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ABSTRACT

A home-made design flow-injection system has been described in a previous work.
This system has been applied in the present work for the determination of total iron
using the reagent 3,4-dihydroxybenzaldehyde (3,4-DHBA). Optimization of all
conditions were as folloows: .. 440 nm., pH of the carrier stream(C.S) 8.8 and its
flow rate with the reagent 1.1 mlmin’”, reagent concentration 0.001M and the
Manifold length was 60cm. Optimum, linear range of the calibration curve plotted by
the method of Least Square with any one of the two equations Y =a + bX or Y=
bX; including zero (the blank reading) as one of the standards, was between 0 -
8ppm. total Iron.  The accuracy of the method was measured by calculating
percentage recovery  of 10 ug Iron (II+II]) added to samples of Iron-Drugs after
dissolution with 0.1MHCI. The error did not exceed 5% with Coefficient of Variation
between 2.5 - 3.3%. Paired Comparison by t-test between two calibration curves
showed no significant difference at 95% confidence limit.

INTRODUCTION

In 1975, Ruziska and Hansen(l) have wide applications in most areas of Analytical

discovered that the air - segmented method
of automatic analysis could be simplified by
omitting air and using much narrower
tubings . Thus anew technique called flow-
injection analysis (FIA) has appeared .In this
method a continuous non-segmented stream
is running through narrow tubes (I.D. of the
order of about 0.5 - 1 mm.) carrying the
analyte , mixing it with proper reagents
present in it and converting it into a
measureable product before passing through
the detector. Since then the method has found

Chemistry. This was mainly because of the
simplicity of the method in addition to high
sample throughput, effective performance,
low cost instrumentations and minimum
consumption of chemicals.

Recently, Najib (2) and  Matti,et.al. (3)

have reported two methods for the
determination of total Iron (Iron II + Iron
III) in one solution and with one reagent.

The reagents were3,4-Dihydroxyphenylacetic
acid (3,4,DHPAA) and 3,4-
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Dihydroxybenzaldehyde (3,4-DHBA)
respectively, which were used without a need
to convert one form of Iron to another, as it
is normally done in other methods(4-7).

In an attempt to overcome the problem of
non availability of proper injection valves,
usually used in ( FIA), Najib (8, in this
Journal) has designed an alternative
injection  system by a combination of a
three-way and a four-way glass distribution

valves. This (FIA) system has been used
EXPERIMENTAL
Chemicals and Preparations: Stock

Solutions of Iron II and Iron III (100ppm).
These were prepared from appropriate
weights of ferrous sulphate hepta hydrate and
ferric ammonium sulphate and the two
solutions were mixed in a 1:1 ratio. This
solution  was carefully standardized
gravimetrically (9) and renewed after one
month. Seriel dilutions were made in the
usual way to prepare fresh standard solutions
between (0 - 10 ppm) total Iron each time a
calibration curve was needed.
Stock Solution of the Reagent (3,4-DHBA)
was prepared by weighing ( 0.045 g) of the
substance , dissolved in 50ml. distilled water
and filtered. This solution was ignored after
one week. The carrier stream was 0.1M
NH,C], its pH was adjusted between 8.8 -9
with 2M ammonia solution.
Preparation of samples of Iron- Tablets:
Three procedures ( Neither taken from any
reference nor was subjected to any study)
were applied : (i) Three tablets were crushed
to a fine powder with a porcelain mortar and
pestol. Equal weights of the powder (0.2 —
0.5 g ) were treated separately with 15 mls.,
0.1 M HCl or HNO; or H,SO4, heated gently
to drynes then vigorously for another ten
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quite successfully for the determination of
total iron with  (3,4-DHPAA)(8).

The present work describes another
application of this system, this time with the
reagent (3,4-DHBA). The suitability of the
method for (FIA) and the optimization of

conditions have been studied for the
determination of total Iron in some Iron-
Drugs.

minutes. After cooling, 10 mls. of the
corresponding acids were added and stirred,
fillered and the precipitate was washed
several times with distilled water. The pH
of these solutions were adjusted to be just
over 2 and the volumes were finally
completed to  50mls. ready for analysis.
(i)As in (i)but the coatings were rubbed off
on a fine carborandum stone before crushing.
(i) As in (i) but the crushed powder was
divided into two equal parts, one part was
treated with 10 mls.acetone and the other
with 10 mls. ethanol to remove the organic
matter of the coatings, filtered, washed and
left to dry. Three equal weights were then
taken from each part and treated with
HCI, HNO3 or H,SO4 exactly in the same
way as described in (i) above

Apparatus:A single beam Spectrophotometer,
Spectronic 20 from (Milton Roy USA). was
used. A flow-through cell, 80 uL capacity
and 10 mm. path length, fixed in position
with a special home- made adaptor. The
pH measurements were made with PW9418
pH meter provided with a combined glass-
electrode from Philips (England). A three-
channel peristaltic  pump  P-3from
(Pharmacia). Two glass distribution valves,
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a three and a four-way types, from Vestale
(Germany), were used to construct the flow-
injection system as described previously
somewhere else in this Journal(8) to replace
the commercial injection valve.

Calibration Curve and sample
Measurements The syringe is filled with,
either a standard or a sample containing
between (O - 8 ppm total Iron). The
sequence of injection 1is as follows: Valve
(X), Fig 1, is turned to position ( 1,2 - 3,4)
while valve (Y) is in position ( 5,6,7), this is
called L; position. At this position the
syringe can be removed , if wanted, and
refilled with the desired solution. After
replacing the syringe, the Loop ( which has a
size of about 100 pL ) can be loaded by
brief pushings of the plunger several times (4
times ) then immediately turning valve (Y) to
position (6,7), as shown in Fig. 1 (Ly
position ) and again make few more pushings
to the plunger, to be sure of full loading  of
the Loop. Finally, valve (Y) isturned
back to position (5,6). These operations of

Fig .1.Construction of the Injection System . C.S = Carrier Stream ,R = The

4 -DHBA ),W = Waste .
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loading are carried out while the previous
injection is still running and about to
complete. When everything is ready for next
injection , make a quick and smooth turning
of the valve (X) in one movement to position
(1,4 - 2,3) as shown in Fig. 1 ,( Inj. position
)- In this way the carrier stream (C.S.) and
the reagent (R) will pass through the Loop
carrying  the analyte with them into the
manifold, in which the reaction is completed
and finally into the cell. The resulting
absorbency (A) is recorded on a chart-
recorder. The peak - heights in millimetrers
(representing absorbances ) are plotted
versus concentrations of standard solutions of
the analyte (in ppm Total Iron) making
use of (C.S. + R ) as ablank to zero the
instrument. The Calibration Curve is drawn
by the method of Least Square Analysis (10)
using equations (Y =a +bX or Y=0bX)
including  ( zero = blank) as one of the
standards. Zero - 8 ppm. analyte is then read
from the calibration curve and determined as
Total Iron within the range.

Reagent( 3,

L = Loading . Inj = Injection .
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The Recovery Test: The accuracy of the
method was tested onreal samples of Iron-
Drugs after their destruction according  to
the procedures given in the experimental
part. The samples were analysed before and

RESULTS AND DISCUSSIONS

Optimum Wave Length:Although the
original work (3) has given ( Apax. = 559 nm.
), this was found of low sensitivity in the
present study. The complete spectrum of the
complex was then obtained under the
condition of flow-injection in Fig. 2 which
shows that the wave-length of (440 nm.) is
the optimum. This wave-length has not been
studied in the original work and it appeared
only as a small shoulder. This large
difference can only be due to the condition of
flow-injection, which could become the
subject of a future work.

Optimum pH: To reach optimum pH at the

No.1 Vol2 1999

after the addition of 10 pg of total Iron
( Fey + Feyr) and the recovery (%R ) were
then calculated to represent the accuracy of
the method without a need for a comparative

method.

should be high enough to raise the pH of the
analyte solution from a certain starting
value. The Iron concentrations having pH
values around 2 were tested with varying
pH values of the (C.S.) and a fixed length
of the manifold and the results are shown in
Fig 3. It could be deduced that optimum pH
of the (C..S.)between (8.8-9) seems to
be optimum, providing that pH of the test
solutions are not lower than 2. It should be
noted here that this high pH is not the pH
of the reaction , but rather to adjust pH of
the reaction mixture in the manifold to the
final optimum value of (4 - 6) needed for the

end of the manifold, the pH ofthe (C.S.) reactionaccording to the original work (3).
At
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Fig. 2. Determination of Amax .Iron
Concentration is (5 ppm )Total .
F.R =11ml/min, pH of
C.S=9. P.H = Peak hight (mm)

Fig .3 . Optimization of pH at Different
Concentration of Total Fe .
P.H = Peak Hight (mm )
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Optimum Length of The Manifold :
Using optimum pH and wave-length, the
manifold lengths of 40, 50,60 and 80 cm.
were tested and found that the length of
60 cm. is the optimum. Obviously, when the
reaction reaches the optimum, the longer
length of the manifold causes excessive
dilution and lower sensitivities will be
obtained.

Optimum Flow-Rate : At the optimum
conditions obtained until now, most flow-

Table 1: 4 Study for the Optimization of Flow

Total Iron Namely 5 and 9 ppm

No.1 Vol2 1999

rates of the peristaltic pump were tested and
the results are given in Table 1. The table
shows that the highest speed of the pump,
which was (no. 10 ), giving a flow-rate of
1.1 mlmin”, seems to be the optimum. The
table also shows that this flow-rate is
suitable for both concentrations of total Iron
tested namely ( 5 and 9 ppm). Very low
flow-rate causesl.Iml.min.” could not be
studied.

-Rate of the C.S for two Concentrations of

Totalfrom x| S0P Speed |y, 6 7 8 9 10
Nos.—»

BER Sl"/v:nia_f 054 | 065 | 076 | 090 | 1.0 1.1
Abs. Peak

Sipich Hei 24 24 243 | 246 | 25 253
mm —
Abs. Peak

9 ppm. Height mm. | 76 79 79 78 80 82
_?

Optimum Weight of The Reagent: The
original work (3) has recommended
0.007g/50 ml. = 10°M of the reagent as an
optimum. Table 2 shows that in flowing
conditions, this quantity of the reagent could
not supply sufficient amount needed for
colour development. According to this table,
0.05g/50 ml. were needed. Therefore a a
weight of the reagent between 0.04 to
weight of 0.045g/50ml. of the reagent was
taken as an optimum.
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Freshly prepared reagent gave slightly better
sensitivity ( about 1% higher ) compared to
that of six-days old reagent without any loss
in the accuracy and precision, providing that
all measurements were carried out with the
same reagent.
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Table 2: A study for the Optimization of the Weight of the Reagent (R ) for 10 ppm .Total

Iron
g;igg::lt e Moll\irity of the Reagent | Abs. Peak Height
g/50ml mole/L mm.

0.007 10° M 29
0.014 2x10°M 45
0.030 4.3x10° M 81
0.035 5.1x10° M 85
0.040 5.8x10° M 92
0.050 7.2x10° M 92

Selectivity of The Method: The original
work has given a table on the interferences of
most cations and anions which was not
necessary to be repeated here.

Calibration  Curves: The Least Square
Regression Analysis for the line of best fit
was applied on two equations (9) namely
Y =a + bX and Y =bX, and in two ways.
In the first case, the blank ( which had zero
value all the time ) has been taken as one of
the standards, while in the second case the
blank has only been used to zero the
instrument.The Statistical Functions obtained
by these methods are given in table 3 and a
typical recorder output for one calibration is
shown in Fig. 4. The functions calculated for
the evaluation of the calibration curves were:

(@ , b ) from the above equations, the
correlation  coefficient (r), the relative
standard deviation on r (RSD), and the 95%
Confidence Interval on the values of r
(C.I).

Although values of ( r ) in the table
indicate that Beer’s Law is obeyed upto 10
ppm total Iron, but in fact they are getting
worse after 8 ppm based on the high values
of RSD and also the values of (C.I.). The
table does not give sharp indications which
of the two equations gave better results. It
seems that both equations are equally
satisfactory between 0 - 8 ppm. total Iron,
although, generally, equation Y=a + bX
gave slightly ~ narrower (C.L).
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Table 3: Evaluation of the Statistical Parameters (P) for the Equations :

No.1

and (II) Y = bX used for plotting the calibration curves.

equations,

Confidence Interval (C.1).

Vol2 1999

DY=a+bX
These are (a and b) of the
the Correlation Coefficient (r), Relative Standard Deviation (RSD) and

P Range

s 0-7105-7| 0-8 05-8] 0-9 0.5-9] 0-10 | 0.5-10

ppm—>
a I -1.5 -1.3 -1.6 -2.2 0.07 0.08 0.26 0.36
a II - — — — — —_ = e
b 1 8.9 11.1 8.8 8.9 8.0 8.1 8.0 8.0
b 11 8.9 11.1 8.5 8.9 8.1 8.1 8.0 8.0
r 1

11 0.996 | 0997 | 0.999 0.990 | 0.990 | 0.984 0.990 | 0.990
RS I 2.0 1.6 2.0 1.9 4.0 4.5 4.1 43
D
RS 11 2.1 2.3 2.0 25 4.0 4.3 4.0 4.0
D
Cl I X+46 | X£45 | X+47 | X+44 | X+£96 | X£104 | X+9 X+9.6
Cl 11 X+49 | X£53 | X+47 | X£57 | X+ 90 | X+ 96 [ X85 |X 9
X = Mean
o L IM 11 0 1 01

Fig. 4. Recorder Output for the Calibration Curve. Iron - Total Concentration is between 1

- 8 ppm other Conditions as in Fig. 2.
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Accuracy and Precision

A known quantity (10 pg) of standard
Iron solution was added to different samples
of Iron-Drugs. Total Iron in the samples
were determined by the present method,
before and after the addition of the standard
Iron and the recoveries ( %R ) are given in
table 4. The Authors would like to point out
that these results are not intended to evaluate
methods of Drug dissolution, or, to establish
the real quantities of Iron in these samples,
but it is meant only as an evaluation of the
recovery tests to establish the Accuracy of
the method.

Table 4 shows that reasonable accuracy
were obtained when the method of
dissolution uses HCl with or without
ethanol, although the latter was better. In
this case also, there was no difference in
using any of the two equations given in the
previous section. The (%R) given in the
table again indicates that best linear range is
between ( 0 - 8 ppm. Total Iron) and,
generally , taking the blank as one of the
standards for plotting the calibration curve
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Table 4:Evaluatioin of the Accuracy of the Method by the Recovery of 10 ug Standard Iron
Solution Added to Different Samples of Iron-Drugs.

Methods of Sample Dissolution Were by: (a) HCI, () HNOs;, (c) Acetone then HCI, (d)
Ethanol then HCI.

] Y=a+bX | =7 Y = bX

Range 0-7 .05-7 0-8 058 0-9 059|0-6 0-7 0-8 0-9
pg Fe [a| 333 471 333 343 321 322 (303 3.09 3.07 323
Present |p| 379 507 379 388 371 371 | 350 356 354 3.72
g;fdcf"lfv“; c|505 606 504 512 511 507 478 487 484 5.09
d|{574 713 574 584 573 573 |540 549 546 5.74
pgFe |a[1333 1471 1333 1343 1324 1322]13.03 13.09 13.07 13.23
Present |p|13.79 1507 13.79 13.88 13.71 13.71|13.50 13.56 13.54 13.12
Total | . 11505 1606 1504 1512 1511 1507|1478 14.87 14.84 15.09
d|1574 17.13 1574 15.84 1573 15.73 | 15.40 1549 15.46 15.74
ug Fe [a|1341 1415 1340 1344 1396 1396 | 13.13 1336 1328 13.97
Found |p| 1478 1478 1477 1479 1645 16.46 | 14.53 14.78 14.70 14.46
ggidcfl’l;’v“e‘ c|1667 1627 1665 16.65 1691 17.51|16.45 16.74 16.64 17.51
d|1504 1551 15.03 15.08 15.63 15.65|14.70 1496 14.87 15.65
% R. |a|1006 958 100.5 100.0 105.7 105.7|100.7 102.1 101.6 105.6
i b|1072 981 107.1 1065 120 120 |107.6 109 108.5 112.6
_ c|1108 1013 1107 1101 112 116 |1113 112.6 112 116
d|956 906 955 952 994 994 |955 966 962 99.4

%Ermor |a[+06 -42 +05 +001 +57 +57 [+07 +21 +1.6 +56
B b|+72 -19 +71 +65 +20 +20 |+7.6 +9 +85 +12.6
_ c|+108 +13 +107 +101 +12 +16 |+113 +126 +12 +16
~ d|-44 -95 -45 -47 -06 -06 |-45 -34 -38 -06

pg Found
Cal. = Calibration R=——mmx 100
pg present

Captions to the Figures:

Fig. 1. Construction of the Injection System.
C.S. = Carrier Stream, R =the Reagent 3,4-DHBA, W =Waste.L; and Lj =
Loadings of the Loop According to the Directions of the Arrows. Incase of L;
Valve Y isi position. (5,6,7) and (6,7) in Ly. Inboth cases the Manifold is
completely separated fromthe Loop Via Route (1,2) 0f X.
Inj. = Injection Step: X is in Position (2,3) ....(1,4) While Y isin Position
(5,6).

Fig. 2. Determination of A ma Iron Concentration is 5 ppm. Total. F.R.= 1.1ml/min., pH

of CS. =0.

Fig. 3. Optimization of pH at different concetration of Total Fe.

Fig. 4. Recorder Output for the Calibration Curve. Iron - Total Concentration is between
1 - 8 ppm. Other Conditions as in Fig. 2.
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