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Promethazine (PM) is an antihistamine and antiemmigdication. In this study, a potentiometric
liquid membrane sensor for simple and fast deteatiin of promethazine hydrochloride in

pharmaceutical formulation and urine was constdictBor the membrane preparation, PM-
tetraphenylborate complexes were employed as ebmtive material in the membrane. The wide
linear range (18-102 mol L), low detection limit (1.0x1®mol L%), and fast response time (~5s) are
characterizations of the proposed sensors. Vatidaif the method shows suitability of the sensors f

applies in the quality control analysis of prometha hydrochloride in pharmaceutical formulation
and urine.
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1. INTRODUCTION

Promethazine (PM), dimethyl[1-(10H-phenothiazinyM)propan-2-yllamine, Fig. 1, is a first-
generation k receptor antagonist, antihistamine and antienmagdication. It can also have strong
sedative effects although it is rarely used spedify for this. It is a prescription drug in the itéd
States, but is available over the counter in thiéddrKingdom, Switzerland, and many other countries
[1].

Chemically, promethazine hydrochloride appears afite to faint yellow crystalline powder
which is practically odorless. Slow oxidation magcor upon prolonged exposure to air usually
causing blue discoloration. Promethazine as thedwydoride salt is freely soluble in water and
somewhat soluble in alcohol [1].
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Figure 1.Chemical structure of promethazine (PM)

Different methods have been reported for the detetion of promethazine in products and
biological samples such as high performance liqeidromatography (HPLC)2], the UV
spectrophotometry [3,4], capillary electrophorgSis voltammetric method [6].

Potentiometric membrane sensors are playing anriaorole in pharmaceutical analygis
10] because of their simplicity, rapidity and a@my over some other analytical methods like
spectrophotometry and HPLC. Also, other mentionegthods are elaborate and time consuming
methods and involve sophisticated equipment thaghtninot be available in most analytical
laboratories.

In present paper, interaction of promethazine vgitime ion-pair reagents was studied by
theoretical and calculation methods and accordintpe obtained results a promethazine ion-selective
potentiometric membrane electrode is developed cbase ion-pair compound of promethazine-
tetraphenylbroate (PM-TPB) as the electroactivessuite. The proposed electrode was successfully
applied for the determination of promethazine hgtiforide in the pharmaceutical syrup formulations
and urine samples.

Computational chemistry and molecular modeling @ayimportant role in the modern drug
discovery and electrochemical science [11-17]. Qaamonal work is also valuable in the drug
development, where medium-sized organic pharmarasitare selected as candidates and are made in
larger quantities. Instead of modeling interactianth macromolecules, the prediction of molecular
properties for small molecules is more essenti#théndevelopment stage

The strength of binding usually correlates with téwget molecules tendency to the ionophore,
and several energy contributions may be responétlehe binding which is believed that among
these energies, electrostatic interactions play id@mh role in the process, at least in sequence
preferences and the target molecules positionigg [1

There are no studies to date in the literature whiave used computational methods to
evaluate drug selective ligands by electronic prigee The lack of work in this area is probablyedu
to the inherent difficulties associated with doicgiculations on a Drug-Ligand complex. Some of
these problems include the lack of parameters dari-empirical or empirical methods even though
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the numbers of atoms in typical drug complexescau#i the use of these lower level calculations
would be appropriate.

In this study we use density functional theory (DETomic population analysis to measure a
Ligand-Drug complexing by looking at the ability thfe ligand to change in atomic charges and bond
length of drug.

2. EXPERIMENTAL PART

2.1. Materials and Reagents

The chemical reagents (analytical grade) were: \Bodietraphenyl borate (NaTPB), high-
molecular weight polyvinylchloride (PVC), dibutyl hthalate (DBP), benzyl acetate (BA),
nitrobenzene (NB), tetrahydrofuran (THF), and thdodde and nitrate salts of the used cations
(Merck Co.). Promethazine hydrochloride and itsupyrwere obtained from different local
pharmaceutical factories. All solutions were preplausing triply distilled water.

2.2. Apparatus

The glass cell, where the promethazine-selectigetrelde was placed, consisted of an R684
model Analion Ag/AgCl reference electrode as ttierimal reference electrode and a calomel electrode
(SCE, Philips). Both electrodes were connected @oming ion analyzer with a 250 pH/mV meter
with £0.1 mV precision.

2.3. Preparation of ion-pair compound

lon-pair compound of promethazine-tetraphenylbo(&tel-TPB): About 20 mL of 0.01 mol
L™ solution of promethazine hydrochloride was mixéthv20 mL of tetraphenyl borate solution (0.01
mol L'Y) under stirring. The resulting precipitate watefiéd off, washed with water and dried [9,10].

2.4. Preparation of the electrodes

The general procedure to prepare the PVC membraseaw follow: Different amounts of the
ion-pair along with appropriate amounts of PVC, spazer and additive were dissolved in
tetrahydrofuran (THF), and the solution was mixesllwl' he resulting mixture was transferred into a
glass dish of 2 cm diameter. The solvent was eapdrslowly until an oily concentrated mixture was
obtained. A Pyrex tube (3-5 mm o.d.) was dipped the mixture for about 10 s so that a transparent
membrane of about 0.3 mm thickness was formed tdie was then pulled out from the mixture and
kept at room temperature for about 10 h. The tule then filled with an internal filling solution
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(1.0x10° mol L™ promethazine hydrochloride). The electrode waallfnconditioned for 24 h by
soaking in a 1.0xI®mol L™ promethazine hydrochloride solution [19-22].

2.5. Standard promethazine hydrochloride solutions

A stock solution of 18 mol L™ promethazine hydrochloride was prepared by digsglthe
calculated weight of pure drug in 25 mL water. Werking solutions (18 to 10* mol L) were
prepared by serial appropriate dilution of the ktsalution.

2.6. The emf measurements

The following cell was assembled for the conductiointhe emf (electromotive force)
measurements;

Ag—AgCl |internal solution, I®mol L™ promethazine hydrochloride| PVC membrane | sample
solution | Hg—HegCl,, KC1 (satd.)

These measurements were preceded by the calibratiothe electrode with several
promethazine hydrochloride solutions (working solus).

2.7. Computational methods

Calculations on the isolated molecules and molecatamplexes were performed within
GAUSSIAN 98 package [23].

Each species was initially optimized with PM3 neettand, then the optimized structures were
again optimized with density functional theory wgthe 6-31G* basis set. Full geometry optimizations
and frequency calculations were performed and spelies was found to be minima by having no
negative values in the frequency calculation. Téleudations gave internal energies at O K. In otder
obtain gas phase free energies at 298.15 K, iecessary to calculate the zero-point energies and
thermal corrections together with entropies to evtithe internal energies to Gibbs energies at1Z8.

K [24, 25].

Frequency calculations on these structures verifiatthey were true minima and provided the
necessary thermal corrections to calculate H (Hpyhaand G (Gibbs free energy). Finally, full
optimizations and frequency calculations for eaplcges were performed with the DFT/6-31G*
[26,27].

The other one-electron properties (dipole momenotanzability, energies of the frontier
molecular orbital) were also determined at the BBI6&¢31G* level. For the charged species, the
dipole moment was derived with respect to their staenter, because for the non-neutral molecules
the calculated dipole moment depended on the ooifjine coordinate system.

The stabilization energies of the selected comlexere determined with the help of the DFT
calculations and calculated with a recently introeilh method, based on the combination of the
approximate tight-binding DFTB with the empiricasplersion energy. The DFT methods are known
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to be inherently very deficient for stacking intefans, as they basically ignore the dispersion
attraction [27-29]. As a consequence; their enlae@ by an empirical dispersion term currently
appears to be a very reasonable way to improvariyer deficiency of the DFT method for the
evaluation of the molecular complexes. It shoukbdle mentioned that the interaction energies were
obtained as the difference between the complexggraand the combined energies of the molecules in
isolation [30].

3. RESULTS AND DISCUSSION

3.1. Theoretical Study

Molecular parameters are controlled by the molecud@ometry, therefore geometry
optimization is the most important step for theca#dtion of the interaction energy. The optimized
geometries and numeration of the atoms of the etudiolecules, L1 for NaTPB (Fig. 2), L2 for
KTpCIPB, PM for Drug (Fig. 3) and Drug-L1 for PM-BRFig. 4) and Drug-L2 for PM-TpCIPB, are
presented.

Figure 2. The full optimized structure of L1

To obtain a clue on PM tendency for L1 and L2 atepial ionophors, DFTB calculations
(B3LYP/6-31G*) were carried out. The pair wise natetion energy Eag between molecules A (L1
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or L2) and B (the drug) was estimated as the diffee between the energy of the formed complex and
the energies of the isolated partners. The interacénergies were corrected for the basis set
superposition error using the counterpoise metBacBp].

Eas=Eae Ea Es

which obtained to be -68.052 and -57.928 Kcal/fool E; ; and E,, , respectively that indicates L1
is @ more appropriate ionophore for homatropinessem comparison to L2, which is contributed to
its higher interaction energy. The main discussamsgoing to be on L1-PM interaction afterward.

Figure 3. The full optimized structure of PM

Results presented in Table 1, show that interasteast between the drug and L1 are most
electrostatic. Charge changes in the ion pairdan&ized on specific atoms that interact togeiher
each molecule [33-36]. As can be seen, all hetesms (N and S) have charges change that confirm
the hydrogen bonding and electrostatic interactieffiective role in ion pair formation. The most
noticeable atomic charge changes are shown in ThbBond lengths and atomic charges have
changed as a result of ion pair formation. Accagdim Table 1, interaction between drug and ligand
concern to N18 results in the occurrence of thetrsigsificant changes in the atomic charges anal als
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bond lengths of those atoms that are bonded to.tR®@mexample, for the drug, H41 atomic charge
changes from 0.316 to 0.260 along with its bondtleiN18-H41) which shifted from 1.142 to 1.070.

Figure 4. The full optimized structure of L1-PM complex

Table 1. Significant computed atomic charges and bond lef@tipromethazine before and after the
complex formation

charges | Promethazinel HOM-L1
C5 -0.101 -0.110
C6 0.073 0.090
N7 -0.299 -0.315
C8 0.066 0.088
S10 0.216 0.186
C17 -0.190 -0.196
N18 -0.252 -0.230
H32 0.098 0.087
H37 0.111 0.136
H39 0.103 0.142
H41 0.316 0.260
bond Promethazine| HOM-L1
R(1,6) 1.097 1.392
R(5,10) | 1.403 1.782
R(6,7) 1.214 1.446
R(7,8) 1.436 1.445
R(7,15) | 1.095 1.467
R(8,14) | 1.540 1.392
R(9,10) | 1.093 1.782
R(15,29)| 1.541 1.093
R(16,18)| 1.093 1.543
R(18,19)| 1.517 1.517
R(18,20)| 1.040 1.521
R(18,41)| 1.142 1.070
HOMO | -9.48 2.77 for L1
LUMO | 3.66 10.94 for L1
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High values of polarizability (148.545 and 114.1#6 L1 and drug, respectively) prove its
effect role on interactions among L1 and the divgile the low values of dipole-dipole interactions
(especially for that of L1=0.0) show that it doex play a significant role between L1 and the stddi
drug. Moreover, since the studied molecules arferim of ions, electrostatic interactions shouldals
be considered.

The highest occupied molecular orbital (HOMO) ahe lbwest unoccupied molecular orbital
(LUMO) and for L1 and drug, calculated at the B3L&RB1G(d) level, are displayed in Table 1. The
eigen values of LUMO and HOMO and their energy geffect the chemical activity of the molecule.
LUMO as an electron acceptor represents the alvdigbtain an electron, while HOMO as an electron
donor represents the ability to donate an electfosom Table 1, the results illustrate that charge
transfer interaction have between L1 and drug, lieedahe HOMO energy of L1 close to LUMO
energy of drug.

3.2. Membrane composition effect on the potengéighonse of the sensor

The potential response of a sensor is greatlyadlad the membrane ingredients, the influence
of membrane composition on the potential respooféise promethazine sensor was studied. For this
purpose, different membrane compositions as showhable 2 were tested. As it can be seen, the
membrane with the composition of 30% PVC, 6% PM-TBEdJ 64% DBP (no. 3) was the optimum
one in the development of this sensor. This men@m@mposition was selected after many
considerations.

Table 2. Optimization of membrane ingredients

Membrane lon-pair Plasticizer PvC Linear range Slope
no. (% wt.) (% wt.) (% wt.) (mol LY (mV decadé')
1 4 DBP, 66 30 1.0 10°-1.0" 10° 50.1
2 5 DBP, 65 30 1.0 10°-1.0" 102 54.5
3 6 DBP, 64 30 1.0 10°-1.0" 102 57.8
4 7 DBP, 65 30 5.0 10*-1.0" 102 48.7
5 6 NB, 64 30 5.0 10*-1.0" 102 19.3
6 6 BA, 64 30 5.0 10°-1.0" 102 16.6

The high promethazine extraction into the liquidnmbeane was a result of the elevated ion-
pair tendency to exchange with the promethazinemst From Table 2, 6 mg ion-pair (PM-TPB) is
the best amount for the best response.

The second factor which helps promethazine ionsxtoact from an agueous solution to the
membrane as an organic phase is a plasticizen #higeevaluation of three solvent mediators (NB, BA
and DBP), it was observed that they have not theesesults if the optimum composition is used.
DBP, which is a low-polar solvent mediator, show#dr response than BA and NB. NB and BA have
higher dielectric constant values than DBP, leadnghe extraction of the polar ions, which have
negative effects on the extraction of the prometteons as a hydrophobic ion.
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The presence of lipophilic anions in a cation-s@leanembrane was also considered. As it can
be seen from Table 2, the presence of such anbascation-selective membrane, which is based on
an ion-pair, decreases the response behavior cEtieor.

3.3. pHeffect on the electrode response

In an approach to understanding the impact of pkherelectrode response, the potential was
measured at two particular concentrations of tlenathazine solution (1.0xEanol L") from the pH
value of 2.0 up to 8.5 (concentrated NaOH or H@ltsans were employed for the pH adjustment). As
it can be seen from Fig. 5, the potential remar@ustant despite the pH change in the range ai3.5
6.3, indicating the applicability of this electromhethe specific pH range.

80

40

1x10° mol L™

Figure 5. The pH effect of the test solutions (1.0%1fol L) on the potential response of the
promethazine sensor with the composition of the brame no. 2.

On the contrary, relatively noteworthy fluctuatiansthe potential/s. pH behavior took place
below and above the formerly stated pH limits. btadl, the fluctuation above the pH value of 6.3
might be justified by removing the positive changethe drug molecule and the fluctuation below the
pH value of 3.5 were attributed to the removingitrepair in the membrane.

3.4. Study of sensor properties

The properties of a potentiometric membrane semsocharacterized by parameters like these:
measuring range, detection limit, response timlecseity, lifetime, accuracy [37-40].
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3.4.1. Measuring range

The measuring range of an ion-selective electrodtudes the linear part of the calibration
graph as shown in Figs. Measurements can be performed in this loweraahgt it must be noted
that more closely spaced calibration points areired for more precise determinations. According to
another definition, the measuring range of an eledive electrode is defined as the activity range
between the upper and lower detection limits. Tinglieable measuring range of the proposed sensor
is between 1x1®and 1x1GFmol L™

120

100 1 .
y = 57.871x + 203.36 u
80 1 R? = 0.9984
60 1
40 -
S 201
£
m 0
-20 4
-40 4
-60 4
-80 1 ..
-100

8 7 6 5 4 3 2 1 0 -1
-log [promethazine.HCI]

Figure 6. Calibration curve of the promethazine membranes@emvith the composition of the
membrane no. 2. The results are based on 8 measuieem

3.4.2. Detection limit

By extrapolating the linear parts of the ion-selectalibration curve, the detection limit of an
ion-selective electrode can be calculated. In practetection limits for the most selective eledes
are in the range of f0-10° mol L%,

In this work the detection limit of the proposedmimane sensor was 1.0x1fnol L' which
was calculated by extrapolating the two segmentletalibration curve (Fig. 6).

3.4.3. Response time

The response time of an electrode is evaluated &égsaring the average time required to
achieve a potential within £0.1 mV of the finalatlg-state potential, upon successive immersion of a
series of interested ions, each having a ten-fafigérdnce in concentration.t is notable that the
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experimental conditions-like the stirring or flowte, the ionic concentration and composition of the
test solution, the concentration and compositiorithef solution to which the electrode was exposed
before experiment measurement was performed, aayiqus usages or preconditioning of the
electrode, and the testing temperature have art efficthe experimental response time of a sendor [4
44).

In this work, less tharlO s response time was obtained for the proposeciretie when
contacting different promethazine solutions fro®x1.0° to 1.0x1F mol L™

3.4.4. Promethazine HCI electrode selectivity

The selectivity of an ion-pair based membrane eddet depends on the physico-chemical
characteristics of the ion-exchange process angmmbrane—sample solution interface, on the mobility
of the respective ions in the membrane and on ydeophobic interactions between the primary ion
and the organic membrane [45].

The selectivity of the promethazine HCI membrarectebde is related to the free energy of

transfer of the promethazine HCI cation betweeneags and organic phases. The response of the
Pot
electrode towards different substances has beerketieand the selectivity coefficient valuess

were used to evaluate the interference degree sé&leetivity coefficient values were obtained using
the matched potential method (MPM) [46-48].

Table 3. Selectivity coefficients of various interfering cpound for promethazine sensor

Interference Log Kwvpwm
Na’ -3.93
Mg** -4.82
ca” -4.90

K* -4.88
Glucose -3.21
NH," -4.33

The steps that need to be followed for the MPM métis addition of a specified concentration
of the primary ions (A, 16 mol L™ of promethazine solution) to a reference solutib®® mol L™ of
promethazine solution), and the potential measumerden, the interfering ions (B, 0nol LY) are
consecutively added to the same reference solutiatil the measured potential matches the one
obtained before the addition of the primary ionkef, the selectivity coefficient, as defined by the
matched potential method, vKv, is equal to the ratio of the resulting primaryn i@ctivity
(concentration) to the interfering ion activityubu = aa/as.

The respective results are summarized in TableeBjcting that the selectivity coefficient
values of the electrode for all the tested subswncwere in the order of
10° or smaller. Given the low coefficient values, iasvconsidered that the function of the
dextromethorphan-selective membrane sensor woultdengreatly disturbed.
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3.4.5. Lifetime

The average lifetime for most of the reported ietestive sensors is in the range of 4-10
weeks. After this time the slope of the sensor détrease, and the detection limit will increasee T
sensors were tested for 8 weeks, during which timeeslectrodes were used extensively (one hour per
day). The proposed sensors can be used for sixsw&aist, there is a slight gradual decrease in the
slopes (from 57.8 to 52.3 mV dec&jlend, second, an increase in the detection lifrgt( 1.0x10°
mol L™ to 2.0x10" mol LY. It is well established that the loss of plagttj ionic site from the
polymeric film due to leaching into the sample ipr@mary reason for the limited lifetimes of the
Sensors.

3.5. Analytical application

3.5.1. Determination of promethazine in formulason

An appropriate amount of promethazine syrup (2 wma} transferred into a 10-mL volumetric
flask. The solution was then diluted to the markhwiwater and the proposed electrode determined
promethazine content by using the calibration meitfidhe results for determination of promethazine
amount in some pharmaceutical samples from locatrphcy are shown in Table 4. As it is seen, the
results are in satisfactory agreement with theedtabntent on syrup.

Table 4.Resultof promethazine assay in syrup by the promethanebrane sensor

Samples Stated content in 60 mL| Found *

Syrup
AMI-PROMETHAZINE® 60ML SYRUP-AmIn 113 mg/100mL 114.2+0.4 mg/100nL
PROMETHAZINE-PAKDAROU® 113MG/100ML| 113 mg/100mL 113.3+0.3 mg/100nL
PROMETHAZINE-TC® SYRUP 113 mg/100mL 114.1+0.2 mg/100mL
PROMETHAZINE 113MG/L00ML 60ML SYRUP | 113 mg/100mL 113.5+0.3 mg/100nL

*The results based on three measurements.

3.5.2. Recovery of promethazine from urine samples

In order to investigate the applicability of thewnsensor to determination of drug in the
biological fluids, it was applied to the recoverfypsomethazine from urine samples. A 2.5 mL of10
mol L™ promethazine solution was transferred into a 10vmlumetric flask. After addition of a 2.5
mL of urine samples, the solution was diluted ® tiark with water. The promethazine content of the
solution was then determined by the proposed eldeirusing the calibration method. The recovery
from three replicate measurements was found t@dBe&%, 104.4% and 105.1%, respectively.
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3.6. Validation of the method

The linearity, limit of detection, precision, acaay and ruggedness/robustness were the
parameters which were used for the method validatio

As mentioned before, the measuring range of thenptbazine sensor is between 1% khd
1x10%mol L. The detection limit of the sensor was calculdtétk10° mol L™ (3ug/mL).

3.6.1. Precision

The parameters of the repeatability and reprodiitgivere investigated in order to assess the
precision of the technique. For the repeatabilipnitoring 10 replicate standards samples 3, 30, 300
pg/mL were measured hen, the mean concentrations were found to b& 3@.5, 303.2 pg/mL and
with associated RSD values of 1.4, 1.04, and 0.42%pectively. Regarding the inter-day precision,
the same three concentrations were measured fon&cutive days, providing mean promethazine
concentrations of 3.02, 30.5, 303.5 pg/mL and asssmt RSD values of 1.82, 1.02, and 0.26%
respectively

3.6.2. Accuracy

The relevant error percentage and accuracy weoelaééd in each above caSée resultant
concentrations wer8.02+0.04,30.5£0.4 and 303.5+1.3 pg/mhwith relevant error percentages of
3.82, 1.24, and 0.36 %, respectively

3.6.3. Ruggedness/Robustness

For ruggedness of the method a comparisas performed between the intra- and inter-day
assay results for promethazine obtained by twoyatsalThe RSD values for the intra- and inter-day
assays of promethazine in the cited formulatiomfop@ed in the same laboratory by the two analysts
did not exceed 2.7%. On the other hand, the robasstwagxamined while the parameter values (pH
of the eluentand the laboratory temperatureere being slightly changed. Promethazine recovery
percentages were good under most conditions, rawisly any significant change when the critical
parameters were modified

4. CONCLUSIONS

In the presented paper, types of interactions éa$iveen a drug and ligands were studied.
Since the studied molecules were in form of iora tiesulted in ion pair formation, DFTB method
which also considers dispersion energies in additothose calculated using DFT was used for furthe
investigations. These theoretical calculations Isellecting appropriate ionophores and also predjcti
their selectivity for different drugs. After a sesiof experiments involving the usage of PM-TPB ion
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pair complexes along with several plasticizershia tmembrane design, it was concluded that the

promethazine sensor exhibited excellent analytgmformance characteristics. It demonstrated an
advanced performance with a fast response tims)( a lower detection limit of 1.0xFamol L'* and

pH independent potential responses across the m@in8eé&5—-6.3. This high sensitivity of the sensor
enabled the promethazine determination in pharnime¢analysis.

The theoretical calculations are accurate and lsleitamethods to obtain interaction energy and
therefore choosing a better ion-pair. Additionakynploying these methods let us find centre of
interactions in the target molecule and ionophore.

ACKNOWLEDGEMENTS
The authors are grateful to the Research Coundilmaversity of Tehran for the financial support of
this work.

References

1. [Online] available: http://en.wikipedia.org/wiki/®methazine

2. O. Saleh, A. EI-Azzouny, H. Aboul-Enein and A. Madiawy,Drug Dev. Ind. Pharm.35 (2009)
19.

3. M. J. Saif and J. Anwafl,alantg 67 (2005) 869.

4. D. Daniel and I. G. R. Gutanal. Chim. Acta494 (2003) 215.

5. P. Kubacak, P. Mikus, I. Valaskova and E. Havrandthods Findings Exp. Clin. Pharmacd?
(2005) 529.

6. Y. N. Ni, L. Wang and S. Koko#nal. Chim. Acta439 (2001) 159.

7. M. R. Ganjali, T. Razavi, R. Dinarvand, S. Riahdd Norouzi)nt. J. Electrochem. Sci3, (2008)
1543.

8. S. Riahi, M. F. Mousavi, S. Z. Bathaie and M. Shiaons Anal. Chim. Acta548 (2005) 192.

9. M. R. Ganjali, M. Hariri, S. Riahi, P. Norouzi amdl Javaherilnt. J. Electrochem. Sci4, (2009)

295.

10.M. R. Ganjali, T. Razavi, F. Faridbod, S. Riahi @&dNorouzi,Current Pharmaceutical Analysis
5 (2009) 28.

11.S. Riahi, M. R. Ganjali, P. Norouzi and F. Jaf&ens. Actuators B,32 (2008) 13.

12.W. C. Ripka and G. P. Vlasuknnu. Rep. Med. Chen32 (1997) 71.

13.S. Riahi, A. B. Moghaddam, M. R. Ganjali andN@rouzi, Spectrochim. Acta Part A1 (2008)
1390.

14.S. Riahi, M. R. Ganjali, A. B. Moghaddam, P. Norbazd S. S. Hosseiny DavaraBipectrochim.
Acta Part A,70 (2008) 94.

15.S. Riahi, M. R. Ganjali, A. B. Moghaddam and P.rdii, J. Theor. Comput. Chem. (JTC®
(2007) 331.

16.F. Faridbod, M. R. Ganjali, B. Larijani, P. Noroud. Riahi and F. S. MirnagHsensorsy (2007)
31109.

17.H. Karami, M. F. Mousavi, M. Shamsipur and S. RidhiPower Source4,54 (2006) 298.

18.S. Riahi, M. R. Ganjali and P. Norouai, Theor. Comput. Chem. (JTCC (2008) 317.

19.M. R. Ganjali, Z. Memari, F. Faridbod, R. Dinarvaadd P. NorouziElectroanalysis20 (2008)
2663.

20.M. R. Ganjali, F. Faridbod, P. Norouzi, M. AdiBens. Actuator B,20 (2006) 119.



Int. J. Electrochem. Sci., Vol. 4, 2009 754

21.M. R. Ganjali, P. Norouzi, R. Dinarvand, F. Faridbend M. MoghlimiJ. Anal. Chem.63 (2008)
684.

22.M. R. Ganjali, P. Norouzi, A. Daftari, F. Faridboll. Salavati-NiasariSens. Actuator B120
(2007) 673.

23.M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. Eu&eria, M. A. Robb, J. R. Cheeseman, V. G.
Zakrzewski, et al.,Gaussian Inc. Pittsburgh, PAR9g).

24.J. J. P. Steward. Comp. Chem10 (1989) 221.

25.W. Yang and Q. WuDirect Method for Optimized Effective Potentials Density-Functional
Theory Physical Review Letters, (2002).

26.R. G. Parr and W. Yandnnu Rev. Phys. Chem§ (1995) 701.

27.F. B. Duijneveldt, R. J. G. C. M. Duijneveldt-vaa dnd J. H. Lenth&hem. Rey94 (1994) 1873.

28.T. A. Nieaus, M. Elstner, T. Frauenheim and S. $uhaMVol. Struct. (THEOCHEM)541 (2001)
185.

29.H. Y. Zhou, E. Tajkhorshid, T. Frauenheim, S. Sudra M. ElstnerChem. Phys277 (2002) 91.

30.P. Hobza and R. Zahradnikitermolecular Complexe&lsevier, Amsterdan{1988).

31.M. J. Frisch, J. E. Del Bene, J. S. Binkley andFHSchaefer]. Chem. Phys84 (19862279

32.D. W. Schwenke and D. G. Truhlar,Chem. Phys82 (1985) 2418

33.M. R. Ganjali, P. Norouzi, F. Faridbod, S. Riahi, J. Reslead, J. Tashkhourian, M. Salavati-
Niasari and M. JavahelEEE Sens. J7 (2007) 544

34.M. R. Ganjali, P. Norouzi, F. Sadat Mirnaghi, S. Riahd & Faridbod)EEE Sens. J.7 (2007)
544,

35.F. Faridbod, M. R. Ganjali, R. Dinarvand, P. Noroarzd S. RiahiSensors8 (2008) 1645.

36.S. Riahi, F. Faridbod, and M. R. Ganj&gnsor Lett.7 (2009) 42.

37.M. R. Ganjali, P. Norouzi, M. Rezapour, F. Faridpatid M. R. PourjavidSensors6 (2006)
1018.

38.M. R. Ganjali, P. Norouzi, F. Faridbod, M. Yousefi, Naji, and M. Salavati-NiasariSens.
Actuators B120 (2007) 494.

39.F. Faridbod, M. R. Ganjali, R. Dinarvand, and PrioNzi, Sensors8 (2008) 2331.

40.M. R. Ganjali, P. Norouzi, F. Faridbod, A. Sepamdf, M. Ghandi, and A. Moghimanadian J.
Anal. Sci.Spec, 52 (2007) 46.

41.V. K. Gupta, A. K. Jain and G. Maheshwanit. J. Electrochem. Sci, (2007) 102.

42.M. R. Ganjali, R. Nemati, F. Faridbod P. NorouzidaF. Darvichelnt. J. Electrochem. Sci3
(2008) 1288.

43.V. K. Gupta, R. N. Goyal and R. A. Sharnhat. J. Electrochem. Sci, (2009) 156.

44.M. R. Ganjali, M. Tavakoli, F. Faridbod, S. Rial, Norouzi and M. Salavati-Niassaht. J.
Electrochem. Sci3 (2008) 11609.

45.V. K. Gupta, M. Al Hayat, A. K. Singh and M. K. R&nal Chim Acta634 (2009) 36.

46.R. K. Mahajan and P. Soolt. J. Electrochem. Sci2 (2007) 832.

47.V. K. Gupta, S. Chandra, S. Agarwal and H. Legns. Actuators B07 (2005) 762.

48.P. R. Buck and E. Lindnefure Appl. Chem66 (1994) 2527.

© 2009 by ESGWww.electrochemsci.ojg




