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ABSTRACT 

A highly sensitive method for the quantitative determination of Benzalkonium chloride (BKC), in its pure form and pharmaceutical 
formulations, is described. The method involves four spectrophotometric ways for the determination of BKC via forming ion-
associates with bromocresol green (BCG), bromophenol blue (BPB), bromothymol blue (BTB), and xylenol orange (XO). The study 
involves characterization of the ion-pairs formed between the BKC and the above-mentioned reagents Using UV-Visible and IR 
spectroscopy. In order to optimize the reaction conditions, the effects of pH, the quantity of reagent, time, and extracting solvent 
were studied. Statistical student’s t-test and F test showed insignificant systematic error between proposed and official methods. The 
antibacterial disinfectant Zora C Lozenges  contains 0.01 mg Benzalkonium chloride, 1 mg Benzocaine, and 50 mg Vitamin C. as the 
active substance was analyzed at pH 8.5. The strategy was validated for linearity range, precision, accuracy, specificity, and limits of 
detection (LOD) and quantification (LOQ). Beer's law is obeyed over a wide concentration range (up to 145 μg/mL in case of BCG 
method). LOD and LOQ values reached 2.38 and 7.2 μg/mL, respectively, upon using BCG. The relative standard deviation (%RSD) was 
≤1.33% while correlation coefficient values (r) were ≥ 0.998. High molar absorptivity values and low values of Sandell's sensitivity 
were calculated indicating that the proposed methods are highly sensitive. Applying the validated methods to the analysis of BKC in 
antibacterial disinfectant Zora C Lozenges  revealed that the drug was successfully resolved from the pharmaceutical formulation 
with recoveries ≥95.5%.  
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INTRODUCTION 

enzalkonium chloride, also known as BZK, BKC, BAC, 
alkyl dimethyl benzyl ammonium chloride and 
ADBAC, is a type of cationic surfactant. It is an 

organic salt classified as a quaternary ammonium 
compound. It has three main categories of use: as a 
biocide, a cationic surfactant, and as a phase transfer 
agent.1 ADBACs are a mixture of alkyl benzyl 
dimethylammonium chlorides, in which the alkyl group has 
various even-numbered alkyl chain lengths. 

Spectrophotometric methods of analysis are still drawing 
the attention of chemists due to their simplicity and 
affordability.2-4 In addition, they provide a fast and 
selective tool for routine analysis of pharmaceuticals 
making them suitable for rapid screening of raw materials. 
Moreover, spectrophotometric analyses do not require 
sophisticated instruments and/or well-experienced 
laboratory personnel compared to expensive and 
sophisticated chromatographic methods. 
Sulfonephthaleins belong to a class of organic compounds 

known as arylsulfonic acids with a general formula 
containing three aromatic rings and a central carbon atom 
attaching them (triphenylmethane). These molecules are 
usually used as indicators in acid-base titrations and all of 
them are colored and absorb visible light. Therefore, many 
researchers used these compounds for color development 
with diverse pharmaceutical compounds followed by their 
subsequent spectrophotometric measurement.5,6 Few 
analytical methods were developed for quantifying BKC in 
raw materials, tablets, eye drops, and serum samples. 
These methods include derivative spectrophotometric7-13, 
electrochemically14-16 and tittrimetrically.17-18 In addition, 
HPLC was extensively used for the determination of BKC, 
which is considered an accurate but very expensive and 
sophisticated method of analysis.19–27 It is obvious from the 
literature survey that, there is no previously published 
work devoted to the determination of BKC based only on 
sulfonephthalein dyes as coloring agents. Accordingly, the 
purpose of this work is to develop a new 
spectrophotometric method for the determination of 
Benzalkonium chloride (BKC) based on the ion-pair 
formation reaction to some sulfonephthalein dyes, namely 
Bromocresol green (BCG), Bromothymol blue (BTB), 
Bromophenol blue (BPB), and Xylenol orange (XO). This 
method relies on the extraction of the formed ion-pair in 
an organic solvent to eliminate blank interference. Other 
methods depend on the β-correction of the data obtained 
from the spectrophotometer due to the overlapping peaks 
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obtained in the absorption spectra of the ion-pair 
complexes.  

MATERIALS AND METHODS 

Instrumentations and Glassware  

All spectral measurements were carried out using a double 
beam LAMBDA™ 25 UV/Vis Spectrophotometers, Perkin 
Elmer, USA equipped with glass or quartz cells of 1 cm 
optical path length. Micro burette, Borosil Glass Works 
Ltd., India, was used for transferring volumes of solutions. 
Mettler Toledo ML204 New Classic MF Analytical Balance 
220 g x 0.1 mg, USA was used for weighing throughout the 
study. The conductometric titration curves were obtained 
with the aid of an Orion Model 162A Benchtop 
Conductivity Meter of 0.6 cm cell- Thermo Electron 
Corporation 166 Cummings Center, Beverly, MA 01915, 
USA. pH measurements were carried out on a digital pH 
meter (Mettler Toledo Seven Easy pH meter T138242 - 
USA) at room temperature (25.0±1.0 oC). 

Chemicals 

The materials and reagents used in this work are highly 
pure chemical substances. The water used for solutions 
preparations and dilutions was bidistilled water prepared 
with the aid of a glass distillation instrument. 
Benzalkonium chloride (BKC) (98%) and the acid dye 
reagents; BCG, BPB, BTB and XO were obtained from 
Merck, Germany. Absolute ethanol, sodium dihydrogen 
phosphate (NaH2PO4.2H2O), Chloroform (CHCl3), 
Dichloromethane (CH2Cl2), and sodium hydroxide (NaOH) 
were bought from Sigma-Aldrich, Germany. The 
commercial tablets, Zora C Lozenges® (1 mg/tablet), were 
obtained from CID Pharmaceutical (Chemical Industries 
Development), Giza, Egypt. 

Solutions 

Preparation of Benzalkonium chloride solutions (BKC) 

An aqueous 1 x10-4 mol/L stock solution of BKC, Fig. 1, 
354.02 g/mol (average molecular weight as described in 
the Japanese pharmacopoeia) was prepared by accurately 
weighing the required amount of the powder (0.0354 g) 
and dissolving it in the least amount of bidistilled water. 
Thereafter, the solution was transferred quantitatively to 
a 1000 mL measuring flask and completed to the mark with 
bi distilled water. The stock 0.3 mol/L buffer (pH 8.2) 
solution NaH2PO4 was prepared by dissolving 46.8 g of the 
solid salt in 1000 mL measuring flask and completed to the 
mark with bi distilled water. 

 

Figure 1: Structural formula of Benzalkonium chloride 

Preparation of the tablet solution 

For Zora C Lozenges (1 mg/tablet), CID Pharmaceutical 
(Chemical Industries Development), Giza, Egypt, 10 tablets 
were accurately weighed and ground using a mortar. The 
average weight (equivalent to one tablet) was calculated. 
A series of solutions of concentration of 5, 10, 15, 20 mg 
BKC was prepared by weighing and dissolving the 
equivalent amounts of the ground tablets in bi distilled 
water. 

Preparation of reagent solutions 

Standards stock solutions (4x10-3 mol/L) of BCG, BPB, BTB 
and XO were prepared by dissolving 0.2792, 0.2679, 
0.2497 and 0.269 g, respectively, in 10 mL of buffer. The 
resulting solutions were transferred quantitatively into 
100 mL measuring flasks and completed up to the mark 
with a buffer solution of pH 8.2. 

Procedure for construction of calibration curves 

Spectrophotometric determination of BKC using 
sulfonephthalein dyes has to be carried out within the 
linear concentration range of Beer’s law. In order to detect 
this range, a series of solutions was prepared whereby 
reagent concentration was kept constant at the required 
volumes of 2.0 mL 1x10-3 mol/L of BCG, BPB, BTB and XO, 
while that of the drug was regularly varying. The solution 
was then completed to 10 mL using bi distilled water. The 
optimum conditions (pH, wavelength, extracting solvent, 
and the reaction time) were enforced. Absorbance values 
of the resulting complexes were measured at the 
corresponding λmax, against a blank solution prepared 
simultaneously without the drug being added and plotted 
versus drug concentration. The linear part of the 
absorbance-drug concentration plot represents the 
concentration range in which Beer’s law is applicable. 
Determining Ringbom concentration range28 enabled us to 
achieve more accuracy of the results; this was determined 
by plotting log drug concentration in μg/mL against % 
transmittance. 

Association constants and free energy changes 

The Benesi-Hildebrand equation29 defined the association 
constants of the formed complexes. The experimental 
procedures of this method rely on the state that the non-
absorbing species of the two reactants must be added in 
large excess (more than 10 folds of the other component 
concentration). The drug solution was added to 60 mL 
separating funnels. Different volumes of BCG, BPB, BTB or 
XO solutions were added to the drug solution. The 
complexes formed are treated as described in the process 
of the calibration curve. The absorbance was measured at 
the corresponding wavelength against a blank solution 
prepared simultaneously. The relation was drawn 
according to the Benesi-Hildebrand equation.29 

[𝐴𝑜]

𝐴𝜆𝐴𝐷
=

1

ԑ𝜆𝐴𝐷
+

1

𝐾𝑐ԑ𝜆𝐴𝐷
 .

1

[𝐷𝑜]
                                                (1) 

Where, [Ao] and [Do] are the total concentration of the 
interacting species. By plotting [Ao]/ [Aλ

AD] versus 1/[Do], a 
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straight line was obtained. The intercept of this line with 
the ordinate is (ԐAD)-1 and the slope equals KC

AD. Ԑλ
AD)-1  

The standard free energy30 ΔGo, of the complexation, is 
related to the association constant K or the stability 
constant by: 

ΔGo = -2.303 RT log K                                                       (2) 

Where, R is the universal gas constant 1.987 cal mol-1 
degree-1 

T is the temperature in Kelvin (T Kelvin = T Celsius + 273) 

RESULTS AND DISCUSSION 

The spectrophotometric properties of the colored species, 
as well as the impact of different parameters on the color 
development, were studied to determine the ideal 
conditions for the complex formation. In this study, four 
anionic acid dyes (BCG, BPB, BTB and XO) were used.). The 
stoichiometric ratios of the reactions were investigated 
using Jobs’ method of continuous variation, molar ratio 
method and conductimetric titration. In all cases, the 
effect of reagent quantity and the effect of time on 
complex formation were studied. Furthermore, the 
association constants, formation constants and the free 
energy change were determined. The application was 
made for the proposed method to evaluate BKC in its 
formulation. The statistical analysis of the proposed 
methods was performed and the results obtained from the 
f- and t-tests were in good agreement with those in table 
(4). A literature survey was conducted to establish a 
correlation in the literature between the methods 
proposed and other methods. 

Effect of pH on extraction of the ion-pairs 

The ion-pair formation with quaternary ammonium 
compounds may strongly depend on the pH. Therefore, 
the pH effect was investigated by using different buffer 
solutions. As shown in Fig. 2, the optimum pH range for the 
spectrophotometric measurements is pH 7.9 - 8.5. In this 
work, therefore, the ion associates were extracted at pH 
8.2. 

 

Figure 2: Effect of pH on the extraction of BKC-Reagent 
associates. 

Visible Absorption Spectra of the Formed Complexes in 
Aqueous Solutions  

The visible absorption spectrum of BKC has no absorption 
maxima in the visible region (400-800 nm) because it is a 
colorless solution. The BCG, BPB, BTB, and XO reaction 
with BKC results in the formation of yellow-colored 
products.  Table 1 shows the maxima of these products. 

Table 1: The maxima of the BKC – complexes in the visible region 

Complex Solvent Number of maxima λ max (nm) 

BKC-BCG Chloroform 2 413, 632* 

BKC-BPB Chloroform 2 380, 591* 

BKC-BTB Chloroform 2 435, 614* 

BKC-XO Chloroform 2 430, 590* 

*The bold numbers are the wavelengths selected for the absorbance measurement. 

Effect of the Reagent Concentration on the Complexes 
Formation 

Fig. 3 shows the effect of the concentration of the four acid 
dyes on the complex formation. It is evident from the 
results that the optimum color intensity of the ion-pair was 
achieved with 2 mL of 1x10-3 mol/L of BCG, BPB, BTB, and 
XO for 1 mL of 1x10-3 mol/L BKC, and 1 mL of 1x10-3 mol/L 
of BPB solution for 1 mL of 1x10-3 mol/L BKC. 

 

Figure 3: Effect of the reagent volume on the ion-pair 
formation 
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Effect of Standing Time 

The standing time effect on the formation of the 
complexes was studied to obtain the optimum conditions 
for the reaction. The absorbance values of the complexes 
of BKC with BCG, BPB, BTB, and XO were measured at 
different time intervals up to 60 minutes. From the 
measured absorbance values, it is obvious that all the 
reactions are spontaneous and the Time has almost no 
significant effect on the formation of the colored ion pairs. 
This reflects the rapid completion and spontaneity of the 
reaction confirmed by the negative ΔG° values in Table 2. 
Consequently, the absorbance of the test solutions can be 
measured after ion-pair preparation regardless of the time 
elapsed within 60 min. Furthermore, complexes had 
acceptable stability for a long period up to 60 minutes, Fig. 
4. 

 

Figure 4: Effect of standing time on the formation of 
complexes 

Stoichiometry of the formed complexes 

Job’s method of continuous variation31 

In case of extraction methods, a series of solutions with 
total molar concentration of 1x10-3 mol/L of BKC solution 
and 1x10-3 mol/L of BCG and BTB solution were made up 
comprising different complementary proportions (0.2:1.8, 
0.4:1.6, ….., 1.6:0.4, 1.8:0.2) into 60 mL separating funnels. 
The resulting complexes were extracted into 5 mL 
chloroform in all cases by shaking for 2 minutes. The 
organic layer was separated and completed to 10 mL with 
chloroform. The absorbance of the solutions was 
measured at 632 and 614 nm for BCG and BTB, 
respectively, against a reagent blank prepared 
simultaneously. The absorbance values were plotted 
against the drug mole-fraction in the complex. 

In the case of BPB, Job’s plots are carried out twice using 
two different total concentrations. In the first case, a series 
of mL proportion of 5x10-4 BKC and BPB were made up by 
comprising different complementary proportions (1.8:0.2, 
1.6:0.4, . . . . . 0.4:1.6, 0.2:1.8) in 25 mL volumetric flask. 
The resulting solutions were completed to the mark using 

bidistilled water. The absorbance of the formed complexes 
and blank solutions were measured at 380 and 591 nm 
against water blank. The corrected absorbance was 
calculated and plotted against the mole fraction of the 
drug in the complex. In the second case, a series of mL 
proportion of BKC and BPB were made up by comprising 
different complementary proportions (2.7:0.3, 2.4:0.6, . . . 
. . 0.6:2.4, 0.3:2.7) in 25 mL volumetric flask. The prepared 
mixtures were completed to the mark using bidistilled 
water. The absorbance of the formed complexes and blank 
solutions of BPB were measured at the same wavelength 
and plotted against the drug mole-fraction. 

In case of XO, a series of mL proportion of 1x10-3 mol/L of 
BKC and XO solutions were made up by comprising 
different complementary proportions (0.9:0.1, 0.8:0.2, . . . 
. . 0.2:0.8, 0.1:0.9) in 10 mL volumetric flask. The resulting 
solutions were completed to the mark using bidistilled 
water. The absorbance of a blank solution of XO was 
measured at 590 nm against each solution of the prepared 
complexes. 

The data attained from Job’s method revealed that the 
stoichiometry of the reaction was 1:2 in all cases except for 
BKC-BPB complex, which was formed in 1:1 and 1:2 molar 
ratios, Fig. 5. 

 

Figure 5: Job’s method of continuous variation used for 
determination of the stoichiometry of the reaction of BKC 
with BCG, BPB, BTB, and XO. 

Molar ratio method32 

The molar ratio method is used to determine the 
stoichiometry of the reaction between BKC and the anionic 
dyes mentioned above. Constant concentration of the 
drug solution was taken, and the concentration of the 
reagent was varied successively [(0.2-2.4 mL of 5x10-4 
mol/L (BPB), 0.2-1.8 mL of 1x10-3 mol/L (BCG), 0.2-2.0 mL 
of 1x10-3 mol/L (BTB) and 0.2-1.6 mL of 1x10-3 mol/L (XO)]. 
Fig. 6 shows two lines intersecting at the molar ratios 1:1 
and 1:2 (BKC: BPB), 1:2 (BKC: BCG, BTB, and XO). It is clear 
that the data obtained from the molar ratio method are 
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compatible with those obtained from Job’s method of 
continuous variation. 

 

Figure 6: Molar ratio determination of stoichiometry of 
BKC reaction with BCG, BPB, BTB, and XO. 

Conductimetric titration method 

In conductimetric titration, the completion of the titration 
is detected by a change in the conductivity of the solution. 
The results obtained from conductimetric titration (Fig. 7) 
elucidated that the reaction stoichiometry is 1:2 (Drug: 
Reagent) in all cases although the other methods revealed 
that the reaction stoichiometry between BKC and BPB was 
1:1 and 1:2 (Drug: Reagent). To plot the relation between 
the volume of the standard solution added and the 
conductivity, the measured conductivity values have to be 
corrected to avoid the error that may arise from dilution.  

50 mL of BKC solution of concentration 1x10-3 mol/L were 
transferred to a beaker where the conductivity electrode 
was immersed. Then 1x10-2 mol/L of BCG, BPB, BTB, or XO 
was added from a micro burette and the conductance was 
measured (at 25 oC) after each addition of the reagent after 
thorough stirring. Using formula (12), the conductance 
reading after each addition was corrected for dilution33. 
Stoichiometry was detected through constructing the 
conductimetric titration curves by plotting the molar ratio 
of one component against the corrected conductance 
(μS/cm). The results showed that in all situations, BKC 
responds in a stoichiometric ratio of 1:2 with the colors 
under investigation. 

Ω Corr = Ω Obs [(V1 + V2) / V1]                                            (3) 

Where Ω is the electrolytic conductivity, V1 is the initial 
volume and V2 is the volume of the added reagent.  (Corr.; 
corrected, Obs.; observed). 

Selectivity and Interference Studies 

The capacity of analytical techniques to specifically detect 
the response of the analyte among other species in the 
solution is called selectivity (in our case the drug additives 
and excipients expected to be present in the 
pharmaceutical formulation). During recovery studies, the 
effect of common materials and excipients were 
examined. The recovery values obtained from the 

experiments showed that the common excipients of the 
drug did not interfere in case of BCG, BPB, BTB, and XO 
methods.  

 

Figure 7: Conductimetric titration curves for determination 
of reaction stoichiometry between BKC and (a) BCG, (b) 
BPB, (c) BTB, and (d) XO. 

The usual tablet diluents such as glucose, lactose, and 
starch did not interfere. Also, aromatic and aliphatic 
amines such as procaine, ephedrine, methyl ephedrine, 
papaverine, eserine, triethylamine at the 6xl0-5 mol/L level 
and chlorpheniramine, diphenhydramine and dibucaine at 
3xl0-5 mol/L level did not interfere. However, 
chlorpheniramine caused a slight positive error. 
Quaternary ammonium salts such as tetraethyl- 
ammonium, tetramethylammonium and neostigmine did 
not interfere. The effects on Benzalkonium determinations 
were similar.34 

Association and formation constants and free energy 
change 

The association constant and the free energy change can 
be calculated using the Benesi-Hildebrand method.29This 
method is based on the condition that the concentration 
of one of the reactants is much higher than the other 
reactants in the solution. The absorbance of the formed 
complexes was measured as a function of varied [A] when 
[A] >> [D]. The deviation of Benesi-Hildebrand equation is 
as follow: 

             K association 

D + A                                                    D - - - - A 

Kc
AD = [AD] / [A] [D]                                                       (4) 

Where: 

[D]o: Total D (uncomplexed and complexed) = [D] + [DA] 

[A]o: Total A (uncomplexed and complexed) = [A] + [DA] 

Substitution into equation (31): 

KC
AD = 

[𝐷𝐴]

{[𝐷]𝑜−[𝐷𝐴]}{[𝐴]𝑜−[𝐷𝐴]}
                                                      (5) 

In the proposed procedures, this was conducted through 
using variable concentrations of 0.2-1.4 mL of 4.0x10-5 
mol/L BCG, BPB, BTB, or XO respectively, to which 1.0 or 
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2.0 mL of 1.0x10-3 mol/L of BKC was added. Then the 
experiment followed as described in the general 
procedures; and the absorbance was measured at the 
optimum wavelength for each ion-pair.  

The absorbance of the resulting ion-associates were 
utilized for estimation of the association constant through 
Benesi-Hildebrand equation29 

[Ao]/ [Aλ
AD] = 1/Ԑλ

AD + (1/Kc
AD. Ԑλ

AD) 1/ [Do]                    (6) 

Where [Ao] and [Do] are the total concentration of the 
interacting species, Aλ

AD and ԐAD are the absorbance and 
the molar absorptivity of the ion-pairs at 632, 591, 614, 
and 590 nm for BCG, BPB, BTB, and XO respectively. Kc

AD is 
the association constant of the ion-pair. 

A straight line was obtained on plotting values of [Ao] 
versus 1/[Do], Fig. 8 illustrated by the below equations: 

[Ao]/ [Aλ
AD] = 4.08x10-5 + 1/ [Do] (3.81x10-8)           (BKC-BCG) 

[Ao]/ [Aλ
AD] = 5.19x10-4 + 1/ [Do] (2.81x10-8)           (BKC-BPB) 

[Ao]/ [Aλ
AD] = 3.49x10-4 + 1/ [Do] (3.82x10-8)           (BKC-BTB) 

[Ao]/ [Aλ
AD] = 7.54x10-4 + 1/ [Do] (2.77x10-8)            (BKC-XO) 

The intercept of this line with the ordinate is 1/Ԑλ
AD  and the 

slope equals (1/Kc
AD. Ԑλ

AD). The values of association 
constant (Kc

AD) and the molar absorptivity (Ԑλ
AD) listed in 

table (2) confirm the stability of the ion-pairs formed. 

 

 

 

 

Figure 8: Benesi-Hildbrand plots (a) BKC-BCG, (b) BKC-BPB, 
(c) BKC-BTB, (d) BKC-XO complexes 

Other methods can be applied for the determination of the 
apparent formation constant of BKC complexes. Generally, 
Job’s method.31 which has been used to study the 
equilibria in a solution of the complex compounds is more 
convenient. However, the equation derived for calculating 
the formation constant could be applied to the results of 
other spectrophotometric methods especially the molar 
ratio method.32  

The following equation35 was used: 

Kf = (A/Am) / [1 - (A/Am)] n+1 Cnnn                                    (7)  

Where: Am is the maximum absorbance obtained from 
Job’s method for continuous variation curve, A is the 
absorbance corresponding to the intersection of the two 
tangents of the continuous variation curve, C is the 
concentration corresponding to the maximum absorbance 
and n is the amount of the drug in the reaction product. 

Furthermore, the standard free energies of complexation 
ΔGo were calculated using the following equation: 

ΔGo = -2.303 RT log K                                                      (8)  

Where: 

ΔGo is the free energy change of the ion-pair 
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R is the gas constant 1.987 cal /mol kelvin 

T is the temperature in Kelvin 

K is the association or formation constant of the ion-
associate (L/mol) 

Table 2 shows the calculated parameter for BKC ion pairs 
under study. 

Table 2: Association, formation constants, molar absorptivity, and free energy change for BKC ion pairs. 

Parameter 
Reagent 

BCG BPB BTB XO 

Ԑmax  (L mol-1 cm-1) 2.45x104 1.92x103 2.86x103 1.32x103 

Kc
AD 1.07x103 1.84x104 9.13x103 2.71x104 

Kf (L mol-1)    (n=1) 3.96x103 3.56x104 1.04x105 7.98x103 

ΔGo (kcal mol-1) 4.9x10-3 9.33x10-3 1.37x10-4 1.33x10-4 

The results obtained, Table 2, showed that the formation 
and association constants of the formed complexes 
indicate the stability of the complexes. On the other hand, 
the negative values of ΔGo indicate the spontaneity of the 
reaction.  

Calibration Curves 

From the resulting calibration curves, it is obvious that 
Beer’s law is obeyed in wide concentration ranges 2.37-
145, 7.1-95, 2.79-130, 2.41-115 µg/mL for BCG, BPB, BTB, 
and XO methods respectively, Fig. 9. The molar 
absorptivity and Sandell sensitivity values were calculated 
and tabulated in Table 3. The methods have high molar 
absorptivity and low Sandell sensitivity values and hence 
they are very sensitive. The correlation coefficients (r2) 
calculated from the least-squares equation amount to 
0.999, 0.998, 0.999, and 0.999 for BCG, BPB, BTB, and XO 
methods respectively, indicating good linearity of the 
calibration curves. 

 

Figure 9: Calibration curves for the determination of BKC 
using BCG, BPB, BTB, and XO. 

Table 3: Validation parameters for the evaluation of BKC using BCG, BPB, BTB, and XO. 

Parameter 
Reagent 

BCG BPB BTB XO 

λ max (nm) 632 591 614 590 

Beer’s law range (μg/mL) 2.38-145 7.12-95 2.79-130 2.41-115 

Ringbom range (μg/mL) 16.35-67.36 11.42-58.13 8.54-61.77 9.63-71.24 

Molar absorptivity (L/mol cm) 2.45x104 1.92x103 2.86x103 1.32x103 

Sandell sensitivity (μg/cm2) 12.71x10-2 12.5x10-2 13.04x10-2 12.88x10-2 

LOD (μg/mL) 2.38 7.12 2.79 2.41 

LOQ (μg/mL) 7.20 21.56 8.45 7.3 

Slope (a) (mL/μg cm) 7.9x10-3 8.0x10-3 7.7x10-3 7.8x10-3 

Intercept (b) 0.139 0.138 0.142 0.141 

Correlation coefficient (r2) 0.9998 0.998 0.999 0.999 

RSD % 1.33 0.89 1.24 1.51 

KcAD (L/mol) 1.07x103 1.84x104 9.13x103 2.71x104 

ΔGo (kcal/mol) 4.9x10-3 9.33x10-3 1.37x10-4 1.33x10-4 

Kf (L/mol) 3.96x103 3.56x104 1.04x105 7.98x103 
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Validation of the methods 

Experimental methods aim to prove their validity for 
applicability for its intended purpose. The purpose of the 
analytical procedure should be clearly understood, as this 
will regulate the validation characteristics to be assessed. 
Typical validation attributes, which should be highlighted, 
are accuracy, precision, detection limit, quantitation limit, 
linearity, and range.36 

Accuracy and Precision 

The accuracy of an analytical procedure reflects the 
closeness of similarity between the value which is 
accepted either as a traditional true value or an accepted 
reference value and the observed value. This is sometimes 
called the truth. In order to achieve higher accuracy levels 
in photometry, it is more essential to pick an acceptable 
concentration range and test the accuracy analysis than to 
demonstrate compliance with Beer's law. To characterize 
a reasonable concentration range, Ringbom plots28 for the 
ideal concentration range can be acquired by plotting the 
photometric data of (%T) as ordinates against the 
logarithm of concentration as abscissas, Fig. 9. The 
precision of an analytical technique represents the near 
agreement (degree of dispersion) between a set of 
measurements obtained from various sampling of the 
same homogeneous sample under the specified 
conditions. The low values of %RSD recorded in Table 3 are 
clear evidence on the precession of the proposed 
methods. 

Limit of detection (LOD) and Limit of quantification (LOQ) 

Limit of detection (LOD) and limit of quantification (LOQ) 
were estimated for validation of the analytical 
procedures36 according to the following equations: 

LOD = 3s/m                                                                (9) 

LOQ = 10s/m                                                              (10) 

Where (s) is the standard deviation of recreating 
determination values under the same conditions as for the 
sample analysis without the analyte, and (m) is the slope 
of the calibration curve. Values tabulated in Table 3 proved 
the sensitivity of the proposed methods. 

Linearity and Range 

Based on the results of the calibration curves; it is clear 
that the analytical methods proposed are linear across 
very broad concentration ranges up to (145, 95, 130, and 
115 µg/mL) for BCG, BPB, BTB, and XO methods 
respectively). The values of correlation coefficients: 0.999, 
0.998, 0.999, and 0.999 also demonstrate the linearity of 
the calibration curves for BCG, BPB, BTB, and XO methods 
respectively. 

 

Figure 10: Ringbom plots for BKC complexes with BCG, 
BPB, BTB, and XO acid dyes. 

Application to Pharmaceutical formulation 

The methods suggested were extended to the estimation 
of BKC in various disinfectant and antibacterial, namely 

Zora C Lozenges. In the experimental section, the specific 
procedures for determining the drug being investigated in 
pharmaceutical disinfectant were clearly discussed. The 
findings were statistically correlated with those recorded 
from the standard method by the student's T- and F-test.37 
For the four cited acid dyes BCG, BPB, BTB, and XO and 
using the calibration curve technique, recovery studies 
were carried. Table 4 shows the recovery studies for the 
four methods, while Table 5 shows the statistical analysis 
of the data.

Table 4: Evaluation of the precision of the proposed methods on BKC pure samples and their Pharmaceutical formulation: 
Zora C Lozenges® (1.0 mg / lozenges) 

Reagent Method Taken (µg/mL) Found (µg/mL) %Recovery ±SD RSD % t-Test f-Test 

BCG 

Pure 

3.5 3.62 103.30 ± 0.07 1.97 

1.33 8.43 10.5 10.20 97.11 ± 0.19 1.87 

17.5 17.70 101.11 ± 0.37 2.13 

Zora C 

17.5 17.52 100.13 ± 0.20 1.16 

1.54 1.43 35 34.96 99.89 ± 0.38 1.11 

52.5 51.85 98.75 ± 0.47 0.92 

BPB Pure 

3.5 3.39 99.73 ± 0.03 0.95 

0.56 14.02 10.5 10.45 99.54 ± 0.15 1.52 

17.5 17.17 98.10 ± 0.07 0.44 
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Zora C 

17.5 16.94 96.78 ± 0.58 3.47 

0.46 28.41 35 36.13 103.21 ± 0.55 1.53 

52.5 51.9 98.92 ± 0.95 1.83 

BTB 

Pure 

3.5 3.62 103.48 ± 0.04 1.12 

1.11 13.59 10.5 10.06 95.83 ± 0.19 1.95 

17.5 17.75 101.44 ± 0.38 2.17 

Zora C 

17.5 17.76 101.50 ± 0.33 1.86 

0.98 27.44 35 33.96 97.02 ± 0.30 0.89 

52.5 54.22 103.27 ± 0.94 1.74 

XO 

Pure 

3.5 3.37 96.29 ± 0.09 2.73 

0.50 11.57 10.5 10.13 95.50 ± 0.19 1.95 

17.5 17.73 101.34 ± 0.38 2.15 

Zora C 

17.5 17.71 101.20 ± 0.29 1.68 

2.37 8.52 35 34.87 99.61 ± 0.93 2.66 

52.5 54.18 103.20 ± 0.82 1.52 

Another way to validate the proposed methods is to compare them with previously approved methods, Table 5 

Table 5: Comparison between the proposed methods and published spectrophotometric methods 

Reagent/Method 
Linear range 

µg/mL 
LOD 

µg/mL 
LOQ 

µg/mL 
Slope 

Recovery* ±    
SD% 

r2 RSD% Ɛ λ max 

Reported13 1 -5   0.062 98.74 ± 0.49 0.999 0.44 ± 0.71 6.2x104 517 

Ion-pair formation (Proposed) 

BCG 2.38 – 145 2.38 7.20 0.0079 100.18±0.38 0.9998 1.33 7.8x103 632 

BPB 7.12 – 95 7.12 21.56 0.008 99.52±0.30 0.9981 0.89 7.9x103 591 

BTB 2.79 – 130 2.79 8.45 0.0077 100.25±0.40 0.9997 1.24 7.6x103 614 

XO 2.41 – 115 2.41 7.3 0.0078 99.37±0.48 0.9994 1.57 7.7x103 590 

      *: Average of three replicate measurements for the reported method and the proposed one. 

CONCLUSION 

It is obvious from the literature survey of BKC that the most 
popular technique used for its detection is 
chromatography, which is expensive, time consuming and 
requires highly sophisticated instruments. 

Two spectrophotometric methods were proposed for the 
determination of BKC in its pure form and in 
pharmaceutical formulations depending on the formation 
of ion-pairs or ion-associate complexes with BCG, BPB, 
BTB, and XO, which in turn can be extracted in water-
immiscible organic solvents or measured directly at their 
corresponding absorption maxima. The data obtained 
from Job’s method revealed that the stoichiometry of the 
reaction was 1:2 molar ratios in all cases, plus 1:1 for BPB. 

The high values of association indicate the stability of the 
ion-pair. Negative values of ΔGo indicate spontaneity of the 
reaction. Beer’s law was evident in the concentrations up 
to 145, 95, 130, and 115 μg/mL, respectively, reflecting the 
good linearity of the calibration curves. Low relative (RSD 
%) values indicate the precision of the proposed method. 

 β-correction method of calculations was applied to BPB 
method to enhance its selectivity. On the other hand, 

extraction in chloroform was carried out in case of BCG and 
BTB methods to eliminate the blank absorbance and 
increase the sensitivity of the methods. 
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