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Abstract

Non-aqueous capillary electrophoresis (NACE) may provide a selectivity enhancementin separations since the analyte dissociation constants
(pKa) in organic media are different from those in aqueous solutions. In this work, we have studied the inversion in mobility order observed
in the separation of tertiary (imipramine (IMI) and amitryptiline (AMI)) and secondary amines (desipramine (DES) and nortryptiline (NORY))
in water, methanol, and acetonitrile. We have determinedkhe/alues in those solvents and the variation of dissociation constants with the
temperature. From these data, and applying the Van’t Hoff equation, we have calculated the thermodynamic padraatehsS. The K,
values found in methanol for DES, NOR, IMI, and AMI were 10.80, 10.79, 10.38, and 10.33, respectively. On the other hand, in acetonitrile
an opposite relation was found since the values were 20.60, 20.67, 20.74, and 20.81 for DES, NOR, IMI, and AMI. This is the reason why a
migration order inversion is observed in NACE for these solvents. The thermodynamic parameters were evaluated and presented a tendency
that can be correlated with that observed &g, palues.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Briefly, the solvent relative permittivity, is the major factor
that governs ion interactions. Solvents witk 10 have no
Non-aqueous capillary electrophoresis (NACE)3] has practical use since very little or no ionic dissociation takes
emerged as an alternative to obtain good separations of hyplace. For 10 < <30, in which ionic dissociation occurs, ion-
drophobic analytes without using special additives such aspair formation is the dominant effect. The solvent viscosity
surfactants, cyclodextrins or complexing aggAtsg]. Sev- directly affects the mobility of ions and thus the electroos-
eral studies have been carried outin order to explain the phys-mosis. However, the viscosity itself cannot be studied sepa-
ical chemistry involved in electrophoretic separations where rately since changes in solvent composition also affect other
background electrolytes (BGESs) are in presence of organicmedium properties such as the electrical permittivity and the
solvents[7-12]. The first studies have focused on the bulk zeta potential4,13,14]
solvent properties, e.g., viscosity and dielectric constants of  Other important issue in NACE study is the observation
organic solvents and how these properties could affect elec-that the analyte ionization constants in organic media are
trophoretic behavior. different from those in agueous solutions. The mobility of
In a recent review by Riekkolg?] the properties that af-  the analyte is a function of the mobility of the fully charged
fect electrophoretic behavior in NACE were summarized. species (actual mobility) and its degree of ionization, which,
in turn, is a consequence of the dissociation equilibrium.
* Corresponding author. Tel.: +55 16 3373 9965; fax: +55 16 3373 9983. 1 he dissociation equilibrium depends on the thermodynamic
E-mail addressemanuel@igsc.usp.br (E. Carrilho). stabilization of reagents and products. When shifting from
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aqueous to organic medium the equilibrium is mostly re- 2. Experimental

lated to the solvent ability in stabilizing charged species.

In a series of paperd2,15-18] Kenndler and co-workers  2.1. Chemicals

reported that the analytekp values are larger in almost

all organic solvents commonly used in NACE when com-  All chemicals and solvents were analytical grade.
pared to aqueous media. The theoretical interpretation for Methanol (MeOH), acetonitrile (ACN), perchloric acid
this observation is based on the concept of transfer activ- (70%), and acetic acid were purchased from Merck (Darm-
ity coefficient that consider all species involved in the acid- stadt, Germany). Ammonium acetate, sodium tetraborate
base equilibrium. A detailed description of such model in the (NapB4O7-10H,0), and sodium hydroxide were purchased
context of CE can be found if14] and the references cited from Mallinckrodt Baker (Xalostoc, Mexico). The amines
within. standards were purchased as hydrochloride salts from differ-

Since there are several organic solvents with different ent suppliers as follows: imipramine (IMI) and desipramine
physical and chemical properties, thi pof a single ana-  (DES) from Ciba—Geigy (& Paulo, Brazil), amitryptiline
lyte can present different values within quite different scale (AMI)from Sigma (St. Louis, USA), and nortryptiline (NOR)
ranges depending on the medium. Therefore, the selectivityfrom Sandoz (8o Paulo, Brazil). Mesityl oxide was obtained
can be enhanced using different pure organic solvents or theirffrom Rhodia (%0 Paulo, Brazil).
mixtures to achieve separations that are impossible to obtain
in aqueous media. The pH scale is particular for each solvent2.2. Sample and BGE solutions
and solutions with well-defined pH can be prepared accord-
ing to the Henderson—Hasselback equation (@j}). if the Both analyte stock solutions (2mgmt) and analyte
pKa of the BGE in that solvent is knowi3]. mixtures (10Qug mL~1 for AMI and NOR, 50ug mL~1 for
IMI and DES) were prepared in methanol and used through-
out the work.

For pKa determination in aqueous medium 20 mM sodium
borate buffer solutions were prepared with pH 9.0, 9.5, 10.0,
and 10.5. BGEs used were prepared with acetic acid (and
ammonium acetate), whosek}) in ACN, and methanol

When studying the electrophoretic separation of aliphatic are, respectively, 9.7 and 2249]. In ACN, the acetic acid
amines using different aqueous and organic media, an in-concentration was fixed in 1 M and the ammonium acetate
version in migration order is observed. An example of concentration was varied from 10 to 70mM (10, 25, 50
this behavior was reported by Bjornsdottir and Hansen and 70 mM), giving the pH 20.4, 20.8, 21.1, and 22.25,
[4,7] who separated primary, secondary and tertiary aminesrespectively. For methanol the pH of BGE solutions were
with closely related structures. In methanol, dimethylfor- 10.0 (20 mM acetic acid and 40 mM ammonium acetate), and
mamide, dimethylacetamide and dimethylsulfoxide media, 10.5 (20 mM acetic acid and 126 mM ammonium acetate).
primary amines eluted first, followed by secondary and ter-
tiary amines. On the other hand, in acetonitrile axd 2.3. Instrumentation and CE procedures
methylformamide the migration order was inversed, i.e.,
tertiary amines were followed by secondary and primary  CE experiments were carried out in a#f€E instrument
amines. (Agilent Technologies, Waldbronn, Germany) equipped with

A detailed understanding of the dissociation equilibriain- a diode-array detector. Analytes were monitored at 214 nm
volved in the inversion phenomena may help to construct a with a bandwidth of 16 nm. A fused silica capillary of 46.5 cm
model that allows the prediction of separation behavior in (38 cm to the detection window) 50 um i.d. was used and
NACE. In this work, we have studied the effect of the disso- samples were introduced hydrodynamically with 50 mbar by
ciation equilibrium on the separation of tertiary (imipramine 10s and separated under 25 kV.
and amitryptiline) and secondary amines (desipramine and The determination of I§; by CE is based on the depen-
nortryptiline) in water, methanol, and acetonitrile. We have dence of the analyte electrophoretic mobility as a function
determined the I, values in those solvents and the vari- of the medium pH. A detailed description of the CE-based
ation of dissociation constants with the temperature. From method for Ky determination can be found elsewhere
these data and applying the Van't Hoff equation (g&])) we [12,17] First, the analyte mobilities were measured ac-
have calculated the thermodynamic parametdfisand A S, cording to the method by Williams and VigR0]. In the
which may help to elucidate the inversion in mobility order first step, a sample plug containing the analyte and the
observed in NACE. electroosmotic flow (EOF) marker (mesityl oxide) was

injected and transferred into the thermostated region of the
capillary by applying pressure. It is important to ensure that
AS AH1 @ the electrophoresis will take place within the thermostated

hK=—- —= . . : . L
R R T region of the capillary since in most of commercial instru-

[R3N]

RaNHI W

pH = pKa+ log
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ments the capillary ends are not under temperature control.We have used two and four data points (measured in tripli-
Furthermore, it is known that the temperature inside the cate) for methanol and ACN, respectively for the non-linear
capillary is not exactly the same as that measured by thecurve fitting.

instrument cooling system due to Joule effect and the radial The use of Eq(3) for pKa determination implies that the
heat diffusion. However, since we have worked with organic ionic strength should be low and constant. However, the elec-
media, the current during the electrophoretic step was quitetrolyte solution may have a sufficient buffer capacity in order
low, i.e., less than 30A for ACN-based BGE (under 25kV),  to hold the pH in the presence of the sample. Therefore, a
therefore such atemperature difference could be neglected. Ifcompromise between low and constant ionic strength and an
needed, approaches to calculate the actual temperature insidadequate buffer capacity of the electrolyte is requig].

the capillary can be found elsewhdgd]. With the analytes  In the present work, we did not perform all determinations
inside the thermostated region, a run voltage was applied al-using a constant ionic strength because, in order to adjust to
lowing the analyte and the EOF marker to be separated. Next,a desired pH, a varied amount of salt content was needed. To
a second sample plug containing only the EOF marker wasevaluate the variation in mobility values due the change on
injected, and finally all three bands were mobilized through the ionic strength we have determined the mobilities in ACN
the detection window by pressure. The electrophoretic and methanol, at the same pH values with different ionic
mobility of the analyte was calculated using the distance strengths. In ACN, we determined the mobilities in the pH
between the analyte peak and the EOF marker from the first21.10 ationic strengths 5 and 50 mM. In methanolic medium,
injection. Pressure delay time (0.1 min), pressure ramp-up we determined the mobilities in the pH 10 ationic strengths 4
time (0.01 min), and voltage ramp-up and rump-down times and 40 mM (data not shown). The observed variation in mo-

(both 0.05 min) were considered in the calculations. bility values was slightly larger than the experimental error

The Kavalue was determined by fitting a sigmoidal curve, inherent to the measurement (triplicate). However, such vari-
represented by the (ER)), in a plot of electrophoretic mobil-  ation when applied to the mobility curve (mobility versus pH)
ity versus pH. The non-linear regression tool from Microcal for pK5 determination, is not statistically different from the
Origin 6.0 (Northampton, USA) was used. error in the fitting process (determination dfvalue). Fur-

fact thermore: evenifthe d(_atermin_e(_:i va_lue dpes not presentan ex-
Heff = 10“"**‘—“(3)“ 3) tremely high accuracy its precision is reliable enough to allow
us to conclude that the relative order of the values is correct.

whereuess is the effective mobility andiact the actual mo- In order to assess thermodynamic parametard and
bility (fully charged analytes). AYS), the variation of dissociation constants with the temper-

In principle, the determination of only two electrophoretic ature was evaluated by determining th&at 16, 20, 25, 30,
mobility values is sufficient for i determination of basic  and 35°C.
analyte§12,17] The first at low pH, where the amine is fully
protonated (actual mobility), and the second at a pH value
where it is partially ionized. The actual mobilities were mea- 3 Results and discussion
sured in 7.9 mM perchloric acid solutions in water, methanol,
and ACN. In all cases the pH was close to 2 since perchloric 3.1, Selectivity and pkdetermination
acid is a strong acid in these medi2]. A third mobility
value equal to 0 is obtained in pH about four units above the ~ The compounds presentedTiable lare secondary (DES
pKa, where the analyte is completely deprotoned (neutral). and NOR) and tertiary (IMI and AMI) amines with similar

Table 1
Structure and properties of model amines used in this work
Properties Compound
Imipramine Desipramine Amitryptiline Nortryptiline
N/ -
N HN \N/ HN/

Structure I N I I \ | I [ I I | I
M (g mol1) 2804 2664 2774 2634
pKa in water (Merck Index) %0 1020 940 1008
pKa (determined in)

Water 945 1022 941 1010

MeOH 1038 1080 1033 1079

ACN 20.74 2060 2081 2067
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80 by tertiary amines. On the other hand, in ACNd. 1C) mi-
EOFM gration order was completely inversed, tertiary amines were
followed by secondary amines.

In order to understand the migration order observed for
secondary and tertiary amines in the different solvents we
have determined the{y of the AMI, IMI, NOR, and DES in
aqueous buffer, MeOH and ACN electrolytes using the CE
method[20]. The results are presentedTable 1 The Ky
values found for the amines in aqueous buffer are in good
agreement with the literature thus confirming the reliability

48 30 36 of the CE method used forKp determinationFig. 2 shows
the obtained fitting curves for amitriptyline in both ACN
1254 and methanol media. Thég values of the amines found in
NOR organic media were larger than those in water, as expected
100 AMI : ; :
=) according to the theoretical model based on the transfer activ-
é s EOFM ity coefficientg14]. Furthermore, thelg, values in ACN are
g NG larger than in methanol. This behavior is related to the change
_& 801 M of the ionization constants in non-aqueous media relatively
g 25 to water and reflects the stabilization of the particular species
[ | by the solvents. Secondary and tertiary amines are basic
0 compounds, which accept a proton to form an acidic cation

A (RsN™H). The acid-base equilibrium, which takes place for

B : - , . N
Er = 8 0 2% e such an acidic cation under solution is described in(&y.
200 NOR R3NTH = RgN + HT (4)
AMI
150 As assumed in the theoretical model extensively described

EOFM by Kenndler and co-workeid4,15]to support CE results,
the K variation depends on the transfer activity coefficients,
my, Of the species involved in the equilibrium. The E§)

Signal ., . (mAU)
3

S : o <
504 imi || B&S descrlbesthelpavarlatlon (ApK},g) observed when shifting
jb J[ from water to any organic solvent.
0
(— _ prsolvent water __ (m¥+)(myB)
25 30 35 40 6 8 10 APKhgt = PKangt — PKapgr = Iog|: mYuB+
(®)] Time (min) (5)
Fig. 1. Separation of amines in (A) aqueous buffer (20 mmdl lbo- Inthe case of acidic cations (HIg the contribution of neu-

rats, 5p|—| 10?;L(§3) me;hano'ld ele(}:trzjlli/tg (160dmrgollLarr;m9tn?ltJm ‘I':tcettatle tral molecules to thelg, variation may be neglected since itis

an mmol L+ acetic acid, .2); an acetonitrile electrolyte : o

(50 mmol L=t ammonium acetZte and imcfrtafce)tic acid, pH 21.1). Th)e/t small when compar_e_d with those ofionic S_pe(tJirbe. There-

underline/italic labels refer to secondary amines. Analyses were carried outfore' the solvent ability to solvate only cations'(&ind HE)

in a 46.5 cm (38 cm to the detection windowBsOum i.d. fused silicacap- ~ determines the extension oKp variation. ACN has almost

illary. The samples were injected by pressure (10's, 50 mbar) and separatecho ability to solvate catiorjd 4], what means that this solvent

under 25kV. Amine cqncen?rations: AMI and NOR 10§ mL~%; IMI and cannot accept the'Hrom the acid RNH". According to this

DES 50ugmL~". Mesityl oxide (0.5%, vh/) was used as EOFM. model, the [, is expected to be larger as the basicity of the
solvent decreases. In conclusion, our results are in agreement

structures. Using aqueous electrolytes, the separation of theseavith this theoretical model since ACN is far less basic than

four amines could not be achieved in a broad pH range andMeOH.

using different BGEs (data not shown), nor even in a pH  Acloserlook to the g4 values revealed that the secondary

close to the analyteify values Fig. 1A) where the selectivity ~ amines presentedp values larger than the tertiary amines

in CZE is supposed to be optimg]. Using non-aqueous in MeOH. On the other hand, in ACN an opposite relation

background electrolytes the separations could be obtainedis found. This behavior is likely the answer to the migration

partially [4,7] or even completely23,24] order observed.

A curious fact concerning these analytes in NACE is the  The theory of transfer activity coefficient concerns on a
fact that the migration order is different depending on the or- change in K, when going from water to an organic sol-
ganic solvent. Anillustration of this fact can be seeRiig. 1 vent but do not anticipate quantitatively the extension of such
In MeOH (Fig. 1B) secondary amines eluted first, followed change unless experimental measures are used. It means that
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Fig. 2. Fitted curves of amitriptyline forify determination according to E(B). (A) ACN medium and (B) methanolic medium. Experimental conditions for

each data point are described in Secon

an inversion of [, order cannot be intuitively drawn from  plied to the Van't Hoff equation (Eq2)) [25]. This equation
such a model before experimental data, suchkagrmea- relates the equilibrium constant with the temperature. Assum-
surements, are available. On the other hand, it is well known ing thatAH and ASare constant in the temperature range, a
that solvent interactions with the analytes play an important plot of InK versus 1T yields a straight line. The parameters
role in mobility behavior since the basic nature of amines AH andAScan than be obtained, respectively, from the slope
depends on such interactions. Basically, the basicitykgfyp ~ and intercept coefficients.
order relies on the solvation power of the charged and neutral The measurements were carried out for all four com-
amine species, which in turn result from steric and electronic pounds in acetonitrile and methanol in temperatures ranging
inductive effects of the substituents. from 16 to 35°C. The results are presented Fing. 3 and

In aprotic protophobic solvents such as ACN, the interac- Table 2

tion with the solvent plays a less important role and the elec-

of forming hydrogen bonds, donating or accepting a proton
makes the interaction between solvent and amines the most
important factor. In this case, secondary amines are more ba-
sic than the tertiary since the former interact more closely due
to lower steric effect from the substituents. Nevertheless, if
one takes the example from the work by Hansen and co work-
ers[4], the inversion order was also observed for solvent pairs
as similar as dimethylformamide aNdmethylformamide. In
such a case, it is not straightforward to use the explanation
described above to predict the basicity without experimen-
tal measures. Therefore, the approach presented in this work
might be followed by other groups interested in getting ex-
perimental K5 or basicity series.

In conclusion, it is clear that the analyt&pin each sol-
vent is responsible for the migration order inversion. In order
to understand better the thermodynamics of su€h yari-
ations, we have tried to measure the enthalpic and entropic
contributions associated to the dissociation process.

3.2. Determination of thermodynamic parameters

The determination of the thermodynamic paramet&ts,
andAS was performed by determining th&pof each com-

It is of basic knowledge that the thermodynamic param-
tronic inductive effect prevails. Therefore, tertiary amines are etersAH and ASindicate the spontaneity of an equilibrium
more basic (higherlg,) than secondary amines due to higher process[26]. In Fig. 3 each analyte pair (the tertiary and
number of alkyl groups attached to the nitrogen. On the other the respective secondary amine) thel and AS have val-
hand, in methanol, an amphiprotic solvent, the possibility ues ininverted order regarding the solvent. For instance, IMI

AH (kJ mol™)

=

- AS (J mol'K™")

(B)

304

N
o
1

-
o
1

0 IMI

DES

-104

Acetonitrile Methanol

Acetonitrile  Methanol

500

IMI

400+

300+

200+

1004

DES

IMI

%

DES:

S AMI

NOR

il

Acetonitrile  Methanol

Acetonitrile  Methanol

pound at different temperatures. From these values the re—ig. 3. variation of enthalpyAH (A) and entropyAS(B) calculated for the

spective equilibrium constant&,, were calculated and ap-

compounds in methanol and acetonitrile.
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Table 2 hydrogen bonds between analytes and the solvent. The en-
Thermodynamic parameters for all studied analytes determined in acetoni-tropiC variation might be related to variations in the system
trile and methanof=298 K) order since this solvent is supposed to be fairly organized, for

Solvent Compound AH (kI mol 1) TAS(kJmol?) instance, in a hydrogen-bond network.
AMI -17 -120.5
ACN IMI —4.9 —124.0
NOR 144 -103.3 _
DES 267 -91.4 4. Conclusions
AMI 28.0 -29.1 _
hanol M 19.3 _37.7 The secondary amines presentdd} palues larger than
Methanol  noR 229 -35.7 the tertiary amines when in MeOH. On the other hand, in
DES 54 —53.4 ACN an opposite relation is found. This is the reason why

a migration order inversion is observed in NACE for these
solvents. The thermodynamic parameters were evaluated and

(tertiary amine) has aH value lower than DES (secondary presented atendency that can be correlated with that observed
amine) in acetonitrile, while in methanol, th&H of IMI for pKa values. The entropic effect seams to play the major

is higher than DESKig. 3A). This trend is also valid for role in the dissoc_iation process in a(_:etonitrile. In me_thf';mol,
the pair AMI (tertiary amine) and NOR (secondary amine). _both, the entropic and the enthalpic effects are similarly
Furthermore, the same is observed for the paramagr 'MPortant.
(Fig. 3B).
Since the thermodynamic parameters represent the spon-
taneity of the equilibrium reaction, the inversion in their val- Acknowledgments
ues is likely to be the explanation for the inversion iKgp
values and the consequent inversion in the electrophoretic The authors acknowledge the financial support and fel-
mobility. lowships from FAPESP and CNPg. We are also thankful to
Another interesting feature regarding the equilibrium ther- Dr. Antonio Jo& da Costa Filho (IFSC/USP) andadoPedro
modynamics is the evaluation of the effect that governs the Simon Farah (IQ/USP) for fruitful discussions regarding the
process, the enthalpy or the entropy. According to 69. thermodynamic aspects.
an equilibrium process might be described by the Gibbs free
energy, which sums up the contribution of the enthalpic term,
AH, and the entropic ternT,AS The values of these param- References
eters are presented Tiable 2

[1] M.-L. Riekkola, M. Jussila, S.P. Porras, I.E. ValkJ. Chromatogr.
AG = AH —TAS (6) A 895 (2000) 155.

L . L . [2] M.-L. Riekkola, Electrophoresis 23 (2002) 3865.
In acetonitrile, the entropic contribution is much greater (3] s.p. porras, E. Kenndler, J. Chromatogr. A 1037 (2003) 455.

than the enthalpic one. Itis well established that ACN presents [4] I. Bjornsdottir, S.H. Hansen, J. Chromatogr. A 711 (1995) 313.
poor cation solvation ability and almost none capability to act [5] K. Sarmini, E. Kenndler, J. Chromatogr. A 792 (1997) 3.
as aproton donor or acceptor to form hydrogen bc[ﬁdsﬂf]. [6] J. Tjornelund, S.H. Hansen, J. Biochem. Biophys. Methods 38 (1999)
e . : 139.
Th(_ase characteristics indicate that the pOSS|_b|I|ty_of inter- (7] S.H. Hansen, J. Tjornelund, 1. Bjornsdottir, Trends Anal. Chem. 15
action between the analyte and the solvent is quite small. (1996) 175.
This means that the enthalpic contribution is supposed to [8] K. Sarmini, E. Kenndler, J. Chromatogr. A 806 (1998) 325.
be also small, as experimentally observed. Regarding the [9] K. Sarmini, E. Kenndler, J. Chromatogr. A 811 (1998) 201.
entropic term, the signal is negative for all analytes and [10] K. Sarmini, E. Kenndler, J. Chromatogr. A 818 (1998) 209.
the magnitudes are greater than the enthalpic term. It im- [L1] K. Sarmini, E. Kenndler, J. Chromatogr. A 833 (1999) 245.
. g ) g - ) p : 12] S.P. Porras, M.-L. Riekkola, E. Kenndler, Chromatografia 53 (2001)
plies that the dissociation process is not spontaneous an 290.
that somehow it increases the order of the system. Although[13] M. Grob, F. Steiner, Electrophoresis 23 (2002) 1853.
the AH for IMI and DES are negative, their values are [14] E. Kenndler, in: N.A. Gu_zmaq (Ed.), Capillary Electrophoresis Tech-
small in magnitude and the entropic contribution seams to nology (Chromatographic Science Series), vol. 64, Marcel Dekker,
.. . . L New York, 1993, p. 161.
be the driving force in the dissociation process for the four [15] K. Sarmini, E. Kenndler, J. Biochem. Biophys. Methods 38 (1999)
analytes. 123.
When methanol is the solvent, the enthalpic and entropic [16] S.P. Porras, P. Jyske, M.-L. Reikkola, E. Kenndler, J. Microcol. Sep.
effects are quite similar in magnitude indicating that there 13 (2001) 149. _
is not a predominant factor. Methanol is able to make sev- [17] S:P. Porras, M.-L. Riekkola, E. Kenndler, J. Chromatogr. A 905
. . ] . . . (2001) 259.
eral kmdg oflntermolecularmt_ergc'qons, including hyc_;lrogen [18] J. Muzikar, T. van de Goor, B. Gas, E. Kenndler, Anal. Chem. 74
bonds with the analyte and within itself. The enthalpic con- (2002) 428.

tribution could be assigned to the break and formation of [19] M.K. Chantooni, I.M. Kolthoff, Anal. Chem. 51 (1979) 133.



M.D. Cantu et al. / J. Chromatogr. A 1068 (2005) 99-105 105

[20] B.A. Williams, G. Vigh, Anal. Chem. 68 (1996) 1174. [24] M.D. Canfi, S. Hillebrand, M.E.C. Queiroz, F.M. Laas, E. Car-

[21] A.S. Rathore, J. Chromatogr. A 1037 (2004) 431. rilho, J. Chromatogr. B 799 (2004) 127.

[22] S.K. Poole, S. Patel, K. Dehring, H. Workman, C.F. Poole, J. Chro- [25] C.B. Castells, C. Bfols, M. Rogs, E. Bosch, J. Chromatogr. A 1002
matogr. A 1037 (2004) 445. (2003) 41.

[23] J.R. Veraart, M.C. Reinders, H. Lingeman, U.A.Th. Brinkman, Chro- [26] P.W. Atkins, Physical Chemistry, Oxford University Press, New York,
matographia 52 (2000) 408. 1998.



	Determination of the dissociation constants (pKa) of secondary and tertiary amines in organic media by capillary electrophoresis and their role in the electrophoretic mobility order inversion
	Introduction
	Experimental
	Chemicals
	Sample and BGE solutions
	Instrumentation and CE procedures

	Results and discussion
	Selectivity and pKa determination
	Determination of thermodynamic parameters

	Conclusions
	Acknowledgments
	References


