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Abstract 

     A direct and compassionate approach has been examined to quantify Amoxicillin 

(AMX) in pharmaceuticals. This method involves a liquid ion exchange process that 

relies on forming an ion-pair association complex between AMX and Co (II) as a 

chloroanion complex by the presence of hydrochloric acid and the non-ionic 

surfactant Triton X-100. The highest wavelength recorded was 357nm. An analysis 

was undertaken on the impact of the optimal conditions on the separation process, 

specifically at a temperature of 95°C. After a heating duration of 15 min., the Co(II) 

concentration was determined to be 100µg/mL, with an optimal TritonX-100 

surfactant volume of 0.5mL. Furthermore, an investigation was conducted to analyze 

the impact of various organic solvents with differing dielectric constants on the 

dissolution of the Cloud Point Layer. This study aimed to elucidate the most likely 

structure of the extracted complex was 1:1 [AMX]+; HCoCl4-. The linear calibration 

curve spanned the concentration range of 5-1000 μg/mL, exhibiting a limit of 

detection (LOD) of 4.790 μg/mL and a limit of quantification (LOQ) of 14.515 

µg/mL. The analysis of Amoxicillin in pharmaceutical samples was conducted using 
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the CPE-ILE method compared to HPLC, aiming to enhance the precision of the 

CPE-ILE method for determining Amoxicillin. 

Keywords: Amoxicillin, Cloud Point Extraction, Cobalt, Liquid Ion Exchange 

Introduction 

     Amoxicillin AMX, the scientific name (2s.5r.6r)-6- [(2r)-2-amino-2-(4-

hydrowyphenyl)-acetyl] amino-three, 3-dimethyl-7-oxo-four-thia-l-azabicyclo [3.2.0] 

heptane-2-carboxylic acid, (Figure 1). It is freely soluble in water. The molecular formula 

is C16H19N3O5S and molar mass is 419.45 g/mol. The structure of amoxicillin is shown in 

Figure 1  
[1,2]

.  

 

Figure 1. Structure of amoxicillin 

    Amoxicillin is a semi-synthetic antibiotic that belongs to the penicillin family. 

Amoxicillin is effective against gram-positive and gram-negative microorganisms. It is 

found as amoxicillin trihydrate in drugs
[3]

. Amoxicillin is used to treat many different 

types of infection caused by bacteria, such as tonsillitis, bronchitis, pneumonia, 

gonorrhoea, and infections of the ear, nose, throat, skin, or urinary tract
[4]

. Several 

methods for AMX determination in pharmaceutical formulations and biological fluids 

have been reported including HPLC
[5-7]

, chemiluminescence
[8,9]

, spectrofluorimetric
[10]

, 

and flow-injection analysis
[11-13]

,  spectrophotometric method
[14-16]

, Degradation 

reaction
[17]

, Electrochemical analysis
[18]

, Adsorption method
[19]

, nanoparticles 

applications
 [20]

, iodometric method 
[21]

, This study described a pioneering approach for 

the spectrophotometric quantification of AMX by employing Co(II) as a chloroanion to 

produce an ion pair association complex in an HCl medium. Subsequently, the suggested 

methodology was compared to the HPLC technique and determined appropriate for 

assessing AMX in pharmaceuticals. 

Experimental  

 Equipments: a biochem double beam UV-Vis spectrophotometer model 

(Biochrom libra S60) from the UK, an HPLC-column C18 (Skam 2012) from 

Germany, and an Electrostatic water bath from Germany were used. 

  Preparation of solutions: involved standard Co(II) solution (1mg/mL) by dissolving 

0.249g of CoCl2.6H2O (Merck 99.8%) in 100 mL distilled water, 1% TritonX-100 (Alpha 
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Chemika) and Amoxicillin (100µg/mL) by dissolving 0.01g (Merck 99.96%) in 100 mL 

distilled water, any other working solutions prepared by serial dilution with distilled 

water.  

Pharmaceutical Samples preparation: It encompassed various forms of AMX 

products, such as capsules, injections, and oral suspension.  

AMX capsules: Ten capsules of AMX were weighed and ground into a fine powder; the 

content of one capsule (0.573 g), equivalent to 500 mg of AMX, was dissolved in an 

appropriate amount of distilled water with continued shaking and filtered to dispose of 

the insoluble particles. The filtrate solution was carried into a 100 mL volumetric flask 

and diluted with deionized water 
[22]

.  

AMX injection: Dissolved 1.0g of injection powder in 10ml of deionized water, carried 

into a 100 mL deionized water in volumetric flask. 
[23] 

AMX oral-suspension: An accurate volume equivalent to 250 mg of AMX oral 

suspension was dissolved in 100mL deionized water 
[24]

. 

 General Procedure of CPE-ILE: Created 10mL aqueous solutions containing 

Amoxicillin (100µg/mL) and Co(II) (100µg/mL) in HCl media. An appropriate 

amount of 1% TritonX-100, a non-ionic surfactant, was added, and the solutions were 

in an electrostatic water bath for a suitable duration at the correct temperature. Then, 

separated the cloud point layer from the aqueous solution and dissolved it in 5mL of 

ethanol. The absorbance measurement was conducted using ethanol as a reference at 

the maximum absorption wavelength (λmax).  

 

Results and Discussion 

The mechanism by which liquid ion exchange occurs to create ion pair association 

complexes. 

 
 

The process of determining the maximum wavelength  
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The absorbance of the ion association complex solution was measured in the wavelength 

range of 200-500nm. The resulting spectrum is shown in Figure 1, with the maximum 

absorbance occurring at a wavelength of 357nm. 

 

              Figure 1. UV-Vis. Spectrum for ion association complex between AMX and 

HCoCl4
- 

Optimising the Experimental Conditions  

Concentration of Hydrochloric Acid 

The influence of varying hydrochloric acid concentrations within the range of 0.1 to 

1.0M was examined using the general procedure. The results are depicted in Figure 2.  
  

 

Figure 2. HCl effect on the absorbance of ion association complex 

 

     The ideal concentration of HCl is 0.5 M, as it allows the formation of a liquid ion 

exchanger of Amoxicillin and chloroanion complex of Co(II) according to Scheme (1). 

Concentrations that are lower or higher than the optimal value will decrease the 

efficiency of extracting the Amoxicillin complex to CPL, leading to a reduction in the 

concentration of the liquid ion exchanger and chloroanion complex of Co(II) ions, as 

dictated by the mass action law. This, in turn, will cause a decrease in the speed of the 

ion exchange equilibrium
[25]

.   

 

Role of Temperature  
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 The temperature plays a crucial effect in the creation of CPL. A study was conducted to 

extract amoxicillin at temperatures ranging from (70-95)°C, following the general 

procedure to better understand its significance. The findings are shown in Figure 3.   

 

 Figure 3. The impact of temperature on the absorbance of ion association 

complexes 

     The results showed that the optimum temperature (95°C) will provide the necessary 

energy to aggregation the micelles of surfactant, remove water molecules, and form a 

CPL layer with ideal characteristics for the quantitative extraction of the ion pair 

complex of the Amoxicillin
[26]

. 

Impact of Heating Time 

Amoxicillin was extracted using the general procedure at various times of heating. The 

findings illustrated in (Figure 4)  

 

Figure 4. The change in absorbance of the ion association complex concerning 

heating time. 

From the results, the optimal time for amoxicillin is (15min), which represents the kinetic 

aspect of the extraction process and the formation of the CPL layer with the highest 

density and smallest size, and with high hydrophobic properties for extracting the ion pair 

complex of AMX 
[27]

. 

Influence of Co(II) Concentration 
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Amoxicillin was extracted in varying Co(II) ions concentrations in a 10mL aqueous 

solution with 0.5M HCl. Based on the general procedure, the results accorded with those 

depicted in Figure 5. 

    

Figure 5. Role of varying Co(II) concentration on the formation of ion association 

complex 

The results show that the concentration of 100µg/10mL is the optimal concentration for 

the Co(II) ion. This indicates the formation of ion pair complex with the highest stability, 

and the speed of formation equilibrium of the complex is greater than the speed of 

dissociation equilibrium, while concentrations less than the optimal value do not achieve 

sufficient stability for the ion pair complex extracted by CPL
[28]

.  

Influence of Surfactant Volume  

Using general procedure, amoxicillin was extracted from 10mL aqueous solutions under 

ideal conditions in varying concentrations of TritonX-100. The results are depicted in 

Figure 6.  

 

Figure 6. Impact of surfactant volume 

According to the results, the ideal volume of TritonX-100 was 0.5 mL, representing the 

critical concentration, or CMC. of the surface active substance Triton X-100,which gives, 

at the appropriate temperature, the best assembly process for micelles of the Triton X-100 

to give the best CPL with good specifications, that are able to separate and extract the ion 

pair complex, volumes less than the optimal do not achieve the (CMC), meaning that the 
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CPL formed by these volumes does not have ideal specifications, so its efficiency in the 

separation and extraction process is unfavorable volumes larger than the optimum value 

cause great repulsion of the micelles, causing them to spread in the aqueous solution 
[29]

.  

Influence of Solvent  

Extracted amoxicillin under ideal conditions from 10 mL aqueous solutions, following 

the general procedure; the CPL was subsequently dissolved in various organic solvents; 

The dielectric constant's effect (εr), which can be expressed in relation to Gati and Szalay 
[30]

 as shown in equation 1. 

  ̃  [(   ) (    
 

  
  )]   (

   

   
)    ( ) 

The results were as in (Table 1): 

 

        

Table (1): Maximum wave length and dielectric constant of organic solvent 

Solvent λmax (nm) Dielectric constant(εr) (D-1/D+1) 

Benzene 286 2.28 0.390 

Chloroform 294 4.80 0.655 

Dichloromethane 292 8.93 0.799 

1-Butanol 272 17.1 0.890 

2-Propanol 237 18.3 0.896 

Ethanol 357 24.3 0.921 

Methanol 272 32.6 0.940 

                                                                          

When Plotted λmax against (D-1)/(D+1), the results in Figure7: 

 

Figure 7. Relation between λmax and dielectric constant of organic solvent  
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The concept of Stoichiometry  

Slope analysis was performed under ideal conditions to determine the more likely 

structure of the ion pair association complex extracted into CPL as in the general 

produced the results shown in Figures 8 and 9, which indicate the more likely structure of 

the complex that was extracted: 

  

Figure 8. Abs.= f[AMX] Figure 9. Abs.= f[Co(II)] 

 

            
       (   )

       (  (  ))
 
     

     
       

The two straight lines in Figures 9 and 10 have a slope ratio value of 1:1, [AMX]
+
; 

HCoCl4
-
, which indicates that this is more likely the structure of the ion pair association 

complex that was extracted into the CPL of AMX and Co(II). 

Calibration Curve Construction by CPE-LIE  

Combining cloud point extraction and liquid ion exchange is a compassionate and 

selective approach to spectrophotometrically determining Amoxicillin. This method 

utilizes Co(II) as a chloroanion complex. Using an general procedure under optimal 

conditions, we constructed a calibration curve at the wavelength of maximum 

absorption (λmax) of 357nm. The results are shown in Figure 10. 

 

Figure 10. Calibration curve of Amoxicillin using CPE - liquid ion exchange 

method  

0.04

0.09

0.14

0.19

0.24

0.29

0.34

0.000001 0.00001 0.0001 0.001 0.01

A
b

s.
 

[AMX] 

Slope1=18.44 
   

0.02

0.07

0.12

0.17

0.22

0.27

0.000001 0.00001 0.0001 0.001 0.01
A

b
s.

 
[Co(II)] 

Slope2= 15.70 

y = 0.0013x + 0.0965 
R² = 0.9992 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0 200 400 600 800 1000

A
b

s.
 

Amoxicillin (ppm) 



Journal of Kufa for Chemical Sciences Vol. (3)No.(3) Special issue  ……..……….……….Nov. 2024 
 

 173 

 

Table (2): Parameters for the determination of Amoxicillin by CPE method 

Parameter Co (II) 

λmax (nm) 357 

Bear's law obey (ppm) 5-1000 

Molar absorptivity (L.mol
-

1
.cm

-1
) 

0.174×10
3 

Limit of Detection(µgmL
-1

) 4.790 

Limit of Quantity (µgmL
-1

) 14.515 

 

HPLC analysis 

HPLC analysis used for determination of AMX in pharmaceuticals to compare with 

CPE-LIE method, analysis program as below, also the chromatograms of AMX 

standard and samples shown as in Figures (11→14): 

Table(3): Chomatogratographic paraetes used for the determination of 

amoxicillin 

Parameter Optimized HPLC conditions 

Column C18 

Flow rate 1mL/min. 

UV 230nm 

mobile phase 
Distilled water:Acetonitrile 

80:20 

Add 0.1 acetic acid pH~4.5 

 

  

Figure 11. Chromatogram of 

AMX Standard 1000ppm 

Figure 12. Chromatogram of Amitron 

(Injection) 

  

Figure 13. Chromatogram of 

Neomox (Oral suspension) 

Figure 14. Chromatogram of Labmox 

(Capsul) 
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Table (4): Determination of Amoxicillin by two methods CPE-ILE method and 

HPLC method 

Name Company Dose 

Label 

claim  

taken 

(mg/g)  

Measured 

Concentration 

±SD 

%Recovery 

UV 

method 

HPLC 

method 

UV 

method 

HPLC 

method 

Neomox 

(Oral 

suspension) 

NEOPHARMA 250µg/5ml 0.05 0.0472 0.0437 94.40 87.4 

Labmox 

(Capsul) 
LABORATE 500mg 500 458.85 445.027 91.77 89.01 

Amitron 

(Injection) 
LOP 500mg 500 464.23 445.500 92.90 89.10 
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