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Abstract 

Simple, rapid, and sensitive spectrophotometric technique has been developed for the estimation of ceftazidime (CFT) in pure form and 

pharmaceutical preparation.  The first technique depends on the conversion of NH2 in   ceftazidime to diazanium salt of ceftazidime 

and coupled with the 1-Hydroxy-2- naphthalicacid reagent in alkaline medium with a molar absorptivity of 1.01115×104 L.mol-1.cm-1 

and a detection limit of 0.63978µg/ml.The violet-colored product showed up at ƛmax 574nm and followed Beer's law over a 

concentration range of 3-40µg/ml. The diazotization of the investigated drug (ceftazidime) and its interaction with 1-HNA was 

investigated via a newly advanced flow injection (FLA) technique based on the detection of dye–azo salt absorption at ƛmax 574 nm. 

The concentrations ranged from 5 to 50 µg/ml. By comparing the proposed methods to previous studies, it was determined that they 

were compatible with appreciating ceftazidime in pharmaceuticals. 

Keyword: Ceftazidime ,  Spectrophotometric , Flow injection , Diazotization , 1-Hydroxy 2-naphthalic acid .  

1. Introduction 

An azo coupling is an organic reaction that produces an azo 

compound by combining a diazonium compound with 

another aromatic compound. The electrophile in this 

electrophilic aromatic substitution reaction is the 

aryldiazonium cation, while the nucleophile is the activated 

arene. [1] The diazonium compound is usually aromatic as 

well. Diazotization is a type of diazotization. Diazotization 

is the procedure of transfiguring primary aromatic amines 

into their diazonium salts. Diazonium salts are vital 

synthetic intermediates that can be used in azo dye coupling 

reactions and electrophilic substitution reactions to introduce 

functional groups. Theapplication of these reactionsare duo 

to extended conjugated systemsthereforeromatic azo 

compounds have a bright color. Many of them are dyes. [2] 

Methyl red and pigment red 170 are two important azo dyes. 

This reaction is also applied in azo printing [3] Azo coupling 

is also used to produce prontosil and other sulfamedications. 

This method has many uses, such as: study of the reaction 

mechanics [4] and used in the spectroscopic estimation of 

drugs [5-14]; determination of vitamins [15]; and the study 

of the stability of the composition of some organic 

compounds [16]. Ceftazidime is a third-generation antibiotic 

with a molecular formula of 546.58g/mol [17], Fig (1) 

 

 
Fig1: Structure of Ceftazidime 

 

It has many uses in the medical field, such as treating 

infections of the blood, bones, and central nervous system. It 

has a role in managing P. aruginosa infection 

[18].Ceftazidime is effective in the treatment of moderate 

and severe COVID-19 patients[19], and urinary tract 

infection[20].  Several studies have estimated ceftazidime in 

various methods, such as: RP-UPLC [21], HPLC 

[22],Electrochemiluminescence [23] Electro-oxidation [24] 

Quantification of CFT in human plasma[25], etc,, These 

approaches offer various benefits, including low price, 
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sensitivity, exactness, speediness, low toxicity, procedural 

uncomplicatedness, and environmental friendliness. They 

have been used to determine    the active ingredient in 

medications and have proven to be successful. 

 

2. Experment: 

2.1.1.Equipment;The single beam advanced microprocessor 

UV-Vis spectrophotometerLI-295 (Lasany®-India)  .was 

used to perform all spectroscopic measurements with a 10 

cm quartz cell. For the flow injection design, a three-channel 

manifold was used. Peristaltic pump with a polyvinyl 

chloride tube (0.8mm) internal diameter (AlLITEA, C4, 

Sweden) 

 
Fig 2. :Diagram of the Applied Flow System 

P. stands for peristaltic pump, R.C stands for reaction coil, S stands for 
sample injection, W stands for waste, and FC stands for flow control. 

 

2.1.2. Chemicals: All of the reagents were of analytical 

quality, It was purchased from various companies. The drug 

CFT was obtained from three different  commercial sources 

;  , (TOTTIZIM made in ITALY ),(YENIZIDIME –Turkey 

– Ankara )  and (Ceftazidime Roth Wiesbaden – Germany ) .  

Stock solutions (1000 µg/ml) of Ceftazidime 

(LaboratoriosTorlan Barcelona, Spain) was made by 

dissolving 0.1 g of the drug in distilled water and diluting to 

the desired concentration in a 100 ml volumetric flask. The 

reagent 1-Hydroxy-2-naphthalic acid (Sigma Aldrich 

company) (2.710-3M) was prepared by dissolving 0.1 g of 

1-HNA in distilled water with 1 ml of base 6.2505 M NaOH 

to aid dissolution and diluting to the mark in a 50 ml 

conicalflask. The other chemicals; HCl (ADR)  1:1 11.9 M , 

25% w/vsodiumhydroxideNaOH  (BDH)  , (  6.2505M), 1%  

sodium nitrate NaNO2  (BDH) were prepared  by dissolving 

in distilled water (D.W). 

2.2. General Procedure of Diazotizationmethod: 
The good method for preparing Azo coupling was developed 

by adding 1 ml of 1000 µg/ml ceftazidime to a 20 ml conical 

flask submerged in an ice bath at 0–5℃, then adding 1 ml of 

(1:1) HCl and gradually 1 ml of 1 percent sodium nitrite, 

waiting for 10 minutes, then adding 1 ml of reagent 2-HNA 

and 1 ml of 25 percent NaOH. The azo-dye produced is 

violet in color and has a maximum absorbance of ƛ max 

574nm. 

2.3.General Procedure of Flow injection: 
Using a three-channel peristaltic pump, the first of which 

contains a mixture of HCI and NaNO2, the second of which 

contains the reagents (1-Hydroxy-2-naphthalic acid), and the 

product is passed on to the injector, which contains the drug, 

which is passed on to the reaction coil (100cm), where the 

product is treated with the base sodiumhydroxide 5%, and 

then to a UV-Visible device for measuring absorption at   λ 

max 574nm . 

 

 

 

 

 

 

3. Result and Discussion: 

3.1. Absorption spectra  

Figures (3) show the spectrum product of  50µg/ml  solution 

of CFT -1-HNA against  blank solution . The spectra show 

that the ƛmax574nm . 

 
Fig .3 : Absorption spectrum for 50 µg/mL of CFT-1- HNA  against reagent 
blank. 

 

3.2.Part 1: Study of optimization reaction of diazozation: 

To determine the best circumstances in the CFT estimate, 

the impacts of different   variables on absorption intensity 

were investigated. The CFT was tested at a concentration of 

50 µg/ml in a 20 ml  conical flask. The effect of acid type 

was investigated, and some acids(HCI, HNO3 , H2SO3 and  

H3PO4 )  were diluted (1:1) to concentrations of (11.9, 14.2, 

18.35, and 16.5 M) and tested in a diazotization-coupling 

reactionasshownin  Table 1. When HCl  was applied, the 

maximum absorption was achieved. The diazotization-

coupling reaction was studied with volumetric effect. In the 

diazotization process, hydrochloric acid  was investigated by 

testing different volumes (0.5–2.00 ml) of M HCl.It was 

discovered that 1 ml offered the best absorption intensity, 

see figure4. 

Table 1 :The effect Acid type on absorbance single of CFT 

Type of Acid  Absorbance CFT -1-HNA 

at 574 nm  

HCl 0.509 

H2SO4 0.114 

HNO3 0.125 

H3PO4 0.242 
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Fig 3 :The effect of HCl (1:1)  volume  

The influence of volume sodiumnitrite was investigated by 

testing several volumes (0.5 -2.00ml) of (1 % NaNO2) in the 

Azo – dye process, and it was discovered that 0.5 ml offered 

best absorbance,see figure4. 

 

Fig 4 : The effect of NaNO2 volume  

Different waiting intervals were attempted after adding 

NaNO2 to the mixture of the reaction (5-30 minutes). As 

illustrated in Figure 5 , a waiting time of  minutes was the 

ideal time for obtaining the highest absorption intensity. 

 

Fig 5 :The effect of  time after the addition of NaNO2 

The influence of three different bases (KOH, NaOH, and Na 

2CO3) on the diazotization- coupling reaction was 

investigated. In this reaction, it was discovered that NaOH 

has the maximum absorbance. As a result, the influence of 

varied quantities of 6.2505 M NaOH (0.5 -2.00 ml) on 

absorption was investigatedas demonstrated in figure 6. 1 ml 

was the ideal volume for obtaining the maximum 

absorption. 

 

Fig 6 : The effect of  25 %sodium hydroxide  . 

Volume . 

A 1-HNA reagent solution with a mole ratio equal to the 

CFT was created to investigate the impact of reagent volume 

and the nature of the coloreddye. As a result, the approach 

used in this study is the same as the mole ratio method, 

which may be used to determine the drug-to-reagent ratio. 

With l ml (1.77×10-3  M) of Ceftazidime , Many volumes) of 

( 2.7×10-4 M) 1-HNA (0.5 - 1 ml)  were investigated. At 0.5 

ml of reagent, the optimum absorption was attained, and 

afterward, the absorption had almost reached a plateau. The 

colored dye is produced in a 1:1 ratio. Fig 7. 

 

Fig 7 : The mole-ratio plot for  batch method of ceftazidime 

to 1-HNA . 
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Fig  8 : The suggested mechanism for CFT – 1-HNA . 

 

3.2.1.Analytical data :Under the optimized experimental 

conditions, Calibration  curve was obtained for CFT  

concentration  ranging from 3 to 40 µg/ml. The analytical 

curves are presented in Figure 10, and the linearity, 

regression equation,Sandell’s sensitivity, LOD and LOQ , 

and other analytical  are presented in Table  2. 

 

 

Fig 9 : Calibration curve if CFT -1- HNA . 

 

 

 

 
 

 

 
 

 

Table 2 .characteristic parameters of proposed diazonum salt methods. 
 

Parameter CFT-1-HNA 

Color of product Violet 

λ max (nm)                       574 

Liner range (µg.ml-1) (3-40) 

Molar absorptivity, Ɛ (L.mol-1.cm-1) 1.01115×104 

Regression  

Equation 

y=0.0175x+0.0084 

Sandell sensitivity, S (μg .cm-2)/0.001A.U 0.5406 

Intercept (a)  

Slope (b) (L.mg-1.cm-1) 

0.0084 

0.0175 

Coefficient of determination % R2 99.98 

Correlation coefficient (r)  0.9998 

Limit of detection (µg.mL-1
) 0.6398 

Limit of quantification (µg.mL-1
) 2.1326 

Standard error for regression line (Sy/x) 0.2816 

 

 

3.2.2. Accuracy and precision 
Under ideal conditions, the accuracy and precision of the 

proposed technique were investigated. Utilizing three 

different concentrations  ,  as well as  measuring absorbance 

for at least five measurements per concentration and 

measure t, F test for estimation  of CFT in pharmaceutical 

preparations.

. 

Table 4: Accuracy  andPrecision of the Batch  technique for CFT pure 
 

Amount of CFT (µg/ml) E% Recovery% Average % RSD% 

(n=5) Taken Found 

5 4.83 -3.4 96.6 99.48 0.760 

20 20.38 1.89 101.89 0.407 

40 39.98 -0.58 99.9 0.4012 
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Table  5   :  Application of the proposed  Batch  technique  for the estimation of Ceftazidime in different companies of drugs by 

using the reagent 1-Hydroxy -2-naphthalic acid . 

Type of drugs Amount of drugs 

µg/ml 

E% Recovery% Average% 

 

Value  R.S.D% 

 Taken Found    t F (n=5) 

Ceftazidime 

YENIZIM 

made in 

Turkey –

Ankara 

5 4.77 -6 94    1.233 

20 20.32 1.6 101.6 98.47 0.0045 0.997 0.313 

40 39.92 -0.2 99.9    0.185 

Ceftazidime 

TOTTIZIM 

made in 

ITALY 

5 4.71 -5.7 94.28    0.976 

20 20.26 1.3 101.3 98.40 0.0089 0.995 0.642 

40 39.85 -0.4 99.63    0.215 

Ceftazidime 

ROTH madein  

Wiesbaden 

Germany 

5 4.88 -2.4 97.6    1.420 

20 20.42 2.1 102.1 99.73 0.00201 1.008 0.643 

40 39.80 -0.5 99.5    0.369 

 

3.3.Part 2 : Study of the optimum reaction conditions for 

the Flow injection analysis  (FIA) method; 

An FIA approach was developed using a batch method for 

spectrophotometric analysis of CFT. The CFT estimation 

manifold was created to allow for the control of various 

reaction conditions in order to amplifythe diazotization of 

CFT.Coupling with 1-Hydroxy-2-naphthalic acid in an 

alkaline medium produces an absorbance signal. 

There are many conditions that affect the absorption density 

of colored solutions, including the effect of acid 

concentration, HCl   where different concentrations  (1.16 – 

5.8 ) M of acid have been studied.It was found that 20  is the 

optimal concentration  gives the highest absorption density. 

The impact of  sodium nitrite NaNO2  volume on absorbance 

was then investigated , with 20 ml  providing the highest 

absorption density  . In addition , the concentration of the 

reagent (1-HNA )  has a significant effect on the naturalness 

of the violet solution formed, as several concentrations from 

(0.0694 ×10-3 to  0.832×10-3)M were tested for the reagent.It 

was found that  0.671×10-3M was the best concentration of 

the reagent that gave the highest absorption intensity. 

Finally, the effect of the base concentration  ofNaOH (5 – 25 

)% on the naturalness of the produced violet solution was 

investigated, as 5% the optimal base concentration affects 

absorbance,as shown in  figure 10 – 13 . 

 

 

Fig 10 :The effect of HCl concentration  

 

 

 

Fig 11  : The effect Influence of NaNO2 volume  
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Fig 12 :The effect of reagent 1-HNA concentration. 

 

 

 

3.3.1. Analytical curve  ; Under the optimized experimental 

conditions, Calibration  curve was obtained for CFT  

concentration  ranging from3 to 50 µg/ml. The analytical 

curves are presented in Figure  14 , and the linearity, 

regression equation,Sandell’s sensitivity, LOD and 

LOQ.Other analytical  are presented in Table3. 

 

 

 
 
Fig 14 : Calibration curve of CFT -1-HNA 

Fig 13 :The effect  of %NaOH concentration  

 

 
Table 6 .characteristic parameters of proposed FIA methods. 

 

Parameter CFT-1-HNA 

Color of product Violet 

λ max (nm)                       574 

Liner range (µg.ml-1) (3-50) 

Molar absorptivity, Ɛ (L.mol-1.cm-1) 1.00568×104 

Regression equation y=0.0136x+0.0505 

Sandell sensitivity,  

S (μg .cm-2)/0.001A.U 

0.5435 

Intercept (a)  

Slope (b) (L.mg-1.cm-1) 

0.0505 

Coefficient of determination % R2 99.98 

Correlation coefficient (r)  0.9998 

Limit of detection (µg.mL-1
) 0.7895 

Limit of quantification (µg.mL-1
) 2.6318 

Standard error for regression line (Sy/x) 0.3347 

 

3.3.2. Accuracy and Precision : 

The accuracy and precision of the FIA-method were 

investigated when the prescribed process was used to 

estimate the five duplicates of the concentration of CFT at 

three concentration points of the drugs in their pure form 

and in pharmaceutical.    
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Table 7: Accuracy and Precision of FIA technique for CFT pure 

 

Amount of CFT (µg/ml) E% Recovery% Average % RSD% 

(n=5) Taken Found 

10 9.82 -1.84 98.16 99.02 0.8593 

30 29.74 -0.87 99.13 0.348 

50 50.11 0.22 99.78 0.311 

 

 

Table   8 :  Application of the proposed FIA technique  for the estimation of Ceftazidime in different companies  of drugs by using 

the reagent 1-Hydroxy -2-naphthalic acid . 

Type of drugs Amount of drugs 

µg/ml 

E% Recovery% Average % 

 

Value  R.S.D% 

(n=5) 

Taken Found t F 

Ceftazidime 

YENIZIM 

madeinTurkey 

–Ankara 

10 9.89 -1.1 98.89  

 

99.55 

 

 

0.119 

 

 

1.115 

0.709 

30 29.82 -0.61 99.38 0.439 

50 50.18 0.37 100.3 0.155 

Ceftazidime 

TOTTIZIM 

made in ITALY 

10 9.74 -2.57 97.43  

 

98.94 

 

 

0.0049 

 

 

0.991 

0.991 

30 29.67 -1.10 98.89 0.423 

50 50.26 0.514 100.5 0.325 

Ceftazidime 

ROTH madein  

Wiesbaden 

Germany 

10 9.96 -0.37 99.63  

 

99.98 

 

 

0.0109 

 

 

0.986 

0.612 

30 29.88 -0.37 99.6 0.379 

50 50.33 0.66 100.6 0.314 

 

4. Conclusion  
 This paper   includes two simple, sensitive, techniques for 

determination of ceftazidime using the reagent 1-HNA which 

is cheaply available. The first method (AZO-dye process) 

includes the conversion of the ceftazidime into a colored dye 

measured by a UV- Vis spectrophotometer. The second 

technique involves a determination by flow injection . These 

techniques have been successfully used  in the determination 

of ceftazidime in pharmaceuticals. 
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