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Article info Abstract

Original: 02 Oct. 2014 A simple and sensitive indirect spectrophotometric method was developed for the

iizzsii:d ITONBZC 22%112 determination of folic acid in pure form and in its pharmaceutical formulations. The

Publilzhec{ online:. method was based on the oxidation of folic acid by iron (II) in acidic medium, then
20 March 2015 reaction of liberated iron (II) with 2, 2'-bipyridyl to produce a red complex which is

water-soluble, stable, and has a maximum absorption at 520 nm against the reagent

Keywords: blank with a molar absorptivity of 2.8338 x 10° L .mol".cm™. Beer’s law is valid over
Spectrophotometry . . .
Folic acid the concentration range of 0.5-18.0 ug/ml folic acid. The values of some thermodynamic
2,2"-Bipyridyl/FeCl; parameters [free energy change (AG), enthalpy change (AH), and entropy change (AS)]
Thermodynamic were estimated from the values of stability constants (K) at different temperatures .1t
parameters was found that colored product formation was spontaneous, exothermic and

accompanied by an increase of random. The proposed method has been applied

successfully to determine folic acid in different pharmaceutical preparations.

Introduction:

Folic acid (FA) or pteroyl-L-glutamic acid, chemically known as N-[4-[[(2-amino-1, 4-dihydro-4-oxo0-6-
pteridinyl) methyl] amino] benzoyl]-L-glutamic acid is a water soluble vitamin B (Fig. 1). Folic acid can
promote the formation of red blood cells and is identified as an anti-anemia and growth factor. Folic acid is
routinely prescribed to pregnant women and widely used in the treatment and prevention of megaloblastic
anemia’s "),

The proposed work aims mainly to develop a sensitive spectrophotometric method for the determination of
folic acid in pure form and in pharmaceutical formulations. The method is based on the oxidation of folic
acid by iron (III) in acidic medium, then reaction of liberated iron (II) with 2,2"-bipyridyl to produce a red
complex which is water-soluble, stable, that has been applied successfully to the assay of folic acid in
pharmaceutical preparations. Also estimation of some thermodynamic parameters which are found to be
effective on the value of stability constant of the color complex formed.
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Fig.1: Structural formula of folic acid.

Different methods have been reported for the determination of folic acid in various matrixes. The most
common methods include chromatographic >~
methods are time consuming, high cost and hard operation. Spectrophotometric method

, electrochemical techniques *'?!, fluorimetry '"*!. These
14181 is a powerful
analytical technique that has excellent sensitivity, sufficient accuracy and requires relatively simple and
inexpensive instrumentation. These advantages make it as an attractive method for the determination of

different species in various samples at trace levels.

Experimental

e Apparatus

A (Cecil CE3021-England) UV-VIS spectrophotometer was used for all spectral and absorbance
measurements with matched 1-cm quartz cells. Water bath (Lab. companion shaking BS-11, Korea) was
used since the reaction requires heat control. A pH-meter type (Korea) is used for pH reading. Electronic
balance (Sartorius AG Gottingen B2- 2105 Germany).

® Materials and reagents

All chemicals and reagents used were of analytical reagent grade and freshly prepared in bidistilled water.
Folic acid pure was obtained from Company for drug Industries and medical applications SDI, Samarra, Iraq.
Stock standard solution of folic acid (1000 pg/ml) was prepared by dissolving 0.1000 g of folic acid in 10 ml
of 0.1 M sodium hydroxide and then the volume was made up to 100 ml in a volumetric flask with the same
solvent and kept in the dark at 5°C, this solution was stable for one week, and working standard solutions
were prepared by suitable dilution of the stock standard solution. Ferric chloride hexahydrate (0.02 M) was
freshly prepared by dissolving 0.5406 g of ferric chloride hexahydrate (Fluka) in 5 ml of hydrochloric acid (1
M) and then the volume was completed to 100 ml in a dark volumetric flask with distilled water. 2,2'-
Bipyridyl solution (0.01 M) was prepared by dissolving 0.156.1 g of 2,2"-bipyridyl (BDH) in 5 ml of ethanol
(Analar) and the solution was made up to 100 ml in a volumetric flask with distilled water. Concentrated
acetic acid (Fluka) was appropriately diluted with distilled water to get the required concentration (0.02 M
acetic acid). 0.1 M Sodium hydroxide solution was prepared by dissolving 1.0 g of sodium hydroxide
(Fluka) in distilled water and diluting to the marked with the same solvent in 250 ml volumetric flask. And a
stock standard solution of each interfering species was prepared by dissolving 0.1 g of the compound in
distilled water then the volume was completed to 100 ml in calibrated flask. Other solutions were prepared
by serial dilutions of the stock solution.

®  Preparation of tablets solution.

Weigh and finally powdered an enough number of tablets followed by extraction of an accurately weighed
portion of the powder equivalent to about 0.1 g of FA dissolving in 0.1 M sodium hydroxide solution. Shake
and filter the solution in to a 100 ml volumetric flask. Wash the residue on the filter with 10 ml portions of
0.1 M sodium hydroxide solution and dilute the combined filtrate and washings to the mark with the same
reagent, to obtain (1000 ug/ml) of FA. Working solution was prepared by appropriate dilution of 10 ml of
this solution to 100 ml by distilled water, to obtain (100 pg/ml) of FA". Other solutions were prepared by
serial dilutions of the stock solution.
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® Preliminary investigation.

To a 10 ml volumetric flask, 1.0 ml of folic acid (100 pg/ml) with 0.3 ml of ferric chloride solution
(0.02 M) was added, followed by 2.0 ml of 2,2'-bipyridyl solution (0.01 M), the solution left for 15
minutes in water bath adjusted at 60°C, then the solution cooled, before addition of 0.5 ml of 0.02
M hydrochloric acid. After that volume was completed to the mark with distilled water, left to stand
for 5 minutes at room temperature before the absorbance of the red colored product was measured,
that has a maximum absorbance at Amax 520 nm against the reagent blank (Fig. 2).
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Fig. 2: Absorption spectra of 100 pg folic acid /10 ml.

Results and discussion

Optimization of variables:

e Effect of pH

The effect of pH on color intensity is examined firstly. The extent of complex formation, and hence the
absorbance of the final solution, is often a function of hydrogen ion concentration. Oxidation of folic acid by
Fe* and subsequent chelation of Fe** with 2,2"-bipyridyl was found to occur in neutral medium, but the
presence of acid was necessary to increase the stability of the developed red color chelate by maintaining the
desired pH"®”. So different acids have been used and the results indicate that 1.0 ml of acetic acid solution
(0.02 M) is the most suitable acid solution (pH= 3.74) to produce the highest color intensity (Table I).

Table I: Effect of pH on absorbance.

Acid used, Absorbance/ml concentration of acid added.
(0.02M) 0.2 0.5 0.7 1.0 1.5 pH-range
Without acid 0.306 3.62
HCl1 0.233 0.287 0.301 0.300 0.281 2.92-2.78
H5;PO, 0.216 0.239 0.284 0.294 0.210 2.78-2.55
H,SO, 0.182 0.190 0.201 0.216 0.198 2.68-2.53
CH;COOH 0.280 0.302 0.315 0.343 0.297 3.85-3.67

e Effect of ferric chloride concentration.

The effect of the concentration of FeCl; (0.2-1.5 ml) of 0.02 M on the absorbance of the red complex
containing different concentration of folic acid (25-150 ug /10 ml) has been investigated. The results
illustrated in Table II indicated that the absorbance of red colored chromogen at 520 nm was increased with
increasing volume of ferric chloride and became constant at 0.5 ml; above this volume, the absorbance
decreased. Therefore, 0.5 ml of 0.02 M ferric chloride solution gives the highest absorbance with a
determination coefficient (R>=0.9989) over a range of determined concentration of 25-150 ug folic acid/10
ml therefore it was recommended for the subsequent experiments.
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Table II: The effect of ferric concentration.

M1 of Fe*(0.02M) Absorbance/ug of folic acid in 10 ml
solution 25 50 75 100 150 R’
0.2 0.079 0.161 0.201 0.313 0.391 0.9713
0.3 0.085 0.168 0.221 0.332 0.422 0.9792
0.5 0.097 0.179 0.232 0.345 0.456 0.9989
1.0 0.073 0.153 0.210 0.301 0.432 0.9970
1.5 0.041 0.125 0.187 0.272 0.391 0.9954

e FEffect of 2, 2-bipyridyl concentration.

The influence of different amounts of 2,2'-bipyridyl solution on the absorbance of solution containing
different concentration of folic acid (25-150 pg /10 ml) was studied. The results indicated that smaller
amounts resulted in incomplete complex formation. Increased concentration increases the absorbance and
reached maximum on using a volume of 2.5 ml of 0.01 M 2,2-bipyridyl solution which also gives the highest
value of determination coefficient (Table III).

Table III: The effect of 2, 2'-bipyridyl concentration on absorbance.

ml of 2,2"-bipyridyl Absorbance/ug of folic acid in 10 ml
(0.01M) solution 25 50 75 100 150 R’
1.0 0.064 0.11 0.178 0.245 0.388 0.9953
1.5 0.091 0.171 0.224  0.301 0.451 0.9974
2.0 0.118 0.221 0.366  0.543 0.778 0.9941
2.5 0.157 0.317 0.468 0.618 0.895 0.9991
3.0 0.103 0.212 0.356  0.487 0.689 0.9952

e FEffect of temperature.

The effect of temperature on the color intensity of the resulting complex was investigated. The formation of
colored complex was slow at room temperature and required longer time for completion. Hence, efforts were
made to accelerate the reaction by carrying out the reaction at higher temperatures. It was observed that the
maximum absorbance was obtained when heating the reaction mixture on a water bath at 60°C, however,
60°C was recommended. Further heating the absorbance was decreased (Table IV).

Table I'V: Effect of temperature.
Temperature °C Room* T 30 50 60 70 80 90
Absorbance 0.050 0.082 0.520 0.896 0.820 0.722 0.693
*Room Temperature= 19 °C.

e FEffect of heating time on oxidation-reduction reaction.

The effect of time needed to complete the oxidation-reduction reaction was studied by allowing the solutions
to stand in water bath at 60°C for different times, after adding the component of reaction (folic acid, ferric
chloride hydrated, and 2,2'-bipyridyl), then the absorbance was measured against the reagent blank. The
results in Table V indicated that high absorbance of complex at 520 nm occurred after 35 minutes and there
was no signification difference in the intensity of complex above 35 minutes and also instability results
indicate. Therefore, the standing time 35 minutes was recommended for the subsequent experiments.

Table V: Effect of heating time on oxidation-reduction process.
Time (min.) 0 5 10 15 20 25 30 35 40 45 50
A 0.062 0.158 0.382 0.569 0.696 0.893 0917 0976 0.755 0.586 0.501
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e FEffect of order of addition of reactants.

After fixing all other parameters, other experiments were performed to ascertain the influence of the order of
addition of reactants [folic acid (FA), Fe* (0), 2,2-bipyridyl (R) , acetic acid (A)] was examined. The
results (shown in Table VI) indicated that order (I) of addition of reagents was the optimum order due to the
high intensity of the formed color and hence the same order of addition was followed throughout the

investigation.

Table VI: Effect of order of addition.

Order of addition Order no. Absorbance
FA + O + R+A I 0.975
FA+A+R+0O II 0.524
O+ R +FA+A 11 0.605
O +FA+A +R v 0.853
R+FA+A+O A% 0.541
R +A+ O+ FA VI 0.517

e FEffect of time and stability of colored complex.

The effect of time on the development and stability period of the red complex was investigated under
optimum experimental conditions cited above. The absorbance measured from O to 180 minute after
emerging the flasks from water bath and adds the acid then completed the volume to 10 ml. The results in

Table VII indicated that the red complex was stable for at least 3 hours.

Table VII: Effect of time on absorbance.

Folic acid Absorbance/minutes

(ug/10ml) 0 5 10 20 30 40 50 60 120 180
50 0481 0478 0475 0470 0461 0458 0456 0445 0.427 0.413
100 0.668 0.668 0.667 0.665 0.664 0.662 0.662 0.658 0.652 0.640
150 0.974 0972 0973 0971 0970 0.966 0957 0939 0917 0.893

®  FEffect of surfactant.

The effect of surfactants with different orders of addition on the absorbance was studied; the addition of 2 ml
of each of cetylpyridinium chloride (CPC, 1x10” M), sodium dodecyl sulphate (SDS, 1x10~ M) and Triton
X-100 (1%) was examined. The investigations showed that there was no remarkable change in the
absorbance of CPC. On the other hand, both SDS and Triton X-100 give a turbid solution; therefore, they

were omitted in this study (Table VIII).

Table VIII: Effect of surfactant on absorbance.
Surfactant Absorbance / order  of addition
solution I I 111 v
CPC (1x10° M ) 0.626 0.585 0.615 0.632
SDS (1x10° M ) Turbid  Turbid Turbid Turbid
TritonX-100 1% Turbid  Turbid Turbid Turbid
*The absorbance without surfactant= 0.973 at 520 nm.
*# Surfactant (S), folic acid (FA), Fe*(0), 2,2'-bipyridyl (R), acetic acid (A).
I=FA+S+O+R+A;II=FA+ O+ S +R+A;IlI=FA+ O+ R+ S +A;IV=FA + O + R +A+S.

Recommended procedure and calibration graph

To a series of 10 ml calibrated flasks, 0.05-1.8 ml of 100 pg/ml folic acid solution were transferred,
then 0.5 ml of 0.02 M (FeCls.6H,0) solution was added, followed by 2.5 ml of 0.01 M 2,2'-
bipyridyl solution, the solutions left for 35 minutes in water bath adjusted at 60°C, then the solution
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cooled, before addition of 1.0 ml of 0.02 M acetic acid. After that volume were completed to the
mark with distilled water, left to stand for 5 minutes at room temperature before the absorbance of
the red colored product were measured at 520 nm against the reagent blank. Employing the
conditions described in the procedure, a linear calibration curve for FA was obtained (Figure 3),
which shows that Beer’s law was obeyed over the concentration range of 0.5 — 18 pg/ ml.

15 -
8
g 17
5
Z 05 - y = 0.0642x +0.0386
< R?=0.9985
0 - . . . :
0 5 10 15 20

Concentration of folic acid pg/ml

Fig. 3: Calibration graph of folic acid.

Analytical characteristics

Analytical characteristics such as regression equation, linear range, relative standard deviation, relative error,
molar absorptivity and Sandell’s sensitivity values of each method were determined under the optimized
conditions as shown in Table IX . The limits of detection (LOD) and quantitation (LOQ) were calculated

according to the International Union of Pure and Applied Chemistry (IUPAC) definition *'! using the
formula:

LOD = 3S/b and LOQ = 10S/b
Where:

S is the standard deviation of blank absorbance values and b is the slope of the calibration plot, are also
presented in Table IX. The high values of molar absorptivity and low values of Sandell’s sensitivity and
LOD indicate the high sensitivity of the proposed methods.

Table IX: Optical, regression characteristics, the stability constants and thermodynamic parameters of the proposed
method for folic acid.

Parameter The proposed method
Medium CH;COOH (0.02 M)
Amax, NM 520

Beer’s law range (ug /ml) 0.5-18

Detection limits (pg / ml) 0.06

Quantitation limit ( pg/ml) 0.2

Molar absorpitivity ( L/mole. cm) 2.8338 x 10°
Sandell’s sensitivity (ug/cm’) 1.55

Regression equation (Y = a + bC)*

Intercept (a) 0.0386

Slope (b) 0.0642

Determination coefficient (R?) 0.9985

Relative standard deviation, % 0.31

Relative error, % 0.0231

K (L*.mole™) 0.095 x 10"

AH (KJ/mole) -43.648

AS (J/mole. K) 77.610

AG (KJ/mole) -70.656

*InY =a+bC, Y is absorbance and C is concentration
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Stability constant and thermodynamic parameters of the product at different temperatures
The Van't Hoff equation provides information about the temperature dependence of the stability constant.

The Van't Hoff equation may be derived from the Gibbs Helmholtz equation, which gives the temperature
dependence of the Gibbs free energy *?. The stability constant K of the product was evaluated at four
temperatures for the reaction of Fe** ( from oxidation-reduction reaction ) with 2,2"-bipyridyl solution in a

ratio of 1:3 as shown in Fig (4) (231,
Q \ P
/ /

N____,_,_._;-— Fe -

AN /)

\f’ \f’

Fe(ll}-2.2"' Bipyridyl complex

——

Fig. 4: The red complex of Fe** with 2, 2-bipyridyl.

Then o degree of dissociation of the color complex is determined spectrophotometrically by equation 1 **:-
a=(An-A)/An ...... (1)

Where:

A, s the absorbance of the color complex at optimal conditions.

A, : is the absorbance of the color complex at stoichiometric ratio of 1:3 donor — acceptor.

I-a
K 1:3 3443
: 270°C
...... 2)
Where: C is concentration of complex formed.
The stability constant K of the color complex was evaluated *' at four temperatures in a range as shown in

Table X using equation 1 and 2. The heat of color complex formation AH was calculated using Van't Hoff
equation (also known as the Vukancic-Vukovic equation) ** of a form:-
LnK= constant - AH/RT ...... 3

Table X: The stability constant (K) of the color complex.

Temp (k) Am As o K (L’.mol”)
333 0.060 0.037 0.380 0.099 *10"
343 0.038 0.021 0.44 0.049 #10"
353 0.027 0.014 0.481 0.030 *10"*
363 0.023 0.011 0.522 0.20 *10"

A plot between InK versus the inverse of absolute temperature from equation (3) shows a straight line of R*
(0.9859) as shown in Fig. (5).
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Fig. 5: Van't Hoff plot of InK of color complex versus 1/T.

From the variation of stability constants values with temperature of the color complex, the thermodynamic
function, AG, AH and AS can be evaluated. The Gibbs free energy of color complex formation was

calculated from equation (4) 271 of the form:-

AG=-RTIhK ........... 4

The entropy change (AS) for the color complex formation was represented by using equation (5) **:-
AG=AH-TAS ............(5)

The thermodynamic parameters of the color complex formed were given in Table XI. It was clear from the

thermodynamic parameters of complex that:

a) The stability constants (K) decreased with increased of temperature, confirming that complex was not
stable at higher temperature ** /.

b) Sufficiently large negative value of AG showed that spontaneous formation of the complexes.
Spontaneity increased with temperature *”.

c) Negative values of AH indicated the exothermic nature of the color complex formation

d) The AS values for the complex were positive, confirming that the complex formed is entropically
favorable, and so it is responsible for the complexing process . The results of this work are mainly
responsible for complex formation

[30]

Table XI: The stability constants and thermodynamic parameters for associated species at different temperatures.

Temp (k) K (L’.mole>) AH (KJ/mole) AS ( J/mole. k) AG (KJ/mole)
333 0.099 *10™ -44.228 77.609 -70.072
343 0.049 *10" -43.588 77.612 -70.209
353 0.030 *10" -43.392 77.609 -70.788
363 0.20 *10" -43.383 77.611 -71.556

Average 0.095%10" -43.648 77.610 -70.656

Interference studies

In order to assess the possible analytical applications of the proposed analytical method which described
above to the assay of commercial folic acid formulations, the effect of some common excipients used in
pharmaceutical preparations were investigated by carrying out the determination of FA in the presence of
different excipients. Experimental results showed that sodium chloride, glucose, sucrose, fructose, lactose,
galactose, and starch had no effect on the determination of FA. Interestingly, only vitamin B1 and vitamin
B2 has serious effect on the determination of folic acid.

Application of the method

The proposed method was successfully applied to the determination of FA in tablets and the results are
summarized in Table XII. The results obtained were statistically *"! compared with those of the official BP
method, HPLC method * by applying the Student’s t-test for accuracy and F-test for precision. The results
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indicate that there was no significant difference between the proposed method and the reference method with
respect to accuracy and precision at 99% confidence level.

Table XII: Application of the proposed method for the determination of folic acid in different brands of tablets.

Tablet Label Obtained Official BP Recovery Calculated Calculated

FA sample amount (mg) value* (mg) method* + SD,% t-value ** F-value ***
Folic A bl Tra, 5.0 4.85 4.82 99.4£1.04 1.80 479
Julphar Folicum- 5.0 4.88 485 99.420.39 1.91 0.98
Joswe 5.0 4.77 4.96 103.920.10 1.98 1.43

Folic acid-Naur, Jordan.

*Average of five determinations.
** Tabulated t-value for four degrees of freedom; and p=0.01 is 3.365.
*#* Tabulated F-value for four degrees of freedom; and p=0.01 is 15.97.

Conclusion

The proposed method is simpler, less time consuming and more sensitive than those previously published. The
proposed method was more advantageous than other reported visible spectrophotometric '*'* methods with respect to
sensitivity, simplicity, reproducibility, precision, accuracy and stability of the colored species. The proposed method is
suitable for the determination of folic acid in pure form and pharmaceutical formulations without interference from
excipients such as starch and glucose, suggesting potential applications in bulk drug analysis.
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