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Abstract: The goal of this study is to develop a simple and precise 
spectrophotometric method for the quantitative determination of chlorpromazine 
hydrochloride (CPZ.HCL) by its reaction with platinum tetrachloride (PtC) in 
aqueous solutions (acidic medium) using UV-Vis spectrophotometry. 
Accordingly, a blue complex was formed having a characteristic band at 533 nm. 
To obtain high sensitivity and good stability, optimal reaction conditions were 
investigated, like the influence of pH, temperature, time, and the optimal 
concentration of platinum tetrachloride, as well as calibration curves were 
generated. Results indicated the possibility of using this method in estimating the 
drug above, as the calibration curve was subject to Beer's law for the range 5-75 
µg/mL, and the molar absorptivity, Sandell's sensitivity, detection limit, and 
quantitative limit were 1563.32 L/mole·cm, 0.2272 µg/cm2, 0.5102 and 1.7007 
µg/mL respectively. The proposed procedure has also been successfully applied 
for CPZ·HCL quantification in the pharmaceutical form.  

Keywords: spectrophotometric determination; chlorpromazine hydrochloride; platinum 
(IV) chloride 

Introduction 

Phenothiazines are a very substantial class of organic compounds 

with potent biological activity used as a treatment for moderate to severe 

                                                 
* Mohauman Mohammad Al-Rufaie, e-mail: muhaimin.alrufaie@uokufa.edu.iq 



 2                                                        M. Nasr and M. Al-Rufaie  

 

psychosocial conditions.1,2 Phenothiazines bind to specific dopamine D2 

receptors and influences their function and thus influences many operations 

in the body, such as metabolism.1 Chlorpromazine hydrochloride 

(CPZ·HCL) belongs to the phenothiazines  family and is used as an 

antipsychotic drug that has the ability to reduce or relax symptoms of severe 

or chronic mental disorders.3 It can also contribute to reducing the manic 

stage of the manic gloominess.3 CPZ·HCL is a recognized first-generation 

antipsychotic and has been considered the "gold standard" for nearly 70 

years for the treatment of psychiatric disorders, although several second-

generation antipsychotics have emerged.4 As reported by Wang, CPZ·HCL 

was first manufactured in 1951 by Paul Charpentier at a French 

pharmaceutical company (Rhône Poulenc) and underwent clinical 

examination in 1952.4,5 Then, CPZ·HCL was approved in 1957 by the FDA 

and entered the USA market under the trade name Thorazine®. As the 

clinical treatment of schizophrenia has improved, the field has evolved 

dramatically.4 

CPZ·HCL is (3-(2-chloro-10H-phenothiazin-10-yl)-N,N-dimethyl-

propan-1-amine), having the chemical formula, C17H19ClN2S·HCl.6 

CPZ·HCL (as in the case of other phenothiazines) is readily oxidized in an 

acidic condition under the action of different oxidizing agents that lead to 

the forming of intensively colored oxidation outputs. The oxidation 

operation comprises two successive steps of removing one electron. The 

first one is reversible and produces a colored cation-radical. The second one 

is irreversible, producing a colorless sulfoxide.7 

CPZ·HCL has its own biological and chemical characteristics.8,9 The 

molecule of CPZ·HCL (see Figure 1) is an amphipathic tricyclic 

component, containing hydrophobic region includes aromatic ring structures 
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and hydrophilic part (amino group). The nature of the aromatic ring affects 

the colloidal properties of this compound. Due to its self-binding behavior 

(as in surfactants), CPZ·HCL leads to the inactivation and dissolution of 

poorly soluble compounds. The self-assembly characteristics of CPZ·HCL 

aid in the evolution of efficient delivery systems of drug.8,10 

 

Figure 1.  Chlorpromazine hydrochloride molecular structure.11 

There are some toxic effects that have been observed in cases of CPZ·HCL 

residues such as hypotension, contact dermatitis, leukopenia, cholesteric 

arrhythmia and tardive dyskinesia.3 Therefore, the daily dose must be 

accurately determined. 

CPZ·HCL has been estimated in the literature in several ways, 

including: spectrophotometric,12-15 voltammetric,16 HPLC,17,18 flow 

injection analysis19 and electrochemical20 methods. On the other hand, 

Platinum (IV) chloride is an analytical reagent and catalyst. It usually 

functions as a weak Lewis acid with the ability to bind up to six bonds in 

addition to its tendency to form an octahedral coordination geometry.21 In 

this concept, this research aims to find an easy and reproducible 

spectroscopic method to determine CPZ·HCL through its reaction with 

platinum (IV) chloride. Factors affecting the absorbance of the resulting 

complex like pH, time, temperature and concentration and addition 

sequence were investigated. It is believed that the method used in this study 
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is promising in detecting CPZ·HCL drug, as it is simple and has good 

accuracy as well as it is considered less expensive than other methods 

mentioned in the literature. 

Methods and materials 

Apparatus Two spectrophotometers both from Shimadzu Company 

(UV-2900 PC Type and UV-1650 PC type) were used to follow the UV-Vis 

spectra. The samples were incubated using a Water bath with Type of GFL 

1083 (GFL, Germany). The pH value of the used solutions was adjusted 

using a pH meter (WTW, China). An electronic balance was used in order 

to weigh all samples. 

Materials 

Pure Chlorpromazine Hydrochloride drug (C17H20Cl2N2S) was 

purchased from SDI (Samarra, Iraq).Platinum Chloride (IV) (PtCl4) was 

procurred from Central Drug House (New Delhi, India).Chlorpromazine 

Hydrochloride tablet (25 and 100 mg) and  

Chlorpromazine Hydrochloride (vials) (25 mg and 50 mg / 2 mL vial) 

were obtained from Aventis (Syria) and Eczacibasi (Turkey) companies, 

respectively. All solutions were prepared using distilled water produced by 

a device-type. GFL 2108 (Germany). 

Preparation of solutions 

Chlorpromazine Hydrochloride (CPZ·HCl) stock solution  
(250 µg/ml has been prepared utilizing a volumetric flask (100 mL), in 
which 25 mg of CPZ·HCl was dissolved in distilled water. Platinum (IV) 
Chloride (0.01 M) stock solution (PtCl4) was prepared by weighing and 
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dissolving an amount of 0.33689 g salt in water using a volumetric flask 
(100 mL). 

A certain weight (0.10765 g for 25 mg tablets and 0.1068 g for  
100 mg tablets) of Chlorpromazine Hydrochloride tablet (25 and 100 mg) to 
prepare a solution of CPZ·HCl. The expected concentration was equivalent 
to a concentration of 250 PPM. The chlorpromazine hydrochloride solution 
was prepared using two concentrated CPZ·HCl from different ampoules 
(25 and 50 mg/mL. Analogously, a 250 ppm concentration of CPZ·HCl was 
prepared by mixing 2 ml of the 25 mg injection or 1 ml of the 50 mg 
injection with distilled water in a 100 ml volumetric flask. The final volume 
has been completed to the mark. 

Results and Discussion 

The reaction of CPZ·HCl (in a concentration of 50 ppm) with  

(1×10-3 M) of  PtC resulted in a blue color complex. The maximum 

wavelength of this complex was determined from the corresponding  

UV-Vis spectrum, where the highest absorbance was noticed at a maximum 

wavelength of 533 nm. Figure 2 presents the UV-Vis spectrum of the 

product obtained from the CPZ·HCl and PtC interaction. 

 

Figure 2. The spectrum of the CPZ·HCl-PtC product. 
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On the othe hand, the impact of different factors on the adsorption 
intensity of the CPZ·HCl-PtC complex was investigated, which can be seen 
in the below sections. The optimal reaction conditions were selected. 

The best concentration of Platinum (IV) Chloride 
Different concentrations of PtCl4 ranged between 1×10-5 and  

40×10-5 M were used to study the effect of changing the concentration of 
platinum tetrachloride on the complex resulting from its interaction with 
CPZ·HCl, as presented in Figure 3. Results revealed that the highest 
absorbance was found at a concentration of 15×10-5 of PtC, thus, it 
represents the best concentration for the CPZ·HCl-PtCl4 complex formation. 

 

Figure 3. The impact of PtC concentration changes on the absorbance of CPZ·HCl-PtC 

complex. 

Effect of pH 

The influence of pH value on the complex produced by the reaction 
of CPZ·HCl with PtCl4 was studied within the range 1 to 9 (of pH). Results 
of absorbance extent versus pH values can be seen in Figure 4. According 
with our data presented in Figure 4, it is clear that the highest absorbance 
was recorded for a pH value equal to 1, and then the absorbance decrease 
slowly when the pH was raised. Therefore, the value of pH = 1 was chosen 
in the subsequent measurements. 
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Figure 4. The pH versus the absorbance of the CPZ·HCl- PtCl4 complex. 

Effect of Time  

The influence of time (in minutes) on the stability of the CPZ·HCl- 

PtCl4 complex was studied. The absorbance was measured with time every 

5 minutes for 60 minutes (see Figure 5). It was found that the absorbance of 

the complex increased with time up to 30 minutes, after that, the absorbance 

values tended to decrease. The decline in absorbance continued with 

growing of time until 55 minutes, after which the absorbance of the 

complex became almost constant. 

 
Figure 5. The change of the CPZ·HCl-PtC complex absorbance with time. 

Effect of Temperature 

 The influence of the temperature change on the stability of 

CPZ·HCl-PtC complex was investigated, where the absorbance was 
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measured within a temperature range of 15-50 °C in a step of 5 degrees. The 

results are illustrated in Figure 6. It was found that the temperature of 20 °C 

was optimal and a highest absorbance was observed, then with increasing 

temperature there was a gradual decrease in the absorbance values. The 

reason for this is due to the dissociation of the complex with an increase in 

temperature. 

 

Figure 6. The temperature impact on the CPZ-HCl-PtC complex absorbance. 

Calibration curve 

The calibration curve of the complex resulting from the interaction 

of CPZ·HCl and PtC was built by taking a range of different concentrations 

of the CPZ·HCl drug, as shown in Figure 7. It was found from the figure 

that the concentrations yielded to Beer-Lambert's law ranged between (5 to 

75 µg/mL) at the maximum wavelength of (533 nm). The analytical related 

to the calibration curve are shown in Table 1. According to the table, the 

detection limit (LOD) was and the quantitative limit (LOQ) values were 

0.5102 and 1.7007 respectively. Moreover, the molar absorptivity was 

(1563.32 L/mol·cm) and the Sandell's sensitivity was (0.2272 µg/cm2). 
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Figure 7. The calibration curve of CPZ·HCL-PtC complex. 

Table 1. Analytical values linked to the calibration curve. 

 

 

Complex stoichiometry of chlorpromazine hydrochloride and 
platinum (IV) chloride in an aqueous solution 

The stoichiometry of the product resulted from the reaction of 

CPZ·HCL and PtC was carried out by continous variation method. Figure 8 

shows the results of this method. It was found, that the correlation ratio of 

Parameter Value 

λ max (nm) 533 

Molar absorptivity (L·mole-1·cm-1) 1563.32 

Correlation coefficient (R2) 0.9911 

Regression equation y = 0.0044x + 0.4416 

Slope 0.0044 

Linear range (µg/ml) 5-75 ×10-5 

LOD (µg/ml) 0.5102 

LOQ (µg/ml) 1.7007 

Stoichiometric ratio 1:1 
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CPZ·HCl and PtC is (1:1) as the value of the term (Xd/Xd+Xe) equal to 0.5. 

Noting that the Xd and Xe in Figure 8 refer to the concentrations of drug 

and element (Pt), respectively. 

 

Figure 8. The continuous variation results of the CPZ·HCl-PtC complex. 

Precision and accuracy 

The precision and accuracy of the spectrophotometric method 
adopted for complex estimation were studied. The precision (expressed by 
the recovery percentage; Rec%, or the relative error percentage; Erel%) was 
calculated using equations 1 or 2: 

Rec% = 100 ± Erel%     (1) 

Erel% = ஺ିோ
ோ
× 100     (2) 

where A is analytical value and B represents the real value 

As for the accuracy (expressed by the relative standard deviation; RSD), it 
was calculated using equation 3: 

RSD = ୗୈ
୶̄
× 100     (3)  

where SD represent standard deviation and x̄: Arithmetic mean Table 2 

illustrates the accuracy and precision results. The results indicated that the 
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lowest recovery was (98.86%), and the corresponding relative error was (-

1.14), which indicates that accuracy and precision are good for this method.  

Table 2. Results of precision and accuracy in this study. 

Concentration (µg/ml) 

Present Found E% Rec% RSD % 

20 20.2 1 101 0.532 

50 50.23 0.46 100.46 0.971 

60 59.80 -0.3 99.7 0.345 

Interferences effect 

Usually, some substances are added during the manufacturing of 

drugs. These materials might have a probable influence on the absorbance 

of the compound produced by the reaction of the drug with the element or 

reagent. Thus, it is significant to investigate this potential impact of these 

substances. Table 3 shows the absorbance and recovery rate (Rec %) of 

some of these interfered materials. From the  table above, it is obvious that 

these substances had no influence on the absorption of the complex, as the 

alteration in Rec % was lower than ±2%. 

Table 3. The influence of the additions' presence on the absorbance of  

               CPZ·HCl-PtC product. 

Interference Error % Recovery % 

Ascorbic acid +0.24 99.75 

Sodium sulfate +0.72 99.27 

Sodium citrate -0.53 100.53 
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The pharmaceutical application 

  The pharmaceutical application of this method was studied using 
tablets and injections. Calibration curves were made, and accuracy and 
precision were measured (Tables 4 to 7) for all above mentioned 
applications. For each sample three different concentrations were estimated 
from tablets or ampoules.  

Table 4. Results of precision and accuracy for Largactil tablets (25 mg). 

Concentration (µg/mL) 

Present Found RSD% Rec% E% 

10 9.82 -1.8 98.20 0.53 

30 30.04 0.13 100.13 0.71 

50 50.07 0.15 100.15 0.95 

 

Table 5. Results of precision and accuracy for Largactil tablets (100 mg). 

Concentration (µg/ml) 

Present Found RSD% Rec% E% 

10 10.03 0.3 100.30 0.94 

30 29.72 -0.93 99.70 0.62 

50 50.25 0.50 100.50 0.87 

 

Table 6. Results of precision and accuracy for Largactil injection (25 mg). 

Concentration (µg/mL) 

Present Found RSD% Rec% E% 

10 10.08 0.8 100.80 0.55 

30 30.57 1.9 101.90 0.39 

50 49.82 -0.36 99.64 0.43 
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Table 7. Results of precision and accuracy for Largactil injection (50 mg). 

Concentration (µg/mL) 

Present Found RSD% Rec% E% 

10 9.93 -0.70 99.30 0.76 

30 30.81 2.70 102.70 0.33 

50 50.75 1.50 101.50 0.28 

Conclusions 

This study describes a new procedure for the detection 

(spectrophotometrically) of CPZ·HCL by its interaction with PtC in an 

acidic medium, in addition to studying the optimal conditions for the 

complex resulting from this reaction. It was demonstrated that the 

spectrophotometric method adopted in this study can be successfully used in 

the determination of CPZ·HCl through the reaction with PtC as the accuracy 

is less than 2% and recovery is within the range 99.75 to 100.53 for pure 

form and 98.30% to 102.70 for pharmacetual form at a wavelength of  

533 nm. Moreover, the response followed Beer's law within the range (5 to 

75 µg/ml), and the molar absorptivity was (1563.32 L·mole-1·cm-1), while 

the Sandell's sensitivity was 0.2272 µg/cm2. Moreover, the detection limit 

and the quantitative limit are, respectively, (0.5102 µg/mL) and  

(1.7007 µg/mL) which indicates a good sensitivity. 
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