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ABSTRACT 

This study presents a new approach for quantifying the antibiotic cefoperazone (CPZ) in spiked urine and tap water samples using an indirect kinetic 

spectrophotometry method. The method involves the oxidation of CPZ by permanganate (MnO4
−) in an alkaline media. The progress of the reaction is monitored by 

tracking the increase in manganate (MnO4
2−) at 610 nm. The optimization of chemical-dependent variables was achieved through the utilization of multivariate 

statistical methods. The optimized values were 5 minute of reaction time, KMnO4 of 1.11 · 10−3 mol L−1, and NaOH of 0.27 mol L−1. Under these conditions, calibration 

curves were constructed. The detection limits obtained in urine and tap water spiked samples were 3.75 · 10−7 mol L−1 and 3.74 · 10−7 mol L−1, respectively. The 

results showed that intraday and interday recoveries ranged from 98.25 to 102.7%, indicating acceptable differences between observed and expected values according 

to the confidence percentage established as a criterion of acceptability; thus, demonstrating repeatability in results as well as satisfactory accuracy for this kinetic 

analytical method. 
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1. INTRODUCTION 

In recent decades, treatments for infectious diseases have advanced through 

the development of new, more effective, and less toxic drugs. Cefoperazone 

(CPZ) is a third-generation semisynthetic cephalosporin commonly used to treat 

various bacterial infections in humans and animals [1, 2]. It is a polar, water-

soluble molecule (pKa = 3.38) with a tetrazolyl moiety that is resistant to beta-

lactamase. CPZ works by binding to specific penicillin-binding proteins in the 

bacterial cell wall, inhibiting wall synthesis. As sodium salt, it is typically 

administered through intramuscular or intravenous injection. Although the drug 

is mainly excreted in the bile, urinary excretion primarily by glomerular filtration 

accounts for up to 30% of a dose unchanged within 12 to 24 hours [3]. As an 

emerging pollutant, their widespread use has led to pollution of the environment 

and especially of water bodies. Despite its effectiveness, the widespread use of 

CPZ has resulted in environmental pollution, particularly in water bodies. Thus, 

the determination of CPZ is important in various fields such as clinical 

laboratories, pharmaceutical, and quality control. A HPLC standard method is 

available by the United States Pharmacopeia [4]. There are several methods for 

quantifying CPZ in differ ent matrices, UV-vis spectrophotometry [5, 6, 7, 8, 9], 

HPLC [10, 11, 12, 13], electroanalytical [14, 15, 16], IR spectroscopy [17], 

electrophoresis [18], and chemiluminescence [17]. The literature on analytical 

procedures based on kinetics reports a few batch spectrophotometric methods for 

the quantification of CPZ involving a redox reaction between CPZ and oxidant 

agents. These kinetic methods exhibit selectivity and low interferences effect as 

they measure the increase in absorbance over time rather than relying on a single 

absorbance value. For analyte quantification, the most suitable is evaluated 

considering, applicability and lineal parameters [19, 20, 21, 22]. This study 

presents a new approach for quantifying the analyte CPZ in spiked urine and tap 

water samples using an indirect kinetic spectrophotometric method. The method 

involves the oxidation of CPZ by KMnO4 in an alkaline media. The progress of 

the reaction is monitored by tracking the absorbance increase in manganate 

(MnO4
2−) at 610 nm. The optimization of variables reliant on reaction properties 

is accomplished by employing multivariate statistics. 

2. EXPERIMENTAL  

2.1. Chemicals  

All chemicals employed in this study were of analytical grade. Stock solutions 

were prepared by dissolving specific quantities of CPZ (1.035 · 10−3 mol L−1, 

sourced from Sigma-Aldrich), KMnO4 (0.103 mol L−1, obtained from Merck), 

and NaOH (0.99 mol L−1, also from Merck) in volumetric f lasks. Both the stock 

solutions and subsequent dilutions were prepared using deionized water.  

2.2. Instruments  

For absorbance measurements (A), a Perkin Elmer Lambda 35 double beam 

spectrophotometer equipped with a 10 mm quartz cell was employed. The 

spectral data were processed using the Perkin Elmer UV Win Lab Data Processor 

and Viewer 1.00 software. Additionally, an analytical balance, model AS 

60/220/C/2 (±0.01 mg precision), and a pH meter, Hanna Edge-HI2020, were 

utilized.  

2.3. Procedures  

2.3.1. Factorial Optimization Parameters  

The experimental design and analysis of the reaction system were performed 

using a 24 factorial design and response surface methodology. A central 

composite circumscribed design (CCC) was used to assess the influence of the 

factors outlined in Table 1. The CPZ concentration was fixed at 4.00 · 10−5 mol 

L−1, and the response variable was the absorbance at 610 nm after 5 minutes. The 

polynomial equation and response surface plots for the reaction were obtained 

using Modde 7.0® software. The model was statistically validated using 

ANOVA at a 95% confidence level, with the same software.  

Table 1. Coded values for the CCC design.  

Factor -2 -1 0 +1 +2 

NaOH /mol L−1 4.70·10−3 9.60·10−3 1.68·10−2 2.40·10−2 2.89·10−2 

KMnO4 / mol L−1 9.11·10−5 3.10·10−4 6.31·10−4 9.52·10−4 1.17·10−3 

Time / min 2 5 10 15 18 

2.3.2. General Kinetic Procedure  

The stock solutions were utilized to create the reaction mixtures, employing a 

substantial excess of KMnO4 in comparison to CPZ. This approach ensured that 

pseudo-first order kinetics were maintained throughout all experiments. The 

absorbance at 610 nm was recorded after 5 minutes of reaction time. The log v 

versus log[CPZ] plots were used to determine the reaction order (n) and the rate 

constant (k´), as well as the slope changes by derivative analysis. The calibration 

curves were obtained by using blank solutions and CPZ standards with 

concentrations ranging from 2.00 · 10−6 mol L−1 to 4.00 · 10−5 mol L−1. The 

regression analysis provided the values of the slopes, intercepts, and correlation 

coefficients. 

2.3.3. Initial rate method  

Different amounts of the CPZ standard solution were added to calibrated 

flasks, each one with a volume of 5 mL. Then, 0.75 mL of NaOH and 1.0 mL of 

KMnO4 were added to each flask. The flasks were filled with distilled water to 

the mark and mixed well. The solutions were transferred to the 

spectrophotometric cell and their absorbance was measured at 610 nm over time, 

from 0 to 35 min, using a reagent blank as a reference. The initial reaction rate 

(v) for each concentration was calculated from the slope of the absorbance-time 

curve. A calibration curve was obtained by plotting the log v versus log C. The 

regression equation from the graph was used to determine the CPZ quantity.  
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2.3.4. Constant Rate method  

From the method in section (2.3.3), the tangents are obtained when the signal 

of the analyte remains constant at a finite time. The log[CPZ] versus time plots 

were employed to calculate the constant k, figured as -2.303 times the curve 

slope. Subsequently, a calibration curve was generated by plotting these k values 

against their corresponding initial concentrations.  

2.3.5. Fixed time method  

Aliquots of standard CPZ solution were transferred into a series of 5 mL 

calibrated volumetric flasks. In each sample, 0.75 mL of NaOH and 1.0 mL of 

KMnO4 were added, and the volume was then adjusted using deionized water. 

The samples were mixed well and their absorbance at 610 nm was recorded over 

time, from 0 to 35 min, every 5 min. A reagent blank was also prepared and 

measured for reference. The calibration curve was constructed by plotting the 

absorbance against the concentration of the CPZ. The quantity in each sample 

was determined using the regression equation. 

2.3.6. Procedure for the proposed samples  

The water samples were collected from taps in two different laboratories and 

stored in 500 mL polyethylene bottles without adding any preservatives. 

Analysis was performed within 5 hours after collection. The samples were 

filtered with 0.22 µm filters and boiled for 20 minutes to remove suspended 

solids and dissolved gasses. Then, CPZ standards were spiked into the samples 

and analyzed as described in the kinetic procedure, except that treated tap water 

was used to bring the final volume to the mark. A previously reported solid-phase 

extraction (SPE) method was applied to analyze spiked urine samples [23]. The 

sample preparation involved the combination of 1 part urine (previously filtered 

through a 0.22 µm filter), 2 parts CPZ solution (1.80 · 10−2 mol L−1), and 1 part 

buffer solution (acetic acid / sodium acetate 0.1 mol L−1, pH = 4.3). The SPE 

column (Rec-18 200 mg / 3 mL, flow rate 1 mL min−1 Perkin Elmer) was first 

conditioned with 6 mL of methanol to remove organic compounds and 6 mL of 

deionized water to remove ionic species. After conditioning, the sample (1.0 mL) 

was loaded onto the column and washed with 3 mL of HCl 0.1 mol L−1 (pH < 

4.3). The analyte was then eluted with 3 mL of methanol (flow rate 1 ml L−1). A 

third of the elution volume was dried under a flow of N2(g) at 40°C and 

reconstituted in a suitable volume of deionized water to obtain a CPZ standard 

solution of 5.00 · 10−4 mol L−1. At the time of determination, aliquots were taken 

from this solution. 

2.3.7. Calibration curve in Proposed Samples  

The method described in the section (2.3.6) was used to analyze both tap water 

and urine samples. However, prior to creating the calibration curves, the samples 

were diluted with treated tap water and urine respectively. This adjustment was 

made to ensure that the samples were in the appropriate concentration range for 

the analysis.  

3. RESULTS AND DISCUSSIONS  

The spectrophotometric properties of the CPZ-KMnO4 system were studied 

using a univariate method. The effects of experimental variables such as reaction 

time (t), concentrations of NaOH and KMnO4 on the colour development and its 

stability were also examined. The absorbance measurements were carried out 

using a CPZ concentration of 4.00 · 10−4 mol L−1. The effect of KMnO4 

concentration on the reaction was studied over a range of 3.10 · 10−4- 2.23 · 10−3 

mol L−1. The results showed a proportional dependence between the oxidant 

concentration and the reaction rate. The signal had a large increase at 

concentrations up to 1.27 · 10−3 mol L−1, but at higher concentrations, a decline 

in the signal increase was observed (Fig. 1). However, this did not affect the 

reaction rate as it only depends on the substrate (CPZ) concentration. Therefore, 

1.27 · 10−3 mol L−1 was initially selected for further studies. The influence of 

NaOH concentration on the reaction rate was studied between 0 and 4.55 · 10−2 

mol L−1, and the results showed the influence of the alkalinity of the medium on 

the oxidation reaction (Fig. 2). The absorbance variations for each NaOH 

concentration value decreased from 2.40 · 10−3 mol L−1, so this value was chosen 

as the most suitable concentration. The effect of the reaction time was studied by 

measuring the absorbance at increasing time intervals. The measurements were 

performed every 5 min during a 35 min interval (Fig. 3). The absorbance 

variations for each reaction time value decreased from 5 min, for longer times 

the difference in absorbance was negligible. Based on this, t = 5min was selected 

as the reaction time.  

 

Figure 1. Concentration effect of KMnO4 (3.1·10−4- 2.23·10−3 mol L−1) on the 

CPZ-KMnO4 system at 610 nm, using CPZ 1.00·10−5 mol L−1, NaOH 1.68·10−2 

mol L−1 and t = 5 min. 

 

Figure 2. Concentration effect of NaOH (0 and 4.55·10−2 mol L−1) on the CPZ-

KMnO4 system at 610nm, using CPZ 1.00·10−5 mol L−1, KMnO4 1.27·10−3 mol 

L−1 and t = 5 min. 

 

Figure 3. Effect of reaction time (t) on the CPZ-KMnO4 system at 610 nm, 

using at NaOH 2.40·10−2 mol L−1, CPZ 1.00·10−5 mol L−1 and KMnO4 1.27·10−3 

mol L−1. 
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3.1. Variables Optimization  

The optimized experimental variables were determined using the response 

surface methodology and a circumscribing central composite design (CCC) 

considering the reaction time, NaOH and KMnO4 concentrations (Table 1). 

These optimal values obtained were 2.70 · 10−2 mol L−1, 1.11 · 10−2 mol L−1 and 

18.4 min for NaOH, KMnO4 concentrations, and reaction time, respectively (Fig. 

4). These values were verified experimentally and then adjusted to 2.70 · 10−2 

mol L−1, 1.11 · 10−2 mol L−1 for NaOH and KMnO4 concentrations and 5 min for 

reaction time, as a slight increase of 0.02 a.u. was observed between 5 and 18 

min (Table 2).  

 

Figure 4. Surface response of the circumscribing central composite design 

(CCC). 

Table 2. Verification of the CCC model.  

Value NaOH/mol L−1 KMnO4/mol L−1 t/min A/a.u. A range/a.u. 

Foretold 2.67·10−2 1.11·10−3 18.24 0.3550 0.3342-0.3759 

Obtained 2.70·10−2 1.11·10−3 18.24 0.3430  

Foretold 2.70·10−2 1.11·10−3 5 0.3236 0.2897-0.3273 

Used 2.70·10−2 1.11·10−3 5 0.3230  

3.2. Stoichiometry Determination  

The stoichiometry of the reaction was determined by applying the logarithmic 

method [24], by monitoring the absorbance under the optimized conditions. 

Linear regression plots of Log A versus Log[CPZ] at a constant KMnO4 

concentration and Log A versus Log [KMnO4] at a constant CPZ concentration 

were obtained, with slopes of 0.709 and 0.842 respectively. This indicates a 

molar ratio of the reaction of approximately 1:1. 

3.3. Evaluation of Kinetic studies and quantitation methods  

The study of kinetic behaviour of the reaction under pseudo-first-order 

conditions by using the equation v = k′[CPZ]n. With the plot of log v versus 

log[CPZ], the numerical value of the order of reaction and the rate constant were 

found to be n = 0.907 (≈ 1) and k′ = 232.7s−1.  

The rate law                                                     v =232.7s−1[CPZ]0.907  

describes a pseudo-first order reaction and supports the experiments conducted 

to obtain CPZ concentration. The initial rate, constant rate, and fixed time kinetic 

methods were tried. The choice of the best method was based on four criteria: 

applicability, sensitivity, intercept, and coefficient of determination, r2.  

3.3.1. Initial Rate Method 

The curves of absorbance A (at 610 nm) versus t are obtained for CPZ 

concentrations over the range 2.0 · 10−6 to 4.0 · 10−5 mol L−1 of CPZ. Then, 

tangents were drawn for each curve with t = 250 s. Afterwards, the respective 

slopes (k′′) were obtained.  

The fit equation 

k′′ = 14.84[CPZ]+ 9.0 ×10−5 (r2 = 0.9799) 

was obtained from the graph of k′′ versus CPZ concentration and it corresponds 

to a kinetic behaviour of pseudo-zero order. The low slope value indicate poor 

sensitivity. Consequently, this method was not preferred.  

3.3.2. Constant Rate Mehtod 

For this method, the plots of Log A (at 610 nm) versus t (0-1800 s) for range 

of CPZ concentration of 2.0 · 10−6 to 4.0 · 10−5 mol L−1 were performed, obtaining 

straight lines, with slope = k′ 2.303 (pseudo-first order). Then, the drug 

concentration versus k′ was plotted, and the corresponding linear regression 

equation is  

k′ = 0.9514[CPZ] − 0.0002          (r2 = 0.1296) 

The coefficient of determination r2 and slope values indicate poor linearity and 

sensitivity, respectively. For this reason, this method was discarded.  

3.3.3. Fixed Time  

In this method, absorbances (A) measured at 25°C and 610 nm at specific set 

of fixed time values (0 to 35 minutes). Linear equations and statistical parameters 

were determined for each time, incorporating a two-tailed Student’s t-test with 

(n − 2) degrees of freedom (Table 3). Assessing the null hypothesis (H0) - 

suggesting no correlation between CPZ concentration and absorbance- revealed 

that all calculated t-student values exceeded the critical value (tcalc > tcrit) for each 

time, leading to the rejection of the null hypothesis and confirming linearity at 

every time value. While sensitivity increased with time, a decline in correlation 

was observed. At 35 minutes, the maximum sensitivity was achieved; however, 

the increase in absorbance was deemed statistically insignificant. Consequently 

after careful evaluation, a reaction time of 5 minutes emerged as the optimal 

choice, providing the best statistical parameters. Hence, the fixed time method 

was selected for CPZ quantitation due to its superior sensitivity increase. 

Table 3. Calibration curves and statistical parameters for different fixed times 

at 610 nm and CPZ concentration ranging between 2.00·10−6 and 4.00·10−5 mol 

L−1  

Time/min r2 Typical Error (10−2) tcalc 
Intercept 

(10−2) 

Slope 

(104) 

0 0.9830 4.65 10.71 5.552 1.568 

5 0.9741 5.02 12.26 7.887 1.940 

10 0.9727 5.72 11.93 8.076 2.149 

15 0.9714 6.06 11.65 8.077 2.223 

20 0.9727 5.92 11.95 8.391 2.227 

25 0.9710 6.21 11.58 8.608 2. 265 

30 0.9682 6.50 11.03 9.133 2.257 

35 0.9628 7.08 10.18 1.404 2.269 

tcrit = 4.3. 

3.4. Calibration  

Curve and Analytical Parameters with CPZ Standard Solutions. The analytical 

parameters were obtained using the optimal experimental conditions and CPZ 

standard solutions with 30 reagent blanks (without the analyte) (Table 4). The 

accuracy and precision of the method were evaluated using the recovery rate and 

Student’s t-test at three different CPZ concentrations (2.00 · 10−6, 1.00 · 10−5, 

2.00 · 10−5 mol L−1). After 5 consecutive days of measurement, the results 

showed that the intraday and interday recoveries were between 98.2% and 

102.7%, with a tcalc > tcrit (Table 5), indicating that there were no significant 

differences between the observed and expected values based on the established 

confidence percentage. This indicates that the results are repeatable, and the 

kinetic analytical method has satisfactory accuracy.  
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Table 4. Analytical Figures of merit for CPZ quantitation.  

Parameters Standard solutions Tap water Urine 

Linear Regression A=26102.8C + 1.49·10−2 A=25659.9C + 2.22·10−2 A=25727.8C + 1.85·10−2 

r2 0.9993 0.9989 0.9988 

LD/ mol L-1 3.50·10−7 3.75·10−7 3.74·10−7 

LQ/ mol L-1 1.06·10−6 1.14·10−6 1.13·10−6 

Linear Rangue / mol L-1 1.06·10−6 – 2.00·10−5 1.14·10−6 – 2.00·10−5 1.13·10−6 – 2.00·10−5 

 (in concentration)  2.77·10−3 2.92·10−3 2.92·10−3 

LD: Limit of detection = 3slope  ; LQ: Limit of quantitation = 10slope   

Table 5. Intraday and interday repeatability and reproducibility of the method for CPZ quantitation. 

 Standard solution Tap water Urine 

 Intraday 

Added 10−6 mol L-1 2.00 10.0 20.0 2.00 10.0 20.0 2.00 10.0 20.0 

Found 10−6 mol L-1 1.96 10.2 19.7 2.04 10.4 19.5 2.03 10.4 19.6 

Standar error 10−8 2.17 8.48 6.56 0.77 10.6 24.4 3.73 11.1 24.4 

C.L. 10−8 4.58 17.9 13.9 1.63 22.4 51.5 0.79 2.34 5.14 

tcalc 0.54 0.69 1.66 1.62 1.14 0.74 0.265 1.299 0.615 

Recovery % 98.25 101.7 98.37 101.9 103.6 97.3 101.5 104.3 97.75 

 Interday 

Added 10−6 mol L-1 2.00 10.0 20.0 2.00 10.0 20.0 2.00 10.0 20.0 

Found 10−6 mol L-1 1.93 10.3 19.8 2.04 10.4 19.6 2.06 10.5 19.7 

Standar error 10−8 1.99 5.75 12.7 3.49 8.46 12.6 1.85 8.44 12.6 

C.L. 10−8 4.20 12.1 26.7 7.37 17.9 26.6 0.39 1.78 2.65 

tcalc 1.10 1.57 0.54 0.43 1.67 1.15 1.01 2.13 0.911 

Recovery % 96.71 102.7 98.97 102.2 104.2 97.8 102.8 105.4 98.28 

C.L.: Confidence limits; n-2 degrees of freedown for intra-day an inter-day repeatability and reproducibility (tcrit = 4.3). 

3.5. Validation and Application  

The method underwent validation and subsequently applied to tap water and 

urine-spiked samples. Potential interferences such as organic and inorganic 

matter and dissolved gases were removed from tap water samples. The samples 

were then spiked with three different concentrations of CPZ (2.00 · 10−6; 1.00 · 

10−5; 2.00 · 10−5 mol L−1) according to the procedures outlined in Section 

Procedure for the proposed samples. A calibration curve was also created in tap 

water using CPZ concentrations in the range of 2.00 · 10−6 to 2.00 · 10−5 mol L−1 

and the corresponding blanks. The analytical parameters obtained are 

summarized in Table 4. To evaluate the accuracy, recovery rates were calculated 

using the three CPZ concentrations previously mentioned. Measurements were 

taken over five consecutive days, using 30 blanks, resulting in recovery rates of 

97.1-102.9 % and 97.9-103.9 % for intraday and interday assays respectively, 

indicating satisfactory accuracy (Table 5). The procedure for the proposed 

samples effectively eliminated any potential interferences. The developed 

procedure was applied to spiked tap water samples, and the linear regression 

equation obtained in this study was used for CPZ quantitation. The statistical 

analysis of the results using Student’s t-test and a 95 % confidence level showed 

that there was no significant difference between the actual and found 

concentrations (Table 5). For the spiked urine samples, the CPZ calibration curve 

was prepared over the concentration range of 2.00 · 10−6 to 2.00 · 10−5 mol L−1 

using the respective procedure. The analytical parameters obtained are 

summarized in Table 4. To evaluate the accuracy, recovery rates were calculated 

using three CPZ concentrations (2.00 · 10−6; 1.00 · 10−5; 2.00 · 10−5 mol L−1) 

prepared with different volumes of spiked urine, which were accurately 

measured according to the section Kinetic procedure. The measurements for 

intraday and interday assays were carried out over five consecutive days, using 

30 blanks (Table 5), and the recovery rates of the assays were 100.3 101.1% and 

100.2- 102.3%, respectively, indicating a satisfactory accuracy. Any potential 

interferences were eliminated through the application of the procedure for the 

proposed samples. Based on the provided statements, it appears that the present 

method offers several advantages over the method described by El-Didamoni. et 

al [21]. The present method uses a multivariate calibration, shorter reaction time 

and lower limit of detection are achieved. All these factors make the method a 

more efficient and effective way to perform the analysis than the previous 

method described. 

CONCLUSIONS  

This study presents an optimized and validated indirect kinetic 

spectrophotometric method for the determination of CPZ. The optimization was 

achieved using a CCC design and adjusting the reaction time, NaOH, and 

KMnO4 concentrations to 5 min, 2.70 · 10−2 mol L−1, and 1.11 · 10−2 mol L−1 

respectively. The stoichiometric ratio of the reaction was found to be 1:1 for 

CPZ:KMnO4. The fixed-time method was found to be the most suitable for 

kinetic quantitation, with a reaction time of 5 min, as it provided satisfactory 

analytical parameters. The method is simple, cost-effective, and does not require 

expensive instruments. The accuracy and reliability of the method were 

evaluated by conducting several assays on both tap water and urine-spiked 

samples, and the results were statistically satisfactory with recovery rates and 

Student’s t-test. The method was also shown to effectively eliminate any 

interference effects from the matrix through the treatment developed for each 

sample. 
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