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Abstract

In this work, we developed a simple and selective method for separation and 
spectrophotometric determination of trace amounts of cetylpyridinium chloride (CPC) in 
pharmaceutical products using cloud point extraction (CPE) technique. The method is based 
on cloud point extraction of the CPC in alkali conditions using of nonionic surfactant Triton 
X-114. Under optimal conditions, the calibration graph was linear in the range of 0.50-30 µg/
mL of CPC with r=0.9993 (n=10). Average recoveries for spiked samples were determined 
to be between 95–104%. The relative standard deviation (RSD) for 5.0 µg/mL of CPC was 
1.86 % (n=10). Also, the use of micellar extraction for extracting CPC was enhanced the 
molar absorptivity (ε) from 1.83×103 L/mol.cm in aqueous solution to 1.539×104 L/mol.cm 
in surfactant-rich phase. The proposed method was applied for the determination of CPC in a 
commercial mouth washer product
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Introduction

Cetylpyridinium chloride (CPC) is a 
quaternary ammonium compound (QAC) 
(Scheme 1), which can be classified as a 
heteroaromatic ammonium salt, that has one 
long-chain alkyl group and the remaining is an 
aromatic system such that the quaternary nitrogen 
is part of an aromatic system like pyridine in 
the case of CPC (1). This compound is the 
active chemical and is widely used in industrial 
and pharmaceutical products, especially in 
manufacturing of mouth washer, drupes and 
cosmetics (2, 3). The antimicrobial activity is 
due to the interaction of basic cetylpyridinium 

ions with acidic molecules on bacteria, which 
subsequently inhibits bacterial metabolism by 
forming weak ionic compounds that interfere 
with bacterial respiration (4, 5). According to the 
Food and Drug Administration (FDA) Dental 
Plaque Subcommittee, cetylpyridinium chloride 
has been accepted as a safe and effective 
antimicrobial for the treatment of plaque-induced 
gingivitis (6). Research in oral bacteriology 
has indicated that 0.05 to 0.5% CPC found 
in mouthwashes reduces or inhibits bacterial 
gingivitis, biofilm, and plaque formation (7, 8).

Different methods including potentiometry 
(9, 10), voltametry (11), gas chromatography 
(12), high performance liquid chromatography 
(13), capillary electrophoresis (14, 15), 
chemiluminescence (16), and spectrophotometry 
(17-19) have been reported for the determination 
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and extraction  steps were discussed. To evaluate 
the applicability of the proposed method, it was 
then applied for the determination of CPC in 
mouth rinse formulations.

Experimental

Apparatus 
A Hitachi model 3310 UV-Vis 

spectrophotometer with 1-cm quartz cells (1.0 
mL) was used for recording absorbance spectra. 
A centrifuge with 10 mL calibrated centrifuge 
tubes (Hettich, Germany) was used to accelerate 
the phase separation process.

Reagents
All chemicals and reagents are analytical 

reagent grade, and distilled water was used 
throughout the experiments. A stock solution of 
1000 µg/mL of CPC was prepared by dissolving 
0.100 g cetylpyridinium chloride (Merck) in 
water and diluting to 100 mL in a volumetric 
flask. A 5 M NaOH was obtained by dissolving 
20 g sodium hydroxide (Merck) in water and 
diluting to 100 mL in a volumetric flask. 2.0 
g of Triton X-114 was dissolved in 100 mL of 
distilled water to give a 2.0 % (w/v) of surfactant 
solution.

Recommended procedure
For the cloud point extraction under optimum 

conditions, an aliquot of the CPC solution so that 
its final concentration would be in the range of 
0.50-30 µg/mL, 1.0 mL of 5 M NaOH solution 
were transferred into a 10 ml screw cap glass 
test tube with conical bottom. The solution was 
diluted to approximately 8 mL with distilled 
water and left to stand in a thermostat bath at 
50 0C for 5 min. Afterwards, the solution was 
cooled to room temperature. Then, 1.0 mL of 2.0 
% (w/v) of Triton X-114 solution was added and 
the final volume was completed to the mark with 
distilled water. The solution was shaken for 30 
sec and separation of the aqueous and surfactant-
rich phase was accomplished by centrifugation 
for 3 min at 3800 rpm. The mixture was cooled 
in an ice-salt bath to increase the viscosity of 
the surfactant-rich phase, and the aqueous phase 
was easily decanted. The surfactant rich phase 
of this procedure was dissolved and diluted to 

of CPC. Among these methods, ion-pair 
spectrophotometric methods using anionic 
dyes as counter ions have been widely used for 
the determination of cationic surfactants, due 
to simplicity, rapidity and cost-effective (20-
22). Generally, in these analytical methods, 
separation of ion pair product is carried out using 
conventional liquid-liquid extraction which is a 
time consuming and multistage operation and 
have used large amounts of potentially toxic 
organic solvents which are often hazardous and 
expensive.

In the last decade, increasing interest on 
the use of aqueous micellar solution has been 
found in the field of separation science (23, 
24). CPE is a suitable alternative separation 
and preconcentration technique, which is based 
on the phase behavior of nonionic and zwitter 
ionic surfactants in aqueous solutions which 
exhibit phase separation after an increase in 
temperature or the addition of a salting-out agent 
(25). Generally, above a certain temperature, 
a single phase non-ionic surfactant micelle 
aqueous solution separates into a dilute aqueous 
phase and a surfactant-rich phase. Any analyte 
solubilized in the hydrophobic core of the 
micelles, will separate in the small volume of the 
surfactant-rich phase. CPE is in agreement with 
the principles of the green chemistry (26). It is 
a green method for the following reasons: (i) it 
uses from  diluted solution of the surfactants that 
are inexpensive and low cost, and (ii) surfactants 
are not toxic, not volatile, and easily flammable. 
This simple technique enables us to avoid 
hazardous organic solvents and allows to achieve 
a much higher concentration of analyte than in 
the case of liquid-liquid extraction, because the 
micellar phase volume is about 10-100-fold less 
than the volume of an aqueous phase (27, 28). 
The effectiveness of the cloud point extraction is 
due to its high selectivity and the possibility of 
obtaining high coefficients of preconcentration 
while analyzing small sample volumes. Cloud 
point extraction has been widely used for the 
separation, purification and preconcentration of 
a variety of pharmaceutical products (29-33). 

This work is mainly focused on the suitability 
of CPE combined with UV-Vis spectrophotometry 
for determination of CPC. The influence of the 
different experimental parameters on the reaction 
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1.0 mL with ethanol and transferred to a 1.0-mL 
quartz cell for absorbance measurement at 347 
nm against a blank solution. A blank solution 
was also run using water instead of CPC.

Results and Discussion

Cetylpyridinium chloride is a cationic 
surfactant which it is converted to non ionic 
form (yellow color) in alkali media and can 
be extracted into non-ionic surfactant, Triton 
X-114. Therefore, it can be a suitable method 
for separation of CPC by CPE method. Figure 
1 shows that the absorption spectrum of 
the CPC in surfactant-rich phase exhibits a 
maximum absorbance at 347 nm. Therefore, 
all absorbance measurements were performed 
at this wavelength. For achieving the highest 
efficiency and sensitivity, the influence of 
effective variables was investigated and optimum 
conditions were obtained.

Effect of the sodium hydroxide concentration
Cetylpyridinium chloride is a cationic 

surfactant which it is converted to color non 
ionic form in alkali media. Therefore, the effect 
of sodium hydroxide concentration on the 
absorbance of the system was investigated within 
the range 0.05-1.5 M. The results revealed that 
the absorbance increased by increasing reagent 
concentration up to 0.5 M, and decreased at 
higher concentrations (Figure 2). Therefore, a 
concentration of 0.5 M sodium hydroxide was 
applied in the proposed method.

Effect of temperature
The effect of temperature on the conversion 

of cetylpyridinium chloride to nonionic form 
in alkali media was studied in the range 30-80 

°C. As can be seen in Figure 3, the maximum 
absorbance was achieved up to 50 °C and 
decreased at higher temperature. Therefore, the 
reaction was carried out into water bath at 50 °C.

Effect of time of reaction
The effect of time on the formation of 

nonionic CPC in alkali media was investigated 
in the range 1-10 min. It was found that 
reaction was completed in about 5 min at 50 °C 
(Figure 4). 

Effect of Triton X-114 concentration
The concentration of the surfactant used 

for CPE is an important factor. Preliminary 
investigations showed that the cetylpyridinium 
chloride nonionic form was completely 
extracted in Triton X-114. To obtain the optimal 
concentration of Triton X-114, the effect of 
its concentration was investigated on the 
absorbance of the extracted phase. The results 
illustrated in Figure 5 reveal that at the surfactant 
concentration of 0.20 % (w/v), more extraction 
occurred. This value was selected as the optimal 
concentration value.
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Figure 1. Absorption spectra of CPC after CPE, Conditions: 
CPC, (1) 0.50 (2) 1.0 (3) 2.0 (4) 3.0 (5) 5.0 (6) 10 (7) 15 (8) 20 
(9) 25 (10) 30 µg/mL; NaOH, 0.5 M; T= 50 0C; t=5 min; Triton 
X-114, 0.20 % (w/v).

Scheme 1. The chemical structure of cetylpyridinium chloride 
(CPC)
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Figure 2. Effect of sodium hydroxide concentration on the 
absorbance of the system, Conditions: CPC, 5.0 µg/mL; T=                  
50 °C, t=5 min; Triton X-114, 0.20 % (w/v).
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Figure 3. Effect of temperature on the analytical signals, 
Conditions: CPC, 5.0 µg/mL; NaOH, 0.5 M; t = 5 min; Triton 
X-114, 0.20 % (w/v). 

Effect of centrifugation time
The centrifugation time does not have 

a considerable effect on the analytical 
characteristics of the CPE method. This parameter 
was examined in the range of 2-10 min at 3800 
rpm. A time of 3 min was selected as optimum, 
since complete phase separation occurs in this 
time and no appreciable improvements were 

observed for larger times.

Analytical figures of merit
Table 1 summarizes the analytical 

characteristics of the optimized method, 
including regression equation, linear range, 
molar absorptivity, correlation coefficient, limits 
of detection, enrichment factor and extraction 
recovery. Also, the improvnet factor that is 
defined as the ratio of the slope of the calibration 
graph for the CPE method to the slope of 
the calibration graph before  extraction, was λmax (nm) 347

Regression equation after CPE 
(n = 10)

A = 0.0453C - 0.0099,               
R2 = 0.9986

Regression equation (n=10) 
before  extraction

A = 0.0043C - 0.0051,              
R2 = 0.999

Linear range (µg/mL) 0.5-30 (10-300)a

Molar absorptivity (L/mol.cm) 1.539×104 (1.83×103)a

Limit of detection b (µg/mL) 0.30

Reproducibility (R.S.D., %) 1.86

Improvenet factor 10.53

Enrichment factor (EF) 9.88

Extraction recovery (R%) 98.83

Table 1. Analytical characteristics of the proposed method.

a For before extraction.
b Defined as CL=3SB/m where CL, SB, and m are the limit of 
detection, standard deviation of the blank, and slope of the 
calibration graph, respectively (34).

Species Tolerane ratio 
(wspecies/wCPC)

Cations and Anions: Na+, K+, Mg2+, 
NH4

+, Ba2+, Zn2+, Cd2+, Ca2+, Fe3+, Fe2+, 
SO4

2-, NO3
-, Cl-, , NO2

-, Br-, F-, CO3
2-, 

PO4
3-, SCN-, Tartarate, Citrate

200:1

Surfactants: Cetyltrimethylammonium 
bromide (CTAB), 
Cetyltrimethylammonium chloride 
(CTAC), Sodium dodectyl sulfate (SDS), 
Triton X-100,  Brij-35

100:1

Table 2. Tolerance limit of interfering species in the 
determination of 5.0 µg/mL of CPC.
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Figure 4. Effect of time of reaction on the analytical signals, 
Conditions: CPC, 5.0 µg/mL; NaOH, 0.5 M; T= 50 0C, Triton 
X-114, 0.20 % (w/v). 
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Figure 5. Effect of Triton X-114 concentration on the 
absorbance of the system, Conditions: CPC, 5.0 µg/mL; 
NaOH, 0.5 M; T= 50 °C; t=5 min. 

obtained 10.53. 
The enrichment factor (EF) was defined 

the ratio between the analyte concentration in 
the surfactant-rich phase (CS) and the initial 
concentration of the analyte (C0) in the aqueous 
sample (35).

EF= CS/ C0                                                                                   (1)

The extraction recovery (R%) was defined 
as the percentage of the total analyte which was 
extracted in the surfactant-rich phase.

R%= EF×(VS/Vaq)×100                                                             (2)  

Where R%,  VS, and Vaq are the extraction 
recovery, the volume of the surfactant-
rich phase, and the volume of the aqueous 
sample, respectively. In order to examine the 
enrichment factor, three replicate extractions 
were perfomed at optimal conditions from 
aqueous solutions consisting 10 µg/mL of 
CPC. CS was calculated from the calibration 
graph obtained by direct spectrophotometric 
determination (Table 1, before extraction, A= 
0.0043C-0.0051). Based on Eqs. (1) and (2), 
the enrichment factor and extraction recovery 

(R%) were obtained 9.88 and 98.83 %, 
respectively.

Interference study
To study the selectivity of the proposed method, 

the effect of various species on the determination 
of CPC was tested under the optimum conditions.
For this purpose, sample solutions containing 5.0 
µg/mL of CPC and different concentration of 
various species were prepared and the developed 
procedure was applied. The tolerance limit was 
defined as the concentration of added species that 
caused a relative error of less than ±5%. Similar 
surfactants as cetyltrimethylammonium bromide 
(CTAB) and cetyltrimethylammonium chloride 
(CTAC) were also tolerable to concentration of 
100 time ratio (Table 2). This shows the good 
selectivity of the proposed method respect to 
extractive ion-pair spectrophotometric methods. 

Analytical application
In order to validate the methodology, 

the proposed method was applied to the 
determination of CPC in commercial mouth 
washer products (Aquafresh, UK; Colgate, India; 
Oral-B, UK). A 5.0 mL of commercial mouth 
washer was transferred into 100 mL volumetric 
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Mouth washer 
pharmaceutical

CPC (µg/mL)

Added Founda Recovery (%) Original sampleb (µg/mL)

Aquafresh 0.0 5.10 ± 0.89 102c 510± 2.05

5.0 9.92 ± 0.78 96.4

10 15.5 ± 0.69 104

20 25.7 ± 0.55 103

Colgate 0.0 4.88 ± 0.86 97.6c 488± 1.89

5.0 10.1 ± 0.83 104.4

10 14.7 ± 0.81 98.2

20 25.6 ± 0.67 103.6

Oral-B 0.0 4.91± 0.93 98.2c 491± 1.76

5.0 10.2 ± 0.86 105.8

10 15.3 ± 0.99 103.9

20 24.2 ± 0.77 96.5
a Average of three determinations± standard deviation.
b Obtained amounts for mouth washers by proposed method.
c It was calculated by dividing by found amounts on original value after dilution (5.0 µg/mL).

Table 3. Determination of CPC in commercial mouth washer pharmaceutical by proposed method.

flask and diluted to the mark with distilled 
water. Then 2.0 mL aliquot was subjected to the 
CPE methodology as described in section 2.3. 
The results are summarized in Table 3. As can 
be seen,  the recoveries corresponding to the 
additions of different concentrations of CPC to 
the samples were in the range 96.4-105.8%. Also, 
there is a good agreement between the results of 
the proposed method and the reference value of 
CPC content (500 µg/mL) of the mouth washer 
formulation. The results had excellent agreement 
with the reference value by performing t-test 
at the 95% confidence level (36). The results 
indicate that the proposed method is helpful for 
the determination of CPC in commercial mouth 
rinse formulations.

Conclusions

The new proposed procedure gives a highly 
selective and low-cost spectrophotometric 
procedure for determination of CPC. A nonionic 
surfactant has been used for separation of CPC 
and thus toxic solvent extraction has been 
avoided. Finally, the coupling of CPE with UV-
Vis spectrophotometry, gave a very rapid and 
low-cost procedure for determination of CPC 
without requiring  to sophisticated instruments 
such as HPLC and capillary electrophoresis.
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