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Abstract

The enantioseparation of 2,2,2-trifluoro-1-(9-anthryl)ethanol on silica-bonded quinidine carbamate was examined under linear chromato-
graphic conditions. The significant impact of honselective adsorption on the retention was demonstrated. The influences of a polar additive
in the mobile phase on the retention, the selectivity and the thermodynamic quantities of the retention were measured. A small effect of the
pressure on the selectivity and on the accuracy of the thermodynamic measurements was observed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction either on the influence of the mobile phase composition. This
work deals with these issues.
Chiral stationary phases (CSPs) based on the use of quini-
dine and quinine carbamate derivatives are a relatively new
chiral anion-exchangers. These CSPs are advantageous fop. Experimental
the enantioseparation of chiral acids and particularly of N-
derivatized amino acidfl-3]. They were also shown to  2.1. Equipment and materials
separate the enantiomers of binaphthols under NPLC con-
ditions [2], which suggests a new field of applications of All measurements made in this work were made with
chinconan carbamate bonded CSPs, the separation of thehe HP 1100 liquid chromatograph (Agilent Technologies,
enantiomers of neutral compounds. The enantioseparation ofPalo Alto, CA) described earlidb]. Toluene—acetonitrile
2,2,2-trifluoro-1-(9-anthryl)ethanol (TFAE) on a quinidine solutions, with an acetonitrile concentration of 1, 2 and 3%
carbamate based CSP was previously demonstjéfe@he (v/v) were used as the mobile phase. Both solvents were
adsorption of these enantiomers from a toluene—acetonitrileHPLC grade from Fisher Scientific (Fair Lawn, NJ, USA).
(98:2, v/v) solution under conditions of nonlinear chromatog- (R)- and §)-2,2,2-trifluoro-1-(9-anthryl)ethanol and 1,3,5-
raphy was studied in detgb]. However, there were no data  tri-tert-butylbenzene (TtBB) were from Aldrich (Milwaukee,
on the adsorption of TFAE under linear conditions, making WI, USA). All the chemicals were used as supplied. The
incomplete this thermodynamic study and there were no datacolumn used was a 150 mg4 mm Chiris Chiral AX:QD1
column, from Iris Technologies (Lawrence, KS, USA). Itwas
packed with 5um silica particles on the surface of which
* Corresponding author. Tel.: +1 865 974 0733; fax: +1 865 974 2667.  quinidine carbamate was immobilized. The structure of this
E-mail addressguiochon@utk.edu (G. Guiochon). ligand is illustrated irFig. 1
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i Table 1
H s Silica . . -
Temperature dependence on the retention, separation and efficiency

T(K) pa) kg kg « NR®” Ng RS
1% acetonitrile
288 67 1532 1770 1.16 3790 3930 2.09
295 62 12.05 13.70 1.14 4050 4210 1.89
303 58 9.33 1042 112 4410 4510 1.67
313 53 7.04 7.74 1.10 4770 4790 1.44
2% acetonitrile
\CH3 288 60 10.76 12.35 1.15 4090 4220 2.01
295 55 8.91 10.08 1.13 4410 4520 1.85
303 53 7.24 8.08 1.12 4670 4760 1.67
313 49 5.67 6.25 1.10 4940 5000 1.45

0 -
Fig. 1. Structure of the quinidine carbamate chiral selector. 3% acetonitrile

288 68 9.80 11.07 113 3900 3980 1.74
295 63 794 886 112 4310 4370 1.62
2.2. Measurement of experimental data 303 6.32 695 110 4730 4710 1.44
313 595 486 529 109 5120 5070 1.25

All experimental data were measured ata 1 ml/min mobile 2 Inlet pressure. . o o _

phase flow-rate, at 15, 22, 30 and’4D The bands of TFAE aAé r:o?nﬁgggﬁhﬁ)c pf:a'lf retention timeywo s is width on half of height
were recorded at 330 nm, the peaks of TtBB at 280 nm. The “c'the  theoretical  expression: Ry = (N2, + k)2 + (k) +
sample volume wasjzl, the sample concentration 0.9 g/l for ) (@ — 1)/(« + 1)) was used, see rdB].
each pure enantiomer, 1.8 g/l for the racemic mixture. The
hold-up volume was derived from the retention time of TtBB. . TR .

. taneous decrease of retention and selectivity with increasing
The influence of the average column pressure on the reten-

. : . .~ "acetonitrile concentration shows that both types of sites are
tion of TFAE was measured with a mobile phase containing affected. The relative contribution of the selective adsorption
2% acetonitrile at 22C. The inlet pressure was adjusted by ) P

adding pieces of 0.0025in. I.D. capillary restrictors cut to the sites to the equilibrium constant, estimated from the data pre-

. . o
desired length downstream the UV detector. The pressure WasYIOUSIy published[5], shows that the contribution is30%

. ) and does not differ much for the two enantiomers.
;nuoggor;%ddighe pump outlet with the gauge of the HP 1100 The influence of the acetonitrile concentration on the two

types of sites suggests that at least part of the nonselective
sites are segments of the selector molecule that can take
part in polar interactions (e.g., donor—acceptor, H-bonding,
dipole—dipole) that are achiral. The low-energy of these sites

h ion of di cd q both th can be explained by two causes. First, there are strong inter-
The retention ofacompound in HPLC depends on both the actions between these sites and the solvent molecules. The

statlc?qary an tk;]e mgbne pha;es.hUnder Sll,JCh ex%er'mentakmportant effect of solvation on the adsorption energy on the
con fltlons t ?jt the & sdorptlog |sotherm IS mea:cr, the reter:j— surface of the stationary phase was assumed ef]ieBec-
tion factor () does not depend on the amount of compound 4 ‘+he highly energetic interactions involved with adsorp-

injected. Preliminary experiments showed that the sample i, o the high-energy sites require that favorable steric
amount used in this study fulfills this condition. The values

of K, the theoretical plate numbeN), the selectivity &)

and the resolution factoR() are listed inTable 1at differ-

ent temperatures. The column efficiency is modest, which
is common for similar column§3]. Yet, plate numbers of
4000-5000Table J and the absence of peak tailiffgd. 2)
prove that the mass-transfer kinetics is reasonablyFast2
illustrates the separation of the TFAE enantiomers at different
temperatures §)-TFAE is the more retained isomer. Despite
the small separation factor, the resolution is nearly complete
with mobile phases containing 1 and 2% acetonitrile at low
temperatures. It is notably worse at higher temperatures or 0-
with a higher acetonitrile concentration.

Itwas previously shown that there are two types of adsorp-
tion sites on this C_ZSP,_hlgh-energy enantloseleCFlve E_ind l_OW' Fig. 2. Chromatograms of racemic 2,2,2-trifluoro-1-(9-anthryl)ethanol,
energy nonselective sitgs]. The number of selective sitesis  sjig and dashed lines, respectively, at different temperatures. Mobile phase:
30-40 times lower than that of nonselective ones. The simul- toluene—acetonitrile (99:1, v/v).

3. Results and discussions
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Table 2

Enthalpies and entropies of TFAE at different acetonitrile concentrations

Acetonitrile AHR) (kd/mol)  AH(g (kJ/mol)  AAH (kJ/mol)  ASg) (J/(molK))  ASg (J/(molK)) TAAS (kJ/mol) AAGP (kJ/mol)
content (%, v/v)

1 —23.4 —24.8 —-1.4 —54 —58 —1.09 -0.32

2 —19.2 —20.4 -1.2 —42 —46 —0.90 —0.30

3 -21.0 —22.2 -1.2 —49 —52 —0.93 -0.27

a8 TAAS= AAH — AAG; T=295K.
b AAG=—RTIn(e); T=295K.

conditions take place, which might not be possible with some linearly by 2.3 and 2.5% fo)- and §&)-TFAE respectively,

of the selector conformers. resulting in a drop of of about 0.2%.
The thermodynamics of this separation were studied A change of the column temperature at constant flow rate
through van’t Hoff equation leads to a change of the inlet pressure due to the temperature
dependence of the eluent viscosifyable ). But Eq.(1) is
—AH® AS° - : "
Ink = + +in g 1) valid only at constant pressure and thermodynamic quantities
RT R derived from the data in the table are apparent values. The

influence of the pressure on the retention factor is complex,
involving thermodynamic, hydrodynamic, and experimental
aspects. The nature of this effect was comprehensively dis-
cussed in8,9]. Assuming thak is a function of only the

h pressureff) and the temperature one can write

whereAH® andA S’ are the standard enthalpy and entropy of
transfer of the solute from the mobile to the stationary phase,
or adsorption enthalpy and entrogyis phase ratio.

The Ink versus 1T plots (not shown) for both enan-
tiomers and for all mobile phase compositions are linear, wit
correlation factolR>0.999. The solute distribution process d In ¥’ <8 In k’> (a In k’) dp @

p

between the mobile and the stationary phases is exothermic gr aT p ),pdT
(Table 2. The absolute value of the adsorption enthalpy is
larger in the 1% acetonitrile solution than in the 2 and 3% The total derivative d Ik'/dT can be measured experimen-
solutions, which supports the assumption that the adsorp-tally but only the partial derivatived(n k'/aT), has a clear
tion sites are solvated by the polar modifier. The differences physical meaning. The data presented permit an evaluation
AAH = AH{ — AHgyy are small Table 3. Such low val- of the second term of E@2). It is of the order of 0.0001 K!
ues indicate that the separation does not take place becausat 22°C, in the interval of pressure studied. The estimate of
there is a different number of interactions between the two the total derivative on the left-hand side of Kg) is around
enantiomers and the chiral center. Rather, it suggests that the-0.03 K~1. Hence, the derivative)(n K/3T)p is less than the
enantioseparation is the result of minor differences in the sta-experimental value measured by orhp.3%.
bility of the adsorption complexes, differences that are caused
by steric factors.

Both the enthalpy and entropy of adsorption have the 4. Conclusions
same sign, thus they give opposite contributions to the free
energy of adsorption, the enthalpy contribution being preva-  Although originally developed for the separation of chiral
lent. However, the entropy term is relatively high, 66—70% acids in ion-exchange chromatography, the quinidine carba-
of the enthalpy termTAS). The physical explanation is mate CSP separates chiral arylcarbinols in the normal-phase
obvious, the energy released by the formation of an adsorp-mode. Thermodynamic measurements show that adsorption
tion complex is partially consumed in processes of struc- is slightly exothermic, with a value of the heat of adsorption
tural changes of the bulk solution and the surface layer. Thetypical of retention processes taking place in the liquid phase
contributions of the enthalpy and entropy terms to the free and accompanied with the formation of hydrogen bonds. The
energy difference AAG, are of the same order and have small differential adsorption enthalpy suggests that the chiral
the same signTable 2. Thus, the entropy term hampers separation is due to small differences in steric interactions
the separation which the enthalpy term assists. The corre-between either enantiomer and the selector. The adsorption
lation betweenAH® and AS’ shows that the stronger the mechanism is influenced by solvation. Both the enantiose-
adsorption complex formed, the more ordered the adsorptionlective and the nonselective sites are affected by a change in
layer. the concentration of the mobile phase modifier, acetonitrile.

In order to estimate the pressure dependen&eedperi- Surface solvation by toluene is also important, apparently on
ments were carried out (see Sect®)nAs could be expected  account of the shielding of the nonselective adsorption sites
from the relatively small size of the TFAE molec(i#®8], the [5]. The driving force for the transfer of the analyte from
pressure has almost no influence on the retention of TFAE the liquid phase to the surface of the CSP is the difference
nor on the separation of its enantiomers. As the inlet pressurebetween the energy of the eluate in the bulk solution and in
changes from 59 to 186 bars, the retention factor decreaseshe adsorption complex whereas the ordering processes of
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the system result in a loss of free energy that hampers theReferences
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