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Abstract
A method is described for the determination of paracetamol(based on the formation of a orange-reddish 
color species by reduction of Fe(III) to Fe(II) by paracetamol and then reacted with 1,10-phenanthroline) 
in the range 0.001-0.09mMol.L-1 (r =0.9801, r2 = 0.9606 , and R2% = 96.06) with a detection limit  (LOD) 
21.77ng/160µL(3SB)(S/N=3) and with RSD% for 0.01 and 0.07mMol.L-1 less than 1 % (n=6). The method 
was applied successfully for determination of paracetamol in pharmaceuticals formulation. Analysis of  drugs 

used the standard additions method via the  individual t-test. The results showed a significant., difference 
between the quoted..value of each company. with calculated t-test at 95% confidence(α=0.05) from new 
method. 
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Introduction
Paracetamol (Acetaminophen, 4-Acetamidophenol, 

N-(4-hydroxyphenyl) acetamide), Tylenol), is now 
probably the most commonly used drug worldwise, 
available over the counter, used as an analgesic and 
antipyretic drug(1,2). It is preferred alternative analgesic-
antipyretic to aspirin, particular in patients that could 
not be treat with non-steroidal anti-inflammatory drugs, 
such as people with pregnant or breastfeeding women,  
children under 12 years of age, bronchial asthma, 
salicylate-sensitized people, peptic ulcer disease , 
hemophilia. It is available in uncontaminated type 
as various trade-name preparations for oral use and 
organize combined in over 200 preparations with further 
drugs(3). 

Some side effect may occur of paracetamol observed 
after higher doses (4g/24h) , specially in the liver, so 
United States Food and Drug Administration (USFDA) 
produced it on the recorded elaborations, which will 
endure definite checking on the basis of data from the 
system on adverse reactions. The preparations containing 
paracetamol will be assess in term of introducing adverse 
skin reactions (4).

Several methods for determination of paracetamol 
have been reported such as LC(5), RP-HPLC(6), 
spectrophotometry(7), Chemiluminescence(8), 
Electrochemical detection(9-13) and Merging zone-
continuous flow injection technique(14). In the present 

study, (Ayah 3SBGRX3-3D solar cell microphotometer 

analyzer(15) was used) as a sensitive and simple method. 
for the determination. of paracetamol via the recorded 
of the signal from the measurement of absorbance at 
525nm green light emitted diode (LED)as a  source.       

Experimental 

Chemicals

The following stock solutions were prepared

-Paracetamol solution, 0.05 Mol.L-1(151.16g.Mol-
1,BDH,UK). Dissolve 1.8895g of C8H9NO2 in distilled 
water in a 250mL volumetric flask.

 -1,10-phenanthroline, 0.1 Mol.L-1(180.2g.Mol-1,	
BDH,UK ). Dissolve 9.01g of C12H8N2 in distilled water 
in   a 500mL volumetric flask.

- Iron(III),0.2Mol.L-1 (278.0146g.Mol-
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1,FLUKA,Germany). Dissolve a weight of 13.9007g 
FeSO4.7H2O after that the addition of 2-3 drops of 
concentrated H2SO4 after dissolution in little amounts of 
water(approximately 100mL followed by the addition of 
80mL of H2O2 0.1Mol.L-1 which is prepared and purified 
through passing on a cation exchanger Amberlite 120) 
warming the solution with constant stirring for the 
completion of oxidation of Fe(II) into (III), continuation 
of doing so until bubbles ceases for removing the 
excess of H2O2 followed by the addition 10-15mL of 
concentrated H2SO4 (in order to avoid the turbidity of 
the solution, during the process of oxidation of Fe(II) to 
Fe(III)) . The solution quantitatively  transferred into a 
volumetric flask (250mL), the volume is completed with 
distilled water. (14)

Apparatus 

Ayah 3SBGRX3-3D solar cell microphotometer 
was used in this work as a homemade instrument(15) 
that measures the absorbance of any different sample 
segment color which is capable of absorption in the 
visible region of the spectrum by uses three sources of 

irradiation : Blue (470nm), Green (525nm), and Red 
(635nm) with three solar cells as a detector at range of 
450-1150nm.The instrument is composed of a block of 
brass having the dimensions of 20(width), 20(thickness)
and 90mm(length).Flow cell with ID=2mm and 
OD=4mm that embedded inside a metal block. Nine 
source of light emitting diodes were used as an array 
arrangement act as emission sources at 100mm distance 
with three solar cell as a detector. The output of measure 
by solar cells was used without any further amplification 
of the transmitted light signal as shown in fig.1-A(X,Y-t 
potentiometric recorder,(Kompenso, Graph C-1032, 
Siemens, Germany, 1-500 volt, 1-500mV) ).

Fig.1-B shows the manifold system that uses flow 
system represent by peristaltic pump (An ISMATEC, 
Switzerland, type ISM796 peristaltic pump, two 
channels), six ports rotary  injection valve (Six ports 
medium pressure (model,V-450)(upchurch, scientific 
INC) valve (Teflon)was used with a variables sample 
volumes) and (Homemade Y liquid junction point. made 
of poly methylmethacrylate (PMMA)).
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Figure 1:A- 3D-representation of the brass metal housing of the used LEDS, their location , flow cell, and the three solar cell ; 
each collect light from one set(single colour) of LEDs
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B- Schematic diagram of flow system for the 
determination of paracetamol

Methodology 
A manifold system used in this research consist 

of two line flow feed unit: first line supplies Fe(III)
(0.03mMol.L-1 with flow rate 2.4mL.min-1) which 
passes through injection valve carrying the paracetamol 
sample(0.03mMol.L-1 with sample volume 160µL) 

which lead to reduction of Fe(III) to Fe(II) then combined 
with the second line (1,10-phenanthroline, 0.3mMol.L-1 
with flow rate 2.5mL.min-1) at a liquid junction point 
(Y-junction) that will produce orange-reddish color 
which passes through delay reaction coil (32cm,0.25mL)
to completed formation of colored species and then to 
Ayah 3SBGRX3-3D to measure absorption process at 
green light emitted diode(LED) as a source. A proposed 
mechanism for the reaction occurred in the manifold 
system expressed in sketch number 1.    

Sketch number1: A proposed equation of 
reaction between Fe (III) and paracetamol with 

                           1,10-phenanthroline

Results and Discussion
Chemical Variables

A spectroscopic study for colored species (orange-
reddish color) was monitoring by a homemade Ayah 
3SBGRx3-3D solar cell CFIA microphotometer at three 
different super bright light diode (LED) as a source 
(blue 470nm, green 525 nm, and red 635 nm) using 
paracetamol(0.03mMol.L-1,130µL)- Fe(III)

(0.01mMol.L-1)- 1,10- phenanthroline 
(0.07mMol.L-1) system with flow rate at 2.3 and 2.4 
mL.min-1 of the line no.1 (carrier stream) and line no.2 
(reagent stream) respectively. Fig.2 shows the maximum 
response measured in mV was obtained using green 
light emitting diode so it used for the determination of 
paracetamol in next studies.

Figure 2: Responses profile (mV) verses differences light 
emitting diode using Ayah 3SBGR x 3 –3D   

  solar cell CFIA microphtometer for 
0.03mMol.L-1 paracetamol

Effect of Fe(III) concentration

Fe(III) solutions of different concentrations 
were prepared (0.005-0.07mMol.L-1) using physical 
parameters : flow rate 2.3 and 2.4, mL.min-1 for the Fe(III) 
stream and 1,10-phenanthroline(0.07mMol.L-1) stream 
respectively , sample volume 130µL(0.03mMol.L-1 

paracetamol) and open valve mode. The maximum 
response of the colored species obtained was noticed 
at 0.03mMol.L-1 of Fe(III) concentration (more than 
0.03mMol.L-1 could due to restriction of the passage 
incident light due to. small. colored colloidal. precipitate 
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which be formed in front of solar cells.). So it was found 
that 0.03mMol.L-1 of Fe(III) was the most suitable.

Effect of 1,10-phenanthroline concentration

Solutions containing 0.03mMol.L-1 Fe(III) 
and 0.03mMol.L-1 paracetamol with different 
1,10-phenanthroline concentrations(0.05-0.7mMol.L-1) 
were prepared. It was noticed at more than 0.3mMol.L-1 
a decrease in response which can be attributed to increase 
of the colored species density which work as, internal 
filter that really prevent the remaining. light intensity, 
after absorption. process.so it was chosen 0.3mMol.L-1 
of 1,10-phenanthroline concentration for optimum 
sensitivity and reproducibility response .

Physical variables

Flow Rate

Using chemical variation for : 
paracetamol(0.03mMol.L-1)- Fe(III)( 0.03mMol.L-1)- 
1,10-phenanthroline(0.3mMol.L-1) system and physical 
parameters including : sample volume (130µL) and open 
valve mode with variation of flow rates (1.9-2.7) ,(1.9-
2.7) mL.min-1 for Fe(III) line and 1,10-phenanthroline 
line  respectively. A flow rate of 2.4 and 2.5 mL.min-1 

for Fe(III) and 1,10-phenanthroline line respectively 
was chosen as better flow rate because it was noticed at 
flow, rate ranged 1.9-2.1mL.min-1 there is an increase in 
area of colored segment in front of detector (increase in 
∆tB (base width) versus peak height and dilution factor) 
while at higher flow rate (˃2.4 and 2.5 mL.min-1 for 
Fe(III) and 1,10-phenanthroline stream respectively) the 
response is not very high because departure of reactant 
from measuring cell before to completion of reduction 
Fe(III) to Fe(II) (decrease time in front of detector and 
∆tB).   

Sample Volume

Different sample volume (50-200µL) with fixing all 
previous experimental parameters (chemical and physical 
parameters) with 525nm  as a source for irradiation were 
used. The results shows that increase in sample loop, led 
to an increase in S/N and ∆tB (base width) up to 160µL 
(above 160µL, there were a broadening at the peak 
height and ∆tB) so as a comparison between ∆tB , peak 

height and sensitivity , 160 µL could be used as best 
sample volume for the determination of paracetamol in 
next studies.

Purge Time 

The purge time (time for purging of the paracetamol 
segment from the six port injection valve) was carried 
out in this work(5-30sec). It was noticed from results 
obtained   that open valve mode at 30 sec was chosen 
as most suitable purge time for the totally departure of 
colored species from the injection valve to obtain better 
response for determination of paracetamol.

Effect of reaction coil length

Variation coil length (0-57cm) was used for the 
study of effect the reaction delay coil (after Y-junction 
point) on S/N peak profile , ∆tB and concentration of 
paracetamol after dilution . It was noticed that best 
coil length for the homogenization and completion of 
the reduction Fe(III) to Fe(II) with suitable base width 
(∆tB) , decrease dilution effect and regular response was 
32cm(0.25mL).

Preparation of calibration graph

Various concentrations (0.001-0.09mMol.L-1) 
of paracetamol was prepared using the parameters 
achieved above. Each measurement was repeated three 
times. Regression analysis gave r (correlation coefficient 
) 0.9801, r2 (coefficient of determination ) 0.9606 , and 
R2% (linearity percentage ) 96.06 as tabulated in table 1.

Limit of detection and repeatability

Gradual dilution of low concentration in 
the calibration graph and depend on the linear 
equation(numeric value of slope) was used for the 
calculated of detection limit. The repeatability studied 

for using Ayah 3SBGRX3-3D  analyser by paracetamol- 
Fe(III)- 1,10-phenanthroline system at concentration 
0.01 and 0.07mMol.L-1 . All calculated obtained was 
tabulated in table 1.
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Table 1: Summary of calibration graph, detection limit and repeatability results for the determination of paracetamol using 

Ayah 3SBGRX3-3D   solar cell CFI analyser
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Application

Ayah 3SBGRX3-3D  solar cell CFI analyser was used for the analysis of paracetamol using paracetamol- Fe(III)- 
1,10-phenanathroline system in the different drug manufactures (SDI-Iraq,Advance- United Kingdom, and Kernadol, 
Kern pharma-Espain) . A series of solutions were prepared of each paracetamol drug(20mMol.L-1)  (0.3023g ) by 
transferring 0.01mL to each 10mL volumetric flask , followed by the addition of step wise volumes (0.0 ,0.01 
,0.02 ,0.03 ,0.04 mL from 10mMol.L-1 standard solution) to obtain 0.0- 0.04 mMol.L-1 . Table 2 shows all results 
obtained of standard calibration graph, practically content of paracetamol in each sample of drug and efficiency of 
determination using developed method at confidence level 95%.

Table 2: Summed up of standard addition results , practical found values and ,efficiency  determination 
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The standard addition method in this research work 
was put into individual t-test between x (mean) and 
quoted value, (500mg). There is a significant difference 
between claimed value of each company with t calculated 
at α=0.05 (95% confidence interval).

Conclusion
The method in this research work described for the 

determination of. paracetamol by reduction of Fe(III) to 
Fe(II) and then combination with 1,10-phenanthroline to 
formation orange-reddish colored species. Homemade 
Ayah 3SBGRX3-3D solar cell CFI analyser was used for 
the measurement of absorbance at 525nm green light 
emitted diode (LED)as a source. The new technique was 
applied successfully. for the determination of sample 
(paracetamol)  in three  different drugs.
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