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ABSTRACT

Simple and accurate conductometric titration has been used for determina-
tion of the antitussive drug dextromethorphan (Dex), where sodium
tetraphenylborate (NaT PB), silicotungstic acid (STA), phosphotungstic acid
(PTA), phosphomolybdic acid (PMA) and reineckate ammonium salt (RAS)
were used as titrants. The formed ion-associates were studied
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conductomterically for the assignment of stoichiometric ratios and solubil-
ity products. The suggested procedure has been applied to the determina-
tion of Dex in pure state and pharmaceutical preparations with high accu-

racy and precision.

INTRODUCTION

Dextromethorphan (Dex, ent-3-methoxy-17-
methylmorphinan, C H..NO) isanonnarcotic anti-
tussivedrug, actsthrough depression of themedullary
centersof the brain to decreasetheinvoluntary urge
to cought.

H,CO

High performance liquid chromatography
(HPLC)2, gas chromatography™® and liquid chroma-
tography techniques? arethe most popular techniques
for Dex quantification. Moreover, the derivative spec-
trophotometry™>9, ion pair complex formation”d, pro-
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ton nuclear magnetic resonance *HNMR)® and capil -
lary electrophoresis (CE)™*? have al so been reported.
Neverthel ess, most of theaforementioned methodsare
laboriousand usudly requireextraction and complicated
pretreatment procedures prior to analysis. In contrast,
the e ectrochemica techniques particul arly conducto-
metric measurements possessanaytica and economic
advantagesincluding; low cost and smplicity, Ssnceno
reference electrodes are needed. Moreover, conduc-
tometricanaysisisperformedin both concentrated and
dilute solutionswith accuracy dependson the system;
inbinary solutionsitisashigh as0.1%, but in multi-
component systemsit ismuch lower!12,

Although potentiometric methods have beenre-
ported for Dex determination**4, conductometricti-
tration, inwhich the analyteisconverted to non-ionic
form by neutralization or precipitation, is of more
vaud®l, Conductometrictitrationsare especialy use-
ful for very dilute sol utions asthe percentage changein
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conductanceisindependent of concentration. Unlike
potentiometric methods, measurements need not be
made close to the equiva ence point so that thereisan
advantagein conductometric methodswhen the chemi-
cal reactionsinvolved arerdatively incomplete. Con-
ductometric titration restson the marked changesthat
occur near thetitration endpoint intherelation between
conductivity and theamount of titrant added (an ex-
tremeor inflection point). Itisused in particular for the
titration of acid-basein colored and turbid solutionsor
solutionscontaining reduc ngand oxidizing agentswhere
the usual color change of acid-base indicators cannot
be See1[12’16’17].

Thisstudy amsto apply the conductometric mea:
surementsto Dex quantificationin pureform and phar-
maceutica preparationsaswe | asdetermination of the
stoichiometric ratiosand solubility productsof Dex ion-
associates.

EXPERIMENTAL

Reagentsand materials

Authentic Dex (C ;H,,BrNO.H,0, 370.3) sample
waskindly provided from the National Organization of
Drug Control and Research, Cairo, Egypt. The purity
of the activeingredient was assigned to be 99%. lon
pairing agents including; sodium tetraphenylborate
(NaTPB, Na[C,H,B], Fluka), silicotungstic acid
(STA,H,[SW_,0,,.xH,Q], Fluka), phosphotungstic
acid (PTA, H,[PW_,0,,.xH,0], Fluka), phosphomo-
lybdic acid (PMA, H [PMo,,0,..xH,QO], Fluka) and
reineckate ammonium salt (RAS, [NH,(Cr(NH,),
(SCN),).H,Q], Fluka) were used cation-exchangers
for precipitation of different Dex-ionpairs.

Pharmaceutical preparations

Tussilar tablets and drops (Kahira Pharm. and
Chem. Ind. Co. Cairo, Egypt, 10mg/tablet and 1g/100
ml solution, respectively) were purchased from local
drug stores. Ten tabletswereweighed, grinded and an
accurate weight of the powder assigned to contain
100mg DXM wasdissolvedinbidistilled water, filtered
and completed to 50 ml with bidistilled water.

Apparatus
Conductivity meter 4310 Jenway (UK) was used
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in conductance measurementswith adip type conduc-
tivity cell of two Pt (non-polarized) el ectrodesof 1.0
cm?inareg, rigidly fixed at 1.0 cm apart (cell constant
K=1.0). Elementar-Vario El (Germany) was used for
elementd andyss(C, H, N, and S) of theionpairs. All

measurementswere performed under ambient condi-
tions. Water ditiller of Hamilton Laboratory GlassLtd.,
WSC/4D (UK) wasused for bidistilled water prepa-
ration. Microcal Origin 6.0 (Microca Softwarelnc.,
verson 1.0.0.1) computer programwas appliedin data
treatment for graphical and statistical treatmentsand
cdculdions.

Working procedure
(1) lon-associates prepar ation

lon-associates synthesis protocol included drop
wiseaddition of 10 M agueoussolution of ion pairing
agents(TPB, RAS, PTA, PMA, and STA) to50 ml of
102 M Dex solution. Themixturewas|eft to react for
5min under tirring at room temperature. Theresulting
precipitate wasthen filtered off on Whatmanfilter pa-
per and washed severd timeswith bidistilled water. The
compound was left to dry for 24h at 60°C, washed
with petroleum ether to remove any residual moisture,
and then grinded to fine powder9, Small sample
portionswere sent for lementa andysis.

(2) Soichiometricratiosdetermination

A definite volume (5 ml) of 102 M Dex was
transferred to a50 ml volumetric flask and made up
tothemark with bidistilled water. The drug solution
was placed in asuitabletitrating vessel and the con-
ductivity cell wasimmersed, then atitrant of 102M
of TPB, RAS; 2.5x10°M of PMA, PTA or 3x10-
3M STA wasadded from adigital burette. After each
addition (0.2ml), the solution was stirred for 1-2min
and allowed to attain equilibrium; the conductance
(uS) was measured. The el ectrolytic conductivity of
the intervening sol ution was determined by passing
an alternating current (AC) between the cell elec-
trodes (5-10V at 50-10,000 Hz) wheredirect cur-
rent (DC) potential cannot be used as the current
flow would lead to e ectrolysis (polarization of €l ec-
trodes) and hence changesin solution composition.
The cell temperature should be held constant towithin
+0.1 K throughout a series of measurements to give
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high precision. The cell iswashed with bidistilled
water, immersedin 0.5M H_SO,, electrolyzed with
DC voltage using repeated polarity reversal to re-
move impurities, and finally washed and stored in
bidistilled water.

Todiminatetheeffect of dilution ontheincreasein
conductance, the measured val ueswere corrected for
volume change by meansof thefollowing equation, as-
suming that conductivity isalinear function of dilution:

Kooer = Kopel (Vo + Vagea) / Vil

Where, k ., the observed specific conductivity, v , the
initial volume, andv_,,, the added volume. The cor-
rected conductivity wasthen plotted against the vol -
umeadded of titrant and thefirst derivativewasused to

estimatethe end point and the stoichiometric ratiog®
13]

(3) Solubility productsdeter mination

Seriesof solutionsof different concentrations(C =
104-102 M) were prepared for each of Dex, TPB,
RAS, PMA, PTA, and STA. Theconductivitiesof these
solutionswere measured at 25°C and the specific con-
ductivities (Kk), corrected for theeffect of dilution were
calculated and used to obtai n the equiva ent conduc-
tivities () of these solutions.

A =1000k/C

A (at afiniteconcentration) and A (at infinitedilution)
can berelated by Onsanger equati onl*!

A=A —(a+bi)C¥

where, (a) and (b) are constantsrelated to the interi-
onic forces(accounting for the e ectrophoretic and the
timeof relaxation effect, respectively). Straight lineplots
of A versus C¥2, were constructed and the equivalent
conductancevauesat infinitedilution (A ;. A Agas
Aomar Moprar AN A ) Were determined fromthein-
tercept of therespectivelinewith the axis. The activ-
ity coefficientsweretaken asunity sincethe solutions
weresufficiently dilute. The equivalent conductance
vauesof thelPsunder compl etedissociation condition
(A,p) Werecal culated from Kohlrausch’s law of inde-

pendent migration of theiong617,

)‘OIP =n )‘oDa + A‘o(ion pairing agent)
Where; nisthestoichiometricratio.

Thesolubility (S) and the solubility product (KS))
of aparticular ion associate were ca culated using the
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followingequations.

S=k x 1000/,

K_=%for 1: 1ion associate
K_=4S*for 1: 2ion associate
K_ =27S*for 1: 3ion associate

8

4

8

Ksp= 256S° for 1: 4ion associate

Wherek,, isthe specific conductivity of asaturated
solution of IP at 25°C and corrected for the effect of
dilution. Thesaturated I P solutionswere prepared by
dirringthelPsuspensonsinbidistilled water for 3hand
then | eft for 24h before measurement!2-23,

RESULTSAND DISCUSSION

Conductivity isameasureof theability of asolution
to conduct e ectricity when subjected toapotentid gra-
dient and equa sthereciproca of resstivity (Semens=
Q1. The conductometric methods are fundamentally
non-sdl ective, where conductivity isrelated totheionic
strength of the sol ution and the contributions of thein-
dividual types cannot be distinguished in the values
measured. Hence, conductometry is primarily useful
when determining the concentrationsin binary electro-
lyte solutions (for determining thesolubilitiesof poorly
soluble compounds). In the case of multicomponent
systems, conductometry isused when the qualitative
composition of thesolutionisknown and invariantin
thecontinuousor batch anaysisof solutionsin process
streamg*3. Straightforward, conductometry is used
extensvely asthebas sfor sensorsand biosensorscon-
struction 2,

Preliminary I Pidentification studies

(1) Determination of the stoichiometric ratios of
the ion-associates

Dex (C;H,.NO, 271.4) isatertiary amine cat-
ion having ahigh affinity towards the formation of
water insolubleion pair (IP) complexeswith the op-
positely charged anions such as TPB, RAS, PTA,
PMA, and STA.

Elementa analysisrevealedthat Dex formion as-
sociation with TPB and RASin stoichiometricratio of
1. 1 (drug: titrant). Complexesof ratio 3: 1 areformed
with both PTA and PMA, while STA formed complex
of 4. Lratiowith Dex (TABLE 1).
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TABLE 1: Elemental analysisdatafor variousDex-I Ps

C% H% N% % _
IP MWty Tentative formula
Calc. Found Calc. Found Calc. Found Calc. Found
Dex-TPB  590.64 853 847 76 75 24 23 - - [C16H2sNO][CogH20B]
Dex-RAS  607.82 434 439 58 64 184 163 211 2109  [CyHxsNOJ[CiH1CrN;S)]
Dex-PMA 263643 246 253 28 31 16 13 - - [C16H2sNO]5[PM0;,04q]
Dex-PTA 369135 176 183 20 23 11 0.9 - - [C1sH2sNO]5[PW;1,0,0]
Dex-STA 395986 21.8 216 25 25 14 12 - - [C1aH2sNO] [ SIW1,040]
Conductance measurements hasbeen used success- ey TSA
fully in quantitetivetitration sysemswherethe conduc- 1200 B
tanceof thesolution varied prior to and after theequiva 1000 | el
lence point. Thetitration curve, obtained by plottingthe S e " A
changein conductanceversusvolumeof titrant added, £ v i
represented two straight linesintersecting a theend pairtt. -gmq oiv? v i
Thesystem showed aregular risein conductanceup to b RECCl
the equiva ence point whereasudden changein the con- g . P s
ductance observed as obviously shown from thefirst e R B T

derivaiveplotssuganingthedementd andyssdata(Hg-
ure 1 and 2). Results obtai ned sustained the elemental
andyssdataforionpar stoichiometricratios.
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Figurel: Conductometrictitration of Dexwith differention
pairing agents
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Figure2: Conductometrictitration of 5ml of 102M Dexwith 102M NaTPB and RAS, 3x10°M PM Aand PTA, and 2.5x10°M
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Deter mination of solubility productsof theion-as-
sociates

Thesolubility of anion-exchangerisoneof themain
factors controlling thelife-span of the sensor incorpo-
ratingit asasensng materia. Determination of thesolu-
bility product of anion-pair isvery important sinceits
reciprocal isapproximately equd to theformation con-
stant, whichinturnsistightly related to the degree of
hydrophabicity of theion-exchanger. Since, asthe hy-
drophobicity of theIPincreases, theleaching rateinto
the aqueous bathing sol ution decreases.

Thesolubility of agparingly solublesaltisexpressed
by the equilibrium constant for thereaction:

AB (solid) + Solvent =A*+B-
K =[AS][B]/[AB][S]"

Both[AB] and [S] areunchanged in solubility re-
actionsof sparingly solublesdts, hencethe equation
can berewritten thus, known asthe solubility product
(K, iswidely used asameasure of the solubility of
sparingly solublesaltg*>7,

Ke=[AT[B]

Determination of the solubility product of the IP
isvery important since as the hydrophobicity of the
|Pincreases, theleaching rateinto the aqueous bath-
ing solution decreases. The solubility of anion-ex-
changer isoneof themain factorscontrolling thelife
span of the sensor which incorporate it as
el ectroactive material?2728,

According to Kohlrausch’s law of independent mi-
gration of theions, themolar conductivity of an eectro-
lyte equal sthe sum of the molar conductivitiesof the
cationsand the aniong#;

A=n'A"+nA
Wheren, number of anionsor cations.

The equivalent conductance(.) of anionisthe
conductance of asolution of unspecified volume con-
tai ning one gram-equivalent and measured between
electrodes 1 cm apart. Dueto interionic effects, (1)
is concentration dependent, and the limiting ionic
equivalent conductance (A ) at infinitedilution (no
disturbing effect on the motilities of ions other than
solvent and temperature) reachesits maximum value
and used for comparison purposes. The magnitude
of (1 ) isdetermined by the charge, size, the solvent
viscosity, and the magnitude of the applied poten-

tial. Hence, the equival ent conductance of the sol-
vated IPs(2,) at infinite dilution could be cal cu-
lated asfollow:

A‘0De><-TPB = )‘oDa + )‘OTPB
A‘0De><-RAS: )‘oDa + A‘ORAS
l‘oDex-PMA = 3l‘oDex + A‘OPMA
l‘oDex-PTA = 3)‘oD®< + )‘OPTA
A‘0De><-STA = 4l‘oDex + A‘OSTA

Thesolubility products(KSp) of theion associates
were determined conductometrically and found to be
3.48x10°, 1.92x10°, 9.90x10%, 2.15x108, and
2.28x10%for Dex-TPB, Dex-RAS, Dex-PMA, Dex-
PTA and Dex-STA, respectively (TABLE 2).

TABLE 2: Conductometrically measured solubility (S), solu-

bility products(K o), and for mation constants (k) of various
ion-associates

lon-associate
Dex-TPB
Dex-RAS
Dex-PMA
Dex-PTA
Dex-STA

Mmep o Ks S Ke K=VUKg
1.19x10° 7.02 5.89x10° 3.48x10° 2.87x10°
1.50x10° 6.58 4.38x10° 1.92x10° 5.21x108
7.80x10° 6.07 7.78x10° 9.90x10%° 1.01x10°
6.30x10° 10.58 1.68x10° 2.15x10™® 4.66x10"
5.20x10° 8.05 1.55x10™° 2.28x10%* 4.39x10*

The very low solubility of Dex-TPB IP (S =
5.89x10° M) and consequently, the high formation
constant value (k = 2.87x10°), reved ed that the de-
gree of compl eteness of the reaction was morethan
99.9%. At equilibrium, the solubility product of the
undissociated IPinwater (theintrinsic solubility) was
omitted asthisterm makesanegligible contributionto
the total solubility because the IPs were sparingly
solubleinwater and their saturated solutionswere,
therefore, very dilute?s23,

Deter mination of Dex in purestateand phar ma-
ceutical preparations

Fromfigure2, it can be concluded that, TPB forms
only 1:1 IPwithwell defined stoichiometricratio, while
PTA, PMA or TSAform 1:1ion pairsand viaaddi-
tion of excesstitrant, 1:3 or 1.4 wereformed suggest-
ing using TPB astitrant. Aliquotssolutionscontaining
2.71-18.99 mg Dex weretitrated conductometrically
against 102 M TPB, standardized solution®”. Graphs
of the corrected conductivity against the volume of
titrant were constructed (Figure 3) and the end points
weredetermined.
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Figure3: Conductometrictitration of Dexwith 102M NaTPB: a) 2.71mg, b) 8.13 mg, c) 13.5mg, d) 18.97Dex

The proposed procedureswere successfully em-
ployedfor theassay of DXM intheir authentic samples
aswell as pharmaceutical formulations. Theresults
(TABLE 3) clearly indicated satisfactory agreement
between the Dex contentsin different samplesdeter-
mined by the devel oped sensor and official method.
The average recovery ranged between 96.73 to
102.60%.

TABLE 3: Conductometric quantification of Dexin purestate
and phar maceutical preparations

Official method Developed Sensors

Sample Taken
Recovery % R.S.D* Recovery % R.SD
271 96.52 34 98.50 0.78
8.13 99.65 25 98.32 0.65
Pure DXM

135 99.50 22 99.10 0.89
18.99 97.25 2.8 98.40 1.10
Tussilar tablets  2.71 94.30 18 96.54 3.50
] 271 98.56 1.65 102.60 210

Tussilar drops
813 101.52 145 96.73 1.80

* Aver age of five titration process
CONCLUSION

The conductometric methods are characterized by
low cost and ssimplicity, conductometrictitrationsare
especially useful for very dilute solutions asthe per-
centage changein conductanceisindependent of con-
centration and measurements need not be made close
to theequivaencepoint. The proposed method hasbeen
successfully applied for stoichiometric ratiosdetection
besides, solubility product and formation constant de-
termination of variousion-associ ate complexes. More-
over, conductometric titrations have been applied for
Dex quantification in authentic sampleswith high accu-

racy and precision approving their applicability todrug
qudity control tests.
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