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Fabrication of nanomaterials incorporated polymeric
monoliths and application in sample pretreatment
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Abstract: Polymeric monolithic columns are fabricated by in situ polymerization of the corre-
sponding monomer, crosslinkers, porogenic solvents and radical initiators within a mold. Com-
pared with the conventional packed solid phase extraction adsorbents, polymeric monolithic
columns with a continuous porous structure process distinctive advantages of rapid mass trans-
fer and excellent permeability, which facilitates the extraction of trace amounts of the target
from the matrix even at high flow velocities. Besides, these materials can be easily fabricated in
situ within various cartridges, avoiding a further packing step associated with packed particu-
late adsorbents. Additionally, the abundant monomer availability, flexible porous structure,
and wide applicable pH range make monoliths versatile for use in separation science. Thus, pol-
ymeric monolithic columns have been increasingly applied as efficient and promising extraction
media for sample pretreatment food, pharmaceutical, biological and environmental analyses.
However, these materials usually have the difficulty in morphology control and their intercon-
nected porous micro-globular structure, which may result in low porosity, limited specific sur-
face area and poor efficiency. In addition, polymeric monoliths suffer from the swelling in
organic solvents, thus decreasing the service life and precision while increasing the cost con-

sumption. Recently, the development of nanomaterial-incorporated polymeric monoliths with an
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improved ordered structure, enhanced adsorption efficiency and outstanding selectivity has
attracted considerable attention. Nanoparticles are considered as particulates within the size
range of 1-100 nm in at least one dimension, which endows them with unique optical, electri-
cal and magnetic properties. These materials have a large surface area, excellent thermal and
chemical stabilities, remarkable versatility, as well as a wide variety of active functional groups
on their surface. With the aim of exploiting these advantages, researchers have shown great
interest in applying nanomaterial-incorporated polymeric monoliths to separation science.
Accordingly, significant progress has been achieved in this field. Nanomaterials can be
entrapped via the direct synthesis of a polymerization solution that contains well dispersed
nanomaterials in porogens. In addition, nanoparticles can be incorporated into the monolithic
matrix by copolymerization and post-polymerization modification via specific interactions.
Therefore, nanomaterial-incorporated polymeric monoliths combined the different shapes,
chemical properties, and physical properties of the polymers with those of the nanoparticles.
The presence of nanoparticles can improve the structural rigidity as well as the thermal and
chemical stabilities of monolithic adsorbents. Besides, nanoparticles are capable of increasing
the specific surface area and providing multiple active sites, which leads to enhanced extraction
performance and selectivity of polymeric monolithic materials. In recent years, diverse types of
nanomaterials, such as carbonaceous nanoparticles, metallic materials and metal oxides, metal-
organic frameworks, covalent organic frameworks and inorganic nanoparticles have been exten-
sively explored as hybrid adsorbents in the modes of solid phase extraction, solid phase micro-
extraction, stir bar sorption extraction and on-line solid phase extraction. This review specific-
ally summarizes the fabrication methods for nanomaterial incorporated polymeric monoliths and
their application to the field of sample pretreatment. The existing challenges and future possible
perspectives in the field are also discussed.
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Fig. 1 Schematic diagram of nanomaterials incorporated
monolithic columns and their application in sam-
ple preparation
SPME: solid phase microextraction; SBSE: stir bar sorption
extraction.
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AT, PRI A 52 2 R i o i Ak 0035 v 2 R
R A N 0

Lirio 45" 38 i 4B 2405 7 B A0AE h il 75 3R
( AC-BMA-co-EDMA) 1% ( AC-St-co- . & H £ 7K
( divinylbenzene, DVB) ) #& {443, 1 7 SPME W i}
45 G e WA (15 58 ARG, A3 BTk v 5 AR AR
AW, AC B MUE T RE YRR
et 3G T A SR K M, 2 (AC-BMA-co-EDMA)
NP AR — H i R ) 26 USR8 LAY 15. 9% ~
53. 1% K & 54.2% ~79. 7% , % ( AC-St-co-DVB)
PTHZE 76.2% ~99. 3% , H.7] F &2 ff ] 30 X, Kuo
500 3 2o i Al B ) 4% 2% ( AC-BMA-co-EDMA )
YN AR, T SR 0 g R v I R ) AT
SRR, T AC FI IR 2 ] 7= A 1 B FN ar-ar 2L
YRR, $84% AC 1R G W B R FE RE A [F] i 2 L 9 F

R, HAS B 2. 0% ~ 49. 9% 482 T & 32. 5% ~
78. 8%, JRIL T 544 T A W IR M 5 4 v Ak 1y R 25
AN T

Zi L A RHE 2 R A YR R R G R £ |
FERKGERM A Y r-r LR ERSY
ARFEROPERE &5 1 AR v, B9 KA A B 1
T A S saRME FEH & B R G YRR 7ER
BV TR A A RO 2 T T T ) [ R A R R A
PAARRNELALF VA AR ST 20, B e SR T AT
G , BB ARG TR, A R A W s (kb
HEZFEAL,
1.2 £EMEESLYD
121 4&/89 k8T

G /ARG K T A/ R R T 4H R 4 K
L, HORIAR I H N 1~ 100 nm, BA 58 Y 3% T AR
AR, S/ 90Kk T 55 M
SR A R ELS A T X — 4, — Jr T ] ]
FHYF G/ RGRBLTF B2 R A PR R4 180T L
T I I 6 R 8 A e S 4 A

Mompé-Roselld 45! il £ % ( Au-GMA-co-
EDMA ) B | 25 G i SO €6 3% -5 A, 43
BT PR R A e H AR (WL 2) o R 440k
712 11 0 S RN B 30 A iR F R L &
Y EA W EM T B (Au-GMA-co-EDMA ) #4144 %F
AT KA 2 B 25 HE R 2,93 mg/g, B ARG RN

G=

uSPE HPLC-fluorescense

Glutathione )4 -
a treatment analysis

Human biological
fluids

2 B (Au-GMA-co-EDMA ) Z{k# SPE B4 I R & F0
WEE i rh 3 B Ak RO R AR )
Fig. 2 Flow-chart of solid phase extraction of glutathione
from urine using poly ( Au-GMA-co-EDMA ) incor-

porated monolithic syringe!3"
GMA: glycidyl methacrylate; EDMA. ethylene glycol dime-
thacrylate.



553 M

FTU A5 AORPRHB A IR W B AL R SRR A i Ak B U P 1o - 233 -

5.8, FIEAIR H BRIAF] 1. 53 ng/mL, RE&Y K
HEEE M 15 WG, X2 B H KR SR A KT
90% ., Jiang 470 TARGUKRA FHR IR EY
B 2R LB I 5 R R ) RE Ak 1 IR I8 Sk T
&, HIF SPME Rij &b 38 4 55 2% v (1) SRR AR IR i
s, B2)E B LR 6. 50 m®/g $27F
% 26.78 m*/g.
122 42 BA Mt

&R A TR h &R TR S ET R4 —
ik &Y, BN In, 0, ZnO Fe,O, Fl AL,O, %5, 4
S AL DR 5 0 8 TR VG 2 7 i DR () 4 B 27
PRI H B s S R AR N, — 7 T, R 1A Y R L R
% 5555 B RE AR ELVE T, AT L4645 22 1 16 PR 7
SR AR, 55—, 4 JE A R A A A
AR E M (U 1B 24 R A W R R R 1
HAERT BT

Qi ¥ In,0, 5 GMA Ml MAA R4,
#14% T % (In,0,-GMA-MAA-co-EDMA ) # {4} | 1F
>k SPME W FfE 500 FH & b v 12 RN T A Eir kb
H, T In,O0, MBIA, BA YRR ML EBE
FHAER R PE 0 3 4 e, AR o0 i 1Y) B o Ui B (440. 5
C)MWBETEEM(273.6 T) . B4, In,0, KK
bb 2w RURI 6 1 3 B B PR IR RE S 5 % P B sk
HORIH P55 12 fh N TR 2 m) =4 SUEH ,
TS TBAENE £ S, Liu F0% Zno 4
KR53 A B (MAA-co-EDMA ) # {& 4, F T 2€ Jit
WEK T 4 Myt 2. Zn0 BE% S B
W7 A 2% R AR ) i AR RORIOR 48 T
8.5 fif i Jr ik Wi 5L, 38 H T 2 R S BR AR o
S VAR (AT AL B, Krenkova 55 ) FH v A
¥ Fe,0, 78 £ % (GMA-EDMA) % 1, J T 2 $%
e E Y N e s el R T AN E e N
Ry S PPN 19 F, Li Z47%% y-ALO, 5IAK
( N-53 TR F 5 Bk - co-GMA-co-EDMA ) & 4145 4%
A, BT AL P A IR e R, B A y-
ALO, Ji, RAEYRME N E EE T W ERT 15.9
~18.7 %,
1.3 EEENERE

MOF's J2& 1 42 J& 55 T 308 77k 5 HLECR L
JEAA P 5 334 B2 10 B B — i AR RE, MOFs fy
SIEE T AV EE S Bl XM,k
5E T MOFs 41L&t 2 ¢4k, [Flik MOFs 2
PR IR FLAR 43 A 24750 | 2 1 M o ] 9 S5 R

CLAESMTERE 2500 15 500 A B 43 s TSR B M R
T IO

Lyu %5 3l 1 547 A 7508 MIL-53 (Al) 824
2K (BMA-co-EDMA ) & (A ) 256 5 RORAH 6
T W KRR AR S R e 24, $84% MIL-
53 )G, WA YELARFE ) R T AU 10. 8 m*/g 8Tt
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‘1&’ = Trimesoyl chloride '*{:f-' = p-Phenylenediamine

A F=COF-COOH F70 = COF-SH > = Cysteamine

@ = poly(GMA-EDMA) \Jtz3+ = COF@poly(GMA-EDMA)

Bl 3 3 (COF-GMA-EDMA ) #fiiE g ) & R 2 E (50
Fig. 3 Synthesis scheme of poly( COF-GMA-EDMA)
monolith %]
COF': covalent organic frameworks.
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(226 m*/g) . [RIE, 46 Tz Roe tE, AR Ml ]
450 YK J5 X IERE 2 25 (0 AL BUSCR JG I A, A+
bR AE i 22 < 11. 8%, Kuo %' ¥ AC 5 BMA,
EDMAFIEHLANE &, #5085, Sin T EHE N
1R T BEAMAEICE S R, AC 151 A
AR e R A 7 mY/g BB R 352
m*/g, %k BT 9 K. Zhang %5 LIEF
RIGAIFRAG R T 2 (y-ALO,-MAA-co-EDMA ) %/
FE, T AR S AR B VD 5% 7 iy 2- 3 -4 SR
Wy, 2% y-ALO, MHEARHERY L 2w AR, X 4-54
AR E AR 7. 3 1 E 17. 0,

DAAOK PR H A48 2 7 XM SR & Wk i,
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RS BR Z [BIAT f2E S 3R S T B0 KA R
G3 A AN TG AKA BRI O A [P 8, [R1 s, oK ek
SRR R R, T BR i AT Sl ] B4t i 2
FERELBDUE, LR B RIAFMAERECR . 7
Hb, BB AN R AW A R — 2 4%
PR X TR R 38 RS GR I ESS S ER S
g &

10 mm

EDMA Poly(GO-EDMA)

GO (graphene oxide)

B 4 P (GO-EDMA)E{FiEaH & ruE>
Fig. 4 Diagram of the fabrication process of the
poly( GO-EDMA ) monolithic column!?!
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Je R S AR ST R 25 0 DGR AT R F 75%, Lia
O 1,3, 5- SRR R = 5 P T 0 R
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Fig. 5 Scheme of functionalization of poly( GMA-co-EDMA) in syringe with (a) ammonia, (b) cysteamine and

(c) cystamine, and subsequently immobilization with gold nanoparticles!
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Table 1 Preparation and application of nanomaterials incorporated polymeric monoliths

Comonomer Nanomaterial Initiation Pretreatment Sample Analyte Ref.
system mode
GMA/EDMA MWCNT UV/30 min SPME urine antidepressants 18
St/EDMA MWCNT 30 C/3h on-line SPE  medicinal plants ursolic acid 19
MAA/EDMA MWCNT AIBN/60 C/24h  SPME cosmetic and personal parabens 20
care products
BzMA/EDMA CNT AIBN/70 C/20 h  SPE water polycyclic aromatic hydrocar- 69
bons
GMA/EDMA carbon nanohorns uv SPE urine non-steroidal anti-inflammatory 74

drugs

BMA/EDMA G AIBN/60 C/48 h  SPME cosmetic glucocorticoids 23
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Table 1 (Continued)
Comonomer Nanomaterial Initiation Pretreatment Sample Analyte Ref.
system mode
VP/EDMA G AIBN/70 C/12h  SPME water and rice phenoxyacetic acid herbicides 24
GMA/EDMA GO AIBN/60 C SPME urine sarcosine 27
MAA/EDMA GO AIBN/65 C/24h  SPME environmental water carbamate insecticides 28
EDMA GO AIBN/60 C/30 h  on-line SPE  milk and chicken muscle sulfonamides 29
EDMA GO AIBN/65 C/25h  SPE urine hydroxyl polycyclic aromatic 70
hydrocarbons
C8/TEGDA GO 30 C/2.5h on-line SPE  edible oil B-sitosterol 83
BMA/EDMA AC AIBN/microwave/ SPME drinking water phthalate esters 32
900 W/5 min
BMA/EDMA AC AIBN/microwave/ SPME fruit wine and cranberry  phenolic acid 33
900 W/5 min juice
GMA-EDMA  AuNPs UV/10 min SPE saliva and urine glutathione 35
GMA-EDMA  AuNPs AIBN/60 C/24h  SPME blood plasma glutathione 62
UF AgNPs 70 C/10 min SPME french fries monounsaturated fatty acid 36
methyl esters
MAA-GMA/  In,0, AIBN/60 C/20 h  SPME food synthetic colorants 38
EDMA
MAA/EDMA  ZnO AIBN/60 C/24 h  SPME environmental water fluoroquinolone antibiotics 39
NIPAAM/ v-AlL, O, 65 C/16 h PMME red wine sudan 41
GMA/EDMA
MAA/EDMA  v-Al;0, AIBN/UV/3 h SPME chlorzoxazone tablets 2-amino-4-chlorophenol 58
BMA/EDMA MIL-53 (Al) AIBN/60 C/12h  SPME water and urine non-steroidal anti-inflammatory 45
drugs
NMA/EDMA MOF-199 (Al) 30 C/3.5h on-line SPE  Chinese herbal medicine ursolic acid 46
BMA/EDMA MIL-101 (Cr) AIBN/microwave/ SPME river water penicillin 47
900 W/5 min
St/DVB/MAA MIL-53 (Al) AIBN/70 C/24 h  on-line SPME urine estrogens 59
GMA/EDMA MIL-101 (Cr) uv SPME urine nonsteroidal anti-inflammatory 60
drugs
BMA-EDMA  MIL-53 (Al) AIBN/microwave/ SPME river water and milk penicillins 75
900 W/5 min
MMA/EDMA ZIF-8 AIBN/60 C/24 h  SBSE fruit phytohormones 78
VP/EDMA UiO-66 (Zr) AIBN/55-60 T/ SBSE water and soil sulfonylurea herbicides 79
3 days
GMA/EDMA MIL-101 AIBN/70 C/24 h  on-line SPE  environmental water phenols 82
GMA/EDMA COF AIBN/60 C/20 h  SPME urine and serum benzophenones 50
St-divinyl/ COF 120 €/72 h SPE environmental water non-steroidal anti-inflammatory 51
GMA drugs
UF HAP 70 C/2 h SPE grass carp adenosine triphosphate and its 57
phosphorylated metabolites
EDMA porous organic cage AIBN/60 C/12h  SPE chenopodium quinoa willd ecdysteroids 71
TEGDA nanodiamond 30 C/2.5h on-line SPE  edible oil B-sitosterol 84

UV. ultraviolet; AIBN. alpha-azo-isobutyronitrile; AuNPs: gold nanoparticles; NMA: N-methylolacrylamide; UF. urea-formalde-
hyde; AgNPs. silver nanoparticles; NIPAAm . N-isopropylacrylamide ; PMME . polymer monolith microextraction; MMA ;. methyl meth-

acrylate.
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