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Abstract

Chromatographic evaluations of ag@limethylurea phase in 150 mm 3.9 mm HPLC columns were performed using the Tanaka and
Engelhardt test mixtures. The applicability of the neyy @imethylurea phase was also evaluated with a mixture of some herbicides and their
metabolites. An artificial aging procedure was also performed by passing a potassium phosphate mobile phase buffered at pH 7,0 through C
50 mm x 3.9 mm dimethylurea columns. The column stability was evaluated by means of the chromatographic parameters obtained for the
separation of some compounds from the Neue test mixture, using apolar, polar and highly basic analytes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction at the 2003 Pittsburgh conference, Maj{8% reported that
manufacturers were displaying a significant number of var-
Several new stationary phases containing embedded poious types of embedded polar phases.
lar groups have appeared on the scene, providing users with  Embedded polar group bonded phases were first reported
alternative selectivites for more difficult chromatographic by Nomura et al[4] in 1987. Their phases were prepared
separations involving polar, highly basic and ionizable by a two step modification process. In the first step, the
compounds in reversed phase conditions. The successfubare silica was grafted with aminopropyl moieties, which
performance of these reversed phases, having embeddediere acylated in a further step with acid chlorides to form
polar groups, is attributed to lower tailing and retention for an amide group [-NH-C(O)-R In a systematic study, the
bases at neutral pH and different selectivities in comparison reactivity of these amino groups were explored with different
with classical Gg phases. These advantages over conven- acylating reagents as a function of pore size of the silica
tional Gig phases are provided by the presence of the polar support. However, the applicability of these amide phases
groups, which minimize undesirable interactions with the remained unexplored.
residual silanols and are responsible for good peak shapes |ater, in 1990, Ascah and Feibufsi, from Supelco, re-
and high efficiencies for analytes with different physico- ported the separation of basic compounds including pyridine
chemical properties (nonpolar, polar and basic). Another and some substituted pyridines, under reversed phase condi-
important feature is that these phases can be used withtions, on a bonded phase with an embedded polar group. In
mobile phases having a low percentage of organic solventthis work, the polar group was not revealed, but the good
without stationary phase collapse, leading to stable andpeak shapes observed for the pyridines in neutral pH with-
reproducible retention and faster gradient regenerdfibn  out the addition of additives in the mobile phase was a clear
In a recent article, Przybyciel and Majors listed about 20 indication for reduced silanophilic interactions. In this same
different polar embedded alkyl stationary phases from dif- year, this phase was patented by Supd&joand became
ferent suppliers that have become commercially available commercially available on the market as Suplex.
during the past several yed&. In an article describing the In 1991, Buszewski et a[7] reported the synthesis of
new chromatography columns and accessories introducechew polar stationary phases prepared through the reaction of
aminopropy! silica with an acid chloride following the two
* Corresponding author. Fax:55-19-3788-3023. step procedure. The acylating reagent was prepared by the
E-mail addressairoldi@igm.unicamp.br (C. Airoldi). reaction of stearic acid with tionyl chloride. Later, Schmid
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et al.[8] characterized these new polar phases by b#th In our laboratory, we have prepared new stationary phases
and?°Si nuclear magnetic resonance (NMR) spectroscopy. It containing embedded urea groups [-NH-C(O)-NH-y

was possible to obtain more information about the presencea single-step modification process, based on the prior syn-
of the polar amide group embedded into the alkyl chain thesis of trifunctional or monofunctional urea-alkoxysilanes
by the presence of a signal at 160 ppm in #3€ NMR by a proprietary chemical procefk7], followed by mod-
spectrum, related to the carbonyl of the amide function. The ification of the bare silica and further endcapping. A series
preparation of different amide phases, with terminal alkyl of embedded polar phases based on urea were prepared
groups varying from gto Cyg, was reported by Buszewski  through modification of LiChrosorb silica with trifunctional

et al.[9] allowing a better understanding of the selectivity urea-alkoxysilanes witiN-alkyl terminal groups varying

of this new class of stationary phases. from Cs to Cy2 [18]. A trifunctional Gg urea phase,

In 1996, Ascah et al[10] reported a new version of prepared by the modification of ProntoSil silica, showed
the amide phases called Supelcosil ABZplus. In this work, promise for the separation of the compounds of the Neue
the phases were characterized by X-ray photoelectron spectest mixture, and of polycyclic aromatic hydrocarbons with
troscopy. The liquid chromatographic performance of these good peak shapes and column efficiendie3. In another
phases was found to be superior to the phase prepared eapaper, we described the successful separation of some tri-
lier and to the usual {g phases. Nowadays, these phases azine herbicides at neutral pH with isocratic elution, which
are claimed to be prepared by one step process, using thes very difficult to achieve in conventional;gphaseg20].
type B silicas and commercialized by Supelco as Discovery The column aging test, performed at pH 7 using a buffered
Amide Cg phaseg2]. phosphate mobile phase at room temperature, showed a

Following a similar approach, a stationary phase, contain- considerable decrease in efficiency after the passage of
ing embedded amide groups with sterically protective diiso- 16 000 column volumes of mobile phagd].
propyl groups and a {4 N-alkyl chain has been prepared More recently, a new generation of monofunctionak C
by Kirkland et al.[11] and commercialized by Agilent as urea phases was prepared by the modification of Pron-
Zorbax Bonus RP. toSil silica with monofunctional dimethyl and diisopropy!l

However, the procedure involving a two step modifica- urea-alkoxysilane§21]. By the separation of Neue test
tion process suffers from the difficulty of achieving com- mixture, we have confirmed our prediction that the dimethyl
plete acylation of the amine groups in the second step. AsC;g urea phase showed better peak shapes for amitriptyline
a result, a heterogeneous surface is obtained having bothand propranolol in comparison to both thes@iisopropy!
acetylated and underivatized amine groups. The presencehase and the polymericgurea phase synthesized earlier,
of these underivatized groups can, sometimes, be beneficiabased on the same silica suppf@1i].
because they can also aid in shielding the residual surface The present paper reports further chromatographic evalu-
silanols. However, a mixed mode separation mechanism canations with the Tanaka and Engelhardt test mixtures, as well
be observed especially in the separation of acidic ionizable as the separation of some herbicides and their metabolites,
compounds, resulting in high retention and tailed peaks dueto better illustrate the advantages of thgs@imethylurea
to an anion exchange mechanism with the protonated un-phase. A column stability test in a buffered phosphate mo-
derivatized amino groups, at pH undef12]. bile phase at pH 7 was also performed in order to compare

As an alternative approach, in 1995 O’'Gara et al. the stability of the dimethyl embedded urea phase with the
[13] reported the preparation of a news @hase con-  polymeric Gg urea phase.
taining embedded polar carbamate groups, using a sin-
gle step modification process. The approach was based
on the prior synthesis of the appropriate monofunctional 2. Experimental
chlorosilane containing polar functional carbamate groups
[-O-C(O)-NH-R], followed by chemical modification of  2.1. Chemicals
the silica surface with this new chlorosilane reagent and
then, endcapping. The synthesis of this new silane was Uracil, caffeine, 3,4-dichloroaniline, phenol and phosphor-
patented by Waters in 19944]. ic acid were obtained from Aldrich (Milwaukee, WI, USA)

Following this synthetic route, a series of HPLC bonded and were used as received. Aniline afll-dimethylaniline
phases containing an internal carbamate group were studwere from Fluka (Buchs, Switzerland). Cyanazine, simazine
ied by changing the termindN-alkyl group from GHj7 to and atrazine were supplied from Norvatis. Diuron and lin-
CigHs7 in increments of two methylene units. These carba- uron were from DuPont and Hoechst, respectively. The
mate phases have had their chromatographic performancetrazine metabolites, 2-chloro-4,6-diamino-1,3,5-triazine
compared to their alkyl counterparts and to other commer- and 2-hydroxyatrazine were purchased from Chem Ser-
cially available embedded polar stationary phadés16] vice (West Chester, USA). Potassium salts @Ri@, and
Waters commercializes these phases as SymmetryShieldoHPQOy), benzylamine, toluene, ethylbenzene, butylben-
columns and they are also available on hybrid silica (X-Terra zene, pentylbenzene arwdterphenyl were obtained from
RP). Merck (Darmstadt, Germany). Methanol and acetonitrile
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were HPLC grade and were also purchased from Merck. of KoHPO, and 0.39g KHPO, in a 500 ml volumetric
Deionized water was purified using a Milli-Q water sys- flask. The pH was adjusted to 7.60 using a calibrated pH
tem (Millipore, Bedford, MA, USA). A 150 mnk 3.9 mm meter before addition of methanol. The ion-exchange ca-
Nova-Pak Gg HPLC column (4um dimethyloctadecylsil- pacity @a,p) was calculated by the relation between the
yl bonded silica particles with 6 nm pore size, lot No. W retention factors for benzylamine and phenol. The last test
11421) was purchased from Waters (Milford, MA, USA).  was performed using these same compounds dissolved in a
methanol-20 mmoH?! phosphate buffered mobile phase at
2.2. Gg Dimethylurea phase pH 2.7 (30:70, v/v). The buffer was prepared by dissolving
0.985 g of KHbPO, and 0.28 g of HPOy in a 500 ml volu-
ProntoSil spherical silica (8m, 20nm pore size) from  metric flask, and the pH adjusted to 2.70. The ion exchange
Bischoff Chromatography (Leonberg, Germany) was chem- capacity {a p) at lower pH was again calculat¢?2,23]
ically modified with the monofunctional alkoxysilane
[(3-octadecyl-urea)propyl]dimethylethoxysilane to obtain 2.3.2. Engelhardt test procedure
the Gg dimethylurea phase with a surface coverage of Some of the compounds of the Engelhardt test mix-
3.3umolm2. The Gg dimethylurea phase was slurry ture were chosen for chromatographic evaluation of the
packed in 150 or 50 mnx 3.9mm i.d. HPLC columns.  Cjig dimethylurea phase. A solution, containing uracil
Additional details about the preparation, column packing, (12mgl?), aniline (100mgt?l), phenol (220 mgtd),
physicochemical properties of this phase have been pub-N,N-dimethylaniline (40mgt?), toluene and ethylben-

lished elsewherg21]. zene (1500 mg1l) was separated using a methanol-water
(55:45, viv) mobile phase at 313R4,25] Plate number,
2.3. HPLC separations N, retention factork, and tailing factor at 5%Jg, were

used for column performance evaluation.

All chromatographic evaluations were performed using
a modular HPLC system from Shimadzu (Kyoto, Japan) 2.3.3. Separation of some herbicides
equipped with a LC-10AD liquid chromatography pump, The separation of the mixture containing uracil (5 mb))
a SPD-10A UV-Vis detector, a CTO-10A column oven 2-chloro-4,6-diamino-1,3,5-triazine (1.5 mgf), 2-hydroxy-
and a Rheodyne 8125 injector (Cotati, USA) with al5 atrazine (2mgt?), cyanazine (2mgt!), simazine (2mg
loop. Data were acquired and processed using ChromPerd~1), atrazine (2mgt?), 3,4-dichloroaniline (1 mgit),
fect software (Justice Innovations, Mountain View, USA). linuron (2mgt?) and diuron (2 mgt!) was performed at
All solvents were filtered and degassed before use. The mo-303 K using methanol-water (50:50, v/v) as mobile phase
bile phases were prepared volumetrically from individually with detection at 230 nm. The mixture was also separated
measured amounts of each component. on the Nova-Pak € column using similar conditions.

2.3.1. Tanaka test procedure 2.4. Column aging study

A 150mmx 3.9 mm i.d. HPLC column packed with the
C1g dimethylurea phase was used in these tests at the opti- The column aging procedure was performed using a mod-
mal flow rate of 0.8 mImint and detection at 254 nm. The ular HPLC system with a Waters 486 tuneable wavelength
first chromatographic evaluations were performed using a absorbance detector, a Waters 510 pump and a Rheodyne
mixture of uracil (10mgt?'), used as the marker for the 7725i injector (Cotati, USA). For the test, a 50 nx8.9 mm
column dead time, butylbenzene (1000 mg)| o-terphenyl i.d. HPLC column, packed with the;gdimethylurea phase
(80mg 1), pentylbenzene (1100 mgl) and triphenylene  was employed. To simulate the usual chromatographic prac-
(50mg 1), using methanol-water (80:20, v/v) as mobile tice, the column was continuously purged at 1.0 miTdin
phase at 298 K. Retention factors, plates per meter, sepawith methanol-20 mmoH! KH,POy/K,HPO, buffer
ration factors for butyl and pentylbenzene (methylene se- (65:35, v/v) at pH 7.0 (not recycled) as mobile phase at
lectivity, acy2) and foro-terphenyl and triphenylene (steric room temperature. The buffer was prepared by dissolving
selectivity, at/0) were calculated as recommendgz2]. 1.68¢g of KkHPO, and 1.33g KHPQO, in a 11 volumet-
A second mixture was composed of uracil (10 mb| ric flask. The pH was adjusted to 7.0 using a calibrated
caffeine (135mgt!) and phenol (270mgf) and was pH meter before addition of methanol. The column was
chromatographed using methanol-water (30:70, v/v) as periodically tested by the separation of uracil (6 m¥)
mobile phase at 303 K. The quotient of the retention factor naphthalene (80 mgt), dipropyl and dibutyl phthalate
of caffeine to that of phenol (hydrogen bonding capacity, (500 mg 1), with propranolol (350 mgil), and amitriptyl-
ac/p) was calculated. A third test was performed by sep- ine (100 mgt1) as basic probes, at the optimal flow rate of
arating uracil (10 mgi!), benzylamine (100 mgt), and 0.8 mImir L. Not all components of the Neue test mixture
phenol (120 mgtl), dissolved in a mobile phase composed [26] were used for this test, because they were not well
of methanol-20 mmoH! KHPOy/K,HPQ, (30:70, Viv) separated due the short length of the column employed for
at pH 7.6. The buffer was prepared by dissolving 1.25¢ this study.
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Fig. 1. Chromatogram of the separation of the Tanaka test mixture composed of uracil (1), butylbenzene (2), pentylbenz¢sl{8hyl (4) and
triphenylene (5). Conditions: 150 mm 3.9 mm i.d. column packed with the g dimethylurea phase, mobile phase: methanol-water (80:20, v/v); flow
rate: 0.8 miminm?; injection volume: Ful; temperature: 298 K; detection: UV at 254 nm.

3. Results and discussion
3.1. Column characterization

Following the evaluation of the {g dimethylurea phase
using the test procedure of Neue et[@b], the characteri-

tions. The chromatogram dfig. 1 shows the separation

of the alkyl benzenes and the polyaromatic hydrocarbons,
where it was possible to observe that pentylbenzene was
not well separated frono-terphenyl. A steric selectivity
(o1/0) of 1.44 and a methylene selectivitydno) of 1.45
were obtained. The hydrogen bonding capaaity/f) was

zation was extended by studying the evaluation parameterscalculated by the relation of retention factors of caffeine
of two other popular test procedures, those of Tanaka andand phenol from the chromatogram 6ig. 2, obtaining a

Engelhardt.

value of 0.45. For the chromatograms feiy. 3, the ion

The Tanaka teqR?2] is based on the separation of seven exchange capacities;a,p, in acidic and neutral medium
compounds, using four different mobile phase composi- were determined by the separation of benzylamine and
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Fig. 2. Chromatograms of the separation of uracil (1), caffeine (2) and phenol (3) using an unbuffered mobile phase. Conditionsx 2®0mmmi.d.
column packed with the {g dimethylurea phase, mobile phase: methanol-water (30:70, v/v); flow rate: 0.8 miirmjection volume: 5ul; temperature:

303 K; detection: UV at 254 nm.
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Fig. 3. Chromatograms of the separation of uracil (1), benzylamine (2) and phenol (3) at pH 7.60 (A) and pH 2.70 (B). Conditionsx1%0 mm

i.d. column packed with the 6 dimethylurea phase, mobile phase: methanol-buffer phosphate (30:70, v/v); flow rate: 0.8l imjection volume:
5ul; temperature: 303 K; detection: UV at 254 nm. The small peak is an impurity of benzylamine.

phenol using buffered mobile phases at pH 2.70 and 7.60,between the retention factors for benzylamine and phenol,

respectively. obtaining a value of 0.28. Retention facthy plate number
At low pH, benzylamine is not retained and coelutes with per meter,N/m, and tailing factor at 5%TFr, were calcu-
uracil, indicating a null ion exchange capaciiy, p = 0, a lated for all components and the results are summarized in

behavior which is expected due to the high purity silica sup- Table 1 The overall results are quite similar and comparable
port used in the preparation of thggxlimethylurea phase. to those found in the recent publications of Euerby and Pe-
The ion exchange capacity at low pH is more pronounced tersson[28,29] on the characterization of more than eighty
on older type A silica supports with higher metal contents, commercially available RPLC columns, especially for six
especially those of iron and aluminum, which increase the polar embedded phases from different suppliers.

acidity of the residual surface silanols, so that they are still  Fig. 4 shows the chromatograms afable 2summarizes
ionized at low pH values. On the other hand, the separa-the chromatographic parameters obtained for the separation
tion in pH 7.6 maximizes the ion exchange activity of the of some compounds from the Engelhardt test mixture, also
residual silanols where the great majority of the silanols are used to evaluate theisgdimethylurea phase. Lower tailing

in their ionized form and benzylamine kg = 9.3) is par- factors for the basic probes, aniline adg\-dimethylaniline,
tially protonated. In a recent publication, Neue et[al] and higherN/m values of 100400 and 103600 for the
described this as similar to his test procedure, also usinghydrophobic probes, toluene and ethylbenzene, were ob-
an amine, amitriptyline. Chromatogram A Bfg. 3 shows served. The relative retention between phenol and toluene
good peak shape for benzylamine with lower tailing. The («phenofToluend Was calculated, obtaining a value of 0.22.
ion exchange capacity p, was calculated by the relation  This value is similar to those obtained by Engelhardt et al.
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Table 1 Table 2

Chromatographic parameters obtained for the separation of some com-Chromatographic parameters obtained for the separation of some com-
pounds of the Tanaka test mixture composed of nonpolar, polar and basicpounds of the Engelhardt test mixture on thg; @imethylurea phase
analytes on the {g dimethylurea phase

Compound k N'm T
Compound k Nm Te —
Aniline 0.38 55300 1.34
Butylbenzeng 3.02 95200 1.10 Phenol 0.64 67000 1.32
Pentylbenzerfe 4.38 96 400 1.0 N,N-DMA 2.13 93600 1.16
o-Terpheny? 4.54 95900 112 Toluene 2.93 100500 1.18
Triphenylené 6.55 93400 1.10 Ethylbenzene 4.92 103600 1.10
g:;f;};/r;jmine 0695 3?825?86 112388 Chromatographic conditions150 mmx 3.9 mm c_olumn; mobile phase:
0.67 53100 135 methanol-water (55:45, v/v); flow rate: 0.8 ml min temperature: 313K;
detection: UV at 254 nm; injection volume:us.
Phenol 2.18 89 90(F 1.30°
g:ﬁ giggg igg lite, 3,4-dichloroaniline. The structure of each compound

is shown inFig. 5 The chromatographic determination of

Chromatographic conditions 150 mm x 3.9mm column; flow rate: . . . .
grap X these substances is of great Importance In environment con-

0.8 mImin1; detection: UV at 254 nm; injection volumey3 at different

mobile phase compositions. trol due to their. potgntial for groundwater contamination
2 Methanol-water (80:20, V/v). and they are quite difficult to separate on conventiongl C
> Methanol-water (30:70, V/v). phases without pH adjustments or additives in the mobile
¢ Methanol-20 mmolt! HsPOJKH2POy buffer (30:70, Vi) at pH  phase to suppress the tailing for the basic molectigs.6
2.70. : . :
4’ Methanol—20 mmolt! KHoPOu/K,HPOy buffer (30:70, viv) at pH shows the separations obtamg—:-d on thg @imethylurea
7.60. phase and also on a commerciak@hase (Nova-Pak) un-
€ This value was obtained from separated injection. der the same separation conditions, using isocratic elution

with a methanol-water (50:50, v/v) mobile phase.
[25] for amide and carbamate polar reversed phases. This The advantage of using the £dimethylurea phase over
behavior is attributed to the hydrogen-bonding contribution the commercial ¢ Nova-Pak phase is shown by the dif-

of the polar urea group close to the silica surface. ferent elution order obtained. With the commercial phase,
atrazine and 2-hydroxyatrazine are more retained, while
3.2. Separation of herbicides a different selectivity is observed in the phase contain-

ing the polar urea groups. According to the structure of
The experiment was based on the separation of some im-2-hydroxyatrazine shown irfrig. 5 the presence of the
portant triazine herbicides, including two metabolites and —OH group makes this molecule more basic than the other
two urea herbicides, diuron and linuron, and their metabo- triazines[30].

60
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40

30

20 6

Detector Response / mV

10 H

Time / min

Fig. 4. Engelhardt test mixture separation on the phaged@nethylurea. Column: 150 mm 3.9 mm i.d., mobile phase: methanol-water (55:45, v/v);
flow rate: 0.8 mlmir®; temperature: 313K, detection: UV at 254 nm. Peaks: uracil (1), aniline (2), phendl,{8imethylaniline (4), toluene (5) and
ethylbenzene (6).
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Fig. 5. Chemical structures of some herbicides and their metabolites.

On the Gg dimethylurea phase, all compounds are less tion of these herbicides, without requiring pH adjustments
retained, except for 3,4 dichloroaniline, when compared to in the mobile phase.
the conventional ¢ reversed phase. The chromatographic
parameters were calculated and are listedable 3 N/m 3.3. Column aging at pH 7

values ranged from 27 200 for the least retained compound
to 81900 for the most retained compound, linuron. These A shorter HPLC column packed with the £dimethyl-

values are higher, when compared to those obtained withurea phase was chosen for this test. There are some advan-
the commercial ¢ phase. However, it should be noticed tages in using a shorter column, such as the lower quantity
that tailing factor values are somewhat higher for all com- of stationary phase required, shorter analysis time and lower
pounds, except for 2-hydroxyatrazine, on thg @imethyl- consumption of solvents during the artificial aging test. The
urea phase. The higher retention and the less than desirableolumn was purged with known volumes of the mobile
tailing factor for 2-hydroxyatrazine on the conventional phase at room temperature, periodically testing with some
phase may be attributed to interactions with residual surfacecomponents of the Neue test mixtufg6]. The mobile
silanols. The results obtained show the potential application phase chosen was a mixture of methanol-20 mm ol |

of the G g dimethylurea stationary phase for the determina- phosphate buffer at pH 7.0 (65:35, v/v). This system was

Table 3
Chromatographic parameters obtained for the separation of the mixture of herbicides

Cig dimethylurea Nova-Pak g

k N/'m Te k N'm Te
2-Chloro-4,6-diamino-1,3,5-triazine 0.17 27200 1.27 0.10 23400 1.20
2-Hydroxyatrazine 1.07 39000 1.47 3.68 1400 2.10
Cyanazine 1.69 54900 1.29 1.78 42900 1.03
Simazine 211 60300 1.28 2.60 51800 1.07
Atrazine 3.50 67 600 1.24 5.14 59000 1.11
3,4-Dichloroaniline 4.35 75900 1.44 4.64 75750 1.05
Diuron 6.80 79400 1.26 6.34 69800 1.05
Linuron 9.10 81900 1.25 10.3 75200 1.06

Chromatographic conditionsl50 mmx 3.9 mm columns packed with 4g dimethylurea phase and Nova-PaksCmobile phase: methanol-water (50:50,
vIv); flow rate: 0.8 mimin®; temperature: 303 K; detection: UV at 230 nm; injection volumgi.5
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Fig. 6. Chromatograms of the separation of 2-chloro-4,6-diamino-1,3,5-triazine (1), 2-hydroxyatrazine (2), cyanazine (3), simazine nd)(%frazi
3,4-dichloroaniline (6), diuron (7) and linuron (8) performed on thg @methylurea phase and on the Nova-Pak ghase. Conditions: 150 mr3.9 mm
columns; mobile phase: methanol-water (50:50, v/v); flow rate: 0.8 mthiimjection volume: 5ul; temperature: 303K; detection: UV at 230 nm.

selected as a critical test, since phosphate buffers are muchn the number of the residual surface silanols. Consequently,

more aggressive in the dissolution of the silica support,
when compared to other buffers, for example citrate, Tris
and otherd31,32] The chromatographic parameters, plate
numbers expressed BY/m, tailing factor at 5% and reten-
tion factor for naphthalene (nonpolar probe), dibutyl phtha-
late (polar), amitriptyline and propranolol (basic analytes)
were used to monitor column stability.

a reduction in 7% in the retention factor of naphthalene was
also observed. Thus, there is some evidence for the partial
loss of the bonded phase ligands attached to the silica sur-
face due to the silica dissolution, while the hydrolysis of the
urea groups at pH 7 is not likely as the retention factor for
naphthalene did not change significantly. To better illustrate
the higher retention for the basic compounilig. 7 shows

The retention of naphthalene during the aging test is a the chromatograms before and after the passage of 21 000

good measure of stationary phase hydrophobicity. The re-

tention factors for amitriptyline and propranolol are known

to be very influenced by the presence of residual silanols

column volumes of the buffered mobile phase, when the test
was arbitrarily stopped.
By comparing the column aging study for the monofunc-

at pH 7.0 and thus measure any modification of the silanol tional C;g dimethylurea and those obtained on the polymeric

population on the silica surface during the aging test.
The retention factors for amitriptyline and propranolol in-
creased by 7 and 12% from their initial values, respectively,

Cis urea phase, under the same conditions and using the
same silica suppofR0], it can be concluded that better sta-
bility was obtained from the monomeric;£urea phase. In

after the passage of 21 000 column volumes of the bufferedour early report on column stability of the polymeriqdC

phosphate mobile phase. The N/m values for amitriptyline

urea phase having similar surface coverage of8idl m2,

also decreased by 13%. The slight increase in the retentiona considerable decrease in tRém values and frontal tail-
factors for both basic probes can be interpreted as an increaséng for all compounds were observed, as well as the higher
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Fig. 7. Chromatograms obtained for the separation of uracil (1), propranolol (2), dipropyl phthalate (3), naphthalene (4), dibutyl phthaldte (5) an
amitriptyline (6) before (A) and after (B) the passage of 12000 ml of buffered mobile phase at pH 7. Chromatographic conditions< 3@ mm

column; mobile phase: methanol-20 mmdl KH,PQOy/K,HPQy, pH 7.0 (65:35, viv); flow rate: 0.8 mlmirt; injection volume: Gul; temperature: 298 K;
detection: UV at 254 nm.

retention for the bases after the passage of 16 000 columnshould be more exposed to the attack by the phosphate
volumes (9500 ml) of the pH 7.0 buffered phosphate mobile anions. As a consequence, such behavior can facilitate the
phase, an effect attributed exclusively to the dissolution of hydrolysis of the siloxane bonds near the silica surface,
the silica supporf20]. increasing its solubility. For practical purposes, to improve
It is a well known fact that the trifunctional alkoxysi- the lifetime of the stationary phases containing embedded
lane chemistry provides less reproducible surface coveragepolar groups, the use of phosphate buffers in mobile phases
from batch to batch and, thus, monofunctional silanes are should be avoided.
preferred[33]. Small amounts of water in the solvent or
on the surface of the silica, which are difficult to control
during the bonding procedure, promote the polymerization 4. Conclusion
of the trialkoxysilane. However, extra silanols are turned
after the hydrolysis of the trifunctional groups. Thus, even  The ameliorating effects caused by the presence of the po-
after endcapping, it is possible to have silanols which lar urea groups embedded in theg@irea phase are clearly
were not successfully blocked. It can be speculated thatobserved by the improved peak shapes obtained for the bases
these extra silanols, which do not occur with modifica- present in the Tanaka and Engelhardt test mixtures. The ad-
tions using monofunctional organosilanes, are responsiblevantage of the monomeric;gdimethylurea phase over the
for the lower stability observed for the trifunctionah4> trifunctional analogous phase is supported by the improved
urea phase in comparison with the monofunctional phase performance on the aging test at pH 7.0 using a buffered
reported here. phosphate mobile phase. The separation of some herbicides
Knowing that stationary phases with embedded polar of two different classes and some of their metabolites, at
groups may have a higher water concentration near the un-neutral pH using isocratic elution, shows the potential ap-
derlying silica surface, due the hydrogen bonding ability of plication of this new kind of polar stationary phase in the
the polar group, it can be expected that the silica surface determinations of these substances.
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