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Abstract

An organic buffer system will be discussed that is suitable for the separation of neutral as well as charged molecules be means of micella
electrokinetic chromatography (MEKC). The buffers are based on the combination of a long chain alkyl acid, such as lauric acid with
ammonium hydroxide or an organic base suctriashydroxymethylaminomethane (Tris). The resulting buffer system is able to separate
neutral compounds based on its micellar properties. These buffers exhibit much reduced conductivity compared to traditional MEKC buffers,
such as sodium dodecylsulfate (SDS), which contain inorganic salts. They also have inherent buffer capacity at high pH resulting from the
basic buffer component, which in our studies h&dvalues from about 8-11. The separations that were observed showed high efficiency
with plate counts in many cases above 500,000 plates per meter. The reduced conductivity allowed for the application of much higher electri
fields, resulting in very fast analysis times. Alternatively, an increase in detection sensitivity could be achieved, as the reduced conductivity
allowed for the use of capillaries with lager internal diameters. Combinations of different alkyl acids and organic bases provided for significant
flexibility in selectivity tuning. Finally, the fact that the organic micellar buffer systems discussed here do not contain inorganic ions, allows
for coupling with mass spectrometric (MS) detection. The possibility of MS detection combined with the high speed in analysis that can be
obtained using these organic buffer systems, could make this approach an interesting option for high throughput analysis of combinatoria
libraries.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tracted scientists as an alternative for the efficient separation
of small molecules based on electrophoretic as well as hy-
Capillary based liquid separation methods have received drophobic selectivity7]. This technique allows for the sepa-
wide attention over the past decade for their promise of im- ration of neutral as well as ionic species because a stationary
proved separation efficiency and reduced sample needs. Capphase is utilized and high efficiency is achieved due to the
illary electrophoresis (CE) for proteins, capillary gel elec- replacement of pressure driven flow with electroosmotically
trophoresis for DNA sequencing and chiral separations basedgenerated flow. Despite its potential of high efficiency and
on CE with chiral buffer additives have been some of the tunable selectivity, CEC has not yet gained recognition as a
success stories in this fie[d—6]. Recently, capillary elec-  rugged routine technique. This is mostly due to issues related
trochromatography (CEC), a hybrid technique between CE to capillary technology that have not yet been adequately re-
and high-performance liquid chromatography (HPLC) has at- solved relative to the mature technique of RP-HPLC.
Micellar electrokinetic chromatography (MEKC), dis-
* Corresponding author. Tel.: +1 781 994 0393; fax: +1 781994 0677.  Plays similar featuresto CEC, as micelles establish a“moving
E-mail addresswgoetzinger@arqule.com (W.K. Goetzinger). stationary phase” and charged micelles allow the separation
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of uncharged as well as ionic species. However, the micelle procedure. Sodium laureate buffer was prepared by adding
forming agents commonly used for this application are non- 0.005 mole of sodium laurate to 100 ml 25 mM sodium tetra-
volatile and therefore not compatible with mass spectrometric borate stock solutions in order to compare the current pro-
(MS) detection. file of the above buffer solutions, and sodium cholate buffer
Efficiency and speed are key success factors for the char-was prepared using the same procedure. All buffers were pre-
acterization of compounds made by automated parallel syn-pared fresh before use and pH was measured by an Accumet
thesis, a widely used approach to generate large numbers oResearch AR15 pH-meter (Fisher Scientific, Pittsburgh, PA,
pure compounds to be used in drug discovery efforts. The an-USA).
alytical method of choice for this application needs to be able
to separate neutral as well as charged molecules in a generi@.2. Instrumentation for CE
fashion, since starting materials, potential side or degrada-
tion products and the final desired reaction product may have All separations were conducted on a Beckman P/ACE sys-
different characteristics. In addition, a mass spectroscopic de-tem MDQ (Beckman Instruments, Fullerton, CA, USA) con-
tector is necessary to establish compound identity, becauserolled by P/ACE workstation version 2.0. The UV detector
no calibration or reference standards are available a prioriwas operated at 214 nm. The cartridge coolant temperature
[8,9]. was controlled at 25C. Fused silica capillaries of 50 and
So far, the method of choice for this application has been 75um 1.D. were purchased from Polymicro Technologies
HPLC-MS with additional UV detection for purity, despite  (Phoenix, AZ, USA).
the promise of capillary separation techniques. The domi-
nance of HPLC in this field is due to the fact that CEC-MSis 2.3. MS infusion experiment
currently not rugged enough for a high throughput applica-
tion that deals with large numbers of samples. MEKC onthe  The infusion MS experiment was carried out on a Quattro
other hand is rugged and can be easily automated, but curd mass spectrometer (Micromass, UK) with electrospray ion-
rently prohibits the use of an MS detector, which is crucial in ization (ESI) interface in positive-ion mode. The ESI voltage
this application. was maintained at 3.5kV. The cone voltage was set at 20 V.
We have analyzed these current drawbacks in CEC andSamples were infused into the mass spectrometer through
MEKC and believe that a buffer system, which allows MEKC an infusion pump (Harvard Apparatus, Natick, MA, USA).
separations with MS detection, could provide an alternative A premixed sample of tetracaine in 50 mM cholic acid with
to the current LC-MS approach. The system that we will 100mM ammonium hydroxide buffer and another sample
present is based on an aliphatic organic acid that is mixedof tetracaine in 50 mM SDS with 25 mM sodium tetraborate
with an organic amine or ammonia to establish a relatively buffer was prepared. Sheath liquid was a mixture of methanol
volatile buffer system that forms micelles and therefore al- and water (4:1) with 1% acetic acid. The sample and sheath
lows for the separation of neutral species. This approach com-liquid were introduced at gl/min with a ratio of 1:2. The
bines the ruggedness and ease of use of MEKC with the MSmass spectrometer scanned at a rate of 0.5 s/scan. Nebulizer
compatibility of organic buffer additives commonly used with  gas flow (nitrogen) was maintained at 0.5 L/min.
LC-MS methods. The potential of these buffer systems and
their application to the fast separation of small molecules will 2.4. Capillary electrophoresis—UV-MS experiment
be discussed in this paper.
The CE-UV-MS experiment was carried out on a Quattro
I mass spectrometer (Micromass, UK) with ESI interface in

2. Experimental positive-ion mode. The capillary voltage was maintained at
3.9kV, and the cone voltage was set at 20 V. The sheath lig-
2.1. Chemicals and materials uid, a mixture of methanol and water (1:1) with 0.5% acetic

acid was infused through a syringe pump to the ESl interface
All samples, such as phenyl alcohols, phthalic acid esters, at a rate of 2Qul/min. lons atm/z180.2, 195.2 and 223.1 were

and pharmaceutical compounds were of analytical grade andmonitored using single-ion monitoring mode with a scan rate
obtained from Sigma—Aldrich (Milwaukee, WI, USA). Lau- of 0.2 s/scan. Nebulizer gas flow (nitrogen) was maintained
ric acid, cholic acid, sodium laurate, sodium cholates- at 0.5L/min. The voltage for the capillary electrophoretic
hydroxymethylaminomethane (Tris), triethylamine (TEA), separation was supplied by a Spellman power supply, CZE
diisopropylamine and ammonium hydroxide were purchased 1000R (Hauppauge, NY, USA) at 18 kV. Total length of the
from Fluka (Milwaukee, WI, USA). The 100 mM sodium fused silica capillary was 90 cm (%0n I.D.) with a length
dodecylsulfate (SDS) buffer was purchased from Hewlett- of 43cm between inlet and UV detector. An Accutec 500
Packard (Santa Clarita, CA, USA), and then diluted to UV-Vis detector was used in this experiment at 214 nm. Sep-
50 mM. The lauric acid/Tris buffer was prepared by adding aration buffer was 50 mM cholic acid with 100 mM N8H
0.025 mole of lauric acid and 0.05 mole of Tristo 0.5 L ofwa- (pH 9.43). A mixture of caffeine (0.1 mg/ml), acetopheni-
ter, and cholic acid/Tris buffer was prepared using the sametidine (0.1 mg/ml) and flavone (0.1 mg/ml) was prepared in



374 W.K. Goetzinger, H. Cai/ J. Chromatogr. A 1079 (2005) 372-381

water. The sample was introduced by manual pressure injec- 25
tion into the fused silica capillary. ;;zg 2 4 \ CH,(CH), COOH
N 19 5
£ 10
. . % 5 pH 8.38 l l
3. Results and discussion 2
-5 T T 1
3.1. Proof of principle 05 Q/\/W\/\ﬂjgoa-w
£ 20
MEKC separations based on SDS buffers have been re- 545
ported to generate 100,000—-300,000 plates per rileieir1] T 101 pH 9.25 l
And the total actual efficiency generated in MEKC systems 2 57 _
can be much higher compared to HPLC separations, as pres- _°"
sure is not a limiting factor herd2]. The commonly used 0 ' 5 ' 10
MEKC buffer system, SDS to form micelles with borate as timemin]

a buffer, is not compatible with mass spectrometric detec- _ . . I .

. . . . . . . Fig. 1. Separation of a mixture of phenyl alcohols. Capillary: fused silica
tion, due to suppression effects resulting from the high ionic o560 cm with 5Qum 1.D., 25°C, separation voltage: 30 kv, sample: phenyl
strength and rapid contamination of the source resulting from aicohols (1, benzyl alcohol; 2, phenethylalcohol; 3, 3-phenyl-1-propanol;
the inorganic ion$13-15} 4, 4-phenyl-1-butanol; and 5, 5-phenyl-1-pentanol), pressure injection at

If SDS was replaced with an organic aliphatic acid and an 1.5psis, data acquisition rate: 32 Hz, top': 50 mM lauric acid/100 mM Tris,
organic amine were added to it, one should expect the resu|,[_pH 8.38, bottom: 50 mM SDS/25 mM sodium tetraborate buffer, pH 9.25.

ing buffer system to have superior properties. The organic o
acid should form micelles at high pH and the organic base t© the SDS system. The selectivity for the set of pheny al-
would provide the buffer capacity — all without introducing Cohols is slightly different between the SDS system and the
any inorganic ions. If the base were added in twice the con- 0rganic micellar system. The elution of this set of samples
centration of the acid, the resulting pH can be estimated to 0CCUrs faster in the organic micellar system. If we assume
be close to thelg of the base, as the acid will be completely @ similar mob|l|ty for the laureate micelles and the dod_ecyl—
deprotonated and the protonated and deprotonated form 01_su|fate micelles, as well as aco_mparabl_e el_ectrosomotlc flow
the base will be present in equal parts. At that pH, one shouldn both systems (seable J, this would indicate a weaker
also expect maximum buffer capacity of the organic base. m'Feractlon between the phenyl qlcohols aﬂd the lauric acid

To prove this principle, lauric acid, the carboxylic acid mmelles,comparedtp_the SDS mlcellgs.T_h|s example clearly
homologue of dodecy! sulfate, was used in conjunction with demor.]s.trates the uyhty of the organic micellar systems for
Tris. The fK» of lauric acid can be expected to be comparable the efficient separation of neutral compounds.
to acetic acid (4.75). While lauric acid is insoluble at low pH,
due to its hydrophobic alkyl chain, it dissolves upon addition 3.2. Electroosmotic flow (EOF) in MEKC buffers
of base, as the deprotonation of the carboxylic acid group ren-
ders it polar, and the solutions are stable as long as the pHis EOF is the main factor that determines elution in systems

maintained about two units above the pf the acid. The pH using anionic micellefl1]. Analytes will be transported as a
of the system was measured at 8.3, which is close tokhe p result of the bulk flow towards the cathode. Therefore, EOF
of Tris (8.10) as expected. We also prepared cholic acid with is one of the key factors determining the separation speed.
Tris and the pH was found to be 8.5. For these preparations,The organic micellar system as described above has shown
the resulting pH will always be close to th& pf the base,  very high theoretical plate heights. For applications in high
independent of the carboxylic acid, as expected. To test thethroughput analysis the number of plates generated per time
suitability of this buffer system for separating neutral com- unitis an important measure, combining aspects of efficiency
pounds, we used a mixture of phenyl alcohols, which cannot and speed. We decided to use DMSO as the marker for EOF,
be separated based on their electrophoretic mobility, unlessassuming that due to its polar nature it would not interact with
interacting with a hydrophobic selector, such as a stationary the micelles. Any interaction of the DMSO with the micelles
phase or a micelle. The results of this experiment are shown inwould delay its elution, and therefore, provide EOF values
Fig. 1together with the separation obtained in a conventional that are too low. The interaction, however, can be expected to
SDS buffer for comparison. The SDS separation efficiency be very similar for all the micellar systems investigated here,
for the second peak is about 430,000 plates per meter, muchso that the values should definitely allow for a relative com-
higher than usually reported to be possible in MEKC. The parison between micellar systems.Tiable 1, we compared
lauric/Tris system allows separation of the phenyl alcohols EOF data for the SDS system, as well as a variety of lauric
as well, which indicates that our hypotheses holds true, thatacid and cholic acid (another alkyl carboxylic acid investi-
micellar separations should be possible in such systems. Thegated as a potential organic micellar system) based micellar
efficiency for the second peak (phenethyl alcohol) was about systems. The EOF velocities can be as fast as 0.295cm/s
575,000 plates per meter, which was even higher comparedin 50 mM lauric acid with 100 mM TEA and 0.249cm/s in
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Table 1

EOF and linear velocity for various micellar buffer systems; capillary: 50/60 cm wiflm30.D., voltage 30 kV

Buffer Buffer pH Linear velocity (cm/s) EOF ((chV's) x 107%)
50 mM SDS/25 mM sodium tetraborate .29 0.251 503

50 mM lauric acid/100 mM Tris 88 0285 572

50 mM cholic acid/100 mM Tris 25 0227 456

50 mM lauric acid/100 mM TEA 185 0295 592

50 mM cholic acid/100 MM TEA 181 0249 500

50 mM lauric acid/100 mM ammoniumhydroxide .63 0289 580

50 mM cholic acid/100 mM ammoniumhydroxide .58 0248 498

50 mM lauric acid/100 mM diisopropylamine b 0260 522

50 mM cholic acid/100 mM diisopropylamine i) 0213 427

Table 2

pH, current and conductivity for various micellar buffer systems; capillary: 50/60 cm wiginb0D.

Buffer pH Voltage (kV) Currenti{A) Conductivity (mS/cm)
50 mM SDS/25 mM sodium tetraborate .28 30 5458 558

50 mM lauric acid/25 mM sodium tetraborate .29 30 5710 584

50 mM cholic acid/25 mM sodium tetraborate .69 30 6146 628

50 mM lauric acid/100 mM Tris 38 30 1053 108

50 mM cholic acid/100 mM Tris 36 30 1771 181

50 mM cholic acid with 100 mM TEA. There is some impact by using a buffer of 50 mM of the sodium salt of lauric
of the organic base as well, with ammonium hydroxide, TEA acid with 25mM sodium tetraborate. However, a current
and Tris giving the highest values, while the use of diiso- less than 1A was registered under the same field strength
propylamine provided slightly lower EOF values. The EOF when using 50 mM lauric acid with 100 mM Tris. At the
values found for the organic micellar systems are similar or same time, the system with lower conductivity can be ex-
slightly above the EOF value for the conventional SDS mi- pected to have even better buffer capacity. The buffer con-
cellar system The slightly lower EOF observed for the cholic centration is significantly higher (100 mM organic base, ver-
acid system may be the result of the higher molecular weight sus 25 mM tetra borate) and the system is operating right
of this acid, and therefore, increased viscosity of this micellar at the pH that corresponds to th& pf the organic base.

agent, compared to lauric acid. It is well known that separation efficiency increases with
increasing field strength within the liner range of Ohm'’s
3.3. Conductivity law [16]. By using low conductivity buffers, the analysis

can be performed in a much higher electric field range,
The maximum speed of liquid transport in the capillary

is dependent on the EOF but also on the conductivity of the Sodium laureate
buffer systems. The lower the conductivity the higher the
electric field that can be applied without sacrificing separa- 60-
tion efficiency due to Joule heating, which is a key consid-
eration when aiming for fast separatiofi&ble 2lists the 501 N /
measured conductivity values of some of the buffer systems &, | ) /<
. . . =, Sodium cholate
under investigation. =z DS
The traditional SDS system with sodium tetra borate has g 30 \

a very high conductivity value with 5.58 mS crh Similar 3 / Cholic acid/TRIS
conductivity values are found, when the sodium salts of lau- 207 P
ric acid and cholic acid were used. The lauric acid/Tris buffer 104 " Y v
system has a very low conductivity value with 1.08 mS¢ém ;:::;"v—-—""/ _—:T_ T
A significant reduction of current is therefore observed when o

- . T . 150 200 250 300 350 400 450 500 550
the inorganic cation is eliminated and replaced with an or- E (V/em)

ganic base, as in the lauric acid and cholic acid systems with

Tris. This indicates that the sodium ion bears the major re- Fig. 2. Current profile of buffer systems. Capillary: 50/60 cm withu50
sponsibility for the high conductivity observed in the tradi- !.D., 25°C, buffers as following: SDS: 50 mM SDS/25 mM sodium tetra-
tional SDS system, not the micelle itself. Lauric and cholic borate, pH 9.25; sodium cholate: 50 mM sodium salt of cholic acid/25 mM

acid mixed with oraanic bases have sianificantly lower cur- sodium tetraborate, pH 9.67; sodium laurate: 50 mM sodium salt of lauric
9 g y acid/25 mM sodium tetraborate, pH 9.23; cholic acid/Tris: 50 mM cholic

rents at identical field strength. As can be Seeﬁigﬂ 2 a acid/100mM Tris, pH 8.36; lauric acid/Tris: 50 mM lauric acid/100 mM
current above 50.A was observed at 500 V/cm field strength  Tris, pH 8.38.
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Lauric acid at 30 kV (2.1 watts/m) Table 3

EOF, efficiency and separation productivity at the instrument limits of volt-
age (30kV) and power (3 W/m); buffer: 50 mM SDS with 25 mM sodium
tetraborate and 50 mM lauric acid with 100 mM Tris, capillary: 20/30 cm

Lauric acid at 16 kV (0.55 watts/m) with 50pm 1.D.
l l L Buffer system SDS Lauric acid/Tris
SDS at 16 kV (2.92 watts/m) Voltage (kV) 16 16 30

Power (W/m) 2.92 0.55 2.10
EOF (104 cm?/V's) 5.0 5.7 57
Plates per meter (first peak) 621,000 810,000 708,000
Plates per second (first peak) 1090 1930 3080

I T T T T T T T T T 1

0 1 2 3 4 5

time[min]

the lauric acid/Tris system to provide an even faster separa-
Fig. 3. Comparison of SDS and lauric acid system at the power limits of the tion. As can be seen in the top traceHig. 3, the last peak in
instrument (3 W/m). Capillary: 30/20 cm with %@n 1.D., 25°C, sample: the mixture was observed at 1.22 min under these conditions
phenyl alcohols, pressure injection atIO.G psis, data acquisition rate 32Hz, 55 compared to 4.56 min using the SDS system at the power
gi;f:?cr:éztmﬁ 1%2?’,\‘/"”;‘“2:’?'4“"8‘5;5'“”" tetraborate, pH 9.25 and 50mMM i it of the instrument. This is an improvement in speed by

almost a factor of 4. Furthermore, due to the decreased Joule
heating, higher efficiency was achieved by using the lauric
acid system over the SDS system, as can be se&sbie 3
For instance, the plate counts of benzyl alcohol were 621,000
for the SDS system at 16 kV, but almost 30% more for the
3.4. Fast separations lauric acid/Tris system, which generated 810,000 N/meter at

the same field strength. If the plates generated were based on

Fast separations can be achieved with buffer systems thatlution time, we can assess the efficiency that is generated
provide high EOF and allow the application of high fields. per time unit, which is an important parameter that allows
Our previous investigations indicate that the organic micellar comparison of different separation systems with respect to
systems described here fulfill both requirements. The reducedtheir productivity. The SDS buffer system generated 1090
power output generated by using less conductive buffer sys-plates per second at 16 kV, while the lauric acid/Tris system
tems allows for the application of higher separation voltages, generated 3080 plates per second at 30 kV, with both systems
without exceeding the instrument performance range. There-operating at the corresponding instrument limit as shown in
fore, higher separation efficiency and shorter separation timesTable 3 This translates into a gain of separation speed for
should be achievable. the organic micellar system of almost a factor of 3, while
In Fig. 3, the separation of five phenyl alcohols using a providing the same separation efficiency.

50 mM lauric acid/Tris system is compared to the separation  Similar to fast HPLC applications, itis crucial to match the
using the traditional 50 mM SDS system with 25 mM sodium data acquisition rate and the detector response to the speed
tetraborate. The two traces at the bottom compare the two sys-of fast eluting sample peaks to realize maximum peak reso-
tems under the same high voltage, using a 20/30 cm capillarylution [9]. As demonstrated ifrig. 4, a mixture of five dif-
with 50pm 1.D. At an applied field of 16 kV, the SDS system ferent phenyl alcohols can be separated within a very short
was running at 2.92 W/m, close to the recommended powertime frame of less than 1 min. Such short analysis times can
limit of the instrument (manufacturer lists the power limitfor be achieved using organic micellar system based on lauric
the P/ACEMDAQ instrument at 3W/m). The SDS system is acid/Tris and injecting the sample on the short end side of
therefore operating at its maximum speed and increasing thethe capillary[17—-19] with the detection window closer to
field would cause the separation to deteriorate due to excesthe capillary end (about 10 cm). With data acquisition rate
sive heating in the capillary. At a field of 16 kV, the lauric set at 32 Hz, well-resolved, sharp peaks were obtained. De-
acid/Tris system only produced 0.55W/m of power, signifi- creasing the acquisition rate causes peaks to broaden signifi-
cantly less, due to the reduced conductivity. The separationcantly in the detector trace. At a data acquisition rate of 2 Hz
with the lauric/Tris system is faster under identical electric the resolution for this sample is almost completely lost. This
field strength due to the slightly higher EOF and decreasedeffect is solely due to the detector settings, as the physical
interaction of the probes with the micelle as discussed ear-zone width has not changed at all, as all separations were
lier. This is probably due to the higher polarity of lauric acid performed under identical conditions. While the instrument
and it is known that a smaller separation window indicates a parameter is referred to as acquisition rate in the instrument
less lipophilic micelle. Because of its lower conductivity, the manual and software, it is obviously rather an electronic fil-
lauric acid/Tris system can be operated at the maximum volt- ter, most widely referred to as time-constant. Most detectors
age of the instrument (30 kV) with only 2.1 W/m of power use electronic signal filtering to reduce background noise to
generated. Increasing the field strength in this case enablesmprove signal-to-noise ratio. In conventional analysis this

which therefore improves efficiency and speed of separa-
tion.
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2Hz as well, as can be seen in the bottom tracéigf 5. This
demonstrates clearly the potential of this buffer system for

4 Hz
/J\/\./\_/Lw fast separations and high throughput applications.

3.5. Improvement of detection sensitivity

In capillary separation technology, the detection sensitiv-
ity is known as one of the major limitations. While the detec-
tion of very small absolute amounts is possible in capillaries,
the concentration sensitivity is rather poor. The reason for
this is that with on-column detection, the UV-Vis detection
path length is limited for the most partto the capillary internal

16 Hz

32 Hz

diametef21].
00 o2 o4 o0&  os 10 The organic micellar buffer systems described here have
time [min] significantly lower conductivities compared to conventional
SDS buffer systems, and therefore generate much lower cur-
Fig. 4. Impact of data acquisition rate. Capillary: 30/20 cm witlu&0I1.D., rents. This feature allows the use of larger inner diameter
25°C, sample: phenyl alcohols, pressure injection at 0.1 psis (short end, A . . L .
10 cm to detector), separation voltage 30 kV, buffer: 50 mM lauric acid with caplllanes. The Increase. In SenSIt,IVIty that ca_n be aChI,eved
100 mM Tris, pH 8.38. based on this approach is proportional to the increase in the

capillary inner diameter, according to the Lambert—Beer law

feature results in improved sensitivity. However, it is detri- [22,26] This improvement in detection sensitivity is clearly

mental to peak resolution, when dealing with fast separations,demonStr_ated Iﬁlg._a shgwmg the separation of five Phe”y'
where peaks can elute within timeframes of a few seconds or2/cohols in capillaries with 50 and {6n 1.D., respectively.

less[9,20]. Using the highest setting for the time constant E/€Ctrokinetic injection was applied to deliver the same rel-
provided good resolution in our case, however we do not ative amount of sample into both capillaries. The signal for

know if the peaks in reality might even be sharper. Utilizing f[he a”a'YteS observed with the capll_lary was signif-
short migration distances, as achieved with our commercial |can_tly higher compared to the 00 capll_lary. _BOth_ Sep-
instrument by injecting from the detector side, very fast sep- arations were performed using the lauric ?.CId/TI’IS buffer
arations can be achieved that in many cases provide adequatdyStem at a voltage of 15kV. The conventional SDS sys-
resolution. Additional examples are shownFily. 5where €M would be operating at the power limit of the equip-
the high performance of the lauric acid/Tris system allowed Ment under these conditions using a560 capillary. This
complete separation of all sample constituents within less W(_JUId not allow _for th_e use _Of larger 1.D. ‘?ap'”a”e?'r_‘
than 1 min. A sample of phthalates is shown as another eX_th_ls case and this optlc_)n to improve detgcnon sensitivity
ample for the separation of neutral sample molecules. And aWill therefore not be available with conventional SDS buffer
mixture of compounds of pharmaceutical interest illustrates SYStems-

that the system is well suited to deal with charged samples . .
3.6. Selectivity tuning

Phthalates The organic micellar systems consisting of an alkyl acid
‘ and an organic base provide for a number of options to ma-
| '\J& nipulate the selectivity of the separation system. The acid
e and base part of these systems can be varied independently
of each other, such as using different bases to pair with lauric

Phenylalcohols acid or cholic acid or investigate even further suitable alkyl
| A h acids with interesting properties.
An example of the impact of the organic base is seen

Pharmaceuticals in Fig. 7. The sample in this case is a mixture of caffeine,
“ (\ﬁ A JL acetophenetidine, guaiacol glycerylether, procainamide and
tetracaine. The buffer system consisted of 50 mM lauric acid
with 100 mM of different bases, diisopropyl amine, triethyl
00 02 04 06 08 10 amine and Tris in this case. The separation selectivity was dif-
time [min] ferent for each of the three combinations. This is in part due
_ _ _ o , ___tothe different pH values of the buffers, but also to the differ-
Fig. 5. Fast separations using lauric acid/Tris buffer. Separation conditions . . .
same as irFig. 5 data acquisition rate 32 Hz (short end injection, 10cm ent degree towhich these bases interact with the samples and

to detector) sample: phenyl alcohols, phthalates and pharmaceuticals (sedh€ micelle itself. There is the potential for ion pairing of the
Fig. 7). charged species of the organic base with either the micelle
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Fig. 6. Impact of capillary I.D. on sensitivity. Capillaries: 20/30 cm fused silica, lefit®0.D. and right: 75.m 1.D., 25°C, separation voltage 15 kV, data
acquisition rate 32 Hz, sample: phenyl alcohols, electrokinetic injection at 5kV for 3 s, buffer: 50 mM Lauric acid with 100 mM Tris, pH at 8.38.

or the sample molecules. The major difference in this case almost identical, as the base that is chosen, as discussed in
is seen for the separation of guaiacolglycerylether and ace-3.1, largely determines the pH. Yet the different alkyl acids
tophenetidine and overall shifts in elution are possible due exhibit significantly different selectivity for the sample set
to modifications of the capillary wall based on adsorption under investigation. We observe a significant change in elu-
of these charged molecules. The fact that the peak shape fotion for procainamide, which seems to react very strongly
tetracaine, a strong basic molecule, is distorted when diiso-to the nature of organic micelles employed. But also neu-
propyl amine or triethyl amine are used as bases, maybe dudral samples, such as caffeine and guajacol glyceryl ether,
to a mobility mismatch in free solution. show clearly different selectivities, when the organic micelle

An example for the impact of the organic alkyl acid is is changed. Cholic acid, which has a steroid backbone, is
shown inFig. 8 In this case we used Tris as the base with more polar than lauric acid and can therefore interact very
two different types of micelle forming acids, lauric acid and differently with specific solutes.

cholic acid. In this example, the pH of the buffer system is These organic micellar systems allow for significant room
to manipulate selectivity, using different combinations of

1 2 5

3
2 Lauric acid/TRIS
Diisopropylamine

3 5

5
Triethylamine k
Cholic acid/TRIS

. 2 5 3 5
3 s ' A {
T T T T T T T T T T T T T T 1
2 3 4 5 6 7 8 9 T T T T T T T T T T T T
time [min] 2 3 4 5 6 7 8
time [min]

Fig. 7. Influence of organic base on selectivity for pharmaceuticals. Separa-

tion conditions as ifrig. 1sample: pharmaceuticals (1, caffeine; 2, guaiacol Fig. 8. Influence of organic acid on selectivity for pharmaceuticals. Sep-
glycerylether; 3, acetophenetidine; 4, procaineamide; 5, tetracaine), buffer: aration conditions as ifig. 1 sample: pharmaceuticals (segy. 8 buffer:

50 mM lauric acid with 100 mM diisopropylamine, triethylamine (TEA) or 50 mM lauric acid and 50 mM cholic acid, each with 100 mM Tris (pH about

Tris. 8.4).
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Fig. 9. Impact of micellar concentration. Separation conditions &sginlL
Sample: acids (1, ibuprofen; 2, naproxen; 3, nicotinic acid; 4, phthalic acid).

acids and bases in the buffer systems. Even the overall congre usually addressed by using dimethyl sulfoxide (DMSO)
centration of the micellar buffer can impact the selectivity as a universal sample solvent, as it has the broadest capability
and therefore the resolution. The exampl€ig. 9indicates  to solubilize a wide variety of compounds. This could be a
a change in elution order by simply changing the buffer con- potential issue, as introduction of organic solvents into micel-
centration. The samples in this case were four acids: ibupro-|ar systems can potentially interfere and disrupt the micelles.
fen, naproxen, phthalic acid and nicotinic acid and the buffer Thijs effect has been reported previously for SDS systems
system consisted of cholic acid and ammonium hydroxide. [23]. To assess the applicability of the organic micellar sys-
The trace at the bottom is obtained based on the commontems to high throughput analysis of compounds in DMSO
formula used so far, of mixing 50 mM of the alkyl acid with  sojutions, we need to understand the impact of the DMSO
100 mM of the base. The trace on top is obtained by simply matrix on the separation. The effects of increasing amounts
dIIutlng this buffer system to half the concentration. The elu- of DMSOinthe samp|e solvent, when using alauric acid/Tris
tion order of the first two peaks, ibuprofen and naproxen was pyffer system, are shown Fig. 10 The sample in this case is
reversed, when the micellar buffer was diluted to half of the a mixture of five pheny| alcohols and the Separation efficien-
original concentration. cies were measured and plotted against the sample matrix

Therefore it can be concluded that identity as well as con- composition. The peak efficiency is decreasing with increas-
centration of organic micellar forming acids and the base useding percentage of DMSO in the sample, and the effect is
to adjust and control pH are parameters that can be exploitedmore pronounced for the early eluting sample constituents.
to tune the selectivity of these systems. This erX|b|I|ty for At 20% DMSO, the first peak in the e|ectr0pherogram mea-
method development is not available in SDS based systemssyres about 200,000 plates per meter, which is about a 50%
Further work needs to be done to fully understand and appre-decrease compared to the efficiency found in plain micellar
ciate the potential of these buffer systems and to utilize them puffer without DMSO (due to the solubility of phenyl alco-
effectively. hols, they can be dissolved in plain separation buffer to allow

for a direct comparison). While this is a significant reduction
3.7. Effect of sample matrix on the separation efficiency in separation efficiency, 200,000 plates per meter is still a
much higher efficiency then available for example by HPLC.

The results above clearly indicate that the organic micellar By increasing the percentage of DMSO in the sample beyond
systems discussed here could be of interest for high through-20%, additional problems start to appear, such as peak distor-
put applications, such as the quality control of parallel syn- tion in addition to a further decrease inefficiency. An inter-
thesis products. For these types of applications, separationesting observation is that the efficiency for the latest eluting
speed and efficiency are of great importance and the systempeak does not decrease further, when percentage of DMSO in
discussed here provide just that. To be implemented for thisthe sample is increased above 20%. Itis too early to make any
type of assays, an analysis method needs to be able to deatonclusion, but similar effects are known from HPLC where
with the sample matrix typically found in high throughputap- in gradient or isocratic separations, the late eluting compo-
plications and the method also needs to be compatible withnents are less susceptible to interferences resulting from the
mass spectrometric detection. injection solvent. More data needs to be acquired to under-

The compounds produced in high throughput parallel syn- stand this phenomenon better and this will be topic of further
thesis cover abroad range of chemical space. Solubility issuesesearch.
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Fig. 11. Infusion MS analysis of tetracaine. Sample: tetracaine in S0OMM Fig 12 MEKC separation with UV and MS detection. Sample: 1, caffeine;
SDS with 25 mM sodium tetraborate, pH 9.25 and tetracaine in 50 mM cholic 5 acetophenetidine; 3, flavone (*, excipient) (for more details see Section

acid with 100 mM ammonium hydroxide, pH 9.5 (for more details see Sec- ),
tion 2).
We also made some preliminary attempts to use the or-
3.8. Preliminary results from MEKC—-MS coupling ganic micellar system to actually perform a MEKC separa-
tion coupled with MS detection. We used a UV detector in
Mass spectrometers have gained more and more popudine, positioned before the MS detector, to provide a refer-
larity in recent years. They provide a wealth of important ence. The results of this experiment are showRigq 12 A
information about the sample and can be used to achieve sumixture of three compounds was injected and separated (in-
perior detection sensitivity due to their selectivity, which is cluding caffeine, acetophenetidine and flavone). The bottom
widely used in bioanalytical LC-MS applications. As men- trace results from the UV detector and the top traces are the
tioned above, MS detection is also very important for the single ion traces for the three sample constituents. The anal-
analysis of new synthetic reaction products. Especially, when ysis was done on a manual instrument. The significant delay
coupled with high efficiency separation techniques, this could between the traces originates in the long distance between
be a key technology to deal with the ever-increasing samplethe UV detector and the sheath flow interface of the mass
load from high throughput chemistry operations. Being able spectrometer. All three samples could be positively identi-
to couple the high performance organic micellar separation fied based on the MS information.
systems described here with MS detection technology would  The results obtained here are preliminary and more
therefore be very attractive. Many researchers have made efresearch needs to be done to get a better understanding of
forts to combine conventional SDS systems for MEKC with how these organic buffer systems impact the MS ionization
MS detectiorj24]. However, the presence of nonvolatile salts, and long-term stability. In this case the whole system is
such as sodium and borate and the high concentrations of surcooled by air, so, the applied voltage to the separation
factants generate high background noise in the MS-signal andsystem was limited and some extra band broadening was
quickly lead to contamination of the ionization source of a also observed. There was improvement to the sensitivity
mass spectrometer when being coupled dirddy14,25] with this buffer system, however, there are still residual ion
Lauric acid or cholic acid combined with organic suppression effects observed. If this is due to the organic
monoamines do not contain inorganic salts such as sodiummicelle or partially based on the base counterpart needs
and borates and should therefore cause less compatibilityto be answered. Lower molecular weight carboxylic acids
issues with MS detection and allow improved detection could improve this due to their increased vapor pressure.
sensitivity relative to the conventional SDS system. A first Further work will be done into quantitative comparisons
indication of this is givenirfrig. 11, showing a directinfusion  of these buffer components and how they affect ionization
experiment, where a tetracaine sample is infused into a MSefficiency.
detector from a cholic acid matrix and from a SDS matrix.
This investigation shows that the MS signal intensity of the
sample from the cholic acid matrix (lauric acid gave acompa- 4. Conclusion
rable result, not shown) shows an about 10-fold higher signal
intensity, while the concentration of both micellar agents is  In this paper, we describe a new way of preparing a mi-
identical (50 mM in this case). This indicates that the ion sup- cellar buffer system for the separation of neutral compounds
pression effects are much less severe in the organic micellabased on MEKC. The substitution of the traditionally used
system compared to the traditional SDS buffer system. alkyl sulfates, such as SDS, with carboxylates together with
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