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Abstract

We describe investigations into the cause of retention losses encountered yueth Gg HPLC columns are used with highly aqueous
(>90% water) mobile phases. A procedure for quantifying these losses is described, involving stopping and restarting the flow. This procedure
was used to study the dependence of retention loss on the pore size, surface concentration, and chemical structure of the bonded phase
Experiments were also carried out to determine how to restore the original retention of the columns by changing the composition of the mobile
phase, or by increasing the pressure applied to the column. The results are shown to be consistent with a mechanism based on the theory o
pore filling by non-wetting liquids, as employed in Mercury Porosimetry. The retention losses are attributed to the highly aqueous mobile
phase being forced out of the pores when the flow is stopped and the pressure released. Retention is lost because the mobile phase is n
longer in contact with the interior surface of the particles, where most of the surface area is located. The implications of this phenomenon for
maximizing the reversed phase retention of polar analytes are discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction pores of the particles, was based on the observation that re-
tention losses were dependent on the pore size of the bonded
Reversed-phase high-performance liquid chromatographyphase, and that column pressure was a key variable. Par-
(RP HPLC) is often carried out using mobile phases contain- tial accounts of these results have been repd&eg]. The
ing high water concentrations in order to retain polar ana- same theory has been applied to explain retention losses in
lytes that would otherwise elute in the vditl]. However, reversed-phase solid phase extraction that occur when the sor-
there have been many reports of anomalous behavior wherbent bed dries out after conditionifigf. Similar observations
Cg and Ggcolumns are used with highly aqueous (>90% wa- have since been published by other work8sl 1], although
ter) mobile phas€g]. These anomalies have most often been in some cases different explanations have been proposed to
attributed to aggregation of the bonded hydrocarbon chainsaccountfor the results. Reid and HefByattributed retention
in the presence of highly aqueous mobile phases, renderingosses to the folding of stationary phase alkyl chains. Refer-
them inaccessible to analyty. ring to retention losses after stopping and restarting the flow,
In 1997, we suggested an alternative explanation for the Bidlingmeyer and Brosk§l1] state that “the main driving
loss of retention following stopping and restarting the flow force is the formation of interfacial structure of the aqueous
when using highly aqueous (>90% water) mobile ph§ges mobile phase onto the stationary phase.” In this report, we
This explanation, extrusion of the mobile phase from the describe a procedure to measure retention losses caused by
stopping and restarting the flow when using highly aqueous
mobile phases. This procedure was used to study the depen-
* Corresponding author. Tel.: +1 508 482 2564; fax: +1 508 482 3100.  dence of retention loss on pore size and the surface con-
E-mail addressTom Walter@Waters.com (T.H. Walter). centration and chemical structure of the bonded phase. We
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also report two methods for restoring retention: by increasing experiments conducted using 0, 5, and 10% methanol mobile
the organic content of the mobile phase, and by increasingphases. Three replicate injections were made to determine
the pressure applied to the column. The results are shown tathe retention times, and the average values were used to cal-
strongly support the mobile phase extrusion mechanism. Weculate the retention factors. After the initial sample injections
also discuss the implications of this mechanism as they relatethe flow rate was reduced to 0 over a 4 min period and main-
to maximizing the reversed phase retention of polar analytes.tained at O for 1 h unless specified otherwise. After this period
of flow stoppage the flow was reestablished to 1 mL/min over
a period of 15 s. After about 1 min, three replicate injections

2. Experimental were made to determine the retention times, and the average
values were used to calculate the retention factors. This se-
2.1. Apparatus guence was performed first using the 100% pHBHRO,

mobile phase, followed by the mobile phases containing 5 and

Elemental analyses were performed using an Exeter An- 10% methanol. The percent retention loss was calculated us-
alytical (North Chelmsford, MA, USA) model 240XA CHN  ing the difference in the retention factor of each probe before
analyzer. Specific surface areds)( specific pore volumes  and after flow stoppage relative to the initial retention factor.
(Vp), and average pore diameteByp) were measured using
the multipoint nitrogen sorption method, employing a Mi- 2.4. Chromatographic protocols for restoring retention
cromeritics (Norcross, GA, USA) ASAP 2400. TiAe val-
ues were calculated using the multipoint BET methodMhe To determine the efficacy of using pressure as a means
values were determined at a single point®éPy > 0.98, and of restoring retention after flow stoppage, the column back-
the Dy values were calculated from the desorption leg of the pressure was increased by incrementally increasing the flow
isotherm using the BJH method. Bonded phase surface con+ate. The retention loss protocol described above was fol-
centrations were calculated using the equation of Berendsernlowed using only the 100% aqueous mobile phase and a flow

and de Galaipl2]. stoppage time of 10 min, which was determined to be a suf-
ficient amount of time to cause complete retention loss for
2.2. HPLC analysis conditions the bonded phase used in this study. Once the retention loss

was determined after stopping the flow and restarting it at
Waters Corp. (Milford, MA, USA) ExpertEase V3.2 Chro- 1 mL/min, the flow rate was increased to 1.5mL/min and

matography Manager software was used for instrument con-held for 30 min prior to performing three replicate injections
trol, data acquisition, and processing. The chromatographicof the sample to reassess retention loss. This sequence was
system consisted of the following Waters components: a repeated using 2.0, 2.5, and 3.0 mL/min flow rates.
model 600 solvent delivery system, a 490E programmable A similar approach was used to determine the minimum
wavelength absorbance detector set to 254 nm, and a 717plug methanol that was required to restore retention on tize C
autoinjector. Column temperature was maintained using aA bonded phase after flow stoppage in the 100% aqueous
Euramark (Mt. Prospect, IL, USA) Mistral thermostated col- mobile phase. Once the retention loss was determined after
umn oven set to 25C. A flow rate of 1 mL/min was used stopping the flow and restarting it at 1 mL/min, the column
throughout the test procedure except where noted for thewas equilibrated in 10/90 methanol/water (v/v) at 1 mL/min
high-pressure rewetting experiments. The sample consistedor 30 min prior to reequilibrating the column in the 100%
of 100pg/mL sulfanilamide and 10Qg/mL procainamide aqueous pH 6 mobile phase. Three replicate injections were
prepared in 80/20 (v/v) BD/methanol. The injection volume  made to reassess retention loss.
was 10uL. Retention factors were calculated from the aver- This sequence was repeated using 20/80, 30/70, 40/60, and
age retention times of three replicate injections usin@2s 50/50 (v/v) methanol/water mobile phases prior to reassess-
the void marker. The mobile phases were 20 mWHROy ing the retention loss in the 100% aqueous mobile phase.
(pH 6.00) neat or combined with 5 or 10% (v/v) methanol.

2.5. Reagents and materials
2.3. Chromatographic protocol for determining
retention loss The 9.2 nm pore diameter silica used for many of the sam-

ples was 5.¢om Symmetry silica (Waters Corp.). The larger

The column was equilibrated for 30 min at 1 mL/min in pore size silica samples were obtained by hydrothermal pore

100% methanol, then 50/50 methanol/water, to assure com-enlargement of this siliceL3]. All bonded phases were pre-
plete wetting of the stationary phase and to prevent the precip-pared using chlorodimethyl silanes, and were endcapped with
itation of the pH 6 phosphate buffer, respectively. The column trimethylsilyl groups. The high surface concentration bonded
was then equilibrated for 30 min in the pH 6 phosphate mo- phases were prepared using an excess of silane relative to
bile phase prior to making three injections of the sample. The the amount that reacts with the silica. The reduced surface
run times were sufficiently long to elute all sample compo- concentration g materials were prepared using stoichio-
nents and were typically 60 min, 20—25 min, and 10 min for metric amounts of n-octadecyldimethylchlorosilane (Silar
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Table 1
Properties of the bonded phases used in this work
Material % CP % C2 Surface concentration  Before bonding After bonding

(mol/n?) Ac(m?lg)  Vp(cnPlg)  Dp(m)  As(mZlg)  Vp(cmPlg)  Dp (nm)
CisA 19.18 1937 3.21 332 0.878 8 136 0.310 &
CigB 13.64 1368 3.50 203 0.868 15 114 0.517 12
CisC 1050 1067 341 145 0.838 2% 912 0.578 15
CigD 9.55 961 3.53 128 0.831 28 851 0.609 19
CisE 1291 1422 2.00 319 0.839 9 184 0.467 P)
CigF 1434 1542 2.30 319 0.839 9 170 0.444 ®
Ci18G 1664 17.36 2.62 337 0.880 8 155 0.425 P
CigH 17.50 1807 2.80 337 0.880 Re} 143 0.394 n
Cig-carbamate 209 2136 3.07 344 0.861 9 106 0.274 &
Csg 1124 1161 341 329 0.860 kel 201 0.513 &7

@ Carbon content (w/w) after {fg or Cg bonding.
b Carbon content (w/w) after endcapping.

Labs, Scotia, NY, USA). The structure and preparation of  We investigated the kinetics of retention loss by varying

theN-octadecylcarbamate (g-carbamate) bonded phase has the time during which the flow was stopped. For high surface

previously been reportdd4]. The carbon contents, surface concentration bonded phases§@ and G in Table 1), we

concentrations, surface areas, pore volumes, and average poffleund that retention loss was constant after 10 min. Forsa C

diameters of the materials used in this work are summarizedbonded phase with a surface concentration of g®0Il/m?

in Table 1 All materials were packed into 150 mm3.9 mm (C1s E), however, the retention factor continued to decrease

stainless steel columns using proprietary high-pressure slurryafter 9 h. In the experiments described below, we used a 1 h

packing procedures. All reagents and solvents were used aglow stoppage, unless noted otherwise.

received. In addition to a decrease in retention for the initially re-
tained analytes, we also observed a decrease in the elution
time for the void marker, BO. For a 150 mnx 3.9 mm

3. Results column containing bonded phasegCA, the void vol-
ume decreased from 1.24 to 0.95mL. This 0.29 mL vol-
3.1. Quantifying retention losses ume change is similar to the volume of mobile phase

contained within the pores of the particles in the col-

It has been reported that retention times decrease gradutmn (1.0 g/colummnx 0.31 mL/g=0.31 mL/column). For a
ally when some RP columns are used with highly aqueous column containing bonded phases®E, with a Gg surface
mobile phase§8]. However, we observed no change in re- concentration of2.0ﬂmo|/mz, a smaller change in void vol-
tention when using a column Containing a h|gh surface con- ume (0.08 mL) was found. This material also shows a smaller
centration Gg bonded phase (materiai €A in Table ) with retention loss after flow stoppage (18% after 1 h; see below).
a completely aqueous mobile phase over 20 h of continuousMcCormick and Kargef15] have reported similar changes
operation. But when the flow was stopped, then restarted,in the elution time for RO when a @ column was used with
we observed almost no retention. When mobile phases con-2 100% water mobile phase.
taining more than 10% (v/v) methanol or acetonitrile were
used, this retention loss was not observed. Based on this 0b3.2. Dependence of retention loss on pore size
servation, we devised a procedure to quantify retention loss
caused by stopping and restarting the flow using highly aque-  To study the dependence of retention loss on the pore size
ous mobile phases. The column (150 mr8.9 mm) was first of the packing material, we tested a series of high surface
conditioned with 100% methanol followed by 50/50 (v/v) concentration endcappedié_bonded phases prepared us-
methanol/water for 30 min at 1 mL/min, then equilibrated ing silicas with average pore diameters ranging from 9.3 to
with the highly agueous mobile phase for 30 minat 1 mL/min. 24.5nm (materials ¢¢ A-D in Table 1. The pore diame-
A test mixture was injected, containing sulfanilamide, pro- ters after bonding were found to range from 6.7 to 19.9 nm.
cainamide, and PO as the void marker. After all analytes This reduction in average pore size is a well-known effect
had eluted, the flow was stopped for a predetermined time, caused by partial filling of the pore network with the bonded
then restarted at 1 mL/min. The retention loss was measuredgroups[16]. The dependence of retention loss after stopping
as the difference in the retention factor of procainamide be- and restarting the flow on the pore size of the bonded material
fore and after stopping and restarting the flow, as a percentagds shown inFig. 1 for three different mobile phase compo-
of the original retention factor. The relative retention losses sitions. The largest retention losses were seen when using a
measured for procainamide and sulfanilamide were the same ,100% aqueous mobile phase. While the retention loss was
within experimental error. nearly 100% for the smallest pore size material with this
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restarting the flow on the average pore diameter of high surface concentration
Ci5 bonded phases (square symbols: 100% 20 miRO, pH 6 mobile

phase, triangles: 95/5 buffer/methanol, diamonds: 90/10 buffer/methanol). Fig. 2. Dependence of retention loss for procainamide after stopping and

restarting the flow on g surface concentration for bonded phases based
. . . 0n9.1-9.3nm average pore diameter silicas (square symbols: 100% 20 mM
mobile phase, it dropped to only 8% for the largest pore size k,Hpo, pH 6 mobile phase, triangles: 95/5 buffer/methanol, diamonds:

material. This dependence on pore size has been reported bgo/10 buffer/methanol).
several other workel8,10,11]
the Gg material showing a larger loss (84%) than thg @

3.3. Dependence of retention loss ofs@urface material (20%).
concentration

3.5. Restoring retention

To study the dependence of retention loss on surface

concentration, we tested a series gg@onded phases pre- When retention has been lost following stoppage of flow,
pared on 9.1-9.3nm pore diameter silicas. Thg slirface  the original retention may be restored by conditioning the
concentrations of the five materials ranged from 2.00 to column with a mobile phase containing a higher concentra-
3.21umol/m? (materials Gg A and E-H inTable 3. All tion of methanol. To determine the methanol concentration
were completely endcapped in a subsequent step. The derequired to restore the original retention, we carried out an
pendence of retention loss ondSsurface concentration is  experiment using a column containing high surface concen-
shown inFig. 2 for three different mobile phase composi- tration 9.3 nm pore diameter bonded phase & After car-
tions. Again, the largest retention losses were seen when Usrying out the retention loss procedure described above using
ing a 100% aqueous mobile phase. For this mobile phase,3 100% aqueous mobile phase and a 10 min stoppage time,
a strong relationship is observed, with retention loss de- the column showed nearly a 100% retention loss. Different
creasing with decreasingigsurface concentration. A sim-  methanol/water mobile phases were then passed through the
ilar trend has been reported by Bidlingmeyer and Broske column, starting at 10% methanol and increasing to 50%.
[11]. At each composition, the mobile phase was passed through

the column for 30 min at 1 mL/min, then the column was
3.4. Dependence of retention loss on chemical structure  equilibrated in the 100% aqueous mobile phase for 30 min
of the bonded phase at 1 mL/min, and the test mixture was injected to determine

the retention factors of the retained analytes. The results are

To examine how retention loss varies with the chemi- shown inFig. 3. As the methanol content of the recondi-

cal structure of the bonded phase, we tested three differ-tioning mobile phase was increased, the retention began to
ent high surface concentration endcapped materialsAC return to the original value. For this 9.3 nm pore diameter
Cg, andN-octadecylcarbamate (g-carbamate). The charac- high surface concentrationg€bonded phase, 40% methanol
teristics of these materials are givenTiable 1 Again, the was required to restore the original retention. Others have re-
largest retention losses were seen when using a 100% aqueported that retention may be restored by reconditioning with
ous mobile phase. For this mobile phase, the £and G mobile phases containing about 50% methanol or acetonitrile
bonded phases exhibited 98% retention losses, whiletiie C  [8-10].
carbamate bonded phase showed less than a 3% loss;ghe C  Another way we found to restore retention was to increase
A and G bonded phases also showed significant retention the pressure by increasing the flow rate, using a 100% aque-
losses when using a 95/5 buffer/methanol mobile phase, withous mobile phase. To study the effect of pressure on retention,
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100 ; original retention, restriction must be added after the column
so that the outlet end of the column is maintained above at-
mospheric pressuif®,10]. Other workers have reported that

% retention may be at least partially restored by applying pres-

§ sure[8]. However, Reid and Henrj] note that for the col-
= 60 umn they studied, this approach was only successful if some
2 organic solvent (e.g. 10% acetonitrile) was in the column
c . . .
g .. during pressurization.
18
2
20 - 4. Discussion
0 The mechanism that we believe best accounts for these
0 10 20 30 40 50 observations is based on the theory of pore filling by non-

wetting liquids. This is the basis for a common method of
determining the pore size distribution of porous solids, known
Fig. 3. Dependence of retention loss for procainamide after stopping and @8 Mercury Porosimetrfi7]. In the Mercury Porosimetry
restarting the flow on methanol content of reconditioning mobile phase (for experiment, a sample of a porous solid is evacuated, then
bonded phase & A). mercury is forced into the pores under pressure. Mercury
is non-wetting for many materials. The volume of mercury
we again used a column containing high coverage 9.3 nm porejntruded into the sample is measured as a function of applied
diameter bonded phase£A. After carrying out the stan-  pressure. The pressurR) required to force mercury into a
dard retention loss procedure using a 100% aqueous mobilecylindrical pore of radius s given by the Washburn equation
phase and a 10 min stoppage time, the column showed nearly g]:
a 100% retention loss. The flow rate was then increased, us-
ing the same 100% aqueous mobile phase. At each flow rate,o p — —2r cosH
the pressure was noted, and the test mixture was injected r
to determine the retention factors for the retained analytes.wherey is the surface tension of mercury ahis the contact
The results are shown iRig. 4. As the pressure increased angle between mercury and the sample. Using this equation,
to 22.8 MPa (228 bar, 3300 psi), the retention was found to the intruded volume versus pressure data may be converted
increase. However, even at a pressure of 34.5 MPa, only 62%o plots of pore volume versus pore size.
of the original retention was obtained. When the flow rate  The results presented above may be interpreted in a sim-
was reduced back to 1 mL/min, giving a column pressure of jlar way. Most Gg bonded phases are known to not be wet-
11.0 MPa, the retention remained unchanged. The reason thafed by wate[19,20] By definition, this means that>90°.
the retention couldn’t be completely restored by increasing Although the established methods of measuring contact an-
pressure in this manner is because the outlet end of the colgles for non-wetting liquid§21] do not work for typical
umn was at atmospheric pressure. To completely restore thechromatographic particles, a simple test for wetting of a
bonded phase was described by Engelhardt and ME2Bgs

100 A sample of the bonded phase is shaken with water, and
an observation made as to whether the sample floats on top
or is wetted and sinks. By this test, none of the materials
used in this work are wetted by pure water. For a quanti-

% Methanol (v/v)

80

(7]

§ tative estimate of the contact angle for water ogg-Eilica
s 601 when this value is greater than 90ve must look at val-
b= ues measured for flat surfaces. Montgomery ef24] re-
ﬁ 40 + ported a contact angle of 93or pure water on a silica
B'Q

plate bonded with octadecyldimethylchlorosilane and end-
capped with trimethylchlorosilane. Maoz and S&@i] re-
ported an advancing contact angle of 1%¥ar pure water

on a self-assembled monolayer of octadecyltrichlorosilane
on glass slides. Wasserman et [@5] reported advancing
contact angles of 120or pure water on films formed from
alkyltrichlorosilanes (butyl and higher) on the silica surface
Fig. 4. Dependence of retention loss for procainamide after stopping and of silicon wafers. The Iatte_r report also noted that receding
restarting the flow on pressure using a 100% 20 mMRO, pH 6 mobile contact angles for these films were®l@wer than the ad-
phase (for bonded phasadR?). vancing contact angles. Another useful reference value is the

20 A

10 15 20 25 30 35
Pressure (MPa)
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70 tector, as well as the design of the detector flow cell. This
same mechanism was proposed by McCormick and Karger
60 1 [15] to account for changes in the elution time of@for
501 a Gg column when a pure water mobile phase was used. In
a A addition, Fadeev and Eroshen]27,28]have reported water
£ 40 1 ‘\ porosimetry measurements on alkyl bonded porous silicas
% 304 * that demonstrate behavior in agreement with the Washburn
A A equation.
204, N\ The evidence supporting this mechanism is: (i) the
0| .. X N = observation that releasing the pressure causes the retention
eI =TT — decrease, and that retention may be recovered by applying
0 : ‘ . -ttt pressure to the column, (ii) the observation of a reduction in
2 6 10 14 18 22 void volume after flow stoppage that matches the intraparti-

Pore Diameter (nm)

Fig. 5. Calculated pressures required to force pure water into pores of dif-
ferent diameters: (—§ =120, (—-—) =110, (---) 6=100".

contact angle of 110%measured by Janczuk et f26] for

cle pore volume, and (iii) the dependence of retention loss on
pore size, with larger pore materials showing reduced losses.
In the experiment where retention was partially restored for a
column containing bonded phasgs@ by applying pressure,

it was found that 22.7 MPa or higher was needed to recover
retention. This is roughly consistent with the pressures calcu-

pure water on a film of paraffin. Janczuk et al. also reported lated for a pore diameter of 6.7 nmif the contactangle isin the
contact angles for mixtures of water with methanol, ethanol, vicinity of 110°. Further evidence that the highly aqueous mo-
and propanol on a paraffin film. The methanol concentra- bile phase is forced out of the pore network comes from mea-
tion required to wet paraffin was found to be between 20 surements of column weight before and after flow stoppage
and 40%. [10]. The observation that smaller retention losses are seen

Because pure water is non-wetting for the materials we for reduced coverage;gbonded phases, and bonded phases
studied, it will not fill the pores unless pressure is ap- containing carbamate groups, would be consistent with this
plied. The pressure required to force water into the porestheory if these materials have reduced contact angles with the
may be calculated for different pore diameters and con- highly agueous mobile phases. While these materials would
tact angles using the Washburn equation, witket to the be expected to have lower contact angles, we have notfound a
surface tension of water (72 dyn/cm). (We have neglected reliable method of determining these values. This model can
the small increase in surface tension caused by the 20 mMalso explain why increasing the methanol concentration to
phosphate buffer. Note, however, that organic additives like 40% restores the original retention. Increasing the methanol
acetic acid significantly lower the surface tension.) The re- concentration reduces the contact angle, and véhef(?,
sults of this calculation fop =120, 110, and 100 are the mobile phase is able to access the pore network. That a
shown inFig. 5. Below these pressures, water will be forced methanol concentration of 40% is required to wet thig C
out of the pores. Fop=110, the pressures required to material is consistent with the results of Janczuk ef4l],
force water into 6.7, 12.1, and 17.5nm pores (the averageif we assume that the contact angles measured for paraffin
pore diameters for {g A—C) are 14.2, 7.9, and 5.5MPa, are areasonable model for a high surface concentratipn C
respectively. bonded phase.

Our interpretation of the results presented above is that This mechanism may also explain the optical transmit-
when the flow is stopped, and the pressure released, highlytance behavior reported by Li et §], since extrusion of the
aqueous mobile phases for whiék 90° extrude from the mobile phase from the pores creates solid/gas interfaces that
pores of the particles. In the case that there is contact anglestrongly scatter light.
hysteresis, it is the receding contact angle that should be rel-  Although this simple description accounts for most of the
evant[27]. Retention is lost because the mobile phase can noresults presented above, the true situation is more complex.
longer access the interior surface of the particles, where mostFirst, the pore structure of the particles is not made up of
of the surface area is located. The only reason that retentionnon-intersecting cylindrical pores, as is assumed for strict in-
is obtained using the highly agueous mobile phase beforeterpretation using the Washburn equation. In the calculation
the flow is stopped is because the column is under pressureused forig. 5 we further simplified our analysis by assum-
Since the outlet of the column is close to atmospheric pres-ing that the pores all have the same diameter. The real pore
sure, the mobile phase may be forced out of the pores of thestructure of these particles is made up of a network of inter-
particles located near the outlet end. This could account for connected pores of different sizes and shapes. The behavior
observations of partial retention losses in experiments notof such networks in Mercury Porosimetry experiments has
involving flow stoppage. This will vary with the amount of been described by Conner and cowork@&30] One point
restriction in the system after the column, which depends thatis relevantto this work is that intrusion of the non-wetting
on the diameter and length of the tubing leading to the de- liquid into the pore network is controlled by constrictions in
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the pore structure, while extrusion is controlled by the larger We also thank Ed Bouvier and Randy Meirowitz for helpful
openings in the network. This means that the pressure re-discussions on the physical chemistry of surfaces.
quired to force the non-wetting liquid into the pore network
will be higher than the pressure at which the liquid is extruded
from the pores. This has been observed in water porosimetryReferences
studieq27,28]
Another source of complexity arises from the mobility of ~ [1] J-W. Dolan, LC-GC 19 (2001) 1132.
. [2] Z. Li, S.C. Rutan, S. Dong, Anal. Chem. 68 (1996) 124, and refer-
the hydrocarbon chains. Nagae et[aD] have shown that ences therein.
retention loss after stopping and restarting the flow varies [3j (a) s.s. Yang, R.K. Gilpin, J. Chromatogr. 394 (1987) 295:
with chain length, with retention loss increasing frorgoC (b) R.K. Gilpin, M.E. Gangoda, A.E. Krishen, J. Chromatogr. Sci.
to Cig to Cg. In addition, for Gg and Gg bonded phases 20 (1982) 345.
they have shown that retention losses increase with increasing [ 3-7 V;?rltn?irﬁ Eén:ragi‘a’Av'\;-lagzpzzzte".‘}‘/'WV‘:VC\’IS\L‘:ErF;'igg(ﬁREPLC
temperature. Bidlingmeyer and BrosKe] reported similar htt;)://www.gvater’s.con’1/watersdivision/%dfs/TWHPLCé?)pdf '
results for a Gg bonded phase. These phenomena are not (5] 3. 0'Gara, D.P. Walsh, C.H. Phoebe, B.A. Alden, E.S.P. Bouvier,
readily explained by the mechanism described above, since  P.C. Iraneta, M. Capparella, T.H. Walter, LC-GC 19 (2001) 632.
the contact angle is not expected to vary with chain length [6] P.D. McDonald, Adv. Chromatogr. 42 (2003) 323.
[25]. Their interpretation of this resultis that the mobile phase [/ (@) E.S.P. Bouvier, R.E. Meirowitz, U.D. Neue, Poster P-112/A,
h . HPLC 97, Birmingham, UK;
!S more easily ex.pelled.from the pores When the temperature (b) E.S.P. Bouvier, D.M. Martin, P.C. Iraneta, M. Capparella, Y.-F.
is above the melting point of the alkyl chain. The temperature Cheng, D.J. Phillips, LC-GC 15 (1997) 152.
dependence may be quite complex, since the surface tension,[8] T.S. Reid, R.A. Henry, Am. Lab. 31 (1999) 24.
contact angle, and surface structure all vary with temperature. [] g)l M. PFZL)fycieI, M.A. Santangelo, Paper 332, Pittcon 2000, New
rleans, )
(b) M. Przybyciel, R.E. Majors, LC—GC North Am. 20 (2002) 516.
. [10] (@) N. Nagae, T. Enami, S. Doshi, LC-GC North Am. 20 (2002)
5. Conclusions 964:
(b) N. Nagae, N. Fujita, T. Enami, Poster 0112, HPLC 2004,
The mechanism presented above is useful for predicting  Philadelphia, PA.
the behavior of reversed phase columns with highly aque- [11] B.A. Bidlingmeyer, A.D. Broske, J. Chromatogr. Sci. 42 (2004) 100.

bil h Al ts of retenti | fter fl [12] G.E. Berendsen, L. de Galan, J. Liq. Chromatogr. 1 (1978) 561.
ous mobilé phases. réports of rétention losses aiter riow [13] K.K. Unger, Porous Silica, Elsevier, Amsterdam, 1979, pp. 47-49.

stoppage with such mobile phases indicate that high surfacua) J.e. 0'Gara, D.P. Walsh, B.A. Alden, P. Casellini, T.H. Walter, Anal.
concentration endcapped alkyl bonded phases based on rel- Chem. 71 (1999) 2992.
atively small pore size silicas (<20 nm average pore diame-[15] R-M. McCormick, B.L. Karger, Anal. Chem. 52 (1980) 2249.
ter) show Iarge |OSSd_§,8—11] High surface concentration [16] P. Roumeliotis, K.K. Unger, J. (?hromatogr. 149 (1978) 211..
dcapped alkyl bonded phases based on larger pore SiZIEU] A.W. Adamson, A.P. Gast, Physical Chemistry of Surfaces, sixth ed.,
e_n_ pp P ger p John Wiley & Sons, London, 1997, pp. 577-580.
silicas show much smaller lossps8,10,11] Howeyer, be- [18] E.W. Washburn, Phys. Rev. 17 (1921) 273.
cause of the lower surface areas of these materials, they ar@9] R.P.W. Scott, P. Kucera, J. Chromatogr. 142 (1977) 213.
not a good choice for maximizing the retention of polar an- [20] T. Welsch, H. Frank, G. Vigh, J. Chromatogr. 506 (1990) 97.
alytes. All reports of the lack of retention losses after stop- [21] R.J. Good, J. Adhes. Sci. Technol. 6 (1992) 1269.
. d tarti the fl for bonded ph taini [22] H. Engelhardt, D. Mathes, J. Chromatogr. 142 (1977) 311.
ping an r_es ar_ |_ng . e ow Tor On_ edp an-:‘S containing [23] M.E. Montgomery, M.A. Green, M.J. Wirth, Anal. Chem. 64 (1992)
polar functionalities indicate that the incorporation of a polar 1170.
group in the bonded phase is an effective way to prevent suchj24] R. Maoz, J. Sagiv, J. Colloid Interface Sci. 100 (1984) 465.
lossed4,5,8,9] However, some of these bonded phases give [25] S.R. Wasserman, Y.-T. Tao, G.M. Whitesides, Langmuir 5 (1989)
reduced retention compared to conventional alkyl bonded _ 1074 o iy .
. . [26] B. Janczuk, T. Bialopiotrowicz, W. Wojcik, Colloids Surf. A 36
phases, particularly for basic compour{és31]. An alter- (1989) 391
native solution for maximizing the reversed phase retention 7] v.A. Eroshenko, A.Y. Fadeev, Colloid J. 57 (1995) 446.
of polar analytes is to use a reduced surface concentration2s] A.Y. Fadeev, V.A. Eroshenko, J. Colloid Interface Sci. 187 (1997)
endcapped ¢ bonded phase on a small (ca. 9-10 nm) pore 275.
size silica, such as materiak£E. Such bonded phases not 2] ‘s’\ég Conner, AM. Lane, K.M. Ng, M. Goldblatt, J. Catal. 83 (1983)
Only show mmlm_al_losses after Stopp'”g and restarting the [30] G. Zgrablich, S. Menioroz, L. Daza, J. Pajares, V. Mayagoitia, F.
flow, but also exhibit excellent retention and peak shapes for Rojas, W.C. Conner, Langmuir 7 (1991) 779.
polar analyte$32]. [31] (a) B. Buszewski, J. Schmid, K. Albert, E. Bayer, J. Chromatogr.
552 (1991) 415;
(b) B. Buszewski, M. Jaroniec, R.K. Gilpin, J. Chromatogr. A 673
(1994) 11.
[32] E. Grumbach, D. Wagrowski-Diehl, K. VanTran, J. Mazzeo,
) U. Neue, Poster 358, HPLC 2002, Montreal, Canada, Avail-
We thank John O’Gara, Ray Fisk, Ken Glose and Dan able at http://www.waters.com (URL: http://www.waters.com/

Walsh for preparing the bonded phases used in this work.  watersdivision/pdfs/WA20261.pyf

Acknowledgements


http://www.waters.com/
http://www.waters.com/watersdivision/pdfs/twhplc97.pdf
http://www.waters.com/
http://www.waters.com/watersdivision/pdfs/wa20261.pdf
http://www.waters.com/watersdivision/pdfs/wa20261.pdf

	Mechanism of retention loss when C8 and C18 HPLC columns are used with highly aqueous mobile phases
	Introduction
	Experimental
	Apparatus
	HPLC analysis conditions
	Chromatographic protocol for determining retention loss
	Chromatographic protocols for restoring retention
	Reagents and materials

	Results
	Quantifying retention losses
	Dependence of retention loss on pore size
	Dependence of retention loss on C18 surface concentration
	Dependence of retention loss on chemical structure of the bonded phase
	Restoring retention

	Discussion
	Conclusions
	Acknowledgements
	References


