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Optical, Mechanical and Thermal 
Studies on Nonlinear Optical single 
Crystal of Copper Chloroacetate (CCA)
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ABSTRACT
Chloroacetic acid is a halogenated aliphatic carboxylic acid generally used as herbicide and preservative. The CCA compound 
was synthesized by taking Chloroacetic acid and Copper Carbonate in the molar ratio 1:1. Both materials were Analytical reagent 
grade (AR). The synthesis and growth process was carried out using double distilled water. The Copper Chloroacetate solution 
was used to grow crystal from slow evaporation method at room temperature. The seed crystal was grown within week. The 
unit cell parameters were determined using single crystal X-ray diffractometer which reveals that CCA crystal have monoclinic 
system. The spectral analysis carried out using the FTIR spectroscopy shows the presence of functional groups. Optical studies 
show that the grown crystal has lower cut-off wavelength at 320nm. Thermal behavior of the crystal were carried out employing 
TG/DTA techniques, establish that the crystal has thermal stability up to 460ºC. The grown crystal has low value of dielectric 
permittivity and dielectric loss for higher frequencies at different temperatures. Vickers microhardness analysis carried out on the 
material suggests that the material belongs to soft material category according to Mayer’s index number (n).
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INTRODUCTION

Chloroacetic acid is a halogenated aliphatic carboxylic acid 
generally used as herbicide and preservative. Chloroacetic 
acid, industrially known as mono chloroacetic acid (MCA) 
is the organochlorine compound with the formula ClCH-
2CO2H [1].  This carboxylic acid is a useful building-block 
in organic synthesis. In industry, chloroacetic acid is used in 
the production of a wide variety of useful compounds (e.g. 
drugs, dyes, and pesticides). Most reactions take advantage 
of the high reactivity of the C–Cl bond. Its largest-scale ap-
plication, chloroacetic acid is used to prepare the thickening 
agent carboxymethyl cellulose and carboxymethyl starch. 
The basic copper carbonates, malachite and azurite, both de-
compose forming CO2 and CuO, cupric oxide [2, 3]. 

SYNTHESIZE AND CRYSTAL GROWTH
The CCA compound was synthesized by taking Chloroacetic 
acid and Copper Carbonate in the molar ratio 1:1. Both ma-
terials were Analytical reagent grade (AR).The synthesis and 
growth process was carried out using double distilled water. 
1 molar CAA was dissolved in DD water which was super 

saturated solution. Copper Carbonate was not dissolving in 
water so CAA taken as the solvent. 1 molar Copper Carbon-
ate compound was mixed with CAA solution it forms the 
Copper Chloroacetate solution, carbon dioxide and H2O, The 
reaction equation was given below.  

C l C H 2 - C O - C O O H + C u C O 3 → ( C C H 2 - C O -
COOH)2Cu+CO2↑ +H2O

The Copper Chloroacetate solution was used to grow crys-
tal from slow evaporation method at room temperature. The 
seed crystal was grown within a week. After 3 weeks, well-
developed and optically transparent Single crystal were har-
vested as shown in figure 1. 

RESULTS AND DISCUSSION

Single Crystal XRD Analysis 
The single crystal XRD measurements for grown crystals 
were carried out using single crystal diffractometer at room 
temperature. The calculated unit cell parameters of Copper 
Chloroacetate crystal[4] are tabulated in table 1. From the 
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cell parameter values we infer that the grown crystal belongs 
to the monoclinic system with volume 1057.3Å3

FTIR Analysis
The Fourier Transform Infrared (FTIR) spectrum was taken 
using a BRUKER IFS 66V spectrometer by KBr pellet tech-
nique to confirm the presence of functional groups in the 
crystal. The FTIR spectrum of Copper Chloroacetate crystal 
was carried out at room temperature in the wavelength range 
400- 4000 cm-1[5] and the same is shown in figure 2. The 
band observed at 573 cm-1, 693 cm-1, 819 cm-1 is assigned to 
C=Cl Stretching and the band observed at 573 cm-1  is as-
signed to C=O out of plane bending mode of vibration. The 
C-O stretching is assigned to the bands 1038 cm-1 and 1176 
cm-1. The band at 1633 cm-1 is assigned to the C=O stretch-
ing. Symmetric and asymmetric stretching of CH and hydro-
gen bonded O-H stretching observed at 2913 cm-1. The band 
observed around 1633 cm-1 as assigned to Cu-O stretching 
which represent the presence of copper in the crystal. 

Optical Studies 
The UV-Vis-NIR spectrum of CCA crystal was recorded at 
room temperature by employing PerkinElmer Lambda 35 
spectrometer in the range 200-900 nm with slit width 2nm, 
scan speed   240nm/min. [6] the recorded absorbtion spec-
trum is shown in figure 3. From the spectrum, it is observed 
that the crystal has a lower cutoff wavelength in the vicinity 
of 320 nm. The broad peak in the range 400-490 nm repre-
sents the presence of copper in the crystal.   

Mechanical Properties  
Vickers microhardness indentations were made on grown 
crystal surface of the CCA crystals at room temperature with 
the load ranging from 25g, 50g and 100g using Vickers mi-
crohardness tester. There were two trials made for each in-
dentation. Time of indentation was kept at 5 seconds for all 
trials. The Vickers hardness number was calculated using the 
expression 

Hv=1.8544 P/d2kg/mm2

Where, HV is the Vickers hardness number in kg/ mm2, P is 
the applied load in kg and d is the diagonal length of indenta-
tion impression in millimeter and 1.8544 is a constant of a 
geometrical factor for the diamond pyramid[7]. A plot ob-
tained between the hardness number and the load is depicted 
in Figure 4.   

Mayer Index (n) 
Kick law proposed the relation between load P and indenta-
tion length d is given by,

P=k1d
n

Where, n is the Mayer’s index or work hardening coefficient 

[8,9]which is found out from the slop of the plot of log P 
and log d gives a straight line as shown in Figure 5 and k1 
is the standard hardness, which is found by the intercept. In 
the present investigation, the work hardening coefficient (n) 
for CCA crystal is n=3.442. The material suggests that it be-
longs to hard material category according to Mayer’s index 
number (n). 

Thermal Analysis
During thermal analysis mass of a substance is measured 
as a function of temperature and the mass attains lost if the 
substance contains a volatile fractions. To study the thermal 
stability of grown crystal, the DTA/DGA analysis were car-
ried out between 0 ºC to 700 ºC in the nitrogen atmosphere 
at heating rate 10 ºC.  In thermal studies the results obtained 
from TG and DTA are shown in figure 6. In TG analysis 
the weight loss 21% due to evaporation of water molecules 
present in the crystal[10]. In DTA the first endothermic peak 
at 113.3 ºC indicates the melting point of the grown crystal 
and the second endothermic peak at 139.9ºC .The first sharp 
exothermic peak 360 ºC and  second exothermic peak at 422 
ºC. The material was 61% stable between the temperature 
range between 250 ºC and 450 ºC.

CONCLUSION

A new metal-organic material of Copper Chloroacetate 
(CCA) was grown by slow evaporation solution technique 
(SEST) at room temperature. The unit cell parameters were 
determined using single crystal X-ray diffractometer which 
reveals that CCA crystal have monoclinic system. The spec-
tral analysis carried out using the FTIR spectroscopy shows 
the presence of functional groups. Optical studies shows that 
the grown crystal has lower cut-off wavelength at 320nm. 
Thermal behavior of the crystal were carried out employing 
TG/DTA techniques, establish that the crystal has thermal 
stability up to 460ºC. Vickers microhardness analysis carried 
out on the material suggests that the material belongs to hard 
material category according to Mayer’s index number (n). 
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Figure 1: Grown crystal of CCA crystal.

Figure 2: FTIR spectrum of CCA crystal.

Figure 3: UV spectrum of CCA  crystal.

Figure 4: Hardness behavior of CCA crystal.
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Figure 5: log p VS log d  of CCA crystal.

Figure 6: TGA/DTA graph of CCA crystal.

Table 1: Cell parameters of CCA crystal
A 5.837 Å

B 25.610 Å

C 7.342 Å

Beta 105.33º

Crystal system  Monoclinic

Crystal volume 1057.3 Å3


