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Abstract

In this paper we report on the results of a comparative study on the performance of Purospher RP 18e, 5 mm, columns and
prototypes of monolithic columns named SilicaROD from Merck, Darmstadt, Germany. The studies were performed on
HPLC equipment with minimum extra column contribution. The plate height linear velocity dependency of the Purospher RP
18e column showed a minimum of H of about 10–15 mm at a linear velocity of 1 mm/s. The H versus u curves of the
monolithic columns followed the same course. Yet, the curves remained flat up to a linear velocity of about 7 mm/s, where
the Purospher RP 18e column could not be operated anymore due to the extremely high back-pressure. In conclusion the
monolithic HPLC columns showed a column performance equivalent to a column with about 5 mm porous particles and were
operated at flow-rates up to 9 ml /min on a conventional HPLC equipment without notable loss in column efficiency. The
column back-pressure drop at the monolithic columns was three- to five-times lower than that on the 5-mm particulate
column.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction rather than on microparticulate packings [1–8]. The
advancements achieved in the sol–gel chemistry of

Although the column technology in high-perform- silica [9] provide the material basis to design compo-
ance liquid chromatography (HPLC) has now site supports of silica and polymers with a coherent
reached a high standard and a high reproducibility, binary phase system [10]. Such composites have
thorough attempts are undertaken to search for a been converted into porous bodies after calcination
novel column design based on monolithic supports i.e., removal of the polymeric constituent. The

porous silica bodies being shaped as rods exhibit a
bimodal and highly connected pore system composed
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1 mesopores with adjustable average pore diameterPresented at the 22nd International Symposium on High-Per-
[8,10].formance Liquid Phase Separations and Related Techniques, St.

Louis, MO, 3–8 May 1998. Japanese researchers not only developed such
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silica rods but also tested their column performance, tRi
]]retention and selectivity in reversed-phase chroma- N 5 5.54 ? (2)S Dw0.5tography [7]. Merck, Darmstadt, Germany will com-

mercialize this product under the name SilicaROD at
where w is the peak width at half peak height and0.5the beginning of 1999. The aim of this study was to
t the retention time of substance iRicompare the column performance of prototypes of

(3) the plate height H
such SilicaROD RP 18 columns with a microparticu-
late 5-mm Purospher RP 18e column of the same

L
company. ]H 5 (3)N

where L is the length of the column
2. Experimental (4) the reduced plate height h

2.1. Materials H
]h 5 (4)dpSeven prototype monolithic columns kindly sup-

plied by Merck, were used with the following where d is the particle diameterpproperties: diameter of through-pores of about 1.5–2 (5) the reduced linear velocity n
mm; diameter of diffusional pores of about 12 nm;
specific pore volume of 1.0 ml /g; specific surface ud2 parea of 300–350 m /g and total porosity of |81%. ]n 5 (5)DmThe columns originate from different batches in
the exploratory phase of the manufacturing process.

where u is the linear velocity and D is the diffusionmThus, data on the reproducibility of these columns
coefficient of the solute in the mobile phaseare not appropriate to assess.

(6) the total porosity of the column eTThe microparticulate column for comparison was a
Purospher RP 18e column 5 mm of dimension 1253

FtF M4 mm. ]] ]]e 5 5 (6)T 2 2ur p Lr pThe solvents employed were of HPLC quality c c

(Merck). The solvents were acetonitrile, 99.9%,
where F is the flow-rate and r is the radius of theHPLC grade and deionised water. c

columnThe analytes were: (1) uracil, (2) toluene, (3)
(7) the column permeability Kethylbenzene, (4) n-propylbenzene, (5) n-butylben- F

zene, (6) n-pentylbenzene.
FhLThe following chromatographic equipment was
]]K 5 (7)F 2used: a HPLC pump 64 (Knauer, Berlin, Germany), Dpr pc

a capillary UV detector 433 (Kontron Instruments,
Munich, Germany), an injection valve (Rheodyne where h is the viscosity of the mobile phase and Dp
7125); the size of the rod column was 10034.6 mm. is the column pressure

The following parameters were calculated:
(1) Retention coefficient k using uracil as dead uhL

]]K 5 (8)Ftime marker Dp

t 2 tR M
]]k 5 (1) andtM

F 5 ue (9)where t is the retention time and t the column fR M

dead time
where e is the free cross-section of the column(2) the plate number N f
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3. Results and discussion column porosity than the monolithic columns, which
is reflected by the K and Dp values. Fig. 1 showsF

the dependencies of the column permeability KF

3.1. Comparison of the hydrodynamic properties of calculated according to Eq. (8) on the flow-rate F for
monolithic versus microparticulate columns the two types of columns.

K is by a factor of four higher on the monolithicF

The hydrodynamic properties of a HPLC column columns as compared to the microparticulate col-
are commonly described by the column pressure umn. For practical use the plot of the column back-
drop Dp, the chromatographic permeability K and the pressure against the flow-rate is more informative
column resistance factor F [11]. Usually, for well- (Fig. 2). The mean standard deviation of the curve
packed columns the dimensionless column resistance Dp vs. F for the three rods calculates to 63%. The
factor varies between 500 and 1000. correlation coefficient is 0.9991.

As reported in the literature, monolithic HPLC Inspection of the plots of Fig. 2 shows, (i) that at a
columns possess a higher porosity than microparticu- flow-rate of 1 ml /min Dp is about five-times smaller
late columns [12]. The total column porosities of the on the rods than on the Purospher RP 18e column
SilicaRODs and the Purospher RP 18e column were and (ii) the Purospher RP 18e column reaches a
determined by the Eqs. (8) and (9) to 0.78060.01 maximum back-pressure of about 350 bar at 3 ml /
(rod 178), 0.73660.08 (rod 216), 0.72360.01 (rod min whereas the rod columns can be operated at 6
225) and 0.45260.02 for the Purospher RP 18e ml /min with a back-pressure of 150 bar. The lower
column. pressure drop of monolithic columns is caused by the

It is evident that the microparticulate reversed- higher column porosity or more precisely by the
phase column exhibits a significantly lower total higher macroporosity.

Fig. 1. Permeability K as a function of the flow-rate F for three SilicaROD columns and the Purospher RP 18e column. (♦) Rod 178, (m)F

rod 216, (h) rod 225, (d) Purospher RP 18e column.
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Fig. 2. Column back pressure Dp as a function of the flow-rate F on three monolithic and a microparticulate column. (j) Pressure drop due
to equipment (without a column), (♦) rod 178, (m) rod 216, (h) rod 225, (d) Purospher RP 18e column.

3.2. Plate height versus linear flow velocity The analysis of the H versus u curve for Purospher
characteristics of monolithic and microparticulate RP 18e using an iteration function for fitting gave the
columns following values for A, B and C in the van Deemter

equation: A50.560.1, B51.060.2 and C50.861.
Chromatograms of homologous n-alkylbenzenes Stout et al. [13] reported the following values on

as test compounds in acetonitrile–water (58:42, v /v) Zorbax columns A51, B52, C50.02–0.05 taken
resulted in a slightly better peak symmetry on the from h vs. n curves. The experimental H vs. u
Purospher RP 18e column than on all monolithic curves of the SilicaROD columns were fitted with an
columns tested. Fig. 4 shows a chromatogram of a apparent average particle diameter of 5 and 7 mm,
homologue series of n-alkylbenzenes on rod 216. respectively into h vs. n dependencies. The values
n-Alkylbenzenes were also applied to analyse the were A51.160.2 (1.4560.2), B50.7560.2
dependency of the plate height H on the retention (1.260.2), C50.0560.02 (0.0560.02) for an aver-
coefficient k at various linear velocities (Fig. 3). age particle diameter for a rod column of 5- and

It can be concluded from the data (Fig. 4) that the 7-mm particle size assumed, respectively. Thus the
plate height values are nearly independent on the performance of the monolithic columns studied
retention coefficient in the range between 2,k,10. corresponded to the performance of a 5-mm re-

Furthermore, the minimum plate height was about versed-phase column.
13–15 mm at an optimum linear velocity of about 3
mm/s on rod 216. The minimum plate height at the
Purospher RP 18e column was assessed to about 10 4. Conclusions
mm at an optimum linear velocity of about 1 mm/s
(not shown). The SilicaROD columns tested on HPLC equip-
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Fig. 3. Chromatogram of homologues n-alkylbenzenes on SilicaROD 216. Conditions: mobile phase: acetonitrile–water (73:27, v /v);
column temperature: 258C; flow-rate: 2 ml /min; detection: UV 254 nm; injection: 2 ml.

ment with minimum dead volume showed a similar ml /min, whereas the maximum flow-rate of the
column performance as the Purospher RP 18e col- Purospher RP 18e column was about 3 ml /min.
umn. Due to the larger total porosities the SilicaROD Even at these high flow-rate the excellent perform-
columns can be operated up to flow–rates of about 7 ance of the SilicaROD columns is maintained. One

Fig. 4. H vs. u curve for n-alkylbenzenes on Rod 216 (for conditions see Section 2). (♦) Toluene, k51.55; (h) ethylbenzene, k52.32; (m)
propylbenzene, k53.67; (s) butylbenzene, k55.74; (d) pentylbenzene, k59.22.



16 B. Bidlingmaier et al. / J. Chromatogr. A 832 (1999) 11 –16

´[3] S. Hjerten, Y.-M. Li, J.-L. Liao, J. Mohammad, K. Nakazato,of the most advantages features of the monolithic
G. Pettersson, Nature 356 (1992) 810.columns is the drastically reduced column pressure

´[4] S. Hjerten, J.-L. Liao, R. Zhang, J. Chromatogr. 473 (1989)
drop as compared for microparticulate column. 273.

´[5] J.-L. Liao, R. Zhang, S. Hjerten, J. Chromatogr. 586 (1991)
21.

´[6] S. Hjerten, K. Nkazato, J. Mohammad, D. Eaker, Chromato-Acknowledgements
graphia 37 (1993) 287.

[7] H. Minakuchi, K. Nakanishi, N. Soga, N. Ishizuka, N.The authors gratefully acknowledge the assistance
Tanaka, Anal. Chem. 68 (1996) 3498.

of Dr. K. Cabrera, D. Lubda, Dr. G. Wieland (all [8] K. Cabrera, G. Wieland, D. Lubda, K. Nakanishi, N. Soga,
Merck, Darmstadt, Germany), and Professor Dr. H. H. Minakuchi, K.K. Unger, Trends Anal. Chem. 17 (1998)

50.¨ ¨Engelhardt, Universitat des Saarlandes, Saarbrucken,
[9] C.J. Brinker, G.W. Scherer, Sol–Gel Science, AcademicGermany.

Press, New York, 1990.
[10] K. Nakanishi, J. Porous Mat. 4 (1997) 67.
[11] P.A. Bristow, J.H. Knox, Chromatographia 10 (1977) 279.

References [12] H. Minakuchi, K. Nakanishi, N. Soga, N. Ishizuka, N.
Tanaka, J. Chromatogr. A 762 (1997) 135.

[13] R.W. Stout, J.J. DeStefano, L.R. Snyder, J. Chromatogr. 282[1] F. Svec, J.M.J. Frechet, Anal. Chem. 64 (1992) 820.
(1983) 263.[2] Q.C. Wang, F. Svec, J.M.J. Frechet, J. Chromatogr. A 669

(1994) 230.


