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Abstract
A simple and low-cost flow injection spectrophotometric method was proposed for the simultaneous determination of ascorbic 
acid (AA) and paracetamol (PCM) in pharmaceutical formulations. The present method is based on the reduction of Fe(III) 
to Fe(II) with AA and PCM in a closed flow system which subsequently combines with the 1,10-phenanthroline to form an 
orange-coloured complex that is measured at 510 nm. The increase in the absorbance was proportional to the concentration 
of AA in the range of 0.1–12 µg/ml with a correlation coefficient of 0.9997 and detection limit of 0.31 µg/ml, and to the 
concentration of PCM in the range of 0.4–24 µg/ml with a correlation coefficient of 0.9999 and detection limit of 0.39 µg/ml. 
The precision for ten serial estimations of 2 and 7 µg/ml of AA exhibited a relative standard deviation of 3.33% and 2.47% 
and of 6 and 15 µg/ml of PCM with a relative standard deviation of 3.008% and 2.23%, respectively. The present FI method 
permits determination of 9 samples per hour with no interference from the common excipients. The developed method was 
applied to different tablets containing AA and PCM with the recovery of AA from four spiked samples ranged from 95.31 
to 104.73%, and of PCM ranged from 95.03 to 104.93%.

Keywords  Ascorbic acid · Paracetamol · Double injection–single detector flow injection simultaneous determination · 
Spectrophotometric determination

Introduction

Ascorbic acid (AA) has an essential role in several natural 
processes occurring in most vegetables and fruit juices. The 
basis for its physiological activities and technical applica-
tions is the oxidation of ascorbic acid to dehydroascorbic 
acid. It is used in pharmaceutical products and is also widely 
used with many functional roles as a food additive [1].

Acetaminophen is known as paracetamol (PCM), and it 
has good analgesic and strong antipyretic properties. PCM 
reliefs the mild–moderate pain such as a headache and dental 
pain, but is of less use in splanchnic pain and inflammatory 
[2].

AA and PCM together are manipulated in formulations 
by various manufactories, which combine the relief of dental 

pain, muscle aches, headaches and fever associated with 
colds and flu by the action of the PCM and increase the 
defence towards microorganisms by the support of AA in 
antibody formation [3].

There are many methods used for the determination 
of these substances, including spectrophotometric deter-
mination of AA [4–9], and several other analytical meth-
ods including flow injection analysis [10–19], titrimetric 
[20–25], electrochemical [26–32], fluorimetric [33–35] and 
HPLC [36–42] methods.

On the other hand, many spectrophotometric methods 
were used for the determination of PCM [43–47]. PCM 
was also determined by FIA techniques with the different 
detectors, such as a spectrophotometer [48–52], a spectro-
fluorometer [53, 54], an amperometer [55, 56] and a chemi-
luminescence meter [57, 58], and several other analytical 
methods, including titrimetric [59, 60], electrochemical 
[61–66], fluorimetric [67–69] and HPLC [70–72] methods.

Developing the new methods for the determination 
of PCM and AA simultaneously or sequentially is highly 
interested due to the increase in the production and use of 
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these drugs together. Several simultaneous quantifications of 
these drugs have developed in the literature such as partial 
least squares and principal component regression multivari-
ate calibration methods in the UV region [73], voltammetry 
[74–77] and HPLC [78–80], but there were no published 
papers for simultaneous determination of AA and PCM by 
FIA technique up to 2019.

In this work, a new flow injection manifold is devel-
oped in which two consecutive injections of the same sam-
ple were applied using two sample injectors. Each sample 
injected was merged with Fe(III) stream. In the first injec-
tion, AA rapidly reduces Fe(III) to Fe(II) which merged 
with 1,10-phenanthroline stream to form orange Fe(II)-
1,10-phenanthroline complex (ferroin complex) detected at 
510 nm and recorded irrespective of the existence of PCM. 
In the second injection, both AA and PCM oxidised in a 
reaction coil with Fe(III) quantitatively proceeded in the 
water bath at 60 °C, in the presence of 1,10-phenanthro-
line producing an excessive orange complex that detected 
at 510 nm. Thus, by providing two peaks in each injection, 
a novel FI spectrophotometric system was presented and 
applied to the selective determination of AA and PCM con-
secutively in the different tablets.

Experimental

Apparatus

The spectral measurements were taken on a (CECIL 
CE3021, England) UV/Vis spectrophotometer. The sche-
matic design of the FI system used in this modified method 
includes a multichannel peristaltic pump (DESAGA Heidel-
berg, England) provided with silicone pump tubes (0.8 mm 
id.) used to deliver the flow streams. A six-way injection 
valve (Rheodyne, USA, with variable loop volumes), PTFE 
tubes, Y-pieces and mixing coils (0.8 mm id.) in different 
lengths were used to connect and mix varying flow streams. 
The three-way Hamilton plug valve selects the sample zone 
pathway. The coloured products formed were monitored 
spectrophotometrically using JENWAY 6300 spectropho-
tometer equipped with a flow cells (Sterna micro-flow cell, 
100 µl and 1.0 cm path length) and connected to a recorder 
(type PM 8251A PHILIPS—one line recorder).

Reagents

All reagents were of analytical grade, and distilled water 
(DW) was used for the preparation of their working solu-
tions. The stock solution of FeCl3 (BDH 60%) was daily 
prepared in a standardised HCl (PROLAB 37%), and 
1,10-phenanthroline (PanReac 99%) was prepared freshly 
daily by dissolving it in distilled water and kept in a dark 
container.

Standard and sample solutions

A stock solution of 1000 µg/ml of standard AA and PCM 
(Awamedica Swedish Expertise and Quality, Erbil, Iraq) was 
prepared daily by dissolving 0.1 g of each analyte in DW and 
then completed in an ambient volumetric flask to 100 ml 
with DW. The working solutions were prepared by simple 
dilution of appropriate amounts of both drugs standard solu-
tions and kept protected from light.

Sample solutions of different tablets, purchased from 
local drug stores (Table 1), were prepared by weighing ten 
tablets of the commercial sample and then crushed and 
mixed. A stock solution was prepared accurately by dis-
solving the average weight of each tablet in distilled water 
inside a beaker, shaking it mechanically for 15 min, and then 
filtered. The residue was washed with DW three times, and 
then the filtrate was diluted to the mark with DW. The injec-
tion sample solutions were prepared from the stock solution 
by appropriate dilutions.

Recommended procedure

The flow injection arrangement shown in Fig. 1 was used 
for simultaneous determination of AA and PCM from two 
injections of the same sample with different pathways in a 
two-step consecutive procedure. A series of critical chemical 
operations were executed instantly inside the FI manifold 
including reduction of Fe(III) to Fe(II) by the effect of AA 
and PCM followed by reaction with 1,10-phenanthroline to 
form a coloured complex. Mixing, heating and spectrophoto-
metric determinations were processed simultaneously inside 
this manifold. 

Table 1   Tablet samples 
analysed by the present methods

Sample no. Name Manufacture—country PCM (mg/
tablet)

AA (mg/tablet)

1 Apotel C (effervescent) UNI-PHARMA—Greece 500 300
2 Doliprane (effervescent) SANOFI—France 500 150
3 FLU-OUT SDI—Iraq 500 100
4 FLU-OUT SDI—Iraq 350 100
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Water carrier, FeCl3 (1.5 × 10−3 M) in HCl (5 × 10−3 M) 
and 1,10-phenanthroline (3 × 10−3 M) solutions were pro-
pelled at flow rates of 1.5 ml/min using the multichannel 
peristaltic pump, and waste output in the system was 4.4 ml/
min. In the first step, aliquot volumes (125 μl) of the sam-
ple solutions containing (AA + PCM) are loaded into the 
injection loops of the IV-1 and IV-2 valves. The injection 
valve IV-1 is rotated to the injection position, while the 
injection valve IV-2 is kept at the load position. The sam-
ple solution is injected into a water stream, merged with 
Fe(III) which reduced to Fe(II) by the effect of AA in the 
pathway(1) and then merged with 1,10-phenanthroline line 
to produce orange ferroin complex, and its absorbance was 
continuously recorded at a wavelength of 510 nm (peak 
height 1). This measures the AA concentration only. A 
calibration graph was constructed for this determination by 
plotting peak heights against AA concentrations. In the sec-
ond step, the stream direction is changed to the pathway(2) 
via a three-way Hamilton plug valve, then the IV-2 valve 
is rotated to the injection position, and the time between 
these two injections depends on the height of the peak which 
recorded after first injection. As a result, the sample solu-
tion is injected to a water stream and merged with Fe(III), 
and then Fe(II) was produced by the effect of AA and PCM 
in a mixing coil placed inside a water bath at 60 °C. This 
temperature is found necessary to activate the redox process. 
Eventually, complex formation reaction takes place when 
the formed Fe(II) is coupled with 1,10-phenanthroline to 
produce an orange-coloured complex. The absorbance of the 
product formed was continuously recorded at a wavelength 
of 510 nm that is responsible for AA and PCM concentra-
tions (peak height 2). The concentration of the PCM was 

determined by plotting (peak height 2–peak height 1) in the 
PCM-constructed calibration graph.

Results and discussion

AA is found to be oxidised alone with Fe(III) in the path-
way(1), forming an active Fe(II) product which is combined 
with 1,10-phenanthroline producing a new orange product 
according to the redox complex formation reaction illus-
trated in Fig. 2, which absorbs strongly at 510 nm. There is 
a direct relation between absorbance and AA concentration 
and can be determined because PCM does not react with 
Fe(III) according to the conditions of pathway(1).

When the sample zone was altered to the pathway(2), 
AA produced a signal with the same intensity as in the 
pathway(1). PCM is oxidised to N-acetylquinoneimine 
with Fe(III) by heating, forming an orange product in the 
presence of 1,10-phenanthroline in Fig. 2. The amount of 
orange complex produced is proportional to the concentra-
tion of AA and PCM which absorbs strongly at 510 nm. 
Therefore, the PCM concentration is measured by subtract-
ing peak intensity in the pathway(1) from peak intensity in 
the pathway(2).

Effect of chemical parameters

The effects of the concentrations of FeCl3, HCl and 
1,10-phenanthroline on the coloured intensity (as peak 
heights) were examined. The results are demonstrated in 
Figs. 3, 4 and 5. The concentration ranges and the optimum 
concentrations are shown in Table 2.

Fig. 1   FI manifold used for simultaneous determination of AA and PCM
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Effect of physical parameters

The influence of each physical parameters was studied by 
obtaining the identical peak heights for AA in both path-
ways (1) and (2) and no signal for PCM in the pathway(1) 
in addition to highest peak achievement.

A combined streams flow rate was studied from 1.0 to 
5 ml/min under optimum chemical conditions. Increasing 
flow rate led to falling in the peak heights as shown in 
Fig. 6, but a flow rate of 1.5 ml/min was chosen for the 
procedure, because there was no any signal corresponding 
to the presence of PCM in the pathway(1), and AA has the 
same peak intensity in both pathways. Figure 7 shows the 
effect of increasing lengths of mixing coil on the reaction 
lines of FeCl3 with AA and PCM from the pathway(1) 
and pathway(2), respectively. Figure 8 shows the effect 
of introducing the mixing coil into the coloured complex 
formation line between produced Fe(II) and 1,10-phen-
anthroline. The effect of temperature as shown in Fig. 9 
was studied in the second step procedure by placing the 
120-cm reaction coil [pathway(2)] in a water bath at dif-
ferent temperature ranges 25–85 °C with constant flow 
rate 1.5 ml/min. The influence of the sample volume was 
studied by double injection of different sample volumes for 
both steps of procedure as shown in Fig. 10. The ranges 
and optimum concentrations of all physical parameters are 
shown in Table 2.

Fig. 2   Reaction mechanisms
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Fig. 3   Effect of FeCl3 concentration on the peak height
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Fig. 4   Effect of HCl concentration on the peak height
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Fig. 5   Effect of 1,10-phenanthroline concentration on the peak height
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Effect of interferences

For the determination of 4 µg/ml AA and 10 µg/ml PCM, 
a study of interfering effects of some usual excipients has 
been performed, and the results obtained are shown in 
Table 3. It was ascertained that drug excipients from the 
various tablets did not interfere. Thus, the present method 

has an appropriate indicating assay for the analysis of AA 
and PCM in tablets in the presence of different excipi-
ents found in formulations. In addition, a large amount of 
excipient separately or collectively is tolerated, because 
those exhibited an error not exceeding ± 5% in the deter-
mination of 4 µg/ml AA and 10 µg/ml PCM.

Table 2   Studied range and 
optimum chemical and physical 
parameters

Parameters Ranges Optimum value

From To

FeCl3 concentration (M) 0.5 × 10−3 5 × 10−3 1.5 × 10−3

HCl concentration (M) 1 × 10−3 20 × 10−3 5 × 10−3

1,10-phenanthroline concentration (M) 0.5 × 10−3 5 × 10−3 3 × 10−3

Flow rate (ml/min) 1 5 1.5
Mixing coil for (analyte and FeCl3) from pathway(1) (cm) Without coil 120 No need
Mixing coil for (analyte and FeCl3) from pathway(2) (cm) 20 160 120
mixing coil length in the coloured complex formation line (cm) Without coil 60 No need
Temperature (°C) 25 85 60
Sample volume (µl) 60 200 125
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Fig. 6   Effect of flow rate on the peak height
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Fig. 7   Effect of mixing coil length in the reaction lines of FeCl3 with 
AA and PCM from the pathway(1) and pathway(2) on the peak height
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Fig. 8   Effect of mixing coil length in the coloured complex formation 
line between produced Fe(II) and 1,10-phenanthroline on the peak 
height
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Calibration graphs

Under optimised operating conditions mentioned in Table 2 
and by injecting 0.1–12 µg/ml AA and 0.4–24 µg/ml PCM 
standard solutions into the FI spectrophotometric system 
shown in Fig. 1, calibration graphs were constructed. Good 
linearity was obtained between absorption peak heights and 
analyte concentrations with good correlation coefficients as 
shown in Figs. 11 and 12. The statistical variables includ-
ing low LOD and LOQ for both analyte determinations are 
illustrated in Table 4.

Accuracy and precision

Ten replications for two different concentrations of AA 
and PCM in the linear ranges were measured and deter-
mined by the recommended procedure for checking the 
accuracy and precision of the method by performing 

relative error (%E) and relative standard deviation (RSD). 
The results tabulated in Table 5 indicate that the method 
is accurate and precise.

Application

Four different local commercial pharmaceutical tablets 
containing these analytes were quantified to evaluate the 
developed procedure, using the redox complex forma-
tion reaction and FI spectrophotometric method for their 
simultaneous determinations. The absorption signals for 
each pharmaceutical sample are obtained with triplicate 
analysis. The precision was studied and found to be less 
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Fig. 10   Effect of sample volume on the peak height

Table 3   Effect of interference 
on the determination of 4 µg/ml 
AA & 10 µg/ml PCM

Excipients Using AA 4 µg/ml Using PCM 10 µg/ml

Fold added AA deter-
mined (µg/
ml ± SD)

%E Fold added PCM deter-
mined (µg/
ml ± SD)

%E

NaHCO3 22.5 3.98 ± 0.15 − 0.51 6 9.83 ± 0.09 − 1.68
Na2CO3 22.5 3.85 ± 0.14 − 3.73 6 10.34 ± 0.04 3.42
MgSO4 22.5 4.07 ± 0.08 1.85 6 10.11 ± 0.09 1.1
Na-saccharinate 22.5 4.19 ± 0.04 4.9 6 10.25 ± 0.04 2.49
Citric acid 22.5 4.19 ± 0.11 4.9 6 9.83 ± 0.09 − 1.68
Disodium citrate 22.5 4.07 ± 0.08 1.85 4 9.64 ± 0.18 − 3.55
Adipic acid 20 4.19 ± 0.08 4.9 6 10.48 ± 0.37 4.82
Povidone 22.5 4.17 ± 0.06 4.39 6 10.39 ± 0.09 3.89
Sorbitol 22.5 4.15 ± 0.08 3.89 6 10.25 ± 0.04 2.49
Lactose 22.5 4.07 ± 0.04 1.85 5 9.73 ± 0.09 − 2.61
Starch 22.5 4.17 ± 0.1 4.39 5 9.73 ± 0.0 − 2.61
Chlorpheniramine malate 22.5 4.07 ± 0.03 1.85 6 10.32 ± 0.15 3.27
All above 2 3.98 ± 0.2 − 0.51 0.5 10.08 ± 0.08 0.79

y = 24.587x + 1.8249 
R² = 0.9994 
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Fig. 11   Calibration graph for the determination of AA
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than 2.29% (RSD) for AA and 5.29% for PCM; also by 
using prepared amounts as a theoretical value, the recovery 
percentages were calculated.

Also, the certified reference materials of AA and PCM 
spiked with the appropriate amounts were directly analysed 
for applying the developed method. The recovery percent-
ages obtained for the sample analysis are within the range 
of 95.31–104.73% and 95.03–104.93% for AA and PCM, 
respectively. The results are shown in Table 6. 

Conclusion

The proposed method is novel because in the literature cur-
rently, there are no proposed FI spectrophotometric methods 
for the determination of these drugs in the binary mixture.

The optimisation of the chemical and physical parameters 
allowed linear calibration curves for the determination of 
AA and PCM easily in different samples based on the dif-
ferent rates of their reactions with Fe(III) with the low limit 
of detection 0.31 µg/ml and 0.39 µg/ml for AA and PCM, 
respectively, and a good recovery percentage attainment for 
the spiked sample analysis.

The results obtained show that the double injection of 
the same sample solution and a single spectrophotometric 
detector flow injection system are found to be proper for 
simple, selective, sensitive, low-cost, accurate and precise 
quantification. The method can be developed from semi-
automated to fully automated by some manufacturers which 
they needed for quality control of the drugs.

y = 10.749x + 2.3251
R² = 0.9998
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Fig. 12   Calibration graph for the determination of PCM

Table 4   Analytical characteristic for calibration curves

AA PCM

No. of measurements 15 10
Linear range (µg/ml) 0.1–12 0.4–24
Correlation coefficient (R) 0.9997 0.9999
LOD (µg/ml) 0.31 0.39
LOQ (µg/ml) 0.94 1.2

Table 5   Accuracy and precision of the method

Analytes Concentrations (µg/ml ± SD) %E RSD (n = 10)

Standard 
solution

Determined by the 
proposed method

AA 2 1.97 ± 1.67 − 1.42 3.33
7 7.02 ± 4.31 0.32 2.47

PCM 6 6.09 ± 2.04 1.52 3.008
15 15.13 ± 3.68 0.89 2.23

Table 6   Application of the proposed method for the determination of AA and PCM in different tablets

Sample Prepared amount 
(µg/ml)

Added (µg/ml) AA determination PCM determination

AA PCM AA PCM Found AA (µg/
ml ± SD)

%R RSD (n = 3) Found PCM 
(µg/ml ± SD)

%R RSD (n = 3)

1 3 5 – – 2.83 ± 0.05 94.23 1.79 5.3 ± 0.08 106.07 1.65
2 3 10 – – 2.98 ± 0.03 99.2 1.11 9.77 ± 0.51 97.69 5.29
3 3 15 – – 2.89 ± 0.06 96,49 2.29 18.32 ± 0.3 122.18 1.67
4 3 10.5 – – 2.72 ± 0.05 90.62 1.86 10.63 ± 0.3 101.3 2.88
1 3 5 1 2 3.8 ± 0.05 99.56 1.33 7.66 ± 0.15 104.93 1.98
2 3 10 1 2 3.88 ± 0.15 97.84 4.04 11.56 ± 0.37 98.28 3.21
3 3 15 1 2 4.07 ± 0.04 104.73 0.99 19.32 ± 0.18 95.03 0.96
4 3 10.5 1 2 3.54 ± 0.03 95.31 0.93 12.62 ± 0.28 99.85 2.21
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