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ABSTRACT : We proposed two rapid, simple, accurate and precise methods were described for determination of Ampicillin in

pure and pharmaceutical formulations. In first method, they were based on the measuring emission of potassium ion at 722 nm

by flame photometric technique and absorbance determination of green colored solution at 610 nm for manganite ion formed

via reaction of ampicillin with potassium permanganate oxidant agent in basic medium in the second colorimetric method. The

optimum working conditions investigated for methods. The Beer’s law plot shows a good obeying in the concentration ranging

(5-80, 5-90 ì g/ml) for colorimetric and flame photometric methods, respectively. The detection limits and relative standard

deviations were (2.265,1.839 ì g/ml) (2.147,1.645) for colorimetric absorption method and (2.903,2.271 ì g/ml) (2.149,2.522)

for the flame photometric emission method for capsules and suspensions, respectively. These methods were successfully

applied in determination of ampicillin in two formulation studied. The obtained results give good agreement with the label

claim and no interference from the commonly encountered additives and expectancies observed.
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INTRODUCTION

One of class of antibiotic drugs that is called
Penicillin. It is semi-synthetic penicillin with abroad-
spectrum that is good effective in the treatment of both
types gram-positive and negative bacterial infections
produced via Streptococcus, Haemophilus influenzae,
Bacillus anthracis, Escherichia coli and Neisseria

gonorrhoeae. Ampicillin is used in the treatment of
upper respiratory urinary tract infections, otitis media in
children, and genital and tract infections. The systematic
nomenclature (4-Thia-1-azabicyclo [3,2,0] heptane-2-
carboxylic acid -6- (2-amino-2-phenylacetamido) -3.3-
dimethyl-7-oxo), molecular formula C

16
H

19
N

3
O

4
S.3H

2
O,

the Percent of Composition: H 5.48%, C 55.00%, N
12.02%, S 9.18%, O 18.32%, the molecular weight of
403.5 with a white crystalline powder, melts in the range
between (198-200°C) and the solubility in water is slightly,
dissolves in dilute alkaline and acids solutions as a result
of the presence of primary amine and carboxyl groups,
the Fig. 1 shows that. However, it is insoluble in ether,
alcohols and in fatt oils (British Pharmacopeia, 2007;
William Martindale-James Martindale The extra
pharmacopeia, 1996).

Several analytical methods reported were used for
determination of Ampicillin in different matrixes such as
derivative titermetric method (Ejele et al, 2008), titermetry
with other methods (Resmi et al, 2018), NMR (Moon et

al, 1981), FTIR (Soledad et al, 2017), new fractional
wavelet approach (Erdal-Dumitru, 2006),
fluoroimmunoassay (Bacigalupo et al, 2008), univariate
and multivariate spectrophotometric methods (Khalid et

al, 2018), spectrophotometric methods (Mohamed, 2001;
Abdelrahman, 2015; Rašiæ, 2013; Yan et al, 2013; Mariam,
2006; Smith et al, 1967; Akanni, 1992; Issa and Amin,
1993; Peter et al, 1973; Ivana et al, 2013; Akanni, Ayim,
1992), voltammetery (Issam, Sundus, 2016; Mohd et al,
2013), derivative spectroscopy (Audumbar et al, 2018),
chromatography (Wenhong et al, 1997; Gabriela et al,
2013; Ticiano et al, 1993; Barot et al, 2009; Shireesha-
Anusha, 2017; Nelis et al, 1992; Tushar et al, 2009;

Fig. 1 : Chemical structure of Ampicillin trihydrate.
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Ghoulipour et al, 2011; Madhukara et al, 2011), HPLC-
MS (Suzanne et al, 2015; Straub et al, 1993) and capillary
chromatography (Rade, 2009). The aim of this work is to
use the precise and accurate colorimetric and flame
photometric emission methods for the determination of
Ampicillin content in pure and some drug formulation in
Iraq to comparison information of these products with
standard method or other official methods.

MATERIALS AND METHODS

Instruments and Equipment

1- Varian Gary 100 UV-Vis spectrophotometer
double-beam.

2- Jenway PFP7 / UK: Flame emission
spectrophotometer.

3- DENVER Instrument Max 220 gm, d=.0001g :
Analytical balance.

4- Hermle Laborti, 6000rpm: Centrifuge.

5- BS-11 Lab companion, Jero Tech, CE :Water Bath
temperature- controller.

5- Jenway 3020pH: pH/mV.

Chemicals

Ampicillin trihydrate standard material, Ampicillin 250
mg and Ampicillin 250 mg powder for suspension
formulations were obtained from the State Company for
Drug Industries and Medical Appliances (Samara-IRAQ-
SDI). All other chemicals and reagents of analytical grade
were supplied from Fisher, Fluka and BDH Companies.

Preparation of solutions

1. About 0.1g of Ampicillin trihydrate standard
material was dissolving in 100 ml distilled water for
preparing stock solution of Ampicillin 1000 µg.ml-

1.Subsequent dilution of stock solution to prepare other
standard solutions.

2. Total of 10ml of stock solution was diluting to 100
ml distilled water in volumetric flask to prepare Ampicillin
solution 100 µg/ml, dilution of this solution to prepare 50
µg/ml for recorded UV-Vis spectrum.

3. Diluting Ampicillin solution 100 µg.ml-1 to prepare
standard solutions for calibration curve.

4. Dissolving 0.158 g of Potassium permanganate
analytical reagent in 100 ml volumetric flask to prepare
0.01 mol/ml.

5. A 0.5 mol/ml Sodium hydroxide was prepared by
dissolving 2.0 grams of pure material in 100 ml DW.

6. Hydrochloric acid 0.1 mol.l-1, diluting 1.17ml of
36%, specific gravity 1.19 to 100 ml.

Ampicillin capsules procedure

Ten capsules (250 mg) were emptied and the contents
of mix well. The powdered capsules equivalent to 10 mg
of Ampicillin were weighed quantity, transferred, dissolved
with distilled water and made up to the mark of 100 ml
volumetric flask. The contents of the flask was stirred
with magnetic bar for 10 min., then 10 ml of this solution
transferred to 100 ml flask and complete with distilled
water to mark, pipit 5ml from last solution and proceed
as described under “Recommended Procedure”.

Ampicillin suspension procedure

Dissolve five containers of Ampicillin suspension (250
mg) in 100 ml warm distilled water. An accurately transfer
two ml of solution into a 5 ml test tube, 3.0 ml of NaOH
0.5 mol/ml solution was add and then centrifuged for five
minutes at rate 3000 rpm. Washing the residue with
alkaline solution at least three portions, then was
transferred quantitatively into 100 ml volumetric flask,
after the complete dissolving in HCl 0.6 mol/ml solution,
distilled water used for diluted to the mark, checking in
water bath for 10 min at 500C. then transferred 10 ml of
this solution into 100 ml volumetric, the volume was
complete to mark with distilled water, pipet five ml from
last solution and proceed (Recommended Procedure).

Recommended procedures

Standard solutions volumes of Ampicillin trihydrate
covers the working concentration ranging between 5.0-
100.0 ìg/ml, were transferred to ten 25 ml volumetric
flasks, 3.0 ml of 0.01 mol/l potassium permanganate were
added, followed with 3.0 ml of 0.5 mol/l sodium hydroxide
and shake well, then complete to the mark with DW and
allow the reaction mixture to standing for four minetus.
In molecular absorption spectrophotometry first
procedure, the absorbance of the menganate ion at 610
nm were measured viruses a simultaneously prepared
blank solution. The absorbance values against the final
concentration solutions in ìg/ml were plotting obtainably
the calibration graph. The second procedure involves using
flame photometric emission to measure the intensity of
potassium emission at 766 nm.

RESULTS

The molecular absorption spectra of Ampicillin shows
two bands small band at 235 nm and broad band at 275
nm as in Fig. 2, three absorption peaks at 510, 530 and
550 nanometer for potassium permanganate solution in
basic medium shows in Fig. 3. After adding aqueous
solution of Ampicillin to potassium permanganate solution
in basic medium it causes changes in the molecular
absorption band spectrum of potassium permanganate,
with new characteristic bands at 610 nm in Fig. 4.
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Optimization of variables

The colored product posses spectrophotometric
properties as well as the different experimental conditions
effect on development of the color and stability of its
were studied and optimized carefully. Any factors was
changing individually, while the others variables were kept
constant. These conditions includes concentration of the
oxidant reagents,reaction media,temperature and time

consumed in reaction.

1. Effect of pH : In this study, the pH effect involves
reading absorbance of manganite resulting from reaction
of Ampicillin with potassium permanganate in many
reaction media by adding 0.1 mol/ml HCl or 0.1 mol/ml
NaOH solution, the optimum pH was close to 10.

2. Effect of NaOH concentration : Many solutions

Fig. 2 : The molecular absorption spectrum of 50 µg/ml Ampicillin solution.

Fig. 3 : Molecular spectrum of 0.01 mol/ml KMnO
4
 in alkaline medium.

Fig. 4 : Molecular spectrum of 0.01 mol/ml KMnO
4
 with 50 (µg.ml-1) Ampicillin in alkaline medium.
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of sodium hydroxide with different concentrations were
prepared, and the absorbance for it after adding to solution
containing Ampicillin and potassium permanganate were
measured, 0.5 mol/ml NaOH considered optimal value
for this study.

3. Effect of KMnO
4
 concentration : Many

solutions with different concentrations of potassium
permanganate were prepared. After mixing with
ampicillin and sodium hydroxide, the absorbance
measured, the 0.01 mol/ml KMnO

4
 concentration

considered preferred value.

4. Effect of reaction temperature : The reaction
temperature effect studied with reading absorbance of

manganite ion in many temperature, we obtained the 25-
30ºC optimal temperatures.

5. Effect of reaction time : The time reaction effect
involves recording absorbance of manganite ion at
different time, four minutes considers the optimum time
for reaction.

Recoveries calculation

Table 1 shows the recoveries calculated for the
determination of Ampicillin by applied two proposed
methods, Molecular Absorption Spectrophotometry
(visible) and flame photometric emission using three
standard solution with different concentrations, the
absorbance were readied three times for any solutions

Fig. 5 : Relation between pH and absorbance of manganite ion.

Fig. 6 : Relation between Sodium hydroxide and absorbance of manganite ion.

Fig. 7 : Relationship between potassium permanganate and absorbance of manganite ion.



Fig. 9 : Relationship between reaction time and absorbance of manganite ion.

Fig. 8 : Relationship between reaction temperature and absorbance of manganite ion.

Table 1: The calculated recoveries for the determination of Ampicillin by applying two methods.

Molecular Absorption (Colorimetry)

Taken (µg/ml) Found (µg/ml) Recovery (%) Error (%) RSD (n=3)

10 9. 797 97.970 -2.030 1.217

20 19.469 97. 345 Mean =97.536 -2. 655 3.161

30 29.188 97.293 -2.707 3.627

Flame Atomic Emission (Flame Photometry)

Taken (µg/ml) Found (µg/ml) Recovery (%) Error (%) RSD (n=3)

10 9.771 97. 710 -2.290 1.706

20 19.459 97.295 Mean =97.373 -2.705 3.312

30 29.135 97.116 -2.884 3.785

Table 2 : Analytical data for Ampicillin determination by colorimetry.

Preparation Found Linearity Regression Correlation Recovery% Detection RSD% Relative

type (µg/ml) (µg/ml) equation coefficient (Rec.%) Limit DL Error

(µg/ml) (RE%)

Capsules 243.597 5-80 Y=0.0076 0.9954 97.438% 1.839 1.645 2.562
(250mg) X+0.0554

Suspension 243.224 5-80 Y=0.0076 0.9954 97.289% 2.265 2.147 2.711
(250mg) X+0.0554

Table 3 : The analytical data for determination of Ampicillin by flame photometric emission.

Preparation Found Linearity Regression Correlation Recovery% Detection RSD% Relative

type (µg/ml) (µg/ml) equation coefficient (Rec.%) Limit DL Error

(µg/ml) (RE%)

Capsules 243.327 5-90 Y=0.8896 0.9958 97.331% 2.271 2.149 2.669
(250mg) X+12.66

Suspension 242.929 5-90 Y=0.8896 0.9958 97.171% 2.903 2.522 2.829
(250mg) X+12.66
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Fig. 10 : Colorimetric calibration graph of Ampicillin-KMnO
4
 product in basic medium.

Fig. 11 : Flame Photometric calibration graph of Ampicillin-KMnO
4
 product in basic medium.

that used.

Constructing calibration curves : Figs. 10, 11
demonstrated normal calibration graphs for the
determination of Ampicillin in two methods by plotting
the concentrations and its absorbances.

DISCUSSION

The optimum conditions of concentrations for oxidant
reagent KMnO

4
 and reaction medium sodium hydroxide

were studies in this work were (0.01 mol/ml, 0.5 mol/
ml), respectively after increase concentrations of KMnO

4

and NaOH,
 
the absorbance remaining constant in first

state but decreased in second state.

When potassium permanganate reacting with
Ampicillin in alkaline medium the appearance of one broad
peak at 610 nm for manganite ion, the three original peaks
of permanganates at (510, 530, 550 nanometer) were
disappeared with changing purple to blue color (Daniel,
2010; Holler et al, 2007).

MnO
4

- +OH -+ e- MnO
4

-2 E = + 0.564 V

In the reaction of a strong oxidant reagent potassium
permanganate with Ampicillin, it ether oxidized sulfur
atom to sulfoxide group, and with carbonyl â-lactam ring
to carboxyl group (Madhukara et al, 2011) or primary
aliphatic amine to form an oxide amine (Morrison-Boyd,
2000). We applieds new colorimetric method in
determination of Ampicillin in pure and its drug
formulations, the concentration of Ampicillin in dosage
form obtained was very closely for the value mentioned

(labeled) on marketed Ampicillin capsule and suspension
(243.597, 243.224µg/ml), respectively in molecular
absorption (colorimetry) and in Flame Atomic Emission
Photometric spectrophotometry (243.327, 242.929 µg/ml).

CONCLUSION

The proposed study involved simple, fast, precise and
accurate methods for the determination of Ampicillin in
pure and dosage form by molecular absorption
spectroscopy via oxidation reduction reaction in solutions.
They obtained law percentage errors, detection limits and
good linearity.
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