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ABSTRACT 

 The paper describes the synthesis and characterization of a novel 

macrocyclic ligand. Liquid-liquid extraction studies were conducted to 

assess the extraction performance of the new macrobicyclic ligand 

towards copper ions. Selective extraction of heavy metals is highly 

demanded due to their toxicity and market significance. The results of 

the experimental studies to determine the best extraction conditions 

demonstrates pH=9 in the presence of 8.0 ppm of copper (II) in 10 mL 

with shaking time equal to 30 minutes at 25
o
 C with using 0.05%   

reagent and chloroform as an organic solvent. The article studies the 

influence of various parameters on the extraction percentage such as; 

effect of pH, shaking time, type of solvent, temperature, ionic 

strength, the effect of concentration of metal ion and reagent. IR and 

HNMR have been used for the characterization of the new 

macrocyclic compound. Thermodynamic parameters have been 

calculated based on the experimental results at different temperatures 

with ΔH (39.91 kJ/ mol), ∆S (0.155 KJ/ mol. K), and ΔG                         

(-6.28 KJ/ mol), which, indicates that the reaction is endothermic, 
randomness and spontaneous. This process has been used for 

extracting copper ions using atomic absorption spectrometer (AAS). 
 

Keywords:  Solvent extraction, Copper ion, Synthetic sample,   

Macrocyclic compound. 
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INTRODUCTION 

Heavy metals are well-known environmental contaminants, and their poisoning is becoming 

more of a consequence for ecological, evolutionary, dietary, and factors. (Nagajyoti et al., 2010). 

Copper is a required component not only for life in mammals but also for plants, and it plays a 

significant role in lipid and carbohydrate metabolism. As a necessary as well as a harmful element, 

it has numerous biological impacts. (Xiang et al., 2011). Copper is used in a variety of 

manufacturing and farming activities, and it may be discharged into the environment through a 

variety of sources, including mining, metal pipes, chemical and pesticide manufacturing process. 

Copper is also required for the production of hemoglobin and plays an important role in enzymatic 

activities. However, extremely excessive consumption will result in health issues.                                 

(Yunus et al., 2020). Various methods such as ion exchange (Dabrowski et al., 2004), adsorption 

(Ali et al., 2016), membrane filtration (Camarillo et al., 2010), chemical precipitation                       

(Matlock et al., 2002), and liquid-liquid extraction (LLE) have been used to extract Cu (II) ion and 

other heavy metal ions from aqueous phase (Halim et al., 2019). Among different techniques to 

extract Copper ions from the aqueous phase, (LLE) extraction is one of the effective methods to 

remove copper ions from the aqueous phase (Ghanadzadeh and Abbasnejad, 2011).  

 liquid-liquid extraction is an attractive technique to extract copper ions from the aqueous phase 

due to its relatively simple process and low cost (Noah et al., 2018) LLE involves a mixture of 

immiscible solutions to promote mass transfer and subsequent layer separation. The phase 

separation process is a complex phenomenon involving several parameters, including physical 

properties, geometric considerations of the reactors and hydrodynamic conditions (Navarro et al., 

2020). Since of the high compatibility among the ionic radii of metals and macrocyclic ring 

diameters, oxygen-containing compounds have been utilized extensively in separation among the 

variety of macrocycles known. LLE with macrocyclic compounds is a convenient technique for 

metal investigation due to their high selectivity and affinity towards specific metals. According to 

their distribution ratios, the benzene ring provides much stronger lipophilicity into a crown ether 

than the cyclohexyl ring. Besides, other pendent substituents on the crown ring also enhance 

lipophilicity (Karapinar et al., 2013). Also, removal of some metal ions can be carried out using ion 

exchanger (Khattab and Sedeeq, 2012) The present study aims to use a new synthesized 

macrocyclic compound as a ligand for the removal of copper ions in a synthetic sample. 

 

EXPERIMENTAL 

Apparatus 
1
HNMR spectra was recorded with Bruker Avanceno (400 MHz) spectrometer and data were 

referenced relative to residual protonated solvent (7.26 ppm for CDCl). FT-IR analysis was carried 

out using Shimadzu Spectrophotometer with KBr pellets. Metal ions concentrations were 

determined using the Varian (220AA) FAAS (acetylene flame). The pH was adjusted using a 

Metrohm (model 780) digital pH-meter that had a combination glass-electrode. The separation of 

the phases was assisted by an automated shaker (YCW-0.12C). 

 

Chemicals 

All chemicals (Na2SO4, NaOH, HCl, CuSO4.5H2O, Ethanol, and Methanol) utilized in this 
study were analytical reagents grade by Fluka and Merck.  

 

Preparation of Stock Solution 

The stock solution (1000 ppm) of copper (II) was prepared by dissolving 0.3928 g of copper 

(II) sulfate (CuSO4.5H2O) in distilled water and diluted to the final volume100 mL. The solution 

was standardized and diluted as required to prepare working solutions. 

Preparation of 0.05% Reagent 

        0.125g of the reagent (HBCO) was dissolved in chloroform in a 250ml volumetric flask and 

volume was made up to the mark. 
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Synthesis of 1,3-Bis-(2-formylphenoxy) propane-2ol. 

According to the modified method (Ilhan et al., 2008) to a stirred solution of 2-

hydroxybenzaldehyde (9.77g, 0.02 mol) and Na2CO3 (33.92 g, 0.32 mol) in 100 mL ethanol was 

added dropwise 2-hydroxy1, 3-dichloropropane (5.16 g, 0.04 mol) in ethanol (30 mL). The mixture 

was refluxed for 8h at 180–200 
0
C. After the addition was completed, 100 mL distilled water was 

added and it was put in an ice water. Using filtration, drying, and recrystallization from chloroform/ 

methanol solution (1:1) to give white precipitate (yield 80 percent) IR (KBr pellets were used):  

1668 (CO), 3448 (OH), 2931 (aromatic-CH), 2850,2720 (C-H of aldehyde), 1668 (C-O) .
1
H NMR 

(300 MHz, CDCl3): δH 7.3-76 (s, 8H, Ar-H), 4.6 (d, H, OH), 4.3 (q, 1H, CH), 4.6 (d, 4H, CH2), 

10.3 (s, 2H, 2 × -CHO). 

Synthesis of 1,3-Bis-(2-acetylphenoxy) propane-2ol. 

According to the modified method (Mondal et al., 2012) to a stirred solution of 2-hydroxy 

acetophenone (10.89g, 0.08 mol) and Na2CO3 (33.92 g, 0.32 mol) in 100 mL ethanol was added 

dropwise 2-hydroxy1,3-dichloropropaneane (5.16 g, 0.04 mol) in ethanol (30 mL). The mixture was 

refluxed for 10h at 180–200 
0
C. Then the mixture was put in ice water. The resulting precipitate 

was collected by filtration, dried, and recrystallization from chloroform/ methanol solution (1:1) to 

give white precipitate (yield 80%). IR (KBr pellets, cm
-1

): 1658 (CO), 3485 (OH), 2995 (aromatic-

CH), 2995,2941 (CH3), 1665 (CO).
11

H-NMR (δ, ppm):  7.2-7.5 (s, 8H, Ar-H), 4.3 (d, H, OH), 4.4 

(q, 1H, CH), 4.1 (d, 4H, CH2), 1.6 (s, 6H, CH3). 

 

Synthesis of (15e,30e)-7,23-Dihydroxy-7,8,23,24-Tetrahydro-6h,14h,22h,32h Tetrabenzo           

[F, K, R, W] [1,5,13,17] Tetraoxacyclotetracosine-14,32-Dione (DHTTD). 

A mixture of 1,3-Bis-(2-formylphenoxy) propane-2ol (A) (72 mg; 0.25 mmol) and                     
1,3-bis-(2-acetylphenoxy) propane-2ol (B) (82 mg; 0.25 mmol) was dissolved in a potassium 

hydroxide solution (10%, 140–160 ml) in methanol/water (3:1) and the mixture was refluxed for 8 

h. After five days of stirring at room temperature, the solvent was reduced to almost half its original 

volume under decreased pressure. The resulting precipitate was collected by filtration, dried, and 

washing in 150 ml ethanol was reflex for two days to give yellow crystals, suitable for (yield 80%,). 

(Mohamed et al., 2017) IR (KBr pellets, cm
-1

): 1651 (CO), 3581-3249 (O-H broad), 1251 (C-O-C). 
1
H NMR (300 MHz, CDCl3): δH 7.5 (s, 16H, Ar-H), 4-4.5 (d, 2H, 2OH), 2.5-3 (q, 1H, CH), 3.5-4.0 

(d, 4H, CH2). 

 

Scheme 1: Synthesis of macrobicyclic compound. 
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            Extraction of Copper (II) Ion Using DHTTD 

The aqueous and organic layers were equilibrated in a 100 ml separator funnel with an 

aqueous/organic ratio of 1:1 (10 ml of an aqueous layer containing 20 ppm of Cu (II) ion and 10 ml 

of the organic layer containing 0.05% of DHTTD in chloroform) which was shaken vigorously for 

30 minutes. The pH in the aqueous was adjusted to 7.5 with diluted HC1 and NaOH solutions using 

pH-meter. The separator funnel was kept standing for at least 15 minutes after equilibration to allow 

tiny organic particles in the aqueous layer to enter the organic layer and complete phase separation. 

The amount of copper (II) present in the aqueous solution was investigated quantitatively by atomic 

absorption spectrometer. The extractability was estimated using the following formula: 

 

% E = [(A0-A)/A0] × 100 

 

Where A0 is the concentration of cation in the aqueous layer before extraction. A is the 

concentration of cation in the aqueous layer after extraction. The impact of ligand concentration on 

the partition coefficient D of metal ions among the aqueous and organic phases was investigated. 

(Asrafi et al., 2009).  

 

RESULTS AND DISCUSSION 

Synthesis and Characterization 

The target of the present study is to synthesize a new macrocyclic compound bearing 

hydroxyl group in several steps as shown in scheme (1). The hydroxyl group of salicylic has been 

converted into the ethoxy group by Williamson ether synthesis with 1,3-dichoropropane-2-ol to 

give bis aldehyde (A) and the bis ketone was synthesized in the same manner but 2-hydroxy 

acetophenone was used to give compound (B), furthermore, both compound A and B reacted with 

high dilution method to give the highlighted compound with very good yield. 

The FT-IR spectrum Fig. (1) of both compounds bis aldehyde (A) and bis ketone (B) showed 

a strong band at 1668 and 1658 cm
-1 

for (C=O) respectively but in compound [(15E,30E) 7,23 

dihydroxy 7,8,23,24 tetrahydro 6H,14H,22H,32 Htetrabenzo- [f, k, r, w] [1,5,13,17] 

tetraoxacyclotetracosine-14,32-dione] (C) showed the presence of a strong peak at 1651 cm
-1

 for 

(C=O) stretching vibration of macrocyclic chalcones, with lowered value. 

 

Fig. 1:FTIR for the aldehyde, ketone, and macrocycle Compounds. 
 

In the 
1
H-NMR spectrum Fig. (2) of compound (C) disappearance of singlet signal at 10.4δ of 

CHO and appearance new peak at 6.6 δ for proton at α-position of macrocyclic α, β-unsaturated 

compound confirms the formation of target compound C. 
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Fig. 2: H-NMR for aldehyde, ketone, and macrocycle Compounds. 

 

OPTIMIZATION CONDITIONS 

To reach the best conditions of extraction, the effects of the following factors in the value of 

percent extraction was studied, represented by: 
 

Effect of pH 

The pH is one of the most significant effects in the metal-chelate formation and subsequent 

extraction. In this study, the effect of pH on the signal intensity of copper (II) in the surfactant-rich 

phase was estimated at different pH values ranging from 3.0 to 10.0 as shown in Fig. (3) The 

extraction percentage (%E) increased with an increase of pH. Acidic media was not suitable for 

extraction due to the effect on the protonated ligand molecules. Also the formation of metal 

hydroxides when the pH values were  increased lead to select pH 7.5 as the optimum pH for this 

chelation (Hussein et al.). 

 

Fig. 3: Effect of pH on the extraction of Cu (II) using (DHTTD). 

 

Effect of Shaking Time 

From 10mL aqueous solution containing 20 ppm of Cu (II) at pH=7.5, the metal ion was 

extracted by the macrocyclic compound as a reagent (0.05% dissolved in chloroform). The two 

phases have been shaken for different times ranged from 5 to 80 minutes with an electrical shaker. 

The results of this study in Fig. (4) demonstrate that the optimum shaking time of the two layers 

was (30min.). 
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Fig. 4: Effect of variation shaking time on extraction efficiency. 

 

Effect of Ion Strength on the Extraction 

The high concentration of salt sometimes helps to remove metal ions from the aqueous layer 

to the organic solution. Salt increases the ionic strength of the aqueous layer and thereby increases 

the solubility of the metal complex into an organic solution. The addition of various types of salts as 

shown in Fig. (5) has a negative effect on the separation of copper ions and may be attributed to the 

competition effects of the cations and the copper ions to form ion-pair complexes with the 

macrocyclic compound.  Therefore, the extraction process can be carried out without the addition of  

these salts. 

 

Fig. 5: Effect of the adding salts on the extraction . 

 

Effect of Organic Solvents: 

Extraction of 20ppm of Cu (II) was according to a general method using 0.05% organic 

reagent dissolved in different organic solvents with various dielectric constant values. According to 

the solvent extraction method which was dependent on the organic solvent used in the extraction 

method the results in (Table 1) demonstrate that there is no linear relation between the distribution 

ratio and dielectric constant of the organic solvents. These types of complexes were affected by 

many factors including the solubility of the extracted complex or geometry of the organic solvent. 

So, these results clarify the role of these organic solvents in the effect on extraction efficiency by 

the participation of organic solvents in the formation and stability of complex extracted to the 
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organic phase. The results of these studies are in agreement with the previous research                 

(Pawar et al., 2018). 

 

Table 1: The effect of organic solvents. 

 

 

 

 

 

 

 

 

 

 

Effect of reagent concentration on the extraction.   

The effect of the concentration of the reagent was also estimated in the range from 0.01% to 

0.05%. the results are demonstrated in Fig. (6). Copper (II) extraction increased by increasing 

reagent concentration up to optimum level whereas in which 20 ppm copper (II) wase extracted 

quantitatively by using 0.05% (v/v) reagent. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The effect of different concentrations of the reagent on the extraction of Cu (II) ion. 

 

Effect of temperature  

The effect of temperature on the extraction of Cu (II) by 0.05% (DHTTD) was examined. 10 

ml of the reagent was added to the aqueous solution (10mL contains 20 ppm Cu (II)) at pH=7.5. 

Shaking the solution for 30 min was carried out in the range 278 –318K. The results demonstrated 

in Fig. (7). As a relation among line D and 1/T indicate that with rising temperature from 278 

to318K the extraction percent’s increasing from 88.6% to 98.9%, demonstrating that the extraction 

reaction is endothermic and the extraction was carried out at room temperature 298K to avoid the 

evaporation of chloroform. The thermodynamic parameters (ΔH, ΔS, and ΔG) of Cu (II) were 

calculated from the Van’t Hoff equation where the slope equals -ΔH/R. 

 

lin D =  +                          --------(1) 

Slope =                                 --------(2) 

Intercept =                             --------(3) 

Ex % Dielectric 

constant, (Є) 
Solvent 

92.1 4.81 Chloroform
 

78.5 9.08 Dichloromethane
 

72.8 10.4 Dichloroethane 

69.5 2.2 Carbon tetrachloride
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where D is the partition coefficient, ΔH is the enthalpy change for the extraction reaction, ΔS 

is the entropy for the extraction reaction, T is the temperature and R is the gas constant (8.314 J/ 

mol K). Based on the Equation, the values of ΔH were calculated to be about 53.63 kJ/mol, 

representatively that the extraction processes are endothermic. So, the positive value of ∆S (0.211 

kJ/mol. K) demonstrates the randomness of the extraction systems. Consequently, ΔG for this 

system at 298K has been calculated from the following expressions: 

 

ΔG = ΔH – T ΔS                     --------(4)  

 

the negative values of ΔG (-9.25 KJ/mol) indicate that the extraction reactions are spontaneous  

(Soltani et al., 2015), (Nozari and Azizi, 2020), (Jawad and Husien, 2018). 

 

 

Fig. 7: Effect of temperature on the extraction efficiency. 

 

Effect of Aqueous to Organic Volume Ratio 

 Copper (II) was extracted from aqueous layer (5 to 50 mL) with 10 mL of 0.05% reagent in 

chloroform. Copper (II) was separated and determined as defined in the general procedure. It was 

found that extraction of copper (II) was quantitative when the aqueous to organic volume ratio was 

only 1:1 and it decreased with an increasing the volume of the aqueous phase. The results of                 

(Table 2)  shows the possibility to extract  Cu (II) ion by the reagent understudy from large volumes 

of the aqueous phase with low distribution ratio and (% E). While using large volumes of the 

organic phase leads to high consumption of the hazardous organic reagent with nearly the same 

Ex.% The results of this study are approved with other recent studies (Pawar et al., 2018).  

 

Table 2: Effect of aqueous to organic volume ratio. 

 

 

 

 

 

 

 

 

 

 
 

Ex % Aqueous to organic 

phase rati 
97.2 10:10 

70.2 20:10 

55.1 30:10 

35.1 40:10 

21.5 50:10 

12.3 60:10 
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Effect of Metal Ion Concentration 

  To a series of 10 mL aqueous solutions of Cu (II) ion concentration ranging from 5ppm to 30 

ppm at pH =7.5, 10 mL of 0.05% (DHTTD) solution was added to each one and shaking for 30 

min.  The separated aqueous solution was treated as in the general procedure. The results can be 

seen in Fig. (8), the extraction percent’s (%E) were decreased by increasing the copper (II) ion 

concentration. 

 

Fig. 8: Effect of Cu (II) concentration on the extraction method. 

 

Application of the Method 

The most significant influence in the liquid-liquid extraction of metals is the selectivity of the 

extractant towards the quantified metal ions to be recovered. The impact of different cation            

ions (Zn (II) and Cd (II)) on the selectivity of the proposed method was investigated utilizing 0.05% 

(DHTTD) as a new extractant. From (Table 3) the results show that the extraction of Cu (II) ions in 

presence of number of cations can be carried out with increasing the pH. Weak acidic and basic 

media are suitable for the extraction because of the effect on the protonated ligand molecules 

considering complex formation with the metal ion. This step leads to extraction and determination 

of copper (II) in the presence of Zn (II) and Cd (II) in some natural samples. 

 

Table 3: Application of the extraction of Cu (II) with (DHTTD) reagent at different pH in ae 

synthetic sample. 

 

 

 

 

 

 

 

CONCLUSIONS 

The current study shows that the extraction of a copper ion with a new macrocyclic 

compound. Multivariable that affecting the extraction have been studied. pH, time of shaking, ionic 

strength, the concentration of the reagent, and organic solvents Thermodynamic parameters have 

been calculated based on the experimental results at different temperatures. The method has been 

applied for the solvent extraction of copper ions in a synthetic sample using atomic absorption 

spectrometer.    

 

           

pH=9 

%E 

pH=8.5 

%E 

pH=7.5 

%E 
pH=6.5 

%E 

Metal ion 

85 62.5 1.3 0 Cd (II) 

97.5 71.4 1.3 0.6 Zn (II) 

99.0 98.1 96.2 70.2 Cu (II) 
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 السائل أليون النحاس في عينة اصطناعية باستخدام مركب حمقي جديد-السائل استخالص
 

 الممخص
يتضمن البحث تحضير وتشخيص كاشف ومركب حمقي جديد. وبالنظر لمطمب الكبير عمى االستخالص االنتقائي لممعادن 

الكاشف  باستخدامالسائل -ات تجريبية الستخالص السائلالثقيمة بسبب سميتيا وأىميتيا في الوقت الحاضر. فقد تم أجراء دراس
اسات التجريبية لتحديد أفضل ظروف االستخالص. حيث تبين أن االس توضح نتائج الدر و الجديد تجاه أيونات النحاس. 

 52دقيقة عند  01مل مع وقت اىتزاز يساوي  01جزء في المميون من أيونات النحاس في حجم  8في وجود  9الييدروجيني = 
نوع المذيب ودرجة  ،أيضا دراسةمذيب عضوي. وتم  بوصفو مذيب٪ في الكموروفورم 1012درجة مئوية باستخدام تركيز كاشف 

تركيز أيون المعدن والكاشف والقوة األيونية. وتم حساب المعممات الديناميكية الحرارية بناًء عمى النتائج التجريبية عند  وتأثيرالحرارة 
 .لمحرارة وعشوائي وعفويمما يشير إلى أن التفاعل ىو ماص  مختمفة،درجات حرارة 

ΔH (53.63 kJ / mol ( و ΔS (0.211 kJ / mol.K∆ و   G -9.25 kJ / mol 

 المركب الحمقي الجديد لتشخيصو تم استخدام ىذه العممية الستخراج أيونات النحاس باستخدام مطياف االمتصاص الذري. 
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