This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

Comparison of Selected Stationary Phases for Determination of
Vancomycin and Ciprofloxacin Using Buffered Mobile Phases, With and

| Without Triethylamine

P. Forlay-Frick? J. Fekete®

2 Faculty of Chemical Engineering, Budapest University of Technology and Economics, Budapest,
Hungary

Proparaisg & Anakytical Sapg

Exfitess by
dack Cazes, Ph.D.

(‘_/ Tayhie BaFrarcis

I ‘ Online publication date: 28 January 2004

To cite this Article Forlay-Frick, P. and Fekete, ].(2004) 'Comparison of Selected Stationary Phases for Determination of
Vancomycin and Ciprofloxacin Using Buffered Mobile Phases, With and Without Triethylamine', Journal of Liquid
Chromatography & Related Technologies, 27: 1, 123 — 143

To link to this Article: DOI: 10.1081/JLC-120027090
URL: http://dx.doi.org/10.1081/JLC-120027090

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1081/JLC-120027090
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 37 23 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY & RELATED TECHNOLOGIES®
Vol. 27, No. 1, pp. 123-143, 2004

Comparison of Selected Stationary Phases
for Determination of Vancomycin and
Ciprofloxacin Using Buffered Mobile
Phases, With and Without Triethylamine

P. Forlay-Frick and J. Fekete™

Faculty of Chemical Engineering, Budapest University of Technology
and Economics, Budapest, Hungary

ABSTRACT

In our study we measured the retention factors, the theoretical plate
numbers, and the symmetry factors in the case of phosphate buffer and
triethylamine containing phosphate buffer, in order to get some
information about the surface characteristic of tested columns. Three
solutes (N,N-dimethyl-aniline, Ciprofloxacin, and Vancomycin) and 7
stationary phases (Nucleosil® 100-C-8, LiChrosorb® RP-select B,
LiChrospher® RP-18, Purospher® RP-18e, Prontosil® 120-5-C18-AQ,
Symmetry® C-18, and Chromolith® SpeedROD RP-18e) were used in
this study. One of the solutes, N,N-dimethyl-aniline (121 g/mol) is a
basic, low molecular weight compound. This is widely used for

*Correspondence: J. Fekete, Faculty of Chemical Engineering, Budapest University of
Technology and Economics, Gellért tér 4, Budapest 1111, Hungary; E-mail: fekete@
mail.bme.hu.

123

DOI: 10.1081/JLC-120027090 1082-6076 (Print); 1520-572X (Online)
Copyright © 2004 by Marcel Dekker, Inc. www.dekker.com

MarceL DExkER, INC. m
270 Madison Avenue, New York, New York 10016 &

Copyright © 2004 by Marcel Dekker, Inc. All rights reserved.



19: 37 23 January 2011

Downl oaded At:

Copyright © 2004 by Marcel Dekker, Inc. All rights reserved.

) 7

124 Forlay-Frick and Fekete

characterization of silanol activity of chemically bonded phases. The
other two, Ciprofloxacin (331 g/mol) and Vancomycin (1449 g/mol),
contain both basic and acidic groups, and Vancomycin has a high
molecular weight. These latter two are real life samples and we tried to
find a correlation between results of test compounds and these widely
used antibiotics. For this purpose, we selected widely different columns:
end-capped phases, non end-capped phases with high and low metal
content, and last but not least, a recently developed monolithic silica
column.  According to  selection criteria  (N/m > 20,000;
0.8 <Ag < 1.8), we evaluated the effect of masking agent (triethyla-
mine) and the role of organic solvents (methanol and acetonitrile). It was
found that the Symmetry C-18 was the best in the case of Ciprofloxacin
and N,N-dimethyl-aniline, and the Chromolith SpeedROD RP-18e
monolithic silica rod in the case of high molecular weight Vancomycin
in these experiments. In most of the cases the LiChrosorb RP-select B had
to be excluded. Based on selection criteria, the eluent composition and the
structure and size of tested solutes strongly influenced the applicability of
other columns. Influence of TEA on theoretical plate number and
symmetry factor was very high in the case of these columns.

Key Words: Ciprofloxacin; Vancomycin; RP stationary phases;
Triethylamine; Buffer.

INTRODUCTION

There are several approaches to evaluate reversed phase columns for
practical purposes.''! Mostly, unbuffered mobile phases are used.*~* The
effect of the polar surface must be evaluated based on retention, plate number,
and symmetry factor. In the second approach, buffered mobile phases are
applied for simulating real life conditions."!

We do not intend to write a review about column tests; only a few were
cited above from a large number of publications. The common feature of these
approaches is that the selected solutes represent all possible interactions with
the reversed phase material. In most cases, the selected solutes have low
molecular weights and one or two interactions might be responsible for the
retention. This may not represent the real situation. In the practical
applications, when multiple interactions occur it is hard to predict the
influence of stationary phases on retention, plate number, and peak symmetry.
The most efficient way is to find literature sources for the intended
applications, but several methods can be found and the selection of
appropriate stationary phase is always difficult.
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In our study, we compare seven different stationary phases (Table 1) for
separation of three compounds. The structure and the calculated pKa value
of polar groups of the solutes by Pallas 3.0 and Marvin Sketch software can be
seen in Fig. 1. One of the solutes, N,N-dimethyl-aniline (log P = 2.03;
pKa = 5.06) is a basic compound with a single polar group. Its log D value as
a function of the pH can be seen in Fig. 2. This model compound was chosen
to monitor the polar surface of tested stationary phases. To avoid the
detrimental ion-exchange interaction with silanols, the pH of the mobile phase
was adjusted to 7.5.

The other two, Ciprofloxacin (log P =1.76) and Vancomycin
(log P = —0.21), are often used antibiotics in the pharmaceutical industry.
The Ciprofloxacin contains two polar groups: one is acidic and the other is
basic. The Vancomycin is a highly polar compound. It contains several acidic
and basic groups. The pKa value of basic and acidic groups of Ciprofloxacin
are 9.08 and 6.27, respectively. Similar pKa values are published by Maurer!”’
and by Ross and Riley."® The pKa value of the most acidic, and the two most
basic, groups of Vancomycin are 3.18, 9.36, and 6.32. The acidity of the
phenolic and amide groups is too low. The log D value of these compounds as
a function of the pH can be seen in Figs. 3 and 4. The molecular weight of
Vancomycin, Ciprofloxacin, and N,N-dimethyl-aniline is 1449, 331, and
121 g/mol. The effect of pore diameter on retention, plate number, and
symmetry factor is directly related to molecular mass of selected solutes.

The aim of our study is to compare results of different columns and
analytes, and to get information of amine (triethylamine) effects on chromato-
graphic parameters. We monitored, on the one hand, the change of the
retention of compounds in cases of buffered mobile phases with and without
triethylamine (TEA). On the other hand, we also tested the change of
theoretical plate number and symmetry factor. To reduce the huge amount of
data, we evaluated only those stationary phases, which fulfilled the following
criteria: N/m > 20,000 and 0.8 < Ag < 1.8. Evaluation of the measured
data was conducted at two different retention factors: log k =1 and 0.1. At
lower retention factors, the overloading effect of polar groups is more
pronounced.

EXPERIMENTAL
Equipment
The separation was performed using isocratic elution at a flow rate of

0.5mL/min for Vancomycin and 0.6 mL/min for Ciprofloxacin and N,N-
dimethyl-aniline. We used a Spectra Focus HPLC-system (Thermoseparation
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Figure 1. The structure and the calculated pKa value of polar groups of N,N-
dimethyl-aniline (a), Ciprofloxacin (b), and Vancomycin (c).
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The 1gD value of N,N-dimethyl-aniline

8 10 12 14
pH

-1.5

Figure 2. The log D value of N,N-dimethyl-aniline as a function of the pH.

Products, CA). The apparatus consisted of a Spectra P2000 pump attached to
an AS 3000 autosampler, a Spectra UV2000 detector, a SN 4000 interface, and
a SCM 1000 solvent degasser. The ultraviolet detection was carried out at
230 nm for Vancomycin, at 250 nm for N,N-dimethyl-aniline, and at 280 nm
for Ciprofloxacin. Injection volume for all analytes was 20 wL. The software
used was a PC 1000 System Software Version 3.03. The mobile phase was
ultrasonicated in a Realsonic RS-95 SF ultrasonic bath (Budapest, Hungary),
and its pH was adjusted using a Radiometer pH-meter 28 (Copenhagen,

Denmark).
9
£ The IgD value of Ciprofloxacin
pH
2 0
) 2 4 6 8 10 12 14
= -0,5
<
S -1
=
5 15
= o
L =2}
a = -2
e
3 -
g 25
z
2 -3
(=2
X 35
5 .
)
=4 Figure 3. The log D value of Ciprofloxacin as a function of the pH.
o
(=)
o

({E‘P MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



19: 37 23 January 2011

Downl oaded At:

Comparison of Selected Stationary Phases 129

The IgD value of Vancomycin
pH

2 4 6 8 10 12 1

Figure 4. The log D value of Vancomycin as a function of the pH.

Chemicals

Acetonitrile (AcN) and methanol (MeOH), super gradient, were supplied
by Labscan (Dublin, Ireland). For the preparation of the aqueous phases,
potassium dihydrogen phosphate (Reanal, Budapest, Hungary), triethylamine
(Aldrich, Milwaukee, WI), concentrated ortophosphoric-acid (Reanal,
Budapest, Hungary), and potassium hydroxide (Reanal, Budapest, Hungary),
analitical grade, were used. The high purity water was generated in a Millipore
(Milli-Q water purification system, Bedford, TX).

The test samples were obtained from the companies identified below:
Ciprofloxacin from Bayer AG (Leverkusen, Germany) as Ciprobay® infusion
for intravenous use (containing 2mg/mL of Ciprofloxacin hydrochloride),
Vancomycin (Fig. 1) from Lilly Deutschland GMBH (Giessen, Germany) as
Vancocin® injection (containing 50 mg /mL of Vancomycin hydrochloride),
and N,N-dimethyl-aniline (99%) from Aldrich (Gillingham, UK).

Columns

The physical—chemical properties of columns used in our experiments
are very different (Table 1).°~'") Among these columns, beyond the non end-
capped and end-capped phases there was a column, which presented the new
generation of stationary phases. This was the Chromolith SpeedROD. This
column is developed based on a new sol gel process for the preparation of
monolithic porous silica rods, using highly pure metal free alkoxysilanes. The
Chromolith columns consist of macropores and mezopores in the skeleton,
providing a higher porosity. Consequently, these columns can be operated at
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higher flow rates without loss of performance and limitations due to low
column backpressure.

Mobile Phase Compositions

In our experiments we used four different eluents: AcN-KH,PO, buffer,
AcN-TEA buffer, MeOH-KH,PO, buffer, or MeOH-TEA buffer. The
KH,PO, and the triethylamine buffers were 25 mM. The pH of these aqueous
solutions was adjusted to 2.80 + 0.05 for Vancomycin, 3.00 + 0.05 for
Ciprofloxacin, and 7.50 + 0.05 for N,N-dimethyl-aniline. For adjustment of
the pH we used concentrated ortophosphoric-acid and potassium hydroxide.

The measured range of retention factors was between log k= 0.1 to
log k = 1. During the measurement, the concentration of buffer was constant
and the organic content of the mobile phase was gradually changed. The
theoretical plate number and symmetry factor of chromatographic peaks were
calculated at every measuring point.

Calculations

All column characteristics, retention factor (k), number of theoretical
plates (), and symmetry factor (As), were calculated according to European
Pharmacopoeia.!'* The log P, log D and pKa values of N,N-dimethyl-aniline
and Ciprofloxacin were calculated by Pallas 3.0 intelligent software package.
In the case of Vancomycin, the calculation was completed by Marvin Sketch
calculation software. The calculated pKa value of polar groups in the case of
all solutes can be seen in Fig. 1. The log D value of compounds as a function of
pH can be found on Figs. 2—4.

From the measured data, the deviations of theoretical plate numbers (AN)
and symmetry factors (AA) were calculated as follows: the difference between
the value obtained with KH,PO, buffer and that with TEA buffer is divided by
the value with TEA.

RESULTS

The measured theoretical plate number and symmetry factor values can
be seen in Tables 2 and 3. We used the following abbreviations: Nu: Nucleosil,
Lb: LiChrosorb, L: LiChrospher, Pu: Purospher, P: Prontosil, Sy: Symmetry,
Sp: Chromolith SpeedROD, M: methanol, A: acetonitrile, T: TEA buffer, and
K: KH,PO, buffer. On the basis of this, we use NMK to signify a Nucleosil

MaRrceL DEKKER, INc.
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column in the case of using mobile phase containing MeOH and KH,PO,
buffer.

To reduce the huge amount of data for evaluation of a masking agent
(TEA) and the role of organic solvents, we took only those stationary phases
into consideration, which fulfilled the following criteria: N/m > 20,000 and
0.8 <Ag < 1.8.

In the case of Ciprofloxacin (331 g/mol), at high retention (log k = 1) the
Symmetry column whether with methanol or with acetonitrile, both in the
presence of TEA and in the absence of TEA, meets the selection criteria. The
influence of TEA on retention, plate number, and peak symmetry was
negligible. Thus, it may be concluded, that the surface coverage of this
stationary phase is high due to good end-capping technology. The polar or
silanophil interactions are highly excluded. The measured theoretical plate
numbers approach the highest possible available theoretical plate numbers,
given by the manufacturer. On Purospher and Chromolith SpeedROD the
advantageous effect of TEA on both parameters was found. For Purospher,
high theoretical plate number and good peak symmetry was found with
methanol containing mobile phase, even if the mobile phase does not contain
TEA. However, when KH,PO, (pH = 3.0) and AcN containing eluent was
used, the theoretical plate number was only 18,700. The Chromolith
SpeedROD can be used with AcN containing eluent without TEA. Using
MeOH in the absence of TEA, the symmetry factor was only 1.87, but when
TEA was added to the mobile phase this value was improved (1.65). It can be
seen from the Table 3, that LiChrospher and Prontosil gave more than 20,000/
m for plate number and less than 1.8 for symmetry factor with TEA containing
mobile phase at retention factor of 10. The Prontosil column is tailor-made for
highly aqueous mobile phases. The specially developed surface structure of
the stationary phase does not collapse at high water content according to the
manufacturer. The LiChrospher column belongs to the higher metal content,
silica A based stationary phases. Triethylamine containing mobile phases
were necessary to get acceptable theoretical plate numbers and peak
symmetry. At log k = 0.1 the Purospher, the Chromolith SpeedROD, and the
LiChrospher could not be used because of low plate number and non adequate
symmetry factor.

Vancomycin has higher molecular weight analytes (1449 g/mol) and
contains more polar groups than Ciprofloxacin. In consequence of its high
molecular size, one part of the unreacted silanol groups was not available due
to steric inhibition. On the other hand, the diffusion rate and mass transfer
between the mobile and stationary phases decreased. The former caused
improvement in the peak symmetry. The latter, inasmuch the size of
compound and size of some pores were comparable, reduced the theoretical
plate number. As for the size of Vancomycin, the exclusion from smaller pores

MarceL DExkER, INC.
270 Madison Avenue, New York, New York 10016

Copyright © 2004 by Marcel Dekker, Inc. All rights reserved.

) 7



Forlay-Frick and Fekete

132

(LVD 80+°8¢
(LNAS) 096°T€
GINAS) 026°0€
Ivnd) 780
(LIANd) 875°8T

(LD T15°8C

IND 8+9°LT
(LvdS) 079
OIANd) 021°9¢
GIvds) 09t'+¢
(LNQD 8¥I°€T
(LVaD 099°T1
INQD $0L‘S
GIVaD 8¥9°S

(LIAND) 870°TS
(LIAN) 956°0S
OIAN) 020°0S
(Lvds) 0z1°6¥
CIVD +8¢8t
(IvdS) 086°9%
IAND) +81°0%
(LD 026°6€
Ivnd) 2€9°6€
CIND 960°9¢
(LNQD 89T°ST
(LVaD CISTI
IvVaTD TLOTT
GINAD ++T°6

IVD $C9°LI
GIND) LYT'LT
(LN'D T66°CT
CIN'D +78°C1
(LINAS) 09t°C1
(Lvnd) 076
Ivnd) 969°8
(ILVaD 00t'8
OIvaD z€9°L
CIAN) ¥1L°9
(LD 95€°9
CIN9TD 9€8°S
(LANd) $0S‘y
CIANd) 880t

GIVD TLY'ST
(ILvnd) 967°¢T
(LINAS) LTT'€T
(LIAND) T€T°0T

(LD 0¥T°81
CIN'D 89S°L1
Ivnd) +01°S1
CIAN) ¥80°CT
(LINNd) 809°8
(LVaD 88S°L
GINNd) T€0°L
IV T€0°L
(LNQD 0T¢'S
GINAD 00¢°S

I L9192
(LVAS) 978°ST
(LD 910°0T
IV'D 261°SI
(L) 9181
(Lvnd) 9.S°€1
CIANd) 9¢€°C1
GIved) vrL 11
CIND 9St°11
CIAN) 096°8
(ILVaTD 0Z$‘8
(LNAD +81°9
IVaTD 8¥L'S
IN9D 850°€

(LN'D $8S°€€
(Lvnd) +9¥°0¢
(LINN) 26L°6T
GINN) $06°ST

IVN) +vT€Te

OIVD C15°0¢
(LIAND 09€°61
(Ivnd) 889°81
CIND 96¢°L1
(LVaD #Ht'L
(LNAD 08L°S
CINN) +79°S
GIvaD 919%
GINAD 0t+'T

1'0 = 30]

[ =y 30[

[w/1] surjrue-[Ayowip-N*y 10§ N

1'0 = 301

[ =2 30]

1'0 =¥ 30]

[ =2 30

[w/1] uroAwosue A 103 N

[w/1] uroexopgordi) 103 N

'spunodwod pue SUWN[OD [[& JO 9sed Ul [°( pue | = ¥ So[ e () s1equnu djerd [e01}0I0dY} PaINSLaW Y], 7 2]V

1102 Alenuer €z /€ :6T

W p8peo jumog

‘POAIOSAT SIYTU [V OU] IR [29TeN Aq $007 © WSAdoD

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



133

Comparison of Selected Stationary Phases

PaAIaSAI SIYSU [ U Jo2(] [29IRIA Aq +007 @ 1SuAdo)

-aseyd oqiqowr Jururejuod 1opnq YO4HY pue

HOPIA Suisn Jo 9sed 9y} Ul uwnjod [IS09[onN :SIAIN SIY} JO SIseq ay) uQ 1opnqg YO4eH 3 pue Jong VAL -], ‘O[LIIU0JI0R 1y ‘[oueyjoul
N ‘AOYPPads yjowoly) :dg ‘AnowwAs :AS ‘[1sojuoi{ :J ‘Joydsoind ng ‘xoydsorydry T ‘qI0S0IyDIT :qT ‘[ISOS[ONN] (NN SUOUDIA2LGqY

(Ivd) 02089
(LVd) 0T1°€9
(IVAS) LS 66
(LVAS) €69°LS
(LVN) 950°9S
CIVN) TLT 6%
CINAS) ¢ev'st
(LINAS) LT9°SH
(LIAN) 2667t
OINdD) €£8° 71
GINN) 0¥S°0F
(LN €ST°0F
(Lvnd) T€0°6¢
IV 800°6€

(IVAS) LT6C8
(LVAS) 090°8L
(INAS) 0TT°LL
(LINAS) €46°19
(LVN) T€¥°€9
OIVN) ¥2LT9
(LNAS) 0z€79
(Lvnd) +8S°19
GIvd) 080°09
INGS) 0¥1°8S
1IN LY6°9S
(LVd) €€9°7S
(L) L8F°ES
(LVD +¥81°CS

(LvdS) 00L°69
GIvds) 09119
(LAAS) 021°8S
GINAS) ovTTs
(LVd) L08‘9¢E
IVAS) €6¢°1¢
(LVN) 00¥°6¢
Ivd) €ST°LT
IVN) 9S1°97
(LVAS) €5¢°¢e
(LN LOETT
@V trL61
(LIAN) 08°81
CINAS) 0T8T

1102 Alenuer €z /€ :6T

(LNAS) 006°€8
(LvdS) 0Ts9L
(IvdS) 08L°SL
(INAS) 008°L9
(LVd) 098t
(IVAS) L0V 6€
(LVAS) L09°8¢
(IVd) LTL'SE
(LVN) +95°S¢
(L) LT TE
(INAS) €£8°0€
OIVN) 0vE0€
(LVD T61°8C
(INd) 00S°LT

W p8peo jumog

(IVAS) 9T 96
(LNGS) 0vE TS
CINAS) €687t
GINAS) 00211
(LINAS) €67°6¢€
(LvdS) 0vL'8¢
(LVN) #80°8¢
(LVd) LOE LS
(Ivds) 090°s¢
(IVN) 820°¢€
CIVd) €1€°C¢
(LN £10°T€
(LIAN) 9L0°6C
(LVTD 0268

IVAS) 09¢°98
CINAS) 086°9L
(LNAS) 0P1°29
(LINAS) 07919
(LVd) €L8°SS
(LVAS) 98+°¢cS
GINGS) 0¥6°TS
(LAD) €6L‘6Y
(LvdS) 0Ts‘8Y
(LVD 9LE P
Ivd) €161+
(LVN) 956°9¢
(Ivds) 090°9¢
INd) €99F€

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016

&



Forlay-Frick and Fekete

134

(LAND) 1921
CINAS) 271
CIND T61°1
(IVAS) L81°1
(@LVD ILTT
GINaAD TST'1

CINAS) £80°T
CIAAS) €90°T
(LINAS) 9%0°T
(LVAS) +10'1

(LVD 9201
(LN 020°T

LV 9ITT
IVAS) S0T'1
CIND LLT'T
CIAN) TLT'T
(LD 891°T
(LVAS) Tv1'1

(Lvds) €L0°1
(LNAS) 120°T

(LINd) 890°T
(LVAS) 2501
GIvad) s+0'1
OINND) €70°T

(LNAQD +06°T
(LD $18°1
(LVN) 6¥L'1
(LN STL'T
AVD SP9'1
(LVd) TLS'T

(LD 1SS°T
GIvdS) LpST
(LVD €151
(LVd) 0161
(L) €051
@vds) 1L€°T

(LVAS) 8€1°1 (LINAS) T10°T (LINAS) LOT'T (LAND LEO'T Ivnd) z€S'1 GIvnd) 02Tl
(LND 821°T GIN9QTD €00°T Ivad) €01°1 (LIANd) 820°T CINAS) LTr'T (IVAS) S1T'T
(LNAS) €21°1 (LVdS) ¥66°0 INNd) 260°T (Lvd) 820'1 CINNd) 98¢°1 (IINNd) 9071
(L9 8001 (LD £66°0 (Lvnd) 180°1 (LINAS) 120°1 (IVAS) LET vnd) L61°T
(LIAN) €560 (IvdS) 0860 (LA 0L0°T (Lvnd) Z00'1 (LINAS) L9T'T (LA €LT°T
CINND) 168°0 (LVN) 1L6°0 (LIAN) 85S0°1 IVN) 1960 (Lvnd) 82T'1 CINAS) ¥60°T
IVN) L88°0 (IVN) 8560 GIVN) S€0°T (LN 658°0 (LAND) 1121 (LINAS) +10°T
(LVN) 188°0 (LNQD L¥6°0 (LVN) 6560 (LVN) 1280 (LVAS) ¥66°0 (LVAS) 6560
1'0 = 30] [ =y 30[ 1'0 = 301 [ =y 30[ 1'0 = 301 [ =y 30[

surque-[AyoWIp-N*A 10§ Sy

uAwooue A 10J Sy

uroexopoidr) 103 Sy

'spunodwiod pue SUWIN[Od [[& JO ased Ur [°( pue | = ¥ S0 Je (Sy) S10)0eJ ANOWWAS paInseaw oy, ‘€ 9JqVL

1102 Alenuer €z /€ :6T

W p8peo jumog

‘POAIOSAT SIYTU [V OU] IR [29TeN Aq $007 © WSAdoD

MaRrceL DEKKER, INc.
s 270 Madison Avenue, New York, New York 10016



135

Comparison of Selected Stationary Phases

PaAIaSAI SIYSU [ U Jo2(] [29IRIA Aq +007 @ 1SuAdo)

-oseyd oriqowr Jururejuod 1ng YOJHI pue
HOR Sursn Jo ased ay} Ul uwnjod [ISO[ONN AN STy} JO SIseq Y} UQ "Iopnq "OJHI -3 Pue Iojng VAL L ‘Q[INIU0IIY 1Y TOURYION
TN ‘@O¥peeds prjowory) :dg ‘AnowrwAS A ‘TIsojuoid :d ‘Teydsoind :nd ‘roydsorg)r T ‘QIosoIydIry :q ‘TISOS[ONN NN -SUOUDINIIGqQY

IVaD €06'1
(LVaTD 68L'T
GIND) 2971
GIVdS) St1
Ivd) 0Tl
GINGS) 6111
ALV LOV'T
(LINAS) 20t'1
(LvdS) L8¢'T
GIVD +8¢°T
(LINQ) 6€€°T
GIvnd) 2621
(Lvnd) 28¢'1
IANd) 0921

GIvaD yIL'1
(LVaD 1S9°1
OIvd) see'l
(LVd) L8T'1
CINd) SST'T
(LD €¥T'1
Gtvnd) S1T'1
CIND 8+1°1
GIVD 6211
(Lvnd) STI'1
CINND) 611°1
IVAS) 801°1
GIAN) 260°T
(L) 160°T

GIvdS) 68L°1
INAS) 0€L'T
(LvdS) +29'1
(LNAS) L6S°T
(Ivd) 80S°1
GINAQD €1+'1
INAS) T16€°T
1IN +S€°T
GIVaD €¥€'T
(LN9D €€€°T
(LINQ) 8T€'T
(ILVaTD LOE'T
(LVd 00¢'1
IV 2Tl

1102 Alenuer €z /€ :6T

OINAD L8T'T
OIvd) TLT1
GIvds) ¥$T'1
GINAS) 9¢T'1
(LAN9D €121
GIVaD CLI'T
OINd) SST'T
VD STI'l
CINAS) $21°1
(ILVaD 0TI'1
@vozIra
GIND 960°T
GINN) #80°1
(IVAS) LLO'T

W p8peo jumog

CINN) 0v9°S
(LIAN) 89L°€
GINAD LOL'E
IvaD L69°€E
IVN) TIT°€E
CIND $69C
GIVD LYST
CINGS) 8TF'T
GIvdS) +91°¢C
(LNCS) 820°C
(Lvds) €L0C
GINd) 956'T
(LV9D 0S6'T
Ivd) v76°1

OIVN) 021°S
GIvaD Ly6'E
CINAD 606°¢
INN) 10S°€

IVD $ST°¢

GIND 0£6'C

(LN ¥8L°C

GIvd) €9¢C

(LVN) €T

(IINd) 891°¢C
(LVaD L86'T
(LN 956°T
CINGS) €£8°1
(LAAS) €69°1

MarceL DExkER, INC.

270 Madison Avenue, New York, New York 10016



19: 37 23 January 2011

Downl oaded At:

Copyright © 2004 by Marcel Dekker, Inc. All rights reserved.

) 7

136 Forlay-Frick and Fekete

reduced the possibility of the polaric interactions with silanols. For this reason,
the most critical factor was the symmetry factor for Vancomycin in the case of
the tested stationary phases. In consequence of its significant decrease, more
columns were suitable for testing of Vancomycin compared to Ciprofloxacin.
The Chromolith SpeedROD met the prescribed requirements in the case of
using both TEA and KH,PO, also at log k = 0.1, where the zone broadening
effects are well known to be more significant. This can be explained with the
smaller depth of diffusion pores. For Symmetry at logk=1 (k= 10),
similarly to Chromolith SpeedROD, when MeOH or AcN was used we got
good N and Ag in cases of both TEA and its absence. However, MeOH
containing mobile phases were not used at log k = 0.1, because of the low
theoretical plate number. In the case of Symmetry, the measured N values
were roughly half of the measured N values for Ciprofloxacin and N,N-
dimethyl-aniline. For Nucleosil, the TEA improved the peak symmetry in
such a way, that this high metal content stationary phase was also acceptable
for the measurement. In small diameter pores the Vancomycin molecule was
not able to penetrate because of its high molecular size, so the zone broadening
effects significantly decreased. Only the AcN containing eluents were useful
for both high and low retentions as far as Nucleosil was concerned. The
LiChrospher seemed to be suitable to examine Vancomycin at log k = 1, but
only in AcN. The Prontosil at both examined log k values seemed to be well
suited for analysis of Vancomycin in cases of all four eluents, although at
log k = 0.1 we obtained a theoretical plate number of only 17,200, when
MeOH-KH,PO, buffer eluent was used. This value does not meet the
requirement. For Vancomycin the highest theoretical plate numbers were
measured using Chromolith SpeedROD columns in the case of all four eluents,
which can be explained by the smaller diffusion path. These measured values
approach the highest possible theoretical plate number given by manufacturer.

All stationary phases except LiChrosorb were well suited for
measurement of N,N-dimethyl-aniline (121 g/mol). The highest theoretical
plate number was obtained, when Symmetry was used, which can be
explained by excellent coverage of the column and the few available
micropores.

From the measured data we calculated deviations of theoretical plates
numbers and symmetry factors (Tables 4 and 5). For example: PuM is the
abbreviation of the deviation of measured N or Ag values, which were
measured using TEA buffer or KH,PO, buffer containing eluents in the case of
Purospher, using MeOH. The effects of TEA are reflected well in these
calculated values. It can be seen, that high N and Ag deviations (AN and AA)
were measured in the case of silica A based stationary phases, which contain a
lot of available and unreacted silanol groups. In silica B based stationary
phases (for example, Symmetry and Purospher), which contain few, but
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Table 6. The measured retention factors in absence and presence of TEA in case of all

tested stationary phases and solutes.

Organic Organic content

Retention factor (k)

solvent  of the mobile  Absence Presence Deviation
Column used  phase (v/v%) of TEA of TEA (%)
N,N-dimethyl-aniline
LiChrospher AcN 40 8.832 8.473 4.2
RP-18 MeOH 50 10.427 9.673 7.8
Nucleosil AcN 27 10.448 9.906 5.5
100-C-8 MeOH 35 10.054 9.875 1.8
Prontosil AcN 40 9.146 8.072 13.3
C18-AQ MeOH 48 10.032 9.884 1.5
Chromolith AcN 28 8.611 8.078 6.6
SpeedROD RP-18¢  MeOH 35 10.102 9.843 2.6
Purospher AcN 40 10.044 9.818 2.3
RP-18e MeOH 52 10.173 9.923 2.5
Symmetry AcN 40 10.177 10.148 0.3
C-18 MeOH 55 7.948 7.519 5.7
LiChrosorb AcN 31 10.047 10.027 0.2
RP-select B MeOH 49 6.905 6.369 8.4
Ciprofloxacin
LiChrospher AcN 13 10.061 6.233 61.4
RP-18 MeOH 24 10.19 8.736 16.6
Nucleosil AcN 13 7.828 5.015 56.1
100-C-8 MeOH 24 6.424 4.948 29.8
Prontosil AcN 14 6.362 3.975 60.1
C18-AQ MeOH 27 9.967 8.013 244
Chromolith AcN 9 7911 5.95 33.0
SpeedROD RP-18¢e  MeOH 16 10.044 9.361 7.3
Purospher AcN 13 5.083 4.687 8.4
RP-18e MeOH 21 12.715 10.004 27.1
Symmetry AcN 11 8.027 7.885 1.8
C-18 MeOH 19 10.796 6.358 69.8
LiChrosorb AcN 9 12.826 9.795 30.9
RP-select B MeOH 17 10.169 8.05 26.3
Vancomycin
LiChrospher AcN 8 9.938 5.219 90.4
RP-18 MeOH 16 10.018 7.332 36.6
Nucleosil AcN 8 6.257 3.95 58.4

(continued)
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Table 6. Continued.

Retention factor (k)

Organic Organic content
solvent of the mobile  Absence Presence Deviation

Column used  phase (v/v%) of TEA of TEA (%)
100-C-8 MeOH 14 8.082 5.535 46.0
Prontosil AcN 7 16.164 7.831 106.4
C18-AQ MeOH 17 9.933 8.026 23.8
Chromolith AcN 6 7.134 6.403 114
SpeedROD RP-18e  MeOH 13 8.69 6.404 35.7
Purospher AcN 8 10.14 5.058 100.5
RP-18e MeOH 16 6.935 6.364 9.0
Symmetry AcN 8 6.322 3.656 72.9
C-18 MeOH 14 7.875 6.308 24.8
LiChrosorb AcN 7 5.654 3.671 54.0
RP-select B MeOH 13 8.375 4.399 90.4

probably strongly acid silanol groups we also measured high changes. Finally,
the TEA causes significant advance in a manner similar to silica A based
columns, because these strongly acid silanols are able to form strong
interactions with solutes. These interactions cause zone broadening. Blocking
these groups the deviation of the theoretical plate numbers and symmetry
factors progresses. From the change of AN and AA, it can be also seen that the
low molecular weight and small basic group containing solutes, such as N,N-
dimethyl-aniline (pKa = 5.06) can be used as only primary screening for
evaluation of columns. The compounds with higher basicity (higher pKa
value), such as Ciprofloxacin (pKa = 9.08) could give better insight into the
surface heterogeneity (polarity) of reversed phase columns.

DISCUSSION

According to our results, the silanol activity could be detected on all
tested stationary phases. Using TEA containing mobile phase, the retention
factors decreased in all cases (Table 6). The change of retention factors was
different in MeOH and AcN. From the measured retention factors and their
change, it can be seen that the columns cannot be grouped. We cannot
declare in advance for which columns the change of retention factors will be
the smaller or higher in the case of a solute. Namely, the pore diameter, the
diffusion path, the surface of stationary phases, the size of solutes, the
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composition of eluent, the various effects and interactions jointly condition the
retention of solutes.

The sign of the silanol activity was also the improvement of symmetry
factor using TEA containing eluents. From measured data, it can be seen that
the regular behavior, that is to say at high retention (log k = 1), the value of
symmetry factor and theoretical plate number advanced as compared with low
retention, in consequence of zone broadening and overloading effects.

For even the high purity silica based stationary phases, the TEA decreased
the effect of silanol groups, which caused the improvement of N and Ag as
compared to mobile phases without TEA (Tables 2 and 3).

In way of theoretical plate number, we measured the highest values for
Symmetry in cases of Ciprofloxacin and N,N-dimethyl-aniline, whether the
eluent contained TEA or did not. This can be explained by the good coverage
of the column. In the case of Vancomycin, the symmetry did not seem to be so
good, because we got only half of the measured values compared to
Ciprofloxacin and N,N-dimethyl-aniline. Its high molecular weight may be the
cause of this. On account of high size, the molecule is not able to penetrate into
the small pores (size exclusion effect), so the hindered pore diffusion and the
significantly decreased mass transfer between the mobile and stationary
phases cause decrease of the theoretical plate number. For determination of
such high molecular weight compounds, the Chromolith SpeedROD seemed
to be the best, whether the eluent contained TEA or did not. The pore structure
of Chromolith SpeedROD (monolithic silica) is more favorable for separation
of higher molecular weight compounds. The mean diameter of diffusion pores
is 13nm and the diffusion path is lower than in cases of particle based
stationary phases.

For Ciprofloxacin and N,N-dimethyl-aniline in the case of Symmetry, and
for Vancomycin in the case of Chromolith SpeedROD, the measured
theoretical plate numbers approached the highest possible theoretical plate
number values given by the manufacturer. The value of symmetry factor was
better for N,N-dimethyl-aniline than for Ciprofloxacin and Vancomycin in all
columns used. The worst symmetry factors were measured for Ciprofloxacin
in all cases. The pKa of the basic group of Ciprofloxacin is about 9. At pH = 3
its protonated form is present, so the ion-exchange interaction with highly
acidic dissociated silanol groups is probable. The deterioration in the peak
symmetry may be explained by the effect of unreacted silanols in the small
pores as well. The relatively small Ciprofloxacin can penetrate into these pores
and desorption rate is lowered by strong polaric interaction and pore restricted
diffusion. The peak symmetry for Vancomycin was better and acceptable
(1.0 < Ag < 1.8). Its size (1449 g/mol) is much higher and, so, was excluded
from small pores. The effect of the small pores on symmetry factor can be seen
on Chromolith SpeedROD columns. The measured theoretical plate numbers
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approach the available highest possible value given by the vendor, but the
peak symmetry was just acceptable at logk = 0.1 (1.6 <Ag < 1.8). At
log = 1, the improvement in peak symmetry was significant (1.1 < Ag < 1.3),
which can be explained by the overloading effect of the unreacted, but
accessible silanol groups.

The retention, the theoretical plate number, and the peak symmetry have a
complex function in pore structure and surface chemistry. Based on our
results, a universal test might not be advised for selection of stationary phases
for a given practical application. The multiple polar groups and size of solutes
determine the possible interactions with unreacted silanols. Neither the
unreacted, but accessible silanols, nor the penetration of solutes into the small
pores can be predicted from given data by the manufacturer and from the
results, which were obtained using small and simple solutes for column test.
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