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Abstract: Metal and metalloid elements have various possible isotopic compositions and oxida-

tion states and often form coordination or covalent compounds with inorganic and organic small
molecules or biological macromolecules, resulting in complex elemental speciation. Different
species of the same element often have different properties, which dictate their behavior. Thus,
elemental speciation analysis is vital for comprehensively and accurately assessing an element’ s
environmental and biological effects and the corresponding risks. Because elemental speciation
determines the behavior of an element in different environmental and biological processes, the
analysis of elemental species has, in recent years, been important in various subjects, including
analytical chemistry, environmental chemistry, geochemistry, ecology, agronomy, and bio-
medicine. The complexity of environmental and biological sample matrices, as well as the
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multiformity, low levels, and lability of chemical forms pose severe challenges in elemental
speciation analysis. Therefore, the highly selective identification and efficient separation of
native species is necessary for conducting the identification, quantification, ecotoxicity evalua-
tion, and physiological function study of elemental speciation. Sample pretreatment by solid-
phase extraction is an effective solution to the aforementioned problems, but the existing meth-
ods do not meet the requirements of current research. The transition of the target species from
pre-processing to the detection device includes both on- and off-line arrangements. Compared
with the on-line approach, the off-line approach requires more manual participation, increasing
the analysis workload. However, the off-line approach can improve the analysis efficiency
through high-throughput pretreatment when large batches of samples are encountered, meaning
the off-line approach is still an effective model. Ion imprinting technology has been developed
based on existing molecular imprinting technology, with four main steps present in the synthe-
sis of ion imprinted polymers. First, ion imprinting technology uses metal ions as templates.
Then, these templates are combined with the functional monomers through coordination, elec-
trostatic or hydrogen bonding. The functional monomers simultaneously surround and fix the
templates, after which the cross-linkers and functional monomers polymerize to prepare ion-
imprinted polymers with a specific structure and composition. Finally, the imprinted holes are
created in the polymers by eluting the template ions. Therefore, the template molecules, func-
tional monomers, and cross-linkers are three precursors necessary for synthesizing ion-
imprinted polymers. These polymers can specifically bind to the imprinted metal ions with accu-
racy, sensitivity, and reliability. In recent years, they have been widely used in separating, en-
riching, analyzing, and detecting elemental species. During solid-phase extraction, the non-
magnetic adsorbent materials dispersed in the sample solution need to be separated by centrifu-
gation or filtration, which is time-consuming and laborious. Because an external magnetic field
can be used for rapid magnetic solid-phase extraction, it has become a potential method for
separating and enriching elemental species.

This review systematically summarizes the latest progress in ion-imprinting technology, inclu-
ding its principle and the preparation methods of ion-imprinted polymers. The challenges faced
by ion imprinting technology are analyzed in the context of the development of ion-imprinting
magnetic solid-phase extraction in elemental speciation analysis. Finally, the direction of future
development and the strategies of ion imprinting technology in elemental speciation analysis are
proposed. It is important to exploit novel organic-inorganic hybrid polymerization-based multi-
functional ion-imprinted magnetic nanocomposites for the magnetic solid-phase extraction and
separation of elemental species. By establishing the pretreatment protocols with high recogni-
tion selectivity, strong separation ability, large adsorption capacity, and good speciation stabili-
ty, we expect to achieve the research objectives of simultaneously separating and enriching the
multiple-species of typical metal/metalloid elements in environmental and biological samples.
Key words: ion imprinting technology; elemental speciation; solid-phase extraction; separa-

tion; enrichment; review
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RAFT R4 b il #14 TIPs HJ& 40 51 HoAth JLF 45
R P T 4 H AT 8, IR v 1 W —
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“ BT SIS B A M- TCHLA e A R T RE
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B ENR AL IR Y B G L S Sol-gel #1 FRP P
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FIA EAER T LB Z 45 G Re R/, T L
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JE1Z AP ( DFT) J7 il % H Pt B R G Wl oy
PEREI“ 45 AR . Mesa 25 ffi &3t 09 k44, 2%
F M06-2X J5i , %} C . S.N.O #1 H JEFRH 6-31G
(d) ZEALHEATHA, 75 Hg (Me) "fFAERI RO T, 8
HIEE #( LANL2DZ) i i8 5R I+ W A0 8l @it
WS E ST IANE &Y, HEWRER L& A
HRHER ST P RE L, 15 BN 45 G HE , R 12 AR 0 HI7E
& @ B - BUR- DR A M Z A L, s e
RNZE A REM HLER , A1 & BUTE B2 h Hg (Me) " Al
fic ik MBI MBT 945G e/, LI i) &2 A 1
Mha e . BLPIRE AR &, BX AR 45 & e )
TSR R ES ARE , LU B bR T 1E TIPs Hig
BREFIAE I, AEHULT B4 SRR B, TR AR AA iR RE
i3 A4 5 MBI MBT S Infa 2 ME S,
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B, FRHFIC RIS H #L SPE AR
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KH—F SPE MR}, BBt o B W —MIE B I
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Bl IEARF LI AT (AN pH) 49 531 25 B Ff
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TR AEROA AL A, Bt 2k, @A A
FWFCATE SPE Aok}, 40 512 BUREE MBS DLk
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— kA T OLE MBI Z II6E SPE #1851 4%
AR Y CE S AL (ED S NI 5 7 |3 A I b7 v
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() FRP J WA 5 15, X A2 B8 99 35 i) 45 BT 7 &5 4
HAtE—EEn Ps, QR A/ HAFRHE T
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P, Kisomi %™ LI DMVP WA £ T —Fp Sn*™
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W B pH A — 5 M PR, an 3k T I RE HLiAk 4-VP
S )he A HEMA il £ 1 Cr( V) -IIP, &3 %
W pH N 2~47% | IS Y] 205 3 28 )8 A -AR R
V4T B (m-VB-TBT) b & & BRI OTCs-1IP,
HE A AR O 0 R0 SR ZEAE I T 28 1Y pH (E VL [l (2.5 ~
3.5) A BB SR, e X b pH &1 R, Cr Al
Sn [ FEATFESREC &k 4 T 284k, B 400 1Y
— AR SR BLR YRR ) AR TG A AR AR S BT AL BRI
Fsetk, DAL ki ST ae 2 B aus2m IT 1
FEARFIE AT B ) BRI 29 R &R

5 TEREESITHETFEEEEMRZFEIR

3 R O 90 3 B s R e e o it Y
A BEMAAR R 43 5 TR 1 PR o 590 AR A o A e o7 4
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fif FREE AT, i [ AH 2 B AT oA AR g MR TG
B LA DL, R AE A T R BOE AW B 3z 3|
(e S E A S
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FHERAR 4-VP A Pb™ Y BC A D) B8 H4K 44K ZnO

VE R B, i85 1 — ol 2 - ik WO 3k R A PR iy
Pb*-MIIP, Ma 820 L MGO 4 [ AH# 14, >R
FH 3-3 34 3 — H A Ak e (MPTMS ) 5 TEOS 7£
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