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Abstract

Herein we describe an efficient, simple, and precise micelle-mediated microextraction strategy based on the aggregation behavior
of surface-active ionic liquids (SAILs) for the preconcentration and determination of cobalt ions in pharmaceutical preparations.
Unlike the commonly used hydrophobic ionic liquids in IL-based microextraction methods, a water-soluble surface-active ionic liq-
uid [1-hexadecyl 3-methylimidazolium chloride (C16MeImCl)] was used. A modified cloud point extraction (CPE) procedure based
on the C16MeImCl-Triton X-114 mixed micellar system was proposed as an efficient extracting phase. A comparison of the analytical
features of the extraction process with and without SAILs revealed the benefits of the proposed method. Advantages such as a wider
linear range, lower detection limit, higher reproducibility, and improved extraction efficiency highlighted the proposed method
over the conventional CPE method. These attractive specifications are due to the higher extraction efficiencies achieved in the pres-
ence of the SAIL and its favorable effects at the phase separation stage. Various parameters affecting the extraction efficiency were
optimized by univariate and multivariate (Box-Behnken design) approaches. The calibration curve was obtained in the optimal
experimental conditions with a linear range from 0.01 to 5.5 mg L-1 of cobalt ion concentration (R = 0.9992) and a detection limit
of about 0.005 mg L-1. The RSD% for 10 replicate determinations of 1.0 mg L-1 Co was 0.9%. The proposed method was successfully
applied to determine cobalt ions in vitamin B12 ampoules and tablets.
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1. Background

Cobalt is an essential element required for the human

body in minute amounts as a component of vitamin B12

(1-3). Vitamin B12 (cobalamin) plays a vital role in produc-

ing red blood cells and DNA. In addition, the proper func-

tioning of the nervous system depends on this compound.

Some investigations have shown a relationship between

maternal B12 deficiency and the risk of a defect in the fetal

neural tube (4). On the other hand, excessive cobalt uptake

can lead to diseases such as asthma, vasodilation, flushing,

and cardiomyopathy (5-7). The recommended daily intake

of vitamin B12 is about 2.4 µg.

This work proposes a simple surface-active ionic liquid-

based preconcentration method for the spectrophotomet-

ric determination of cobalt ions in vitamin B12 samples.

Ionic Liquids (ILs) are a new class of ionic compounds with

low melting points and significant properties such as good

chemical and thermal stability, tunable viscosity, miscibil-

ity with water and organic solvents, and extremely low

vapor pressure (8). These fascinating features introduce

them as attractive substitutes for the extracting phase in

liquid-liquid microextraction methods.

Commonly, hydrophobic ILs are chosen for this pur-

pose. The advantage of this property (hydrophobicity) be-

comes apparent in the final stage of the extraction pro-

cess when the extraction phase must be separated from

the aqueous phase. Because of the negligible interaction

tendency between the hydrophobic IL phase and aque-

ous phase, the separation step can be implemented eas-

ily. Though these kinds of ILs are favorable in liquid-liquid

microextraction procedures, they suffer from the lack of

access to the highest attainable extraction efficiency. This

malfunction is due to the low contact area between the

IL micro-volume phase and the analyte-containing phase.

Thus, various methods are imperative to disperse the IL

phase homogeneously in the extraction medium (9-20).
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Recently we reported a modified extraction procedure

based on the surface activity of some ILs. We showed that

Surface-active ILs (SAILs) could provide efficient extraction

without a dispersing agent (21). Indeed, under optimum

conditions, SAILs make a homogeneous, evenly dispersed

extracting phase with high contact area so that an efficient

extraction would be possible. On the other hand, the SAILs

water solubility encounters the analyst with another prob-

lem: Separating the analyte-rich extraction phase from the

aqueous phase at the final stage of the extraction process.

As discussed elsewhere (21), it is possible to overcome this

problem by combining the SAIL-based extraction proce-

dure with the cloud point extraction method. Then, we

can separate phases easily just by maintaining the tem-

perature of the extraction medium higher than the cloud

point temperature (CPT) of the SAIL-based mixed micellar

system. Thus, the proposed SAIL-assisted cloud point ex-

traction (CPE) method would enable us to have the bene-

fits of both SAILs and the CPE method as a simple way of

overcoming the difficulty of phase separation.

In this study, the mixture of a surface-active ionic liquid

(C16MeImCl; CMC: 0.97 × 10-3 mol L-1) and a nonionic sur-

factant with low CPT (Triton-X114) was used as the extrac-

tion phase for implementing the SAIL-assisted CPE method.

Our preliminary experiments showed that the CPT of this

mixed micellar system is about 29°C at the optimized

experimental conditions; thus, the separation of phases

would be possible by setting the temperature of the extrac-

tion mixture above this value. It is noteworthy that in the

absence of Triton X-114, the whole mixture remains clear,

and no phase separation would occur even by raising the

temperature to around 90°C.

Due to its nutritional and toxicological importance,

cobalt is necessary to assay in real samples, such as phar-

maceutics, food products, biological fluids, and natural

waters (22-24). Several instrumental techniques have been

developed to determine the trace amounts of cobalt, such

as flame atomic absorption spectrometry (25-30), induc-

tively coupled plasma mass spectrometry (31), inductively

coupled plasma optical emission spectrometry (32), high-

performance liquid chromatography (33), and graphite

furnace atomic absorption spectrometry (34-36). However,

these techniques are sophisticated and expensive. Thus,

the explained preconcentration procedure combined with

visible spectrophotometry is proposed as a simple, sen-

sitive, and economical substitute for determining cobalt

ions in real pharmaceutical samples. To show the influ-

ence of the SAIL on the extraction efficiency, we compared

the analytical features of the proposed method to those ob-

tained in the absence of the SAIL.

2. Methods

2.1. Materials

C16MeImCl and ammonium pyrrolidinedithiocarba-

mate (APDC) were purchased from Acros Organics (Geel,

Belgium) and Merck (Darmstadt, Germany), respectively.

The nonionic surfactant Triton X-114 (Sigma, St. Loius, MO,

USA) was used without further purification. A 1.0% (v/v)

Triton X-114 stock solution was prepared by dissolving 1.0

mL of Triton X- 114 in distilled water in a 100 mL volumet-

ric flask. A cobalt stock solution was prepared by dissolv-

ing appropriate amounts of cobalt nitrate (Sigma-Aldrich,

St. Louis, MO, USA) in double-distilled water. Britton-

Robinson buffer solutions were used to adjust the pH of the

solutions. Vitamin B12 ampoules (Caspian Pharmaceutical

Company) and tablets (Health Aid) were purchased from a

local drug store.

2.2. Apparatus

Absorption spectra were obtained using a SPECORD

250 UV-Visible spectrophotometer (Analytikjena). A pH

meter model 827 Metrohm (Herisau, Switzerland) was used

to measure and adjust the pH of the solutions. A Ju-

labo thermostated water bath (Seelbach, Germany) model

GMBH D-77960 was used to control the temperature. A Het-

tich Universal 320R centrifuge (Tuttlingen, Germany) was

used to facilitate the separation of the extraction phase.

2.3. SAIL-Assisted CPE Procedure

Ten milliliters of cobalt solution (sample or standard)

was transferred into a conical-bottom Teflon test tube.

Then, 0.3 mL of 0.01 M C16MeImCl solution, 0.9 mL Triton-

X114 (1%), and 0.055 mL of 2 × 10-2 mol L-1 APDC solution

were added. The pH of the mixture was adjusted to 6.0

by adding 1.0 mL of Britton–Robinson buffer solution. Af-

ter adding 0.75 mL of 10% (w/v) NaCl to the mixture, it

was placed in a water bath at 45°C for 10 min. The phase

separation was performed by centrifugation at 3,000 rpm

for 10 min. After removing the upper aqueous phase with

a syringe, the residue was diluted by adding 0.45 mL of

ethanol. The absorbance of this solution was measured

against blank at 657 nm.

2 Iran J Pharm Res. 2022; 21(1):e127043.



Bamdad F and Habibi Z

2.4. Assay Procedure of Cobalt Ions in Real Samples

The contents of three vitamin B12 ampoules were mixed

thoroughly. The obtained solution was transferred to a 10.0

mL volumetric flask and diluted to the mark with double

distilled water. Before the extraction process, it was neces-

sary to digest the real samples by adding proper reagents

such as nitric acid and hydrogen peroxide. Therefore, an

appropriate amount of the diluted sample was transferred

to a Pyrex beaker. After adding 2.0 mL of nitric acid (1: 1), the

mixture was heated on a hot plate to near dryness. After

cooling to room temperature, 0.4 mL of concentrated hy-

drogen peroxide (30%) was added. The resulting solution

was diluted up to 10.0 mL with distilled water, and then

cobalt ions were extracted and determined as described in

the previous section. Alternatively, after milling and mix-

ing three tablets, the resulting homogenized powder was

transferred to a 10.0 mL volumetric flask and diluted to the

mark with double distilled water. Then, the appropriate

amount of the obtained solution was transferred to a Pyrex

beaker and treated according to the procedure applied for

B12 ampoules.

3. Results and Discussion

As discussed earlier, the proposed mixed micellar sys-

tem based on C16MeImCl and Triton-X114 was used for

the cloud point extraction and preconcentration of cobalt

ions. To transfer the analyte ions into the micellar phase,

we would convert the analyte ions to a complex hydropho-

bic molecule. Thus, APDC as a suitable ligand was used for

the complexation of cobalt ions. Considering the absorp-

tion spectrum of the cobalt-APDC complex (Figure 1), it was

possible to measure the concentration of this ion at about

650 nm (wavelength of maximum absorption of the com-

plex).

For quantitative extraction of cobalt ions by the mixed

micellar system, the influences of various parameters af-

fecting the extraction efficiency were primarily investi-

gated using univariate optimization. In addition, a Box-

Behnken design (BBD), which is a common response sur-

face methodology (RSM) for experimental design, was used

to investigate the effects of the mentioned variables and

the probable interaction between them. The BBD always

considers three coded levels (-1, 0, +1) for each variable. The

number of experiments (N) required for the development

of BBD is defined as N = 2k (k - 1) + C0, where k is the num-

ber of variables to be tested, and C0 is the number of repeti-

tions at the central point (37). Thus, five factors, including

sample pH, amount of C16MeImCl, the concentration of the

chelating agent, amount of salt, and volume of Triton X-

114 that could affect the extraction efficiency, were chosen

according to the preliminary experiments (Table 1). Other

parameters such as temperature and extraction time, cen-

trifuging rate, and time were kept constant. According to

the above-mentioned equation, for five factors and three

center points, 46 experimental runs were planned. Based

on the matrix design (Appendix 1), 46 experiments were

performed. The procedure used for the tests was the same

as explained in section 2.3, using a standard solution of 1

mg L-1 Co ions. The absorbance of the Co-APDC complex at

657 nm was used as the response. The experimental data

were processed using Minitab 17 statistical software.

3.1. Univariate Optimization of Factors Affecting Extraction Per-

formance

3.1.1. Effect of Extracting Phase Composition

First, the effect of the Triton X-114 amount on the extrac-

tion efficiency was investigated by applying various vol-

umes of this surfactant in the range of 0.3 - 1.5 mL. As shown

in Figure 2A, the maximum efficiency was observed in the

presence of 0.9 mL of Triton X-114 (1.0% solution). In the sec-

ond step, the effect of SAIL concentration on the extraction

efficiency was investigated by adding different amounts of

C16MeImCl to the extraction mixture. As Figure 2B shows,

when the concentration of C16MeImCl was equal to 0.3 mM,

the extraction efficiency was at its maximum value.

3.1.2. Effect of Sample pH

Considering the effect of the extraction mixture pH on

the APDC-cobalt complexation reaction, it is necessary to

find the optimized pH value. Thus, the influence of sam-

ple pH on the extraction efficiency was investigated in the

range of 2 - 10. As shown in Figure 3, the extraction effi-

ciency was increased as the sample pH increased from 3.0

to 6.0 and then decreased when the pH was higher than

6.0. Hence, the solution pH was adjusted to 6.0 for further

experiments. The decrease in the extraction of cobalt ions

at pH < 6 might be due to the dithiocarbamate ion proto-

nation in acidic solutions and the subsequent decomposi-

tion into carbon disulfide and protonated amines (38). The

decreased absorbance at higher pHs could be attributed to

the hydrolysis of cobalt ions.

3.1.3. Effect of APDC Concentration

The hydrophobicity of the analyte ions has a vital role

in their complete transfer into the extracting phase; thus,

Iran J Pharm Res. 2022; 21(1):e127043. 3
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Figure 1. Absorption spectrum of the cobalt-APDC complex after extraction of 10 mL of cobalt solution (2 ppm).

Table 1. Factors and Levels for Box-Behnken Design

Factors
Level

-1 0 +1

pH 2.5 6 9.5

Concentration of SAIL (mM) 0.1 0.3 0.5

Volume of Triton X-114 (mL) 0.8 0.9 1

Volume of APDC (mL) 0.03 0.05 0.07

Concentration of NaCl (%) 0.55 0.75 0.95

a proper chelating agent should be used to offer this prop-

erty to the analyte ions. In this work, APDC was used as

the chelating agent, and its effect was studied on the ex-

traction efficiency of cobalt ions. Thus, various volumes

(0.03 - 0.08 mL) of 2 × 10-2 mol L-1 APDC solution were ex-

amined. As Figure 4 shows, the maximum absorbance was

observed in the presence of 0.055 mL of the APDC solution.

A nearly constant variation in the absorbance is evident

at higher ligand concentrations. To compensate for the

consumption of APDC as a consequence of reaction with

other probably available interfering ions in real samples,

we used 0.06 mL of 0.02 M APDC solution in the subse-

quent experiments.

3.1.4. Effects of Equilibration Temperature and Time

Two important variables that affect the extraction effi-

ciency are equilibration temperature and time. Therefore,

the effects of these factors were studied in the range of 20 -

90°C and 5 - 30 min, respectively. According to the obtained

results, the maximum extraction efficiency was achieved

at 10 minutes of equilibration of the extraction mixture at

45°C.

3.1.5. Centrifuging Rate and Time

Centrifugation rate and time are two critical factors

that assist the separation of the extraction phase from the

aqueous phase, so their effects were studied on the extrac-

tion efficiency. The obtained results showed that the high-

est extraction efficiency would be achieved at 10 minutes

of centrifugation at 3,000 rpm.

4 Iran J Pharm Res. 2022; 21(1):e127043.
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Figure 2. A, Effect of Triton X-114 concentration on extraction efficiency. Experimental conditions: Cobalt concentration, 1 mg L-1 ; SAIL concentration, 0.3 mM; APDC, 0.06 mL
(0.02 M); pH, 6; NaCl, 0.75%; B, Effect of SAIL concentration on extraction efficiency. Experimental conditions: Cobalt concentration, 1 mg L-1 ; Triton X-114, 0.9 mL (0.1%); APDC,
0.06 mL (0.02 M); pH, 6; NaCl, 0.75%..

3.1.6. Effect of Salt Concentration

To investigate the dependence of the mixed micellar

system extraction performance on the ionic strength, we

examined the extraction efficiency of the system in the

presence of various amounts of NaCl (0.45 - 1.0%). As shown

in Figure 5, the absorbance was increased with the increase

in the salt concentration from 0.45% to 0.75% and then de-

creased at higher NaCl concentrations. As a consequence

of the salting-out effect at salt concentrations up to 0.75%,

a decrease in the solubility of the organic IL phase occurred

that facilitated the phase separation step. On the other

hand, the IL phase started to dissolve at higher salt concen-

trations. Thus, complete phase separation was impossible,

and a decrease in the extraction efficiency was inevitable.

Hence, 0.75% was chosen as the optimum concentration of

NaCl.
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Figure 3. Effect of pH on extraction efficiency. Experimental conditions: Cobalt concentration, 1 mg L-1 ; SAIL concentration, 0.3 mM; Triton X-114, 0.9 mL (0.1%); APDC, 0.06 mL
(0.02 M); NaCl, 0.75%.
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Figure 4. Effect of ligand amount on the extraction efficiency. Experimental conditions: Cobalt concentration, 1 mg L-1 ; SAIL concentration, 0.3 mM; Triton X-114, 0.9 mL (0.1%);
pH, 6; NaCl, 0.75%.
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Figure 5. Effect of salt concentration (m/v) on the extraction efficiency. Experimental conditions: Cobalt concentration, 1 mg L-1 ; SAIL concentration, 0.3 mM; Triton X-114, 0.9
mL (0.1%); APDC, 0.06 mL (0.02 M); pH 6.

3.2. Optimization Using RSM Based on Box-Behnken Design

Applying the Box–Behnken design, a quadratic model

was obtained to relate the analytical signal to the effec-

tive factors and their interactions. According to Appendix

2, all factors such as pH, ionic liquid, APDC, NaCl, and Tri-

ton X-114, except for their interactions [(pH × SAIL), (pH

× APDC), (pH × Triton X-114), (pH × NaCl), (SAIL × APDC),

(SAIL × TritonX-114), (SAIL × NaCl), (APDC × TritonX-114),

(APDC×NaCl), and (Triton X-114×NaCl)] were effective on

the extraction efficiency. By ignoring the interactions from

the suggested model, the following model was obtained,

which is more consistent with the experimental data.

A = -2.5655 + 0.072075 pH + 0. 78696 SAIL + 4.440 APDC

+ 3.776 Triton X-114 + 1.3162 NaCl - 0.006097 pH×pH - 1.3502

SAIL × SAIL - 37.02 APDC × APDC - 1.9847 Triton X-114 × Tri-

ton X-144 - 0.8623 NaCl × NaCl

The model adequacy was evaluated by various statisti-

cal analysis tests such as the analysis of variance, residual

analysis, and coefficient of determination. According to

the ANOVA results in Appendices 2 and 3, all of the main

effects, except for their interactions, were significant (P <

0.05), and the lack of fit of the model was not significant

(P > 0.719) confirming the validity of the model. The val-

idation was also done using the coefficient of determina-

tion (R2) and the analysis of residuals. The R2 (0.9983), R2

adj. (0.9978), and R2 pred. (0.9971) were much close to one,

showing the adequacy of the proposed model. The analy-

ses of residuals confirmed a normal distribution, which is

the other evidence of the model’s validity (Figure 6). The

response surface plots (Appendix 4) represent the effects

of experimental variables and their mutual interactions

on the analytical signal. These results were obtained by

varying two important factors, while the third factor (in

the middle point) was kept constant. These surfaces also

showed the main five factors’ effects (pH, SAIL, APDC, NaCl,

and Triton X-114) on the analytical signal. Derringer’s de-

sirability function (D) was used to find the optimal condi-

tions to maximize the analytical signal. The overall desir-

ability is a geometric mean of the individual desirability

values (di) that should be close to one (39, 40). The opti-

mum conditions were as follows: pH = 5.8939, SAIL concen-

tration (mM): 0.2899, APDC volume (mL): 0.0599, NaCl con-

centration (%): 0.7641, and Triton X-114 volume (mL): 0.9515,

which are required for the maximum analytical signal with

overall desirability of D = 1. These results are in good agree-

ment with those obtained without implementing the ex-

perimental design.

3.3. Interference Study

To evaluate the selectivity of the described SAIL-assisted

CPE method, we investigated the effects of some possible

interfering ions in the determination of cobalt. The cobalt

Iran J Pharm Res. 2022; 21(1):e127043. 7
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Figure 6. Normal probability plot of residuals for extraction efficiency of cobalt ions

content of a 10 mL sample of standard solution (0.2 mg/L)

was measured in the presence of various amounts of the

examined interfering ions. A 5% change in the analytical

signal was considered a criterion for evaluating the effect

of external ions as interference. The recovery results are

summarized in Table 2.

Table 2. Tolerance Limits of Interfering Ions in the Determination of Cobalt Ions by
Surface-active Ionic Liquid-assisted Cloud Point Extraction Method

Tested Ion Foreign Ion to Cobalt Concentration Ratio Recovery (%)

Ca2+ 1000 97.5

Mg2+ 1000 103.0

Cl- 1000 103.0

Na+ 1000 95.0

NO3
- 1000 98.5

Mn2+ 100 95.5

Hg2+ 50 104.0

Cu2+ 20 97.0

Pb2+ 50 96.0

Cr3+ 50 101.0

Zn2+ 50 103.0

Fe3+ 10 98.0

Ni2+ 50 96.0

Fe2+ 20 97.0

3.4. Analytical Performance

The analytical features of the proposed method in the

presence and absence of C16MeImCl were investigated un-

der optimal experimental conditions. With the presence of

C16MeImCl in the micellar system, a wider linear range and

lower detection limit were obtained, and the relative stan-

dard deviation was decreased from 2.0% to 0.9%, indicating

the effect of C16MeImCl on the complete separation of the

extraction phase from the aqueous phase, which directly

affects the repeatability. In addition, the improvement of

the enhancement factor is another considerable point that

shows the favorable influence of the SAIL on extraction ef-

ficiency (Table 3).

3.5. Analysis of Real Samples

To validate the capability of the proposed method for

the determination of cobalt ions in real samples, we ap-

plied the developed procedure to assay the cobalt con-

tent of real samples, including vitamin B12 tablets and am-

poules. The results were compared to those obtained by

applying the standard method (24). As the recovery re-

sults show (Table 4), there was a good agreement between

them. In addition, considering the results obtained by an-

alyzing the spiked samples, the acceptable accuracy of the

proposed method was confirmed.

8 Iran J Pharm Res. 2022; 21(1):e127043.
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Table 3. Comparison of Analytical Characteristics of the Proposed Method in the Presence and Absence of Surface-active Ionic Liquid

Analytical Features In the Presence of SAIL In the Absence of SAIL

Slope 0.126 0.117

Intercept 0.0292 0.0251

Linear range (mg L-1) 0.01 - 5.5 0.1 - 5.0

Correlation Coefficient (R) 0.9992 0.9993

Limit of detection (mg L-1) 0.005 0.045

Enhancement factor a 20.4 18.9

RSD % b 0.9 2.0

a Calculated as the ratio of the slope of the calibration curve before and after the preconcentration of the analyte ion.
b Cobalt concentration: 1.0 mg L-1 ; n = 10.

Table 4. Determination of Cobalt Ions in Real Samples by Surface-active Ionic Liquid-assisted Cloud Point Extraction Method

Sample Cobalt Content a Spiked Found b Recovery (%)

B12 tablet 0.325 (mg g-1)

- 0.310 ± 0.003 (0.30 ± 0.001) c 103.3

0.1 (mg g-1) 0.410 ± 0.005 96.5

0.5 (mg g-1) 0.820 ± 0.009 99.4

1.0 (mg g-1) 1.290 ± 0.012 97.4

B12 Ampoule 43.48 (µg mL-1)

- 42.50 ± 0.38 (42.0 ± 0.16) c 101.1

10.0 (µg mL-1) 52.35 ± 0.47 97.9

20.0 (µg mL-1) 62.80 ± 0.57 98.9

40.0 (µg mL-1) 84.30 ± 0.76 101.0

a Calculated according to the amount of vitamin B12 declared by the manufacturer.
b Average of three determinations ± standard deviation.
c Data in parentheses are the results of the determination of cobalt ions by the standard method.

4. Conclusions

A SAIL-based mixed micellar system combined with

CPE was proposed for extraction and preconcentration of

cobalt ions in water, vitamin B12 tablets, and ampoule sam-

ples. The results were compared with the data obtained

using the conventional CPE method. According to our ob-

servations, the SAIL could improve the extraction efficiency

and precision of the analytical data obtained by the mixed

micellar cloud point extraction process. In addition, using

a SAIL instead of a hydrophobic IL enabled us to attain the

benefits of the unique properties of ILs besides the profits

of a homogeneous extraction medium, without the need

for a dispersing agent. These specifications distinguish the

proposed method from the conventional hydrophobic-IL-

based microextraction methods. The proposed method of-

fers a rapid, simple, sensitive, precise, and inexpensive al-

ternative to the other separation/preconcentration tech-

niques.
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supplementary materials, please refer to the journal web-
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