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Abstract: Plant hormones (PHs) are of significance in plant growth, as they regulate the vari-

ous processes related to plant growth, development, and resistance. Sensitive and precise
quantitative analysis of PHs is a bottleneck in plant science research. Currently, liquid chroma-
tography-tandem mass spectrometry is used for the accurate and efficient detection of PHs.
Sample pretreatment is an indispensable step in the chromatography-mass spectrometry analysis
of PHs because it directly affects the sensitivity and accuracy of subsequent detection methods.
Among various pretreatment methods for PHs, solid phase extraction (SPE) is the most widely
used. Various new types of SPE, such as dispersive SPE, magnetic SPE, and solid phase
microextraction, have been developed by modifying the extraction cartridge. The choice of
adsorption material is the key factor in the abovementioned SPE methods, which has a decisive

Weim B #:2021-04-05
« BITEEER A.Tel: (0591) 22867790, E-mail ; lugm@ fzu.edu.cn.
ESWA . HK A RFEEE4S (21705026) s i di A AFHE 54 (2021J01632).
Foundation item: National Natural Sciences Foundation of China ( No. 21705026 ) ; Natural Science Foundation of Fujian Prov-
ince (No. 2021J01632).



- 1282 - Ll

i 539 &

effect on the extraction, purification, and enrichment effects of the target substance in the

sample pretreatment process. Carbon-based materials, including carbon nanotubes, graphene,

carbon and nitrogen compounds, as well as organic frameworks, including metal organic

frameworks and covalent organic materials, are suitable adsorption materials because of their

designable structure, large specific surface area, and good stability. Molecularly imprinted poly-

mers and supramolecular compounds show specific molecular recognition based on host-guest

interactions, which can significantly improve the selectivity of sample pretreatment methods. In

this paper, SPE-related technology and the abovementioned types of functionalized adsorption

materials in the pretreatment of PHs prevalent in the past five years have been reviewed. The

related development trends are also summarized.

Key words : adsorption material ; plant hormone; sample pretreatment; solid phase extraction

(SPE) ; review

¥y % (plant hormones, PHs) e 44 K
RN ERHEEEEAEN, T HEYAERK EF A
25k FE e REAE BT HE DL S b 2= S5 4 A [
PHs 1] 43 R4 K R J (auxin, Aux) 715 E % (gib-
berellins, GAs) it 7% i (abscisic acid, ABA) |4
Jitd 53 24 % 2% ( cytokinins, CTKs) . Z 4 ( ethylene,
ETH) Jif15% % M fiE 25 ( brassinosteroids, BRs) .7t
JE14: N B 2E (strigolactones, SLs) FIE #2255 ( jas-
monic acids, JAs) %5 (ARG EILE 1) ik
ifi , Aux ,CTKs ABA JAs %% 52 1~100 ng/g FW
(fif ) Z 8], GAs ik T 0. | ng/g FW, BRs & fitfix
R(>F 1 pg/g FW) ' Al 42 PHs PR h 4%
FORE e 22 5%, Won AN R B ER B il dn, Btk
FAUH% Aux, GAs ABA JAs, SA % JL K, ETH,
BRs Fll SLs & AL b ok, CTKs i Tl A % H
M LRI R 5508

YK TAEP N IR R & 0 18 V) 2 @ AR
BB F-BORMERR I 5 PHs ¥R, ROAH (615 i
5 £ AR (4145 LC-MS., LC-MS/MS ., UPLC-MS/
MS) HA o 25 Pl | 5 8 Wi SRR 3, A VLY
PRI N )z, ©OCh B ET PHs R R )
JE AT S8 SUVE IS B 361

1 EMHENERETIETTE
THZH S PHs 5> HLe 3 B 3K, L

TR BN AR SFEARTSY, S PR RS
AR, 24 R R AR 2D BR L AR AE AU A I R
™ 80% H e PHs /M e i FHARGIREGR . FA
BLIEF B2 P 5 2R ), A 40 5 ot b At 2 73 25 9
— IR, T A — 2k . PHs itk ik
FEVRORAE B [ A A RN 45 b 3 B AR i
&b, PHs FIHBFFE | A2 277 A0 34 77 3 Rl A% R
B AR R BRI, & 2L 2L+ st gl
OO T HELL BAE S A ] [A] s Sdh ZEIH AR S 2 1)
W R A LR A ALY )

[ A 2 B 4% R (solid phase extraction, SPE)
J& PHs 4355 {9 20 S iy Ab B 5 96, B A 1 500 1 6
A GE VST SR B S8 SPE /INEAFER 5
HIE RARFERT SN, BET SPE IR HE AT A=
R T —er b AR A4 5T 43155 [ AH %% B ( matrix
solid phase dispersion extraction, MSPD) /& &
FHZEHY ( dispersive solid phase extraction, dSPE) .
Pk [ A % B ( magnetic solid phase extraction,
MSPE) W #% 2 vify [E A A% B2 ( pipette tip solid
phase extraction, PT-SPE) . [& #H f# £ BX ( solid
phase microextraction, SPME) 2 X, FiA
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SN SPE 3 91 J5 vk 26 USRI 5 1) O B A
W PHs il i [m] 5 26 R A B A T 42
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Table 1 Basic information of plant hormones

R1 EMHEEFFERR

Type of plant
hormones

Introduction

Representative structure

Common compounds and
their abbreviations

Auxin (Aux)

Gibberellins
(GAs)

Cytokinins
(CTKs)

Abscisic acid
(ABA)

Ethylene (ETH)

Brassinolides
(BRs)

Strigolactones
(SLs)

Jasmonic acids
(JAs)

Salicylic acid
(SA)

Discovered in 1880, promote growth
at low concentration while inhibit
growth at high concentration.

Discovered in 1934, promote cell
elongation and germination, relieve
seed dormancy, etc.

Discovered in 1955, promote cell di-
vision and bud differentiation, delay
senescence, etc.

Discovered in 1963, promote dor-

mancy, close stomata, increase

stress resistance, etc.

Discovered in 1901, the only gase-
ous plant hormone, promote organ
shedding, stomata closure and fruit
ripening, etc.

Discovered in
elongation and division,
stress resistance, etc.

1979, promote cell
enhance

Discovered in 1966, promote the
symbiosis of plants and soil microor-
ganisms, etc.

Discovered in 1962, close stomata
and enhance stress resistance.

Discovered in 1992, enhance stress
resistance.
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zeatin
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abscisic acid
H H

=

H H

ethylene

strigolactone

—

jasmonic acid

HO
O

HO
salicylic acid

L OH

“OH

indole acetic acid (IAA)
4-chloroindole acetic acid (4-CI-IAA)
indole butyric acid (IBA)

indole propionic acid (IPA)
naphthalene acetic acid (NAA)
2-naphthoxyacetic acid (2-NOA)

2 ,4-dichlorophenoxyacetic acid (2,4-D)
gibberellic acid (GA;)

gibberellin 1 (GA,)

gibberellin 4 (GA,)

gibberellin 7 (GA,)

zeatin (ZT)

dihydrozeatin ( DHZ)
isopentenyl adenine (iP)
zeatin riboside (ZR)
kinetin ( KT)
6-benzylaminopurine ( BA)

abscisic acid

ethylene

brassinolide (BL)
2 ,4-epibrassinolide (2,4-epiBL)

strigolactone ( SL)
5-deoxystrigol

jasmonic acid (JA)
methyl jasmonate (MeJA)

salicylic acid
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2 EYEE R EIE ZEEUR A A

AR SCHE AR SPE RHA AR T T s I A
B A HUE 2GS 1 DL R R T 5 1) 43 B3I 3R
G B TE Y AFE LT e LA 6HE PHs
it AT A B R ) BB
2.1 HEMRE

TR Z MR FIRAR, RIS A
I SRR LR TR & 2R e TR 5 T Ui
TRAB S ERE V5 PHs A9 7 AR A8 O 500 6F 5% 3k
HIEER
211 HakE

%44 K % ( carbon nanotubes, CNTs) & 1 f1
B IR UL sp® Ze Ak BRI S8 b O Bl 1 R, AR RE
70k 4 ( single-walled carbon nanotubes, SWC-
NTs) Fll 22 BEfik 44 K 45 ( multiwalled Carbon Nano-
tubes, MWCNTs) M 25, H 1991 4 & B LL >k,
CNTs 5t DA H: KA i HLA5E B2 W B RE 1 Fnfk 24
FEPE SRR S AERE S T AL BRSSP R )z

CNTs Xf A HLY A AR5 (1) 55 0 07, IR H X 2544
TEH R ZEHA B, Wang % 5 OK
MWCNTs HI{E SPE W B 71 o 26 B G 24 i v IBA
I NAA, SCEE#E 80 mg MWCNT WM 41K 1 mL
FH - /KR (90 2 10, v/v) PRI, 45 S 2 B, $ iU
HALBCR B WAL F R4k C,-SPE /MM, 1% HPLC
Jr R ESCR KT 81, 4%, K FRAKE 3. 0 ng/mL,

[ AH AR B ( SPME ) J2&—Ff A 375 7] R i A6 i
AR, Hrp, 23 27 45 (hollow fiber, HF) JI5 {4 31 %%
W5 SCBE RE PR UE IR 6 4 B 0032 2 4 B o i T4, X
AeFIH HF fLIFZ5 42 & B AR 2 B e etk
PRI 2 S 20 1) ] CNTs LA 22 1B TR i
J1 1R HEE R RE R SR P Je- B8k Fs A1 A A0 2 T v 12 )
B AR CNTs [8 € 7E HE BELAL b i) & i —
Tofo i 50 f14) R % AL Lk 490 K A 488 58 1 v as £F 4
(CNTs-HF) , HHF— R 54L& ¥ SPME # L&
$., ¢ PHs N b %I IF & 73T B- 3R MK
BRI KA 1 v 223 2 2 [ R 3K B R ( CNTs-
B-CD-HF-SPME) '"*' | 5 #i4li HF #1RHH L, CNTs-
B-CD-HF #BHLIAZ5F B k> (HZ 4 B & 4
BRI T H1 AR B BRAR X NAA 1 2-NOA 11y
BRI R 275 1283 5, 2 T CNTs-HF #4
BEHC153 F1 118 £i5) A KL HF #4834 £i551 95 £%) ,
FHH B-ERMIRG AT CNTs MU fINA, 3458 T A0 RHS H b

Wz R g KA AR 800, Bl DRI A
R B A K A 39 R 1 o s 2 2 F S AE I ( CNTs-
HF-EME) '™, FEiz 58, DL HL S B AE S 46 B3
FIFHANPAL B FE, A CNTs A Bl T 48 75 28 Bk
REFNJT VL REEE XT3 A b NAA Fi NOA # 47
R SR BB 18] 47 4 2 30 s, AE RIS 10
filt b, SURGHEAR 1 T N B 4 40K A5 1 v 23 2F A i
FHIEE L% (N-doped CNTs-HF-SPME) ™| 5 i
N BAGIAT B 0 M 57 5 R IE L fap R i, % 2 A
Aux (A BUEKRIF # N-doped CNTs-HF-SPME >
CNTs-HF-SPME>HF-SPME , iF 52 N #5426 44 K 45
RESG A2 UPERE

LI — 1) — KRB MY ER , LA R
SRR R 2 VR A 2 — A g A A Sy T %%
SR PRAC TR A A7, T K AR BT RUOIR e
#A)Z N, CNTs # KH#E ETH £l & A A2
REHIT7 2020 47, Chen %57 il £ T —Fp 5L B
BERR AN KA (19 94K 525 41K Cu-Tm-coated MoS,/
SCNT) , IS B A i AS [ 7K S 3% 17 9 ETH BE i
i, R R BN E 0. 1 ng/mL,
212 #HEW

VE Ry — B 0 4 il 40 K W BE, A1 B0 ( gra-
phene, G) B4 ¥R B k&5, G RHEE
G APRERE S AT AL B 9 N FH 5 CONTs 2546, te 3
TAIFRK (7r-ar AH AR FH 58 S5 R 1 A X A LA 2R R
LSRR, W R R G B S k&
AP WCEE S B g FH e B R R R G
AR IR W B 35 5 1 R0 o O . SRk BR 0 (gra-
phene oxide, GO)fE A S HEATEYZ —,
Hop & R E R . YL Hummers M H gk 5 6
S RN AR ZR 7 58 NaNO, . KMnO, D) & ik
H,S0, 241, 7 ¥ 4848 VR T 1 Ol 75 AL 31 4R 15
GO, GO KM A K ME & F LA (fl QR i =
SLAE)  BR G pEs B

Wang %5 4351 % T Si0, . GO ®EERK (GO/
Si0,) .= (MIMEE) FIw A GO Bk ( Ntim-GO/
Si0, ) % 3 Rk RHE A SPE /INEE B B3I, FH T SA
HHL, WFFEHE KB Ntim-GO/Si0, S5t Hir¥ =
()77 76 T 22 1 S0 B R g K VR A 05, [A] B Ntim 5
GO JE WP R B8, PR I AR BRSO B i, K GO iF
— I R, ARA I )5 AR AR A7 55 M (reduced gra-
phene oxide, RGO) [FF: & A /D& & A EREA, A
T2 v W A P ST e R i) £ a5 P 2 A h 8}, Li
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PR AT I s e E G, KR B-CD B
M%) H i, & i Fe,0,/RGO@ B-CD 1F y MSPE
FARMWLRE R, 3T B-CD i F-% 14> 115 5 fiE
3, % EAT WE IR ) TAA AT TPA LA 25381 NAA
F12-NOA I AR 47 S M B e 8+ T
1.01~2.44 Z[a], 2018 4F, Chen %221 & wi 2l
MR WFSE T B ME i 270 PHs B9aR R1G AL, 51
A B FUWAAK (ionic liquid, IL) 7] #2452 10 &
Bk FR AR R A, OF B 3 4R S ZE BORCR . Cao
A4 % Fe,0,@ Si0,/GO/B-CD/IL B &+ KL,
22 1E R AL AR B 43 i Ol 55.44 m’/g il 0.22
em’/g, fLAEF M 15,91 nm, ZEBRUERIE T Fe, O,
@ Si0,/GO Fe,0,@ Si0,/GO/B-CD Ll )z Fe,0,@
Si0,/GO/1IL, BE#% 57 SPME % J& , Fang 2> i
T —FEET C M A 3 B G fh B i Ak
1845 (C @ GO@ PDDA) B & Rl B RS2 8
BE T HANE R SRR S SA IR AR

YE R &5t SPE /IME I SR fb e it 255 i RS WA
23 i [ A AR B ( PT-SPE ) 75 5 04 W2 B 750 Fi A HL %
Rl B A ek fb2: 2ok, Wang %7 R H]
Hummers 753, UL GO 2R L& Al ik i g 80 45 1R &
WG BT — PR AL A A A B/ R (GO/Ppy ) il
WML, ISR BB AR L 2 w3
FEKFEEMAT, 3.0 mg AMRHK LR T 50 pL B a
ok, 253 2. 0 mL H 27K (80 :20, v/v) PR
J5#£417 HPLC-DAD £, 3 ' Aux [0 it K K F
89. 4%, 2018 4F, [l 4 3 ak ok il Ak 24 46 T80
TS F PR B4 ML 7 8B (TL-TGO) 7 4 Ky
PT-SPE W 551, Jim ATk s R 2 - VA4 AT 7 1k A 25
15 RAE . TR TAA (NAA F12,4-D AW Bt o 43
A 21.7 41.8 F130. 7 wg/mg, A EHLERHS I 5 1
S e A o MEARAE Z TR

dSPE AR F 2003 4F- 15 U 48 H 405 B 550 B
B2 AR i B AR R S AR DA
a5, Zhang %5 KA LA B SIO, Ak E A
K(Si0,@ GO) 1>k dSPE W5, £ Ak 1 ik B 751 1
i FEAA R pH A R SR, A AR
IF BEFAE S MR R ST 4 B Aux PR
P Atifl,

fififb. A1 B2 J%5 ( sulfonated graphene, SG) L A] L)
WAl G B AR LG, A RO SR A R B R Pk
Ling %000 5 (3, 4-2. 0 S EWy ) (PEDOT) Al
SG A1) T HL B 4 ( PEDOT-SG ) HL AL A TR AE

BREF4E R -, 32T SPME J7 3% K $2 5 JA Tl MeJA,
B ARG 420 £5
213 BEREMH

1 88 % 2 ( graphitized carbon black, GCB) J&
— BRI B KRR R, H R SRR T MR R
1Bk . 3T GCB e S YN 4k RAF 7R 1Y
m-m VEH, WC7E PHs A% & Jif 40 3 b 5 /E & dSPE
QUEChERS %55 ¥ iy AL W 570 %) ) 7 2 B
Y AT

TR AT N Y 28 GCB fE % dSPE Jri: 194y
BRI AR ), 257 T dSPE-UPLC-MS/MS i
M AL 45 Aux, CTKs, GAs , JAs %578 N [ 54 Fil
PHs, 77 : [BICR Hy 80. 3% ~ 120. 4% , I )i i i T
5T K Fei vh P YR 8 K I 45 430 i . Sutcharitchan
YD) 39 Bl PHs MBI ST XF 4, 4 C, A i
( primary secondary amine, PSA)  GCB %41 %}
() —FP el & JLFR, 14 dSPE W R, & B8 C, Xt
FT A BRSP4 55, PSA X IR 1 A 1 3
EABRAISEM ST, 1 GCB X CTKs W& [ &, &
BOZIEBER BRI EDSCRK T 10% , 2020 45, Jiang
ARk BB 2 M L e TR B e 2B ( PVPP-
GCB) 1E2k dSPE W [ 1), 7545 4 PH 2 F 2 ##t SPE
TR b2 2, FH T 13 R PHs B H 26
IR BEAGI  T T A (FE R E) fdE Y
(OEHR) Wit R AS I s 01 2% B i o 3 R e As ke
XHRA T fif PHs Xt 25 A K & & B i3 i 197 1) B
HHAEFE X,
214 HAMH

fe VREMRI TR 1 sp® JR A0 TE R J2 IR ik B
MEHR N B ARk, £ 85 4k % {L Bk ( graphitized car-
bon nitride, g-C,N,) HEE kA 7 8 | K4 ookt
R By e 25 1k, 2 BEAEL G I BRE A1 BE YT, Qiangba
U4 B g-C,N, @ Si0, & A Mok & BL, A
HCL X AR T 5074k T 45 1 2K BUSCR , X IBA 46
H b4 B 0 [ 75 5 7E 500 ~ 558. 8 wg/g i Fl, [l ik
RIKF] 81. 1% ~ 121. 8%, Xie 2 )% T T Au
Bk ¢-C,N, ##(g-C,N,/Au) 4> FELBRE Y
JE T4 SR GA,, vk R e

2020 4F AR ) 3 TS A EUR R (oxy-
genated carbon nitride, OCN) , & i T — 7 fa IR
WETE 9 K & 4 KL (Co@ Co,0,/0CN) , i i 7E
OCN 94K i B JEALIB A AL, 3 A Ak i) W BAF 467
M BRI R 1 A ik, HIAE MSPE 5 2400 B
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FISZILT 3 Fh Aux IR B2 B, SEBEXT 4R AT I
BN SR AR S SEBRRE & Hm T 4RIaa
AR Aux ()25 F i R RLEE

2.1.5 H s atR

WRZF4E ( carbon fibers, CFs) ¥R EA BT
b FasE Pl 2019 4F | Zou 2514004 B T B LR 2T 4
IRJZ(CCFs) B N,O-X( =W AP ERE L) =9 &
Pk e 79 B AR £F 4 A7k, SR A GC-MS 45 R 4y
B/ 22 0 fb i JALTAA | ABA, % 47 % B CCFs-
SPME %% & Al SE B U/ A A fh | R 50 R sl 5
B, AR, TR R AL TF & T Bk 1 2 B F TR M R
(CFs-IL) £ i SPME )2, 454 LC-MS/MS
1o RAE ORI 13 F i 25 (45 v vk | R 1 AR sk
P4y K BR M 1. 3~55.7 pg/mL,

TS R AL R A 2R G S5, SRRl
MXene , i 5% 1F 24, Ti,C, MXene H A — 4 i %4
Sk, R AR AL R &, i A H T PHs 2
0, 2021 4, Luo %/ il & T #EEK ) Fe,0,@
Ti,C, @ B-CD, %5 & J5 fi i1 £ Fl UPLC-MS/MS
AR AEB—IMHF (4~6 mg) TAkAT T 12 F PHs
e TR 23 3 A5 A5 8 . BS54 BHZE PHs [ 4H

RSN TN L 2,
22 EEEVIEZRSM

4 J& A FLHE 22 44 B} ( metal organic frame-
works, MOFs) j&—25th & J8 & 1 A WLEL IR A 41
MM Z FLATRL, 43 IRMOFs £ 541 | ZIFs 51
Ui0 R4 K MILs &5 X Fh T HL-A HLax 1k
MRLEA S 2R | R I RUR R 5 &4 fL
F RT A 35 845 L, 18 B VE S PHs A AT AL Y
[ A R o 751
2.2.1 IRMOFs % 7|

IRMOFs R 5 BEEA 37 7 R 254 FLA B
K, Hh MOF-5 (L #k IRMOF-1) f5x H A A& F 1k,
Hu 25" R FHILA 58 R 1 W1 4% W4 M MOF-5 41
Bh X AR M (23058 AL G W) (R R 2R)
PR R m s £6e 1, MA15%EXT Fe,0, sk
HEATF8 60 A Ak et | i & X Fe,O,-NH, #
B ARG R FH 7S /K B Gl R B DL B 0 2K B iR &
MOF-5 %+ EH2 45, ¥4 ik MOF-5 F1 Fe,0,-NH,
FE 120 C &AM FKSN 10 h, B 156G MOF-5
ML, 4546 LC-MS/MS J7 ik, SEBL T M9 BE dh
GA, .GA, .GA, Fil GA, HIE REUMT,

K2 BEMHEEMHEEEERRINGEFHER

Table 2 Application of carbonyl materials in SPE-related methods for plant hormone analysis

Adsorbent Analytical method Analyte Detection limit Sample Reference
MWCNTSs SPE-HPLC IBA, NAA 1.2-3.0 ng/mL bean sprouts [11]
CNTs-B-CD-HF SPME-HPLC NAA, 2-NOA 0.8-1.5 ng/g tomato [12]
CNTs-HF EME-HPLC NAA, 2-NOA 1.5-2.0 ng/g tomato [13]
N-doped CNTs-HF SPME-HPLC NAA, 2-NOA 1.0-1.5 ng/g tomato [14]
Ntim-GO/SiO, SPE-HPLC SA 0.50 ng/mL honey [20]
Fe,0,/RGO@B-CD  MSPE-HPLC NAA, 2-NOA 0.67 ng/g tomato [21]
Fe,0,@ SiO,/GO/ MSPE-LC-MS/MS  NAA, 2,4-D, etc 0.04-0.28 ng/g cucumber, tomato, sprouts, [23]
B-CD asparagus lettuce and cabbage
Fe,0,@ Si0,/GO/ MSPE-LC-MS/MS  Aux, CTKs 0.01-0.18 ng/g cabbage, cucumber, tomato, [24]
B-CD/IL eggplant and sprouts
C,3@ GO@ PDDA SPME-HPLC SA, 3-SA 1.8-2.8 ng/mL aloe [25]
GO/Ppy PT-SPE-HPLC IPA, IBA, NAA 1.2-1.7 ng/g  papaya [26]
IL-TGO PT-SPE-HPLC IAA, NAA, 2,4-D 4.0-26 ng/g bean sprouts [27]
Si0, @ GO dSPE-HPLC Aux, ABA 30-50 ng/mL arabidopsis, peach, cucumber, [29]

ginger and tomato
PEDOT-SG SPME-HPLC JA, MeJA 0.05-0.5 ng/mL winter flower [30]
GCB dSPE-LC-MS/MS  Aux, CTKs, GAs, JAs, SA 0.02-31.09 fmol  rice [33]
Cig, PSA, GCB dSPE-LC-MS/MS  ABA, Aux, GAs, CTKs <10 ng/g Chinese medicine [34]
PVPP-GCB dSPE-LC-MS/MS ABA, Aux, GAs 0.1-120.1 ng/g tea [35]
g-C;N,@SiO, SPE-HPLC Aux, SA 1.9-5.7 ng/mL coconut water [37]
Co@ Co,0,/0CN MSPE-LC-MS/MS  IAA, IPA, IBA 0.2-4.0 pg/mL perilla frutescens [39]
CCFs SPME-GC-MS JA, TAA, ABA 0.04-0.17 ng/mL tomato [40]
CFs-IL SPME-LC-MS/MS  Aux, ABA, GAs, CTKs, 1.3-55.7 pg/mL tomato [41]
SA, JAs, BRs
Fe;0,@Ti;C,@B-CD MSPE-UPLC-MS/MS GAs, Aux, ABA, JA 2.18-45.39 pg/mL oilseed [42]
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Yaghi %51 4% T T2 MOF-520 A1k, ] Tl
2% KBRS 16 R A Y (45 JA
M GA, MZEBE FHIER) 500, Zr kR o5
T2 B GA, Fa A rbeg oy - fo BB BUEREEEE £ 9 4
LR BB T (=) -JA Al (+)-JA SR Y %
PEX A3, B T JA 406 78 K i 1A 5 H8) A 9 A X6F
Be= mBLIR
2.2.2 ZIFs %7%|

ZIFs ZR 5 J2& — 2 A DK s 2 155 - 22 1) MOF,
SRR MY T ZIF-8 B R fe# R e
TR b T FRURISE B /NFLRSE, 3B 3 3 A W B/
TR E Y, You A5 SE it —4 & & Tk A
WK g1 428/ 3R (P 6 TN M R H TiR- & — R — Y 3
NGB R ) (ZIF-8/poly (MMA-EGDMA ) ) # {K £
TEHIPERE R W 6 A5 B (SBSE) 34 )2, I T 20 B 3 51
ALY 5 A PHs, k2 1 BRM 0. 11 ng/mL, 57
bR & — I (PEG) I (MMA-EGDMA) % 2 #
o, iziR 2 HAA A Bk M S 2 EAH AR,
PRBCHCRT 2 2018 4F, Xu 2517 3 it 4800k 4 Bl fin
PaEHl % T ZIF-8@ Si0, ¥-7eiEk, K4 3 Wik
BS , OBHIY Fe 36 AR 3k 977,058 m*/g, T T
Aux fil CTKs M2 R A0, MIEA T 82. 7%
~111. 0%,

Uil 2 AT A5 B T 35 1 5 00 7 WKk h-67 ( ZIF-
67) “H S 1) f M ¥R S b £ BE Bk 98 K S A AR
(Fe,0,-MWCNTs-OH @ poly-ZIF67 ) , %f £ 7 34 fil
LR FLEERI I T 2 P R 10 25 BB g ANk
PENS R e T K AR S R B NAA SR, 7E
ZIF-67 WFoe 3ent b % R 2 38 1o 2= R AL 2 DU E vk
U T R £ 47 WK IE B 22 ( ZIF-Eu) # %},
IR R I £2 BE B 40 K & ( MWCNTs-COOH ) 4 28 7+
ZIF-Eu i [, B RS #E M 90Kk 2 A5 4 K Fe,O,-
MWCNTs-COOH/ZIF-Eu, Z# £l X NAA % Bt
SRPRRE X W IR A G WA IR 2 . et
PRI, 1% 5 A AR B 1 BRI T 541 Fe,O,-
MWCNTs-COOH #1 ZIF-Eu Fift#HEH*) | 2021 4F,
He %50 ZIF-67 MBHbe b itk Co FI N 8241 %
fLIRZEH (Co@ NC) , i i 14 Bk RE B kA7 55 Ak, 34 7]
VE R AL A LI 25 1 ( MON-2NH, ) #%-7¢ 45 14 1)
Bl o BTl 45 15 4 1) i - T L A ML 45 ( Co
@ NC-MON-2NH, ) & & # BHE i MSPE W jff 71, H
FHEE o SA NAA % 4 R Z 194047, i 52 MON
S —FRARAT 5% 103 TR B A

2.2.3 UiO %7

U0 #7514 & 45 57 MLECR FL 07 B i, 5
ZIF ZYM L, thaO B SR Z R 456 ) B |
FEMEE L, Lin 40" 3@ a3 % 730k A ) Uio-67,
T IRAEN ASPE W B 71, [R) B & 42 7K S i i) 8
Fl PHs, 2018 4F, AR B4 ¥F MOFs # £t UiO-66
Fehih b, A T R I L 25 22 (Ui0-66/PAN)
UOKLFYE™ | LT 2k (1 =2 W 45 55 F G ) T 2K B 7
P IE T, 454 PT-SPE-HPLC #:H T 4 A Aux
AR, Oy A ALY A 2 R R A T
0.01~0. 02 ng/mL,
2.2.4 MiLs % 7|

MILs %41 MOFs j&—25 =40 HA LIk A
WM 2L & 8- R R & Y. 2020 4F, Qin
S T AL AR K Uk 4 SR A LR 2
(MSN@ MIL-101 (Fe) ) & & # K, 454 dSPE Jrik
UL S Bl PHs, e A fE 4R 2 Th ks ) TAA il ABA,
J5 ik RAROE R E ESCRE M BT LA Sio, @
GO L)} Ui0-67 #1 KL . MOFs #1 k55 — 418
B N FH SR SRR 5 43 B8 AERAS ETH %
BO5 AW 24K, Zhang 550 & 0 T —Fh P4
JE ALK E A R MIL-101-Cr-SO;Ag) , K Bl &
LA 7 5B ARERE = ETH Wi
2.2.5 b MOFs #f #t

MOF-199 (K HKUST-1) #1883k 56 - 1,3,
5- 412 = FP I RS PR A T A5 1 2%, EL A N T R 4 T
P SRR B FA 2 M. Zhang 2555 44 T 8518 424k
)z MOF-199/CNTs H] T JLAH /K R A i b IR &
ETH T8, S 45 KM, #5844 CNTs nl #5
AR JE PR R R R RE T, AR RS LAY R A 80
pg/L, K By 0. 016 pg/L,

2016 4F-,Zhang 45 & B T 3T X7 — H R4
442 J B 22 (CuTPA MOF) 2 548Ky 708
m>/g, MAURFH 0.39 em’/g) . 7E 4 L A58 5
50 mg MOF #4 kl 0] W Wi F1 B it ETH & 35 654
pL/L, 35T K SR KA J5 A ETH 55 FIE i
AR S Ry, Bl R ALTTE & T ) —Fb
FET AR ER M 42 T8 i 2R RE Y 7 B 4 K JB0RL ( Al-
MOF) "7 1T ETH BJA7 il FUBE L 98 . i K
LT 101. 3 kPa WA RIS F % ETH B AT fEHE
(R B TR, AR E R AR T, ETH Wk
41.0 em®/g, 5 MIL-101 4 K} () W% fff GE /1 (42.0
cm’/g) MY, XK RESC I ETH 77 MR LY
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FERATE T, A BEHE)T N T A &S T ATk,
MOFs #EHH T SPE R4 LS 3,
2.3 HMBEHIERM#

I G HLHELE (covalent organic frameworks,
COFs) FZE M FIc# (C H,0 N B %) i@ It
HEEREMN, T 2005 4E42 H , UM 4 MOFs Z )5 55
—REBW YA TR HT, COFs & iUy
PALFE ARG IR A B O B A L M
BHTE PHs W B A% B b A 58 0 A0 257 20, AT IR R
Y 0 FH A5

HR 4l e 5 RE A1 A [R], COFs A4 Rk 43k &
s =k W, Horp R COFs LATE iz
I A A6 T RSN, £ B SR 8T 5 A
Iz 2020 4F Li 2510 DL Fe, O, 44K W0kL il
,1,3,5- = HI LR =B (Tp) M 2,6- 2 3L B
Wi ( DA) & A5 R4 & R, & 1 Fe,0,@ COF
(TpDA) M RHH 5T 2R EEZ) 75 nm, L3R R & i
180.2 m*/g, 454 MSPE-HPLC-DAD 77, 15 K1
FREEEG B 7 A Aux ZEHL, K H R T 4. 68 ~
7.51 ng/mL,

24 SFEHBREY

B —Km kBt M R, 4 FENIR R G W
(molecularly imprinted polymer, MIP) 7& £ i B
AL PRATIN T2 o Il R A 2R BORHAR B 2H B P4
MIP /37 J T Aux'®?' BRs'®* GAs'®! % JL2
ISP T, Campanella 25150 75 1% G B 43
FHINEOUT ,JFE T —FLL 4- M5 FEMERE (4-VP)
DR | =% W RN e = W1 2 9 4% B2 T ( TRIM)
FAEHRFN R H RL R G, e S0 TAA e AR,
2018 4, Li %57 & W T AR e R Sy FED R A
YItdEk , ¥E$; B-CD F1 4-VP PP ) g B4k 8 5 310
S TAA BURETT . 2l , Wang %5 k£ H L DY 0

fiz (MAA) Fll B-CD Zhfigseik , & 1L TR 459 B-CD/
MAA-MIPs , %f Aux {356 £8P M BFRCR 0 7% L B-
CD-MIPs }& MAA-MIPs % #0F, FRUREDUE T W) fig
AR B UL T 22 W 7 A, A TR 5 R S PR TR
fEJI,

TESrFEE R g R L, I R/ 3R K o
PR ARG (AT/HMIMR ) #48HHA b T X
FKPEREIL A RE AL, Ho MY ey A 9K 2 LA
FHI—E 1 PH 2§ 38 #e ik 1, 1 PT-SPE W it 5
RESCIUAR 4 BE 5 P Aux 2R £ AEEUC T Aihe-
baier 25" $2 H 33 2K BUHE 4 F ED 3 7 35 ( MI-p-
SPE) , i i3 #£ HF I 78 MIP 50k B2 HOR: |
5 B HE 09FLIR 808 AR08 J, AT DL B b p
SRR IBA, 454 HPLC J5 kX4 5 28 IBA A6 i
FR>M 7.5 ng/g,

PL KT W4T, Han %572 482 B8 T i A 4%
53 F B0 ST A4 B3 08 Sk [ A A€ ((IL-HIM-
FSPE) il % & 2f v 2 F CTKs, Wang 257 {ifi Fil I
WS SRR o, FF R T3-S FEIR - 7S W 36 DU i
(MIAPH) 43 F ER 3 B g, FH ik B4 410510 KT F1
BA , ZBCICRALT HLB Fl C S5 5 S AL B R] A<
DRABIZE NG 53 3 01 AR T 2R BUAR 25 &, JF R 20
B2 [ 4H £ 25 B4 )2 ( molecularly imprinted solid
phase microextraction, MISPME) #7135l 52 3
T CTKs Ml Aux Wi 2R &R M AR, 4546
HPLC-DAD #:i#: , %F TAA F1 TPA 45 5 K 143
158 i 146, % 2 F CTKs A9 i3 BR > 0.3
ng/mL, [ #] MISPME 2 54 4> T BNl iR 51 |
5[ ) - MEAE A5 22 W B LR,

25 BAYFUEY

#8537 T ( supramolecular ) ft & ¥ A 25 [H] L BC

AR N - AR TR I RE T, R AR Ak BN

®3 SRENBRVWBEEMHEEBERRTIFEHHEA

Table 3 Application of metal-organic frameworks in SPE-related methods for plant hormone analysis

Adsorbent Pretreatment Analyte Recovery/% Sample Reference
MOF-5 MSPE GAs 71.8-127.4  buckwheat seedling [44]
ZIF-8/poly( MMA-EGDMA ) SBSE ABA, Aux, SA 82.7-111.0  apple, pear [46]
ZIF-8@ SiO, dSPE Aux, CTKs 73.2-89.6 navel orange [47]
Fe,0,-MWCNTs-OH@ poly-ZIF67  MSPE NAA 92.4-96.3 apple [48]
Co@ NC-MON-2NH, MSPE SA, NAA, 1-NOA  77.9-114.4  tomato, mung bean sprout, cucumber [50]
Ui0-67 dSPE GA,, Aux 89.3-102.3  grapefruit, apple, pear [51]
Ui0-66/PAN PT-SPE  Aux 88.3-105.2  watermelon, mung bean sprouts [52]
MSN@ MIL-101( Fe) dSPE ABA, Aux 76.1-113.0  mung bean sprouts [53]
MOF-199/CNTs SPME ETH 86.8—-105.0  durian husk, wampee, blueberry, grape [55]
CuTPA MOF SPME ETH - banana, avocado [56]

—. not mentioned.
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— B AE R R AL L B PR , SRRIRE el PRSI
FH P IR E 2SS B Y Y se R B = B AR
IFEBGREEMETS | JET B-CD“ A5k B K” 1)
G345 PHs 1R25 2 W B 31 S AR sk 25 s v 42
B-CD B CNTs GO \MIP 4558 5 11 Bl 2% Bk £
PEAR I Jp g 12212442, 67.68)

MIF IR 25 =AU B P i AR
o, SRMBCHERE AR DT B (NCS) & —FhiR A 2
W RREF5 W BRFAIL B 4 25 i R ST K 1 | U -
YEH4:, NCS-SPE-HPLC J5 2 B 20 H T /2 3
BN A [R] A KERAL 1Y) TAA F IBA , 961
W AT R RS T I A A A A

YER S AR T &Y, # P Ik (CB,,,, n=
5~8,10,14 %5) AL S548 , P A 35 K M 1 FsR
IRMEZS L ARG Wt PRI U A S 5
WIEH ALY & F A EAER . CTKs 25
A MRS FR SRR IR S5 4, BB — 2 Y IE
M A B CB,, kB HL, Zhang 45" B G 7E
ToKFAET A CB g, MBH BRI T 2218 % m
3-SR SN A — RS RE R, S8 AL CB DI fE
HABIIE i #2581 7 Ik (PCB 4, ) , #HIIA Fe, O,
@ SiO, Bk, fe 2l 28 M 1R 3 ¥4 3 8 75 Ik ( MPC )
#RE, X CTKs W% B & 4 10. 15 ~ 18. 28 nmol, &
LT KT 200, ZMEHOW XSS 11 7E T PCB 4,
5B Z B E &R S A AR

3 DEMREE

T 2 [ R R S50 AR BIE 5 e i A BT 5 405
M—IE SN, 5 LTk PHs FREE 452
BEBA R AR AR R SEAE IR, IR A
—E R APERIIRBRNE . BREEFRL A ILE RS
T ELEREYEM B EA YA TERE I | TR
UK 5 T 45 M e e S5 1, & & T PHs /Y
MM AEI, AT ] A VR HTALEE 32 2898 KiK.
B - MERR RPN S Z AR,

SRTIT, G B P 2R TR AL S5 S50 B P E T e, ik
A B s AR R A SE 2 G, 5> MOFs
(IRMOF #31]) 15 23 a5 1) (KA FATRRE , 5
FEEEM YR B, COFs Mok AR 5%, i i
] BB I BOE IR 20 5, BRI 1 HoAE dSPE J5 ik
HRE . MIP A MR o1 5% I A el A A
18 AR BN R 15 i e, B T E Y
BORESAMAE D SPE A1 ST A WL ATRE, RUAE

XA LA EIRBEHE D SPE A 575 ik 14 W
FRIRL 32 30— R, SR i i ot — P T Re e B

il ] s PR RE S R S R A A LR — A R
287 57 G 10 1 [ VO sy = 3¢ O 19 N2 S
FIR RGN, I AR B A — AR T, A
AN, EIRFPRE PHSs 204 28 B0 A7) 4 A 442 ok
R ATER,

BEsh, PHs JEUL | e SR ABRE AT R 28 23 A F
FEEHTRTT . XA T4 I8k (B an e g3 1k
TR B BC 5 2% T AT A AL 1 8075 05 ) FARE i i Ak 2
TR (OIF % T 1Pk BE S 4 BB 7 36 AR AR ) 79 [8] 25
K AT G W2 SRR T A
FERE TR RE A SEPRAE YRR i, PHs 73 BTk )5
S/IVEE A SR AU B R e A T R R
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