
ABSTRACT
During the last years, the cloud point extraction was applied for determination, separation, and enrichment of the elements. The 
current study used cloud point extraction (CPE) for the extraction of Ag(I) ions pre-concentration from watery solutions by a 
non-ionic surfactant (Triton X-114) and chelating agent a 6-(4-bromo-phenylazo)m-anisidine[6-(4-BrPAA)], then estimation 
by using the spectrophotometry at 514 nm. Several condition effects on the efficiency of the cloud-point extraction included 
Triton X-114 concentration, [6-(4-BrPAA)] concentration, pH, time, and incubation temperature. The silver reacts with [6-(4-
BrPAA)] to produce complex at a ratio of one to one. 0.009 to 1.5 μg mL-1 is the range of linearity. The detection limit and 
quantification of Ag(I) ion were 0.0054 and 0.0182 μg mL-1, respectively. The interference of the cations was examined. The 
cloud-point extraction was used for the evaluation of silver concentration in the water specimen.
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INTRODUCTION
The silver has no benefit in the human body, but it has great 
importance in electrical devices, dental and pharmaceutical 
compounds, photographic film, and fungicides manufacturing.1,2 
The corrosion-resistance alloys and high-strength alloys 
were composed of silver. The applications composed of 
silver are widely used, which leads to released silver in the 
environment after the damage of apparatuses associated 
with releasing copper, zinc, arsenic, and antimony.3 In 
another meaning, the silver has toxic effects on biological  
tissues.4 

Accumulation of silver in body tissue results in changing 
the color of the skin to blue-grey color (argyria). The threshold 
amount of permitted silver values was determined in different 
types of samples and different geographic areas.5 The 
silver is present in the environment and water in very little 
amount, therefore, the water sample is very important for the 
examination of silver concentration.

High-performance liquid chromatography is the method 
used for determination of sliver,6 atomic absorption 
spectrometry (AAS),7-10 inductively coupled plasma atomic 
emission spectrometry (ICP-AES),11 also, inductively coupled 
plasma mass spectrometry (ICP-MS),12,13 kinetic,14-17 capillary 
zone electrophoresis (CZE),18 flow injection analysis (FIA),19 
fluorimetric,20 and spectrophotometric.21-33
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The spectrophotometric is an assay used commonly because 
the methods are simple, high accuracy, available instrument, 
and high speed.34 There are several methods used as pre-
concentration methods and for different separation of the silver 
at low levels, like solid-phase extraction,35 precipitation.36 
liquid-liquid extractions,37,38 sorbent extraction on many 
adsorbents, like activated carbon,39 ion exchange,40 or flotation41 
are necessary. It requires high confidence levels and estimation 
of the trace elements. Some of the methods cause contamination 
of the samples, are time-consuming, and tedious.42

Cloud point extraction (CPE) is environmentally 
friendly, modern, and liquid-liquid extraction methods. It 
was given great focusing and attention in analytic sciences. 
Furthermore, it is convenient, safe, efficient, economic, 
required short extraction time, low cost, not f lammable, 
nonvolatile, and surfactants are nontoxic.43,44

Cloud point extraction (CPE) is a method dependent on 
the clouding principle and determination of the changes that 
occur in the parameters, such as, solution pH, concentration, 
temperature, and time. Method of cloud point extraction is 
used to isolate between the hydrophilic and the hydrophobic 
substances, and it has most common in biology and the 
environmental.45,46

Cloud point extraction (CPE) is a potential analytical 
method for preconcentration and extraction of element cations 
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after the production of the sparingly water-soluble complexes. 
6-(4-bromophenylazo) m-anisidine[6-(4BrPAA)] is used in 
cloud point preconcentration for copper.47 The 6-(4BrPAA) 
advanced is involved in the stability in solutions, sufficient 
hydrophobicity, and silver extraction. The current study 
showed that cloud point extraction is very sensitive, high 
selectivity, and very simple in many types of samples by using 
[6-(4BrPAA)] and Triton X-114. 

MATERIALS AND METHODS

Apparatus
The absorption range is done by Shimadzu UV-vis 
spectrophotometer (model UV-1800) and equipped with 1 cm 
matched quartz cells. The pH was measured by Wellhem 
7110 (Germany) pH meter with a combined glass-calomel 
electrode, while a Hettich® Zentrifugen EBA 20 centrifuge 
(Germany) was used for facilitating the separation process. 
The water bath (Optima WB710, Japan) with good temperature 
control was used for cloud point temperature experiments. 
To characterize the created reagent and complex, FT-IR 
spectrometric (Shimadzu 8400S, Japan) was used, KBr 
discs (Japan), in the frequency 4,000 to 400 cm-1.
Reagents
Preparation of the stock standard solutions of silver was 
done by adding amounts of AgNO3 in doubly distilled 
water and put it in dark. Working standard solutions were 
prepared by several graduated of standard stock solution. The 
chelating reagent solution at 1 ×10-3 mol L-1 was prepared 
by dissolving the appropriate weight of [6-(4BrPAA)] in 
absolute ethanol. The Triton X-114 was provided from Acros 
Organics (20% v/v) of Triton X-114 that formed from adding 
a concentrated solution (20 mL) in doubly distilled water 
(DDW) 100 mL. Buffer solutions were prepared from acetic 
acid or ammonium hydroxide and ammonium acetate.
Procedure for CPE
Adding water to the solution inside the tube that composed 
of silver at 0.009 to 1.5 μg mL-1, with 6-(4BrPAA) at 0.5 mL 
of 0.001 mol L-1, the buffer at 1 mL at pH is 5.5, and 
TritonX-114 0.25 mL (20%), then diluted from DDW 10 mL, 
the mixture solution incubates at 60°C for 10 minutes. 
The phase separation was done by using a centrifuge 
at 5,000 rpm for 5 minutes. Then, it is cooled by the ice bath 
for the viscosity to become high. The ethanol 1.5 mL was 
mixed with the surfactant-rich phase at 100 μL to decrease 
the viscosity and transferred to quartz cell (5 mm) to evaluate 
the absorbance at 514 nm against a blank solution prepared in 
the same procedure without that silver ion.

RESULTS AND DISCUSSION 

Absorption Spectra
6-(4BrPAA)-silver complex showed absorption spectra in 
acetate buffer (pH = 5.5), Figure 1. 6-(4BrPAA) revealed 
top absorbance at 426 nm. The silver-6-(4BrPAA) is a pink 
mixture, shown as 514 nm. The optimization was done at 

several measurements for the establishment of the many 
conditions by using all parameters. The concentration of 
reagent concentration optimized for increasing the developed 
methods.
Effect of pH
The pH of the absorbance at a constant of the complex 
was 3 to 8 with acetate buffer (pH = 4.5–6.5), Figure 2. The 
selected pH for the studies is 5.5. The complexation reaction at 
pH values lower than 4 is incomplete due to the protonation of 
6-(4BrPAA) and the complexation reaction is incomplete. The 
pH of more than 6.5 is causing a decrease in the absorbance 
for silver hydrolysis.
Effect of 6-(4BrPAA) Concentration
The concentration of 6-(4BrPAA) has a significant effect on 
the extraction and determination of the produced complex with 
silver was determined at 0.1 to 0.9 mL from 1 × 10-3 M of the 
6-(4BrPAA). It can be seen from Figure 3 that the sensitivity 
becomes higher with increasing of 6-(4BrPAA) levels more than 
5 × 10-5 mol L-1, above which it starts to decline. Therefore, 5 × 
10-5 mol L-1 of 6-(4BrPAA) was selected for further work. The 
slight decrease in absorbance after 5 × 10-5 mol L-1 6-(4BrPAA) 

Figure 1: Absorption spectra (1 ––); Reagent 6-(4-BrPAA) = 6 × 10-5 
M (2 –– ) Ag(I) -6-(4BrPAA) complex without CPE; Ag(I) = 15 μg mL-

1, 0.5 mL of 6-(4-BrPAA) = 1 × 10-3 M; buffer pH = 5.5 (1 mL) (3 –– ); 
Ag(I)- 6-(4BrPAA) complex with CPE; Ag(I) = 0.8 μg mL-1, 0.5 mL of 
6-(4-BrPAA) = 1 × 10-3 M; Buffer pH = 5.5 (1 mL), 0.25 mL of 20% 

(v/v) Triton X-114

Figure 2: Effect of pH on the absorbance of the Ag(I)- 6-(4BrPAA) 
complex; Conditions: Ag(I) = 0.8 μg mL-1, 0.5 mL of 6-(4BrPAA) = 1 

× 10-3 M, 0.25 mL of 20% (v/v) Triton X-114, temperature: 60°C
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is due to 6-(4BrPAA) level with surfactant-rich phase, so it 
results in a decrease of absorbance change at concentrations 
higher 5 × 10-5 mol L-1 is due to 6-(4BrPAA) reaction with the 
complexes in extraction to surfactant-rich phase. 
Effect of Triton X-114 Concentration
The concentration of the non-ionic surfactant is the main 
parameters which affect on the phase volume ratio. In our 
report, the Triton X-114 was used due to low cost, common 

availability and low toxic. Furthermore, the high density of 
Triton X-114 helps to separation phase by the centrifuge. Triton 
X-114 at cloud point 23 to 26°C is used in the preconcentration 
of the chelates and the molecules. The absorption is varying 
as shown in Figure 4. The solution (10 mL) containing 
cations and all the reagents in the presence of 0.05 to 0.4 mL 
from 20% (v/v) Triton X-114 was prepared. The absorption 
becomes low at lower concentrations because of not enough 
to entrap the complex. If the Triton X-114 volume becomes 
higher than 0.2 mL, the complex absorption becomes more. If 
the Triton X-114 becomes more than 0.3 mL, the absorption 
becomes low due to the volume of the micellar phase increase. 
Hence, 0.25 mL of 20% (v/v) was chosen for further studies.

The effect of temperature and time on the reaction is shown 
in Figure 5. The complex production of silver-6-(4BrPAA) was 
at a temperature of 40 to 70ºC. Decomposition of 6-(4BrPAA) 
in high temperatures and leads to absorbance decreasing. 
The extraction depended on the time of the incubation (5 to 
20 minutes). Time of the incubation (10 minutes) is the best 
time for quantitative extraction.
Stoichiometric Ratio
The nature of the complex was formed at the optimum status 
as found above by the two spectrophotometric techniques, 
continuous variation methods, and molar ratio. The plot of 
the absorbance values vs. the molar ratio of 6-(4BrPAA) to 
silver, which was gotten by the different 6-(4BrPAA) levels, 
reveals the inflection at molar ratio 1, meaning the formation 
of 6-(4BrPAA) in the complex. Furthermore, the continuous 
variation assay demonstrated the inflection at a mole fraction 
of 0.5 of silver that provides the ratio of 6-(4BrPAA) to silver 
equal 1. The final data found that the stoichiometric ratio of 
silver:6-(4BrPAA) is 1:1 (Scheme 1). The stability constant is 
found to be 0.4 × 105 L.mol-1.
Characteristics of the Method
The graph was drawn depending on the pre-concentration of 
the sample (10 mL) with Triton X-114. Table 1 demonstrated 
analytical properties. At the experimental status, the 
calibration graph of Ag was linear (0.009–1.5 μg mL-1). The 
enhancement factor of about 43 obtained by preconcentrating 
sample (10 mL) could consider it is satisfactory as compared 
with other cloud point extraction techniques as shown in 
Table 2.

Figure 3: Effect of 6-(4-BrPAA) concentration = 1 × 10-3 M 
on the absorbance of Ag(I)–6-(4BrPAA) complex; Conditions: 

Ag(I) = 0.8 μg mL-1, buffer pH = 5.5 (1 mL), 0.25 mL of 20% (v/v) 
Triton X-114, temperature: 60°C

Figure 4: Effect of TritonX114 concentration on the absorbance 
of Ag(I)-6-(4BrPAA) complex; Conditions: Ag (I) = 0.8 μg mL-

1, 0.5 mL of 6-(4BrPAA) = 1 × 10-3 M, buffer pH = 5.5 (1mL), 
temperature: 60°C

Figure 5: Effect of temperature on the absorbance of Ag (I)-6-
(4-BrPAA) complex; Conditions: Ag(I) = 0.8 μg mL-1, 0.5 mL of 

6-(4-BrPAA) = 1 × 10-3 M, buffer pH = 5.5 (1 mL), 0.25 mL of 20% 
(v/v) Triton X-114

Scheme 1: Proposed structural formula between 6-(4BrPAA) and Ag(I)
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Selectivity of the Method for Silver
The st range ions’ ef fect on the deter minat ion of 
silver (0.7 μg mL -1) by the suggested technique was tested. The 
ion tolerable amount was taken as the sliver. The interference 
ratio results in error not more than 5% in the absorbance value, 
as shown in Table 3. The data reveals the (+) ions do not have 
marked a significant effect on the determination and separation 
of the silver under the testing conditions. 
Application 
The suggested technique was used for the detection of the 

silver in a water sample. The samples (10 mL) were treated 
by 6-(4BrPAA) and Triton X-114. The final data is shown in 
Table 4.

Table 1: Analytical features of the present method

Parameter After CPE Before CPE
λmax (nm) 514 516
*Regression equation y = 0.604x + 0.018 y = 0.004x + 0.008
Correlation coefficient (r) 0.9997 0.9993
C.L. for the slope (b ± tsb) at 95% 0.604 ± 0 0.004 ± 0
C.L. for the intercept (a ± tsb) at 95% 0.018 ± 0 0.008 ± 0
Concentration range (μg mL-1) 0.009–1.5 0.05–5
Limit of detection (μg mL-1) 0.0054 0
Limit of quantitation (μg mL-1) 0.0182 0
Sandell’s sensitivity (µg.cm-2) 0.0104 0.1298
Molar absorptivity (L.mol-1.cm-1) 10,263 827.1
Composition of complex (M:L)** 1:1 1:1
RSD% (n = 6) at 0.8 μg mL-1 1.9 2.9
***PF 83.33 -
**** EF 12.4 -

*A = a + bC; C mean Cu concentration in μg mL-1; **Job’s and mole ratio methods used; **PF is the monitoring of ratio of aqueous phase volume 
to surface-rich phase; ***EF is determination ratio of the slope of curves that have gotten with or without CPE 

Table 2: Comparison of the proposed method with reported methods for pre-concentration and CPE of Ag(I)

RSD% LOD (ng mL-1) Linear range (ng mL-1) Enrichment factors Ref.
4.9 0.004 0.01–0.5 20  48
4.2 0.0012 0.005–0.1 60  49
3.6 0.3 1–500 33 50
2.6 2.2 10–200 20 51
2.6 1 5–450 24 52
2.14 0.56 3–200 43 53
2 0.7 4–220 - 54
1.9 5.4 9–1,500 12.4 This work

Table 3: Tolerance limits for the determination of 0.7 μg mL-1 of Ag(I) 
using 6-(4BrPAA) (relative error ± 5%)

Ion added Tolerance ratio

K+, Na+ 350

Mo(V), Sb(III) 300

Cd2+, Pb2+, Hg2+  280 

Li+, Mn2+ 250

Ba2+, Ca2+, Mg2+ 200

Fe3+, Co2+, Zn2+ 150

Ni2+, Cu2+ 100

Table 4: Ag(I) in different water samples (n = 3)

Sample
Ag (μg.mL-1)

Recovery (%)Added Found
Tap waterb 0 NDa -

0.5 0.5 100
1 1.01 101

River waterc 0 ND -
0.5 0.499 99.8
1 1.003 100.3

Rainwaterd 0 ND -
0.5 0.507 101.4
1 0.998 99.8

Waste watere 0 0.046 -
0.5 0.544 98.6
1 1.047 100.1

aNot detected; bFrom drinking water system of Al-Diwaniya city, 
Iraq; cShatt Al-diwaniya water; dCollected at Al-Diwaniya city, 
Iraq (November 2019); eFrom rinse water of photography
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CONCLUSION
The reagent 6-(4-bromo phenylazo) m-anisidine[6-(4BrBAA)] 
has proved that silver is a selective reagent as compared to other 
spectrophotometric techniques. It is easily applicable for the 
evaluation of silver level in water samples, which provided us 
with strong and supported results. The method is done based 
on the cloud point extraction of the complex of silver with 
6-(4BrPAA), which is used for the evaluation of silver. The 
suggested methods need cheap instrumentation and good 
selectivity, which offers safety, precision, and high accuracy 
could apply in the calculation of copper concentration in 
the samples. The surfactant used with copper, as well as, 
extraction of toxic solvent was avoided. It is characterized as 
rapid, simple and cheap.
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