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Abstract  
The stopped-flow injection technique is a simple analytical method with many applications, 
especially in chemical analysis based on the physical and chemical treatment of a diluted sample 
injected into the carrier stream. Its speed and high accuracy characterizes the technique and is cost-
effective as it does not require high concentrations and large volumes of the substance to be 
estimated and the reagent used. Furthermore, it is an environmentally friendly technology, 
considered one of the most important chemical analysis techniques, including the determination 
of drugs in pharmaceutical preparations. 
Captopril is a medication that includes L-proline, which enhances its bioavailability when taken 
orally. It has multiple applications, including treating high blood pressure, heart disease, and 
diabetic nephropathy, as well as preserving kidney function. Additionally, it has been used as an 
antidepressant. 
In this technique, captopril is reacted with DTNB reagent in the presence of buffer solution 
(Na2HPO4) to produce a yellow product with a wavelength of 421 nm. The reaction is carried out 
under certain physical and chemical conditions, such as a flow rate of 1.0 ml/min, a reaction coil 
length of 100 cm, and a reaction time of 20 seconds. The technique can detect drug concentrations 
within the range of 1-200 ppm, with a limit of detection (LOD) and limit of quantitation (LOQ) of 
0.22 ppm and 0.764 ppm, respectively. The technique has a relative standard deviation (RSD) 568 
and a correlation coefficient (R2) 0.9984. 
Keywords: flow injection, DTNB, Captopril. 
 
1. Introduction 
A Continuous Flow Injection Analysis (CFIA) manifold is a device that injects a liquid sample 
into a continuous carrier stream of a suitable liquid using a CFIA manifold without any gaps 
between the sample and the carrier stream. This equipment is simple, affordable, and has a high 
sample rate and dependability while still being easy to use. The residence time of the sample in a 
non-segmented stream is much less than the residence time in an air-segmented system(1). Over 
the years, several other highly competitive flow injection instruments have been created and 
deployed to various applications, including traditional Normal Flow Injection (nFIA) injection 
analysis, which resulted in the emergence of several forms of this technique, including injection 
and stopped-flow injection analysis (rFIA), stopped-flow and confluent areas, Merging zone and 
others(2). 
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Johnson and Petty proposed this technique in 1982 as an early attempt to detect the amount of 
phosphate in seawater by injecting the reagent into the water(3). RFIA was utilized, which is a 
reversed FIA technique. The sample was pumped continuously rather than through a carrier and a 
premixed reagent was injected instead of a page. This is because dispersion in rFIA is lower than 
in traditional FIA, which reduces the diluting impact and increases insensitivity. Several factors 
significantly affect the phenomenon of dispersion(4). Some factors lead to an increase in the 
phenomenon of dispersion, which is the biggest problem that the chemical reaction suffers from.  
The instrument used to introduce a specified and constant model size into the current of the carrier 
current injection is also called a rotary valve, hex valve, or hex valve, as the load current passes 
continuously in the bypass. The sample is temporarily loaded with bearing couplings of known 
lengths and diameters when injected by the syringe and then transferred to the injection site(5). 
The injected sample reacts with the reagents in the manifold.  
Flow injection analysis is a versatile instrumental tool due to its simplicity, small sample volumes, 
low reagent consumption, and high reproducibility. Such analysis generally allows the acquisition 
of analytical data at a low cost and in a relatively short analysis(6). Captopril reacts with DTNB 
to form a yellow product, as shown in Figure 1. 

 
Figure 1. The reaction between Captopril and DTNB. 
2. Materials and Methods 
2.1. ChemicalsAll chemicals and reagents used in this project are analytical-grade materials 
[DTNB (Thomas Baker (Chemicals) Pvt. Ltd.), Na2HPO4 (Thomas Baker (Chemicals) Pvt. Ltd.), 
Captopril (Thomas Baker (Chemicals) Pvt. Ltd.), and Sodium Citrate (Thomas Baker (Chemicals) 
Pvt. Ltd.)]. 
2.2. Instrument 
Several devices were utilized: Peristaltic pump, Rotary 6-port injection valve, Competence 
Analytical Balance, and Biologic Quad Tec UV-Vis Detector.. 
2.3. Sample preparation of Captopril 300 ppm: 
The standard drug was prepared by dissolving 25 mg of Captopril in 25 mL of distilled water, then 
diluting the solution to 100 mL in a volumetric flask with distilled water.. 
 
2.4. Na2HPO4 salt 2000 ppm:  
The material is dissolved in 100 ml to obtain a concentration of 2000 ppm after weighing 200 mg 
(0.2 g). 
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3. Results and discussion 
3.1. Determination of Captopril in terms of DTNB using Flow Injection Analysis 
We carefully selected the Accumulate Peak Analysis (APA) technique for its precise and speedy 
analysis, as well as its ability to clearly visualize data. The data we obtained through this method 
were compared to a standard solution using a specialized equation. By doing this, we were able to 
gain a deeper understanding of the factors that impact analysis performance, which will help us in 
the next stage. For further information, see Figure 2.  
 
 
 
 

 
 
Fig [2]: UV-absorbance scanning spectrum for the reaction product between 10 ppm Captopril 
and 10 ppm DTNB with Na2HPO4. 

3.2. Determine the Time  of the stop 
 The experiment was conducted to determine and test the stability of the reaction and its 
peak at a time starting from 0, 10, 20, 30, 40, 50, and 60 seconds under the following 
conditions(7). The experiment was conducted to determine and test the stability of the reaction, 
as shown in Fig [3]. 
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Fig [3]: Effect of time on the reaction of captopril with the reagent DTNB at wavelength  
In order to determine pure ranitidine in pharmaceutical preparations, a stability time of 20 minutes 
is required for the source (12). An experiment was conducted to find the most effective reaction 
coil that would allow the reaction to reach the highest level of mixing. The experiment was 
conducted using reaction coils of varying lengths, starting from 25cm and increasing incrementally 
to 50cm, 75cm, and finally 100cm. The experiment was conducted under specific conditions: 

Drug 

concentration =100ppm, reagent concentration 50ppm, Na2HPO4=2000 ppm, flow rate= 1.5 
ml/min, the stopping time =20 seconds, and the wavelength is 421 nm at room temperature, as 
shown in the Fig [4] 
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Fig [4]: The absorption peak height was determined by the reaction coil under the following 
conditions: captopril conc. = 100 ppm, DTNB conc. = 50 ppm, Na2HPO4 = 2000 ppm, and at 
room temperature. 
 
3.3. Determine the appropriate Flow Rate:During the experiment, the goal was to find out the 

best flow rate for effective mixing without compromising response sensitivity. To achieve this, 
various pump speeds ranging from 0.5 mL/min to 2.5 mL/min were utilized. The experimental 
conditions are depicted in Figure 5. 
 
Fig [5]: The effect of flow rate on the absorption peak height when captopril. 
 
3.4. The effect of temperature on the interaction of the captopril with DTNB. 
To determine the ideal temperature for the reaction without any breakage or disintegration, the 
experiment was conducted at different temperatures ranging from 30 to 60 degrees Celsius. The 
experiment was conducted under the following conditions: cap = 100 ppm, DTNB = 50 ppm, 
Na2HPO4 = 2000 ppm, wavelength = 421, using the reaction coil = 100 cm, with a stop time of 
20 seconds and a flow rate of 1.0 ml/min(8). The findings are illustrated in Figure 6 
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Fig [6]: Effect of temperature on the reaction of Cap and DTNB in the presence of 
Na2HPO4. 
3.5. Effect of DTNB concentration: 
The purpose of the experiment was to determine the optimal concentration of the reagent required 
for complete reaction. To achieve this, various concentrations of the reagent were tested, ranging 
from 10-60 ppm, under the following conditions: 
 Drug concentration was 100 ppm, Na2HPO4 was 2000 ppm, stop time was 20 seconds, the 
reaction coil was 100 cm, the flow rate was 1.0 ml/min, the wavelength was measured at 421 nm 
and the temperature was 40°C. Data is presented in Fig [7]. 
Fig [7]: The influence of DTNB concentration on the absorption peak height when captopril conc. 
= 100 ppm, reaction coil length = 100 cm, temperature=40 C0, flow rate =1.0 ml/min, stop time 
=20 sec. 
3.2.1. B.7. Effect of   Na2HPO4 concentration: 
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Fig [8]: The absorption peak height was studied with varying Na2HPO4 concentrations. 
 
Experimental conditions included Cap conc. at 100 ppm, DTNB at 50 ppm, reaction coil length at 
100 cm, the temperature at 40 C, flow rate at 1.0 ml/min and stop time at 20 sec. 
Based on the obtained results, it was observed that the permeation increased with the concentration 
of the buffer until it reached a stable state. The absorption and response were found to be high at 
a buffer concentration of 2500 ppm, as it produced a clear peak without any distortion in 
comparison to lower concentrations. Therefore, it can be inferred that the optimal buffer 
concentration is 2500 ppm(9), as represented in Figure 8. 
 
General procedures and the calibration curve are discussed below: 
The quantitative determination of captopril was carried out under optimum conditions. To prepare 
the calibration curve, captopril solutions with varying concentrations were analyzed using the FIA 
system, and the absorption peak height value of the formed complex was plotted against the 
concentration at 421 nm. Using this method, captopril can be determined in the range of 1 to 200 
ppm, as demonstrated in Fig [9] and Fig [10]. 

 
Fig [9]: Absorption spectra of Captopril. 
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Fig [10]: Calibration curve of captopril. 
The suggested method's sensitivity, represented by the detection limit (LOD) and quantitation limit 
(LOQ), has been estimated to be 0.22 ppm and 0.764 ppm, respectively. The standard deviation is 
0.5242. 
 
Table [1]: The effect of captopril conc. On the absorption peak height when DTNB conc. = 50 
ppm, reaction coil length = 100 cm, Na2HPO4= 2500 ppm temperature=40 °C. 

Index Sample cons. ppm Peak Height 
1 1 1 0.212 
2 25 25 0.874 
3 50 50 1.7 
4 75 75 2.6 
5 100 100 3.3 
6 125 125 4.1 
7 150 150 5.0 
8 200 200 6.5 

 
3.6. The method to determine captopril in water-based solutions is as follows: 
Four aqueous solutions of unknown concentration were prepared, and their absorbance was 
measured under optimal conditions. The concentration of the solutions was then determined by 
calculating the absorbance of the drug concentration in the calibration curve and comparing it with 
the absorbance of the prepared drug concentration. Considering any preparation errors, the 
calibration curve provided values very close to the prepared solutions. This is illustrated in Figure 
11. 
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Fig [11]: The spectrum of possible applications. 
Table 2: Value of sample application 
Sample Peak Height Taken (Sample) Founded 
MESNA 0.838 25 23.97 
Tiopronin 1.548 50 45.52 
Cysteamine 1.672 50 49.17 
Amifostine 1.536 50 45.17 

 
3.7. The determination of dispersion: 
In order to demonstrate the extent of the dispersion process within the flow injection system from 
the injection point at the valve to the detecting point at the detector, the dispersion coefficient 
(dilution factor D) was studied. The experiment aimed to calculate the dispersion in the reaction, 
and two experiments were conducted for this purpose(11). 
In the first experiment, the reagent and buffer were combined as a carrier solution and pumped 
through the valve with the drug (100ppm), resulting in an absorbance of 3.932A. 
In the second experiment, A mixture of each drug at 100ppm, DTNB at 50ppm, and Na2HPO4 
at 2500ppm was combined externally and used as a carrier solution without the use of an injection 
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process. The absorbance was measured and found to be 6.549A. Based on these results, the 
dispersion can be calculated as 1.66, as shown in Figure 12. 
 
Fig [12]: Dispersion coefficient study results for captopril determination FIA system. 
Repeatability: 
In order to determine the accuracy and sensitivity of the proposed method, an experiment was 
conducted. The absorbance was measured five times in a row, with the drug concentration set at 
100ppm and under optimal conditions. The aim was to measure the relative standard deviation 
(RSD%), as illustrated in Figure 13Fig [13]: Repeatability of 100 ppm for captopril solution by 
FIAIt was found that the proposed method had high sensitivity and accuracy, with a standard 
deviation (SD) of 0.5242 and a relative standard deviation (RSD%) of 15.0%. Table [3]: 
Repeatability results for 100 ppm captopril solution by FIA. 

Sample 
No. 

1 2 3 4 5 Mean SD RSD% 

Flu. 3.5 3.49 3.5 3.5 3.48 3.494 0. 5242 15.0% 

 
Table [4]: different methods used to determine Captopril 
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2-Chloro-1-methyl 
quinoliniumtetraflu
oroborate 

355 HPLC 0.05 0.1 0.999 
0.1-
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0.1
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 89 

ethyl-propiolate 285 HPLC 10 35 0.999 
0.5–
25.0 

 96% 90 
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0.9
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Paracetamol 220 
RP-HPLC-
DAD 

5.10×1
0-4 

1.5
6×1
0-3 

0.999 
0.5-
200 

<2 

99.4
5%– 
102.
55% 

92 

 
 
. Conclusions 
The flow injection technique can be used to identify drugs in the presence of reagents with thiol 
groups. In a recent study, all designed systems were found to be highly effective. This analytical 
method is known for its speed, accuracy, sensitivity, and responsiveness in detecting and 
estimating drugs with even the smallest concentrations, the largest number of samples, and the 
smallest volumes of reagents, all in a very short time. The flow injection system is also known for 
using tiny volumes, low concentrations of the reagent and the carrier solution mixture, and the 
small sample volume, thus minimizing chemical consumption. The new systems have high 
selectivity and recovery, good repeatability, fair relative standard deviation values, high sampling 
rate, precision, and accuracy. The calibration graph can also determine the linear range for the 
reaction of the DTNB reagent with Captopril in aqueous solutions. 
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