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Considerable effort has been invested in the synthesis of Cl
stationary phases with superior acid stability for reversed phase 7
liquid chromatography (RPLC).1! Acid stable phases are critically
important for peptide/protein separations (proteomics) and for liquid ©\ o~
chromatographymass spectrometric (LEMS) analysis of basic CH CgHiz CI” "OCH3
compounds. Exceptional media stability is necessary to fully exploit cl- Sli 1 PS Cs
selectivity differences and peak shape improvements for small, basic CI:H
solutes using highly acidic mobile phases. To this end, the current 3 ]
“gold standard” for acid stable RPLC stationary media are the Fgure 1. Reagents employed for the synthesis ofl§SCs.
“sterically protected” Gg silica phase&? Two bulky (e.g., isopropyl,

CM

isobutyl) substituents on the silane reagent lead to “shielding” of 1004 '030 L PO

the underlying silanesilica siloxane bonds. While these phases 90 4 Oooo e
exhibit minimal acid-catalyzed hydrolysis and phase loss (1.0% E %5

trifluoroacetic acid (TFA), pH= 1.0, 1.0 mL/min, 9C°C, 25 000 T 80 - %o,

column volumes}? we have shown that under accelerated acid g OOOO

aging conditions (5.0% TFA, pke 0.5, 2.0 mL/min, 150C) the £70+ OoOO

retention factor K) for a neutral solute (dodecaphenone) is * 60 Oooo
significantly diminished (losses up to 50%) after only 1400 column OoOO
volumes (see below). There is a need for exceptionally high 50 L ; . 0
temperature acid stable phases for separation optimization (espe- 0 500 1000 1500
cially for hydrophobic peptides/proteins), enhanced column lifetime, column volumes

temporal stability in solute retention, and ultrafast liquid chroma- Figure 2. Normalizedk using Si1-PS-Cg (@) (initial k' = 5.15) andSBCis

tography for biomolecule separatiofidNVe recently developed silica (O) (initial kK =_7.60) for dodecanophenone: 47.5/47.5/5.0 acetonitrile/
. .~ - . . ... water/TFA mobile phase (pk 0.5) at 150°C and 2.0 mL/min (columns:

stationary phases that exhibited dramatically improved acid stability 5.0 x 0.46 cm). The plate count for benzene on thd-$iS-Cq is 98 000/

as compared to sterically protecteds@naterialst These highly m (reduced plate height 2.0).

cross-linked stationary phases were prepared by covalently linking

a chloromethylated aromatic silane to the silica surface followed additional silanols to the surface and, to the best of our knowledge,

by AICIs-catalyzed cross-linking, typically in the presence of added results in the most acid stable silica-based stationary phases yet

aromatic molecules (e.qg., oligomeric polystyrene). This methodol- reported.

ogy has several advantages including minimization of pore blockage  The reagents used for the modification of the silica (Type B

by confining the cross-linking reaction to the silica surface through Zzorbax) particles are shown in Figure 1. The general protocol is as

the use of orthogonally reactive reagents, activation of the aromaticfollows (see Supporting Information for details): after reaction of

groups after the initial cross-linking reaction, the ability to reactivate the silica with1 using a conventional silanization process, a slurry

the cross-linked aromatic surface by subsequent chloromethylation,of this phase (Sk) and oligomeric polystyrenePS, M, = 770

and the susceptibility of the cross-linked coating to a variety of g/mol) in nitrobenzene was treated with Ai® initiate a Friedet

further modifications providing a suite of stationary phases with Crafts (FC) coupling reactiol. The aromatic moieties in this new

unique chromatographic selectivities. phase, Sit-PS were chloromethylated with chloromethyl methyl
In our original approach, we employed a self-assembled ether CM), and a second AlGlcatalyzed FC reaction (i.e., self-
monolayer (SAM) of chloromethyiphenylethyt-trichlorosilane condensation) was performed. The resultant “reactivated” and

(Cl—CH,—CgH4—C,H;4—SICls) on silica. While these SAM phases  further cross-linked Si-PSwas subsequently treated with octyl-
gave a high surface density of chloromethyl groups, this synthesis benzene Cg) and benzene in a final FC alkylation, giving Si-
method leads to inevitable monolayer defects that produce deleteri-PS-Cq. Elemental analysis of Si-gave 6.29 wt % carbon and 1.41
ous silanols# More importantly, we determined that these SAM  wt % chlorine, consistent with the incorporation of 2:@ol/m? of
phases tenaciously adsorb organic bases (specifically compoundsl. Si-1-PS-Cg contained 13.2 wt % carbon and 0.5 wt % chlorine.
possessing ammonium residues). This generally results in seriouslyThese data are consistent with a highly cross-linked polymer coating
diminished chromatographic efficiency for such analytels an the surface of the silica.

effort to remedy this problem, we have developed a procedure for  The stability of Si1-PS-Cs was compared to a commercially
the production of silica stationary phases with remarkable acid and available sterically protected ;& phase $BC;5).1” Before the
thermal stability using conventional silanization with a related stability test, Sit-PS-Cg was pretreated using a set of four
chlorosilane 1 (Figure 1), followed by extensive cross-linking of  acetonitrile/water/TFA gradients at 15C.18 Figure 2 shows the
this modified phase in the presence of added aromatic reagentsnormalizedk' for dodecanophenone versus the number of column
This straightforward methodology minimizes the introduction of volumes in highly acidic media at 15TC. Si-1-PS-Cg is much
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Si-1-PSCg is a new ultrastable RPLC phase that is readily
synthesized using straightforward processes. This phase shows
remarkable and unparalleled acid stability, has excellent separation
ability (k'), and exhibits high chromatographic efficiency (minimal
pore blockage). This combination of attributes is unprecedented
and will be extremely useful for next generation RPLC phases.
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