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Preparation of new stationary phases in high performance
liquid chromatography with the surface modification
on a ground silica monolith colume

ZHANG Lu, WANG Zhaodi, LIU Lu, WANG Shige, HUANG Mingxian
(College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: A silica monolith column was prepared with polyethylene glycol (PEG) as a porogen,
tetramethoxysilane (TMOS) as a silica precursor, as well as acetic acid and thermally decomposed urea
as catalysts. The silica monolith column was then ground by a ball-mill, calcined and selected by
floatation to obtain 4~ 6 pum silica particles. For the preparation of monolithic silica, the process was:
first, 48 h reaction at 40 C reaction temperature, and then another 48 h reaction at 120 C reaction
temperature. For the preparation of silica particles, the grinding speed was 150 r/min, and the grinding

time was 1 h. The silica particles with the pore size of about 16 nm and the particle size ranged in 4~6 pm
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were obtained. With different modification methods on the surface of the as-prepared silica particles, a

series of new stationary phases were prepared, including the surface bonded vinyl group containing C8

reverse phase, thiol-ene click reaction and free radical polymerization produced new reverse phases, and

thiol-epoxy reaction generated restricted access media stationary phase. The chromatographic separation

for plasticizers and drugs in bovine serum albumin (BSA) was conducted, and the results show that the

packing materials so prepared have potentials for practical applications in high performance liquid

chromatography (HPLC).

Keywords: silica monolith column; thiol-ene click reaction; restricted access media stationary phase
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Fig.1 Scanning electron microscope( SEM )images of silica particles
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Fig.2 Schematic diagram of the preparation of vinyl group containing C8 stationary phase
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Fig.3 Schematic diagram of the preparation of stationary phase via thiol-ene click reaction
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300
700 F W FRmEIE
600 | v
>
Z 500 ‘
o> 400 ' .
4\& |ZA$ |r|I
1= 300 F | I %
200 ‘\ - '|/
11
100 | IR
O VI
1) m— _.| \__.I‘ S \

0 1 2 3 4 5 6 71 8
5] #/min
B 9 BRI EEHE KR it

Fig. 9 Restricted access media stationary phase reverse phase
test

P 3 A Jo €0, 335 1 7 AR 7E 285 9 438 43 B v A5 2]
Tz s — R R R M 2 W 5t
U S B GAEAE AT AR T, T
KeEEH—BUANRE W Ekmt, o
) oB 5 B E AN ES, IR AIEA: i
RAH O IEE RT3 8 . AWFSR TR 2 Fh25 )
STRIRERE SSFRAEEERR , Hor 45 sl 10 fis.

1T 2 A 25 ) 3 WO A TS & 1 BSA H,
BT, ARk E A 11 s, mTRL
Y, TEA A By BREEN Bk B A B, DA
B PBS(pH 3.5)/ACN(80/20, K FH L ), i
9 0.8 ml/min, 24 220 nm BRI S 4T .
BSA JCAR B, W 2 2GR ) TR AR

0._OH
Psve
H
07 NN,
0" N |
: o}

10 EREFFRIEEBRE S F44

Fig. 10 Strucutres of ketoprofen and etodolac

2000y | il

.
1500 | ‘
>
: |
o» 1000 +
= |
-‘q L
]@ sool ‘ @ﬁ;%ﬁ ﬁ@/ﬁﬁﬂx
|
N NN
0 1 2 3 4 5 6
A 1] #/min

B 11 MR REEE HPLC 535 BSA A& SR FikiE BB

Fig. 11 HPLC for the separation of ketoprofen and etodolac
drugs in BSA on the restricted access media
stationary phase.

MY R, SRR BRBEA B B R M — 2, \T
S 26 2575 LT P E Y E R AT

VR i Bt — 2 MK T AR P ] 6 1) ek 5
BHER R LRI 1L, 4551
FITESR 1. thak 1T DI Y, B i A i L
MFLAETE 16 nm 7247, HEE R HER AR LAR AR A



%2

OB, A RERCEE A ABITES 5 2 RG] A R R O (1 1 A 129

®1 EEERK KH-560 255K BET #1 BJH ik 7
Tab.1 BET and BJH measurement data of the as-prepared
silica and KH-560 bonded silica

Bt WERERYmTe)  AARVmlg)  OFHFLAZ/Mm
T 98.02 0.45 16.36
KH-560 86.15 0.41 15.15

B>, BETREE AL R T — W2 A R
3 # it

i AW A B RBEFITEIE, 153
A BB A AL UKL, UKL R /N AE 4~ 6 pm,
FLARZY N 16 nm, & G FIME 44— AR (3
AOSEURE . SR FHAR SRR 7 1 il o RE G R o, 7 i
il o AR YERERF . S35, i A [ SR T 8 i
Jiik, Al IR A B 58705 2 B9 1 il 4 Hh— R 57
o SOV (L [T A o ok ST R [ AR S
B O B RCR I HLAE 2B AR Y 20 A A i
R 259 23 A 07 T8I 7S H—RE B TP

PRI, A S A A e 2 Y A FL A R
LD, HAb A [ Al i T Bl R B vk R
e, AT A TR A G 20 B e A B 2R . Bl
HOWMERIEAY . R25 LIS 5 |z
F . B 2 A [T AR A BIF TR A 43 R A

B E WK

[1] KOHLER J, KIRKLAND ] J. Improved silica-based column
packings for high-performance liquid chromatographyl[J].
Journal of Chromatography A, 1987, 385: 125-150.

(2] B#iar, ERTE, ARIRE. S oiore Gk ik BTOR Y 2E
JE[T]. 13, 2000, 18(4): 308-312.

(30 BX DL DL, gk, Ji vk, A A I e vo OOA (35 SERHBE
SYHEIR[I]. AR, 2012, 24(1): 122-130.

(4] 42506, 02, K, B BRIk i A ALk M itk M
HAE R BORAR (15 2 A B B BRI, (3%, 2017,
35(6): 565-571.

[5] HUANG M X, MA H Y, NIU M N, et al. Preparation of
silica microspheres with a broad pore size distribution and
their use as the support for a coated cellulose derivative
chiral stationary phase[J]. Journal of Separation Science,
2018, 41(6): 1232—-1239.

[6] SVEC F, PETERS E C, SYKORA D, et al. Design of the
monolithic polymers used in capillary electrochro-

matography columns[J]. Journal of Chromatography A,

2000, 887(1/2): 3-29.

[71 TANAKA N, KOBAYASHI H,

et al

ISHIZUKA N,

Monolithic silica columns for high-efficiency
chromatographic separations[J]. Journal of Chromatography
A, 2002, 965(1/2): 35-49.

(81 ARDLE, SRUIK, FI77%E, &5 BUHE 3 BRI HT i

Ko FLAE 2R A B 4 2 b i T [9). 2, 2009, 27(5):

526-536.

REEIE, SRR, BT, 5. i nali SOV TE B AN R I

HEdi & BRI, e 2R, 2014, 26(1): 152-157.

[10] WU M H, WU R A, LI R B, et al. Polyhedral oligomeric

silsesquioxane as

[9

=

a cross-linker for preparation of
inorganic-organic hybrid monolithic columns[J]. Analytical
Chemistry, 2010, 82(13): 5447-5454.

[11] WANG K Y, CHEN Y Z, YANG H H, et al. Modification
of VTMS hybrid monolith via thiol-ene click chemistry for
capillary electrochromatography[J]. Talanta, 2012, 91:
52-59.

[12] VYVIURSKA O, LV Y Q, MANN B F, et al. Comparison
of commercial organic polymer-based and silica-based
monolithic columns using mixtures of analytes differing in
size and chemistry[J]. Journal of Separation Science, 2018,
41(7): 1558-1566.

[13] LIU S J, PENG J X, LIU Z Y, et al. One-pot approach to
prepare organo-silica hybrid capillary monolithic column
with intact mesoporous silica nanoparticle as building
block[J]. Scientific Reports, 2016, 6: 34718.

[14] QIAO J Q, LIANG C, ZHU Z Y, et al. Monolithic
alkylsilane column: a promising separation medium for
oligonucleotides by ion-pair reversed-phase liquid
chromatography[J]. Journal of Chromatography A, 2018,
1569: 168-177.

(15 MM, SREK, PRI, 55, Ze At R (A BRI 2 il
TR B s AR 3 [ 5 A D). 3, 2019, 37(5):
484-490.

[16] KO J H, BAIK Y S, PARK S T, et al. Ground, sieved, and
C18 modified monolithic silica particles for packing
material of microcolumn high-performance liquid
chromatography[J]. Journal of Chromatography A, 2007,
1144(2): 269-274.

[17] ALI F, CHEONG W J, ALOTHMAN Z A, et al
Polystyrene bound stationary phase of excellent separation
efficiency based on partially sub-2 um silica monolith
particles[J]. Journal of Chromatography A, 2013, 1303:
9-17.

[18] ALl F, KIM Y S, LEE J W, et al. Catalyst assisted
synthesis of initiator attached silica monolith particles via
isocyanate-hydroxyl reaction for production of polystyrene
bound chromatographic stationary phase of excellent

separation efficiency[J]. Journal of Chromatography A,


http://dx.doi.org/10.1016/S0021-9673(01)94628-X
http://dx.doi.org/10.3321/j.issn:1000-8713.2000.04.007
http://dx.doi.org/10.1002/jssc.201701215
http://dx.doi.org/10.3321/j.issn:1000-8713.2009.05.003
http://dx.doi.org/10.1021/ac1003147
http://dx.doi.org/10.1021/ac1003147
http://dx.doi.org/10.1016/j.talanta.2012.01.009
http://dx.doi.org/10.1002/jssc.201701374
http://dx.doi.org/10.1038/srep34718
http://dx.doi.org/10.1016/j.chroma.2018.07.062
http://dx.doi.org/10.1016/j.chroma.2007.01.086
http://dx.doi.org/10.1016/j.chroma.2013.06.016
http://dx.doi.org/10.1016/j.chroma.2013.11.027
http://dx.doi.org/10.1016/S0021-9673(01)94628-X
http://dx.doi.org/10.3321/j.issn:1000-8713.2000.04.007
http://dx.doi.org/10.1002/jssc.201701215
http://dx.doi.org/10.3321/j.issn:1000-8713.2009.05.003
http://dx.doi.org/10.1021/ac1003147
http://dx.doi.org/10.1021/ac1003147
http://dx.doi.org/10.1016/j.talanta.2012.01.009
http://dx.doi.org/10.1002/jssc.201701374
http://dx.doi.org/10.1038/srep34718
http://dx.doi.org/10.1016/j.chroma.2018.07.062
http://dx.doi.org/10.1016/j.chroma.2007.01.086
http://dx.doi.org/10.1016/j.chroma.2013.06.016
http://dx.doi.org/10.1016/j.chroma.2013.11.027

130

Bl TR A R

2020 4 5 42 &

[19]

[20]

[21]

[22]

(23]

[24]

2014, 1324: 115-120.

SOUVERAIN S, RUDAZ S, VEUTHEY J L. Restricted
access materials and large particle supports for on-line
sample preparation: an attractive approach for biological
fluids analysis[J]. Journal of Chromatography B, 2004,
801(2): 141-156.

FAGUNDES V F, LEITE C P, PIANETTI G A, et al.
Rapid and direct analysis of statins in human plasma by
column-switching liquid chromatography with restricted-
access material[J]. Journal of Chromatography B, 2014,
947: 8-16.

XU W J, SU S F, JIANG P, et al. Determination of
sulfonamides in bovine milk with column-switching high
performance liquid chromatography using surface
imprinted silica with hydrophilic external layer as restricted
access and selective extraction material[J]. Journal of
Chromatography A, 2010, 1217(46): 7198-7207.
CASSIANO N M, LIMA V V, OLIVEIRA R V, et al.
Development of restricted-access media supports and their
application to the direct analysis of biological fluid samples
via high-performance liquid chromatography[J]. Analytical
and Bioanalytical Chemistry, 2006, 384(7/8): 1462-1469.
SANTOS-NETO A J, BERGQUIST J, LANCAS F M, et
al. Simultaneous analysis of five antidepressant drugs using
direct injection of biofluids in a capillary restricted-access
media-liquid chromatography-tandem mass spectrometry
system[J]. Journal of Chromatography A, 2008, 1189(1/2):
514-522.

HUANG W, WANG P P, JIANG P, et al. Preparation and
application of a restricted access material with hybrid
poly(glycerol mono-methacrylate) and cross-linked bovine
serum albumin as hydrophilic out layers for directly on-line

high performance liquid chromatography analysis of

[25]

[26]

271

28]

[29]

[30]

enrofloxacin and gatifloxacin in milk samples[J]. Journal of
Chromatography A, 2018, 1573: 59-65.

LINZ A, TAN X Q, YU R F, et al. One-pot preparation of
glutathione-silica

hybrid monolith for mixed-mode

capillary liquid chromatography based on * thiol-ene”
click chemistry[J]. Journal of Chromatography A, 2014,
1355:228-237.

LIUZ S, LIU J, LIU Z Y, et al. Functionalization of hybrid
monolithic columns via thiol-ene click reaction for
proteomics analysis[J]. Journal of Chromatography A,
2017, 1498: 29-36.

SU S F, ZHANG M, LI B L, et al. HPLC determination of
sulfamethazine in milk using surface-imprinted silica
synthesized with iniferter technique[J]. Talanta, 2008,
76(5): 1141-1146.

XU D, DOND X C, ZHANG H Y, et al. Preparation of bi-
layer-polymer coated silica using atom transfer radical
polymerization and its application as restricted access
phase for HPLC separation of hydrophobic molecules in
biological fluids[J]. Journal of Separation Science, 2012,
35(13): 1573-1581.

BINDER S, GADWAL I, BIELMANN A, et al. Thiol-
Epoxy polymerization via an AB monomer: synthetic
access to high molecular weight poly(B-hydroxythio-
ether)s[J]. Journal of Polymer Science, Part A: Polymer
Chemistry, 2014, 52(14): 2040-2046.

GADWAL I, STUPARU M C, KHAN A. Homopolymer
bifunctionalization through sequential thiol-epoxy and
esterification reactions: an optimization, quantification, and
structural elucidation study[J]. Polymer Chemistry, 2015,
6(8): 1393-1404.

(4. 1 B


http://dx.doi.org/10.1016/j.jchromb.2003.11.043
http://dx.doi.org/10.1016/j.jchromb.2013.12.002
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2014.06.023
http://dx.doi.org/10.1016/j.chroma.2017.01.029
http://dx.doi.org/10.1016/j.talanta.2008.05.015
http://dx.doi.org/10.1002/jssc.201200141
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1039/C4PY01453G
http://dx.doi.org/10.1016/j.jchromb.2003.11.043
http://dx.doi.org/10.1016/j.jchromb.2013.12.002
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2014.06.023
http://dx.doi.org/10.1016/j.chroma.2017.01.029
http://dx.doi.org/10.1016/j.talanta.2008.05.015
http://dx.doi.org/10.1002/jssc.201200141
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1039/C4PY01453G
http://dx.doi.org/10.1016/j.jchromb.2003.11.043
http://dx.doi.org/10.1016/j.jchromb.2013.12.002
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.jchromb.2003.11.043
http://dx.doi.org/10.1016/j.jchromb.2013.12.002
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2010.09.035
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2014.06.023
http://dx.doi.org/10.1016/j.chroma.2017.01.029
http://dx.doi.org/10.1016/j.talanta.2008.05.015
http://dx.doi.org/10.1002/jssc.201200141
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1039/C4PY01453G
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2018.08.067
http://dx.doi.org/10.1016/j.chroma.2014.06.023
http://dx.doi.org/10.1016/j.chroma.2017.01.029
http://dx.doi.org/10.1016/j.talanta.2008.05.015
http://dx.doi.org/10.1002/jssc.201200141
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1002/pola.27212
http://dx.doi.org/10.1039/C4PY01453G

