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Abstract

A new Turbidimetric method characterized by simplicity, accuracy and speed for
determination of iron(I11) in drug samples by continuous flow injection analysis. The
method was based on the formation of complex for iron(lll) with 8-
hydroxyquinoline in presence of ammonium acetate as a medium for the formation
of deep green precipitate and this precipitate was determined using homemade
Linear Array Ayah-5SX1-T-1D continuous flow injection analyser. The optimum
parameters were 2.6 mL.min™ flow rate using H,O as a carrier, 1.9 mL.min™ (14
mmol.L™") ammonium acetate, 2.4 mL.min™ (14 mmol.L™) 8-hydroxyquinoline, 60
uL sample volume and open valve for the purge of the sample segment. Data
treatment shows that linear range 0.1-8.0 mmol.L™ while L.0.D 4.8x10° M/sample
equivalent to 16.1 pg/sample from the stepwise dilution for minimum concentration
of lowest concentration in linear dynamic range of the calibration graph. The
correlation coefficient (r) was 0.9911 while percentage linearity (%r?) C.0.D was
98.24%. R.S.D.% for the repeatability (n=6) was <1% for determination of iron(l1l)
with concentration 4 and 8 mmol.L™. The method was applied successfully for the
determination of iron(lll) in pharmaceutical preparations. Using paired t-test
between the newly developed method and official method; shows that there were no
significant differences between either methods. On this basis the new method can be
accepted as an alternative analytical method for determination of iron(lll) in
pharmaceutical samples.

Key words: Iron(l1l), 8-hydroxyquinoline, turbidimetric, flow injection analysis,
iron-dextran
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1- Introduction

Iron is regarded as fourth abundant element in the earth crust. It is found in two oxidation states 11
and Il [1]. Iron is an essential and play an important roles for many metabolic functions that occur in
all living cells of plants and animals [2].

The determination of iron in analytical chemistry has become a routine procedure because of its
importance in normal living life. There are many techniques reported for the determination of iron in
the literature. Some of the most commonly used methods include spectrophotometry [3-10], atomic
absorption spectrophotometry [11-14], flow injection method [15-20], inductively coupled plasma
[21,22], HPLC [23-25], chemiluminescence [26,27]. This work, describes a simple turbidmetric flow
injection method that have been developed for the determination of iron(lll) in pharmaceutical
preparation. The method uses reaction of Fe(lll) with 8-hydroxyquinoline (8-HQ). 8-
Hydroxyquinoline exhibit a chelating property to metal ions. Chelation might probably accomplished
by amine and hydroxyl groups present in 8-HQ molecules.

2- Experimental
2-1- Chemicals

All chemicals used were of analytical reagent grade. Distilled water was used throughout this work.
Iron(l11) chloride anhydrous stock standard solution (FeCls, 162.21, Fluka, 100 mmol.L™") was
prepared by dissolving 1.6221 g/100 ml distilled water. A stock solution of 8-hydroxyquinolin (BDH,
100 mmol.L™) 1.4516¢ in 100 ml of 2 mol.L™ glacial acetic acid. A 1 mol.L™* ammonium acetate as
stock solution (CH3COONH,, 77.08, BDH) was prepared by dissolving 38.54g in 500 ml distilled
water.

2-2- Apparatus and Manifold

The flow system shown in Figure (1) was used for the determination and detection of iron(lll). A
four channels, variable speed peristaltic pump (Ismatec, Switzerland), the 6-port injection valve
(Rheodyne, U.S.A) with a sample loop (0.5 mm i.d., Teflon, variable length) used for sample
injection. The instrument response was measured by Ayah 5SX1-T-1D-CFI analyser [28] (homemade)
using super white Light Emitting Diode (LED) as source with a solar cell detector. The output signals
was recorded by x-t potentiometric recorder (KOMPENSO GRAPH C-1032) Siemens (Germany) and
Digital AVO-meter (auto range) (0.00-2000 mV) (China). Peak height was measured for each signal.
UV-Vis spectra were measured on UV-Vis. spectrophotometer digital double-beam SHIMADZU type
1800 (Japan).
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Figure 1- Schematic diagram of flow injection analysis system used for determination of iron(I11)

2-3- Methodology

The whole reaction manifold system for iron(lll) determination via precipitation with 8-
hydroxyquinoline (8-HQ) shown in Figure (1). The manifold system is composed of three lines: first
line supplies the (8-HQ) (14 mmol.L-1) solution at 2.4 mL.min™ flow rate, while the second line is for
ammonium acetate (14 mmol.L™) at 1.9 mL.min™ flow rate. Both lines mixes together at a multi Y-
junction made from methyl methacrylate polymer as shown in Figure (2). The third line represent the
carrier stream (distilled water) leading to the injection valve, which allows the use of 60 uL and a flow
rate of 2.6 ml.min™ (loop length 30 cm with 0.5 mm 1.D). Both out coming lines meet at a junction as
shown in Figure 2. the attenuation of incident light peak of the resulting deep green precipitate is
followed using Ayah-5SX1-T-1D-CFI anlayser and the variation of response was monitored using
super white Light Emitting Diode (LED). Each solution was assayed in triplicate. The proposed
suggested mechanism for complex formation is shown in Scheme no.1.
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Scheme 1- Proposed mechanism of complex formation
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Figure 2- New design of multi Y-junction used for determination of iron(l11) as part of the manifold

3- Results and Discussion
3-1- Spectroscopic Study

A dilute aqueous solution 8-hydroxyquinole (1 mmol.L™) precipitating agent when mixed with
ammonium acetate (1 mmol.L™) as reaction medium followed by the addition of iron(lll), an intense
deep green precipitate product was formed immediately, the product shows a maximum at 460, 601
nm against reagent blank as shown in Figure (3-A) while deep green precipitate appear Amax at 454,
604 nm when changing order of addition by ammonium acetate (1 mmol.L™) added to iron(lll) (1
mmol.L™) then addition of 8-hydroxyquinoline (1 mmol.L™) as shown in Figure (3-B).
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Figure 3- UV-Vis. Spectrophotometric of bluish-black species formed against reagent blank, order of addition
was as; (A) 8-hydroxyquinoline (1 mmol.L™)+CH;COONH, (1 mmol.L™)+iron(111) (1 mmol.L™). (B) iron(lIl)
(1 mmol.L™) +CH;COONH, (1 mmol.L ™)+ 8-hydroxyquinoline (1 mmol.L™).

3-2-Optimization of Experimental Conditions

A series of experiments were conducted to establish the conditions for the production of maximum
repeatable response with good sensitivity for the reaction product. The chemical variables such as
concentration of reagents used for the precipitation reaction and physical variables including addition
reaction coillin manifold, intensity of incident light, flow rate, sample volume and allowed
permissible sample purge time were investigated respectively.
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3-2-1- Chemical Variables
3-2-1-1- Effect of 8-hydroxyquinoline Concentration

A series of solutions were prepared for the range of 3-16 mmol.L™ using preliminary concentration
of ammonium acetate 200 mmol.L™, 10 mmol.L™ of iron(l11), sample volume of 60 ul on the carrier
stream (distilled water) and 1100 mV intensity of incident light, each measurement was repeated for
three successive times. Figure (4-A) was obtained explaining the increase in the attenuation of incident
light with increase of 8-HQ concentration, followed by a stability in attenuation of incident light. At
high concentration of 8-HQ (i.e. > 14 mmol.L™) represent to the same growth of particle with increase
8-HQ concentration, therefore 14 mmol.L™ was chosen as optimal concentration of 8-HQ. Figure (4-
B) show the profile peak when variation 8-HQ concentration.
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Figure 4- (A) Effect of variation of 8-HQ concentration on precipitation iron(l1l) for 8-HQ-CH;COONH,-
Fe(l11). (B): Response profile

3-2-1-2- Effect of CH;COONH, Concentration

Using optimum concentration of 8-HQ solution 14 mmol.L™". Series of diluted solutions of
ammonium acetate (0-16) mmol.L™ were prepared and concentration of iron(111) 10 mmol.L™" was
used. Using sample volume of 60 pL, 1100 mV as the intensity of incident light. Figure 5 shows an
increase in attenuation of incident light with the increase of CH;COONH, for the range 0 to 14
mmol.L™, and even at a concentration > 14 mmol.L™. It was noticed that a stable of the obtained
response with increase of CH;COONH, concentration. Therefore, 14 mmol.L™ was chosen as the
optimum concentration of ammonium acetate as medium for the formation of precipitate.
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Figure 5- Effect of variation of ammonium acetate concentration on attenuation of incident light for 8-HQ-
CH3COONH,-Fe(l11) system
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3-2-2- Physical Variables
3-2-2-1- Effect of Coil Addition

Using optimum concentration for precipitation system with iron(l11) solution (10 mmol.L™) with
60pL as the injected sample volume, 1100 mV as intensity of incident light at a variable coil length (0-
40) cm with i.d. Imm as shown in Table no.1. It was noticed that 10 cm (314 pL) reaction coil was
used as a more reproducible and more sensitive measurements.

Table 1- Effect of variable coils length on attenuation of incident light for 8-HQ-CH;COONH,-Fe(l11) reaction
system for determination of iron(l11)

Relative
dilution

847.67+£3.79
873.50+3.29

875.83+3.13

873.17+2.59

873.33+£3.79

3-2-2-2- Variation of Incident Light Intensity

Using the system for determination iron(l11) via 8-HQ (14 mmol.L™")-CH;COONH, (14 mmol.L™)-
Fe(111) (10 mmol.L™), 60 puL sample volume with (2.6, 1.9, 2.4) mL.min™ flow rate for carrier,
ammonium acetate and 8-HQ respectively. A variable intensity of incident light expressed in mV
(750-2200) was used for this study, the plot of attenuation of incident light vs. change in intensity of
incident light shown in Figure (6-A). While Figure (6-B) shows profile and response peaks when
variation intensity of incident light.
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Figure 6- (A) Variation of incident light vs. light intensity expressed in mV. (B) Output response profile of
variation of light intensity versus energy transducer of Linear Array Ayah-5SX1-T-1D-CFI analyser
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Figure 6 shows the continuation for the increase in attenuation of incident light with increase of
intensity of incident light up to 2000 mV then followed by a decrease in attenuation of incident light
with increase of intensity of incident light. The decrease in attenuation of incident light above 2000
mV was attributed to the effect of transparency of fine particulate with the increase of incident power
of radiation. This effect can be prominent when very fine particle is formed.
3-2-2-3- Effect of Flow Rate

A set of experiments were carried out for the optimization of flow rate of carrier stream (distilled
water) using 1 mm i.d. tube, ammonium acetate (14 mmol.L™) and 8-HQ (14 mmol.L™") using 0.75
mm i.d. silicon rubber tube; using 60 uL as sample volume and 2000 mV as intensity of incident light
at a variable flow rate as tabulated in Table no.2.

It was noticed that at low flow rate there was an increase in dilution and dispersion which might
cause an increase in peak base width (Atg) as shown in Figure 7. While at higher speed > 30
(indication approximate), although the effect of physical parameter was not very crucial on the
responses. Obtaining regular response and sharp maxima, but it was not very high due to the departure
of the reactants from measuring cell prior to the completion of precipitation reaction and the
precipitate remained for a very short time in the measuring cell, therefore an indication approximate of
30 which corresponding to a flow rate (2.6, 1.9, 2.4) mL.min™ carrier stream (H,0O), CH;COONH,, 8-
HQ respectively, was used to obtain a maximum response and a narrower base width.

Table 2- Effect of variation of flow rate precipitation system of iron(l11)

- Attenuation Confidence interval
Pﬁa'ftalt'c Flow Rate (mL.min™) of incident of the mean
EEIE light yi | S.D. -

(indication

(e}
i n=3 Vi oosr 2k
approximate) CH:COONH, (o) (a005/2) 1
0.8 0.6 0.8

1527.83 1527.83+5.60

1.6 1.2 1.6 1561.83 1561.83+4.36

2.6 1.9 2.4 1502.50 1502.50+3.29

3.4 2.5 3.0 1446.67 1446.67+2.87

3.2 3.7 1433.33 1433.33+£3.79

t= arrival time of sample segment to the measuring cell

I 80 mV’

£0

k)

10. Tl

Figure 7- Variation of flow rate versus energy transducer output response profile pf linear array ayah-5sx1-T-
1D-CFI analyser
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3-2-2-4- Effect of Sample Volume

Using the optimum parameters achieved in previous sections. Variable sample volumes (20-100) pL
were injected using open valve mode i.e. allowance for continuous purge of sample from the sample
loop in the injection valve. The data obtained were plotted as shown in Figure (8-A) showing that the
optimum sample volume is 60 pL given regular clear response. Using larger volume i.e. > 60 pL, it
gave a slight higher response and it was characterized with the width of their peak maxima as shown
in Figure (8-B).
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Figure 8- (A) Effect of variation in sample volume versus energy transducer output of Linear Array Ayah-
5SX1-T-1D-CFl analyzer. (B) Response profile.

3-2-2-5- Effect of Purge Time

Using different purge time for the sample segment i.e. using 3 to 12 seconds allowed time for the
carrier to pass through the injection valve in inject mode, followed by turning the injection valve to the
load mode. The volume of sample was 60 pL. Figure (9) shows the continuation of the increase in
response with increase of injection time up to 12-15 seconds, after that there was no significant
differences in responses. The decrease in responses when using less than that 15 sec was attributed to
the incomplete purge of the sample from sample loop in the injection valve, therefore open valve more
(12 sec) as purge time was chosen as optimum time to the complete purge of the sample from sample
loop in the next studies.
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Figure 9- Effect of variation of purge time on attenuation of incident light using optimum conditions
3-3- Calibration graph

A series of iron(111) solution ranging from 0.1-15 mmol.L™ were prepared for the purpose of using
them for the preparation of scatter plot diagram followed by the choice of calibration graph. All
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physical and chemical variables were fixed at their optimum values. The results obtained were
tabulated in Table (3-A) while their representation was in Figure 10 which shows the variation of
response with concentration of iron(l11). Analysis of variance was carried out as shown in Table (3-B)
which indicate that F,, =F" = K =5.12 <<F,, =504.87 therefore, it can be concluded that there is a

tab. Stat.
significant relation between the concentrations of iron(l11) and the response obtained.

Table 3-A- A statistical summary of calibration graph for the determination of iron(lll) using 8-HQ-
CH3COONH,-Fe(l11)

Fe(111) range forjy~(mV)=aS,t+b+S,t tab tcal H
[Fe(lI)]mmol.L* at confidence r2 1 r?
; r’%

0,
interval 95%, n-2 at 95% n-2

Regr. (Y,—Y) 3085753 vi=1 3085753

Error (y, — ) 55007.3 V=9 6111.922 504.8745

Total (y, —y) 3140760 10

780
o y=70{31284 $1+155 701970 [FeIl}] mmeol L ! /
0T I
= - [
E .l =098 i
5 Yor? = 98.24 .
£ 1000 .///_,f’
5 !
E Tm
k=] / B The poini represent lo
=
% 500 e W The poind represent 26
% - -,// The point représent 3o
I /
0m™
u] 2 4 =1 =
[FellIIY] ool Lt

Figure 10- Linear calibration graph for the energy transducer response expressed in mV with iron(lll)
concentration in mmol.L™

Using three different ways for the study of the detection limit for iron(l11). The results obtained is
tabulated in Table no.4 using a sample volume of 60 pL.
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Table 4- Limit of detection of iron(I11) at optimum parameter for 8-HQ-CH;COONH,-Fe(lI1)

Gradual dilution for the Linear equation of

minimum concentration

y(mV) ye+3Sg y(mv) ye+10Ss

4.8x10°° M/sample 4.59x10™ M/sample  |1.19x10° M/sample 3.99x10™ M/sample
16.1 pg/sample 1.54 ug/sample 4.02 pg/sample 13.40 ug/sample

x= value of L.O.D. based on slope, Sg = standard deviation of blank solution
yg= average response for the blank solution (equivalent to intercept in straight line equation)

3-4- The Repeatability of Iron(111) Results

The repeatability was studied for determination of iron(lll) via measurements of the precipitate
formatted by the reaction of iron(111) with 8-HQ at concentration of 4 and 8 mmol.L™ of six successive
injected sample measurements as shown in Figure (11) and the results obtained are tabulated in Table
no.5.

Table 5- Repeatability result

. Confidence interval of the
Number offl y; Repeatability mean

measuring (n)  [\(n=6) mv On-1 R.S.D.% Y, £t aomm (jnfl
n
938.66 6.53 0.695 938.66+6.85

1508.00 4.38 0.290 1508.00+4.59

4 mmolL* )

8 mmol.L*

Figure 11- Response time profile of six successive repeatable measurements of iron (I11) concentrations (4, 8
mmol.L) in Linear Array Ayah-5SX1-T-1D-CFI analyser
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3-4- Application of The Method

The turbidimetric-flow injection method achieved in this work was used for the analysis of iron(l11)
in three different pharmaceutical preparations and it was compared with official method. VVolumes of
thirteen ampoules were measured. Collected in container. 2 mL (0.035 mol.L™") from each
preparation, dissolved in distilled water and diluted to 50 mL. 0.28 mL was drawn to each of six 10
mL volumetric flask followed by the addition of gradual volumes of standard iron(l1l) (0, 0.5, 1, 1.5,
2, 2.5) mL at 20 mmol.L™ to obtain 1, 3, 5, 7 and 9 mmol.L™. Flask no.1 is the sample flask volume.
The measurements were conducted by both methods and the results were mathematically treated (for
standard addition method). The results were tabulated in Table no.6 at confidence interval 95%. Paired
t-test was used as shown in Table no.7. The obtained results indicate clearly that there was no
significant difference between newly developed method FIA with the official method [32] at 95%
confidence interval as calculated t value is less than tabulated t value.

Table 6- Results for the determination of Iron(l11) in pharmaceutical preparations

Commercial name

1.996+0.0340 . 100+3.59 106.86+0.50 (106.86

Iron-dextran

Kontan pharmaceutical |,) 5, . 100+2.79 97.87+1.12

Iron dextran-Cox
Cox-pharmacetical
1.984+0.0338 . 100+2.78 104.86+0.69 (104.86

Table 7- Paired t-test results for turbidmetric-CFI method with quoted value using standard addition method for
the determination of iron(l11) in pharmaceutical preparations

Practical content (mg)
Sample
no.
New method w
value

1.85 < 4.303

2.26 < 4.303

2.35<4.303
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Conclusion

The proposed turbidmetric flow-injection method is simple, rapid, inexpensive and sensitive for the
determination of iron(ll1) based on the 8-HQ-CH3;COONH,-Fe(lll) system. From the experimental
point of view, the manipulation is very simple, and sequential measurement was permitted with high
sample frequency, up to 60 samples per hour. The proposed method uses cheaper instruments and
reagents with those spectrophotometry, fluorimetry, HPLC and other turbidimetric-FIA method with
different precipitating agents. The %R.S.D was <1% and good agreements were observed for all
samples, which is an indication of satisfactory accuracy of the proposed method. The standard
additions method was used to avoid matrix effects. Also this method can be applied to the micro
determination of iron(l1l) in pharmaceutical preparations without the need for heating or extraction.
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