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Abstract:
A simple and sensitive colorimetric method was developed for the indirect determina-

tion of amoxicillin in pharmaceutical formulations. The method is based on the oxidation 
of amoxicillin by potassium permanganate (KMnO₄), where the excess oxidizing agent re-
acts with methyl red dye, leading to an increase in its light absorption with increasing drug 
concentration. The unoxidized dye showed maximum absorbance at a wavelength of 516 
nm in an acidic medium. The optimal reaction conditions were established in terms of ox-
idation time, temperature, and the concentrations of oxidant, dye, and acid. The method’s 
linearity was up to 1–35 µg/mL with an R² = 0.9997, a molar absorptivity of 26272.26 L/
mol·cm, and a Sandell’s sensitivity of 0.0139 µg/cm². The limits of detection and quantifi-
cation were 0.0245 µg/mL and 0.0743 µg/mL, respectively. The method also showed good 
recovery values (97.20–103.09%) and low relative standard deviation (%RSD  1.5%), 
confirming its accuracy and sensitivity. It was successfully applied for the determination 
of AMX in pharmaceutical formulations.

Keywords: Amoxicillin, colorimetric determination, potassium permanganate, methyl 
red dye, indirect determination, pharmaceutical formulations.
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مستخلص:

ــتحضرات  ــاشر في المس ــر مب ــكل غ ــيلين بش ــة لتقديرالأموكسيس ــيطة وحساس ــة بس ــاس لوني ــة قي ــوّرت طريق طُ
الصيدلانيــة. تعتمــد الطريقــة عــى أكســدة الأموكسيســيلين بواســطة برمنجنــات البوتاســيوم )KMnO₄(، حيــث 
يتفاعــل عامــل الأكســدة الزائــد مــع صبغــة الميثيــل الأحمــر، ممــا يــؤدي إلى زيــادة امتصاصــه للضــوء مــع زيــادة تركيــز 
الــدواء. أظهــرت الصبغــة غــر المؤكســدة أقــى امتصــاص عنــد طــول موجــي 516 نانومــر في وســط حمــي. 
ــة،  ــد، والصبغ ــزات المؤكس ــرارة، وتركي ــة الح ــدة، ودرج ــن الأكس ــث زم ــن حي ــى م ــل المث ــروف التفاع ــد ظ ــم تحدي ت
والحمــض. تراوحــت خطيــة الطريقــة بــن 35-1مايكروغرام/مــل، مــع معامــل امتصــاص مــولاري قــدره 0.9997، 
ــم².  ــا 0.0139 ميكروغرام/س ــاندل قدره ــية س ــم، وحساس ــدره 26272.26 لتر/مول·س ــولاري ق ــاص م وامتص
بلغــت حــدود الكشــف والقيــاس الكمــي 0.0245 ميكروغرام/مــل و0.0743 ميكروغرام/مــل، عــى التــوالي. كــا 
 ،)RSD > 1.5%%( وانحرافًــا معياريًــا نســبيًا منخفضًــا )أظهــرت الطريقــة قيــم اســرداد جيــدة )%103.09-97.20
ممــا يؤكــد دقتهــا وحساســيتها. وقــد طُبقــت بنجــاح لتقديــر الاموكسيســيلين في المســتحضرات الصيدلانيــة. الكلــات 
ــد اللــوني، برمنجنــات البوتاســيوم، صبغــة الميثيــل الأحمــر، التحديــد غــر المبــاشر،  ــة: أموكسيســيلين، التحدي المفتاحي

ــة الصيدل
الكلــات المفتاحيــة: أموكسيســيلين، التحديــد اللــوني، برمنغنــات البوتاســيوم، صبغــة الميثيــل الحمــراء، التحديــد 

غــر المبــاشر، المســتحضرات الصيدلانيــة.
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Introduction
Amoxicillin is a broad-spectrum an-

tibiotic that belongs to the penicillin 
group(5). It is a semisynthetic derivative 
of natural penicillin. The drug acts by 
inhibiting the synthesis of the bacterial 
cell wall, leading to the elimination of 
bacteria. It is used to treat various bac-
terial infections, including otitis media, 
pneumonia and bronchitis, endocardi-
tis caused by enterococci, meningitis, 
urinary tract infections, and Lyme dis-
ease. Amoxicillin is usually adminis-
tered orally(6).The systematic (IUPAC) 
name of the drug is:(2S,5R,6R)-
6-{[(2R)-2-amino-2-(4-hydroxy-
phenyl)-acetyl]amino}-3,3-dimeth-
yl-7-oxo-4-thia-1-azabicyclo[3.2.0]
heptane-2-carboxylic acid. It has the 
molecular formula C₁₆H₁₉N₃O₅S and 
a molecular weight of 365.4 g/mol(7). 
The structural formula is illustrated in 
Figure (1).

The dye bleaching method is con-
sidered one of the important indirect 
colorimetric techniques for the de-
termination of pharmaceutical com-
pounds(15). This method is based on the 
addition of an excess amount of an ox-

idizing agent to the sample, where part 
of it reacts with the drug compound, 
while the remaining unreacted portion 
interacts with the dye, leading to the 
fading (bleaching) of its color in either 
an acidic or alkaline medium. Conse-
quently, the higher the concentration 
of the drug compound, the lower the 
amount of oxidizing agent remaining, 
which in turn reduces the bleaching of 
the dye and increases the concentration 
of its unbleached form. Therefore, the 
absorbance of the dye is directly pro-
portional to the concentration of the 
drug compound in the sample.

Drug + excess oxidizing reagent 
(H⁺) → Oxidized Drug + unreacted 
oxidizing agent

Excess of oxidizing agent + dye → 
bleaching dye

Amoxicillin has previously been 
determined using several analytical 
methods, including spectrophotomet-
ric techniques with ultraviolet radia-
tion (1,2), colorimetric methods (3,10,20-

21), which have been applied to the 
determination of many pharmaceuti-
cal compounds in their pure form and 
pharmaceutical formulations (16,17), as 
well as chromatographic methods (4,8,9), 
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and chromatography coupled with LC/
MS(11,12). The present study aims to 
develop a spectrophotometric colori-
metric method based on the bleaching 
reactions of methyl red dye for the de-
termination of amoxicillin in its pure 
form as well as in commercial pharma-
ceutical formulations.

Figure 1. Structure of Amoxicillin

Results and Discussion
Preliminary Observations
When 1 mL of amoxicillin solu-

tion (100 µg/mL) was mixed with 1 
mL of potassium permanganate solu-
tion (0.001 M) and left for 13 minutes, 
followed by the addition of 0.5 mL of 
hydrochloric acid (1 M) and 1 mL of 
methyl red solution (100 µg/mL), a wa-
ter-soluble pink-colored product was 
formed. The maximum absorbance was 
observed at a wavelength of 516 nm.

Optimal Conditions
The study of optimal conditions in 

analytical methods aims to enhance the 
sensitivity and accuracy of the method, 
improve repeatability, reduce errors, 
lower detection limits, and ensure the 
reliability of the results. Without inves-
tigating these conditions, the method 
would be inefficient and unreliable for 
analysis.

Selection of Blank Solution
Selection of Dye Type
Solutions of several dyes (100 µg/

mL) were prepared, including crystal 
violet, phenol red, 

eosin, methyl orange, methyl red, 
and bromophenol blue. One milliliter 
of each solution was analyzed using 
UV–Vis spectrophotometry at the ap-
propriate wavelength for each dye. The 
results showed that methyl red exhib-
ited the highest absorbance, making it 
the most suitable dye for this study.

Table (1). Selection of Dye Type

A(nm) λDye
0.992542Crystill Violet
0.476423Phenol Red
0.842512Eosin
0.913460Methyl orange
0.575590Bromophenol Blue
1.024524Methyl Red
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Selection of Dye Volume
The optimal volume of methyl red 

(100 µg/mL) was investigated using 
volumes ranging from 0.2 to 1.2 mL, 
while adjusting the total volume to 10 
mL with ethanol as the solvent. The 
absorbance was recorded and a cali-
bration curve was plotted. The best lin-

earity was observed within the range of 
0.4–1.0 mL at 524 nm, with a correla-
tion coefficient of R² = 0.9983. Beyond 
this range, the calibration curve began 
to deviate. Therefore, the volume that 
provided the highest absorbance at a 
concentration of 10 µg/mL was select-
ed.

Figure (2). Calibration curve 
for selecting the optimal volume of methyl red dye

Selection of the Best Oxidizing 
Agent

Several oxidizing agents were tested 
(potassium permanganate, cerium sul-
fate, potassium iodate, ferric sulfate, 
potassium iodide, and ferric chloride) 
for their ability to bleach the dye. Po-

tassium permanganate proved to be the 
most effective, as it removed the col-
or of methyl red within less than one 
minute and produced a clear solution 
with the lowest absorbance at 336 nm, 
as shown in Table (2).
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Selection of Oxidizing Agent Vol-
ume (KMnO₄)

Different volumes of 0.001 M po-
tassium permanganate (KMnO₄) were 
tested to determine the optimal volume 
required for complete reaction with 
methyl red dye and for bleaching its 
color. The tested volumes ranged from 
0.25 to 1.25 mL, added to 0.5 mL of 1 
M HCl and 1 mL of methyl red (100 
µg/mL), with the total volume adjusted 
to 10 mL using deionized water. The 
optimal volume of the oxidizing agent 
was found to be 1 mL, at which the 
dye color completely disappeared, as 
shown in Table (3).

Table (3). Effect of KMnO₄ Volume 
on the Color of the Blank

Volume 
of KMnO₄ (mL)

Color 
of Blank Solution

0.25 Purple
0.50 Purple
0.75 Purple

1 Transparent
1.25 Transparent

Table (2). Selection of the Best Oxidizing Agent
Oxidizing Agent Absorbance Wavelength (nm)

Ferric sulfate 2.198 520
Potassium iodate 2.071 520

Potassium permanganate 0.205 336
Ferric chloride 0.000 000
Cerium sulfate 1.949 520

Potassium iodide 2.071 520

Selection of Reaction Medium
The effect of the reaction medium 

was studied using a 10 mL volumetric 
flask containing 1 mL of KMnO₄ and 
0.5 mL of acid or base (1 M), followed 
by the addition of 1 mL of methyl red 
dye, with the total volume adjusted to 
10 mL. The acidic medium provided 
better contrast between the sample and 
the blank, while the alkaline medium 
produced a yellow solution. Hydro-
chloric acid (HCl) was found to be the 
most effective, giving the highest ab-
sorbance at336 nm, as shown in Table 
(4).

An acidic medium is preferred 
when using potassium permanganate 
for the oxidation of amoxicillin, since 
the permanganate ion (MnO₄⁻) exhibits 
its strongest oxidizing power in acidic 
conditions, where it is reduced to Mn²⁺ 
with a standard reduction potential of 
+1.51 V. In neutral or alkaline media, 
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permanganate is reduced to MnO₂ or 
other species with lower reduction po-
tentials, which decreases its effective-
ness as an oxidizing agent. Moreover, 
the acidic medium ensures the stability 
of the reaction and prevents the forma-
tion of undesirable precipitates such 
as MnO₂, thereby enabling complete 

and consistent oxidation of amoxicillin 
molecules and yielding accurate ana-
lytical results(16). The observed differ-
ences in color in acidic media depend-
ing on the acid type are likely due to 
variations in acid strength and the pH 
of the solution.

Table (4). Effect of Reaction Medium on the Color of the Blank

Acid/Base Blank Color Sample Color Wavelength (nm) Absorbance at 516 nm

NaOH Yellow Yellow 310 0.000

NH₄OH Yellow Yellow 310 0.000

HCl Transparent Pink 336 0.196

H₂SO₄ Transparent Pink 310 0.131

CH₃COOH Brown Pink 340 0.000

Effect of Hydrochloric Acid Vol-
ume

The effect of the volume of 1 M hy-
drochloric acid (HCl) on the reaction 
efficiency was studied using volumes 

ranging from 0.25 to 1.25 mL. The ab-
sorbance values of the resulting solu-
tion were recorded at each acid vol-
ume, as shown in Table (5).

Table (5). Effect of HCl Volume on the Absorbance of the Resulting Solution

HCl Volume (mL) Solution Color Absorbance
0.25 Brown 0.000
0.50 Transparent 0.196
0.75 Transparent 0.169
1.00 Transparent 0.147
1.25 Transparent 0.136
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The results indicate that 0.5 mL of 
HCl is the optimal volume to achieve 
the highest absorbance value (0.196). 
This behavior is attributed to the role 
of HCl in providing the acidic medium 
necessary for the reaction to proceed 
effectively. At the lower volume (0.25 
mL), the solution appeared brown 
with zero absorbance, indicating that 
the amount of acid was insufficient to 
initiate or complete the reaction, and 
therefore, the product responsible for 
absorbance was not formed.

Conversely, increasing the acid vol-
ume beyond the optimal point (0.5 mL) 
resulted in a gradual decrease in absor-
bance. This decrease can be explained 
according to Beer–Lambert law, where 

absorbance is directly proportion-
al to the concentration of the absorb-
ing species. Adding larger volumes of 
HCl dilutes the solution, reducing the 
concentration of the final product and 
consequently lowering the measured 
absorbance.

Effect of Time on Blank Prepara-
tion

The stability of the blank solution 
(1 mL KMnO₄ + 0.5 mL 1 M HCl + 1 
mL methyl red, with the total volume 
adjusted to 10 mL) was studied over 
a period of 1–60 minutes. The absor-
bance at 336 nm remained nearly con-
stant, indicating that the blank is stable 
after the addition of the dye, as shown 
in Table (6).

Table (6). Effect of Time on Blank Stability

Absorbance Time (min) Absorbance Time (min)
0.212 0 0.212 35
0.213 5 0.213 40
0.213 10 0.213 45
0.212 15 0.212 50
0.212 20 0.212 55
0.211 25 0.212 60
0.212 30

Time plays a crucial role in the reac-
tion, initially driving the color change 

as methyl red reacts with permanga-
nate until the reaction is complete, af-



290
The indirect colorimetric determination of Amoxicillin in its commercial pharmaceutical formulations 
using methyl red dye ................................................................. Abeer Farouq. Alsamarrai ,   Khalaf F. Alsamarrai

ter which the solution reaches a stable 
phase where absorbance remains con-
stant, confirming the blank’s stability.

Oxidation of Amoxicillin
Effect of Time on Amoxicillin Oxida-
tion

One milliliter of amoxicillin solu-
tion (100 µg/mL) was mixed with 1 
mL of KMnO₄ (0.001 M) and allowed 

to react for different time intervals (1–
15 minutes), followed by the addition 
of 0.5 mL HCl and 1 mL methyl red. 
The absorbance at 516 nm gradually 
increased, reaching a maximum at 13 
minutes. Therefore, 13 minutes was 
selected as the optimal oxidation time 
(Table 7).

Table (7). Effect of Oxidation Time

Absorbance Time (min) Absorbance Time (min)
0.281 Start 0.604 9
0.293 2 0.613 10
0.423 3 0.623 11
0.419 4 0.641 12
0.409 5 0.683 13
0.475 6 0.683 14
0.532 7 0.651 15
0.581 8

The effect of time on the reaction in-
volves an initial phase where amoxicil-
lin is oxidized by permanganate ions, 
gradually consuming the oxidizing 
agent, followed by a completion phase 
in which absorbance at 516 nm stabi-
lizes, indicating full reaction and the 
attainment of chemical equilibrium.

Effect of Waiting Time Before Di-
lution

After 13 minutes of oxidation, HCl 
and methyl red dye were added, and 
the mixture was allowed to stand for 
different time intervals before dilution. 
The highest absorbance was observed 
after 6 minutes, which was selected as 
the optimal waiting time before dilu-
tion, as shown in Table (8).
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The optimal waiting period of 6 
minutes corresponds to the point at 
which the main reaction is effectively 
completed, yielding the highest absor-
bance. Beyond this period, other fac-
tors begin to influence the solution, 
leading to a decrease in absorbance.

Effect of Temperature on Amoxi-
cillin Oxidation

Heating the mixture after 13 min-
utes of oxidation and before the addi-
tion of acid and dye led to an increase 
in absorbance, reaching a maximum at 
50°C, which was selected as the opti-
mal temperature, as shown in Table (9).

Table (8). Effect of Waiting Time Before Dilution

Absorbance Time (min) Absorbance Time (min)
0.494 1 0.763 5
0.497 2 0.819 6
0.530 3 0.756 7
0.610 4 0.651 8

Table (9). Effect of Temperature on AMOX Oxidation

Absorbance Temperature (°C) Absorbance Temperature (°C)
0.375 20 0.541 45
0.426 25 0.860 50
0.443 30 0.586 55
0.433 35 0.569 60
0.479 40

The results show a gradual increase 
in absorbance with rising temperature 
up to 50°C. This behavior can be at-
tributed to the increased reaction rate 
with higher temperatures. According 
to reaction kinetics principles, an in-
crease in temperature raises the kinetic 

energy of the reacting molecules. As a 
result, amoxicillin and permanganate 
molecules possess higher kinetic ener-
gy, increasing the probability of effec-
tive collisions. More molecules acquire 
the energy required to overcome the 
activation energy barrier, accelerating 
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the reaction and ensuring its comple-
tion in a shorter time. This leads to a 
greater production of oxidation prod-
ucts within a given period, raising the 
absorbance to a maximum at 50°C.

Beyond 50°C, the absorbance be-
gins to decrease at 55 and 60°C. This 
may be due to the thermal instability of 
the colored oxidation products, lead-
ing to their decomposition into sim-
pler compounds that absorb light less 
efficiently. Excessively high tempera-
tures may also cause unwanted side 
reactions, such as the degradation of 
other solution components, affecting 
the final products and reducing overall 
absorbance. Additionally, overheating 
may partially decompose amoxicillin 
through pathways other than the de-
sired reaction with permanganate, de-
creasing the amount of reactant avail-
able for the intended oxidation.

Effect of Temperature on the Col-
ored Product After Dye Bleaching

When the product of the excess 
oxidizing agent reaction with the dye 
(after the oxidizing agent reacted with 
amoxicillin) was heated, a decrease in 
absorbance was observed with increas-
ing temperature. Therefore, 25°C was 

selected as the optimal temperature for 
measurement, as shown in Table (10).

Table (10). 
Effect of Temperature on the Stability 

of the Dye-Bleached Product

Temperature (°C) Absorbance
20 0.951
25 0.951
30 0.942
35 0.930
40 0.85

The results demonstrate that the 
colored compound formed after amox-
icillin oxidation and subsequent dye 
bleaching is sensitive to temperature. 
The observed decrease in absorbance 
between 30°C and 40°C reflects the 
thermal instability of the colored prod-
uct, which may decompose into simpler 
components with lower light-absorbing 
capacity. Heating the solution after the 
reaction does not accelerate the main 
reaction but compromises the stability 
of the final colored product, reducing 
the concentration of the absorbing spe-
cies and thereby lowering absorbance 
according to the Beer–Lambert law. 
Additionally, elevated temperatures 
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can promote side reactions among re-
maining solution components and in-
duce structural changes in the colored 
compound, further diminishing its 
ability to absorb light efficiently.

Effect of Time on the Stability 
of the Colored Product After Dye 
Bleaching

The study of the stability of the col-
ored complex formed after dye bleach-

ing showed that the absorbance reach-
es a stable value after 1 minute and 
remains nearly constant for up to one 
hour. This time period was adopted to 
ensure the accuracy and reliability of 
measurements. These results indicate 
that the colored complex is highly sta-
ble over the measured period, which 
ensures consistent and reliable absor-
bance readings for analytical purposes.

Table (11). Effect of Time on the Stability of the Colored Complex

Absorbance Time (min) Absorbance Time (min)
0.954 0 0.954 30
0.954 5 0.954 40
0.954 10 0.954 50
0.954 20 0.954 60

Effect of Addition Sequence
The addition sequence O + A + D 

(Oxidative reagent → Acid → Dye) 
produced the best results, yielding a 
clear and stable solution whose color 
did not change over time. This stability 
can be explained as follows: adding the 
oxidizing agent (potassium permanga-
nate) to the acidic medium first ensures 
optimal conditions for the oxidation 
process. When the dye (D) is added 
last, it reacts immediately and com-

pletely with the remaining oxidizing 
agent, resulting in instant and complete 
bleaching. This rapid and complete re-
action prevents any subsequent side re-
actions that could affect the solution’s 
stability.

In contrast, other sequences such as 
O + D + A and D + A + O produced un-
stable solutions that gradually changed 
color from clear to light purple over 
time. This behavior is due to the ab-
sence of an acidic medium at the ap-
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propriate time for oxidation, allowing 
incomplete or side reactions to occur. 
In these cases, permanganate ions were 
not consumed immediately, leading to 
the appearance of a purple color over 

time, reflecting solution instability. 
Based on these results, the sequence 
O + A + D was adopted for all subse-
quent analyses to ensure accuracy and 
reliability of measurements.

Table (12). Effect of Addition Sequence

Addition Order* Color of Blank Characteristics
O + A + D Clear Stable
O + D + A Clear → Purple Unstable
D + A + O Clear → Purple Unstable

*O = Oxidative reagent, A = Acid, D = Dye

Proposed Method
Graduated volumes of amoxicillin 

solution (100 µg/mL) within the range 
of 0.1–3.5 mL were transferred into a 
series of 10 mL volumetric flasks. To 
each flask, 1 mL of potassium perman-
ganate solution (0.001 M) was added, 
and the mixture was left for 13 min-
utes to complete the oxidation. The 
solution was then heated to 50 °C to 
ensure the reaction was complete. Af-
ter cooling, 0.5 mL of HCl (1 M) was 
added, followed by 1 mL of methyl red 
dye(100µg/ml). The flasks were left at 
room temperature for 6 minutes to al-
low the color reaction to complete, then 

the volume was adjusted to the mark 
with deionized water. Absorbance was 
measured at 516 nm against a blank 
prepared in the same manner, except 
without amoxicillin, and readings were 
taken at 25 °C.

Calibration Curve
After optimizing the conditions for 

amoxicillin determination, a standard 
calibration curve was prepared. Grad-
uated volumes of the standard amox-
icillin solution (100 µg/mL) ranging 
from 0.1–4.5 mL were transferred into 
a series of 10 mL volumetric flasks. To 
each flask, 1 mL of potassium perman-
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ganate solution (0.001 M) was added, 
and the mixture was left for 13 minutes 
to complete the oxidation. The solution 
was then heated to 50 °C, followed by 
the addition of 0.5 mL of HCl (1 M) 
and 1 mL of methyl red solution (100 
µg/mL). After 6 minutes, the volume 
was adjusted to the mark with deion-
ized water. Absorbance was measured 

at 516 nm against a blank prepared in 
the same way but without AMOX, with 
blank readings taken at 25 °C. The re-
sults showed a linear response within 
the range of 1–35 µg/mL of amoxi-
cillin, as illustrated in Figure 3. The 
molar absorptivity (ε) was 26,272.26 
L·mol⁻¹·cm⁻¹, and Sandell’s sensitivity 
was 0.0139 µg/cm².

Figure 3 – Calibration curve of amoxicillin by the proposed method

Precision and Accuracy of the 
Method

A study was conducted to evaluate 
the precision and accuracy of the pro-
posed method by calculating the per-
cent recovery (Rec%), which reflects 
the accuracy of the results, and the 
relative standard deviation (RSD%), 
which indicates the method’s preci-

sion. This study was performed using 
the concentrations of the calibration 
curve, with seven replicates for each 
concentration.

The percent recovery ranged from 
97.204% to 103.096%, while the 
RSD% did not exceed 1.5%, indicating 
that the method possesses good accura-
cy and precision, as shown in Table 12.
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Limit of Detection (LOD) and 
Limit of Quantification (LOQ)

The limit of detection (LOD) and the 
limit of quantification (LOQ) were cal-
culated by measuring absorb the lowest 
concentration in the curve seven times, 
using the following equations  (16):

 LOD=3.3×δ/slope….(1)
LOQ=10×δ/slope….(2)
Where: LOD = limit of detection, 

LOQ = limit of quantification, δ = stan-
dard deviation ,of the blank readings, 
and slope = slope of the calibration 
curve.

The calculated values were: LOD = 
0.0246 µg/mL, LOQ = 0.0744 µg/mL

The standard deviation of the blank 
readings was 0.000535, and the slope 
of the calibration curve was 0.0719.

These values are reasonable, as both 

LOD and LOQ should be lower than 
the lowest concentration used in the 
calibration curve. The purpose of de-
termining LOD and LOQ is to estab-
lish the lowest concentration that can 
be detected and quantified by the meth-
od, respectively.
Application of the Proposed Method

The proposed method was success-
fully applied to pharmaceutical prepa-
rations from Kent Pharmaceuticals and 
Micro Labs Limited using the single 
standard addition method, the per-
cent recovery method, and the multi-
ple standard additions method. These 
approaches showed recovery percent-
ages ranging between 99.276% and 
104.79%, with relative standard devi-
ations (RSD%) below 1%, as shown in 
Tables 13–15.

Table 12 – Percent Recovery and Relative Standard Deviation

Taken Conc. (µg/mL) Found Conc. (µg/mL) RSD% Rec%
1 0.972 0.142 97.218
5 4.922 0.082 98.442
10 9.720 0.053 97.204
15 15.454 0.039 103.096
20 20.109 1.475 100.549
25 25.019 0.147 100.077
30 29.887 0.104 99.624
35 34.936 0.150 99.817

*Average of seven readings
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Study of the Stoichiometric Ratio
To determine the molar ratio of the 

reaction between potassium permanga-
nate (KMnO₄) and methyl red, the Job’s 
method of continuous variations was 
employed. A series of solutions were 
prepared in 10 mL volumetric flasks 

using varying concentrations of the 
oxidizing agent (KMnO₄) in the range 
of ‎1×10⁻⁴ – 9×10⁻⁴ M‎, while comple-
mentary concentrations of methyl red 
were prepared to maintain a constant 
total volume, which was completed to 
the mark with deionized water.

Table 13 – Single Standard Addition Method

Rec%
RSD%

Concentration µg/ml

Kent 

pharmaceuticals AMOX

FoundAdded Taken 
101.3070.03510.130510
103.6020.02710.3601010
104.7280.0386.28396
99.6380.03810.963510

MICRO LABSLIMITED 103.6020.06010.3601010
104.2280.063 10.4221510

Table 14 – Recovery study Method 

Rec%
RSD%

 concentration µg/mlPercentage 
of addedKent 

pharmaceuticals AMOX

Found AddedTaken 
102.6140.0355.13010.550%
103.6020.02710.36011100%
103.1520.0389.28369150%
99.2760.0384.96310550%

MICRO LABSLIMITED 103.6020.06010.3601010100%
102.8180.06315.4221015150%

Table 15 – Multiple Standard Additions Method 

RSD%Rec%
Concentration µg\ml

Company 
Found taken

0.16699.6934.9845Kent AMOX pharmaceuticals-500 
0.155104.7935.2395MICRO LABSLIMITED-500
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A blank solution was prepared in the 
same manner to serve as a reference. 
The absorbance of each solution was 
then measured at 516 nm. The results 

indicated that the molar ratio of the re-
action between potassium permanga-
nate and methyl red is 1:1, as illustrat-
ed in the corresponding figure.

Figure .4 Job’s Plot for the Molar Ratio of the Oxidizing Agent to the Dye

The proposed chemical equations 
for the reactions in the proposed meth-
od are as follows:

Half-reaction of Potassium Perman-
ganate Reduction in Acidic Medium:

MnO4- + 8 H+ + 5 e- → Mn2+ + 4 H2O
Oxidation of Amoxicillin by Potas-

sium Permanganate in Acidic Medium
5 C16H19N3O5S + 94 MnO4

- + 257 H+ 
→ 80 CO2 + 176 H2O + 15 NO3

- + 5 SO4
2- 

+ 94 Mn2+

Consumption of Excess KMnO4 by 
Methyl Red Dye:

5 C15H15N3O2 + 86 MnO4
1- + 243 H+ 

→ 75 CO2 + 159 H2O + 15 NO3
- + 86 

Mn2+

Comparison of Analytical Char-
acteristics of the Proposed Method

The proposed spectrophotometric 
method for determining amoxicillin 
was compared with another spectro-
photometric method and an HPLC-UV 
method, as summarized in Table 16. 
The proposed method demonstrates 
superior sensitivity and analytical per-
formance.
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Table 16 – Comparison of the Proposed Method 
with Another Spectrophotometric Method

Verordit )17(

method
 Verordit )15(

method
Bleaching of dye

 Method
 parameter

227468516λ nm
1-1001.8-321-35Linearityµg/ml

…0.0790.0719Slope
0.98≤0.9990.9997R2

0.5>0.4200.0246LODµg/ml 
0.51.2740.0744LOQ µg/ml
…2632026272.26Ԑ L/mol.cm
…0.01390.0139Sand ell’s Index mg/cm2

100.3-105.0%97-100.50%97.20-103.09%Rec% 
10.8-18.7%0.98-1.85%0.037-1.47%RSD% 

The proposed method has a lower 
limit of detection (0.0246 µg/mL) and 
quantification (0.0744 µg/mL) than the 
reference methods, allowing the detec-
tion and measurement of very low con-
centrations of amoxicillin. It shows ex-
cellent linearity over the tested range, 
with a correlation coefficient of 0.9997, 
and high molar absorptivity and favor-
able Sandell’s index values, indicat-
ing strong sensitivity. Recovery per-
centages between 97.20 and 103.09% 
and low relative standard deviations 
(0.039–1.47%) reflect high accuracy 
and precision. These results suggest 
that the proposed dye-bleaching spec-

trophotometric method is reliable, re-
producible, and more sensitive than 
the other compared methods, making 
it well-suited for the determination of 
amoxicillin in pharmaceutical formu-
lations.

Conclusions
A simple, rapid, and sensitive spec-

trophotometric method was developed 
for the determination of amoxicillin 
using methyl red dye through the meta-
chromatic dye-shortening reactions, 
resulting in a dark pink colored prod-
uct. The maximum absorbance of this 
product was measured at 516 nm. The 
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method demonstrated good accuracy 
and precision. The proposed method 
was successfully applied to the deter-
mination of amoxicillin in its phar-
maceutical capsule formulations. The 
results showed excellent agreement 
with the labeled content of the pharma-
ceutical products and were consistent 
with those obtained using the single 
standard addition and percent recovery 
addition methods.
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