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Abstract 

A novel switchable-hydrophilicity solvent based liquid phase microextraction (SHS-LPME) coupled with flame atomic 

absorption spectrometry has been applied for preconcentration and extraction of Ag(I). In this study, Triethylamine 

(TEA) was selected as switchable solvent. The Ag (I)-1-(2-pyridylazo)-2-naphthol complex was extracted into organic 

phase by converting the protonated carbonate (P-TEA-C) to TEA. The experimental conditions were optimized using 

Plackett–Burman and Box–Behnken design methods. Under the optimum conditions, the detection limit, relative standard 

deviation and the enrichment factor were 0.35 μg L-1, 1.4% and 68, respectively. The calibration graph was linear over 

the range 2 to 500 μg L-1 with correlation coefficient of 0.997. The proposed method was successfully applied to 

determine of trace silver in water samples. 

 
Keywords 
Switchable-Hydrophilicity Solvent; Silver; Plackett–Burman and Box–Behnken Design; Water Samples. 
 

1. INTRODUCTION 

Silver, as a precious metal is used in many 

branches of industry and medicine. Compounds 

and products containing silver are present in 

batteries, alloys, photographic materials, mirrors, 

coins, cosmetics and ornament [1]. Also, silver 

impregnated filters are used for drinking water 

preparation and as well as in the processing of 

foods, drugs and beverages [2–4]. Ag is present as 

impurity in copper, zinc, arsenic, antimony ores 

and another source that during operate of these 

sources of silver, environmental pollutions are 

come into being. Therefore, due to industrial 

wastes, pollution of water sources exposure to the 

solute silver compounds for a long time were 

reported. High concentrations or long time 

exposure to silver can cause significant health 

problems in living organisms [5-6].  

The World Health Organization (WHO) reports 

that humans are able to tolerate concentrations up 
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 چکیده
کار برده و استخراج نقره ب ظیتغل شیپ یشعله برا یجذب اتم یکوپل شده با اسپکترومتر رییبا استفاده از حلال آبدوست قابل تغ دیجد عیفاز ما کرواستخراجیم

 لیبا تبد یبه درون فاز آلنفتول  -2-آزو( لیدیریپ -2) -6 . کمپلکس نقره بادیاستفاده گرد رییعنوان حلال سبز قابل تغبه نیآم لیات یتر ق،یتحق نیشد. در ا
شد.  نهیو به یبنکن بررس-برمن و باکس-پلاکت یبا طراح شیآزما طی. شراشودیاستخراج م ن،یآم لیات یکربنات پروتونه شده به تر نیآم لیات یتر

 منحنی. آمد بدست 16 و ٪4/6 تر،یبر ل کروگرمیم 93/0 بیترتروش به ظیو فاکتور تغل یانحراف استاندارد نسب ص،یمثل حدتشخ یاهیتجز یپارامترها
و استخراج  یریگاندازه یبرا یزیآمتیبه طور موفق یشنهادیبود. روش پ 339/0 یهمبستگ بیبا ضر تریبر ل کروگرمیم 2-300 یگستره خط یدارا ونیبراسیکال

 کار برده شد.  نمونه آب ب نینقره در چند ونی زیناچ ریمقاد
 

 هاي کلیديواژه

 .های آبنمونهبنکن؛ -دوست قابل تغییر؛ نقره؛ طراحی پلاکت برمن و باکسحلال آب
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to 0.1 mg L-1 of Ag(I) in water without any health 

risk. So, due to the positive and negative effects 

of silver, determination of trace amounts of silver 

is important in many fields [1]. Direct 

determination of trace amount of metals in 

environmental samples is difficult due to low 

concentration and matrix effects [7]. Therefore to 

solve these problems, a preliminary separation 

and pre-concentration prior to analysis is 

required. Up to now, several method have been 

reported for the separation and preconcentration 

of Ag(I) from various matrices, including liquid- 

liquid extraction (LLE) [8], solid phase extraction 

(SPE) [9], cloud point extraction (CPE) [10] and 

dispersive liquid–liquid microextraction 

(DLLME) [11]. However, some of these methods 

have some drawbacks for example long extraction 

time, consumption of large volumes of harmful 

organic solvents which are often hazardous and 

produce secondary waste [12]. Using toxic and 

environmentally damaging solvents is one of the 

most important disadvantages of recent analytical 

techniques. Choosing appropriate solvents for a 

process is very important. Recently, a new 

generation solvent called "switchable 

hydrophilicity solvents (SHS)" has been 

developed by Jessop et al. [13]. A switchable 

solvent may be defined as a liquid that can be 

reversibly converted from one form that is 

miscible with water (hydrophilic form) to another 

(hydrophobic form). Switchable solvent contain 

an amine dissolved in water which can be 

switched between the two forms by the addition 

of CO2 and afterward returns to its non-ionic form 

by nitrogen, inert gas and/or addition of sodium 

hydroxide [14]. A chemical reaction of the CO2 

and water changes miscibility of amine and 

generates a water-soluble carbonate salt of the 

protonated amine [15]. CO2 is used as the trigger 

for the switching process in extraction techniques 

due to it being inexpensive, non-toxic and easily 

removable. One of the main advantages of using 

SHSs is their ability to extract the analytes in a 

homogeneous phase without dispersive solvent. 

Recently, these solvents have been used widely in 

applications such as extraction, separation and 

reaction [16-17].  

In the present study, we have used SHS as a 

relatively new solvent for the extraction of Ag (I) 

from water samples. Dry ice was applied as a 

reagent. A new variant of DLLME combined with 

homemade extraction vessel was used to 

accelerate the dispersion of the extraction solvent 

in the sample solution. The final separation was 

obtained using sodium hydroxide (Eq. (1)).  

 

NR3 + H2O                  HNR3++ HCO3
- 

      (1) 

NR3=Triethylamine (TEA) 

In this work, after complete phase separation, 

organic solvent was aggregated and readily 

transferred to a narrow neck tube by injecting a 

few milliliters of distillation water of part (2) 

extraction vessel. Finally, the collected extraction 

phase in the narrow neck section was injected to 

FAAS system using a microinjection system. The 

influence of different experimental parameters 

which may affect the extraction performance was 

studied using a Plackett–Burman design (PBD) 

for screening and a Box–Behnken design (BBD) 

for optimizing the significant parameters.  

 

2. EXPERIMENTAL 
2.1. Reagents 

All reagents used were of analytical grade. The 

glassware was kept in a 5% (v/v) nitric acid 

solution overnight and subsequently washed with 

double-distilled water. Analytical grade Ag(I) 

nitrate and nitrate salts of other cations (all from 

Merck, Darmstadt, Germany) were available with 

high purity and used without further purification. 

Working solutions of Ag(I) were prepared daily 

by diluting a 1000 mg L-1 stock solution. The pH 

of sample solutions was adjusted with the aid of 

hydrochloric acid and ammonia. 1-(2-

Pyridylazo)-2-naphthol (PAN) (Merck, 

Darmstadt, Germany) as chelating agent was 

prepared by dissolving an appropriate amount of 

reagent in methanol. Triethylamine, NaOH and 

65% HNO3 were purchased from Merck 

Company (Darmstadt, Germany).  

 

2.2. Instrumentation 

A Shimadzu flame atomic absorption 

spectrophotometer (AA-680) equipped with a 

deuterium background correction system and an 

air-acetylene burner was used for the 

determination of Ag(I). An Ag(I) hollow cathode 

lamp from Hamamatsu, Photonic Co. Ltd, L233-

series was employed as the radiation source at a 

wavelength of 328.1 nm and acetylene flow rate 

of 1.8 Lmin-1. A pH meter (Metrohm Lab-827, 

Switzerland) was used for adjustment of pH 

solution. A vortex mixer (IKA Vortex Genius 3, 

Germany) was used for complete mixing of 

sample solution. A Behdad Universal Centrifuge 

(Tehran, Iran) was used to achieve complete 

phase separation. The homemade extraction 

vessel, was used for extraction process.  

 

2.3. Synthesis of switchable solvent  

In this study, the switchable solvent was 

synthesized in an equal volume mixture of 

triethylamine and water. 200.0 mL of ultrapure 

water and 200.0 mL of triethylamine were added 

in 1.0 L glass beaker on magnetic stirrer. A two-

+CO2 

  

+NaOH 
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phase system was formed after stirring the 

mixture. Afterwards, dry ice (~20 g) was added 

gradually to the beaker under vigorous stirring 

until the solution became cloudy. The addition of 

dry ice was repeated 20 times to obtain a single 

protonated triethylamine carbonate. Next, the 

mixture was stirred for 2 h at room temperature to 

ensure the complete protonation of 

trimethylamine. 400.0 mL of the protonated 

triethylamine switchable solvent can be easily 

prepared.  

 

2.4. Switchable solvent based microextraction 

procedure 

10.0 mL of aqueous sample containing Ag(I) (100 

μg/L), 4×10-4 mol L-1 of PAN was adjusted at 

pH=9.5 and transferred into a 25.0 mL extraction 

vessel. First 750 μL of protonated triethylamine 

carbonate as extraction solvent was quickly added 

into the extraction vessel using 1.0 mL Hamilton 

syringe. Afterwards, 1.6 mL of NaOH solution     

(10 mol L-1) was injected and a cloudy solution 

was formed. At this stage, the protonated 

triethylamine carbonate was converted to TEA 

and afterwards the Ag (I)–PAN complex in the 

aqueous phase was extracted into the fine droplets 

of TEA. The cloudy solution was fiercely 

vortexed for 0.5 minute and then was centrifuged 

at 3000 rpm for 5 minutes. A thin layer of organic 

phase including the extracted analytes was 

accumulated on the top surface of the aqueous 

phase. To direct the collected triethylamine phase 

into the capillary tube, attached to the top of the 

vial (part 1), an appropriate volume of distilled 

water was introduced into the vial through the 

glass tube fixed on its side (part (2)). Finally, the 

organic phase (approximately 150 ± 5 µL) was 

manually withdrawn by 250.0 µL Hamilton gas-

tight syringe, diluted to 300.0 μL with methanol 

and introduced to the microinjection system 

coupled to a FAAS nebulizer for analysis. 

Schematic representation of the developed SHS-

LPME steps is presented in Fig. 1. 

 
Fig. 1. Schematic representation of the developed SHS-

LPME steps. 

 

2.5. Sample preparation 

The water samples were collected from different 

part of Arak, Iran. The water samples were 

filtered using 0.45 μm micropore membranes, 

adjusted to the pH of 9.5 and stored in glass 

containers at 4°C.    

 

2.6. Experimental design strategy 

In this study, the experimental design was applied 

to reduce numbers of experiments and to get 

effective factors. The Placket–Burman design 

[18] was used as a screening approach to clarify 

the effective factors in extraction of Ag (I) by 

switchable-hydrophilicity solvent based liquid 

phase microextraction (SHS-LPME) method from 

aqueous solution. Based on preliminary 

experiments, a P–B design was applied to 

evaluate the main effects of the seven factors 

(sample pH, concentration of chelating agent, 

volume of extraction solvent, amount of NaOH, 

salt effect, vortex time and centrifugation time). 

The factors, their levels, and the runs of P–B 

design are shown in Table 1.  

 

Table 1.  Factors, levels, Runs and their results in the PBD. 
Absorbance 7X 6X 5X 4X 3X 2X 1X Run 

0.301 5 0.5 1.5 0.75 0.5 0.0003 9 1 

0.119 2 0.0 2.0 0.50 1.0 0.0005 7 2 

0.145 2 1.0 1.0 1.00 1.0 0.0001 11 3 

0.102 8 0.0 1.0 0.50 1.0 0.0001 11 4 

0.302 5 0.5 1.5 0.75 0.5 0.0003 9 5 

0.187 8 1.0 2.0 0.50 0.0 0.0001 11 6 

0.079 8 0.0 2.0 1.00 1.0 0.0001 7 7 

0.120 8 1.0 1.0 1.00 1.0 0.0005 7 8 

0.201 8 0.0 2.0 1.00 0.0 0.0005 11 9 

0.300 5 0.5 1.5 0.75 0.5 0.0003 9 10 

0.175 2 0.0 1.0 1.00 0.0 0.0005 11 11 

0.023 2 0.0 1.0 0.50 0.0 0.0001 7 12 

0.289 2 1.0 2.0 0.50 1.0 0.0005 11 13 

0.065 2 1.0 2.0 1.00 0.0 0.0001 7 14 

0.034 8 1.0 1.0 0.50 0.0 0.0005 7 15 
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Factor  Levels 
Low Central High 

(X1) pH  7 9 11 

(X2) PAN Concentration  (mol L-1) 0.0001 0.0003 0.0005 

(X3) Salt (mL of NaCl (10%v/v)) 0 0.5 1 

(X4) SHS volume (mL) 0.5 0. 75 1 

(X5) NaOH volume  (mL) 1 1.5 2 

(X6) Vortex time (min)  0 0.5 1 

(X7) Centrifugation time (min) 2 5 8 

 

Table 2. Design matrix by BBD 

Absorbance X3 X2 X1 Run 
0.178 1.0 0.0003 11 1 
0.109 1.5 0.0001 7 2 
0.198 2.0 0.0005 9 3 
0.291 1.5 0.0003 9 4 
0.102 1.0 0.0001 9 5 
0.167 2.0 0.0003 11 6 
0.148 2.0 0.0003 7 7 
0.297 1.5 0.0003 9 8 
0.295 1.5 0.0003 9 9 
0.098 1.5 0.0001 11 10 
0.160 2.0 0.0001 9 11 
0.240 1.5 0.0005 11 12 
0.221 1.0 0.0005 9 13 
0.104 1.0 0.0003 7 14 
0.117 1.5 0.0005 7 15 

 

Factor  Levels 

Low Central High 

(X1) pH  7 9 11 

(X2) PAN concentration (mol L-1) 0.0001 0.0003 0.0005 

(X3) Volume NaOH (mL) 1 1. 5 2 

 

In the next step, after choosing the effective 

factors, a Box–Behnken design (BBD) was 

performed in order to determine the optimum 

conditions and the investigation of the variables 

interaction. In the BBD, the number of 

experimental runs (N) is obtained by the Eq. (2):  

N = 2K (k-1) + C0                         (2) 

where K is the number of variables,  and C0 is 

number of the center points [19]. In this study, 

after P–B design, three factors were chosen and in 

following analyzed by BBD on two levels and at 

a triplicate center point. By considering equation 

(2), 15 experiments were required in this design 

including three center points and they were 

performed randomly (Table 2). According to 

Table 2, these factors include: pH of solution 

(X1), PAN concentration (X2, mol L-1) and 

volume of NaOH 10 mol L-1 (X3, mL). All the 

statistics were carried out by Minitab (Version 

17.0) software. 

 

3. RESULT AND DISCUSSION  
3.1. Plackett–Burman design 

A Plackett–Burman design was used for seven 

factors to select the main effects in extraction of 

Ag(I) by SHS-LPME method (Table 1). For this 

purpose, 15 experiments were performed 

randomly and the analysis of variance (ANOVA) 

results were evaluated for determination of the 

main effects. The effect of the studied factors in 

the Plackett–Burman design was shown in Fig. 2 

in the form of a Pareto chart in 95% confidence 

level. According to Fig. 2, pH of sample solution 

was the most significant factor on the extraction 

efficiency. Also, sodium hydroxide volume and 

concentration of chelating agent were the next 

most significant factors. Based on Pareto chart, 

volume of extraction solvent, salt effect, vortex 

time and centrifugation time had no significant 

effect on the response and must be eliminated to 

optimize with BBD and were fixed at a middle 

level. 

 
Fig. 2. Standardized main effects Pareto chart for the 

Plackett–Burman design. The vertical line in the chart 

defines the 95% confidence interval.  
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3.2. Box–Behnken design 

In this step, 15 tests were performed and 

(ANOVA) was used in order to evaluate the 

statistical significance of the purposed method 

and the results are shown in Table 3. P-value and 

lack of fit (LOF) are important parameters in 

ANOVA table. If p-value is less than 0.05, then 

the model is statistically significant. The LOF 

parameter indicates the variation of signals 

around the fitted model. According to the 

obtained results, the p-value for lack-of-fit is 0.37 

which confirms a good fitting of model to 

responses. Also the coefficients of R2 (99.90%) 

and adjusted R2 (99.73%) indicate a good 

relationship between responses and the fitted 

model. The relationship of the significant factors 

was obtained from the Eq. (3). 

A= 0.29433 + 0.02563X1+ 0.03838X2 + 

0.00850X3 -0.08717X1
2 ‒ 0.06617X2

2  

‒0.05792X3
2 + 0.03350X1 X2 ‒0.01375X1 X3 

‒0.02025X2 X3                                               (3)    

Fig. 3a to 3c shows the three-dimensional 

response surface plots using Eq. (3), when one of 

the variables is fixed at the central point and two 

factors are allowed to vary. Fig. 3a shows the 

response surface obtained by plotting the pH 

versus the PAN concentration at the fix volume of 

NaOH (1.5 mL); Fig. 3b shows the response 

surface obtained as a function of pH and volume 

of NaOH while concentration of chelating agent 

was kept at the 3 × 10-4 mol L-1 and Fig. 3c shows 

the response surface obtained for volume of 

NaOH and concentration of chelating agent while 

pH was constant at 9. Based on the surface plots 

in Fig. 3a–c, extraction efficiency of Ag(I) by 

SHS-LPME methods was maximized around the 

center point. According to the overall result of the 

BBD, the optimum experimental conditions were 

chosen: the concentration of chelating agent: 

4×10-4 mol L-1; pH, 9.5 and volume of NaOH: 1.6 

mL.  

 

 
Fig. 3. Response surface plots: (a) pH vs. PAN 

concentration (mol L-1), (b) pH vs. NaOH volume 

(mL), (c) NaOH volume (mL) vs.  PAN concentration 

(mol L-1). 

 

Table 3. ANOVA for BBD. 

P-Value F-Valueb Adj MS Adj SS DFa Source 
0.000 373.00 

 

0.005253 

 

0.005253 

 

1 X1 
0.000 836.53 

 

0.011781 

 

0.011781 

 

1 X2 
0.001 41.04 

 

0.000578 

 

0.000578 

 

1 X3 
0.000 1992.02 

 

0.028054 

 

0.028054 

 

1 X1
2 

0.000 1147.81 

 

0.016165 

 

0.016165 

 

1 X2
2 

0.000 879.43 

 

0.012385 

 

0.012385 

 

1 X3
2 

0.000 318.75 

 

0.004489 

 

0.004489 

 

1 X1 X2 
0.000 53.70 

 

0.000756 

 

0.000756 

 

1 X1 X3 
0.000 116.47 

 

0.001640 

 

0.001640 

 

1 X2 X3 
0.370 

 

1.85 

 

0.000017 

 

0.000052 

 

3 Lack-of-Fit 
  0.000009 

 

0.000019 

 

2 Pure Error 
   0.073989 

 

14 Total 
aDF: degrees of freedom. 
bTest for comparing variance of model with variance of residual (error). 

 

3.3. Effect of coexisting ions  

The effects of common coexisting ions on the 

extraction recovery of Ag(I) were studied. An ion 

was considered to interfere when its presence 

produced a variation in the absorbance of the 

sample of more than 5%. For this purpose, 

appropriate amounts of the other ions were added 

to 10 mL sample solutions containing 100 μg L-1 

of Ag(I) and the SHS-LPME procedure was 

performed and the results are given in Table 4. It 

demonstrates that the common coexisting ions at 

these levels of concentrations did not have 
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significant effect on the extraction of Ag(I) using 

developed method.  

 
Table 4. Effect of foreign ions in the 

determination of 100 µg L-1 Ag(I) using the 

SHS-LPME. 

Ion/Ag(I)  Ions 
25 Hg2+, Mn2+, Cr3+ 

50 Cd2+, Ni2+, Fe3+, 

Pb+2, Cu2+ 

100 Zn2+, Co2+  

1000 Al3+ 

2000 Cl-, NO3
- , SO4

2−, 

Mg2+ 
 

3.4. Analytical performance 
The performance of proposed method was 

obtained by several analytical characteristics such 

as limit of detection (LOD), enrichment factor 

(EF) and linearity along with the relative standard 

deviation (RSD) under the optimized conditions. 

The equation of the calibration curve obtained 

after applying the preconcentration procedure was 

A = 0.8782× CAg + 0.0136, where A is 

absorbance and CAg is concentration of Ag+ ions. 

The calibration curve was exhibited linearity over 

the range of 2-500 μg L-1 with a correlation 

coefficient (r2) of 0.997. The limit of detection, 

(LOD) based on 3Sb/m (Sb and m are standard 

deviation of the blank and slope of the calibration 

equation, respectively) was 0.35 µg L-1. The 

relative standard deviation (RSD) for 10 replicate 

measurements of 100 μg L-1 Ag(I) was 1.4 %. 

Enrichment factor was obtained 68 which was 

calculated from the slope ratio of calibration 

curve with (0.8782) and without (0.0129) 

preconcentration by the SHS-LPME procedure. 

Table 5 compares the characteristic data of the 

present method with those reported in literatures. 

As can be seen from Table 5, the proposed 

method has a low detection limit, wide linear 

dynamic range, good enrichment factor and 

relative standard deviation and these 

characteristics are comparable or even better than 

most of the other methods. 

 

3.5. Analysis real sample  

For accessing the capability of the method, 

several water samples were applied for the 

determination Ag (I) content and the results were 

given in Table 6. The accuracy of the method was 

checked by spiking samples at different values of 

Ag (I)) and calculation of the recovery was 

carried out. As a result in Table 6, the recoveries 

of Ag (I) ions were satisfied in the range between 

96.31% and 102.32%. 

 
 

Table 5. Comparison of analytical characteristic of the proposed method with some published method for 

determination of Ag(I). 

aLOD: Limit of detection; bEF: enhancement factor; PF: preconcentration factor; cUAE–DLLME: Ultrasound-assisted 

emulsification dispersive liquid–liquid microextraction; dUSAEME: Ultrasound-assisted emulsification microextraction. 

 

Table 6. Determination of Ag (I) in water samples. 

Recovery (%) Ag  found (µg L-1) Ag spiked  

(µgL-1) 

Sample 

- ND 0 Tap water  (Arak, Iran) 

96.8 48.40 ± 0.12 50  

99.77 99.77 ± 0.54 100  

- ND 0 Well water (Arak, Iran) 

98.78 49.39 ± 0.34 50  

96.31 96.31 ± 0.28 100  

- ND 0 Mineral water (Sarband mountain, Arak, Iran) 

100.28 50.14 ± 0.91 50  

99.07 99.07 ± 0.78 100  

- ND 0 Marzan Abad river (Arak, Iran)  

99.9 49.98± 0.92 50  

100.90 100.90 ± 0.35 100  

- ND 0 Hossein Abad river (Arak, Iran) 

102.14 51.07±0.21 50  

102.32 102.32 ± 0.43 100  
 

  

Ref. RSD (%) EF/PFb LOD (μg L-1)a Instrument Method 

[10] 2.1 45 1.4 FAAS CPE 

[20] 1.85 35 10 FAAS CPE 

[21] 3.1 35 0.41 FAAS DLLME 

[22] 3.2 35 0.45 UV-Vis UAE–DLLMEc  

[23] 5.5 9.8 6.8 ETAAS USAEMEd 

This work 1.4 68 0.35 FAAS SHS-LPME 



 

 

F. Heydari et. al/ Iranian Journal of Analytical Chemistry 4 (2017) 42-49 | 48 

4. CONCLUSIONS 

A green approach towards the preconcentration 

and determination of Ag(I) in water samples was 

achieved using switchable-hydrophilicity solvent 

based liquid phase microextraction (SHS-LPME) 

method. The method is highly environmentally 

friendly as low amounts of organic waste are 

produced due to the use of switchable solvent. For 

switching SHS between the two forms, CO2 and 

NaOH were applied. The synthesis of switchable 

solvent was easy with high stability. The main 

advantage of this solvent is that it allows the 

extraction of the analytes in a homogeneous phase 

without dispersive solvent and is easily operated 

without additional experimental steps. In this 

study, the homemade extraction vessel was used 

in order to ease withdrawal of the extraction 

solvent in the sample solution. Affecting 

parameters on the extraction efficiency were 

investigated and optimized by using an 

experimental design first as a Plackett–Burman 

design for screening and second as a Box–

Behnken design for obtaining optimal condition 

for significant factors. 
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