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Abstract
The Copper atom in capric acid copper (II) monomeric complex, having formula of the type [M(HL)2L2].nH2O(M : 

Cu(II) n=2), ( HL : capric acid) has been prepared and characterized by physico–chemical studies. The complex has 
been characterized with the help of elemental analysis, conductance measurements, Electronic spectral (UV-Visible) 
data suggest that the octahedral environment around the central metal ion. Fourier transform infrared spectrophotometer 
spectra (IR) confirm the presence of monodentate carboxylate anion (Δν =νasyCOO–νsymCOO–)>230 cm-1) in the 
complex. The thermal behavior of complex was studied by thermogravimetry (DTG), differential thermal analysis (DTA). 
The final decomposition products namely Cu2O.
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Introduction
Liquid–liquid extraction is one of the most useful techniques 

for selective removal and recovery of metal ions from aqueous 
solutions, applied in purification processes in numerous chemical 
and metallurgical industries. Carboxylic acids have been studied as 
extract ants for numerous metals and have been shown to exhibit 
good extraction and separation efficiency. Decanoic acid, or capric 
acid, is a saturated fatty acid. Its formula is CH3 (CH2)8COOH. Along 
with capric acid, these total 15% in goat milk fat Copper, nickel and 
Cobalt are metals which appear together in real samples, both natural 
and artificial. However, in excess of these ions in the human body 
can cause serious harm to health. These metals are significant for 
environmental surveillance, food control, occupational medicine, 
toxicology, and hygiene [1]. The carboxyl ate complex of the higher 
fatty acids with the metal ions have many applications in different 
industrial spheres such as driers in paints and inks, the components of 
lubricating greases, stabilizers of plastics, catalysts, the additives at fuel, 
as well as the corrosion preventive materials, promoters of rubber–steel 
cord adhesion [2], etc. Therefore metal carboxylate have promising 
applications depending upon the metal used to make the complex. The 
synthesis and characterization of complex copper (II)) with capric acid 
is reported here in.

Experimental
Reagents

Capric acid (98%, Fluka) used as purchased.

Chloroform was pre-equilibrated with aqueous solution which did 
not contain copper (II).

The ionic strength of the aqueous medium was assumed to be unity 
([Na2SO4]=0.33M). The initial concentration of copper is 100 ppm.

Materials and measurements

Conductivity measurements were performed at 25 ± 0.05°C on 
a conduct meter (DDSJ-308A) with an electrode. The cell constant 
was determined by use of KCl standard aqueous solution. The molar 
conductivity (ΛM) of the complex was measured using 1.0×10–3 mol/
dm–3 solution in dimethyl fumarate (DMF). X-ray diffraction (XRD) 
was carried out on a Bruker SMART 1000 CCD area diffract meter. An 

electron microscopy (MEB) coupled energy dispersive spectrometer 
microanalysis (EDX) is used in chemical composition was also 
performed. Electronic spectra of complex in chloroform (CHCl3) 
obtained using a spectrophotometer UV-Visible (SHIMADZU UV 
VIS1240) in the range of 1200–300 nm. Fourier transform infrared 
spectrophotometer (SHIMADZU FTIR 8400) covering the range 
4000–400 cm-1 of the ligands and their metal complex was measured 
using KBr discs. Thermogravimetry (TG 70/217) Thristor-Power 
supplylinse thermal analyzer was used to record simultaneous (DTG 
and DTA) curves in a static air atmosphere, at a heating rate 10°Cmin-1 
in the temperature range 0-500°C using platinum crucible.

Extraction and analytical procedures

An aqueous copper solution (30 ml, 1.57×10-3 mol.L-1) was placed 
in a thermostated vessel at 25 ± 0,05°C. To the solution, an equal 
volume of chloroform solutions containing 1×10-3–4×10-2 mol.L-1 of 
capric acid. This time was sufficient since the equilibrium was reached 
rapidly. After equilibrium, both phases were allowed to stand for more 
than 20 min for a complete phase separation. The pH of the solution 
was adjusted to between 4 and 7, 5 by adding a few drops of 0.1 mol. 
L-1 NaOH.

The metal ion concentrations were determined in aqueous phase 
photo metrically at 810 nm using a Philips ( UV-VIS SP6-36). The 
metal ion concentrations in the organic phase were calculated from the 
difference between the metal ion concentrations in the aqueous phase 
before and after extraction.
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Result and Discussion
General treatment of extraction equilibrium of copper (II) 
with capric acid

Capric acid is known to exist as dimer in solvent of low polarity 
such as chloroform, alkanes (hexane, dichloromethane), toluene, 
benzene and carbon tetrachloride [3].

The extraction of the metal, by a dimerized capric acid (HL)2 , in 
chloroform can be represented by the general equation:

ex1K
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                         (1)

Where the subscripts org correspond to organic phases, and j: 
degree of polymerization of the complex;

M2+: Divalent metal

org: Organic phase 

aq: Aqueous phase 

(HL)2: Capric acid extract ant in dimeric in solvent of low polarity;

 n: Cationic charge;

 p: Number of monomeric acid contained in the complex;

Kex1: Extraction constant

The extraction constant can be written as the following expression
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The distribution coefficient D of the metal between the organic and 
aqueous phases may be expressed as follows: 
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Where Morg, Maq are the total concentrations of the metal in the 
organic and aqueous phases, and the side reaction coefficient allowing 
for metal complication in the aqueous phase, respectively.

αM: Separation factor metals 

 If only (MLn(HL)p)j is responsible for the extraction system, 
equation (5) is derived from equation (4).

( ) ( ) 2log 1 log log log log log log
2

n
M

n pD j M aq Hl org nj H j Kexα+ ++   = − + − − + +          (5)      

Extraction of copper (II) with capric acid

The stoichiometry of the extracted species was determined by 
analyzing the experimental data. The conventional slope analysis 
method was used. The experimental results are arranged according to 
equation (5). 

The experimental results are arranged according to equation (5). 
Figure 1 shows the results Obtained for the extraction of copper (II) 
or Cu (II) with solutions of various capric acid concentrations. The 
degree of extraction of copper (II) increases with increase in pH and 
capric acid concentration. In the case of other non-polar solvents such 
as chloroform, extraction of copper (II) is low. This can be explained 

by the existence of interactions between molecules that promote capric 
acid dimer formation in chloroform.

Comparing chloroform to other non-polar solvent, the extraction 
of copper (II) is significantly improved. This is due to the drive of the 
water molecules accompany complex extracted into the organic phase 
is less important in the chloroform. This result is in agreement with 
previously published work, during the extraction of copper (II) from 
sulfate medium with capric acid and tri-n-octylphosphine oxide in 
chloroform [4].

The plots of logarithm the distribution coefficient logD versus pH 
for various concentration of capric acid[Hl] are straight lines with 
slope equal to two (n=2), This suggests full neutralization of copper(II) 
valiancy leading to release of two protons as given by equation (6). The 
data in Figure 1 also reveal no dependence of copper distribution upon 
the aqueous copper concentration, there by confirming the monomeric 
nature of the extracted complex (j=1, αCu=1).

2
2 2

2 ( ) ( ) 2
2 org p

pCu HL CuL HL org H+ ++
+ ⇔ +                         (6)

Under the present experimental conditions the concentration of 
metal in organic phase is negligible compared to the concentration 
of extractant therefore concentration of dimer was calculated as 
[(HL)2]=[HL]/2 According to equation (4), the number of capric acid 
molecules involved in the monomeric species can be determined from 

Figure 1: Extraction of copper (II) with capric acid.
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Figure 2: Effect of pH on the extraction of copper(II) with capric acid in 
chloroform.
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the slope of the plots of (log D) against log[(HL)2]org at constant pH. 
The Plots of log D versus log [(HL)2]org at constant pH values were 
also linear with a slope of (2+p)/2=2 , i.e., p = 2, as shown in Figure 2. 
This suggest that two molecule of dimeric capric acid take part on the 
extraction of one ion of copper. This means that only the complex CuL2 
(HL)2 is extracted into chloroform [4].

The same type of extracted species was reported for the extraction 
of copper (II) with cyclopentyl acetic acid and α-bromostearic acid [5] 
in benzene. The complex formed has a structure of in which particular 
places in the coordination sphere of copper ion are occupied in total 
by four molecules of the extractant. At the same time, two of them, as 
acid anions, form polarized covalence bonds, and the other two, as non 
dissociated molecules Coordinate bonds via the carbonyl oxygen atom 
(Figure 3).

The logarithmic value of Kex of copper (II) can, therefore, be 
calculated for each experimental point (logKex= -7.06).

Preparation of the complex

Organic solution of copper (II) carboxylate was prepared by 
solvent extraction from an aqueous CuSO4.5H2O solution. During the 
extraction operation, the aqueous solution pH was adjusted at around 
pH 7 by the addition of dilute NaOH solution. The initial concentration 
copper (II) concentration was 0.015 M. The initial concentration of 
free carboxylic acid in the organic phase was 0.1M. The single-metal 
carboxyl ate solutions were washed with distilled water to remove 
residual anions and then passed through glass fiber paper and phase 
separating paper to remove physically entrained water. The precipitates 
were characterized by X-ray diffraction (XRD) analysis. The chemical 
composition of the precipitates was determined by energy dispersive 
X-ray (EDS) spectrometry.

The contents of C, O, Cu (II) were determined by elemental analysis 
in Table 1 [6].

Molar conductivity measurements

The very low molar conductance of the complex (Λm=21.5 S.cm2.
mol-1) for the copper (II), complex is measured in temperature 
25±0.05°C indicate that this complex nom electrolyte in dimethyl 
fumarate (DMF) solution [7].

UV- VIS spectra

The electronic absorption spectra are often very helpful in 

the evaluation of results furnished by other methods of structural 
investigation. The electronic spectral measurements were used to 
assign the stereo chemistries of the metal ions in the complexes based 
on the positions and number of d-d transition peaks. The electronic 
absorption spectra of complexes were recorded in the 1100-400 nm 
range, at room temperature [8,9].

 The copper complex shows a very broad band in the region 660-
650 nm shown in Figure 4, which is assigned to 2Eg→2T2g transition, 
as expected for a six-coordinate d9 species. These Transitions are 
characteristics of octahedral geometry of the metal atoms [10,11].

IR spectra

The main bands from the IR spectra of the ligand and its metal 
complexes are presented in Table 2. The infrared spectrum of the ligand 
shows a band at 3411 cm-1 which can be attributed to the OH group. 
This band is absent in the complex. The strong band of C=O at 1711 
cm–1, the bands assigned to asymmetric and symmetric vibrations of 
the OCH3 groups occurring at 2920 and 2849 cm–1 respectively shown 
in Figure 5. Some of the results of IR spectra analysis are presented 
in Table 2. In the IR spectra of caprate of copper the band at 1711 
cm–1 disappears, which indicates that C=O group is not present in the 
analyzed complex [12]. Strong aliphatic C–H stretches are observed at 
2930 and 2865 cm–1. These are to be expected due to the long length 

O O

OOO

O O

C9H19

C9H19C9H19

O

Cu HH

C9H19 O

HH

O

H H
Figure 3: Suggested structures of the complex.

Complex L=C10H19O Color % C %O %Cu              
[Cu L2(HL)2].2H2O blue 77.55 10 .5 10.34

Table 1: The analytical data of complex at 25°C.
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Figure 4: Electronic spectra of Cu(II) complex.

Complex 
L=C10H19O

ѴC=O/cm-1 ѴasCOO-/cm -1 ѴsCOO-/cm-1 ΔѴCOO-/cm-1 ѴM-O/cm-1

HL 1711 - - - -
[Cu L2 (HL)2].2H2O 1688 1433 245 478

Table 2:  IR data for capric acid and it complex at 25°C.

Complexes T/°C Mass     
loss/ %

DTA/°C product 
Intermediates

color solid

[Cu  L2 
(HL)2].2H2O

20-200 3,3 100 CuL 2(HL)2 blue

200-500 89,9 exo/420, 
340, 300

Cu2O black

Table 3: Thermal decomposition data of Cu (II) complexes with capric acid.
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of the carbon chain in the carboxylate ligand. When compared to the 
infrared spectrum for pure capric acid observed in Figure 5.

The absorptions in the range of 1688–1678 and 1394–1352 cm–1 
correspond to the asymmetric and symmetric ѵCOO- frequencies 
of the metal bound carboxylates. The large difference in ΔѵCOO- 
frequencies (Δѵ>230 cm–1) is indicative of monodentate coordination 
of both the carboxylate groups [11,12]. The complex of copper shows 
strong bands in region 3420 and 3450 cm–1 range assignable toѴo-H 
stretching vibrations of coordinated water molecules [13-15]. The 
weak band of complex Cu (II) at 478 cm–1 results from ѴM–O stretching 
vibration [16].

Thermal analysis

The thermal data of the complexes are listed in Table 3. The 

Figure 5: Theinfrared spectrum of capric acid.

 

Figure 6: Simultaneous TG- DTA of Cu (II) complex.

compositions of the intermediates and the final products are those 
which best fit with the observed mass losses in the TG studies. Thermo 
gravimetric results are in good agreement with the corresponding DTA 
data. The TG/DTA curves of [Cu L2 (HL)2].2H2O complex show in 
Figure 6. The mass loss observed between 20 and 200°C, corresponding 
to an endothermic peak at 100°C is due to dehydration with a loss of 
two molecule of water (3.33%). The thermal decomposition occurred in 
two steps between 200–500°C can be observed as three exotherm and 
two endotherm at (300, 340 and 420°C) respectively. The final residue, 
estimated as Cu2O had an observed mass of 89.9% [12,17].

X-Ray Diffraction (XRD)

The measurement of lattice parameters of the powders was 
carried out using a Bruker D8 model type diffract meter with copper 
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Complex Cu(II) caprate Cu2O
Crystal system monoclinic Cubic

Space group P21/N PN3M
a (A°) 11,24 42,494
b(A°) 4 ,68 42,494
c (A°) 10,24 42,494
α(°) 90 90
β(°) 92 90
γ(°) 90 90

V (A3°) 538 76.732
Density (g cm-3)    1.57 6.14

λ(A°) 1.541 1.54184
Z 2 2

(h, k, l) -2 ≤ h ≤ 4 ,0 ≤ K ≤ 2 , 1 ≤ 
h ≤ 4

0 ≤ h ≤ 2 ,0 ≤ K ≤ 2 , 1 
≤ h ≤ 3

Table 4: Data of structure complex Cu (II) Caprate.

anticathode λcuαk = 1,54184A°. The recording condition and 0.04°/ 
5 s to 2θ taken between 10° and 90°. The crystallographic data for the 
complex and oxide of copper are listed in Table 4.

Melting point 

One type of device Melting Point Apparatus Stuart SMP3 Scientific 
(Tmax = 270°C) is used. A small amount of product (about 1 mg) 
is inserted in a capillary. The capillary then undergoes mentee in 
temperature of 1°C.min-1. The melting temperature is determined by 
visual observation. Some of these compounds have the feature to go 
through plastic or gels called phases. Others have temperature melting 
and very close degradation. These changes make it difficult to visual 
observation of the melting point of metal carboxylate. The melting 
point of complex Copper (II) at 178°C.

Conclusion 
In this research we have used capric acid to extract copper (II) 

from a sulpahate medium, and we found that this process depends 
on pH, extractant concentration. Extracted species have an [Cu (HL)2 
L2].2H2O stoïchiometry.

One the basis of the results obtained it appears that decanoate of 
copper (II) were synthesized as hydrated or anhydrous complex. The 
color of complex Copper (II) is blue. The formula of complex is [Cu 
(HL)2 L2].2H2O. Decanoate of analyzed complex is heating in air to 
500°C they decompose in various ways: Cu (II) in one step. In the first 
step the hydrates release the water molecules for complex of copper 
and form anhydrous complex that the final products of their following 

oxides: Cu2O. The complex is found to be non-electrolytic. The results 
of electronic spectra studies of the complex suggest that the Cu complex 
is octahedral geometry, thermal and spectroscopic properties which 
were determined.
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