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Inspite of substantial time and solvent required, traditional extraction techniques in analytical 
laboratory shows the biggest bottlenecks and source of errors that occur during sample preparation. 
Difficulties encountered includes long duration per sample, large amount of solvent, maximum 
exposure of expensive hazardous solvents in the environment and difficult labor intensive. To bring 
this change stage of laboratory workflow the technique of Accelerated Solvent Extraction (ASE)  is 
used to par with the powerful analytical techniques that exist today. ASE is an automated technique 
specialized in extraction of solid and semi-solid samples using liquid solvents at temperature above 
their normal boiling points. This technique is designed to reduce time and solvent required to 
achieve faster extraction. The proposed work is to extract copper using organodithiophosphinic acid 
reagent 2,4,4-bis trimethylpentyldithiophosphinic acid (Cyanex 301) in acidic medium using ASE. 
Copper mixed with Ottawa adsorbent were transferred to 33ml Zirconium extraction cell. Cyanex 
301 in toluene used as an extracting agent were passed into extraction cell. It formed a complex with 
copper  in acidic medium. During the extraction process ASE operational variables such as 
temperature, pressure, static time, purge time and extraction cycle were optimised to achieve 
efficient extractions. Extracts were collected and quantitatively evaluated in UV-Visible 
Spectrophotometer. ASE method has significantly reduced both sample preparation time and the 
amount of organic solvent used as compared to other traditional methods. The proposed method has 
been successfully applied to recover metal in real samples.  
 

 
 
 

 
 
 
 
 

 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
  

 
 

 

INTRODUCTION 
 

Copper, atomic number (29), is  a noble metal belonging to 
group 11 in the periodic table and is found in free metallic state 
in nature. It has two oxidation states +1 and +2 as cuprous and 
cupric form respectively. It is widely used in electricity, 
welding, wood preservatives and architecture construction. In 
humans, copper is found mainly in the liver, muscle and bone. 
Copper as trace minerals found in foods and dietary minerals 
helps to form haemoglobin and collagen in the body. 
Deficiency of copper leads to anemia, liver damage and can be 
treated with proper dietary copper supplements1.  
 

Literature survey revealed numerous techniques, such as 
solvent extraction2, direct titration2, Colorimetric 
determination2 and spectrophotometric titration2, have been 
used for determination of copper. Estimation of copper have 
been extracted by various extraction methods. Solvent 
extraction of copper with various chelating agents like Schiff 

base derived from tetrephthaldialdehyde and 5-amino-2-
methoxy-phenol3, Trifluoroacetylacetone4, equimolar mixtures 
of N,N,N',N'-tetrahexylpyridine-3,5-dicarboxamide (L) with 2-
hydroxy-5-t-octylbenzophenone oxime or l-phenyldecane-l,3-
dione (HB)5, dithiocarbamate6, Cyanex 272, Cyanex 302 and 
Cyanex 3017,8,9 have been studied. Solid phase extraction of 
copper in water samples using surfactant coated alumina 
modified with indane-1,2,3-trione 1,2-dioxime have been 
studied10, diethyldithiocarbamate (DDTC) complex by 
polyurethane foam11 have been studied. Organophosphorous 
acid Cyanex 301 were used for selective removal of transition 
metal by transport through polymer inclusion membrane12 and 
also in preparation of extraction resin for radioactive waste 
determination13. 
 

The above methods are laborious, time consuming, and large 
amount of solvents are used for extraction technique. These 
problems are easily solved by a newly automated extraction 
technique Thermo Fisher 350 Accelerated Solvent Extraction 

Available Online at http://www.recentscientific.com 
 International Journal of 

Recent Scientific 

 Research International Journal of Recent Scientific Research 
Vol. 9, Issue, 4(D), pp. 25753-25757, April, 2018 

 

Copyright © Bhanu Raman., Anita Madhu and Manisha Sawant, 2018, this is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any 
medium, provided the original work is properly cited. 

DOI: 10.24327/IJRSR 

CODEN: IJRSFP (USA) 

Article History:  
 

Received 8th January, 2018 
Received in revised form 21st  
February, 2018 
Accepted 05th March, 2018 
Published online 28th April, 2018 
 
Key Words: 
 

Accelerated Solvent Extraction, Cyanex 
301, Copper 
 



Bhanu Raman et al., Accelerated Solvent Extraction of Copper Using Cyanex 301 and its Spectrophotometric Determination 
 

25754 | P a g e  

(ASE 350). ASE 350 is a simple sample preparation technique 
where the samples are in either solid or semi solid form mixed 
with suitable adsorbent. Extraction takes place in the presence 
of pressure and temperature which are faster and efficient as 
compared to other traditional methods14. Direct extraction of 
lead, manganese, nickel, iron, copper, gold and cadmium with 
water EDTA mixtures using ASE were reported15,16.The 
present study highlights ASE of copper using Cyanex 301 and 
its estimation in spectrophotometer.  
 

MATERIALS AND METHODOLOGY  
 

Materials  
 

Stock solution: Analytical grade E. Merck chemicals were 
used for experimental purpose. The extractant Cyanex 301 used 
was supplied from Cytec Inc. Canada.  
 

Instrumentation: Thermo Fisher ASE 350 with  pH hardened 
pathway from Thermo Fisher Pvt Ltd were used  for extraction 
purpose. Spectronic Genesys 8 UV-VIS Spectrophotometer 
with 10mm path length cuvettes were used for absorbance 
measurement. 
 

METHODOLOGY  
 

 
 

Extraction Procedure:  Weighed 5.0 g of standard Copper 
sulfate pentahydrate in hand and mortar pestle to attain particle 
size smaller than 1.0 mm. Copper were dispersed with inert 
material containing 5 g of Ottawa sand adsorbent. This mixture 
was filled in 33 ml Zirconium Extraction Cell, covered with 
cellulose lid. Extraction cell then loaded into the carousel with 
pre - programmed temperature and pressure. Two solvent 

bottles kept above the carousel containing extractant Cyanex 
301 in toluene and acid solution HCl in each were passed into 
the carousel to attain static extraction for a certain period of 
time. Repeat cycles were performed to complete extraction.  
The complex formed was collected from the collection vessel 
section and were diluted to tenfold times to evaluate copper in 
spectrophotometer. Various optical parameters for optimum 
conditions were studied in spectrophotometer. 
 

ASE Parameter  
 

Solvent   
 

Solvent is required to solubilize the desired analyte. With 
various solvents like methanol, ethanol, benzene, toluene, 
alcohol, it was found that toluene was used as suitable solvents 
for extraction of copper with Cyanex 301. The solvent is kept 
in glass conainer of 1 litres capacity. HCl of desired 
concentration were passed in another glass bottle of 1liter 
capacity. Initially the entire ASE instrument was rinsed 
thoroughly with toluene to remove unwanted impurities and for 
the extraction  purpose 30 ml  volume of  toluene were utilized. 
 

Temperature  
 

Temperature is required to increase the rate of extraction 
process thereby enhancing the extraction efficiency. Since the 
boiling point of toluene was 110.60C, temperature was pre-set 
and maintained at 1200C throughout.  
 

Pressure  
 

Pressure was required to maintain solvents in liquid state and to 
move the fluid through the ASE system swiftly. Within the 
available range of 1000 - 3000 psi, it was found that extraction 
were effectively performed at 1500 psi.  Hence 1500 psi 
pressure were used throughout the study.  
 

Extraction Cell  
 

Since present extraction requires acidic medium, pH hardened 
pathways 33 ml of Zirconium extraction cell permits the use of 
samples that require pretreatment with acid.  
 

Cycles  
 

In order to facilitate favorable extraction equilibrium, static 
cycles were studied. It was found that 2 cycles for 5 minutes 
were required to attain static equilibrium. After complete 
extraction, nitrogen gas was purged to remove the last trace of 
extracts. It was found that nitrogen gas was purged in 90 
seconds. 
 

Time  
 

On the basis of the static extraction, cycle, the total extraction 
time for copper per extraction were completed in fifteen 
minutes.  

 
 
 
 
 
 
 
 
 
 

 

Parameter ASE Optimum Condition 
Extraction Cell  33 ml Zirconium Extraction Cell 
Solvent  Toluene 
Temperature  1200C 
Pressure  1500 psi 
Static Extraction Time 5 minutes 
Number of cycles 2 
Purge Time  90s 
Total Extraction Time 15 minutes 
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RESULTS AND DISCUSSION  
 

The complex Cu-Cyanex 301 after extraction were determined 
spectrophotometrically.  
 

Absorption Spectrum 
 

The absorption of Copper- Cyanex 301 complex was studied 
over a wavelength range of 200-500 nm. The complex 
exhibited absorption maxima at 440nm. For all the further 
measurements, the wavelength of 440nm was chosen. 

 
 

Effect of HCl concentration  
 

Since acidic conditions are required to carry out extraction 
hence various concentration of HCl were studied from 0.001M 
to 0.01M HCl. From the plot of percentage extraction with 
concentration of HCl it was found that extraction efficiency 
increased upto 0.005M HCl and beyond this the value 
decreases. Hence throughout experiment 0.005M HCl were 
used as the optimum concentration of HCl.   

 

 
Fig 2 Plot of Percentage Extraction against Concentration of 

HCl  
 

Effect of reagent concentration 
 

The optimum concentration of Cyanex 301 for quantitative 
extraction of Cu (II) was ascertained by extraction with varying 
concentrations of Cyanex 301 from 0.005 M-0.05M in toluene. 
The extraction was quantitative with 0.01M  Cyanex 301 (Fig 
3). Hence 0.01M Cyanex 301 in toluene was used throughout 
the study.          

 
 

Concentration of Cyanex 301 x 10-3 M 
 

Fig 3 Plot of Percentage Extraction against Concentration of Cyanex 301 
 

Effect of various diluents 
 

In order to study the effect of diluents on extraction, 5g of 
copper sulfate pentahydrate with adsorbent Ottawas sand 
mixture, 0.005M HCl and 0.01M Cyanex reagent in different 
diluents were studied The absorbance and % extraction of 
copper decreased in the order: Toluene (99.99%), Methanol  
(97.56%), Acetonitrile (96.23%), Ethanol (93.62%), Propanol 
(88.32%), Isopropyl alcohol (86.80%) (Fig.4). Toluene gave 
quantitative extraction and hence for all further studies toluene 
was chosen as diluents. 
 

 
Fig 4 Plot of Percentage Extraction against Various Diluents 

 

Effect of Stability of complex  
 

The copper Cyanex 301 complex was found to be 8 hours 
stable.  
 

Nature of the Copper-Cyanex 301 complex  
 

While varying extractant concentration to ascertain the nature 
of the extracted species Distribution Ratio “D” was evaluated. 
A graph of log[D] versus log[Cyanex 301] at fixed molarity of 
0.005M HCl was plotted. The slope was 2.08 indicating the 
probable composition of the extracted species as 1:2 or Cu: 
(Cyanex 301)2.  
 
 
 
 
 

Effect of HCl  concentration x  10-3M 
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Fig 5 Plot of Log D against Log Cyanex 301 

 

Validity of Beer-Lambert law 
 

A calibration graph for determination of copper was prepared 
under optimum experimental conditions.  Beer’s law was found 
to obey in the range of 0.1ppm  to 5ppm of copper at 440 nm. 
(Fig.5) 

 
Fig 6 Plot of Absorbance against Concentration of Copper 

 

Spectrophotometric data for the determination of copper after 
extraction with Cyanex 301: From the above observation 
indicates that complex copper with Cyanex 301shows an 
intense peak at 440nm (λmax). Beer’s law is obeyed over the 
copper concentration range of 0.1 to 5.0 ppm. The composition 
of extracted species is found to be 1:2. [Cu: Cyanex 301] by 
Job’s continuous variation and mole ratio method thus 
confirming the oxidation state  of Copper as +2.  The molar 
absorptivity is found to be 5894.74 mole-1cm-1dm3. The 
Sandell’s sensitivity is.10.0 x 10-3 µgml-1cm2. The value of 
standard deviation was 2.12 x10-3with coefficient of variation 
as 0.76.  

Analysis of Cu (II) in real samples 
 

From Pharmaceutical samples  
 

The Pharmaceutical tablet samples were powdered and mixed 
with Ottawa adsorbent. These samples were tested with 
proposed method and also by ICP.  
 

Results are tabulated in Table 4 
 

Sample 
Concentration of 

Copper  ppma            

(by present method) 

Concentration 
of Copper  

ppm(by ICP) 

Recovery 
(%)a 

CopperSebacate 3.8 mg 4.0 mg 95.00 
Supradyn 3.32 mg 3.39 mg 97.93 

Zinc copper 1.9 mg 2.0 mg 95.00 
 
a Average of five determinations  analysis. 
 

From food stuffs  
 

Foodstuffs like lentils, almonds, mushrooms were analysed for 
its copper content.  
 

Sample 
Concentration of 
Copper ppm*(by 
present method) 

Concentration of 
Copper  ppm(by 

ICP) 

Recovery 
(%)* 

Lentils 0.48 ppm 0.5 ppm 96.00 
Almonds 0.37 ppm 0.4 ppm 92.50 

Mushrooms 0.40 ppm 0.43 ppm 93.02 
 

*Average of five determinations analysis. 
 

CONCLUSION 
 

The data presented strongly indicate that, by using elevated 
temperatures and pressures with organic solvent, efficient 
extraction of analytes can be achieved from solid samples.ASE 
was found to be less time consuming. Less volume of solvent 
have been used thereby reducing the cost for solvent purchase 
and waste disposal. The organic extracts being colored, 
afforded to determine copper metal directly in 
spectrophotometer. ASE systems offers a level of automation 
and precision that greatly exceeds traditional sample 
preparation techniques. This method proves to be more reliable, 
fastest, simple and novel method extraction. 
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