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Abstract

This study include synthesis of new organic reagent 2-[(3-Hydroxy phenyl)azo]-4,5-diphenyl
imidazole (3-HPADPI) and used it as complexing agent for extraction of Cu®** ion from aqueous
solutions. The results show the optimum pHe=8, optimum concentration of Cu?" ion was 40pg in
5mL aqueous phase and the optimum shaking time was 10min. Stoichiometry study illustrated the
complex structure was 1:1 Cu®*:(3-HPADPI). Effect of cations interferences was studied. Synergism
effect show MIBK gave increasing of distribution ratio (D). The study of organic solvents effect
appear there is not any linear relation between dielectric constant (€) of organic solvents used and
distribution ratio (D). Thermodynamically appear that the reaction was Endothermic reaction with
AHex=0.000062 KJ.mole™, AGex=-51.46 KJ.mole™, ASe= 159.31 J.mol ™. K™

1. Introduction

Today around 25% of the world's copper was recovered by using solvent extraction and solvent
extraction was considered to be the lowest cost production route for the production of the quality
cathode. Chelating complex was prepared for Cu(ll) ions with organic reagent 4-(2-pyridyl azo)-
resorcinol the UV.-Vis. spectrum of reagent solution in methanol show An.= 410nm where the
complex of Cu?* show 3=477-534nm [1]. Spectrophotometric determination of Cu(ll) by using
diamine-dioxime organic reagent, meso-HexaMethyl Propylene Amine Oxime (meso-HMPAOQO). A
stable complex was formatted between Cu(ll) and meso-HMPAO in agueous solution 1:1 red-pink.
Absorption measurements were carried at 497 nm, with &= 338 Lmol‘cm™. Beer’s law was obeyed
over the range of 0.5-370 pgmL " with a Sandell’s sensitivity 0.18 pgcm™ 2 This method was applied
for determination of Cu(ll) in foodstuffs and pharmaceutical samples [2]. Spectrophotometeric
procedure for quantitation of Cu(ll) based on the reaction between alizarin red S and boric acid in
the solution of pH 8.5 to produce a red complex which place between organic and aqueous phases.
In presence of Cu(ll) the complex of alizarin red S and boric acid is dissociated and new complex
between alizarin red S and Cu(l1) ions formed. Beer’s law obeys in the range 0.6-15 pg.mL™. Effect
of foreign ions was observed that all ions were interfered even at low concentrations because of
formation a complex between alizarin red S and that ions [3]. A spectrophotometric method for
determination of Fe(ll1), Cu(ll) and UOy(ll) in aqueous solutions by the reaction of those cations
with the reagent 2-ethanolimino-2-pentylidino-4-one (B3). Under the optimum reaction conditions,
B3 reacts with these cations and forms colored complexes. The color reaction is rapidly completed

{



and the absorbance remains stable for at least a week at room temperature. The Fe(l11) complex is
detected at Amax= 440nm and pH=3.5, the Cu(ll) at Amax=340nm and pH=6.0, while the UO(I1) at
Amax =370 nm and pH=4.0. Bear-Lambert’s law is obeyed in the range (2-17 mg/mL for Fe(l11), 3-9
mg/mL for Cu(ll) and 13-81 mg/mL for UO,(Il) complexes. The stoichiometries of the formed
complexes are determined using different spectrophotometric methods[4]. A potentiometric and
spectrophotometric study of Cu(ll) mixed reagent complexes was involving hydroxamic acids as
primary reagent and histamine or the amino acids glycine and histidine secondary reagent. All are
potentially able to form chelate complexes with either five or six membered rings. It was evidenced
that Cu-hydroxamate complexes do not favour significantly mixed reagent complex formation with
amino acids having only the carboxylate and amino groups; however, these complexes are strongly
formed with histidine, due to the presence of the imidazol group. [5]. Prepared a new chelating resin
by coupling Amberlite XAD-4 with 1-amino-2-naphthole through an azo spacer. The resulting
sorbent has been characterized by FT-IR, elemental analysis and thermogravimetric analysis and
studied for preconcentrating of Cu (I1) using FAAS for metal monitoring, and the optimum pH for
sorption of the Cu®* was 6.5[6]. The significant spectral overlap (Di)0.5 = 0.5667 which is about
75.3% overlapping of the UV/Vis. absorption spectra of Fe (I11) and Cu(ll) complexes necessitates
chemometric assisted methods for analysis of these ions in the pharmaceutical mixture. These metal
ions were analyzed simultaneously by UV/Vis. spectrophotometric method where 8-
hydroxyquinoline was used as a chromogenic reagent. The methods were applied for analyzing
synthetic mixtures and commercial pharmaceutical preparation [7]. The synergistic extraction of
Cu (Il) with N-phenyl benzohydroximic acid (PBHA) and tri-n-octyl phosphin oxide was
investigated in CHCI;. The effect found in presence of natural reagent is due to formation of the
adduct Cu(PBHA),S in CHCI3. The synergic coefficients were determined which have higher value
in presence of TOPO than TBP, since TOPO has the higher basicity than TBP [8]. Determination of
Cu(ll) by wusing 2,34-trihydroxy acetophenone phenyl hydrazone (THAPPH) as a
spectrophotometric method. The metal ion has formed 1:2 bluish green coloured complex with
THAPPH in HCI-KCI buffer of pH 2.5. Beer’s law was obeyed in the range 0.04-0.64 pg/mLCu*" at
Amax=385 nm. £=1.0053x10°L.mol‘cm™ and Sandell’s sensitivity (0.0006265 pgem™). The interfering
effect of various cations and anions was also studied. The reliability of the method was assured by
analyzing the standard alloys, Brass, Bronze,and Phosphor-Bronze. This method was employed for
the determination of Cu(ll) in food and medicinal leafy samples and inter compared the
experimental values using AAS [9].

2. Experimental

2.1. Apparatus

Spectrophotometric measurements used double beam (Uv.-Vis.) Spectrophotometer, Shimadzu
UV.1700 (Japan),single beam (Uv.-Vis.) Spectrophotometer, Shimadzu (UV.100-02) ,(Japan), pH
measurement carried out by pH —meter , WTW CE ,E163694, (Germany), Melting point measured
by Stuart Scientific COLTD,220-240 (Britain). As well as for studied the structure of organic
reagent prepared used FT-IR 8400 S(CE), Shimadzu corporation. Element analysis Carried out by
Micro analytical unit, 1108 C.H.N elemental analysis.



2.2. Reagents

Stock solution 1mg/mL by dissolved 0.3928gm from CuSO4.5H,0 (Merck) in 100mL distilled
water contain 1mL of concentration H,SO4 1x10M solution of dithiazone prepared by dissolved
0.0256gm in 10mL of carbon tetrachloride (B.D.H). The organic reagent solution 1x10M prepared
by dissolving of 0.034gm in 10mL of chloroform(Merck). Other working solutions prepared by
appropriate dilution with suitable solvent.

2.3. Synthesis of organic reagent

The first step of synthesis of organic reagent 3-HPADPI was prepared imidazole derivative by
add 100mL of glacial acetic acid to mixture of 4.2gm of benzil and 1.4gm of hexamethylene tetra
amine and 12gm ammonium acetate then reflux for 1hour, afterward add 400mL distilled water
and chilling at last by add 40mL ammonium hydroxide to precipitate imidazole compound, then
wash the precipitate with distilled water and recrestillization from pyridine, the second step
preparation of diazonium derivative by dissolved 2.2gm from 3-Amino phenol in mixture of 2mL
concentration HCI and 10mL distilled water and 10mL ethanol and chilling the mixture to 0°C,
after that add 7mL from 10% sodium nitrite drop by drop with shaking and without rising
temperature than 5°C, the third step preparation of organic reagent ,to solution of imidazole
compound prepared by dissolved 2.2gm in 150mL ethanol and 50mL of 10% sodium hydroxide and
50mL of 50% sodium bicarbonate add solution of diazonium drop by drop at -5°C to precipitate the
organic reagent and wash with distilled water and recrestillization in 1:1 ethanol: water.®
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3. General procedure

Extraction experiments were carried out for Cu®* ions in 5mL aqueous solutions by 5mL of
organic reagent 3-HPADPI dissolved in chloroform at 1x10™*M, and shaking the two layers for fixed
time, after that separate the two layers and determine reminder quantity of Cu?" in aqueous phase
spectrophotometrically by (dithiazone method)[10], also determine Cu?* ions transferred to the
organic phase form complex , at later calculate distribution ratio (D).

4. Results and Discussion
4.1. Spectrophotometric studies

Table (1): Analytical 3 UV-Vis. Spectra® 1213 |R spectral ¢ 41516

Analysis % kJ/V Infrared cm™
IS
Compound
C H N O | cu n’r‘n CH | OH | C=N | -N=N- @ Cu- | SOs | H0
1600
2900 1450, 3200-
CaHiNsO | 74.10 | 4.74 | 1646 | 470 | - | 422 | 5000 | 3566 | 1508 | [,oc | 696 | - - | 3308
e 2920 1643 | 1427 700
CaHisN4O)] | 62.44 | 3.99 | 13.87 | 3.96 | 15.73 | 435 3550 600 | - | 1100 | 3387
SO 2854 1371 800

4.2. Effect of pH

The results show distribution ratio (D) enhanced with pH increasing as well acidic media are not
suitable for extraction because the protonation of coordinate position in reagent molecule in
addition basic pH value not suitable too. Where is the optimum value was pHe=8. As in Table (2)
and Figure (5).

4.3. Effect of Metal ions concentration

Decrease metal ion concentration in aqueous phase cause decreases in stability of ion pair
complex this lead to decrease of distribution ratio (D). While the increase of metal concentration
cause of increasing in distribution ratio (D) according to Lieshatlier principle. The results show
optimum concentration of Cu?* was 40pg Cu®* in 5mL aqueous phase as in Table (3) and Figure (6).

4.4, Effect of Shaking Time

Kinetic study show distribution ratio (D) change as a function for shaking time, and appear
10min. was favorable shaking time which is giving higher distribution ratio (D) as in Table (4) and
Figure(7).
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4.5. Stoichiometry

Three methods (Slope analysis method, Mole ratio method, Continuous Variation Method) were
applied to ascertain the stoichiometric composition of complex and the 1:1 [Cu(3-HPADPI)]**SO,
complex was indicated by these methods as in Tables (5,6,7) and Figure (8, 9, 10).

( 2+

Probable structure of Cu** complex with organic reagent 3-HPADPI
4.6. Effect of foreign ions

Results in Table (8) show in presence of some cations in aqueous phase the distribution ratio (D)
was decrease from its value in absence of these ions.

4.7. Synergism effect

Extracted Cu(ll) from aqueous phase by organic reagent (3-HPADPI) in presence methyl
isobutyl Keton (MIBK) the results in Table (9) and Figure (12) show distribution ratio (D) enhanced
by presence MIBK also one molecule participate in coordination shell of complex
[Cu(3-HPADPI)(MIBK)]?**SO4”.

4.8. Organic Solvent effect

Results in Table (10) show there is not any linear relation between dielectric constant (¢) and
distribution ratio (D) that there is an effect for organic solvent structure on extraction method.

4.9. Temperature effect

Thermodynamic study show the reaction between Cu?* ion and organic reagent 3-HPADPI was
endothermic, as the results in Table (11) and Figure (13, 14). After that calculate extraction constant
Kex by the relation below:

D
K_ =
= [M"*],[3— HPADPI]

org

Latter plot logKey versus 1/T Kx10* from the slope of the straight line determine thermodynamic
data according to
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Figure (1): UV.-Vis. Spectrum of organic reagent 3-HPADPI & Cu?®* complex with organic reagent
3-HPADPI
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Figure (2): Infrared Spectrum of organic reagent 3-HPADPI
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Figure (4): Calibration curve of Cu*" with dithiazone




Table (2): Effect of pH on distribution ratio (D)

# 1,25 R
pH D %RSD | %E
5 5.01 019 | 83.36 1.05
6 6.31 0.15 86.32 i 0.85
7 9.00 0.11 90.00 < i ] | ‘ ; :
8 19.00 0.05 | 95.00 49 59 6.9 79 8.9
9 9.00 0.10 | 90.00 < pH y

Figure (5): Effect of pH on distribution ratio (D)
[Cu®*]=40pg/5mL, [3-HPADPI]=1x10"M in CHCls, Shaking time=10min., Temp.=25°C

Table (3): Effect of Cu?* concentration on
distribution ratio (D)

ugCu?| D |%RSD| %E (124 A
10 | 030 | 333 |2307 ol
20 | 166 | 060 |6240 03]
30 | 263 | 038 |7245 2.0
40 |19.00| 0.05 |95.00 ‘Z; 1
50 | 501 | 019 |8336 T e a0 30w
60 | 199 | 050 |66.61 L g Cu- )

Figure (6): Effect of Cu>* concentration on
distribution ratio (D)

pH=8, [3-HPADPI]=1x10"*M in CHCIs, Shaking time=10min., Temp.=25°C

Table (4): Effect of Shaking time on distribution

ratio (D)
4 B
Time D |%RSD| %E 11
5 400 | 025 80.00 0.8 1
10 19.00 | 005 | 9500 S 05
15 5.01 0.19 83.36 > s
20 251 0.39 71.50 T e 9 4 o 2
25 2.00 0.5 66.66 \_ Shaking Time (min.) )

Figure (7): Effect of Shaking time on
distribution ratio (D)

[Cu2+]:40ug/5mL ,pPH=8, [3-HPADPI]=1><1O'4M in CHCI3, Temp.=25°C



Table (5): determination the stoichiometry
of extracted complex (Slope analysis method)

= (0] (0]

[3-HPADPI]| D |%RSD| %E
5x107 38.01| 0.02 |97.43
1x1073 30.20| 0.03 |96.79
5x10™ 25.3 | 0.04 |96.19
1x10% 19.00| 0.05 |95.00
5x107 165 | 0.06 |94.28
1x107 10.46 | 0.09 |91.27

4 N
1.5
Slope=0.205
R 7.2
Y
-
0-9 T T T
-5.2 -4.3 -3.4 2.5
\ log [3-HPADPI] y,

Figure (8): determination the stoichiometry
of extracted complex(Slope analysis method)

[Cu®*]=40pg/5mL ,pH=8, Shaking time=10min., Temp.=25°C

Table (6): determination the stoichiometry
of extracted complex (Mole ratio method)

CL CL/Cwm Abs. | %RSD
1x10° 0.008 0.06 16.60
5x10°° 0.040 0.20 5.00
1x10° 0.080 0.75 1.33
5x10° 0.400 0.90 1.11
1x10™ 0.800 0.97 1.03
5x10 4.000 1.10 0.90
1x10° 8.000 1.18 0.84
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Figure (9): determination the stoichiometry
of extracted complex(Mole ratio method)

[Cu®*]=40pg/5mL ,pH=8, Shaking time=10min., Temp.=25°C



Table (7): determination the stoichiometry
of extracted complex (Continuous variation
method)
ViV Abs 9%RSD (034 " h
0.1 0.11 9.09 0.25 E
0.2 0.18 5.55 ;
0.3 0.21 4.76 < 0.2 - ;
0.4 0.26 3.84
05 0.28 3.57 0.15 - ;
0.6 0.25 4.00 6 /- v -
0.7 0.22 4.54 0 01 02 03 04 05 06 0.7 0.8 0.9
0.8 0.20 5.00 Vi/Vy
0.9 0.18 5.55 \. YalVy J
Figure (10): determination the stoichiometry
of extracted complex(Continuous variation
method)

[Cu**]=40pg/5mL ,pH=8, Shaking time=10min., Temp.=25°C

Table (8): Effect of foreign ions on distribution ratio

(D)
lons | Addas D | %RSD | %E =] pb(il)
Non : 19.00 | 005 [ 95.00 . ]
cr’ CrCl, | 644 | 015 | 8657 | |5 .
NiZ* [ NiCl,.6H,0] 11.42 | 008 [ 9195 | [ 4 - é ' £
Pb** PoCl, | 1677 | 005 | 9437 | | = IR

Figure (11): Effect of foreign ions on
distribution ratio (D)

[Cu®*]=40pg/5mL , [3-HPADPI]=1x10"*M in CHCI3, [M™]=40pg/5mL ,pH=8,
Shaking time=10min., Temp.=25°C
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Table (9): Synergism effect on distribution ratio

(D
4 N
[MIBK] D %RSD | %E J 55
- = Slope=0.096
1x10 39.00 0.025 97.50 15
5x10* | 3536 | 0.028 | 97.25 e
1x10° [ 3233 [ 0.030 [ 97.00 W1.35
5x107 29.76 0.033 96.75
5 125 : : .
1x10 24.00 0.041 96.00 63 53 43 33
1x10° 20.05 | 0.049 [ 95.25 . log [MIBK] J
Figure (12): Synergism effect on distribution
ratio (D)
[Cu®"]=40pg/5mL , [3-HPADPI]=1x10"*M in CHCl3, pH=8,
Shaking time=10min., Temp.=25°C
Table (10): Effect of Organic Solvent on distribution ratio (D
Ka X AG
Organic Solvents g D | %RSD | %E AGt 10* Kexx10? ex
. KJ/mol
liter /ol
Nitro benzene 35.74 | 0.98 1.02 49.52 -0.04 1.57 0.80 -20.31
Dichloro methane 9.08 | 0.85 1.17 46.02 -0.27 1.47 0.60 -19.68
Chloroform 4.806 | 19.00 | 0.05 95.00 | -0.54 15.87 300.83 | -33.71
Carbone tetrachl ride | 2.38 | 0.67 1.49 40.12 | -1.13 1.32 0.37 -18.59

[Cu**]=40pg/5mL , [3-HPADPI]=1x10"M in different organic solvent, pH=8,
Shaking time=10min., Temp.=25°C

Table (11): Effect of Temperature on distribution ratio (D)

T lutk % | . N ENTH AGey
TCl kx| P |rsp| %°F | Kex10™| 1 3 mote | Kamole™ J mole™®
b
5 |278] 350 |10.11] 000 | 9.00 | 842
10 | 283| 353 | 12.33| 0.08 | 9250 | 1027
15 | 288| 3.47 | 13.28| 007 | 93.00 | 1L07
20 | 293| 341 | 17.18| 0.05 | 9450 | 1431
0.000062 | 5146 | 150.31
25 | 298| 3.35 | 19.00| 0.05 | 95.00 | 15.83
30 |303| 33 |21.22| 004 9550 | 17.68
40 |313| 3.19 |29.76 | 0.03 | 96.75 | 24.80
50 |323| 3.09 |39.00] 0029750 | 3250

[Cu2+]:40pg/5mL , [3-HPADPI]=1x10"M in CHCl3, pHe=8,
Shaking time=10min.,

i




( N
1.58 -
1.38
Q
b
= 118
0.98 . ‘ ; ; :
308 318 328 338 348 358
\_ LTKx 10+ y

12

Figure (13): Effect of Temperature on

distribution ratio (D)
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Figure (14): Effect of Temperature on
distribution ratio (D)
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