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ABSTRACT

A sensitive and simple analytical method for simultaneous
separation and determination inorganic anions (fluoride, chlonde,
bromide, nitrate, iodide and sulphate) was developed by non-suppressed
ion chromatography. The separation was achieved on an anion exchange
column (Shim pack IC Al, 4.6 mM IDX 100mm } with a mobile phase
consisting of 2.2 mM phthalic acid, 2.7mM tris (hydroxymethyl)
aminomethane and 02mM  N-{{(ethylamino)} thioxomethyl}]
hydrazinocarbonyl methyl} trimethyl ammonium chioride (ETHTC), a
flow rate of 1.5 ml/min and 40°C.

The aim of this work is to improve and characterize the method
for simultaneous determination of six inorganic anions in medicinal
plants by non-suppressed ion chromatography, using optimization
procedures, m order to be applied to the routine analysis. The proposed
method has numerous advaniages over the other widely used non-
suppressed ion chromatography methods; higher sensitivity, shorter
analysis time, lower quantization and detection Hmits .

The performance characteristics of the method were established
by determining the following validation parameters: precision, accuracy,
linearity and detection iimits.

Also, the proposed method was successfully applied for the
separation of some inorganic anions from some medicinal plants
including Mentha Vridis, Mentha Longifolia, Origanum Majorana and
Cymbopogon Winterisanus which are existing in different places at Saudi
Arabia.
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1-INTRODUCTION

Ion chromatography (IC) is a powerful technique for the
separation, identification, and quantification of organic and inorganic
ions. As a consequence, IC is widely used in the environmental,
electronics, petrochemical, power, food and beverage and pharmaceutical
industries. [Barkley, et al. (1992); Buldini, et al., (1993); Cox, et al,,
(1985); Toofan, et al., (1997) and Vanatta, (2001)].

Small et al. (1975) reported the first method for separation and
quantitative determination of inorganic ions by high-performance liquid
chromatography. This technique is called ion chromatography (IC) and
used a combination of analytical column and suppressor column to
decrease the conductivity of the mobile phase for conductometric
detection. Since then significant drawbacks from the chromatographic
point of views have been reported regarding this approach, most arising
from the suppressor itself. Butytenhuys [Butytenhuys, (1981)] reported
that the number of injections is restricted by the capacity of the
suppressor column (if it is used); the suppressor introduces extra band
broadening, which results in lower resolution.

Special equipment is needed for ion chromatography; only those
buffers can be applied which, after passage through a suppressor, result
in low electrical background conductivity. These deficiencies have
provided an impetus for the development of chromatographic methods
that do not require use of a suppressor column.

Some investigations have been undertaken in an attempt to
overcome these disadvantages of suppressed ion chromatography. In
particular Gjerde and co-workers [Gjerde & Fritz (1979) and Gjerde,
et al., (1980)] demonstrated that the suppressor column is not absolutely
necessary for high-performance ion chromatography with electric
conductivity detection. They used an ion-exchanger having a low
exchange capacity and eluent having a very low conductivity. In this way
the background conductivity is sufficiently low to allow the separated
anions to be detected with a simple conductance detector.

A number of alternative methods have been reported in the
literature, all of which use an analytical separator column without
suppressor. These methods differ from each other chiefly in the mode of
detection employed. Inorganic anions may be separated on a reversed-
phase system either by prior formation of organic derivatives or by using
ion-pair formation with subsequent direct detection of UV-absorbing ions
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at low UV wavelengths (210-220 nm). Cortes and Stevens [Cortes &
Stevens (1984)] applied these same approach to an amino column,
however these methods are not widely applicable since only limited
number of inorganic ions show UV absorbance. Papp and Fehervary
(1988) and Chauret and Hubert (1989) proposed the more general
methods using reversed-phase ion-pair high-performance ion
chromatography with UV-absorbing pairing ions, where samples gave
positive or negative peaks, depending on their charge and retention
relative to a UV-absorbing pairing ion. Frenzel et al. (1993) and
Reidmann and Glatz (1994) reported that among these techniques,
conductometric detection remains the mainstay of high performance ion
chromatography.

Compared to non-chromatography  techniques,  ion
chromatography methodology has the advantages of separation before
detection, increased sensitivity, simple sample preparation and shorter
analysis time [Dasgupta, (1992) and Romano & Krol (1992)]. It finds
general application in power plants, semiconductors, detergents,
medicine, food, agricultural, and more importantly in the environmental
fields [Woods & Rowland (1997); Buldini, et al., (1997) and
Fernandez-Boy, et al., (1998)]. Thus, it has been certified and adopted
by the American Society for Testing and Materials (ASTM) and the US
Environmental Protection Agency (EPA) (1991) in the USA, and
Croatian standards HRN EN ISO 10304-3 [State Office for
Standardation and Metrodology, Republic of Croatia (1997)] and
HRN EN ISO 1030-4 [State Office for Standardation and
Metrodology, Republic of Croatia (1997)].

In the present paper a non-suppressed chromatographic method
with conductometric detection is described for the simultaneous
determination of fluoride, chloride, bromide, nitrate, iodide and sulphate.
The aim of this work is to improve performance characteristic of the
method by using optimization of chromatographic parameters (eluent
flow-rate, mobile phase) in order to be applied to the routine analysis of
medicinal plants .

The validity of the method was established by determining the
following validation parameters: precision, accuracy, linearity and
detection limits .
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2-EXPERIMENTAL
2-1 Apparatus:

The ion chromatography was carried out using HIC-6A type
(Shimadzu, Japan) consisting of an LC- 10 AD liquid delivery pump, a
DGU- 12 A Degasser, Rheodyne (77251) injection valve with a 20 pl
sample loop, CTO -10 AVP column oven, CDD-6A conductivity detector
and SCL 10 AVP system controller. The anion exchange column (Shim
pack 1C Al, 4.6 mm IDX 100 mm), was from Shimadzu. The column
oven was maintained at 40 °C. Data acquisition and treatment were
accomplished using a Shimadzu data system C-R7A chromatopac.

2-2-1 Reagents:

All the inorganic anions used in this study were of analytical
reagents grade. All chemicals were purchased from BDH chemicals LTD
poole England. N-{[(ethylamino) thioxoymethyl] hydrazinocarbonyl-
methyl} trimethy ammonium chloride (ETHTC) was prepared as
reported earlier [Mostafa, unpublished results]. Double distilled
deionized water was filtered through 0.2pm Whatman membrane. A
stock solution of 1000 mg 1™ was prepared for each inorganic anion.

All standard solutions, eluents and reagents were prepared in
double distilled deionized water and filtered through 0.2 pym Whatman
membrane filter.

2-2-2- Sample Preparation:

Twenty grams each from the four samples under studies named
IMentha Vindis, Mentha Longifolia, Origanum Majorana cnd
Cymbopogon Winterianus was dissolved in 70ml of double distilled
deionized water, the mixture was heated at different temperatures
(60,70.80 and 90°C) for different times 5,10, 15, 20, 25 and 30 min.
After cooling, 1t was filtered through a 0.2 um Whatman membrane filter
and then the filtered solution was transferred to 100ml flask and double
distilled deionized water was then added to the mark. This sample
solution was injected into the ion chromatograph directly. Each sample
was run ten times .

2-3- The Optimum Conditions :

The optimum analytical conditions have been established in order
to separate six inorganic anions simultaneously using Shim pack IC Al
column with 2.45 mM phthalic acid and 2.35 mM tris (hydroxymethyl)
aminomethane at pH 3.40; flow rate 1.5 ml/min and at 40°C. The data
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obtained were then compared with the eluent solution containing mixture
of 2.2 mM phthalic acid + (2.7mM tris + 0.2 mM ETHTC) at pH 3.70
and a flow rate 1.5 ml/min .

3- RESULTS AND DISCUSSION

3-1- Effect of phthalic acid concentration :

The effect of phthalic acid concentration in eluent on the retention
volume (VR) of the inorganic anions was investigated . Fig.] shows that
the VR values of inorganic anions increase with increasing the acid
concentration. The data indicate that the background of eluent
concentration increases with increasing the concentration of phthalic
acid. The optimum concentration was found to be 2.45mM.

3-2- The effect of flow rate on the retention time :

The effect of flow rate on retention time was carried out by
applying different flow rate ranging from (0.9 to 1.6 ml/min) in order to
achieve a good and fast separation, table | and figure 2 revealed that the
resolution time decreased sharply by increasing the flow rate. Also, the
results showed that the most efficient separation of inorganic anions
under studies was obtained with flow rate of 1.5 mi/min and it gave more
repeatability than other flow rate investigated. In addition, there is long
retention time between the separation of the first four anions (F, Cl, Br
and NO; ) and the last two anions (I, SO42'). The solution of this problem
will be discussed in section(5). In addition, figure 2 indicated that the
separation after 1.5 ml/min will be difficult and overlapped for (F, Cl,
Br and NO; ) except (I and S04 %)

3-3- The effect of eluent pH on the retention behavior of inorganic
anions.

Different pH values were used in this study ranging from (2.82-
4.84) in order to achieve the optimum resolution time. From table 2 and
figure 3. It can be concluded that the retention volumes of inorganic
anions decreased with increasing the pH of the eluent, this is due to an
increase of eluent strength of phthalic acid by promoting the degree of
dissociation (pka; 2.95 and pK,= 5.41 for phthalic acid), also the results
indicate that the value of pH 3.40 gave a powerful separation for the
species under studies, in addition the results revealed that the peaks
overlap has been obtained by using pH above 3.4 and the overlap reaches
its maximum at pH 4.84 more than that observed at pH 3.73.
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3-4- The effect of column temperature and eluent strength on the
retention time .

The effect of column temperature and eluent strength on the
retention time are shown in figures (4a, 4b, and 4c) the results allotted in
table (3). At all three temperatures (25, 35, 40 °C) the retention times of
all the inorganic anions under studies increased as the eluent
concentration increased from 2.0 to 2.45 mM phthalic acid .

The retention times at all six strength decreased when the column
temperature increased from 25 to 40 °C. It can be seen from figures (4a,
4b, and 4¢) that the resolution at concentration 2.45 mM of phthalic acid
at 40°C gives the shortest retention time. The optimum condition
proposed in this work enables us to reduce the whole resolution time for
all six inorganic anions from 26.978 to 16.929 min.

3-5- The effect of ETHTC on retention time tg and sensitivity:

The effect of adding ETHTC to the mobile phase on the retention
time of inorgantc anions under investigation, shows that the degree of
resolution of inorganic anions is improved by adding ETHTC to the
eluent mixture. Different concentrations of ETHTC (0.2 mM- 2.0 mM)
were used. The results indicate that the efficiency of separation process
is increased with decreasing the concentration of ETHTC, also the results
revealed that the best concentration of phthalic acid and tris
(hydroxymethyl) aminomethane in the presence of ETHTC found to be
2.2mM, 2.7 mM respectively. In addition the results indicate that the
retention time sharply decreased when the ETHTC are contained in the
composition of mobile phase. Figs. 5 and 6 pointed out that the retention
time have been reduced from 16.929 to 11.880 min. The decrease in
retention time for F and Cl was slightly decreased where for Br and
NO; was obvious, but the decrease for I and _SO42' where sharp
especially for SO4* (from 13.721 to 11.880 min for I and from 16.929 to
10.614 min for SO4).

In addition SO4* was eluted after I, in the absence of ligand
(ETHTC), while SO,> was eluted faster than I, in the presence of ligand
ETHTC the detection limits (S/N=3) for various inorganic anions are
given in Table (4) the detection limits obtained by using the mixture of
2.2mM phthalic acid and {2.7mM (hydroxymethyl ) aminomethane +
0.2mM ETHTC, pH 3.70] were several times lower than those obtained
by 2.45mM phthalic acid + 2.35mM tris (hydroxmethyl) aminomethane
pH 3.40. Also, the data show that the conductivity of the mobile phase
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containing 2.2mM phtlalic acid + mixture of [2.7 mM tris
(hydroxymethyl) aminomethane + 0.2mM ETHTC] is 101.7 pus/cm while
the conductivity of 2.45 mM phthalic acid+2.35mM tris (hydroxymethly)
aminomethane is 107.8 ps/cm. These results mean that the presence of
ligand (ETHTC) in the composition of mobile phase decreases the
background conductivity which leads to increase in detection sensitivity,
Figure.7. reveales the sensitivity of F before and after adding ETHTC .
Table (4) shows the calibration graph of peak areas for all
analytes are linear, with regression coefficient (r%) of (0.9970-0.9997) .

3-6- Application :

The results (peak area) of each analyte are different at the
different temperatures (60,70,80 and 90°C) for the six heating times (5,
10, 15, 20, 20, 25 and 30 minutes) with relative standard deviation
(R.S.D) below 2%. Table (5) shows that the amount of extraction
increases with increasing the temperature and also the time of heating.
According to the results it can be concluded that the most suitable
temperature and the heating time is 90°C and 30 min. In addition, the
results indicated that all samples under investigation contain only five
ions (F , Cl, NO3,1, and SO4°) and the absence of Br’ ion.
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Deszz

Conductivity Response ps/cm
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Fig .5. Typical resolution for a mixture of inorganic anions.
column , shim — pack IC Al, temperature 40 C , eluent mixture
of 2.45 mM phthalic acid and 2.35 mM tris ( hydroxymethyl )
aminomethane ( pH 3.40 ) ; flow rate 1.5mi/min .

Peaks;1=F~ 2= Cl” ;3= Br 4= NO3~ ;5=1":6= SO, ".
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Fig .6.Typical resolution for a mixture of inorganic anions.
column , shim — pack IC Al, temperature 40°C , eluent mixture
i 2.2 ynM phthaiic acid and 2.7 mM tris ( hydroxymethyl )
arninomethane + 0.2mM N{[(ethylamino) thioxomethyl |
hvdrazinocarbonyimethyi ) trimethyl ammonium chioride
{pH3.70).
flow rate 1.5mi /min . peaks ;1 =F ;2=Cl" ;3=Br"
4=NO;" ;5=80, " ;6=1I".
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4-CONCLUSION

The applicability of the proposed method for determination of
inorganic anions using non suppressed ion chromatography has been
-established. The method has been fully optimized to determine
simultaneously six inorganic anions in some medicinal plants but could
be applicable to different species. The optimal conditions for separating
inorganic anions by using 2.45 mM phthalic acid, 2.35mM tris
(hydroxymethy) aminomethane, 40°C, flow rate 1.5 ml/min and pH 3.40
were found to be favorable. The selection of this conditions enables us to
reduce the whole resolution time (from 26.978 to 16.929 min). In order
to increase the sensitivity and decrease the analysis time the previous
conditions mentioned above have been developed, the 2.2mM phthalic
acid+mixture of [2.7 mM tirs (hydroxymethyl) aminomethane + 0.2mM
ETHTC)] at pH 3.70 was adopted. This new eluent gives more
advantages, excellent results, and less quantities of tris (hydroxymethyl)
aminomethane, and phthalic acid in comparison to that mentioned above
in absence of ETHTC. On using this ligand ETHTC a typical analysis
was completed in less than 12 min.
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