Analyst

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

f(&m apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

[y RO~YAL SOCIETY
OF CHEMISTRY www.rsc.org/analyst


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

VWAWWWLIFSC.Org/ 300000¢ | XXRXXXXX

(3'-azido-3'-deoxythymidine-co-propargyl

for capillary liquid

glycidylmethacrylate (GMA)-based monoliths are typically
modified using standard electrophile-nucleophile displacement
chemistry, or via ring-opening of a pendant reactive moiety to
prepare a wide range of polymer monoliths with a variety of
Compared with the single-step
copolymerization, postpolymerization functionalization allows
independent optimization of porous properties of the generic
monolith and surface chemistry. However, the preparation
procedure is rather tedious and time-consuming. Moreover, the
postpolymerization functionalization —sometimes has poor
selectivity and efficiency, which may have a negative impact on
retention characteristics and separation mechanism.” Therefore,
exploring a robust, reliable and high-selectivity immobilization
method for preparation of functionalized polymeric monoliths is

Since its first introduction by Sharpless in 2001,% click
reactions including Cu (I)-catalyzed 1,3-dipolar azide-alkyne
cycloaddition reaction (CuAAC) and “thiol-ene” reaction, have
in polymer and dendrimer synthesis,
bioconjugation and surface modification.”'? Thiol-ene reaction
has been attracting great interest since it possesses several
advantages such as simplicity, high chemoselectivity and high
conversion under mild conditions and has been widely employed
for the preparation of polymer-based monoliths and organic-
inorganic hybrid monoliths.">'> As an alternative, CuAAC has
been established as one of the most reliable approaches for
covalent assembly of various molecules.'®"’ This immobilization
several advantages over established
immobilization protocols, including mild coupling conditions,
excellent coupling yields (higher yields compared to thiol-ene
reaction), convenient control of the ligand loading level, and full
compatibility with a broad range of functional groups.”’ CuAAC
is a powerful tool for introduction of wvarious functional
molecules onto stationary phases to prepare different packed
chromatographic columns or enzymatic reactors.”' It is also
worth noting that the adoption of CuAAC immobilization
strategy for the preparation of monolithic columns is a recent
achievement.?*° Guerrouache et al.”® first reported an application
of CuAAC click reaction in the functionalization of macroporous
organic polymer monolith. In their work, the monolith based on
the copolymerization of nacryloxysuccinimide (NAS) and
ethylene dimethacrylate (EDMA) was prepared firstly, and then a
two-step modification was carried out to graft B-cyclodextrin (-
CD) onto the monolith for chiral capillary chromatogras)hy.
Similar works were reported by Guo et al.>’ and Sun et al.,”**’ in
which a conventional two-step click modification was adopted for
the preparation of silica and polymer monoliths, respectively.
More recently, Wu et al.** developed a facile “one-pot” approach
for fabrication of clickable organic-silica hybrid monoliths, where

Page 1 of 10 CREATED USING THE RSC COMMUNICATION TEMPLA’%}@:!X%)-SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS
ARNAETYE
1
2 .
3 Preparation of a poly
4 methacrylate-co-pentaerythritol triacrylate) monolithic column by in
5 . . .o . o
6 situ polymerization and click reaction
; chromatography of small molecules and proteins’
20 : Zian Lin,™"* Ruifang Yu,” Wenli Hu,? Jiangnan Zheng,* Ping Tong,” Hongzhi Zhao,” and
11 Zongwei Cai, *
12 ; :
Received (in XXX, XXX) Xth XXXXXXXXX 200X, Accepted Xth XXXXXXXXX 200X
13 First published on the web Xth XXXXXXXXX 200X
ig DOI: 10.1039/b000000x
16
ig 10 Combining free radical polymerization with click
chemistry via copper-mediated azide/alkyne cycloaddition
19 (CuAAC) reaction in “one-pot” process, a facile approach
20 was developed for preparation of poly (3'-azido-3'-
21 deoxythymidine-co-propargyl methacrylate-co- s separation modes.**
22 15 pentaerythritol  triacrylate) (AZT-co-PMA-co-PETA)
23 monolithic column. The resultant poly (AZT-co-PMA-co-
24 PETA) monolith showed a relatively homogeneous
monolithic structure, good permeability and mechanical
25 stability. Different ratios of monomers and porogens were ss
26 20 used for optimizing the properties of monolithic column. A
27 series of alkylbenzenes, amides, anilines, and benzoic acids
28 were used to evaluate the chromatographic properties of
29 the polymer monolith in terms of hydrophobic,
30 hydrophilic and cation-exchange interactions, and the ¢« becoming an urgent topic.
2s results showed the poly (AZT-co-PMA-co-PETA) monolith
31 exhibited more flexible adjustment in chromatographic
32 selectivity than that of the parent poly (PMA-co-PETA)
33 and AZT-modified poly (PMA-co-PETA) monoliths. been widely used
34 Column efficiencies for toluene, DMF, and formamide s
35 30 with 35,000-48,000 theoretical plates/m could be obtained
36 at a linear velocity of 0.17 mm/s. The run-to-run, column-
to-column, and batch-to-batch repeatabilities of the
37 retention factors were less than 4.2%. In addition, the
38 proposed monolith was also applied to efficient separation 7
39 35 of sulfonamides, nucleobases and nucleosides, anesthetics
40 and proteins for demonstrating its potential.
41 LIntroducti concept  offers
JAdntroauction
42 Over the past decades, polymeric monoliths have gained 7
43 greater acceptance as an alternative to conventional
44 40 microparticle-packed columns due to the advantages of low back
45 pressure, fast mass transfer rate, and ease of preparation.'”
46 Although some purely polymeric monoliths are excellent
47 separation media, further functionalization is of utmost so
48 importance in most situations in order to gain the desired
49 4s chromatographic properties. For example, epoxy groups of the
50
51 a) Ministry of Education Key Laboratory of Analysis and Detection for 85
52 Food Safety, Fujian Provincial Key Laboratory of Analysis and Detection
53 Technology for Food Safety, College of Chemistry, Fuzhou University,
Fuzhou, Fujian, 350116, China
54 b) Partner State Key Laboratory of Environmental and Biological
Analysis, Department of Chemistry, Hong Kong Baptist University, 224
55 lysi f Chemi ist Universi "
56 Waterloo Road, Kowloon Tong, Hong Kong, SAR, P. R. China
57 Fax:+86-591-22866135 E-mail: zianlin@fzu.edu.cn (Z.A. Lin);
zwcai@hkbu.edu.hk (Z.W.Cai)
58 1 Electronic Supplementary Information (ESI) available: Experimental
59 details and additional figures. See DOI: 10.1039/c0xx00000x
60

Thisjournd is© The Roya Sodety of Ghemistry [year]

Jburnal Narre, [year], [vol], 00-00 | 1



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

2

2

3

3

4

4

6

6:

w

@

S

5

S

5

0

S5

S

a5

Analyst

two clickable monomers with either azido or alkynyl moieties
were adopted and the resulting hybrid monoliths were further
used for the fabrication of monolith-based enzyme reactors via
post-polymerization modification employing CuAAC click
reaction. However, the aforementioned approaches were based on
two-step or multi-step post modifications, which suffered from
longer preparation time and more complicated procedures.
Despite this attractive feature of CuAAC click chemistry, there
are only a few studies?®° to date on the preparation of monolithic
columns using CuAAC strategy and no papers on one-pot
preparation of polymeric monoliths by in situ free radical
polymerization combined with CuAAC click reaction have been
reported so far.

3'-azido-3'-deoxythymidine (AZT), as an antiretroviral drug
used for the treatment of HIV/AIDS infectiousness, belongs to
the family of nucleoside analogues.’'** Owing to its unique
chemical structure containing hydrophilic/ionizable nucleoside
group and azido group, AZT is regarded as an ideal functional
monomer to make polymer monoliths for mixed-mode
chromatography. Despite this attractive feature of nucleoside
monomers, there are not any papers on this kind of the polymer
monoliths and even no papers on the preparation of AZT-based
polymer monolithic columns and their applications in separation
science have been reported so far.

In this work, we report a facile approach for preparation of
poly (AZT-co- propargyl methacrylate-co-pentaerythritol
triacrylate) (AZT-co-PMA-co-PETA) monolithic column by
combination of free radical polymerization and azide-alkyne
cycloaddition “click” reaction in one-pot process, where the
vinyl/alkyne-organic monomers and initiator
azobisisobutyrontrile (AIBN) were mixed with azido-organic
monomer in the presence of copper (1) catalyst. The resulting
homogeneous mixture was introduced into a fused capillary for
the subsequent click reaction and polymerization to form the
polymer monolithic column. With the use of this strategy,
polymer monolith with a mixed mode involving
hydrophilic/hydrophobic/ion-exchange interactions was
successfully prepared. Compared to the conventional post-
modification method, this proposed synthesis strategy provides an
alternative to prepare diverse polymer monoliths by using a
variety of azido/alkyne-organic monomers.

2.Experimental

2.1. Materials

Propargyl methacrylate (PMA) and pentaerythritol
triacrylate (PETA) were purchased from Alfa Aesar (Ward Hill,
MA, USA). AZT was obtained from J&K Scientific Ltd (Beijing,
China). 6-Bromohexanoic acid, copper iodide (Cul) and
sulfonamide antibiotics were the products of Aladdin (Shanghai,
China). AIBN was obtained from Tianjin Chemistry Reagent
Factory (Tianjin, China) and recrystallized with methanol
(MeOH) prior to use. Alkylbenzenes, thiourea, anilines, amides,
benzoic acids and HPLC-grade acetonitrile (ACN) were obtained
from Sinopharm Chemical Reagent (Shanghai, China).
Horseradish peroxidase (HRP), myoglobin (Mb), cytochrome C
(Cyt C), bovine hemoglobin (Hb) and transferein (Trf) were
purchased from Beijing Dingguo Co. Ltd (Beijing, China).
Adenine, thymine, 6-methylaminopurine and 2-deoxyadenosine
were obtained from Sigma (St. Louis, MO, USA). Anesthetics
were the products of national institute for the control of
pharmaceutical and biological products (Beijing, China). All
other chemicals were of analytical grade or better. Deionized
water was prepared with a Milli-Q water purification system
(Millipore, Milford, MA). Capillaries with 370 um o.d. x 100 pm
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i.d. were the products of Yongnian Optic Fiber Plant (Hebei,
China).

2.2. Apparatus

An HPLC pump (Elite P200, Dalian, China) was used for
washing the polymeric monolithic columns and testing the
backpressure after equilibration of them. All capillary liquid
chromatography (cLC) were performed ona TriSep-2100
pressurized capillary electrochromatography (pCEC) system
(Unimicro Technologies, Pleasanton, CA, USA). A flow rate of
0.02 mL/min and the UV absorbance of 214 nm were used unless
otherwise stated. Samples were injected through an injection
valve with an internal 2 uL sample loop. A four-port splitter was
set between the injection valve and the monolithic column to split
the flow into a desirable and stable flow rate (the actual flow rate
after splitting was ~ 80 nL/min). Since the splitting ratio was set
at 250:1, the actual injection volume was about 8 nL. The
morphology of the polymer monoliths was characterized by a
PhilipsXL30E Scanning Electron Microscope (SEM)
(Amsterdam, Netherlands). The pore properties of the polymer
monolith were measured by using physisorption analyzer
(Micromeritics ASAP 2010 porosimeter, USA) at -196 ‘C. Prior
to the measurements the monolithic polymers were ground and
degassed at 120 “C to a residual pressure lower than 107 Pa.
Fourier transform infrared (FT-IR) spectra of the monolithic
columns were recorded using the AVATAR 360 FT-IR
spectrophotometer (Nicolet, Waltham, MA, USA), where 3 mg
powder sample was mixed with 100 mg KBr.

2.3.“One-pot” preparation of poly (AZT-co-PMA-co-
PETA) monolithic column via CuAAC click reaction

In order to covalently anchor the polymer to the capillary
wall, the capillary was pretreated with a vinyl silanizing agent
according to a method reported previously.™

For the fabrication of the poly (AZT-co-PMA-co-PETA)
monolithic column, the prepolymerization mixture is prepared by
dissolving various amounts of AIBN (1.0%, w/w, of monomers
and crosslinker), AZT (50~66.5 mg), PMA (27~41 uL), PETA
(50~70 mg), and catalyst Cul (0.2 mg) in a binary porogenic
solvent, which consisted of DMSO (143~207 pL) and 1-
dodecanol (149~235 uL) (Table 1). The mixture was sonicated
for 20 min to obtain a homogeneous solution, and then purged
with nitrogen for 10 min. Subsequently, the mixture solution was
filled into the pretreated capillary (50 cm) to a total length of 25
cm. The capillary was sealed at both ends with rubber stoppers
and submerged into water bath at 75 C for 24 h. After
polymerization, the monolithic column was connected to HPLC
pump and orderly washed with methanol, 20 mM disodium
EDTA and water to remove the porogenic solvents, unreacted
reagents and catalyst (Here disodium EDTA was used as eluting
solvent to coordinate Cu ion and the coordination compound in
the eluate was detected at the wavelength of 760 nm by UV/Vis
spectrophotometer.®®) As a control, the poly (PMA-co-PETA)
monolithic column was also prepared in the absence of AZT and
Cul according to the same preparation procedure as described
above.

2.4. Preparation of AZT-modified poly (PMA-co-
PETA) monolith via a two-step post click
modification

For comparison, AZT-functionalized poly (PMA-co-PETA)
monolith was also prepared by post modification based on
CuAAC click reaction. Briefly, monomer PMA (31 pL) and
crosslinker PETA (60 mg) and initiator AIBN (1.5 mg) were
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dissolved in a mixture of DMSO (175 pL) and 1-dodecanol (192
pL). The mixture was surged ultrasonically and purged with N,
for 10 min, and then filled into the pretreated capillary (50 cm) to
a total length of 25 cm. The capillary was sealed at both ends
with rubber stoppers and submerged into water bath at 75 ‘C for
12 h. After the polymerization, the column was connected to an
HPLC pump and washed exhaustively with methanol to remove
the porogenic solvents and unreacted monomers. For the click
reaction step, a solution of AZT (1.5 g) and Cul (40 mg) in 50
mL ACN was continuously pumped through the columns for 24 h
at 30 ‘C. The resulting monolithic column was obtained after
washing by ACN, 20 mM disodium EDTA and water.

2.5. Calculations

Column permeability (K) reflects through-pore size and
external porosity, or a domain size at a constant through-pore
size/skeleton size ratio. The permeability of the column was
calculated using Darcy’s equation:

K=FxnxL/&Pxmxr* (1)

Where F, n, L, AP, and r stand for volume flow rate of the
mobile phase, dynamic viscosity of the mobile phase, the column
length, the column backpressure, and the inner radius of the
column, respectively.34 In this work, MeOH was used as mobile
phase and its corresponding value of dynamic viscosity was 0.580
x 107 kg/(mxs) at 25 C.*°

The retention factor (k) for the analytes was obtained
according to the equation, k = (tg-ty)/ty, where ty is the retention
time of the analytes, and t, is the retention time of void marker,
respectively.

2.6. cL.C procedures

The monolithic column was placed in the instrument and
equilibrated with the mobile phase until a stable baseline was
obtained. Isocratic elution of a series of small molecules was
performed to evaluate the retention behaviors of the polymer
monolithic column in terms of hydrophobic, hydrophilic, and ion-
exchange interactions. Different ratio of ACN/H,O with or
without different pH and concentration of phosphate buffer (PB)
were used unless otherwise stated (PB with desired pH was
adjusted with HCI or NaOH). Proteins were separated in a linear
gradient elution mode. Urine sample was collected from a healthy
volunteer, and then diluted 20 times with deionized water, then a
known concentration of nucleosides and nucleobases was added
to prepare the spiked urine sample.

3.Results and discussion

3.1. Preparation and characterization of poly (AZT-
c0-PMA-co-PETA) monolithic column

The general scheme for “one-pot” preparation of the poly
(AZT-co-PMA-co-PETA) monolithic column based on in situ
free radical polymerization combined with CuAAC click reaction
was illustrated in Fig.1, which involved two major reactions: On
the one hand, the free radical polymerization of alkyne-
containing monomer (PMA) and crosslinker (PETA) to the
formation of the poly (PMA-co-PETA) monolithic skeleton; On
the other hand, the CuAAC click reaction between azido-
containing AZT and alkyne-containing monolithic skeleton to the
formation of the poly (AZT-co-PMA-co-PETA) monolith. Since
the composition of the reaction mixture has a great influence on
the morphology, permeability and selectivity of the polymer
monolith. Several parameters such as the mass ratio of
monomer/crosslinker, the amount of AZT, the choice of
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porogens, and polymerization temperature were further optimized
as shown in Table 1.

Like the synthesis of other types of polymer monoliths,
reaction temperature is a critical factor for the synthesis of the
poly (AZT-co-PMA-co-PETA) monolithic column. Although
CuAAC click reaction can be run at room temperature, it should
take several days.”® Meanwhile, free radical polymerization
triggered by AIBN is intensively performed at 60~75 [I. As a
result, different reaction temperatures (60 [J, 65 [0 and 75 [J)
were  investigated and  the result showed  that
homogenous and dense monolith was not formed as the reaction
temperature was below 75 [1.

The type of porogenic solvent plays a vital role in the
preparation of polymer monolith. Herein, a binary porogenic
solvent was preferred considering the hydrophobicity of PMA, as
well as the solubility of AZT, PETA and Cul. Several porogenic
solvents, such as 1-dodecanol/cyclohexanol, diethylene
glycol/1,4-butanediol, DMF/ethyleneglyclol, and DMSO/1-
dodecanol, have been studied in detail. Of these, it was
determined that a binary porogen of DMSO/1-dodecanol is best
fit for the preparation of the porous poly (AZT-co-PMA-co-
PETA) monoliths. In this work, the ratio of monomers to
porogens was fixed at 30:70 (Table 1). It was observed that with
an increase in weight percentage of 1-dodecanol to total porogens
from 24.5% to 38.5% (Column E, C and F in Table 1), the back
pressure of the polymer monoliths dramatically decreased from
35 MPa down to 12.1 MPa at a linear flow rate of 10.61 mm/s,
suggesting that 1-dodecanol acts as a macroporogenic solvent to
provide good bulk flow properties.*® Accordingly, DMSO
decreased from 45.5% to 31.5% not only dissolved AZT, PETA
and Cul well, but also favored the formation of micropores.”’
Although the low back pressure of column F was acceptable, the
polymer monolith showed low column efficiency and poor
resolution (Data not shown). Therefore, DMSO/1-dodecanol with
the mass ratio of 38.5/31.5 (wt %) was chosen as the optimum
porogens for further studies.

S
O _aN__NH o
Ho/\p’ g 2
5
NS
e

AIBN, Cul

0. -
+ 0o \,',(\ 75°C
o ﬂ/
0
=
PMA PETA

Fig.1. Scheme for one-pot synthesis of the poly (AZT-co-PMA-co-PETA)
monolithic column based on in situ free radical polymerization combined with
CuAAC click reaction.

Fig.2. SE images of poly (PMA-co-PETA) monolith: (A) x2500 and (B)
x10000. Poly (AZT-co-PMA-co-PETA) monolith: (C) x2500 and (D) x10000.

Thisjournd is© The Roya Sodety of Ghemistry [year]

Jburnal Name, [year], [vol], 00-00 | 3



1
2
3
4
5C
o
6 Tumn
7 s
8
9 Tabl
1 A* AZ el
10 Ba T ( M' Effe
1 c»b o wt on cts
12 D? l(;) P om of sy A
13 EP 1 0 ( MA ers nth n
0. wt 9 esi al
14 B 12 7 % is ys
1 0 80 ) M par t
15 GC }3'3 53 Aolzar amet
6 s 12'0 6.0 Tratio ers o
1 2 /P n
7 Fl 0 6 M of t
m ush 7 0 A he
18 on ed 0 6 6 f
i 0 1 Po orm
1 : th 6 0 D r afi
9 r T M 0 M 0 t
20 alng(iidithe . OIL T 6.0 i.() (wt OSO gens ion of
21 10 pro g’anj'tio Tow 10 38 /0) 1 pOl
I ce olu pe of ate 0 ] -D y(A
2 . : 3
22 tﬁtlo ededrml rl’neamon 5 ul/ 1.0 385 (Wt f))dec ZT-
3 ¢ einof Awit effi l,)ili ome min - 8.5 %) ano Cr co-P
2 Y fl Z ) - ty T (L 38 1 o M
24 WecrosuenCT tOCheIfnCy’ but to ¢ inear fl 425 315 sslink A-c
5 15 fr re Slinke of PM ose- S'alsoross ' ow 12 3 5 15 P er o-P
2 om pr e th A le in th lin te: 1 3 E ET
6 ac ep T e Wct' nce e ki 110 3 3 1 TA A P
2 ( cor 160/ar€d(PE ma as 1vit th chr er a .61 85 31'5 (wt 9 B ) m a
7 eonn pared b A T o Sheom fe ey 3 ] %) ” on ged
28 bac OH gly o 200 v)’ f tio of kde Cu:to cts 9; ** 4.5 2.0 kpr olit 0
59 Suk P alndcha % 'flr},iour of t. eptquim Agraphnot @ 385 140 (MPessu h* £10
3 ! mepportr~e ssu Wa? gea o Vlvlg tmonotal equ'olar' Cl-iC sonl e eff31'5 12.0 a)’ re
30 decchan,lng 'I‘e Vsr) fromhicl?tal Olithmonlmofty, t}llck eleCi]‘ the ect ;)f 100
1 inc reaSlCal info as a lin 140 th mos (Come ar. TuS rea ivit TeT 12 1 o
32 liStreeaS: in Stablﬁr-latiobSeear dA] t: W:-O meolun;(Azo irfhe H‘itiog atio of 12'8 27'5 (xrmea
33 , cro d i d acros ity on) rved epe 100/1ghtr wei ANTaVeStOlar ) pro In — 1 26.5 10-14bi1~
5 sS.IlT nd sl 'F’ ~nd o el Dnd ig o di pe o om 0 7 it
34 mi lin ab ink urtlnd- m en .U Per gh PMate iff rti rd P To ) 6 mzy
p cro ke le the er h lca,a ce sin Cent pe Ta A di er es er cro o hi 8 )
35 ro el § 1 b erm tin seri of g . er bl ) 1my ent of to ssli i 4
3 Cessobulfav It COIT ack or g thrleS flo diffs gc cen € 1) a meth co th ev nker: gh to 3
6 PE Fi > andes O,red was €spo prese, an ese of W T erenof Ptage M Obylforﬁene pOIalua o) 12,1 pum 29
37 , CHKA)lg-Z(Athulnsidthe Suggndinsure incrmoncolste Oilsolxl;:T/i ] eff:OI-llle ph an‘;ofAy (Ate . eeffe12:0 p 2-87
38 o uni A m -Dsre e fomfsteg P of t eas oli mn co ent s fo ct )W as ide 7T ZT_nd ct of 64
3 1f0C on )shsul the a-dtermhe e-thss( lu s F~ur OanS e c D 1 co co o <4
0 mig 20f thono re in th highllla and igh ltieolith nom 20 1, aeutr;.i Tak(-)mpconted aningwer e, thi _Coe " o 12-
41 th0n51(A-Be Clithiactioc Orp: SEN}) a? d aggiatios deS graers o Fndl ell tol g Oun(ie ntiS the Waf Seléoure;PETe ch ¢ cont 12'86
42 » © ithi ) api1C Strn' rat i kpurin ega of cre dua or 7O'urth uteduen col $ W.n th VO'er/A cte a, fi A) rom, rol .80
4 sug po io skele lary uc Ov od with ressur on o ased Iy o eai ofie coumn ith emld ti CNda oram at
3 reageSt.ly Skelenoli . Ctureerall Withges sure Copn ot{lom as at easi ore er oWl C col ob.lme WS te am(-)nol-ogra
u e = e r T
45 adsop01y1n °«(})le S'Co_Ii}h Swevred tgooze m i pol erizatl.ler .COn:Sed(iOnte N ck Vthioltlrongn exA'DaSe < . ed. Tpound N ith
46 . and rpti e uce M Amaler, ot attacl thout (P ion in r rari pha ot ont alue of ot (T n th this he nds N-
47 o mo aVelon-dr mp"t”essfu -C ter fu1he tacholithut AglA s obt %gélya e rof /int f ot tol enti ple able ck syst sol and
4 be noli rag es0 ono ' pr | ~0'PEmic 1 dpoly mens T -Co Th aine of io ete chom tol ged on i’ it 1) val em ven
8 tte ith e rpti 1lthoc im TAro ens (P ttsho 0- ( es d 30 ure nti 30ue fronthwa wa ue T t
4 thert prrtlo seSsm )gloe MO WVla Hler wi -7'(1 on ov 0/ne m eS § Sthe
9 r ha er ed.n W 1 obili bu and A th ed Si LI esu th OO/ShO m er o t m 30 lo see sho h
50 eSpeCOrren the cal lammea ere n a (;élzatmonles " ho'co_; inn a Blmil C) Its Sthe o H we decha 30 02 30 Oarked% tw A Cn thwn e
as ctiv sp ose cul ete sur als iti ion olith as mo ET er % an ar r rete ug inc ow no nis o, % a ly 0 65 N at in
51 of F elond-Ofat roemo on o Obge A d) d es nt-ge reaev rem de nd d 0/00 th
th T- Y 1mn, thed ft cn Ch’t f (F.S ne ) ,h Cco ult 1OnSted se er.te e,m Wec o ( nt e
52 H a € pOIR S g v (] ptO bhe pt Tharache p AZTlg.nge(;)uS Oweiumlf we me ah Of’AlnCrntiorTlsteznstr as creaSeV/V ;nt
53 dis nd ly (pectr alu oly e 1 oly e teri ore i (C- in wl@ er. i D re a cha }.,dr CNeaS‘ as in atin los d .0).
54 of glipef SR a pr e N (AZSTpeéiZfed %roplea o) . it was. 2lso Oglsnfphil. o the A éheg e o with
I - ovi m> - . S 1 S . ici (S
55 50 ~5pect58 Ced astretCO-Pvlde cre -CO- /g CcO- 1€ Sy nI:tleslck . .\ Clegarat~taln at }:-lnt ent ?‘rfth N CC01utypiCrO
5 immi rum m! fter che: MA a di 26 PETandPMAurfa itro of . 1T rly ion ed w 1gherac Omlour ont mn al
6 mo obili as .Cli s a -c ire .6 A 7 < ce gen ‘ ob me .hi Atio 7 ea ent C
: n il C S ck t 0-P C mz) 35 ) a 4] Co se d le C n 0° c W .
57 inf olit ized . ign re 329 ETt pr /g mo N -PE rea i rve ia. Bus. N chr % t ould as
5 orm hi Onfed acti 6 A 00 no,rn TA 2 . - d t y ing co om 0 b
8 atio o th N an )mfo and lith, wh ) \ - ot the e at L000%
5 3 io sk t min N- nw-d 0 fe ; uc o ] A I ent. (> i
9 5.2 nelh H 2n0 lwh il \ t,ﬂ. epmn rao.
x . ). et (§] g o ith 12 oli ne 6.8 he o h,n“m,‘]c ® Kk ari e ph
60 PeI{/ictl’Effe on V.Surf;hat fAZ/}rZT6 cntl}_lf Wilpot” nr;e 3‘/ ~ N " i Valu:0n ?f’ 00710%)y
Alvi ct 1a ce AZ M i er S R b A —_— 59 £ of Fi umn'
¢ R of click of T (Spe eanln Se alinthe ~ 7] e = N \ thiolgs
o- a h ctru w p s ( : \ u (a
P nd A th a hi eC yn is c) & T N \ re R
E V4 re (S S m il tru e 6 A . s o a
TA) n T action. o e, the p c- v ) com
) te c i0n Oly een a e (b 54 atent (%) P = 1 . ‘OI“:B
m nti 0 . pp p ) ) N (e
0 10 nt (Fi * s ca cak + R — ‘.er
no n en ig MA"‘cC red S < " o P
lit be t S2 -C ©ss in " Colu e ey
hi h 0 > 0- ful mn T = ea
c avi n Su PET ly 24 +‘01“e(‘ 3 e
col lor ch pp A : : DM @ —— /
u I orti ) ] v for “—j*/, 4
m of om in tiou k * .
n P a g " "'“u,'"‘de (@) P
. oly t(Ogr aa y // 5 v -
0 5] nten T ==
Az%phic Fig.3 8 —— / 4 o »w B
—co- co_Pl\./[(a_d Sll (," ;7 7 « 4] \ 160
85 EZOl“m A_c()) Rel;(‘“cun - ;H i ::, .
rn(I)‘nditI»l D). -PETtions‘:"%) B |- - ;""e:
( /m,lon" A) ip X 1 5 ‘,"MFe
100 in s: m be 10o 0 5 o
p (80 (a-d on .tw 1 thio il
pm n ): olit een ure: e
); (2 ) AC hic ka :
)DM‘n); g/w colu nd A /v
F(l e mn CN — =
00 cti ; Fl (col co 4/
pp on ow lum nce Al
m); (\:;V)avelratc nA lltl_a:.r\ “0..%7“
forrer?agt}f?ctual ’ colu::;n 0“:/) ) —
midezéé‘ nflr?W n B the p 100
100 p]; th;atc " COlun(:lZ az
m); (Z‘;atlyt‘;rs spli c a:.;
hiour:fe t?f;g)
a 0 0
(100 ;01%'?12
o).

a4
v
e,

—

Yoy

Th.
iSi
jou
ma
e
e

Sod

jet

y of

e

ist

ry

—

1



Page 5 of 10

©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

2

2

3

3

4

4

5

o

@

S

S

0

by

=

o

3

Analyst

in column C was 5.34 at 100% ACN, much higher than those
obtained on column A, column B and column D under the same
chromatographic condition. The results suggested that column C
had a better hydrophilic interaction than column A, column B and
column D. Therefore, the column C with the molar ratio of AZT
to PMA with 1:1 and the mass ratio of AZT and PMA to PETA
with 18:12 was used for further evaluation.

Presented in Fig.4(a) was the separation of the four solutes

with the poly (AZT-co-PMA-co-PETA), poly (PMA-co-PETA),
and AZT-modified poly (PMA-co-PETA) monoliths,
respectively. It was observed that absolute baseline separation of
toluene, DMF, formamide and thiourea could be achieved with
the poly (AZT-co-PMA-co-PETA) monolith when a mobile
phase of 100% ACN was adopted. The four solutes were eluted
out in order of toluene < DMF < formamide < thiourea according
to their polarity from low to high, suggesting a typical
hydrophilic interaction liquid chromatography (HILIC) retention
mechanism. However, the four test compounds were not well
separated in the poly (PMA-co-PETA) monolith, which
demonstrated that the introduction of AZT changed the surface of
the poly (PMA-co-PETA) monolith from mainly hydrophobic to
hydrophilic. Compared with the boronic acid-based polymer
monolith,*® the as-prepared the poly (AZT-co-PMA-co-PETA)
showed good resolution and high separation ability. It should be
noted that poor resolutions of the four solutes were observed in
the AZT-modified poly (PMA-co-PETA) monolith while using
the same mobile phase. More detailed evaluation and comparison
on the resolution and column efficiency of the three polymer
monoliths were listed in Table S1 (Supporting information). The
results demonstrated that the synthesis method based on “one-
pot” process is more efficient than the post modification.
The column efficiency of the poly (AZT-co-PMA-co-PETA)
monolith was evaluated by changing the flow rate of the mobile
phase in cLC. Fig.4(b) showed the relationship between the flow
rate and the plate height for the four test solutes, in which the
lowest plate height of ~21.1 pum was obtained with a flow
velocity of 0.17 mm/s. Although high flow velocity favored the
rapid separation, poor resolution and efficiency was obtained. In
this case, a column efficiency varying from 35,000 to 48,000
plate/m was achieved for the three former solutes (toluene, DMF,
and formamide) at the flow velocity of 0.17 mm/s. The run-to-run
repeatability was assessed on a single capillary monolithic
column, and the relative standard deviations (RSDs) for the k
values of the four solutes were less than 0.8% (n=5). Both
column-to-column and batch-to-batch repeatability for the
preparation of monolithic columns were also evaluated, which
were less than 2.6% (n=3) and 4.2% (n=3), respectively. These
results demonstrated that the prepared poly (AZT-co-PMA-co-
PETA) monoliths had good reproducibility. In addition, the life
time of the prepared polymer monoliths was also examined and
the result showed consecutive runs more than two months could
be anticipated according to the present experiments, suggesting
good stability of the prepared polymer monolith.
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Fig.4. (a) Separation of four solutes with the poly (PMA-co-PETA), poly (AZT-
c0-PMA-co-PETA) and AZT-modified poly (PMA-co-PETA) monoliths; (b)
Dependence of the plate height of four solutes on the linear velocity of the
mobile phase by the poly (AZT-co-PMA-co-PETA) monolith (column C).
Conditions: 100%ACN; Flow rate (actual flow rate after splitting): 0.02 mL/min (80
nL/min); Pump pressure: 2.2 MPa; Detection wavelength: 214 nm; the analytes are
(1) toluene (100 ppm); (2) DMF (100 ppm); (3) formamide (100 ppm); (4) thiourea
(100 ppm).

3.3. Reversed-phase chromatography of the poly
(AZT-co-PMA-co-PETA) monolithic column.

As mentioned above, the poly (AZT-co-PMA-co-PETA)
monolith can provide hydrophobic interaction at low ACN
content and the separation ability of the monolith was tested by
separating alkylbenzene analogues. A typical chromatogram was
shown in Fig.5(a), which presented the baseline separation of five
alkylbenzenes with the mobile phase of 45.5% (v/v) ACN/H,0.
The column efficiencies varying from 35000 to 62000 plates/m
were achieved for the five alkylbenzenes. Furthermore,
alkylbenzenes were eluted out in order of benzene < toluene <
ethylbenzene < n-propylbenzene < naphthalene according to their
hydrophobicity, confirming a typical reversed-phase separation
mechanism. In addition, the effect of ACN content on the
retention of the five alkylbenzenes was studied (Fig.5(b)), and the
result showed that the log k values of the five alkylbenzenes
decreased with the increase of ACN content, confirming again
that the reversed-phase mechanism played a dominant role in the
separation of the alkylbenzenes on the poly (AZT-co-PMA-co-
PETA) monolith (The solvent (MeOH) was selected as the void
time marker).

3.4. Hydrophilic interaction chromatography of the
poly (AZT-co-PMA-co-PETA) monolithic column

As expected, the introduction of AZT on the surface of poly
(AZT-co-PMA-co-PETA) monolith could be applied to the
separation of amides in HILIC mode. It was observed from
Fig.6(a) that the baseline separation of four amides was achieved
on the poly (AZT-co-PMA-co-PETA) monolith. In comparison
with the zwitterionic polymer monolith reported by Lee,” the
poly (AZT-co-PMA-co-PETA) monolith showed high resolution
and good peak shape. Accordingly, the column efficiencies of
DMF, N,N-dimethylacetamide, formamide and N,N’-methylene
bisacrylamide were 50000, 58000, 31000, and 20000 plates/m,
respectively. The retention order in the poly (AZT-co-PMA-co-
PETA) monolith was DMF < N,N-dimethylacetamide <
formamide < N,N’-methylene bisacrylamide. (The retention time
of toluene was selected as t, value) Besides, the corresponding k
values increased with the increase of ACN content (Fig,6(b)).
Obviously, the HILIC mechanism originated from AZT can
respond to the separation of the four amides based on the above
results.
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Fig.5.(a) Hydrophobic interaction chromatography for the separation of
alkylbenzenes and (b) effect of ACN content on the k values of alkylbenzenes on
the poly (AZT-co-PMA-co-PETA) monolith (column C).

Conditions for (a): Mobile phase: ACN/water: 45.5/54.5 (v/v %); Flow rate (actual
flow rate after splitting): 0.02 mL/min (80 nL/min); Pump pressure: 4.8 MPa;
Detection wavelength: 214 nm; For (b), all the conditions are same as (a) except for
ACN content; (a) the analytes are (1) benzene (100 ppm); (2) toluene (100 ppm); (3)
ethylbenzene (100 ppm); (4) n-propylbenzene (100 ppm); (5) n-butylbenzene (100
ppm).
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Fig.6. (a) Hydrophilic interaction chromatography for the separation of amides
and (b) effect of ACN content on the k values of amides on the poly (AZT-co-

PMA-co-PETA) monolith (column C).

Conditions for (a): Mobile phase: 100%ACN; Flow rate (actual flow rate after
splitting): 0.02 mL/min (80 nL/min); Pump pressure: 2.2 MPa; Detection
wavelength: 214 nm; For (b), all the conditions are same as (a) except for ACN
content; (a) the analytes are (1) toluene (100 ppm); (2) DMF (100 ppm); (3) N,N-
dimethylacetamide (100 ppm); (4) formamide (100 ppm); (5) N,N’-methylene
bisacrylamide (100 ppm).

3.5. Cation-exchange/hydrophobic interaction
chromatography of the poly (AZT-co-PMA-co-
PETA) monolithic column

The poly (AZT-co-PMA-co-PETA) monolith can offer
electrostatic interaction with charged analytes due to the
existence of multiple ionizable moieties (pKa; -3.0 (N), and pKa,
9.96 (NH)) on the monolithic surface. To demonstrate the
selectivity of the poly (AZT-co-PMA-co-PETA) monolith to
charged analytes, four anilines (phenylamine (pKa 4.6), o-
nitroaniline (pKa -0.28), a-naphthylamine (pKa 3.92), and o-
phenylenediamine (pKa 4.52) were used for the evaluation. As
shown in Fig.7(a), an absolute baseline separation of the four
anilines was obtained with 50% ACN in 150 mM PB at pH 7.0.
At pH 7.0, all analytes were deprotonated, and thus the
electrostatic interaction between the analytes and the polymer
monolith was weak. When the pH of the mobile phase decreased
to 4.0, phenylamine and o-phenylenediamine was protonated,
which may have significant electrostatic interaction with the
negatively charged monolithic surface to cause strong retention
on the poly (AZT-co-PMA-co-PETA) monolith. The electrostatic
interaction between anilines except o-nitroaniline with the
monolithic surface was much stronger so that the three anilines
could not be eluted within 60 min when the pH of mobile phase

w
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©
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100

Fig.7. (a) Cation-exchange/hydrophobic interaction chromatography for the
separation of anilines at varying pH and (b) effect of salt concentration on
retention time of anilines on the poly (AZT-co-PMA-co-PETA) monolith
(column C).

Conditions for (a): Mobile phase: 150 mM PB containing 50% (v/v) ACN with
various pH; Pump pressure: 4.6 MPa; Flow rate (actual flow rate after splitting):
0.02 mL/min (80 nL/min); Detection wavelength: 214 nm; For (b), all the conditions
are same as (a) except for pH 4.0; the analytes are (1) phenylamine (100 ppm); (2) o-
phenylenediamine (100 ppm); (3) o-nitroaniline (100 ppm); (4) a-naphthylamine
(100 ppm).

was 2.5. The results were attributed to the strong electrostatic
interaction between anilines and the poly (AZT-co-PMA-co-
PETA) monolith.

Additionally, the effect of salt concentration on the retention
of the four anilines was investigated by varying the concentration
of PB (pH 4.0) from 80 to 150 mM in the mobile phase of
ACN/water (50/50,v/v), which was shown in Fig.7(b). As the
concentration of PB increased, the ion-exchange interaction
between the anilines (phenylamine and o-phenylenediamine) and
the stationary phase weakened, which resulted in decreasing
retention times. However, the retention time of the other two
anilines almost kept constant. The above results demonstrated
that the cation-exchange interaction played a dominant role in the
separation of the four anilines.

The content of ACN in the mobile phase had significant
influence on the separation of the four anilines. As shown in
Fig.S3 (Supporting information), the retention times of the four
anilines decreased with the increase of ACN content from 41 to
54.5%. The results suggested that the separation of these anilines
was mainly based on hydrophobic interaction between the
analytes and the monolithic stationary phase. Overall, the
separation of four anilines was based on two combined effect of
cation-exchange interaction and hydrophobic interaction in low
content of ACN at pH 4.0.

The separation of benzoic acids was further demonstrated
that AZT offered negative charge. Fig.S4(a) (Supporting
information) showed the separation of four benzoic acids,
including salicylic acid (pKa 2.81), p-hydroxybenzoic acid (pKa
4.58), 2,4-dihydroxybenzoic acid (pKa 3.29) and isophthalic acid
(pKa 3.50) in the mobile phase of ACN/PB with various pH. In
comparison of their retention time and elution order, it can be
concluded that the electrostatic repulsion between benzoic acids
and the monolithic stationary phase was existed. The retention
factors of four benzoic acids decreased with the increase of ACN
content from 36.5 to 50%, which suggested that the hydrophobic
interaction played a major role in the separation of four benzoic
acids (Fig.S4(b), Supporting information). The effect of salt
concentration on the retention of benzoic acids was investigated
by varying the concentration of PB (pH4.0) from 20 to 100 mM
in the mobile phase of ACN/water (36.5/63.5,v/v %), which was

shown in Fig.S4(c)(Supporting information). The results
demonstrated that the electrostatic repulsion existed.
3.6. Cation-exchange/hydrophilic interaction

chromatography of the poly (AZT-co-PMA-co-
PETA) monolithic column
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A hydrophilic partitioning/cation exchange interaction was
also evaluated by the separation of five benzoic acids (benzoic
acid (pKa 4.20), salicylic acid (pKa 2.81), p-hydroxybenzoic acid
(pKa 4.58), 2,4-dihydroxy benzoic acid (pKa 3.29) and
isophthalic acid (pKa 3.50)). Fig. 8(a) showed a good separation
of benzoic acids on the poly (AZT-co-PMA-co-PETA) monolith
with the mobile phase of 20 mM PB containing 90.5% (v/v) ACN
at various pH (The retention time of toluene was selected as t,
value). It should be noted that varying the pH of mobile phase
from 3.0 to 7.0 (keeping 90.5% ACN/20 mM PB constant) did
not lead to the change in the elution order of the five benzoic
acids, suggesting that no electrostatic interaction between benzoic
acids and AZT occurred at high ACN content. In contrast, the k
values of the five benzoic acids gradually increased with the
increase of ACN content from 77% to 90.5%, which was in good
agreement with the mechanism described for HILIC (Fig.8(b)).
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Fig.8. (a) Cation-exchange/hydrophilic interaction chromatography for the
separation of benzoic acids at varying pH and (b) effect of ACN content on the
k values of benzoic acids on the poly (AZT-co-PMA-co-PETA) monolith
(column C).

Conditions for (a): Mobile phase: 20 mM PB containing 90.5% (v/v) ACN with
various pH; Pump pressure: 2.4 MPa; Flow rate (actual flow rate after splitting):
0.02 mL/min (80 nL/min); Detection wavelength: 214 nm; For (b), all the conditions
are same as (a) except for pH 4.0; the analytes are (1) toluene (100 ppm); (2)
benzoic acid (100 ppm); (3) salicylic acid (100 ppm); (4) p-hydroxybenzoic acid
(100 ppm); (5) 2,4-dihydroxy benzoic acid (100 ppm); (6) isophthalic acid (100
ppm).

3.7. Applications
3.7.1 Separation of sulfonamide antibiotics

Sulfonamide antibiotics, widely used in animal husbandry for the
prevention or treatment of diseases and growth-promoting
purposes, were used to evaluate the applicability of the poly
(AZT-co-PMA-co-PETA) monolith. As can be seen from
Fig.9(a), almost baseline separation of five sulfonamide
antibiotics  (sulfadiazine (SDZ, pKa;=1.64, pKa,=6.50),
sulfamerazine (SMR, pKa;=1.64, pKa,=6.98), sulfamethazine
(SMZ, pKa,=1.95, pKa,=7.45), sulfapyridine (SPD, pKa,;=2.90,
pKa,=8.54) and sulfisoxazole (SIZ, pKa,=1.52, pKa,=4.83), their
chemical structures were shown in Fig.S5, Supporting
information) on the poly (AZT-co-PMA-co-PETA) monolith was
achieved within 12 min when using 32% ACN/PB (100 mM, pH
7.0). Compared to the poly (divinylbenzene-alkyl methacrylate)
monolithic column reported by Cheng,* the proposed monolith
in current work showed more short time to separate the
sulfonamide antibiotics. It should be noted that their peak shape
has a little tailing (the tailing factors of SIZ, SDZ, SMR, SMZ
and SPD are 1.22, 1.08, 1.03, 1.06, 1.13, respectively), which was
likely due to the presence of weak electrostatic attractions
between the negatively charged monolithic surface and the
sulphonamide cations. Additionally, the retention time of the five
sulfonamide antibiotics decreased with increasing ACN contents
from 32 to 45.5% in the mobile phase (Fig.9(b)), indicating that
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the hydrophobic interaction played a dominant role in the

separation of the five sulfonamide antibiotics.
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Fig.9. (a) Separation of sulfonamide antibiotics and (b) effect of ACN content
on retention time of sulfonamide antibiotics on the poly (AZT-co-PMA-co-
PETA) monolith (column C).

Conditions for (a): Mobile phase: 100 mM PB containing 32% (v/v) ACN at pH 7.0;
Flow rate (actual flow rate after splitting): 0.035 mL/min (140 nL/min); Pump
pressure: 7.2 MPa; Detection wavelength: 214 nm; For (b), all the conditions are
same as (a) except for ACN content; (a) the analytes are (1) sulfisoxazole (100
ppm); (2) sulfadiazine (100 ppm); (3) sulfamerazine (100 ppm); (4) sulfamerazine
(100 ppm); (5) sulfamerazine (100 ppm).

3.7.2 Separation of nucleosides, nucleobases and anesthetics

Separation of basic compounds is still a tough task in cLC
with reversed-phase mode due to the multiplicity of their polar
and positively charged groups. As an alternative, HILIC or
HILIC/cation-exchange mode was preferred, Fig.10(a) showed
the baseline separation of six anesthetics (the chemical structures
of papaverine, triazolam, pemoline, codeine, morphine and
adanon were shown in Fig.S6, Supporting information) was also
obtained on the poly (AZT-co-PMA-co-PETA) monolith with the
mobile phase of 20 mM PB containing 90.5% (v/v) ACN at pH
7.0 (The solvent of MeOH was selected as the void time marker).
Moreover, the k values of the six anesthetics gradually increased
with the increase of ACN content from 77% to 90.5%, which was
in good agreement with the mechanism described as HILIC
(Fig.10(b)). To demonstrate the feasibility of the poly (ZAT-co-
PMA-co-PETA) monolith for real-world sample, analysis of
urine sample was performed. Compared to the urine blank
(Fig.10(c)), four spiked nucleosides and nucleobases (their
chemical structures were listed in Fig.S7, Supporting
information) were well separated in the poly (AZT-co-PMA-co-
PETA) monolith with the mobile phase of 20 mM PB containing
86% (v/v) ACN at pH 7.0, as shown in Fig.10(d). Moreover, the
proposed poly (AZT-co-PMA-co-PETA) monolith showed good
resolution and peak sha}})e for nucleoside separation, compared
with our previous work.”® In addition, the k values of the four
nucleosides and nucleobases gradually increased with the
increase of ACN content from 77% to 90.5%, which was in good
agreement with the mechanism described as HILIC. The results
further confirmed that HILIC mode of the poly (AZT-co-PMA-
co-PETA) monolith is a good alternative to the polar analytes.
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Fig.10. (a) Separation of anesthetics and (b) effect of ACN content on the k
values of anesthetics on the poly(AZT-co-PMA-co-PETA) monolith (column C).
(c) Separation of blank urine and (d) urine spiked with four nucleosides on the

poly (AZT-co-PMA-co-PETA) monolith (column C).

Conditions for (a): For (a), mobile phase: 20 mM PB containing 90.5% (v/v) ACN at
pH 7.0; Flow rate(actual flow rate after splitting): 0.035 mL/min (140 nL/min);
Pump pressure: 3.8 MPa; Detection wavelength: 214 nm; For (b), all the conditions
are same as (a) except for ACN content; the analytes are (1) papaverine (100 ppm);
(2) triazolam (100 ppm); (3) pemoline (100 ppm); (4) codeine (100 ppm); (5)
morphine (100 ppm); (6) adanon (100 ppm). For (c), Mobile phases: 20 mM PB
containing 86% (v/v) ACN at pH 7.0; Flow rate (actual flow rate after splitting):
0.035 mL/min (140 nL/min); Pump pressure: 4.2 MPa; Detection wavelength: 214
nm; For (d), all the conditions are same as (c), the analytes are (1) thymine (100
15 ppm); (2) 6-methylaminopurine (100 ppm); (3) 2-deoxyadenosine (100 ppm); (4)
adenine (100 ppm).

o

S

3.7.3 Separation of proteins

2 As mentioned above, the produced poly (AZT-co-PMA-co-
PETA) monolith exhibited adequate separation selectivity and
efficiency, and then it is expected to be applied to the separation
of complex analytes such as proteins. The applicability of the
poly (AZT-co-PMA-co-PETA) monolith for macromolecule
separation was evaluated by gradient elution of protein mixture
including HRP, Cyt C, Mb, Hb and Trf. As presented in Fig.11,
five proteins were well separated within 20 min based on
reversed-phase mode by using a simple gradient elution with
ACN in 0.1% (v/v) trifluoroacetic acid (TFA) aqueous solution at
30 a linear velocity of 0.297 mm/s. Although better peak shape of
proteins can be obtained by further optimizing gradient elution,
resolutions of proteins would deteriorate. Therefore, the above
gradient elution was adopted as a compromise. All the above
results confirmed that the produced poly (AZT-co-PMA-co-
3s PETA) monolith allowed efficient separations of a large variety
of compounds, ranging from small organic compounds to large
biological molecules.

2

o

Conditions: Mobile phase: (A) 5% ACN + 0.1%(v/v) TFA; (B) 95% ACN; Linear

gradient: from 20% B to 50% B within 0~40 min; Flow rate(actual flow rate after

splitting): 0.035 mL/min (140 nL/min); Pump pressure: 6.0~7.8MPa; Detection

wavelength: 214 nm; the analytes are (1) HRP (100 ppm); (2) Cyt C (100 ppm); (3)
45 Hb(100 ppm); (4) Mb (100 ppm); (5) Trf (100 ppm).

4.Conclusion

In summary, a facile method was developed for preparation
so of the polymer monoliths by the combination of the free radical
polymerization and CuAAC click reaction in one pot. The
synthesis method was simple, efficient and time-saving,
compared to the conventional post click modification.
Comprehensive investigation of the poly (AZT-co-PMA-co-
ss PETA) monolith confirmed that the polymer monolith had the
excellent chromatographic performances in terms of
hydrophobicity, hydrophilicity and cation-exchange interaction.
The successful separation of a series of small molecules and
proteins also indicated the solid potential of this strategy for the
o preparation of the polymer monoliths with the desirable
functional monomers.
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