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Abstract  

     erivatives spectrophotometric techniques were developed for the 

determination of Amoxicillin Trihydrate (Amox) with Potassium Clavulanate 

(PC) antibiotic binary mixtures. The simultaneous determination of these 

compounds was accomplished by derivative (
1
D, 

2
D and 

3
D) spectrophotometric 

technique and applying zero-crossing technique used for determination of 

(Amox) and (PC) in tablets. The second order derivative absorption spectra at 

valley λ=299 nm were used for (Amox) and also the second order derivative 

spectra at peak λ=239.5 nm were used for (PC). No interferences were found 

between both determined constituents and those of matrix.  A good accuracy and 

precision of simultaneous determination of (Amox) and (PC)   were confirmed by 

statistical analysis. The recovery of individual constituents under established 

conditions is very high and ranges for synthetic standards mixture and tablets 

from 100.11, 99.33 and 96.98, 96.84 respectively. Linearity is maintained within a 

wide concentration range from 2.0 to 90.0 μg.mL
-1

 and from 10.0 to 90.0 μg.mL
-1

 

for (Amox) and (PC) and linearity percentage 99.98 and 99.99 respectively. The 

detection limit is 0.211 μg.mL
-1  

 for (Amox) and 0.259 μg.mL
-1

 for (PC). The 

corresponding quantitation limits are 0.704 μg.mL
-1 

  (Amox) and 0.864 μg.mL
-1

 

for (PC). 

 انًسخخهص

أسخخذو فً هزا انبحث انًشخقبث انطٍفٍت نخقذٌش انًضبداث انحٍىٌت فً انًزٌح انًزدوج يٍ الأيىكسٍسهٍٍ 

. انخحهٍم انًخعبقب نهزِ انًشكببث حى ببشخقبق كم يٍ انًشخقت الأونى وانثبٍَت و انثبنثت يع  كلافىٍَج انبىحبسٍىو

. وخذ أٌ انًشخقت  فشي نخحذٌذ الأطىال انًىخٍت انًُبسبت نخقذٌشكم يُهًب فً حببث الأدوٌتطشٌقت انخقبطع انص

َى عهى (239.5، 299)بٍَت كبَج يُبسبت نخقذٌش الأيىكسٍسهٍٍ كلافىٍَج انبىحبسٍىو وفً الأطىال انًىخٍت ثان

نًخعبقب نكهٍهًب اعخًبدا عهى ودقت  وحذود ثقت خٍذة نهخقذٌش ا، وبذوٌ حذاخلاث يٍ يكىَبث انذواء  ،انخىانً 

 ،100.11َسبت اسخشخبع نكم يُهًب فً انًُىرج انقٍبس وانحببث انذوائٍت  انخحهٍم الاحصبئً وكًبٌهً :

يهغى/نخش (90.0 - 2.0)عهى انخىانً . ويذىخطً عشٌض نخشكٍزالأيىكسٍسٍهٍٍ  96.84،  96.98 ، 99.33

 .99.99يهغى/نخش وبُسبت يئىٌت  خطٍت  ( 90.0- 10.0) ىوٍو كلافىٍَج انبىحبس  99.98وَسبت  يئىٌت خطٍت  

يهغى/نخش كلافىٍَج انبىحبسٍىو . واٌ انحذ انكًً   0.259يهغى/نخشنلأيىكسٍسٍهٍٍ و  0.211أيب حذ انكشف 

        .   يهغى/نخش كلافىٍَج انبىحبسٍىو 0.864يهغى/نخشنلأيىكسٍسٍهٍٍ و  0.704
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Introduction  

Potassium clavulanate (PC), as shown in figure (1-a) is the salt of clavulanic acid that 

belongs to the β-lactamase inhibitors. The empirical formula of potassium clavulanate 

was (C8H8KNO5), and the molecular weight 237.3 g/mol. Potassium clavulanate 

occurs as a white to light yellowish white, crystalline powder, hygroscopic. It is freely 

soluble in water, slightly soluble in alcohol, very slightly soluble in acetone [1]. 

 

 
 

 

          
 

                                   a                                                              

b      

Fig (1): Structure of a- potassium clavulanate, b- Amoxicillin trihydrate 

 

Several different methods have been used for determination of potassium clavulanate 

including; High-performance liquid chromatographic [2-6]. An electrophoresis 

method [7] A method using sequential injection analysis [8, 9], potentiometric 

methods [9-10], A densitometric method [11]. A chemiluminescence (CL) method 

[12]. 

Amoxicillin trihydrate (Amox) as shown in Figure (1-b) is β-lactam antibiotic that 

belong to the group of penicillin’s. Amox is a white, or almost white crystalline 

powder, slightly soluble in water and in alcohol, practically insoluble in ether and in 

fatty oils.  It dissolves in dilute acids and dilute solutions of alkali hydroxides. The 

empirical formula of Amox was (C16H19N3O5S.3 (H2O)), and the molecular weight 

is equal to (419.4 g/mol) [1].  

Amox is a commonly used β-lactam antibiotic, which is highly active against a broad 

spectrum of bacteria. High rate of absorption and stability of Amox under acid 

conditions are among the most important advantages of this antibiotic. Amox like the 

other β-lactam antibiotics is usually produced by a semisynthetic route using reactive 

groups of 6-aminopenicillanic acid (6-APA). Also, various hydrated forms of 

amoxicillin, including monohydrate, dihydrate, and trihydrate, have been reported, 

among which, the trihydrate is the most stable hydrated form. Crystallization of 

Amox, like the other crystalline drugs, plays a critical role in controlling the crystal 

form, shape, size, and size distribution [13]. 

The recent methods for determination of amoxicillin include, liquid chromatographic 

[14-19], voltammetric determination of amoxicillin [20, 21], Chemiluminescence 

Flow-Injection Analysis [22-24] and Chemiluminescence method [25], Flow Injection 

Analysis using UV-Detection, Potentiometry, and Conductometry [26] and different 

spectrometric methods [27-34] 

Derivative spectrophotometry is an analytical technique of great utility for resolving 

some mixtures of compounds with overlapping spectra such determination of some 

selected antihypertensive combinations [35], determination of binary mixtures of 

prednisolone with some antibiotics [36], and other applications [37-39]. In this work, 
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new methods were used to develop spectrophotometric methods for the simultaneous 

determination of the components of these binary mixtures without prior separation. 

Experimental 

 Instruments and Equipments 

Double-beam UV-Visible spectrophotometer model (UV-1650 CP) SHEMADZU 

(Japan), interfaced with computer via SHEMADZU UV-probe data system program 

version 1.10 and Ultra Sonic device (ultrasonicator) for dissolving samples, 

(SONOREX), (W. Germany). 

1. Chemicals 

Standard antibiotic drugs: Amoxicillin trihydrate (Amox) (C16H19N3O5S.3(H2O); 

F.W. 419.4), was a gift from the State Company of Drug Industries and Medical 

Appliances (IRAQ-SDI-Samara), and potassium clavulanate (PC), which contains the 

silicon dioxide (SD) 1:1 weight ratio (C8H8KNO5; F.W. 237.3) was gift from the 

pharmacie centrale de tunisie- Tunis. Commercial drugs: Amoxicillin capsule 

(APMOX-500 mg) made by Ajanta pharmaceutical limited company (India), and the 

mixture of amoxicillin with potassium clavulanate (Co-amoxiclav-625 mg) made by 

globalpharma-U.A.E.  

 Preparation of Standard Solutions 

1. Stock standard solutions of 200 μg.mL
-1

 standard were prepared by dissolving an 

accurately weighed amount [20 mg Amox and 40 mg from (PC+SD)] of the 

studied drugs, about 80 mL of the deionized water 100 mL volumetric flask. 

Using ultra sonic devise (ultrasonicator) for dissolving samples, The solutions are 

then made up to the volume with deionized water, to obtain the suitable working 

standard solutions according to the linear calibration range for each drug..  

2. Two series of pure single standards drugs prepared by dilution from stock 

solutions with the deionized water. 

3. Solutions for binary mixtures of standard drugs Amox and PC were prepared by 

two series; first series of mixture solutions were prepared by using a fixed 

concentration of (30 μg.mL
-1

) of drug Amox with different concentrations (5, 10, 

20, 30, 40, 50 ,60) μg.mL
-1

 of drug PC, second series of mixture contain a fixed 

concentration (30 μg.mL
-1

) of drug PC with different concentration of (5, 10, 20, 

30, 40, 50 ,60) μg.mL
-1

 of   drug Amox. 

Preparation of Commercial drugs Solutions  

Stock solution of (500 μg.mL
-1

 Amox + 125 μg.mL
-1

 PC) for Co-amoxiclav was 

prepared by dissolving average weight of one capsule from the weight of five 

capsules in 1000 mL distilled water. Other standard solution of (50 μg.mL
-1

 Amox + 

12.5 μg.mL
-1

 PC) was prepared by taking 10 mL from the stock solution diluted to 

100 mL volumetric flask. 

UV- Measurement 

The absorption spectra of the amoxicillin trihydrate, and potassium clavulanate were 

measured from (200-600)nm against distilled water as blank. The wavelength at 

absorption maximum (λmax) was identified. The calibration curves were constructed 

for these drugs at their respective (λmax). 
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The derivative spectra 
1
D, 

2
D, 

3
D have been taken from normal spectrum for each 

drug by the computer via a SHIMADZU UV probe data system program and the 

parameters S and ∆λ were optimized. The suitable wavelengths peaks (P) and valley 

(V) at (λmax) were identified for standard drug. The calibration curves of each 

derivative were constructed and used to determine the concentrations of each drug. 

The derivative spectra 
1
D, 

2
D and 

3
D have been taken from normal spectrum (zero 

order) for binary drugs of Amox with PC, The suitable derivative and at suitable 

wavelength using zero crossing techniques were used to construct the calibration 

curves for these standard drugs, which were used to determine the concentration of 

each drug present in the mixtures. 

Pharmaceutical sample Analyses 

The synthetic standard sample and the commercial drug Co-amoxiclav (50 μg.mL
-1

 

Amox+12.5 μg.mL
-1

 PC) were measured by using 
1
D, 

2
D, 

3
D spectra depending on 

the calibration curves of the standard drugs. 

Results and discussion 

 Amoxicillin Trihydrate with Potassium Clavulanate Mixture 

Figure (1-a) shows the normal spectrum cannot be used to determine each of Amox 

and PC present in their mixture, due to interfering between the spectra, therefore; 

derivative spectrophotomeric methods 
1
D, 

2
D, 

3
D can be used in this case Figure (1-

b,c, d). 

 
Fig (1)a: The zero order spectra of 30 μg.mL

-1
 for each Amox and PC. b- First derivative 

spectra.c- Second derivative spectra .d- Third derivative spectra  

for 5–90 μg.mL
-1

 Amox and 10–90 μg.mL
-1

 PC. 

 

First derivative (
1
D) can be used to determine each of Amox and PC in their mixture, 

as shown in figure (2). Amox can be determined at P = 267.0, V = 283.5 nm, on the 

other hand, PC can be determined at V = 229.0 nm. The results and the relative errors 

for the determination Amox and PC in their mixture are listed in Tables (1, 2) 

respectively.  
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Fig (2): a-

1
D spectra for 5–60 μg.mL

-1
 Amox and 30 μg.mL

-1
 PC at 267 and 283.5 nm, b- 

1
D 

spectra for 10–60 μg.mL
-1

 PC and 30 μg.mL
-1

 Amox (zero crossing) at 229 nm. 

Table (1): The relative error and recovery for the determination of Amox in the presence of PC 

at 267 and 283.5 nm using 
1
D method. 

Amox and PC mix 

Amox 

found 

μg.mL
-1

 

at 

 267nm 

RE % RC % 

Amox 

found 

μg.mL
-1

 

at 

283.5nm 

RE % RC % 

30PC+5Amox 5.335 +6.700 106.700 5.250 +5.000 105.000 

30PC+10Amox 9.609 -3.910 96.090 10.434 +4.340 104.340 

30PC+20Amox 19.580 -2.100 97.900 20.404 +2.020 102.020 

30PC+30Amox 29.551 -1.496 98.503 30.374 +1.246 101.246 

30PC+40Amox 39.522 -1.194 98.805 40.344 +0.860 100.860 

30PC+50Amox 49.493 -1.014 98.986 50.314 +0.628 100.628 

30PC+60Amox 59.464 -0.893 99.106 60.284 +0.473 100.473 

10PC+30Amox 29.551 -1.496 98.503 29.975 -0.083 99.916 

 

The results of Tables (1,2) show that Amox and PC can be determined by 
1
D when 

the mixture contain more than 25% of each drug. Therefore second derivative (
2
D) 

may be used to determine Amox and PC to obtain more accurate results, because it 

has higher resolution than the 
1
D. 

Table (2): The relative error and recovery for the determination of PC in the presence of Amox 

at 229 nm using 
1
D method. 

Amox and PC mix. 
PC found μg.mL

-1
 at 

229nm 
RE % RC % 

30Amox+10PC 10.250 +2.500 102.500 

30Amox+20PC 20.397 +1.985 101.985 

30Amox+30PC 30.358 +1.193 101.193 

30Amox+40PC 40.368 +0.920 100.920 

30Amox+50PC 49.610 -0.780 99.220 

30Amox+60PC 59.563 -0.728 99.270 

10Amox+30PC 29.833 -0.556 99.443 

 

The second derivative spectra used to determine Amox and PC in their mixture, 

Figure (3) show that Amox can be determined at P = 288.0 nm, V = 277.5,  229.0 nm, 

while PC can be determined at P = 239.5, V = 224.5 nm. The results and the relative 

errors for the determination of Amox and PC in their mixtures using 
2
D method are 

listed in Tables (3,4) respectively. 
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The results of Table (3) show that Amox can be determined by 
2
D method at V = 

229.0 nm,  

The results of Table (4) show that PC can be determined by 
2
D method at P = 239.5, 

V = 224.5 nm. The suitable wavelength to determine PC is 239.5 nm because it gives 

more accurate results than the 224.5 nm. 

 
Fig (3): 

2
D spectra for 5–60 μg.mL

-1
 Amox and 30 μg.mL

-1
 PC at 288, 277.5 and 229 nm. b- 

Figure (3-88) 
2
D spectra for 10–60 μg.mL

-1
 PC and 30 μg.mL

-1
 Amox 

(zero crossing) at 239.5 and 224.5 nm. 

Table (3): The relative error and recovery for the determination of Amox in the presence of PC 

at 288, 277.5 and 229 nm using 
2
D method. 

Amox and PC 

mix 
λ (nm) 

Amox found 

μg.mL
-1 RE % RC % 

30PC+5Amox 

P=288.0 4.088 -18.240 81.760 

V=277.5 4.830 -3.400 96.600 

V=229.0 5.010 +0.200 100.200 

30PC+10Amox 

P=288.0 9.743 -2.570 97.430 

V=277.5 9.106 -8.940 91.060 

V=229.0 9.932 -0.680 99.320 

30PC+20Amox 

P=288.0 19.169 -4.155 95.845 

V=277.5 19.795 -1.025 98.975 

V=229.0 20.187 +0.935 100.935 

30PC+30Amox 

P=288.0 30.480 +1.600 101.600 

V=277.5 30.483 +1.610 101.610 

V=229.0 30.032 +0.106 100.106 

30PC+40Amox 

P=288.0 39.906 -0.235 99.765 

V=277.5 39.034 -2.415 97.585 

V=229.0 39.877 -0.307 99.692 

30PC+50Amox 

P=288.0 49.332 -1.336 98.664 

V=277.5 49.723 -0.554 99.446 

V=229.0 50.132 +0.264 100.264 

30PC+60Amox 

P=288.0 60.644 +1.073 101.073 

V=277.5 60.412 +0.686 100.686 

V=229.0 59.977 -0.038 99.961 

10PC+30Amox 

P=288.0 30.480 +1.600 101.600 

V=277.5 30.483 +1.610 101.610 

V=229.0 30.032 +0.106 100.106 
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Table (4): The relative error and recovery for the determination of PC in the presence of Amox 

at 239.5 and 224.5 nm using 
2
D method. 

Amox and PC mix 

PC found 

μg.mL
-1

 at 

239.5nm 

RE % RC % 

PC found 

μg.mL
-1

 at 

224.5nm 

RE % RC % 

30Amox+10PC 9.933 -0.670 99.330 10.788 +7.880 107.880 

30Amox+20PC 19.992 -0.040 99.960 20.246 +1.230 101.230 

30Amox+30PC 30.050 +0.166 100.166 29.704 -0.986 99.013 

30Amox+40PC 40.109 +0.272 100.272 39.754 -0.615 99.385 

30Amox+50PC 50.168 +0.336 100.336 49.803 -0.394 99.606 

30Amox+60PC 60.226 +0.376 100.377 59.852 -0.246 99.753 

10Amox+30PC 30.050 +0.166 100.166 30.296 +0.986 100.986 

 

Third Derivative 

The third derivative (
3
D) was used to determine each of Amox and PC in their 

mixtures, as in Figure (4), Amox can be determined at P = 239.0 nm, as shown on the 

other hand, PC can be determined at P = 232.0, V = 248.5 nm, The results of recovery 

and the relative errors for the determination of Amox and PC in their mixtures using 
3
D method are listed in Tables (5,6) respectively. 

 

 
Fig (4): Third derivative spectra-a- for 5–60 μg.mL

-1
 Amox and 30 μg.mL

-1
 PC (zero crossing) at 

239 nm. b-
 3
D spectra for 10–60 μg.mL

-1
 PC and  

30 μg.mL
-1

 Amox (zero crossing) at 232 and 248.5. 

 

Table (5): The relative error and recovery for the determination of Amox in the presence of PC 

at 239 nm using 
3
D method. 

Amox and PC mix 
Amox found μg.mL

-1
 

at 239nm 
RE % RC % 

30PC+5Amox 3.939 -21.220 78.780 

30PC+10Amox 8.125 -18.750 81.250 

30PC+20Amox 18.589 -7.055 92.945 

30PC+30Amox 29.054 -3.151 96.846 

30PC+40Amox 39.518 -1.205 98.795 

30PC+50Amox 49.983 -0.034 99.966 

30PC+60Amox 60.448 +0.746 100.746 

10PC+30Amox 29.054 -3.151 96.846 

 

The results of Table (5) show that Amox can be determined by 
3
D method at P = 

239.0 nm, when the mixture contain more than 50% Amox and the low concentration 
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for Amox (5–30 μg.mL
-1

) have weak 
3
D value; therefore, the determination at low 

concentration is not accurate; therefore, not used to determine Amox. 

Table (6): The relative error and recovery for the determination of PC in the presence of 

Amox at 232 and 248.5 nm using 
3
D method. 

Amox and PC mix 

PC found 

μg.mL
-1

 

at 232nm 

RE % RC % 

PC found 

μg.mL
-1

 at 

248.5nm 

RE % RC % 

30Amox+10PC 9.474 -5.26 94.740 9.308 -6.920 93.080 

30Amox+20PC 20.000 +0.000 100.000 22.000 +10.000 110.000 

30Amox+30PC 30.526 +0.853 100.853 28.346 -5.513 94.486 

30Amox+40PC 41.053 +2.632 102.632 41.038 +2.595 102.595 

30Amox+50PC 48.947 -2.106 97.894 47.385 -5.230 94.770 

30Amox+60PC 59.474 -0.876 99.123 53.731 -10.448 89.551 

10Amox+30PC 30.526 +0.853 100.853 28.346 -5.513 94.486 

 

The results of Table (6) show that PC may be determined by 
3
D method at P = 232.0, 

but the V = 248.5 nm cannot be used to determine PC, because it has weak 
3
D value 

comparing with 232.0 nm. In general 
3
D spectra have weak 

3
D value and gave not 

accurate results. 

Table (7): Statistical data for the calibration curves that used to determine Amox and PC in their 

mixture.  

Drug Amox PC 

Method 
1
D 

2
D 

1
D 

2
D 

λ (nm) V=283.5 V=229.0 V=229.0 P=239.5 

Linearity range 

( μg.mL
-1

) 
2–100 2–90 10–80 10–90 

r 0.99939 0.99951 0.99955 0.99993 

Slope -0.00251 -0.00244 -0.01547 0.00199 

*RSD % (slop) 0.396 1.214 1.242 0.772 

Intercept 0.00117 0.00079 0.00260 0.00175 

*RSD% (intercept) 1.290 1.282 2.197 1.520 

LOD ( μg.mL
-1

) 0.205 0.211 0.033 0.259 

LOQ ( μg.mL
-1

) 0.685 0.704 0.111 0.864 

*RSD (concentration)** 0.281 0.174 0.386 0.119 

*SD 0.141 0.087 0.191 0.059 

†F experimental 2.626 10.480 

††F theoretical 19.000 19.000 

*n = 3. ** Concentration = 50 μg.mL
-1

. †F = SD1
2
/ SD2

2
, where SD1>SD2.  

††F theoretical = theoretical value at 95% confidence limit. 

The results of Table (7) show that Amox and PC can be determined in their mixtures 

by using 
1
D and 

2
D methods, but 

2
D method gave higher precision than 

1
D method 

and the F test shows that no difference between 
1
D and 

2
D methods because the value 

of the F experimental is less than the value of the F tabulated at 95% confidence limit. 

Analysis of Pharmaceutical Samples  

Simultaneous determination of amoxicillin and potassium clavulanate antibiotics in 

pharmaceutical sample using derivative spectrophotometric method with the best 

derivative and best wavelengths  for Co-amoxiclav sample (50 μg.mL
-1

 Amox + 12.5 

μg.mL
-1

 PC) was measured by using 
1
D and 

2
D methods, as shown in Table (8). 
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Table (8): The relative error and recovery for the determination of Co-amoxiclav sample (50  

μg.mL
-1

 Amox + 12.5 μg.mL
-1

 PC) by using DS methods. 

Drugs Co-amoxiclav (Amox) Co-amoxiclav (PC) 

Method 
1
D 

2
D 

1
D 

2
D 

λ (nm) 283.5 229.0 229.0 239.5 

Conc. found 

(μg.mL
-1

) 
47.123 48.492 13.288 12.105 

RE % -5.754 -3.016 +6.304 -3.160 

RC % 94.246 96.984 106.304 96.840 

 

Table (8) shows the results for the determination of Co-amoxiclav (Amox +PC 

mixture) by 
1
D and 

2
D methods. The suitable method that gave more accurate result 

was the 
2
D method at (229.0, 239.5) nm for Amox and PC respectively. Table (9) 

shows the comparison   between standard and commercial drug and statistical data for 

the determination of (Amox + PC) in their mixture by using 
2
D method. The 

parameters obtained from the calibration curve for 
2
D method of Amox at 229 nm., 

PC at 239.5 nm Table (10) show the concentration range and the linear equations and 

the linearity percentage R
2
%   

 Table (9): Statistical data for the determination of (Amox + PC) in their mixture in pure 

standard and pharmaceutical form by 
2
D method. 

Standard 

Amox+PC 

mixture 

Amox 

found 

μg.mL
-1

 

at 229nm 

RE % 
RC 

% 

*RSD 

% 

PC 

found 

μg.mL
-1

 

at 

239.5nm 

RE 

% 
RC % 

*RSD 

% 

30Amox+10PC 30.032 +0.106 100.106 0.448 9.933 -0.67 99.330 2.117 

Co-amoxiclav 

Amox+PC 

mixture 

Amox 

found 

μg.mL
-1

 

at 229nm 

RE % 
RC 

% 

*RSD 

% 

PC 

found 

μg.mL
-1

 

at 

239.5nm 

RE 

% 
RC % 

*RSD 

% 

50Amox+12.5PC 48.492 -3.016 96.984 0.856 12.105 -3.16 96.840 1.655 

*n = 3 

 

Table (10): The parameters obtained from the calibration curve for 
2
D method of Amox at 229 

nm. and PC at 239.5 nm. 

Method 
Conc. range 

μg.mL
-1 λ (nm) Equation r R

2 

2
D 2–90 V=229.0 Y=-0.00244x-0.00079 0.99951 99.98 

2
D

 
10–90 P=239.5 Y=0.00199x-0.00175 0.99993 99.996 

Conclusions 

A quick and accurate method for determining amoxicillin and potassium clavulanate 

antibiotics in pharmaceutical sample was carried out using derivative 

spectrophotometric   method. The advantage of this method is that both constituents 

can be determined directly in a single sample without the need to be separated. It was 

also found that auxiliary drug components had no effect on the results of 

determination obtained under established conditions.  
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