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Abstract: A simple, rapid and sensitive spectrophotometric method has been developed for 

the quantitative determination of four drugs of pharmaceutical interest; cefotaxime Na, 

cefoperazone Na, ceftazidime pentahydrate, ceftriaxone Na, 3rd generation cephalosporins 

The method based on the reduction of the chromogenic agent, sodium molybdate (Mo6+) 

'into molybdenum blue (Mo5+) the examined drugs in sulphuric acid medium and by aid of 

heating in boiling water bath. The resulting "blue colored" products possess a 

characteristic max at 680 nm, different factors are studied such as, effect of temperature, 

time, surfactant and interference. Beers law is obeyed over the concentration range of 2 -

70 µg ml-'with molar absorpitivities ranging from 0.599 ×104 Lmol-1cm-1 - 1.794×104 Lmol-

1cm-1and Sandell sensitivities ranging from 0.02538 µg cm-2 - 0.1077µg cm-2. The proposed 

method has been applied successfully for the determination of the examined drugs both in 

pure form and in pharmaceutical formulations. The method also finds a good application 

for urine and blood samples. 

Keywords: Spectrophotometric Method, Cephalosporins, Sodium Molybdate, 

Pharmaceutical Samples, Urine Sample, Blood Sample. 

INTRODUCTION 

The cephalosporins are the largest and most diverse family of beta-lactam antibiotics. They are 
structurally and pharmacologically related to the penicillins. Cephalosporins have a beta-lactam ring 
structure. Cephalosporins are bactericidal agents (which mean that they kill bacteria) and have the same 
mode of action as other beta-lactam antibiotics (such as penicillins). All bacterial cells have a cell wall that 
protects them. Cephalosporins disrupt the synthesis of the peptidoglycan layer of bacterial cell walls, 
which causes the walls to break down and eventually the bacteria die. Cephalosporins are grouped into 
"generations" based on their spectrum of antimicrobial activity. Each newer generation of cephalosporins 
has significantly greater gram-negative antimicrobial spectrum than the preceding generation, and in 
most cases decreased activity against gram-positive organisms. Fourth generation cephalosporins, 
however, have true broad spectrum activity. The third generation cephalosporins have a marked activity 
against gram-negative bacteria due to enhanced beta-lactamase stability and the ability to penetrate the 
gram-negative cell wall. They have more favorable pharmacologic properties than previous generations. 

A simple method for the spectrophotometric determination of cephalosporins in pharmaceuticals 
using variamine blue[1] A simple and reproducible spectrophotometeric method for the assay of 
cefotaxime sodium, cefuroxime sodium, and ceftriaxone disodium with metol-chromium(VI) reagent has 
been developed. The procedure is based on direct oxidation of metol by potassium dichromate in 
presence of drug in acidic medium and subsequent formation of ternary complex [2]Spectroflurimetric 
analysis of cefotaxime sodium by using 4-fluoro-7-nitrobenzofurazan as derivatization agent.[3] Visible 
spectrophotometric determination of cephalosporins and penicillins by indophenols derivatization with 
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and without alkaline degradation to ammonia[4] New spectrofluorimetric method for determination of 
cephalosporins in pharmaceutical formulations.[5] Spectrophotometric Estimation of Cefotaxime and 
Ceftriaxone in Pharmaceutical Dosage Forms[6]UV- Spectrophotometric determination of Ceftazidime in 
pure and pharmaceutical formulation[7]Development and Validation of a Simple UV Spectrophotometric 
Method for the Determination of Cefotaxime Sodium in Bulk And Pharmaceutical 
Formulation[8]Synthesis and Characterization of Schiff Base Metal Complexes Derived from Cefotaxime 
with 1H-indole-2,3-dione (Isatin) and 4-N,N-dimethyl-aminobenzaldehyde[9] 

Instrumentation 

(Visible Spectrometer) Shimadzu recording spectrophotometer UV 1800 equipped with 10 mm 
matched quartz cells was employed for all absorbance measurements. 

(IR Spectrometer) Equipment a conventional. (Thermo fisher Germany) IR Spectrometer Model FTIR 
8300 (Tokyo, JP). 

(pH meter ) Scan PCD 6500 with a pH glass electrode. (Thermo fisher Germany) 

Purified water was prepared using a Barnstead EASY pure RoDi water system, having a conductivity 
of 17.6 MΩ-cm, and then filtered through a 0.45μm membrane filter water purification system (thermo 
fisher Germany) water purification system. 

A) Materials  

Company Molecular 
g/mol)Weight( 

Molecular Formula Chemical 

Fresenius kabi, Italy 455.47 2S7O5N17H16C Cefotaxime sodium 

Fresenius kabi, Italy 645.67 2S8O9N27H25C cefoperazone 

Fresenius kabi, Italy 554.58 3S7O8N18H18C Ceftriaxone 

Fresenius kabi, Italy 546.58 2S7O6N22H22C Ceftazidime 

Alnser Egypt 73.09 C3H7NO Dimethyl formamide 
Merck , Germany 205.92 Na2 MoO4.2H2O Sodium molybdate 
Merck , Germany 119.002 KBr Potassium bromide 
Merck , Germany 98.079 H2SO4 Sulfuric acid 
Merck , Germany 1227.54 26O114H58C Tween 20 
Merck , Germany 1310 26O124H64C Tween 80 
Merck , Germany 288.372 4SO25H12NaC Sodium lauryl sulphate 

Merck , Germany 336.39 C17H38BrN Cetrimide 

Merck , Germany 136.079 C4H12Na2O7 Sodium acetate Tri hydrate 
Merck , Germany 60.05 C2H4O2 Glacial acetic acid 
Merck , Germany 74.5513 KCl Potassium chloride 
Merck , Germany 36.46 HCl Hydrochloric acid 
Merck , Germany 46.03 CH2O2 Formic acid 
Merck , Germany 68.007 HCOONa Sodium formate 
Merck , Germany 136.086 KH2PO4 Potassium dehydrogen phosphate 
Merck , Germany 114.2 Na2HPO4 Disodium phosphate 

SOLUTIONS  

A sample of (1×10-2) M cefotaxime sodium was prepared by weighted (4.77 gm) and quantitatively 
transferred into a 1000 mL volumetric flask. 

(1×10-2) M of Cefoperazone sodium was prepared by weighted (6.68 gm) and quantitatively 
transferred into a 1000 mL volumetric flask. 

 (1×10-2) M of Ceftriaxone sodium was prepared by weighted (6.62 gm) and quantitatively transferred 
into a 1000 mL volumetric flask. 

 (1×10-2) M of Ceftazidime was prepared by weighted (6.37 gm) and quantitatively transferred into a 
1000 mL volumetric flask. 

 (1×10-2) M of Sodium molybdate was prepared by weighted (2.05 gm) and quantitatively transferred 
into a 1000 mL volumetric flask, then the solution was standardized according to Vogel. 

Sulfuric acid by 1:1 was accurately prepared by taken (50 ml) of concentrated acid and quantitatively 
transferred into a 100 mL volumetric flask, and then complete with 50 ml distilled water. 

https://en.wikipedia.org/wiki/Cefoperazone
https://en.wikipedia.org/wiki/Cefoperazone
https://en.wikipedia.org/wiki/Cefoperazone
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Surfactants 

(1×10-2) M of tween 20 was prepared by weighted (12.27 gm) and quantitatively transferred into a 
1000 mL volumetric flask. 

 (1×10-2) M of tween 80 was prepared by weighted (13.10 gm) and quantitatively transferred into a 
1000 mL volumetric flask. (1×10-2) M of sodium lauryl sulfate was prepared by weighted (1.36 gm) and 
quantitatively transferred into a 1000 mL volumetric flask. 

(1×10-2) M of Cetrimide was prepared by weighted (3.36 gm) and quantitatively transferred into a 
1000 mL volumetric flask. 

Buffers 

Acetate Buffer 

Place the specified amount of sodium acetate in 1000-ml volumetric flask, add the specified volume of 
the acetic acid solution, and then add water to volume and mix. Lurie,(1978) 

Universal Buffer 

Place 50 ml of the sodium hydroxide solution in 200-ml volumetric flask, adds the specified volume of 
the hydrochloric acid solution, and then adds water to volume and mix. Britton, (1995) 

Formate Buffer 

Prepare 1 liter of formate buffer Prepare 800 ml of distilled water in a suitable container, add 8.66 gm 
of sodium formate to the solution, add 2.18 of formic acid to the solution, adjust solution to desired pH 
using formic acid, add distilled water until volume is 1L Lurie,(1978). 

Phosphate Buffer 

Place 8.95 gm of di sodium hydrogen phosphate and 3.40 gm of potassium di hydrogen phosphate in 
1000-ml volumetric flask then add water to volume and mixif necessary adjust the pH with phosphoric 
acid. Lurie,(1978) 

PROCEDURE 

1) Preparation of molybdate drug complex 

 Take (10) ml of certain drug (1×10-2) M in flask then add ( 30 ) ml sodium molybdate (1×10-2)M ,then 
acidify by add drops from sulfuric acid (2 M) to reach pH 1.7 . The mixtures were heated on water bath 
just before boiling for the appropriate time 5 minutes and then cooled to room temperature. Then filter 
the precipitate, drying then wash by ethanol 97 %. Then the precipitate was dissolved in 50 ml DMF 

2) IR Analysis 

 A sample of each standard drugs and each sample of drugs complex powder were weighed and an 
amount of powder equivalent to 300 mg of sample was mixed and ground with potassium bromide. 
Dilutions with potassium bromide were made to give translucent pellet. Lectures were made at 
wavelength region of (500-4000 cm-1). 

3) Optimization of the Reaction Conditions 

 Composition of the Complex 

a) Molar Ratio (Yoe and Jones, (1944) 

 For investigation the molecular structure of complex formed between the drug and molybdate , a 
series of solution was prepared in which the metal ion concentration was kept constant by 1ml ( 1X10-3 
M), while that of the ligand was regularly varied from 0.6 to 6 of ( 1X10-3 M) the absorbance of these 
solutions were measured at 680 nm with all optimum condition and then plotted against the molar ratio 
reagent / metal gave the absorbance- molar ratio curve which showed that the drug formed a 1:3 complex 
with molybdate through the combination with the metal ion . 

b) Continuous Variation (Job, 1928) 

 The continuous variation method was utilized for investigation the reaction between drug and ligand. 
a series of solution was prepared by mixing equimolar solution of drugs and ligand in different 
proportions from 0.1 ml to 0.9 ml (1X10 -3 M) of the same concentration constant A plot of absorbance at 
the recommended wavelength versus mole fraction was used to determine the drug ratio (Fig 12) showed 
that the maximum absorbance obtained at molar ratio of 1: 3 for the drug complex. 
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4) Factors Affecting the Complex Formation 

Effect of pH and Buffer 

1) Effect of pH 

 The effect of pH on the colour formation was studied over the pH range 0.5 – 5.0 in (Fig 5). It was 
found that by using sulfuric acid then the PH was changed by drop wise addition of 2 M H2SO4 From pH 
0.5 to 5 And the absorbance was measured against the blank prepared in the same manner without drugs 
the results showed that. 

2) Effect of Buffer 

A series of universal buffer solutions, covering the pH value ranging from 1.2 to 5.5 were prepared as 
recommended and they in procedure is carried out in presence of each buffer separately 

3) Effect of Temperature 

The effect of heating time on the absorption intensity was studied .Different heating on a boiling water 
bath at 30 - 40 -50 -60 -70- 80-90 -100 °c. After each time of heat the absorbance measured against a bank 
sample for each drug separately. 

4) Effect of Surfactants 

In order to study the effect of the surfactant on colour stability, 1 ml of different surfactant (cetrimide, 
sodium lauryl sulfate, tween 20, and tween 80)(1×10-2 M) Put 5 ml of one the solvent in 15ml of each drug 
then record the result and repeat the steps with other solvent was added to sample of solution containing 
4 ml (1×10-3 M) and absorbance was measured versus the blank. 

5) Effect of Time 

The stability study was carried out by measuring the absorbance of the colored product at different 
time. The color of the solution was nearly stable up to 180 min as shown in Table (5). The absorbance 
spectra of colored product under optimum conditions was recorded and showed a maximum absorbance 
at 680 nm against reagent blank. 

6) Interference Study 

The extent of interfering by some excipients which often accompanied pharmaceutical preparation 
was studied by measuring the absorbance containing 10μg ml-1 of drugs and different volumes (0.1, 0.3, 
and 0.5) ml of (1000) μg ml-1 of excipient in final volume of 10 ml. 

5) Beer’s Law 

 Prepare a series of colored solutions containing 2 ml of sodium molybdate (1x10-3M)the optimum 
volume of reagent and different concentration of drug ions ranging fromgraphs were linear from,3 - 100 
µg ml-1 Cefoperazone Na ,1 - 100 µg ml-1 Ceftazidime pentahydrate, 5 - 100 µg ml-1 Cefotaxime Na and 7 - 
100 µg ml-1 Ceftriaxone. In 10 ml measuring flask add 1.00ml of universal buffer pH =1.7 at 97 °c shaking 
for all complexes. Then cooled to room temperature then filter the precipitate by filter paper. After drying 
the precipitate clean it by ethanol 97 %, then dissolubility in 50 ml dmf solvent then records the result, 
measure the absorbance at 680 nm against the sodium molybdate as blank, Plot the absorbance against 
the concentration of Drugs ions in µg ml-1, to determine the range of Beer’s law. 

6) Applications 

a) For Pure Pharmaceuticals 

 Aliquots of the standard drug solutions ranging from 20 -700 µg ml-1of certain drug (0.01) M was 
taken in flask then add (60 -2100) µg ml-1of sodium molybdate (0.01) M, then acidify with drops from 
sulphuric acid to reach pH 1.7, the mixture was shaken and heated on boiling water bath maintained at 
(97+0.5c0) for the appropriate times. Then cooled to room temperature, and then filter the precipitate by 
filter paper. After drying the precipitate clean it by ethanol 97% then dissolubility in 50 ml DMF solvent. 
The absorbance was measured at a specific wavelength against a reagent blank. 

The concentration is then calculated from the calibration graphs or from the regression equations. 

b) Formulated Drug (Vials) 

 For analysis of injection contents, the contents of two vials are mixed well and the requisite amount 
equivalent to 100 mg drug was transferred to 100 ml volumetric flask and diluted to the mark with 
distilled water. The drug content in the diluted solution was determined as described above. 
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c) Determination of the Drugs in Urine Sample 

 Four urine samples were collected from four volunteers approximately 8 h after separate 
administration of cefotaxime, ceftazidime, cefoperazone and ceftriaxone vials containing cefotaxime, 
ceftazidime, cefoperazone and ceftriaxone (1000mg/vials). The samples were filtered through filter paper 
and 1 mL was diluted to 10 mL the clear solution was analyzed as described above and quantification was 
achieved by use of an external calibration plot. Analysis of Urine Samples by the Standard Addition 
Technique, and Determination of Recovery cefotaxime, ceftazidime, cefoperazone and ceftriaxone, was 
added to urine samples (1 mL) obtained as described above and the volume was adjusted to 10 mL 
Analysis was performed as described above 

d) Determination of the Drugs in Blood Sample 

 Collection of samples for analysis, venous blood samples a group of four patients were collected in 
heparinized tubes after approximately 2 h after drug administration. The data of collection of each sample 
were recorded on the case report forms. The blood samples were kept in an ice bucket and were 
centrifuged within 30 min of collection. Plasma was separated, and samples were then flash-frozen in 1 
ml of plasma, samples prepared prior to the start of the study. 

RESULTS AND DISCUTION 

1) IR analysis 

 The Figures (1.2.3 and 4) represents the IR spectra of each drug and its solid complex IR spectra of 
showed bands at 3360, 3320, 1635, 1570.and 1600 cm-1 due to ៵-OH,៵-NH,៵-N=N,៵C=N. 

 
Fig. 1: IR spectra of ceftriaxone &molybdate comparison with ceftriaxone standard 

 
 
 
 
 
 



64            M. Zaky et.al 

 
Fig. 2: IR spectra of ceftazidime &molybdate comparison with ceftazidime standard 

 

 
Fig. 3: IR spectra of cefotaxime &molybdate comparison with cefotaxime standard 
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Fig. 4: IR spectra of cefoperazone &molybdate comparison with cefoperazone standard 

 2) Formation of Complex and Absorption Curve 

The absorption spectra of the reaction products were measured against a reagent blank in the range of 
500-850 nm. It shows a characteristic max, at 680 nm for cefotaxime Na , cefoperazone Na and ceftriaxone 
Na, ceftazidime pentahydrate where the blue colour of precipitate was fully developed which could be 
attributed to the reduction of ammonium molybdate (Mo+6)to molybdenum blue (Mo+5) the tested drugs 
in sulphuric acid medium. Fig (5) shows the absorption spectra of the formed complexes showing the 
maximum spectra at 680 nm 

 
Fig. 5: Absorption of drugs and Mo6+ complex 
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4) Factors Affecting the Precipitate Formation 

A preliminary study was performed to determine the optimum reaction conditions which were 
established depending on the development of maximum colour intensity and stability of the reaction 
products on variation of parameters such as concentration and volume of ammonium molybdate, reaction 
temperature and time of heating 

A) Effect of pH 

 The absorbance as increased in the pH range from 1 to 2 with optimum value at pH = 1.7 as shown in 
table (1) 

 
Table 1: Determination optimum value of pH 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6: Effect of pH value on drug-MO6+ complex  

b) Effect of Buffer  

 The effect of buffer on the stability of colour was given in fig (7) the effect was studied by mixing 1 ml 
of (1X10-3M) and optimum volume of different buffers in pH range from (1-5) and absorbance was 
measured against the reagent blank it was found the maximum absorbance was obtained using acetate 
buffer at pH 3.5 in (cefotaxime) and formate buffer pH 1.5 in (ceftriaxone-Ceftazidime-cefoperazone)  

 

pH Cefotax. Ceftria. Ceftazidi. Cefopera. 
0.5 0.1 0.013 0.006 0.003 
1 0.087 0.021 0.297 0.046 

1.3 0.349 0.031 0.3 0.3 
1.5 0.505 0.31 0.343 0.511 
1.7 0.663 0.37 0.721 0.556 
1.9 0.108 0.364 0.416 0.458 
2 0.09 0.31 0.247 0.199 

2.3 0.083 0.255 0.094 0.192 
2.5 0.08 0.25 0.087 0.19 
2.7 0.078 0.12 0.052 0.17 
3 0.07 0.069 0.05 0.14 
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Table 2: Effect of buffers in absorbance of drug-Mo6+ complex 
Buffer Cefotaxime Ceftriaxone Ceftazidime Cefoperazone 

 pH absorbance pH absorbance pH absorbance pH absorbance 

Without - 0.468 - 0.969 - 0.547 - 0.33 

Acetate 3.5 0.29 3.5 0.62 3.5 0.321 3.5 0.273 

Formate 3.0 0.26 3.0 0.693 3.0 0.531 3.0 0.274 

Acid Phosphate 2.2 0.11 2.2 0.286 2.2 0.51 2.2 0.076 

Universal buffer 1.6 0.28 1.6 0.65 1.6 0.515 1.6 0.098 

 

 
Fig. 7: Effect of suitable buffer on absorbance of drugs -Mo6+ complex 

c) Effect of temperature 

 Samples prepared as described under the general procedure were left at different sets of 
temperatures ranging from 30 - 100°C for a fixed time (5 minutes). Maximum absorbance was obtained 
by heating the reactants on boiling water bath. At lower temperatures (below 900C) , the rate of colour 
development becomes progressively slower where at room temperature there was no visible formation of 
any colored product. 

Table 3: Effect of temperature on drugs -MO6+ complex 
Temperatures °C Cefotax. Ceftria. Ceftazidi. Cefopera. 

30 0.049 0.021 0.09 0.016 

40 0.129 0.33 0.331 0.18 

50 0.183 0.43 0.43 0.22 

60 0.311 0.55 0.521 0.31 

70 0.431 0.67 0.626 0.5 

80 0.573 0.76 0.892 0.97 

90 0.936 1 1.1 1.3 

100 1.268 1.4 1.7 1.6 
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Fig. 8: Effect of temperature on drugs -Mo6+ complex 

d) Effect of surfactants 

In order to study the effect of the surfactant on colour stability, different surfactant (Cetrimide, 
sodium laryl sulphate, Tween 20, and Tween 80), sodium laryl sulphate gave the best results for all drugs. 

Table 4: Effect of surfactants on drugs -Mo6+ complex 

Drugs Without  Tween 20 Tween 80 SLS Cetrimide 
Cefotaxime 0.969 0.230 0.634 0.801 0.200 
Ceftriaxone 0.379 0.019 0.242 0.266 0.019 
Ceftazidime 0. 622 0.018 0.448 0.583 0.442 
Cefoperazone 0.330 0.110 0.208 0.246 0.150 

 

 
Fig. 9: Effect of surfactant on drugs -Mo6+ complex 

E) Effect of time 

The result indicated that the drugs –sodium molybdate complex was instantaneously formed but the 
colour intensity reached its maximum value after 5 minutes of mixing and remained stable for a long time. 
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 Table 5: Effect of time on drugs -Mo6+ complex  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 10: Effect of time on drugs -Mo6+ complex 
5) Determination of Stoichiometric Ratio  

The stoichiometric ratio of drug –molybdate complex was determine by aid the following 
recommended method 

A) The Molar Ratio Method 

 For investigation the molecular structure of the complex form between the drugs with molybdenum , 
a series of solution was prepared in which the all the four drugs concentration were kept constant at 1.00 
ml (1x10-3 M)while that of the molybdenum was regularly varied from 0.1 to 9.00 ml of (1x10-3 M)for the 
four metal ions. The absorbance these solution were measured at 680 nm fig (11) give the absorbance 
molar ratio curve which showed that molybdenum formed in 3: 1 with the drugs combination with the 
metal 

B) The Continuous Variation Method 

 The continuous variation method was utilized for investigation the reaction between the metal ion 
and the ligand drug. A serious of solution was prepared by mixing equimolare solution of drugs in 
different proportions from 1 to 9 ml of (1x10-3 M) of the same concentration while keeping the total 
molar concentration constant. A plot of absorbance measured at the recommended wavelength versus 
mole fraction was used to determine the reagent ratio the maximum absorbance obtained at a molar ratio 
of 1: 3 the molybdate complex. 

Time (minutes) Cefotax. Ceftria. Ceftazidi. Cefopera. 
At once 0.782 0.890 0.970 0.680 
5 0.820 0.930 1.020 0.760 
15 0.815 0.928 1.005 0.756 
30 0.813 0.926 0.999 0.755 
45 0.813 0.924 0.995 0.753 
60 0.811 0.925 0.995 0.751 
90 0.810 0.920 0.992 0.748 
120 0.805 0.918 0.990 0.749 
180 0.804 0.915 0.990 0.745 
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Fig. 11: Determination of the metal -reagent ratio of the molybdate drug complex using molar ratio 

method 

 
Fig. 12: Determination of the metal -reagent ratio of the molybdate drug complex using continuous 

variation method 
C) Calibration Graphs 

 Calibration graphs were constructed by plotting the concentration of the drug against the 
corresponding absorbance values. The resulting graphs were linear from, 3 - 28 µg ml-' for cefoperazone 
Na, 5 - 45 µg ml-' for ceftazidime pentahydrate, 2 - 15 µg mL “ for cefotaxime Na and 5 - 70 µg ml-' for 
ceftriaxone. The linearity of calibration graphs is apparent from the correlation coefficient, r, and the 
intercepts which are nearly close to zero. 
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Fig. 13: Calibration curve of the cefotaxime, ceftriaxone, cefoperazone, ceftazidime 

Interference study 

 Table 6: The relative error value for 10 μgml-1 of drugs in the presence of different excipients 

The results in Table (6) show that the suited excipients don't interfere in the determination of drugs 

6) Statistical Treatment of the Proposed Method for Spectrophotometric Determination of 
Cefotaxime Ceftriaxone, Ceftazidime, Cefoperazone 

Table 7: Statistical analysis of the Spectrophotometric determination cefotaxime ceftriaxone, ceftazidime, 
and Cefoperazone complex data  

Parameter 
Mathematical 

formula 
Cefotaxime Ceftriaxone Ceftazidime Cefoperazone 

Results 

Mean value( ) 
𝒙−. =  50.00413 50.0025 50.00188 50.00138 

Standard deviation (SD) 
SD=𝟏-(𝑿𝟏−𝑿−.)𝟐𝒏 - 𝟏.. 0.004884377 0.005928141 0.005644213 0.004928054 

Relative standard deviation 
(RSD %) 

RSD% =( ) 100 0.009767948 0.011855689 0.011288002 0.009855836 

Standard error of the mean 
(SEM) 

SEM = (𝑺𝑫-𝒏 ) 0.001726888 0.002095914 0.001995531 0.00174233 

Molar sensitivity(Ꜫ) =A/bc 
1.794 ×104 L mol -1 

cm -1 
1.086 ×104 L mol -1 

cm -1 
0.816 ×104 L mol -1 

cm -1 
0.599 ×104 

L mol -1 cm -1 

Sandal’s sensitivity 
S=M.wt/ 

0.02538 
µg cm-2 

0.0509 
µg cm-2 

0.066 
µg cm-2 

0.1077 
µg cm-2 

Limit of detection (LOD) 
LOD=3.3(SD/K) 

1.611844551 
µg ML -1 

5.010002191 µg ML 
-1 

1.862590362 
µg ML -1 

1.806953061 
µg ML -1 

Limit of quantification 
(LOQ) 

LOQ=10(SD/K) 
4.884377428 

µg ML -1 
15.18182482 µg ML 

-1 
5.644213219 

µg ML -1 
5.475615337 

µg ML -1 
Student t-test t-test = (x-µ)√n/SD 2.391585048 1.192796809 0.942105266 0.79204278 
Intercept (a)  0.149 0.055 0.149 0.135 

Slope(k)  0.01 0.009 0.01 0.009 

Where n: number of observations (=8), : arithmetic mean of a series of measurement, 

Xi : individual observation ,k : slope of calibration curve ,µ : the true value : 1 cm 

Foreign Compound 
1000μg.mL-1 

Cefotaxime Ceftriaxone Ceftazidime Cefoperazone 
 Abs 

without 
0.620 Abs 

without 
0.730 Abs 

without 
0.850 Abs 

without 
0.920 

Abs 
after 

added 

Relative 
error % 

Abs 
after 

added 

Relative 
error % 

Abs 
after 

added 

Relative 
error % 

Abs 
after 

added 

Relative 
error % 

Acacia 0.610 98.4 0.728 99.7 0.840 98.8 0.915 99.5 
Magnesium citrate 0.620 100 0.733 100.4 0.855 100.5 0.923 100.3 

Starch 0.630 101 0.735 99.3 0.847 99.6 0.925 100.5 
Lactose 0.625 100.8 0.740 101.3 0.845 99.4 0.918 99.7 
Glucose 0.623 100.4 0.720 98.6 0.853 100.3 0.930 101 
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7) Applications 

a) Formulated Drug (Vial) 

Table 8: Determination of drug in some industrial and pharmaceutical samples 
 

Drug 
 

Name of 
preparation 

 

Proposed 
method 

Recommended 
method* 
mg 

Recovery 
% 

RSD 
% 

Taken 
mg 

Found 
mg 

Cefoperazone 
 

cefoped 500 mg 
(Pfizer) 

250 255 251 102.0 2.0 

Cefotaxime 
 

Claforan 500 mg 
( sanofi aventis) 

250 242 253 96.8 3.2 

Ceftriaxone 
 

Xoraxon 500 mg 
(MUP) 

250 245 252 98.8 1.2 
 

Ceftazidime 
 

Xtrazidime 500mg ( 
sanofi aventis) 

250 253 251 101.2 1.2 

*) Recommended method following to British pharmacopeia 
b) Determination of the Drugs in Urine Sample  

 Urine samples from four volunteers after taking a cefotaxime, Ceftazidime, Cefoperazone and 
Ceftriaxone containing 1000 mg of drugs, were analysis after tenfold dilution with water. The 
concentrations of the drugs in the urine were 90-75-65-70 μg mL−1, respectively, RSD 1.02%, 1.86%, 
3.19% and 1.02%, respectively. Recovery of cefotaxime, ceftazidime, cefoperazone and ceftriaxone from 
urine was calculated by analysis of the same urine samples spiked with 1000 mg. 

c) Determination of the Drugs in Blood Sample 

Plasma samples from four volunteers after taking a cefotaxime, ceftazidime, cefoperazone and 
ceftriaxone containing 1000 mg of drugs, were analysis The concentrations of the drugs in the plasma 
were 10,8.0,8.5 and 8.0 μgmL−1, respectively, RSD 0.71% , 0.88%, 1.64% and 2.60%, respectively. 
Recovery of cefotaxime, Ceftazidime, cefoperazone and ceftriaxone from plasma was calculated by 
analysis of the same plasma samples. 

Table 9: Determination of drugs in urine samples 
 

Drug 
Proposed method 

 μg mL−1  
Recommended method* 

μg mL−1 
Recovery 

% 
RSD 

% 

Cefoperazone 68 65 104.6 3.19 

Cefotaxime 88 90 97.77 1.59 

Ceftriaxone 69 70 98.5 1.02 

Ceftazidime 77 75 102.6 1.86 
*Recommended method following to British pharmacopeia 

Table 10: Determination of drugs in blood samples 
 
 
 
 
 
 

*Recommended method following to British pharmacopeia 

8) Conclusion  

The proposed method is advantageous when compared to many of the reported spectrophotometric 
methods in having higher sensitivity. The data given before reveal that the proposed Spectrophotometric 
method is simple & sensitive with good accuracy and precision. It doesn’t require expensive toxic 
chemicals or sophisticated experimental setup. It can be used directly to determine the examined drugs 
without prior extraction as common additives don't interfere. Sample analysis using the proposed 
method is a very quick process compared to other methods of sample detection, such as HPLC. This rapid 
analysis is achieved only through proper calibration. 

 
Drug 

Proposed method 
 μg mL−1 

Recommended method* 
μg mL−1 

Recovery 
% 

RSD 
% 

Cefoperazone 8.7 8.5 102.35 1.64 
Cefotaxime 9.9 10.0 99 0.71 
Ceftriaxone 8.3 8.0 103.75 2.60 
Ceftazidime 8.1 8.0 101.25 0.88 
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