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Abstract

A simple and sensitive sequential injection spectrophotometric procedure is proposed for the determination of trace amounts of iodide in
pharmaceutical preparations. The method is based on the catalytic effect of iodide on the (tetrabamghyldnebis(N,N-dimethylaniline)-
chloramine-T reaction in acidic solution. The method involves a sequential aspiration pi 8&mple/standard followed by 170 tetra
base and then 138 chloramine-T solutions into a carrier stream to be stacked inside a holding coil and flow reversed through a reaction
coil towards a detector. The resulting colored compound is measured at 600 nm using an UV/Vis-spectrophotometer. All the parameters that
affect the reaction were evaluated and the calibration curve is linear over a range of p.g+6.0f iodide concentration with detection limit
of 0.05ug1~1. A sample throughput of 80 samples per hour and relative standard deviation of less than 2.0% was achieved. The method is
successfully applied for the determination of iodide in three different samples (tablets).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction including size exclusion chromatograpf8j, electrostatic
ion chromatographj4], capillary electrophoresi] or ion
lodine is essential for normal thyroid activity and is used chromatography6], radiochemical neutron activation anal-
in the treatment of iodine deficiency disorder (IDD). Itis also ysis (RNAA) [7], inductively coupled plasma optical emis-
employed as disinfectant. An excess of iodine can producesion spectrophotometry (ICP-OE[], inductively coupled
goiter and hypothyroidism as well as hyperthyroidism. It is plasma atomic emission spectrophotometry (ICP-AE$)
an irritant and produces hypersensitivity reactib2]. It is, inductively coupled plasma-mass spectrophotometry (ICP-
therefore, essential to monitor the concentration of iodine MS) [10] and UV/Vis-spectrophotometr{11,12]. lodine
in the diet and pharmaceutical preparations. For this reason,also has been determined by a catalytic spectrophotometric
there is a large demand for simple, inexpensive, accurate andnethod [13]. Among these techniques mentioned earlier
rapid automatic analytical methods capable of analyzing a UV/Vis-spectrophotometry has the advantage that determi-
large number of samples. nations can be made in a relatively short time, it is simple
With the choice depending on sensitivity and precision and inexpensive. Others techniques are very expensive
required, several techniques have been employed for the[8—10]to be used for routine analysis.
determination of trace amounts of iodide and/or iodine  Several flow analysis procedures have been reported for
the determination of iodide in different samples including
_— head-space flow injection for the on-line determination with
* Presented at the 12th International Conference on Flow Injection chemiluminescence detect|(§m4]’ reversed flow injection
Analysis, including Related Techniques (ICFIA’2003), held in Merida, with spectrophotometric detectida5] and flow injection
Venezuela, 7-13 December 2003. . L - . .
* Corresponding author. Tek:27-084-480-7263. spectrophotometric determination of iodide by its catalytic
E-mail address: Koosvanstade@telkomsa.net (J.F. van Staden). effect [16—19]. Recently, Nacapricha and co-work§§]
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employed an iodine-starch reaction for the determination of ing solutions were prepared by appropriate dilution of the
iodide in pharmaceutical preparations using flow injection stock solution with acetate buffer pH 4. Acetate buffer was
analysis. This procedure presented a very high detectionprepared from 0.1 moti of sodium acetate and 0.1 mof
limit and cannot be applied for trace iodide analysis. of acetic acid.
As compared to the flow-based procedures mentioned
above, sequential injection (SI) analysis (SIA) has an ad- 2.2. Sample preparation
vantage due to its economical sample and reagent con-
sumption and reduction of the volume of chemical waste = Samples: (Table 1) Vital Multitime containing multivita-
generated. For this reason an SIA system with UV/Vis- min and minerals with iron supplied by Vital Health Foods
spectrophotometric detection has been proposed for the(Pty) Ltd., Kuils River, South Africa (sample 1); Kiddy Mul-
determination of trace amounts of iodide in pharmaceutical tivitamin supplied by The MY Vitamin Company (Pty) Ltd.,
preparations. HPA, Centurion, South Africa (sample 2); and Vita force
In this work, we report the implementation of SIA for the (Kelp) supplied by Pharma Natura (Pty) Ltd., Sandton, South
determination of trace amounts of iodide in pharmaceutical Africa (sample 3).
preparations. SIA involves sequential aspiration of zones of  Three tablets of each sample (Vita force (Kelp), Vital Mul-
reagents and samples into the holding coil using a pump, titime and Kiddy Multivitamin, purchased from local shops)
followed by flow reversal, the well stacked zones of reagents were placed individually into conical volumetric flasks and
and samples are forwarded towards the detector through thedissolved with 30 ml of hot de-ionized water, boiled gently
reaction coil and recorded as a peak for analytical readout byfor 5 min, cooled to room temperature, and centrifuged to
the detector. Here, the method used for the determination ofseparate the residue. The residue was again washed twice
trace iodide content is based on the catalytic effect of iodide with de-ionized water, centrifuged and then added to the su-
on the oxidation of 4,/4methylenebis(N,N-dimethylaniline)  pernatant. The supernatant was transferred into a 100 ml vol-
(tetra base) by chloramine-T in acidic solution. The resulting umetric flask and diluted to the mark with de-ionized water.
compound is monitored spectrophotometrically at 600 nm. This solution was further diluted for appropriate concentra-
All the analytical parameters that affect the system and the tion before determination.
reaction was thoroughly studied and optimized as described
below in order to achieve an optimum condition for the 2.3, Apparatus
reaction. The optimized method is simple, sensitive, rapid
and reliable and successfully applied for the determination
of trace amounts of iodide in three real samples atiige
level.

A single wavelength Unicam 5625 UV/Vis spectrome-
ter (Cambridge, UK) equipped with a 10 mm Hellma-type
flow through cell (Hellma GmbH and Co., Mulheim/Baden,
Germany) was used in all SIA experiments. A 10 position
micro-actuated selection valve (E-10-230, Valco instru-
ments, Houston, TX, USA) and a Gilson Minipuls-3 peri-
staltic pump (M321, Gilson, Villiers-le-Bel, France) were

All reagents used were of analytical reagent grade and all also used in the SIA system. For the device control and data
solutions were prepared with de-ionized water. De-ionized acquisition, a FIowTEK interface box and FlowTEK soft-
water was obtained from a Modulab system (Continental ware package (obtained form MINTEK Randburg, South
Water System, San Antorio, TX, USA). Africa) for computer aided flow analysis were used through-
out the experiment. The manifold SIA system is given in
Fig. 1.

2. Experimental

2.1. Reagents and standard solutions

Stock iodide solution was prepared by dissolving 0.1308 g 2.4. Procedure
of potassium iodide (Merck) with de-ionized water in a

100 ml volumetric flask. The working solutions were pre-
pared by appropriate dilution of the stock solution with
de-ionized water. Chloramine-T trihydrate solution (1.54
x 10~2moll~1) was prepared by dissolving 0.436¢g of
sodiumN-chloro-p-toluenesulfonamide trinydrate (Aldrich)
with de-ionized water in a 100 ml volumetric flask. Work-
ing solutions were prepared by appropriate dilution of
the stock solution with de-ionized water. Tetra base (1.75
x 10~2moll~1) stock solution was prepared by dissolv-
ing 0.445g of 4,4methylenebis(N,N-dimethylaniline)
(Aldrich) in 10 ml of 0.20 molt? sulfuric acid and diluted
to a 100 ml volumetric flask with de-ionized water. Work-

An illustration of the device sequence is shown in
Table 2. A sample/standard, reagent (tetra base), and

Table 1

Sample content per tablet

Sample type Content/tablet

Vital Multitime Fet =18mg; I = 150ug; Mn?+

= 1.6mg and vitamins

Cwt =200ug; Fét =5mg; zZrtt
=5mg; Mr?t = 2.5mg; M&* = 50pg;
V8t = 50ug; I- = 30pg and vitamins
I = 400pg

Kiddy Multivitamin

Vita force (Kelp)
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Fig. 1. Schematic representation of an SIA manifold used in the determination of trace iodide. The pH of the chloramine-T solution was adjusted to pH
4 with acetate buffer. 8,8g1~1 of iodide solution was used to optimize the system.

reagent (chloramine-T) solutions were aspirated sequen-cision of the reaction was evaluated at three different temper-
tially through the selection valve into the holding coil. By atures (20, 30 and 4) at a constant line length of 70cm.
flow reversal the stack of well-defined zones were propelled It was observed that the sensitivity slightly increased with
by the peristaltic pump from the holding coil to the reaction an increase in the temperature of the reaction coil. Although
coil. The zones penetrate each other as they pass through ththe best response was obtained at@0the results obtained
reaction coil to the detector. The absorbance of the complexwere less reproducible. A temperature of8was selected
is measured at 600 nm using an UV/Vis spectrophotometer.due to sensitivity, precision and stability of the base line. It
was also observed that the sensitivity and precision depends
on the sequence aspiration of the solutions (standard/sample,
3. Results and discussion chloramine-T and tetra base solutions) into the system. A
sequence aspiration of iodide (standard/sample) followed by
In the presence of iodide, chloramine-T oxidizes’4,4 tetra base and then chloramine-T solutions gave the highest
methylenebis(N,N-dimethylaniline) (tetra base) in acidic so- sensitivity and precision and were used for further work. The
lution to form a blue colored compound, which is further pH of the chloramine-T solution was adjusted with acetate
oxidized to a greenish-yellow compound. The rate of the buffer to a pH 4 adapted from the previous w¢ti8] and
oxidation reaction increases with an increase in the iodide used throughout the experiment. Furthermore, flow param-
concentration. This result in an increase of the peak heighteters as well as reagents concentration that affect the sensi-
(absorbance), therefore this value was taken as a parametetivity and precision were optimized as described below. In
for the determination of iodide. The temperature of the re- all cases, the maximum relative peak height and lower rela-
action coil affects the reaction rate and thus influences thetive standard deviation were taken as criteria to choose the
maximum sensitivity and precision. The sensitivity and pre- optimum condition for the analysis.

Table 2
Device sequence used for one cycle of the SIA system for the determination of trace iodide in pharmaceutical formulations
Time (s) Pump Valve Description
0 Sample Pump off, valve select sample stream
2 Reverse Draw up the sample solution
5 Off Pump stop
6 Tetra base Select tetra base solution (valve position 2)
7 Reverse Draw up tetra base solution
8.5 off Pump stop
9.5 Chloramine-T Select chloramine-T solution (valve position 3)
10.5 Reverse Draw up chloramine-T solution
125 Off Pump stop
135 Detector Select the detector stream,
145 Forward Pump the stack of zones to ward the
43 off Pump stop

45 Home Complete one cycle, valve return back to position 1




1216 Z.0. Tesfaldet et al./ Talanta 64 (2004) 1213-1219

3.1. Method optimization 3.1.3. Reaction coil length and diameter
Depending on the dimension and line length of the re-
3.1.1. Flow rate action coil, the formed product zone may undergo physical

The sensitivity depends on the residence time of the sam-dispersion as the stack of zones is forwarded from the hold-
ple zone in the system, i.e. on the flow rate and the line lengthing coil through the reaction coil towards the detector. Thus,
of the reaction tube. The influence of the flow rate was in- the reaction coil between the selection valve and the detec-
vestigated at constant volumes of solutions and line lengthtor is usually kept as short as possible to avoid excessive
of the reaction tube by altering the speed of the pump and dilution of the formed product zone. The effect of this coil
aspiration times accordingly. The results (Fig. 2) revealed was studied between 70 and 160 cm line length with increas-
that the sensitivity increases with an increase in the flow rate ing steps of 30 cm and a constant inside diameter (0.89 mm
up to a flow rate of 5.1 mImin® and then decreased. The i.d.). It was observed that there is a decrease in sensitivity
decrease in sensitivity at higher flow rates could be mainly with an increase in line length of the reaction coil confirm-
due to a shortage of time for complete oxidation of the reac- ing the rapidness of the reaction and the decrease is mainly
tion to form a product zone. A flow rate of 5.1 ml mihwas due to physical dispersion of the formed product zone as it
selected for subsequent measurement due to highest sensis transported all the way to the detector. An optimum line

tivity and precision. length of 70 cm for the reaction coil was selected due to its
sensitivity and precision. The effect of this coil diameter was
3.1.2. Holding coil length and diameter investigated (0.76, 0.89, 1.02 and 1.14 mm) on sensitivity

In a SIA system, the line length of the holding coil should and precision. There is a slight decrease in sensitivity with
be long enough to hold the sample and reagents solutionsincreasing coil diameter but no difference in precision was
that are sequentially pumped into it and should prevent it noticed. Therefore a coil diameter of 0.76 mm was selected.
from entering the pump conduit. By putting this into consid-
eration, in this experiment, three different holding coil line 3.1.4. Reagents concentrations
lengths (150, 200, and 250 cm) were studied while its diam- By varying the concentration between 35.0~° and 2.1
eter was kept constant. As expected, no significant differ- x 10~4moll~1, the effect of the tetra base concentration
ence in sensitivity was noticed with increasing line length. on sensitivity and precision was tested and the results are
A line length of 150 cm for the holding coil was selected given in Fig. 3. The results show that increasing the tetra
due to its sensitivity and precision (lower standard devia- base concentration increases the sensitivity up to k75
tion, %R.S.D.). Furthermore, the effect of this coil diame- 10~4moll~1, beyond which the slope flattened off. Thus a
ter on sensitivity and precision was investigated by varying concentration of 1.7%10~% mol |1 tetra base was selected.
the diameter (0.89, 102 and 1.14 mm) at constant holding The effect of chloramine-T concentration was studied be-
coil line length of 150 cm. A 0.89 mm coil diameter gave tween 0.77x 103 and 3.85x 103 mol |~ at the optimum
the highest sensitivity and precision and was selected asconstant tetra base concentration. The results are shown in
optimum. Fig. 4 and it clearly indicates that the sensitivity increases

10 ~
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9.2 1
9.0
8.8 1
8.6
8.4 1

Relative Peak Height
Relative Peak Height
~

8.2 1
8.0

7.8 1

7.6 T T T T 1 0.0 0.5 1.0 15 2.0 25

Tetra base Concentration (x 10* moll/l)
Flow Rate (ml/min)

) o o ) Fig. 3. Influence of tetra base concentration on sensitivity and preci-
Fig. 2. Influence of flow rate on sensitivity and precision. Experimental sjon. Experimental conditions were: reaction coil dimensions: 0.76:xmm

conditions were: reaction coil: 0.89 mm 90 cm, holding coil: 1.02 mm 70cm, holding coil dimensions: 0.89 mm 150 cm, aspiration of sam-
x 200cm, aspiration of sample, tetra base and chloramine-T: 170, 128 ple, tetrabase and chloramine-T: 170, 128 and {l2@lumes, respec-
and 128ul volumes, respectively, concentration: 1.8510~* and 3.85 tively, concentration of chloramine-T: 3.08 10-3mol -1 and flow rate:

x 1073 mol |~ of tetra base and chloramine-T, respectively. 5.1 mimim?.
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Fig. 4. Influence of chloramine-T concentration on sensitivity and preci-
sion. Experimental conditions were: reaction coil dimensions: 0.76xnm
70cm, holding coil dimensions: 0.89 mmx 150 cm, aspiration of sam-
ple, tetra base and chloramine-T: 170, 128 and ll2&lumes, respec-
tively, concentration of tetra base: 1.06 10~*moll~! and flow rate:
5.1mimim?,

with an increasing chloramine-T concentration up to 3.08
x10-3moll~1, beyond which it remained virtually con-
stant. Therefore, a chloramine-T concentration of 3:08
10-3mol -1 was selected.

3.1.5. Sample and reagents volumes

1217

constant. A sample volume of 2p% was selected for sub-
sequent measurements.

The effect of tetra base volume on sensitivity and preci-
sion was evaluated between 43 and gb%ith increasing
steps of 43ul at constant chloramine-T and sample volumes
(Fig. 5B). There is an increase in sensitivity up to 123
where after the slope flattened off and remained virtually
constant. A volume of 17@l was selected due to the best
sensitivity and precision achieved and used for subsequent
measurements.

The effect of reagent (chloramine T) volume on sensitiv-
ity and precision was studied between 43 and ;201 @ith
increasing steps of 48 at constant sample and tetra base
volumes (Fig. 5C). There is a sharp increase in sensitivity
up to 128ul, above which the sensitivity decreases and be-
came constant. A reagent volume of 1@8vas selected for
further work.

3.2. Method evaluation

The proposed sequential injection system was evaluated
under the optimum conditions (Table 3) with regard to re-
sponse linearity, accuracy, precision, sample carryover, sam-
pling rate and interferences.

3.2.1. Linearity, detection limit, accuracy, sample
carryover, precision and sampling rate
The linearity of the current method for the determination

The effect of sample volume was investigated between 43 of iodide was evaluated under the optimum conditions. The

and 298ul with increasing steps of 43l while keeping the
two reagent solutions and flow rate constant (Fig. 5A). As

relationship obtained between the relative peak height and
iodide concentration is given by the equation

expected the sensitivity increases with an increasing sample

volume of up to 25%l, above which it remained virtually

—e&—— A. Sample Volume
—=&—— B. Tetra base Volume

— -~ —  C. Chloramine-T Volume

Relative Peak Height

2 T T T T T T |
0 50 100 150 200 250 300 350

Volumes (ul)

Fig. 5. Influence of sample (A), tetra base (B) and chloramine-T (C) vol-
umes on sensitivity and precision. Experimental conditions were: reaction
coil dimensions: 0.76 mnx 70 cm, holding coil dimensions: 0.89 mm

150 cm, flow rate: 5.1 mlmint, tetra base: 1.75< 10~*moll~%, chlo-
ramine-T: 3.08x 10~3moll~1 and aspiration of (A) tetra base: 128

and chloramine-T: 17Ql, (B) sample: 253l and chloramine-T: 128l

and for (C) sample: 25@l and tetra base: 1238.

relative peak height 0.107[iodide]+ 0.776, R = 0.996

The proposed SIA system is linear between concentration
ranges of 0.1 and 6,0g1~1.

The detection limit gives an indication of the lowest con-
centration of iodide that can be distinguished from the back-

Table 3
Optimum working conditions
Parameter Value
Flow rate 5.1 mimin?t
Holding coil Diameter 0.89mm
Length 150cm
Configuration Coiled
Reaction coll Diameter 0.76 mm
Length 70cm
Configuration Coiled
Sample volume 255ul
Tetra base volume 128pl
Chloramine-T volume 170ul
Acetate buffer solution Concentration 0.1 ot
Tetra base Concentration 1.75¢10~* mol -1
Chloramine-T Concentration 3.08 103moll-?t
Acetate buffer solution pH 4
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Table 4

Comparison of the results (as resultg/tablet) obtained for the determination of trace iodide in real pharmaceutical preparations

Samples Proposed SIA system Manual method Claimed values t-calculated
Kiddy Multivitamin 149.01+ 1.43 152.5 150 1.58

Vita force (Kelp) 411.85+ 0.50 406.06 400 0.91

Vital Multitime 31.15+ 0.78 305 30 0.16

All values are from averages of three determinations.

grounds signal with 99% certainty. The detection limit was Table 5

calculated as follows: Interference of foreign ions on the determination of 5gd~1 iodide
38+ k)(k — b) lons added Tolerance ratio
DL = o (Wion/Wiodide)
) ) ) Zn(ll), Mn(ll), Cu(ll), SO42~, CI-, Na, K+ 1000
wherek is the relative peak height of the backgroudds Fe(ll), Mo(V1), NH4* 300
the standard deviation of the backgroubds the intercept  v(vI) 50

of the calibration graph anahis the slope of the graph. The
calculated detection limit was 0.@& I~ iodide.

In order to estimate the accuracy of the current method,
three real samples (three tablets of different compositions)
were analyzed for iodide content and the results are shown
in Table 4. The results obtained are in good agreement with a
manual method described previouglt] and labeled values
by the manufacturers. This indicates that the proposed SIA
system is highly selective, sensitive and valid for the analysis
of trace iodide content atg level in pharmaceutical samples
and other matrices.

Sample interaction/carryover effect between consecutive
samples were investigated by analyzing a sample with lower
analyte concentration followed by that of higher concen-
tration and again with the lower concentration. A sample
containing 3.Qug I~ 1 iodide was used for the lower concen-
tration and 3Gug I~ 1 iodide was used for the higher analyte
concentration. The carryover was then calculated as follows:

a8 Maximum concentration ratio tested.

increasing amounts of interfering species was added. The re-
sults are listed iffable 5. The tolerance limit was defined as
the concentration of added ions causing less than a 3% rel-
ative error of the average absorbance for ten repetitive mea-
surements for the standard iodide solution with no interfer-
ences. Many ions did not interfere in 1000-fold excess to io-
dide. It was observed that the interference of iron(ll) depends
on temperature. The interference of iron was tested at 20, 30
and 40°C; a 100-fold excess of Fe(ll) was found to interfere
at 20°C and with increasing temperature the interference de-
creased and remained constant at both temperatures tested.
Thus, 30°C was selected to reduce the interference of Fe(ll).
Thus, it can conclude that the method is highly selective for
the determination of iodide and can be used for the determi-
nation of trace amounts of iodide in various sample matrices
under the optimum conditions described above (Table 3).

Hs; — H
carryover= S 100 o )
Hj 3.4. Satistical comparison
where H; is the relative peak height of the analyte con-
taining 3.0ug1~! iodide, followed byH, is the relative A statistical comparison was carried out between the pro-
peak height of the analyte containing 3§!~%, followed posed SIA system and a manual metiidt] and the results

by Hs is the relative peak height of the analyte containing are given inTable 4. We conducted the null hypothesis test-
3.0pg 1L iodide. The calculated carryover effect was found ing (t-test) at 95% confidence level. The calculated value
to be 0.88%, which is negligible. for tis much less than the tabulated critical values @&b-

The precision of the method was evaluated by ten- ulated critical values at four degrees of freeden?.78),
repetitive determinations of the standard solutions and theindicating that there is no statistically significant difference
%R.S.D. for the linear range from 0.10 to G.gI~! was between the results obtained and the manual method. Thus,
found to be between 0.80 and 2.0%. the null hypothesis cannot be rejected.

The experimental period for one complete analytical cycle
was 45s long that gave an over all sampling rate of 80
samples per hour. 4. Conclusion

3.3. Interference study The proposed SIA system is simple, accurate, highly
sensitive, selective and reliable and most of the common
The effects of foreign ions present in appreciable con- ions do not interfere in the determination of trace amounts
centration in the tablets (Table 1) were tested as possibleof iodide. The method is successfully applied for the deter-
interferences for the method. The study was conducted bymination of iodide in three different compositions of real
analyzing a standard solution of iodide (f.§1~1) to which pharmaceutical samples. The system presented a high sam-
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ple frequency, which makes it suitable for routine analysis. [7] X. Hou, H. Dahlgaard, B.R.U. Jacobsen, S.P. Nielsen, A. Aarkrog,
It is also highly economical in terms of sample and reagent __ Anal. Chem. 71 (1999) 2745.

P9I ELOTION ; K. Krengel-Roth . Richter, P. Heitland, J. Anal. At. .
consumption with minimum waste generation. The system L W (g;%‘? 6;3 ensee, U. Richter, P Heitland, J. Anal. At. Spectrom

is ffJ”y CqmpUterized and uses ineXpenSiV? an_d readily [9] K.A. Anderson, P. Markowski, J. Assoc. Off. Anal. Chem. 83 (2000)
available instrumental components. The calibration curve 225.
is linear from 0.10 to 6.Qgl~! with a detection limit of [10] L.F. Sanchez, J. Szpunar, J. Anal. At. Spectrom. 14 (1999) 1697.

0.05u.g1~1 and process 80 samples per hour with a relative [11] O- Agrawal, G. Sunita, V.K. Gupta, Talanta 49 (1999) 923.
standard deviation of less than 2.0% [12] T. Yoshinaga, T. Shirakata, H. Dohtsh, H. Hihatsuka, M. Hasegawa,
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