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ABSTRACT
The lectrophmelm maobility of three beta-blocker drugs, 1e nﬂ.dcﬂol oxprenolol and
pindolol, in sodium acetate buffer containing different concentrations of methanol varying
from 0 to 100 percent have been determined by a capillary electrophoresis instrument. The
generated experimental data have been emploved 1o evaluate the accuracy of a mathematical
madel to calculate the electrophoretic mobility at different concentrations of methanol The
proposed model 15

fulnp, + K\ f f + K £ 1,

where 1 1s the electrophoretic mobility, [1s the volume fraction, subscripts m, ¢ and w are the
mixed water-methanol, pure methanol and pure water, respectively, K, and K; are the model
constants. The proposed model produced accurate results and the average percentage
deviation between experimental and calculated mohilities was 1.21 % for the data sets
studied. This percentage error could be considered as an acceptable error where the relative
standard deviation for the repeated expeniments is around 2 %,
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INTRODUCTION
There s much inlerest i using capillary electro-
phoresis in chemical and phamacentical analyses
The electrophorelic mobility of analytes 15 the key
factor o the method development stage in capallary
electrophoresis. A series of expenments are e
gquired o fnd the best analyiical comdinons This
will penerally be achieved by stwbving the efleels
of veltage, pH, ionie strengih, bulfer additives,
organic  solvenis,  sample  concentration  and
lemperature In practice, the analyst holds  all
paramelers constant and the effect of one parameter
at g tume s studied wsoally by oa tnal and error
approach, It 1z obvious that, thes method is lime
comsuning and also costly, Therefore, anv atlempt
to predict the oplioun analylical conditions 15 of
fundamental noportance in capillary electrophore-
sis. I thns work, the possibelity of prediction of the
electrophoretic mobilily of basie drugs in different
concentraiiens  of methanc! o mixed  aqueous-
orpanie solvent clectrelvie svstem has been studied
It is proposed thotl the model could be emploved for
predicting inmeasured  elecirophoretic mobility of
analytes o nd the optimum orgame wedifier
concentration mooorder o speed up the methed

electrophoretic moebilities of three beta-blockers in
muised  water-methanal  electrolyvie swslems  have
been determined and  acouracy ol the proposed
madel  has  been  evaluated  spainst  genersted
experimental data and also collected dala sets.

THEORETICAL TREATMENT
Williams  and Amiden (1) derived  relationships
between sclute wclivity coefficient, sohite’s Henry
law conslants in pure selvents, anmd selule (rec
cosolvent and water volne fractions al a constanl
lemperature. These medels were used o calewlate
solute solubddity 1o boary solvents by emploving
Wohl's method  for espressing the excess  free
energies of miniures 1o terms of solute free volwne
fractions  of  the components,  The  three-suffis
eqgualion for a binary solvent system 15:
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where V., X, and X represemd the mole fraction
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solubility of the solute i the pure cosolvent, waler
and n the mixed solvent, £ and £, are the solute
free volume fractions of cosolvent and water, A,
and A, stand Tor water-coselvent interaction terms
caleulated from vapour-lnguid equilibrium data, ¥,
F, and ¥, are the molar volumes of the solute,
cosolvent and water, respectively, and s 13 the
solute-solvent interaction term. Sinee A, A, Vo,
F. and ¥, possess the constant values, Eq. [ could
e rearrange as &

ol
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where A4 and A5 are the model constams and eogual
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this work, the electrophorene molahiy of the
amalytes  have  besn reprodoced using a
mathematcal model dervved from the excess fee
energy model, te Ego U The derved model 1s
expressed as

nag, =Ffnu +7i Inu +K 7.1,

w KA L (I1)

where g is the eleetrophorelic mobility, subscripts
m, ¢ amd woare the mixed water-methanol, e
methancl and pare water, respectively, £, and £
are the model constants. These constantls can be
ng Ing, - flng - fing
using i moo inlereepl east

computed by oregres
against L, and
sguares method (37
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EXPERIMENTAL

Instrnmenicifien:

All experiments were performed using & PAACE
svatem 3310 (Beckman  Instruments,  High
Woyveombe, U and a 73 um .d « 37 cm length
(30 e e detector) fused silica camllary an 25 °C.
Samples were tmected by pressire mods for 1 seo
and analyles were detected by UV detection at 214
e The applied wollage was 20 KV, The CE
matnunent was nterlbeed with a maerocmupuler
uamg svalem Gold version 1.0 soltware (Beckman,

High Wycombe, UK} for data collection and
analysis.

Chencals:

The analvtes nadolol, oxprenolol  hydrochlonde,
pindolel and mesity] oxide, were purchased from
Aldrich  Chemacal  Company (Dorset, UK
Methanol, sodium acetate and glacial scelic acid
were purchased from B (Poele, UK De-tonised
water was used for the preparation of the buffer and
sample selitions,

Method:

The steek aguecus sodiom zeetate buffer was
prepared by disselving 328 g sodiam acetate and
38 ml placial acetic acid inoa 100 ml volumetric
flask. The runmng buflers with 090 94 wiv
methanal were prepared by nusing  approprisle
welumes of the stock agueous buffer, de-ionized
water and methanol. The bulfers were unadjusted
for pH o thas work, T was ensured that all buffers
cortaimed the same volume of glacial acelic acid.
The pure  methanelic butfer was  prepaed by
disselving 0,328 g sodium acetate and 038 m)
glacial acetic acid 1na 100 m] volumetrie Nask. The
sample solubions were prepared by dissolulion in
diluted runmng buffer solutions, Muesitvl oxde was
added o the sample solulions as a neutral marker,
Eleetrophovetic procedure:

When a new ecapillary was used, the capillary was
washed with 1.0 M sodim hyvidroxde solution (30
min), de-temzed water (30 nuny and running buffer
(30 mund The experonents were perlommed  after
pre-washing with sodon hydrosicde solution (0.1
MO fer 1 onun and running batfer for 2 man. Al
measurements were Tepented al Jeast three Umes.
Fach sample or sample muxtuwre was mgected for |
second.

Comriprietationiad anelvsis:

The electraphorenic moblity of the analvies was
calouwlated by

s LI
p=10% x| 2|
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Where Ly and L are the total capillary length and
length to detector window o meters, [0 s the
applied voltage, 1y and G, are mgraton Lmes for
the analyvies ancd the electracsimetic Jow in seconds,
The accuracy of the caloulated mobililies was then
examined wath respect 1o the averape percenlape
deviations (APIY which were compuled [rom the
ENJIEEIION
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where N i the number of experimental data pomis
in cach set. The mean of AP 15 then calculated as
an overall criterion. All caloulations were carred
oul using the statistical package for social scences
(RFSEY I a Windows ervironment
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RESULTS AND DISCUSSION
Table 1 shows the observed  and  calealated
clectrophoretic mobilittes,  individual  percentage
devigtion (IPI)) and APD walues for nadolol,
oxprenolol and pindolol a1 different concentration
ol nuwthano] in runping buffer. The electrophoretic
malehities nitially decresse with an inerease in
methanel concentration and reach (o a winimem
value al £=0050, wath further increase im methanol
comcentraiion  mereasel o mobilities were
abserved. This pattern comcides then with viscosity
varalions in water-methancl mistures where the
it viseesily 15 observed at 1 bebween 040 -
GGl 40
The vhserved mobilities are the mean of 2t least
three  experiments and  the  relative  standard
ceviations are less than 2 % Each dala have been
collected in a day, and this 15 a possible reason for a
relatively  large RS2 walue. The experimental
mobilities of the analyvtes were fitted to B, 4 and
the back-caloulated mobihties were compared with
chserved  values T caleulating 1P at each
methanal concentraticn. The maxinum [P0 has
been observed al =090 for all the analvies
studied, which lies in an experimental uncertainty
range. The AP values for nadolol, oxprenolol and
pindelol are (092, 0,94 and 061 %, respectively and
the overall APD 15 0 B2 %
I orler 1o evaluate the prediction eapability of the
proposed model, 4 data points at L=0.00, O30, 060
and 100 have been emploved Lo compute the model
constants, e K and K .. The mobilities at other £
values were predicled using the rained models, e
Egs. WII-TX:

Jor  nadolol

~1.7597. ., 0112/ F, (Vi)

for oxprenclol: Inp, = fIng, +f Ing,

~18197.F, - 013577 F (VITT)
for  pindolol Ing, =flng +f Iny,
~1.7437_ 1, —0.058f7 f, (IX)

The predicted moebilities which were compared
wilh the experimental walues using the IPIY and

Inu, =7 Ing +7 Iny,

AP walues are shown e Table 1. The tramed
meddels are able 1o predict the  electrophoretic
molahnes wathin an acceplable error range. The
procluced APD for nadolol) exprenclol and pindolol
are 130, 1530 and 0099 249 respectively and the
overall APDY i3 1.26% The maxonum [P0 §s 397 %4
for exprenolol at £=0.90 which 1 sl acceplable
when il is compared  with an expernnental
uncertainly.

To mvestigate the accumacy of the proposed model
further, a set of electrophoretic data of other
analytes bave been emploved. The detail of data
sets, the obimned APD walues and their references
have DBeen shown in Table 20 The overall APD
value s 128 % for all 16 dala sels of basic and
acidic compounds o different runming bulTers
containing varous concentralions of methano!. The
resilling mobalities are in an acceptable ercor range
and the maximum APD is 4.99 % For mobilly
data in phesphate buffer, systems 3 - 9, the electro-
phoretic mobility at £=1 were not determumned
breause of the solubility problems with phosphane
wms 1 the higher concentravons of methanel and
one may modily the proposed model as:

s f“ In ot )r;fl + K'_ Fr:-'fu
+ K:_,.'r;::_.l'r;,. {X}I

In g

where [ ois a curve-fitting parameter, Prom thos
eouglion, i35 pessible lo select 4 mobality date
pomnts al dillercnt £ values to train Eqo X for
prediclion purposcs,

As o general conclusion, the proposed  model
produced  reasonably  accurate results and o s
possible to employ the model 1o speed up the
method  development  phase in capillary
electrophoresis, where  an organie  medifler s
required in the reoming buller to improve the
salubthity or the separation  elleiency of the
method.
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Table 2. The clectrophonetic mwility data of basic and acidic compounds in aguests-methanclic mixed solvent
clectrolyie systems, the bullering agent, the range of methanol wvelume fraction in the mixture, aversge
percentzze deviations (APID, munber of data peints (M1 and the reference

T [ _ ltunning buil: i APD N Relerence

T Moenomethyliuine C O AcetuteHmidazole Y o3
2 Pimethylammine Acetitetndasole 0.0 L. 3
i I Hethelnmine Aceluterilazole 4.99 b 3
- I'ricthw laine Acelaterinulizole Q-1 1.42 9 3
3 e acid Phosplule 0043 .51 9 4
0 Phemylacetic acid Phosphiate 0-0.4% .59 9 6
7 peAannchenzons acid Phosphate 0043 47 S
B -1 Ivelrosyberie seid Phosphate (-G 43 1 9 0
g, [F-muphthosyhensme acid Phosphate 0-0h43 1144 S 6
I Propranc ol Acelate -1 L.36 17
11 Fimlol Acetate (] L.42 n 7
[2 Adenlal Avetane -1 L.03 7
L3 Adprencdol Acelnic Q-1 1.23 mn 7
I Acebutalel Aoetole -1 1.32 7
L3 Lutetaledl Acetate 01 146 17
L eletuoprolol Acutale -1 1,36 | R ——

o Mean= 1.28
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