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ABSTRACT

In this study the effect of type and concentration of two chaotropic counter
anions namely perchlorate and dihydrogen phosphate in mobile phase on
retention behavior of three basic compounds (tricyclic neuroleptics), one
acidic compound (acetyl salicylic acid) along with one neutral compound
(triamcinolone) was studied. The effect of change of concentration of the
two chaotropic counter anions and therole of organic modifier type (metha-
nol and acetonitrile) were considered. All these parameterswere studied for
three different RP-columns (calixarene modified silica gel, monoalithic and
conventional RP-columns). The results indicate that all studied factors af-
fected the chromatographic behavior of the studied compounds. The type
and concentration of chaotropic counter anions have clear effect on the
basic compounds retention while the retention of neutral and acidic com-
pounds did not clearly change. The type of the used stationary phase was
found to play an important role in retention behavior of the studied basic
compounds.  © 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION surface tension of the mobile phase. R LoBrutto et
al.¥l postulated that by increasing the counter an-
ion concentration the retention factor increased for
protonated basic compounds due to their electro-
static interaction with counter-anion (perchlorate

and trifluoroacetate). This in turn led to increase

Counter anionsthat increase the disorder of wa-
ter are called chaotropic counter aniong¥. Although
it wasreported that theincreasein theionic strength
of the mobile phase results in reduction of the re-

tention time of the basic compounds due to the
competetiveinteraction of the counter-cation with
theresidual silanol'?, C. Horvath et al.® found that
increasein anion salt concentration led to increase
in the retention factors through the increase in the

hydrophobicity of theion-associated neutral com-
plex. Solvation shell of the basic analyte is dis-
rupted dueto formation of theionic complex which
in turn causes an increase in apparent analyte hy-
drophabicity. YV Kazakevich et al.! stated that a
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multilayer-type adsorption of the organic modifier (ac-
etonitrile) on thereversed-phase surfaceanditsstrong
dispersive (or n-r) interactionswith liophilicionsare
responsible for significant retention of chaotropic
counterions. L. Pan et al.[® found that increase in
chaotropic counter-anion concentration ledtoincrease
insymmetry of basic compoundsand asoincreasein
the efficiency of the C8-bonded silicacolumn. In ad-
dition J. Dai and P. Carr!”! pointed out that thereten-
tion of basic compounds on conventional reversed
phase canincrease, decrease or effectively remain con-
stant asthe concentration of the additivesincreased.
And thiscan be attributed to the presence of two op-
posing effects, one of them leadsto elongatethere-
tention times (ion pairing of the analytes with the
chaotropic counter-anion) and the other resultsin
shortening of the retention times (competetion of
the buffer counter-cation with the analyte for the
ionized silanols). In previous studies for other au-
thors, the effect of chaotropic mobile phase addi-
tives on retention behaviour of basic drugs (beta-
blockers) on conventional RP-columns was stud-
ied*8, Hashem and Jird® have examined the re-
tention behavior of beta-blockers on monolithic
column and concluded that beside thetype and con-
centration of the buffer counter-anion the proper-
ties of the basic analyte especiadly its hydropho-
bicity have an effective role determining to which
extent thetype and concentration of chaotropic an-
ionwill affect the retention of the protonated basic
analytes and thiswas confirmed by the results of J.
Flieger®d. The role of chaotropic mobile phase
additives was studied for separation and determi-
nation of ropinirole and itsimpuritiesd™ aswell as
a mixture containing levodopa, carpidopa,
entacaptone and their impurities'?,

It was recommended in a previous study!*Jthat
the effect of chaotropic mobile phase on the reten-
tion of basic analytes other than beta-bl ockers should
be studied on different stationary phases. Hashem
and Jird™ were surprised with the results in which
increase in buffer concentration led to increase in
retention factor of tricyclic neuroleptics on
calixarene stationary phase then decreased with fur-
ther increasein buffer concentration. Thereforeit was
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important to compare among threetypes of columns
including calixarene and monolithic stationary phases
concerningwiththeeffect of thechaotropic mobilephase
additivesonretention behavior of selected basic, acidic
and neutral analytes and thisisthe main goal of this
paper.

Calixarenes are macrocyclic molecules includ-
ing phenol units linked by alkylidene groups and
belong to the class of [1n] cyclophanes. They have
the ability to make reversible complexes with met-
als and organic moleculeg?>19,

Monolithic columns were introduced as an al-
ternative to particle-based columns and are made
of asingle porous piece (rod). Using organic poly-
mer as polymethacrylate and polystyrene or inor-
ganic polymer as silica and through a polymeriza-
tion process these rods are prepared. These col-
umns possess a biporous structure consisting of
larger macropores (2 um) permitting high flow rates
with low back pressure and smaller mesopores (13
nm) ensuring a high surface area for high effi-
ciency!*.

EXPERIMENTAL

Chemicals

HPLC grade methanol (MeOH) was purchased
from Mallinckrodt Baker B.V.(Deventer,
Netherland). Acetonitrile (ACN) was HPLC grade
and purchased from LGC Promochem (Wesel, Ger-
many). Water was deionized and doubly distilled.
Sodium hydroxide, perchloric acid, phosphoric acid,
sodium perchlorate and sodium dihydrogenphosphate
were purchased fromMerck KgaA (Darmstadt, Ger-
many).

Analytes

Triamcinolone was obtained from Schering AG
(Berlin, Germany). Acetyl salicylic acid is obtained
from Sigma. Perazine, Chlorpromazine and Pro-
mazine werefriendly supplied by Tropon (Cologne,
Germany).

Equipments
HPLC
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C : Promazine (pKa = 9.73)

Chemical structure of the examined neuroleptics

Agilent HPLC series 1200 (Agilent technologies,
Germany) consisting of solvent pump (model
G1311A), autosampler (model G1329A), column
compartment (model G1316A) and UV detector
(model G1314A).

pH-meter

Knick Elektronische Mefigerdite GmbH & Co.
(Berlin, Germany).

Analytical columns

Chromolith® Performance RP-18e, 100 x 4.6 mm
|.D. (friendly supplied by Merck KGaA (Darmstadt,
Germany). CALTREX®AIE column (250 x 4 mm
1.D.) was friendly supplied by Syntrex GbR
(Greifswald, Germany). The calixarene stationary
phase contains silica-bonded calix“arene (basic
silica: endcapped Kromasil Si 100 A° pore diam-
eter, 5 um particles; manufacturer: EKA Chemicals
(Bohus, Sweden). C18 Kromasil 125 mm and 5 pm
particles packed and supplied by Syntrex GbR
(Greifswad, Germany).

Hralytical CHEMISTRY o

Chromatography

Theexperimentswereperformedwithisocraticelu-
tion mode. The binary mobile phase consisted of dif-
ferent proportions of MeOH or ACN in the aqueous
solution. Thetwo componentsof mobilephase (ag. and
organic) weremixed 1% timeinside the apparatus. pH
valueswere measured in ag. component of themobile
phase. Phosphoric acid and perchloric acid were used
for pH adjustment in case of NaH,PO, and NaCIO,
respectively. The eluentswere degassed with helium
gasbeforerunning. In all cases, the column tempera-
turewas set at 40 °C. The hold-up times (t,) were de-
termined viaMeOH peak under each mobile phase
composition. Detection wasachieved a 254 nm.

RESULTSAND DISCUSSION

In this study severa experiments were carried
out, in all of them the concentrations of counter an-
ions (H,PO,” and ClO,) were gradually increased
and the changes in retention factor of examined
analytes were observed. In all cases mobile phase
of pH 3.5 is applied. This pH vaue is lower than
the pKa values of the used neuroleptics ensuring
completeor partia protonation of theanayteswhich
Is very important for ion-pair complex formation
between buffer counter-anion and basic analytes cat-
ion.

It can be seen that in case of using methanol as
organic modifier (Figure1A-Cand TABLE 1) rais-
ing of NaH,PO, concentration in the mobile phase
leads to increase in K'-values of neuroleptics (ba-
sic analytes) on Kromasil and monolith stationary
phases. Using caltrex as stationary phase, K'-val-
ues of neuroleptics increase when NaH,PO, con-
centration in the mobile phaseincreasesintherange
of 1.562-12.5 mM and then decrease with further
increase in NaH, PO, concentration in the mobile
phase.

For the three columns the increase in NaH,PO,
concentration in the mobile phase did not lead to
significant changein K'-valuesof the neutral analyte
(Triamcinolone) and acidic analyte (Acetyl salicylic
acid).

Bliesner and Sentdl ¥ suggested that different or-
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Figurel: Behavior of k'-values of analytesupon increase
in NaH,PO, concentration using 65% MeOH as organic
modifier; A : On Kromasil C-18 RP; B : Monalithic
stationary phase; C : Caltrex AIE stationary phase

ganic modifierssolvatetheakyl ligandsof the station-
ary phase to different extents. S.Kunsagi-Mat¢ et
al."¥ postul ated that the solvent affectsthe stability of
the complex between calixarene and drug; sincethe
solvation energiesare proportiona to the solvent per-
mittivity, asolvent of high permittivity leadsto ade-
creased stability of theinclusion complexes. LoBrutto
et al.¥ Pointed out that dueto its ability to form hy-
drogen bonds MeOH may actually participateinthe
analyte solvation asif compared with ACN, there-
fore, andyte solvatation with methanol would increase
theana yte hydrophobicity and aid in anayteretention
process (using conventional C18-RP column). Inthis
casg” the presence of methanol moleculesandincrease
of perchlorate anion concentration produced asyner-
gistic effect on the anayteretention. Thismaybetrue
for the conventional RP-columnsbut for calixareneit
will bedifferent becauseit differsfrom the conven-
tional RP-columninthat it canform reversible com-
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plexeswith the anal yteg 59,

Using NaH,PO, /ACN (Figure2A-Cand TABLE
1) theincreasein the concentration of thesalt inthe
mobile phasefrom 0to 25 mM leadstoincreasein
K’-values of Perazine while further increase in the salt
concentration in the mobile phaseresultsin decrease
in K’ -values of Perazine. At too low concentration of
salt inthe mobile phase Perazine el utes before Pro-
mazine and Chlorpromazinein case of Caltrex and
Kromasi| stationary phaseswhileat greater concen-
tration of saltinthemobile phase Perazine d utes after
Promazine and before Chlorpromazine. In case of
Monolith stationary phasethe el ution order isthesame
at all concentrations of the salt in the mobile phase
(Promazine, Perazine and then Chlorpromazine). In
case of Monolith stationary phasetheincreaseinthe
concentration of NaH_PO, in the mobile phaseleads
to unclear increase in K’'-values of Promazine and
Chlorpromazine. In case of the other two station-
ary phases the increase in the concentration of
NaH,PO, in the mobile phase leads to decrease of
K’-values of Promazine and Chlorpromazine. The
increase in the salt concentration in the mobile
phase does not significantly change K’-values of
Triamcinolone and Acetyl Salicylic acid. The elu-
tion order of Triamcinolone and Acetyl Salicylic
acid onthethree columnsin case of NaH,PO,/ACN
is different from that in case of NaH,PO,/MeOH
and NaClO,/MeOH (Figure 1, 2 and 3). So it is
clear that use of ACN instead of MeOH could be
the main reason for the different elution order of
Triamcinolone and Acetyl Salicylic acid and that
of Perazine by low concentration of salt in the mo-
bile phase. The different behavior of Perazine than
other two neuroleptics can be attributed to itslower
pKavalue?’, Roseset a.[? postul ated that the pKa
of basic compounds is shifted to lower value and
pH of the aqueous phase increases under addition
of organic modifier to the mobile phase. Thesetwo
factors result in presence of perazine, which has
lower pKathan the otherstwo neuroleptics, in partia
or even unionized form and henceincreaseitshydro-
phobicity.

It wasfound that the differences observedinthe
analytesretention by increasing the salts concentra-
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TABLE 1: Effect of mobile phase compositon and stationary phase type on retention of analytes
M obile phase Salt k’
conc. Caltrex AIE Monolith Kromasil C-18
(mM) TR ASA  PER  TRI ASA  PER  TRI ASA  PER
0.781 * * * * * * 0490 0870 0.863
1562 0777 1051 1485 0480 0576 1.680 0465 0865  0.957
(A) 6.25 0.768 1010 1562 0444 0571 2285 0448 0.882 1424
NaH,PO, 12.5 0721 0951 1886 0448 0585  2.606 * * *
and ACN 25 0.744 0927 1933 0443 0495 2820 0495 0846 1558
50 0779 0927 1904 0443 0464 2803 0468 0823 1439
100 0.746 0819 1669 0430 0459 2409 0461 0786  1.223
1562 0450 0.347 1134 0893 0468 3.095 0503 0463 1.381
3.125 * * * * * * 0498 0448 1533
(B) 6.25 0449 0340 1167 0903 0428 4526 * * *
NaH,PO, 12.5 0459 0282 1222 0905 0.395 5048 0498 0434  1.809
and MeOH 25 0442 0249 1205 0915 0357 5546 0497 0403  1.950
50 0431 0231 1187 0911 0335 5795 0484 0.387 2053
100 0421 0230 1161 0916 0299 6074 0433 0344 2063
1562 0429 0584 0429 0153 0301 0347 0425 0800 0.606
6.25 0397 0603 0630 0169 0299 0523 039% 0783 0.758
(©) 12.5 0424 0630 0766 0218 0341 069 0381 0775 0.89%
25 0422 0648 0908 0176 0301 0751 0358 0755 1.035
NaClO,4 50 0403 0658 0921 0193 0326 0911 0317 0748 1185
and ACN 100 0401 0651 1.008 0181 0324 1033 0347 0757 1.243
1562 0597 0419 1353 0522 0325 1725 0.387 0373 0.756
6.25 0600 0469 1576 0531 0329 2423 0369 0360 0.977
©) 12.5 0604 0473 1680 0531 0339 2728 0366 0360 1078
NaClO, 25 0600 0450 1744 0538 0351 3063 0364 0367 1178
and MeOH 50 0585 0438 1806 0539 0346 3339 0357 0358 1261
100 0584 0421 1915 0529 0336 3531 0351 0335 1333

Conditions for: CaltrexAlE : A: NaH,PO,/ 40% ACN; B: NaH PO,/ 70% MeOH; C:NaClO,/ 55% ACN; D: NaClO,/ 65%
MeOH; Monoalith: A: NaH,PO,/ 40% ACN; B: NaH,PO,/ 35% MeOH; C:NaClO,/ 40% ACN; D: NaClO,/ 50% MeOH; Kromasil
C-18: A: NaH,PO,/ 45% ACN; B: NaH PO,/ 65% MeOH; C:NaClO,/ 50% ACN; D: NaClO,/ 70% MeOH

tion (having different types of anions) may beattributed
to theextent of anionshydrationwhich differsfromion
toion.

The anion that was least capable of being sol-
vated leadsto greatest disruption of the analyte sol-
vation and hence the increase of the analyte hydro-
phobicity. Dihydrogen phosphate anion in agueous
environment ishighly solvated duetoitshydrogen bond-
ing cgpabilities. Perchlorateanion hasfour dectronwith-
drawing oxygen atomswhich |ead to delocali zation of
the charge density. Hence being lower solvated than
dihydrogen phosphate anion(®.

Hralytical CHEMISTRY o

In case of NaClO,/MeOH (Figure 3 A-C), in-
creaseinthe salt concentration of the mobile phase
leads to increase in K’'-values of the three
neuroleptics. At too low concentration of CIO,
(1.562 mM) Chlorpromazine and Perazine co-eluted
and by increasein the salt concentration in the mo-
bile phase they give two separate peaks. For the
three columnstheincreasein NaClO, concentration
inthemobile phase does not lead to significant change
inK'-valuesof theneutra anayte (Triamcinolone) and
acidicanayte(Acetyl sdlicylicacid). Itisnoticed dso
that the el ution order in case of NaH,PO,/MeOH and
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Figure 2: Behavior of k'-values of analytes upon increase
in NaH,PO, concentration using 45% ACN as organic
modifier; A : On Kromasil C-18 RP; B : Monalithic
stationary phase; C : Caltrex AIE stationary phase

NaClO,/MeOH isthe sameon thethree columns. In
case of NaCIO,/ACN (Figure 4 A-C) elution order
of Triamcinoloneand Acetyl Salicylicacidistill dif-
ferent from the first two cases (in which MeOH is
used). Onal of three columns Perazine el utesbefore
Promazine and Chlorpromazine oppositeto thefirst
two cases. Opposite to in case of NaH,PO,/ACN
theincreasein the concentration of perchlorate leads
toincreasein k™-vaues of neurol epticson the columns.
Thereisno clear changeink'-valuesof Triamcinolone
and Acetyl Salicylic acid upon theincreasein per-
chlorate concentration.

It can be noted that in case of NaClO, (Figure 3
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Figure 3: Behavior of k'-values of analytes upon increase
in NaClO, concentration using 70% MeOH as organic
modifier; A : On Kromasil C-18 RP; B : Monolithic
stationary phase; C : Caltrex AIE stationary phase

and 4) theincreasein k’ by increasing in salt concen-
trationishigher thanthat in case of NaH,PO, (Figure
1 and 2). Thiscan be explained according to Jones et
al.l¥ as they found that perchlorate is stronger
chaotropic agent than dihydrogen phosphate.

CONCLUSIONS

The counter anion has been found to have high ef-
fect on separation of basic compounds. Thetypeand
concentration of these anionsare essentia to determine
inwhich extent the retention factor of the basic com-
poundswill change. Theresultsindicated that thetype

— %na[yttca[ CHEMISTRY
ﬂaVMnW



Retention behavior of selected basic, acidic and neutral analytes

ACAIJ, 15(8) 2015

310
Full Poper ——====
457 A
4 J—
3,5 B K /
//X‘
39 P
K 25 / .
2 ,.,r"*"”"””"”77_7””_777
1,51
1 o ,7%7*—****_”%(; — X
e e o e
0 T

0 20 40 60 80 100 120

I

|

\
*
w

»

, b e
K x e
3 e
/(/X"
/
/
2 Z‘/(
. S m—"
A -
1 /‘
-~ -~ = .
0 ; |
0 20 40 60 80 100 120
Concentration of NaClO, (mM)
3
— o
28 O
L st T
/’/ c
“ I 3¢
%_,He)/)&-
5 ,/(
K S
A&
! "/A/‘/
L

40 60 80 100 120
Concentration of NaClO, (mM)

Figure4: Behavior of k'-values of analytesupon increase
in NaClO, concentration using 50% ACN as organic
modifier; A : On Kromasil C-18 RP; B : Monalithic
stationary phase; C : Caltrex AIE stationary phase

of the used stationary phase plays an important role
with the other factors. The effect of chaotropic addi-
tiveson theretention of basic compoundsisof practi-
cal importance because of their potentia for improve-
ment towards HPL C method development. Thereten-
tion of theacidic and neutral analytesdoesnot change
uponincreasein salt concentration in mobile phase.
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