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A reverse flow injection chemiluminescence (CL) method for the fast and simple determination of 
Vitamin C has been developed. The CL light observed after luminal-H2O2 aqueous solution was added to 
the on-line formed Br2 solution from mixing of HBr and KBrO3 solutions was inhibited in the presence of 
Vitamin C. Based on these facts, a determination method of vitamin c was developed. In order to obtain 
the optimum experimental conditions, effects of different variables on the chemiluminescence intensity 
and proposed flow-injection analysis (FIA) system were investigated. The calibration curve obtained 
under optimum conditions was linear over the range from 1.0 to 16.0 µg/ml with correlation coefficient R 
= 0.9959 and detection limit of 0.4 µg/ml. The proposed method has been successfully applied to the 
determination of Vitamin C content in pharmaceutical formulation. The obtained results are in good 
agreement with an iodimetric method reported in British Pharmacopeia. 
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INTRODUCTION 
 
Vitamin C or ascorbic acid (AA) is a well-known 
antioxidant, and is involved in the protection of human 
organisms against a variety of oxidative agents, 
especially free radical (Matei et al., 2008). Ascorbic acid 
is an important vitamin that participates in a wide variety 
of biological events concerning electron transport 
reactions, hydroxylation, oxidative catabolism of aromatic 
amino acids and so on (Noroozifar and Khorasani, 2003), 
Therefore, it is an important analytical task to determine 
the content of AA in various products. However, it's 
reducing properties and its role in redox processes in the 
human organism makes it necessary to control its 
concentration in various materials

 
(Gavrilenko et al., 

2004). 
 A large number of methods have been reported for the 

determination of Vitamin C including titrimetry
 
(Sultan et 

al.,  1999; Matei  et  al.,  2004),  voltammetry  (Bravo  and  
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Gonzalez, 1999), amperometry
 
(Abdalla and Al-Swaidan, 

1989), conductometry (Matei et al., 2008), potentiometry 
(Hossu and Magearu, 2004), fluorometry (Dilgin and Nişli, 
2005; Wang  et al., 2002), spectrophotometry

  
(Janghel et 

al., 2007; Ghasemi et al., 2004), turbidimetry (Ralls, 
1975), chemiluminescence (Li et al., 2005; Pires et al., 
2006), flow-injection analysis (FIA)

 
(Rezaei et al., 2005; 

Memon et al., 2000), and chromatography (Ivanović et 
al., 1999; Li and Chen 2001). The aim of this study was 
the development of a reverse-FIA method with CL 
detection suitable for the determination of ascorbic acid 
and hence, can be used for the routine quality control of 
pharmaceutical formulations. The developed method is 
comparable to the official method elaborated in the British 
Pharmacopeia. This method may also be used as an 
alternative method to the existing time consuming and 
expensive methods like titrations and high performance 
liquid chromatography (HPLC). 

 
 
MATERIALS AND METHODS 

 
Chemicals, reagents and samples 

 
Unless  otherwise  stated,  all  chemicals   and   reagents   were   of 
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Table 1. Commercially available pharmaceutical products analyzed by this study study. 
 

Trade name Manufacture 
Ascorbic acid 

(mg / tablet or injection) 

Megavit tablet Eurostock Ltd.,Bulgaria 500.0 

Vitamin C inject OUBARI  pharma-Syria 500.0 

Vitamin C tablet Darou pakhs pharmaceutical Mfg. Co- Iran 250.0 

Cetarit tablet Alshahba HaBs.-Syria 500.0 

Vitamin C tablet Holland Medicines Company- Netherland 200.0 

Vitamin c- chewable tablet Darou pakhs- Iran 250.0 
 
 

 

analytical grades. Deionized-distilled water (DDW) was used 
throughout this study. 
 
 
Ascorbic acid  

 
A 1000 µg/ml ascorbic acid (BDH) standard stock solution was 

prepared daily by dissolving 0.25 g of ascorbic acid in a sufficient 
amount of DDW then diluted to 250 ml in a dark volumetric flask 
and placed in a cold place. 
 
 
Sodium carbonate solution 

 
0.1 M sodium carbonate solution was prepared by dissolving 

10.599 g of Na2CO3 (BDH) in a small portion of DDW, then 
transferred quantitatively to 1 L volumetric flask and diluted to the 
mark. 
 
 
Luminol solution 
 
5×10

-2
 M solution was prepared by dissolving 8.860 g of the luminol 

(Surechem-LTD) in a little amount of 0.1 M sodium carbonate 

solution and made up to 1 L in a volumetric flask with the same 
solution. Other solutions were prepared by serial dilutions of the 
stock solution with 0.1 M sodium carbonate solution. 
 
 
Hydrogen peroxide 

 
0.25 M solution was prepared by diluting 21.5 ml of H2O2 (GCC, 
1.13 g/ml, 35 % (v/v) to 1 L in a volumetric flask. The solution was 

standardized against standard 0.1 M KMnO4. The prepared solution 
was protected from light during storage. 
 
 
Potassium bromate solution 

 
0.35 M potassium bromate solution was prepared by dissolving 
58.454 g KBrO3 (Fluka) in a small portion of hot DDW until it is 

completely dissolved, then cooled and diluted to 1 L by DDW. 
 
 
Hydrobromic acid solution  

 
0.5 M solution was prepared by diluting 28.09 ml of HBr (Riedel-
deHaen, 1.5 g/ml, 48 % (v/v) to 500 ml with DDW.  
 
 
Sample preparation  

 
Solutions  of  ascorbic  acid  of   different    commercially    available 

pharmaceutical products (tablets, injections and chewable tablets 
(Table 1) were prepared as follows:  
 
 
Tablets and chewable tablets  
 
Ten weighed tablets of the Vitamin C were crushed to a fine 

powder, from which an accurately representative weighed portion 
equal to the weight of one tablet was mixed with DDW using an 
ultrasonic bath, until the powder was completely disintegrated and 
the resulted solution was allowed to settle. Then it filtered and 
diluted to 100 ml in a volumetric flask with DDW.  
 
 
Injections 

 
The contents of ten ampoules were mixed and a volume equals to 
that of one ampoule was transferred to 100 ml volumetric flask and 
diluted to the mark with DDW.  
 
 
Solutions of interfering species 

 
Stock solutions of each species that exist in pharmaceutical 

products under study were prepared in DDW according to Table 2. 
Other solutions were prepared by serial dilutions of each stock 
solution.  

 
 
Apparatus 

 
A schematic diagram of the automated reverse flow injection 
analysis used in the chemiluminescence measurements is shown in 

Figure 1. The flow system employed in this study consisted of a 
peristaltic pump (Desagapl, Heidelberg, England) with 12 channels 
used to deliver the flow streams. A PTFE tube (1.0 mm i.d.) was 
used to transport all components through the manifold. The reagent 
was injected into the flowing stream via a six-way injection valve 
(Rheodyne, USA) supplied with variable loop volumes, from which 
optimum reagent volume to be selected. The reagent and analyte 
streams merged at a Y-piece directly attached to a glass spiral flow 

cell (60.0 µl, 0.5 mm i.d.) positioned in front of the optical window of 
the detector (Cecil CE303 spectrophotometer, light source of which 
was blocked). The detection house of a spectrophotometer was 
encased in light tight housing and the output from the detector was 
recorded by an x-t recorder (PM 825A Philips) with signals 
measured manually as peak heights. 
 
 
Procedure 

 
The rFIA-chemiluminescence system shown in Figure 1 was 
operated  for   determination   of   AA.  In  this  study,  two   streams  
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Table 2. Interference compounds preparation (1000.0 µg/mL) 
 

Species Amount weight (mg/100 ml) Supplier 

Riboflavin 100.0 Schuchardt München 

Thiamin 100.0 Fluka 

Caffeine 100.0 SDI 

Nicotinic acid 100.0 BDH 

Nicotinamide 100.0 Merck 

Pyridoxine 100.0 SDI 

Cysteine 100.0 BDH 

Histidine 100.0 BDH 

Glucose 100.0 BDH 

Fructose 100.0 Fluka 

Citric acid 100.0 Fluka 

Saccharine 100.0 Fluka 

Ethyl glycole 100.0 BDH 

Sucrose 100.0 Fluka 

Dextrose 100.0 Fluka 

Polyethelen glycole 100.0 BDH 

Sorbitol 100.0 BDH 

Oxalic acid 100.0 Fluka 

Tartaric acid 100.0 Fluka 

Benzoic acid 100.0 Fluka 

Salicylic acid 100.0 SDI 

Folic acid 100.0 SDI 

Starch 100.0 BDH 

NaCl 100.0 Fluka 
 
 

 

 
 

Figure 1. Schematic diagram of the rFIA-CL manifold used in this study for the determination of ascorbic acid. 
 

 
 

reached the flow cell, which are responsible for the generation of 
the CL light. The first stream (A1) is for H2O2 solution to which a 
volume (110.0 µL) of luminol was injected. While  the second (A2) is 

for Br2 which was generated from the mixing of two streams of 
KBrO3 and HBr. The Br2 stream is merged with other stream 
containing  AA  before  mixing   with   that   of    H2O2-luminol    line.  
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Figure 2. Effect of the H202 concentration on the AA determination system. 

 

 
 

 

 

Fig.  3: Effect of luminol concentrations on the developed method. 
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Figure 3. Effect of luminol concentrations on the developed method. 

 
 
 

Accordingly, a portion of Br2 is consumed (reduced quantitatively to 
Br

-
) by reaction with AA, therefore, not all of the generated Br2 

reaches the flow cell. As a result, a linear relation is expected to be 
obtained between the concentration of AA and the peak height of 
the relative CL emission intensity (mV), which was obtained by 
subtracting the CL blank from that of sample or standard.   
 
 
RESULTS AND DISCUSSION  
 
Effect of hydrogen peroxide concentration 
 
The effect of H2O2 concentration on the CL intensity as 
well as sensitivity of the system in the range (0.01-0.25 
M) was studied and the result was  depicted  in  Figure 2. 

Maximum intensity in the form of peak height was 
obtained when the concentration of H2O2 was (0.08 M) 
and using this concentration give the highest differences 
in peak height signals obtained in the presence and 
absence (blank) of the AA.   

 
  
Effects of luminol concentration 
 
Effect of different concentrations of luminol solutions as 
an injected reagent in the range 1.0×10

-4
–5.0×10

-2 
M was 

investigated. The optimum concentration was chosen in a 
way that yielded a maximum and reproducible peak 
height  signal  (mV). The results in Figure 3 shows that by 
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Fig. 4: Effect of KBrO3 concentration on the determinate method. 
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Figure 4. Effect of KBrO3 concentration on the determinate method. 

 

 
  

Fig. 5: Effect of the HBr concentration on the present method. 
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Figure 5. Effect of the HBr concentration on the present method. 
 

 
 

increasing luminol concentration, the intensity of the CL 
light increased until the system reached its maximum 
intensity with respect to luminol concentration (1.0×10

-2 

M). Accordingly, 1.0×10
-2

 M of luminol concentration was 
chosen as an optimum. 
 
 
Effect of potassium bromate 
 
This study was carried out by altering potassium bromate 
concentration from 0.01 to 0.35 M while keeping the other 
parameters constant. From the result obtained in Figure 
4, it is clear that increasing concentration of the BrO3

-
 

ions lead to an increase in the emission light intensity 
(∆CL) in the system. Two variables play important roles in 
the determination of the optimum concentration  of KBrO3 

in addition to its effect on the light intensity. The first is 
the low solubility of the salt, while the other depends on 
the equivalence point established between the bromate 
and bromide ions taking into account that the latter ion 
was kept constant during the study. As a result, an 
optimum selected concentration was 0.15 M. 
 
 
Effect hydrobromic acid 
 
A set of concentrations of HBr solution ranged from 0.01 
to 0.35 M was prepared to study their effects on the CL-
intensity in the form of peak height, ∆CL. The results 
presented in Figure 5 demonstrated that a maximum light 
intensity appears at HBr concentration of 0.25 M, and 
then  the  signal  begins  to decrease. This can be related
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Fig.  6: Effect of coil length on the determinate method. 

0 .0

100 .0

200 .0

300 .0

0 .0 100 .0 200 .0 300 .0
Coil leng th  (cm)

∆
C

L
-i

n
te

n
s

it
y

 (
m

V
)

Co il 1

Coil 2

Coil 3

 
 

Figure 6. Effect of coil length on the determinate method. 
 

 
 

to the formation of an excess of yellow colored Br2 
species, which absorbs some of the emitted light. In 
addition, higher acidity tends to decrease the CL light 
generated from luminol system since the latter requires 
an alkaline medium. 
 
 
Effect of coil lengths 
 
According to the design of the developed rFIA-CL system 
in this study (Figure 1), three reacting coils in the range 
(10-300 cm) were tested. Figure 6 demonstrated the 
effect of each coil. Coil 1; an increasing coil length leads 
to increase the CL intensity because it permits enough 
time to produce Br2. Thus, optimum coil length for in situ 
Br2 formation selected was 140 cm. Coil 2; it was found 
that the increase of the coil length increased the 
differences in light intensity in the form of peak height 
between blank and AA and this may be related to the 
permission of sufficient time exploited for the redox 
reaction to take place. Thus, a 100 cm coil length was 
selected as an optimum length. 

Coil 3; no significant change in the CL intensity with 
increasing the reaction coil was observed, while with 
longer coil the CL light decreased. This can be attributed 
to the dispersion of the luminol zone in the carrier stream 
before reaching the flow cell. Hence, a 10 cm length was 
selected as an optimum length.  
 
 
Effect of flow rate 
 
The influence of the flow rate on the CL intensity as peak 
height (mV) was studied over the range of 0.5-5.0 ml/min 
and 2.5 ml/min was selected as an optimum flow rate of 
the system. 

Effect of reagent-volume injection 

 
Different reagent volumes, ranged from 40 to 200 µl, 
were injected to evaluate its effect on the system and 100 
µl volume of reagent shows a good option of these 
variables.  

 
 
Optimization of different AA stabilizers 

 
Different stabilizers are proposed in this study for the 
preparation of Vitamin C solutions, as it is depicted in 
Table 3. These investigations were taking this fact into 
account for the selection of the proper conditions for 
preparation and determination of AA in pharmaceutical 
formulations. Thus, depending on the measured ∆CL-
intensity in applying the conditions in each case; 
deionized-distilled water (DDW) was selected as the best 
medium to prepare a standard and sample solutions of 
AA, with special care taken during the storage and time 
prior to the measurements. Optimal experimental 
conditions for the rFIA-chemiluminescence system shown 
in Figure1 that employed for determination of AA are 
tabulated in Table 4.  

 
 
Calibration graph 

 
A calibration graph was constructed, using rFIA-CL 
system with manifold design presented in Figure 1 and 
under optimum experimental conditions, by plotting 
different concentration in µg/mL of the AA against the 
differences in CL-intensity in the form of peak height (mV) 
(∆CL-Intensity), between that of the blank and Vitamin C. 
A    linear    relation     for     the      concentration    range  



 

Hassan and Azad Faizullah         379 
 
 
 

Table 3. Demonstrate different stabilizers medium used in the literatures.  
 

Medium Sample References 

0.1 g EDTA and 4.0 g/L formic acid Fruit, Jam and vitamin preparation Hernàndez-Méndez et al. (1986) 

0.05 M HClO4 Tablets Veazey and Nieman (1980) 

0.1 M H2SO4 Pharmaceuticals Sultan et al. (1999) 

   

10% Acetic acid containing 5% 
metaphosphoric acid 

Urine Polk et al. (1960) 

   

10 % Trichloroacetic acid Blood, fruits and urine Schaffert and Kingsley (1955) 

Phosphate buffer (pH 6.6) Pharmaceuticals Eldawy et al. (1975) 

0.014 M HNO3 Pharmaceuticals Nόbrega and Lopes (1996) 

0.5% Oxalic acid Pharmaceuticals and fruit juices Schmall et al. (1953) 

Citric acid- NaH2PO4 buffer Pharmaceuticals Khan and Sarwar (2001) 

   

Water (DDW) Pharmaceuticals and foods 

-Noroozifar, and Khorasani-Motlagh (2003) 

- Janghel et al. (2007) 

- Ortega-Barrales et al. (2002) 

- Zhang and Chen (2000) 

- Noroozifar et al. (2004) 

-Rose and Nahrwold (1981). 
 
 
 

Table 4. Optimum conditions for the determination of AA by rFIA-CL method. 
 

Parameter Optimum value 

Hydrobromic acid concentration 0.25 M 

Potassium bromate concentration 0.15 M 

Hydrogen peroxide concentration 0.08 M 

Luminol concentration 1.0×10
-2 

M 

System flow rate 2.5 ml/min 

Coil 1 length 140 cm 

Coil 2 length 100 cm 

Coil 3 length 10 cm 

Reagent volume injection 100 µl 

Sample frequency 85 sample/h 
 
 
 

(1.0-16.0 µg/ml) was obtained (Figure 7) with correlation 
coefficient R = 0.9959 and detection limit of 0.4 µg/ml. 
The accuracy and precision of the present method have 
been measured in the form of relative error (E %) and 
relative standard deviation (RSD %), under optimum 
experimental conditions using the  system  designed in 
Figure 1, for five replicates at three different 
concentrations of AA. The obtained results which are 
depicted in Table 5 show good accuracy and precision. 
 
 
Interferences studies 
 
The competence of the method was estimated by 
investigating  the  effect of common foreign species in the 

analysis of AA. Accordingly, effects of different 
ingredients (Table 2) which are generally present in 
pharmaceutical preparations containing AA such as 
sugars, vitamins, a number of organic acids and common 
tablet fillers have been studied under the experimental 
conditions. A quantitative assessment of the tolerable 
amounts of these compounds (that is, concentration at 
which the species caused an error less than ±5%) is 
given in Table 6. The studies are performed by 
comparing the signal obtained when a stream of pure AA 
(4.0 µg/ml) was flowing through the system with that of 
synthetic sample solutions containing AA (4.0 µg/ ml) and 
different concentrations of interferences individually.  

However, in most of the AA drug samples that are 
present   in   the   market,   AA   was   present   as   minor  
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Fig.  7: Linear calibration graph for the determination of AA by rFIA-CL system. 

Y =  26 .563X - 1 .6525

R =  0 .9959

0 .0

100 .0

200 .0

300 .0

400 .0

500 .0

0 .0 5 .0 10 .0 15 .0 20 .0

Concen tration  o f as corb ic acid  (µg / mL)

∆
C

L
-I

n
te

n
s

it
y

 (
m

V
)

Concentration of ascorbic acid (µg/ml)  
 

Figure 7. Linear calibration graph for the determination of AA by rFIA-CL system. 

 
 
 

Table 5. Precision and accuracy measurement of the present system. 

 

Analyte 
Analyte concentration (µg/ml) 

RSD% E% 
Stream line Calculation from peak height 

Ascorbic acid 

2.0 1.924 3.010 -3.800 

8.0 7.861 1.650 -1.738 

14.0 14.138 1.147 0.986 

 
 
 
components while other ingredients (the that is, studied 
interferants) are present in trace amount. In this case, no 
serious interferences occur. 
 
 
Application to pharmaceutical analysis 
 
The developed rFIA-CL method was applied for the 
assay of Vitamin C in different pharmaceutical samples 
(tablets, chewable tablets and injection) that iss normally 
present in local markets. The analytical results, together 
with those obtained by the British pharmacopeia method 
(British Pharmacopeia (2000)), are summarized in Table 
7. The evaluation by a t-test at the 95% confidence level 
indicates that there is no significant difference and the 
present method was in good agreement with those 
obtained by the standard method.   

Conclusion 
 
Simple and efficient reverse FIA method with CL 
detection was proposed for the determination of ascorbic 
acid in pharmaceutical formulation samples. In this FIA 
system, it is the reagent that is injected into the flowing 
system which is made up of the sample and some other 
solutions. This makes it possible to automate analytical 
systems where the sample consumption is not critical 
compared to the consumption of reactants (such as 
expensive enzyme reagents). In addition, the reagent 
injection method overcomes manifold blockage problems, 
of precipitant as an example, which would occur if 
conventional sample injection FIA was used

, 
especially 

with complex sample. This technique was also 
successfully adopted to eliminate background absorption 
from   the  sample  matrix.  Another advantage of such an  
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Table 6. Influences of interferences on the assay of ascorbic acid by the present method. 
 

Substance MAC* (µg/ml) 
Ascorbic acid  (µg/ml) 

Recovery % TCR*** 
Added Found** 

NaCl 25.0 4.0 4.01 100.25 6.25 

Caffeine 25.0 4.0 3.98 99.50 6.25 

Nicotinic acid 25.0 4.0 3.99 99.75 6.25 

Starch 25.0 4.0 3.99 99.75 6.25 

Saccharine 25.0 4.0 3.99 99.75 6.25 

Ethyl glycol 25.0 4.0 3.99 99.75 6.25 

Sucrose 25.0 4.0 3.98 99.50 6.25 

Dextrose 25.0 4.0 4.08 102.00 6.25 

Polyethelen glycol 25.0 4.0 4.01 100.25 6.25 

Sorbitol 25.0 4.0 3.89 97.25 6.25 

Glucose 25.0 4.0 3.97 99.25 6.25 

Fructose 25.0 4.0 3.98 99.50 6.25 

Benzoic acid 20.0 4.0 3.97 99.25 5.00 

Acetylsalicylic acid 20.0 4.0 3.90 97.50 5.00 

Citric acid 10.0 4.0 3.88 97.00 2.50 

Tartaric acid 10.0 4.0 3.95 98.75 2.50 

Pyridoxine 8.0 4.0 3.94 98.50 2.00 

Thiamin 8.0 4.0 4.03 100.75 2.00 

Nicotinamide 8.0 4.0 3.89 97.25 2.00 

Cysteine 8.0 4.0 3.86 96.50 2.00 

Histidine 8.0 4.0 3.90 97.50 2.00 

Oxalic acid 8.0 4.0 3.87 96.75 2.00 

Riboflavin 8.0 4.0 3.90 97.50 2.00 

Folic acid 8.0 4.0 3.89 97.25 2.00 
 

*Maximum allowable concentration; **, mean of three replicate analyses.; ***TCR: Tolerable concentration ratio with no 
interferences (Conc. Interferent (µg/ml) / Conc. AA (µg/ml)). 

 
 
 

Table 7. Determination of vitamin c in some pharmaceutical preparations. 

 

Trade name 

Ascorbic acid
 a
 

E% Labeled amount 
(mg/tablet or injection) 

Detectable amount (mg/tablet or injection) 

Method 1
b
 Method 2

d
 

Megavit tablet 500.0 510.0 502.6 1.47 

Vitamin C Injection 500.0 508.9 512.1 -0.62 

Vitamin c Tablet 250.0 251.4 249.6 0.72 

Cetarit tablet 500.0 506.3 504.3 0.40 

Vitamin C Tablet 200.0 201.3 203.5 -1.08 

Vitamin C chewable tablet 250.0 241.5 240.4 0.46 
 

a Average of five replication (n=5); b method 1= rFIA- Chemiluminescence methodc; Method 2 = standard method (iodimetric titration). 

 
 
 
approach lies in the usefulness of such a system as an 
on-line monitor; thus, this system should be particularly 
attractive for on-site pharmaceutical laboratories where 
effluent streams could be monitored continuously. 
Accordingly, since the time required for sample 
preparation in the present  method  is  short  and  reagent 

consumption is low, hence, the method is highly 
economical and can be used on routine basis for the 
determination of ascorbic acid in pharmaceutical 
preparations with good precision. The results obtained for 
ascorbic acid determination in pharmaceutical samples 
were    similar    to    those    obtained    by    the     British 
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