2hydroxy-3naphthoic acid] synthesized in aqueous 
and alcoholic medium were studied by ESR and 
magnetic susceptibility measurements. The ESR spec- 
tra of o-ca complexes show three lines and anomalous 
low magnetic moment values are observed at varying 
temperature (295-85 K). The results indicate a 
binuclear bridged structure with exchange interaction 
between Ci?+ pairs. m-ca Complexes are magnetically 
dilute and petf values are nearly temperature indepen- 
dent including those of hna complexes. ESR para- 
meters gu, gl, gav, and D have also been calculated. 

Introduction 

Hydroxycarboxylic acids are widely employed for 

various analytical studies such as metallochromic 

*Present address: Kemisk Laboratorium I, H. C. @rsted 
Institutet, Universitetsparken 5, DK-2100 Copenhagen 8, 
Denmark. 

indicator, chromogenic reagent for the spectrophoto- 
metric, fluorescent and excellent gravimetric reagent 
for the determination of metal ions [ 1-3 ] . Thermo- 
dynamic values of stepwise stability constants involv- 
ing mononuclear and mixed l&and complexes have 
also been reported [4-g]. In the present paper, 
ESR and magnetic studies at varying temperature 
of copper complexes formed by ocresotic acid (oca), 
m-cresotic acid (mea) and 2-hydroxy/3naphthoic 
acid (hna) isolated in aqueous, methanol and ethanol 
media have been described. 

Experimental 

Samples analysed by elemental, infrared and 
thermal studies were available from earlier work and 
given in Table I [9]. 

Derivatives of the ESR spectra were recorded on 
a Varian V4500-10 ESR Spectrophotometer with a 
lOO-kc/set Modulation unit (V-4560), together with 
a 12-in magnet and a Varian Fieldial V-FR 2501 
power supply. The magnetic field was earlier cali- 
brated. DPPH was used as g marker. 

TABLE I. Analytical Data for Complexes. 

Complex %C 

Calcd . Found 

%H 

Calcd. 

- 

Found 

Cu(oca)s*HsO 50.04 50.00 4.17 4.40 

Cu(o-ea)aEtOH*HsO 50.27 49.90 5.12 4.90 

Cu(o-ca)sMeOH*HzO 49.08 49.25 4.81 4.40 

Cu(m-ca)2.H20 50.04 50.10 4.17 3.95 

Cu(mca)sEtOH 52.47 51.85 4.85 4.80 

Cu(mca)sMeOH*HsO 49.08 49.60 4.81 4.30 

Cu(hna)aEtOH*2HsO 55.45 55.40 4.62 4.26 

Cu(hna)s*2SHsO 54.73 55.00 3.94 4.09 

Cu(hna)sMeOH*l.SHsO 55.60 55.20 4.23 4.27 



210 B. V. Agarwala 

TABLE II. Detailed Magnetic Data for Cu(II)-Hydroxy- 
carboxylic Acid Complexes.* 

Complex Temp. &x lo6 kff 
K cgs/mol 

I.5 

I / 

Cub-ca12MeOH. H,O 

5 

= 

1.0 

0.5 II-‘/, 
100 200 300 

Cu(o-ca)z*HiO 

Cu(o-ca)2EtOH*HzO 

Cu(oca)zMeOH*HzO 

Cu(m-ca)zEtOH 

Cu(m-ca)z*HzO 

e=-8K 

@=-SK 

Cu(hna)zEtOH*2HzO 

e=-6K 

e=-8K 

e=OK 

86 218 0.36 
91 242 0.40 

112 385 0.56 
131.5 535 0.14 
215 600 0.99 
293 828 1.31 

81.5 668 0.66 
91 645 0.68 

111.5 566 0.69 
135.5 553 0.15 

190 651 0.98 

293 908 1.43 

85 551 0.60 
91 106 0.12 

111.5 619 0.12 
131.5 542 0.15 

194 519 0.81 
292 946 1.46 

86 362 0.50 
96.5 493 0.62 
136 393 0.65 
181.5 406 0.18 
292 1002 1.53 

86.5 4436 1.66 
91 4119 1.11 

112 3901 1.19 
131 3541 1.90 
202 2311 1.88 
292 1690 1.94 

86.5 3610 1.53 
97 3305 1.55 

112 3013 1.59 
136 2310 1.51 
191 1160 1.60 
293 1582 1.88 

88 5244 1.85 
91 4191 1.86 

112 4214 1.89 
136.5 3566 1.92 
155 3113 1.93 
293 1161 1.99 

84.5 6239 1.95 
91 5589 1.99 

111 4110 1.85 
131.5 3494 1.89 
161 2164 1.86 
293 1815 2.01 

86.5 5144 1.88 
91 5013 1.91 

111.5 4322 1.95 
131 3310 1.91 
192.5 1868 1.68 
292 1638 1.94 

*Abbreviations: oca = ocresotic acid; m-ca = mcresotic acid; 
hna = 2hydroxy-3-naphthoic acid. 

TIKI 

Fig. 1. Temperature dependence of the magnetic moment of 
Cu(oca)2MeOH*HiO complex. 

, 1OOOG , 
Ii 

Fig. 2. ESR spectra of Cu(o-ca)z*HiO. 

Magnetic susceptibility measurements were done 
in the temperature range 85-295 K by Faraday’s 
method [IO] consisting of a Mettler BE 22 single pan 
balance, an electromagnet with a power supply, a 
liquid nitrogen cryostat together with a temperature 
variation and control unit and EMCO Digital Micro- 
voltmeter EE 214. 

Results and Discussion 

Binuclear Species 
The temperature independent paramagnetism No 

was taken into account and was substracted from the 
corrected molar susceptibility xvr using Pascal’s 
Constant. The correction is particularly necessary for 
those complexes where xv, values are relatively low. 
The effective magnetic moment, peff, was calculated 
using the equation, 

,ueff = 2.83 [(XL - Nol)T] 1’2 

Values of peff are given in the Table II. 
Copper(I1) complexes formed by ocresotic acid 

show a low magnetic moment in the range 1.37- 
1.46 B.M. at room temperature which is strongly 
temperature dependent and is characteristic of anti- 
ferromagnetism. These values are anomalously low 
as compared with the theoretical spin-only moment 
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plotting l/(x& - No) against T (Fig. 3). &fr was 
calculated by using the expression 

peff = 2.83 [XL - No) (T t e)] “’ 

Values of peff are given in the Table II. 
The complexes formed by mcresotic acids are 

magnetically dilute and the magnetic moment was 
found to be nearly temperature independent, except 
for those isolated in ethanolic medium. This is in 
good agreement with the theoretical predictions for 
monomeric copper(I1) complexes. Similar observa- 
tions were made for hydroxynaphthoic acid com- 
plexes where changes in perr values with changes in 
temperature were not significant enough. 

The ESR spectrum of mcresotatocopper(I1) com- 
plex is different from the above spectra (Fig. 4a), 
except for those isolated in ethanolic medium. It 
consists of a single comparatively broad line at g 
values varying from 2.17-2.21. It is found that gll > 
gl. This is in agreement with the similar ESR spectra 
observed by Lancaster and Coworkers [ 171 for a 
copper(I1) complex and interpreted as pseudoiso- 
tropic arising from the exchange interaction between 
crystallographically nonequivalent Cu*+ ions and the 
weak hyperfine splitting. 

/+r values were also determined by substituting 
g, gll and gl values for monomeric copper(I1) com- 
plexes in the following equation, 

g; 3kT 
rr:r=g&--(g-2) 

The values obtained are consistent with those 
observed by magnetic susceptibility measurements. 
In hydroxynaphthoic acid complexes, one sharp 
absorption band was observed (Fig. 4b). Monomeric 
Cu(I1) complexes formed by mea and hna have 
tentative structures involving two carboxylic groups 
and the other two positions occupied by 0 atom of 
H20 or alcohol. The -OH group does not take part 
in complexation which has also been observed by 
other investigators [ 11, 121. 
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