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Abstract . Sample pretreatment technology plays a vital role throughout the analysis of complex
samples. Sample pretreatment can not only increase the concentration of trace targets in the
sample, but also effectively eliminate interference from the sample matrix in instrumental anal-
ysis. Adsorbent materials are a key component of sample pretreatment technology. Therefore,
the development of efficient and stable new adsorbent materials has acquired significance in
research on pretreatment technology. Porous materials are advantageous for use in diverse
applications, such as in adsorbents, when they possess controllable nanostructures, a tailored
pore surface chemistry, and abundant porosity, and are inexpensive. Particularly in recent
years, porous materials derived from metal-organic frameworks ( MOFs) feature excellent
properties, such as diverse morphology and structure, adjustable pore size, high specific sur-
face area, good thermal stability, and chemical resistance. MOF-derived materials, when used
as adsorbents for sample pretreatment, offer the following advantages: (1) The porous materi-
als derived from MOFs typically possess a larger specific surface area than other porous

materials. This characteristic is beneficial to improve the extraction capacity and extraction
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efficiency via an increase in the contact area between the materials and targets; (2) The micro-
scopic porous structure of MOF-derived materials can be easily tuned ( by controlling the tem-
perature and time during pyrolysis, gas atmosphere, and heating rate) , which is conducive to
improve the selectivity of sample pretreatment methods; (3) The metal active sites can be
evenly distributed. Owing to the ordered distribution of metal ions in the precursor MOFs and a
good periodic framework structure, the metal active sites of the derivatives formed can still
maintain a corresponding distance. These metal active sites will not form agglomerates and
affect the extraction performance; conversely, other porous materials often require extremely
complicated processes to achieve a uniform distribution; (4) Heteroatoms such as nitrogen and
sulfur can be easily doped on the framework of MOF-derived porous materials. This doping ena-
bles the materials to induce additional interactions such as hydrogen bonding and 7-7 stacking
for adsorbing target analytes. The excellent properties of MOF-derived materials make them
promising for use in sample pretreatment. Novel sample pretreatment methods that use MOF-
derived materials are constantly being developed. However, the use of MOF-derived materials is
limited by the complex preparation process and high production cost of MOF precursors, along
with difficulties in mass production. Further, the precise design or functionalization of MOF-
derived materials according to the characteristics of targets is a new direction with immense
challenges as well as application potential. This review summarizes the application of MOF-
derived materials in sample pretreatment methods, including dispersive solid phase extraction
(dSPE) , magnetic solid phase extraction (MSPE) , solid phase microextraction ( SPME) , stir
bar sorptive extraction (SBSE), and dispersive micro solid phase extraction ( DMSPE). The
preparation methods, functional control, and enrichment efficiencies of various MOF-derived
materials are also reviewed. Finally, the application prospects of MOF-derived materials in sam-
ple pretreatment are discussed to provide a clear outlook and reference for further related
research.

Key words: metal-organic frameworks; derivative materials; pretreatment technique; review
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AR SRy AR ) S5 AR, R 4 Ok AT B 4ok
BRI R KA

MOFs 117 4= W1 Sk — ol il £ 167 54 1) 22 FL A 44
BE HPERE A A 2 W B 5R), A5 LR AR E. (1)
1 MOFs it 1) 22 FLAR b4 6k — B 40 A b At ok 3
MORFE R 1 L R TR, A R T4 m AR S B AR
B v L, R AR O R R BOHOR 5 (2) Hefdom £
FLEGE T 18 (4 Tl A gt 3t R vl % R R RN B ] A
GBI RN T T 3R A5 ) A R T i v B Y o R
(3) & JBmIHPELE A AT LLSE B 5] 40 A5 . 1 T Rk A
MOF's 14 J& &5 1 WA 753041 LA e B 47 0 J S v i
ARG FLRTE AT A 0 00 4 i T P 67 s AT mT DA AR
FEAR I B BE B, AR 2T B SR 9 MR i AR HUPE RE
A Z2 FLR A R B S B Rl 28 51 A 430 A, FE A T
G IRIHRIES S (4) AR SFRIE T A% 5
J47F MOFs fiiA: Y Z LR B 28 11 | ik B 2% JF 7 1Y)
B 241815 MOFs fi7 4= 9 76 W B H 45 43 A1 0 it 45 7=
H BN SR A - SEARAE D, X SEAR SR 1
PERE, i MOFs AT A= ¥ 1+ 43 38 & FIAE W B 5510, 76 A
i AT AL B4R A R & R T

AR SR 2 A3 AT R AR TR L) K ] P AP At
8 H A A A5 TAE , Xt MOF's i1 45 90 11 1 4%
PLKHET MOFs T2 90 (0 i A B AR 1547 6 285
TR X & Ry sl AT TR,

1 MOFs {iTE¥7E 5y 8l B A 2= BN GuEi B9 2

4 A Z< B ( dispersive solid phase extrac-
tion, dSPE ) J&5E T4 [ AR 26 BUR R & R R 1 —
TV A 385 3%, SO 31 A A 0 o6 590 42 o 1 T A
s PRV REL B SO T 3 3 2 o 590 5 R 82 JBUA 1 78 3 422
fil, SR SRR B AR AT, SR R B0 B
1 U A SRR R 5 AT S R R A A Y
Vs SR [ R R B 700 1) E AR 2 BT P R B T ke, 49l
n, Lin 55706 ZIF-8 78 2SR BT ik, 15 5
T ZIF-8 fiiA: i Z LAk A1 kL (MOF-C) , MOF-C fi
BT HTSRIK ZIF-8 BfMALEE M, e R AL AT ik 1320
m’/g, FbJE R iZM R AE dSPE (M), IF 45 &
PR RCROR €8, 3 - 55 ARSI #% ( HPLC-UV) |, H 4 Ul

IREE AR FIIK SREAE i v %) 2 FR g i 25 2% H R0, A 1 B
5 0.1~0.23 ng/mL, Wang %" 145 17 —Fh X 31
W A TR 25 25 W AT s A RE T - A SR R T AL R
AL Cu-MOFs H iy HKUST-1 78 & S F T
PIRAGR], ZARR Cu 90K BUkE AT 2457 b3 B A
J\ TR 885 35 JE PR , L L 3 T L 8 1 o7 2
2 ATAH- A1 B b A RS HAR T A - HERR
MEAER ., 550, 44 Bsi Rk i & Ak A
MRS 25 rh R A R S SRR . X
MARME R dSPE 1YW B 751, 45 68 i S5O - 42
AN (UPLC-UV) # 57 T PR /K AE i Fl & S A
s R M T SIS 25 ) 0 3 B ik, R BRI Z PR
Fil 4> %1 24 0.018 ~ 0.042 ng/mL F1 0.1 ~ 500
ng/mL,
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R B A e A 25, Wk By T i A SR sl g 43X
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H R
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PEAEmR AT RE | 3 S0 B R A 1T LA SO R A 2L
B A 2 T, AT 384 3 AR 4 K R b0
N, Taghvimi %120 4% ZIF-8 Ak, il 45 7 —Fhxt i
TR AT o & SRR ) R I Z LA kL, 28
R A T far R FEA OO 5 T HAE WAk 43
AP 3 BE -5 FH LR DY g v s T H A ) 200 7 AR B
FUMHRRAER , RR3R & T ROR . ZEE R
2L 4 E FH AR 43 150 18] AR A€ 0GR o 740, &5 &
HPLC-UV $ ARG T PRI B BE 2R TR e 1) 43 A7 5
5, 4 BR RN M YE 43 5024 10 ng/mL Al 50 ~
2 500 ng/mL,

BEAh , EURT A9 15 24t ] LU S50 ikt ) i) 2%
KM HI4E S A MOFs A7 4= ¥ =54 M fh o7
V5, — Rt & AU MOFs (H U 38 7 i A HLAC
PR B LIS 2, 55 —Fh 5 & 7 MOFs h
FIAGNFR IR, ] 4% MOFs 2 7E R K . = BRI
e B TR —K B A S AR5 TR AL
B2 E 1B 4= ) MOFs fi7 4 Z fLak AR > i,
Liu 4&124 il 4 7 — b il ZIF-8 437 2F i & A 2 fL o
(ZIF-8-NC) #Hk+, I-H4 FoAE S 4 o B 7 W57l . 1%
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PE, I H AT LS & @ 851 A e iR R 4 T
B ARG RE K S SR RO
B(FAAS) M4 &, U T A MR i PR i Cu™ |
Pb* .Cd* .Cr’* Ni** . Co™ (437, 1% 5 1k Y K H BR
70.05~0.07 wg/kg, Ghorbani %>V ZIF-67 1iT
FUE ZIF-8 W3R, 45 T — M -5 451 i 3 ZIF
ARE, IR R 15 B FhOW ZIF AR A 1 & A
Zn 1 Co 4 J& UKL A 48 7 2 fL1Kk (Zn/Co/C) #f
B, MRS Po( 1) (Cr( 1) F1 Cr( VL) AR 25
0] 7513k F] 490 520 F1 500 mg/g.

2 MOF's §iT & ¥ 7 %5 B 8 25 BX iz a9 iz A

14 [ FH A5 B ( magnetic solid phase extraction,
MSPE) $ K J& 1996 4F {1 Towler %577 1 ¥k 2 H )
PRAE TR PR A0 A% TR S b B 55064 L [l
WLy — R A B kT % v T e T O
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HH— 28 7 5 5t B 5% 0 4 )& 0 59 MOFs
30 o A7 BB — 2D Bt 1k B 0T A5 B RE M 2 FL AR AL R,
XSO 4 T B A e T A R R DL DA oK
I AR A AE 2L T, ARG e T A% G207 1k
R R Y 2 R A 2% RN A A ) A, 2014
4 Lin 261209 YOl ZIF-67 ( 1h %6 B BS F 2-F gk
WK MA Y 25 3% H2 010 1) A3 AR T Co Rk 2 AL
bt B HIVE MSPE (1)1 B 7], SE 80T PR35 7K Rl IR
FE OB IRZE S HUR) ) & 46 At MOF's 4i74E 4

FR N JFE A, T MSPE 45Uk O BP9 30k 22—

B, Liu 55" 75 2SR B ik b ZIF-67 , il 7%
T —FPRETE ZFLAR A KA B, Co G4 KSR ) 77 7 (8
28 B A K AR LA R A FL IR A 1 L
R A B S A RGP g . B %M BHE S MSPE 1)
W B, I 45 & HPLC-UV #3714 %5 i JTURE &
TR RIS R 700 ) 43 AT O v, A H B N 3 TRl 4
M4 0.17 ~0.46 ng/g M1 1.0~ 100.0 ng/g., Duo
SOV T — g 2R A B R N Ok R
(NI/NiO@ C) ¥ £}, iZ L Ni-MOFs 76 U4 il
TR R T R A Ni-MOFs RHERIE ST, B
AR Ni/NIO 9K AURL 3 &) M43 BUAE hfL &5 44
IR RE R EHE S MSPE (W BRI, 45 &
HPLC-UV ARSI 18 i Hh 2R F ER SIS 2% R0 1)
ST, Duo %P FE RS F R ikk MOF-235
(J&T Fe-MOFs) il % T —F Fe,0,@ C ¥}, %4t
KL Fe,O, Y5 ik ARG AE B Z AL SE i h, A
R HIREYE . ¥ Fe,0,@ C /8 MSPE (1) Mz jf 751 X
IR IR R B AT 4 R Y - A EAEH
DA KB 7R A 35 1 o H IR S AL 55
FME, 454G HPLC-UV $ AR #E N7 T AR i o 2% HY gk
JOR 2 A% HOFR 08 43 BT 7 1%, 1% 1k LA 3R () 06 (20
min) , & 1 FRAK (0. 05 ~0. 1 pg/mL) , £ P16 [l
0.2~450 pg/mL,

IRk SRR R AR T P 4 T A oK R A
A R 2L T — et 55 T 1
P 4 A G KSR ] R 23 32 2450 N MRS T A4 1)
WEME . T ARARRE M B I AR R 1) 2 LR A L, X
P 4 S AR IBORE R A T3 S AR A DAY

Zhang %5 FI| [ ZIF-67 7ERS/ AR &5
T T — R A AT AR S N A B AR
BRANKAE FE (N-CNTCs ) , HobL 13 i iy AH B 3% 3 1)
RAKRAE DL, (EAFE B R, fE R i rp | ZIF-
67 H111 Co BHE T 98 I it Co 94K ATk, B
TR ARG AR T BB AE L AR, IR X N-CNTCs 1Y
MRS e AT T % 5%, S5 R W R = J§ N-CNTCs
(AR AT B 10% , 1B IS AR B 5% , FE X R
e ity 55 1 T AT BE AR R AR 1 1) JR PR 2 B2 AR A
P9 T B A P A M Co 4ROk T, i H A2
2 S P okt PRI B8 AR it 1 1, 4 1
N-CNTCs 0. 7] DATE AP #3755 90 R ) [0
B D100 M B RB A S s 15.42% 05 5
TFREBEZALM B, &/ EABRAEE T
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R b A PR T I S E A - HERRAE
FRAEHAD S FHER 1, AL T I BB 2 n it
L EPE N-CNTCs #4 F4 X6t X HH 6 2 12 4 W B2 16
PEET 50%, UL N-CNTCs & MSPE )% B At K
454 HPLC-MS/MS 7. T 7K 7™ iy v XI5 405 i 1Y
ST . AR BRI (1.3 pg/mL) , FE
U, [ R AE 82. 0% ~ 107. 0% = 7], H A2 % LAY
IR B TR R A I R T, Wua AR
T RS T JBERE ZIF-67  f Hif AL —Fh & Co
YR JTORL I RETE IR A8 K (Co@ CNTSs) , btk rh
Co [FIFE B R AEMR A KB BN, 4 Co@ CNTs
YA MSPE (W B3], 7 - A0 E AR F AL fE4E
IR EAEIN T, Co@ CNTs X %, . 1% 25 il i 1% 2% L
AP 0 A B W B RE T 4 i 11765
mg/g il 1226. 5 mg/g; 454 HPLC-UV i R T
AR LA i v R LG % 25 R R 8% 25 B 3 A O v, %
T AL 38 A ] 45 (10 min) , A 1 BRAK (0.6 ~ 0.7
ng/L) , IR 86. 74% % 97. 22% ], H /M A
2 MIERE T
2.2 dEEEEEE S0 MOFs iTEMNMR SN A

HAT, R /50 MOFs 244 &4 it i 4
JE L BR5E R4 JE Pt MOFs fii A= ¥ i M oh fig
b, ¥4 B T4 K MOFs 1 4 ¥ MSPE 453 i) ;.
. lan, B Zn-MOFs 1i1 4 1) Z2F LA b kL&l B
ARAR R (B KTk 3453 m*/g) ik i
T HAh#E P 45 )& 0> MOFs fii2E ¥ (41 Co-MOFs
AT AE ) e 2 T RE 3 HAA 200 ~ 300 m*/g) , {Hj&
T8 TAERE 2R o, $—11% Zn-MOFs i)
s Z fibE, ik, AW T Zn-MOFs fii A= Yt
P, DURH HE R ) e R T AR 5 1 T WIF9E N 51 A 2%
B, Lin 55§l 4 T —Fp i ZIF-8 1 ZIF-67 4157F
B 428 ZIF ( BMZIF) ML iZA R 4E & T ZIF-8
H1ZIF-67 W25 F R, T AR by il £ Foo PR 4y w1k
SR LB 238 5 1 22 Lk A ORE AT 3K A, 34 T
BMZIF tiAk , 155] BMZIF £7 4= R T 22 FLAR A1 K
AR R TR 396 m?/g, K HAE & MSPE 11
BRI, 255 A 1S B 1% ( GC/MS) HE AR #E 37 T K
FEah A HLEAZ) (OCP) B4 4 5 1k, vl v T H
KA TR ZAK UL KB A BL AR 25 0 g | K
HBR AL P FE 43 591 4 0. 39 ~0. 70 ng/L F1 2 ~ 500
ng/L,

R T R4S LR AR K@ Zn-MOFs 1i7 4=
¥y, Wang % Co #5824k ZIF-8 (828 il 45

T —Ff Co/ZIF-8 W 4:J& MOFs #1}, il ad it —
Co/ZIF-8 Ak, 15 5| Co 8 7% iy 1k 43 |2 £ FL ik
(Co/HPC) #4 ¥}, 31 H#E 1t T MOFs fif K & 1 Co
B A AT A e DL LSRR B R R, SR
LERLRW | Co & it /it BARTSEI ) Co/HPC
Lo T AUV R, (H R g e g s, AN iE TR A
MSPE fI 751 ; R4 , 24 Co & it 4 = i, Co/HPC
(R e AR L L AR A /N, ST %A
FRAGERPET Co/In YRR 7:1 1 Co/ZIF-
8 1 BT BK 4 1] 45 Co/HPC, 7F 1% [b 1] F 15 3 1)
Co/HPC #EHHIA KW LR TAL(715 m*/g) ik
(G L e RAFEIRS 2 M . Co/HPC fF4 MSPE
(ML FfE3A) , 45 & HPLC-DAD $5 AR, #5717 /K FE R
FAPORE i R R A A B i R BR Rk
4354 0. 02 ng/mL 1 0. 2~100 ng/mL,

il 4% Ak 4 J@ BE P P 0 MOFs 7 4= 1 14 7k £ 4L
BRATRE, B T _Ead i w4 e ok 4B A Ak iR
Al L I e il 5l 4| wE P MOFs fitA: 41, bt 5
FHREVE 4 Jd $hok otk . B4n, Lin 4577 78 R SR
FEI '~ #44# MOF-5(Zn-MOFs) , 13 %] MOF-5-C, [ )i
i FHERER 5 MOF-5-C #FA72L00E LG | ARETE , i
33| —Fh i1 MOF-5 £i1 4 19 i M 22 FL Ak (MPC) #4
Kb, ZAMENEA R Z AL R b T AR
A3k 1058 m*/g, K HIME MSPE B9 FH5, 45 &
HPLC-UV, @57 T 32540 i 4 g 3 IR g 1) 53
Brs s, At PR AN M L 43 1k 0.1 ~0.2 ng/g
#10.5~100 ng/g,

3 MOFs {7447 BB R 25 B iz ad iz A

HH 3% #% B ( solid phase microextraction,
SPME ) /& Pawliszyn 4§11 % 75 1989 4F 15 vk 2
() —Fp R S AT AL BRH A AR A S 22 5 4R
221l i, SPME £F-4 | bifi Ji5 75 £F 4 () — S e 781 Wi e
0, FIFH 5> BT 7 12 W B 50 L ey 5 o R e g it 2 3
FRREBU 5 4% 48 () R S AT AL BB R A L,
SPME Jr s i Bk 351 1520, AT DASE BRURE 2K R e 4
F—{k, #£ SPME H U 2 b} 8 4 2 by HL 7 22
%, HHAEIX SPME 5% £ 825 T8 & B
FRIIRE BRF RV J2 AL I, 7 B VR 2 A L A B 13k i 2K
SR R R IR, 28 RR AR R AT LA AL
fesE bt Zhang %' R MOFs 7 A4 4 1y
T SPME (155, ffi1Lh AI-MOFs R sk {4, 76 4
SR T R85 C-Al-MOF A1} 33 o v Jie- gk
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VLRI 45 T C-Al-MOF & J2 47 4k, 454 GC-MS, %f
TR IR R I 2 3 05 8 (PAHS ) 17 T = R
Kl . Zhang 25" DL ZIF-67 SN HTIKAR #1451 4590
KZALIK (Co-NPC) , I LIH B EE A 09 7 20K ik
BEATE W22 b SC T Gt a5 Fiof HLER
245 (OCPs) [ = 80 5 3 5 T - HEFRAH ELAE AN
B KA HAE R, 45 G S0OR (38510 4l AR T 2%
(GC-wECD) # 57 1 OCPs F43 M1 7 15, % i BR Ky
0.07~0.45 ng/g, &MIaF M 0. 3~50 ng/g.

AR I [ 1) 45 45 0 F 94~ SPME 3 2 200C% 1
REAEDEE L, TR RIS
JEAKR ELAT s G AR G 0 KR ARl A B v R T
FR B RE )y TS A AR & — R T )
BRI, DL MOFs A il 5 h 2 ik b4 ek 48 VR 157 53
AP, Ha 25 20 5L ZIF-8 F1%s . ZIF-8
HTBRAA , & T A AK S T 1A (CNC) FZs O i K
SEJTH(HONC) o il 8 A WA AR b 6 22 38 2o 4 3 8%
BIRIRBEEA T W 22 F 100, Bl IS X PRl 2 4 AR
PAHs WMERESEAT T X, 2SO 85ME RN FEE
VAL LA S /K AH B.AE JH HONC IR 241 iR 3
RS B A PERE . Zhang %51 L) ZIF-67 i
UK £ T —Fh BAT “ 25 008" 450 B R AB 2 el
K% (N-CNTCs) Ak, I LI BEEE A 1 7 IR A
ANFEW L m, F 15 81 N-CNTCs 1R 2448 5
GC-MS EiARM L, &, AL T A BEAKFE h 2 SR
(PCBs) 443 Hr 77 Kt B 0. 10~0. 22 ng/L, £k
PEYE N 0.3 ~1000.0 ng/L, H1 T 250K 4G5
fRIFE R BE /0, N-CNTCs 1422 47 4k 1 4% ik R
P, 5500850 1) A 48 4 ik (SNC) £F 4E A L, N-
CNTCs L2 1 27 4 41 B 22 G MK R 109 - £y Biof (1) 45 J
T 10~20 min, 734b, K& RIB A0 0 W F 2 4t
THAN EEE ], RO T 2RO

MRHIE S 2 U BE A AR R B, SEAH
MOFs JESi 5 T ¥ BP0 5, AT LAl £ A5 W 5 1)
MOFs fiTAERRA L, LATH A [R] R F w5 2Kk, filan,
Hu 27 ] % T —f Co&thiourea @ MIL-101-NH,
Az 1) 36 JEHR 40 2K FL % ( Co&thiourea @ MIL-101-
NH,-derived NPC) , 5k FIW) B Z & 4 77 1245 . [
EEARGM 2L b 454 GC-MS #3717 B Kk
AREY (BTEX) 173 #rJ7:, Ka i BR 4 0.08 ~ 0. 36
ng/L, Co&thiourea @ MIL-101-NH,-derived NPC
HORURE AV R SR B AL 1 T R A LR T AR T 2 1
A O RS 1 D B A AL T AL )

3.1 MOFs fiTAME&BELY/ HREGHR

T R A A R T WL e T e R
A AT R R 20— 0 sk g A At A=A MLEEAE AR (i
M-S ) , &8 E k¥ i ZnO TiO, .PbO, ,Co,0, Fl
AL, 0, %59 4 SPME 4l C. 2245 T 1Z BWF5E .
HJE4 A e i T 5 T R DL L2 1 AU
/NG, HAE SPME iy i 32 31 1 — 2 Y BR
il $ 4 )m Ak — 20 A B AR B B L AN LAT
PAB 1 FCH SR i T DI AR bR A, & —A
BRI )79, 7E MOFs Y # i  F2 vh ] DL
b LR A AUASGU L, % MOFs Hr i) 4 Ja B8 5%
16oh 4 JE A AR I H A B AE AT A= 1) 2 FLaR IS I,
X b4 A AL/ B S G AR R 55 A R E S AT,
FEEY R4 R AL fE SPME 45U b i 1

Saraji %' Zr-MOFs A Rj9R1A 76 N, 45
TRRE R T A FLER-Zr0, B4 AR, 3 i ) BB
GEZMRNR AN B N 2 R, 455 A6 -
KIGE TR %% (GC-FID) , S 88 T /K B H BTEX
F 4 BT SR, J5 ik R H B A 50 ~ 560 ng/L, H
T, NIFREE 15 9Ly v e 804 BCEL A AN R 5 A E b
YR E— R R B PRER , Rt , IF & —Fh o] i
BT BAR BT IR B 5 R TR R OR
(2487 Hu %508 il 46 T —Fl ZIF-8 fi74: B 3L
76450 ZnO/C Mo JFE S Y E SR & T
ZnO/C R IZ MG 22 % 2 2 nl T 5 S L
FAEWRMER AR, il 5 GC-MS 454, i
ST KRR R W) ( BETX) M ER (CPs) B934 5
e, K BR 4 0. 14~0. 56 ng/L(BETX) F1 1. 10~2. 84
ng/L(CPs) , ZnO/C #1 ¥ 1) Zn-OHs AW [t CPs
PRAL T A Y SRR B T R A R E i o
AHEAE FAG KA BAE R B BTEX, W54 2Z [8] () P
[ AR EAE TR T 7 HA R 1515 R RE T .
FAN , WFER 2 AN ZnO/C IR IZ L YA H
PR ATIER AL T TR A AE B 3 k3 T A< U g,
HACHUAE 127 . PDMS/DVB ZF 451 7~32 13,
3.2 R iEH&E T MOFs T4/ SPME
T%

f£ SPME £ K /1, B T X i 2 40 kL0 2E R 2
A U ZE TR NIR TS AR TR E A
L AE )l ] M E B SE . H AT 25 MOFs 1if
YR IZE Y TR 2 R A S R
B, T BN TR JZ R )& T MOFs H & 7f
DA3E 3 SR AR A K e AR 4 R 1fT, i MOFs X ]
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DLl it — 25 e Ak i Ak i Z2 FLasR A1 Rk, PRI 4n fe] i)
FH =38 Z 18] ¢ 28 LA 4] {5 H il % MOFs 77 24 91 vk
JZEF LS R T AT L 4080

Wei 2517 I & 17— Ff 157 £ 19 J5L A7 fc £ 725 1 LA
Hil7E MOFs fi7 4= 9104 )2 £F 4 . 12392538 1 7K #4017
HERFWAYE LR 4K MOF-74 W2, FRKs H ik
BT DL SE I MOF-74 (T Ak | B & B 3545
FI| MOF-74-C IR 2414k, Z4F 4w T8 SR8 K
FEF 5 5 835 Yy | 2F 4 B4 1 A ik 130 YR LA
I HF MOF-74-C IR 2 LA (0. 59 2 1. 71
nm) ;7T RSEHEBH 0N , PR UG A A AR 5 Y e B
£, AT AHERR PR KRR i vh A S A DL R 52 e
T JRALK BAE KL 28 IR JZE MR S LR 4ESL IR 2
) /L8 A7 7 ()3 %, PR AE SR i Ak il %5 MOF's
TEIRIZEF 42 0, i ik MOFs 5 45 4k 5L 1Y 3%
BRTAALER, Du %Y BB/ A SN
LR LTI A T A AREER , DASRAFER B B AL A0 K T
A EE BT T 6% T Co )2, IH Co
BEHTIRA KR K ZIF-67, 5 B 4 4EiE T
BRI PR, 15 Co@ ZIF-67-C IR)2474E,
TUUR Co WZRA F & UL, /T T 5
2k 2-F Lk 5 Co™ B 2 [A] B e A7 2 N7, 3458 T
ZIF-67 ‘S5 8k A 4 £ 4 (8] B 3% 32, T AT 8 HE K
TR iRACTE ) £ £F 4 0l F5 4w, #1481 Co
@ ZIF-67-C )2 47 4 5 HPLC-UV 4 RARZE &, i
ST B KB Z TS IR AT i AR B 5 ~
45 ng/L (i 774k 150 LA I,

4 MOFs iTEMAEE AT IR AR R EI R A
% 7 [ R 25 T 11 K 25 ORI 361 G B 2 B

MOF's 3T P9 4128 AR FF iy 1oz FH 210 HC Al iy Ach BB AR o
6+ = [ A1 25 B ( stir bar sorptive extraction,
SBSE) i A< BU B 15 SPME JEA K [A], %825 T H
A3 M 0 [ P RN AR 22 ) W A5 A 0 ) 4 B~
fii B & SBSE ik 24 6 3 i & SPME 1Y 50
~250 5, B I B A T R A B, 5 Ab,
SBSE HURN T ZEAERFINAE S A I g, DA TG ik
o T #E 7 X5 B AR 2 B 90 19 38 4 T B, Ghani
CIPL ZIF-67 MHTASI £ T —Ff Co 4ok 2 fLH%
(Co-NPC) £ 8}, i 1 Py BRI 1 J5 i & T Co-
NPC 1) SBSE IR Z i HdE IR 2R L, 125 pm,
PR HERE 5 HPLC-UV 36, S8 T AR
ARV ILAE it v i W RS B B 2 P 00 2, G S BR A
LRAEJE R 435K 0. 21~0. 36 wg/L 1 1~500 wg/L.,

A A A< B ( dispersive micro solid phase
extraction, DMSPE ) & Lehotay #5120 $& H1 4
— TN [ A AR B R | LA PR A T R D
{18 [ A % A 551 5 B A B Y TR P O LA R R
H EFIHEFEMCAIE AL, Gonzalez %5'®' L MOF-67
R HREYE Z LI (MPC) W B, & J& T —Fh A
311k DMSPE i K, MPC & ifLER %  RiFrEa <
LR B2 9 T DMSPE 19 H 3k, 7543 4 B
A IR TTRE i B AN 23 1 I e sl A A A
FEAE R, AA145 G GC-MS Fi R T BB KL
i FOMES 2R A A BT i 2 1 T AL B ) e (IR
20 min) , DMSPE H 3t RGN A R4 HAE L, AH
XHFR DR 22 (RSD) N 2. 7% ~5. 9% , [EISCR S 86% ~
115%.,

1 B4 T UL JLAFK MOFs fiA: W 7e ki i b
Bl 5 N

% 1 MOFs fiTEMAEF R EFR A

Table 1 Application of MOF derivatives in sample pretreatment

Material Precursor Analyte Method Technique Sample Reference

MOF-C ZIF-8 benzoylurea dSPE  HPLC-UV water and fruits [17]
Cu@ graphitic octahedron Cu,(BTC), fluoroquinolones dSPE  UPLC-UV water and food [18]
carbon cages

Carboxylated carbon porous  ZIF-8 methamphetamine dSPE  HPLC-UV biological urine [22]
ZIF-8-NC ZIF-8 metal ions dSPE  FAAS tea [24]
7Zn/Co/C ZIF-8/ZIF-67 metal ions dSPE  FAAS water [25]
MNC ZIF-67 phenylurea herbicides MSPE HPLC-UV food [29]
Ni/NiO@ C Ni-MOF benzoylurea insecticides MSPE HPLC-UV food [30]
Fe,0,@C MOF-235 benzoylurea insecticides MSPE HPLC-UV tea [31]
N-CNTCs MOF-67 okadaic acid MSPE HPLC-MS/MS seafood [32]
Co@ CNTs ZIF-67 flurbiprofen and ketoprofen MSPE HPLC-UV human serum [33]
BMZIF-derived magnetic BMZIF organochlorine pesticides MSPE GC/MS water [35]

porous carbon
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x1 (%)
Table 1 (Continued)
Material Precursor Analyte Method Technique Sample Reference
Co/HPC Co/ZIF-8 triazine herbicides MSPE HPLC-DAD  water and plants [36]
MOF-5-C MOF-5 carbamate MSPE HPLC-UV fruits [37]
C-Al-MOF Al-MOF PAHs SPME GC-MS water and soil [43]
Co-NPC ZIF-67 organochlorine pesticides SPME GC/pECD vegetables [44]
HCNC hollow-ZIF-8  PAHs SPME GC/MS water [45]
N-CNTCs ZIF-67 PCBs SPME GC/MS water [46]
Coé&thiourea@ MIL-101-NH, - Co&thiourea@ BTEX SPME GC-MS water [47]
derived NPC MIL-101-NH,
Mesoporous carbon-ZrO, Zr-MOF BTEX SPME GC-FID water [55]
Double-shelled hollow ZnO/C ZIF-8 BTEX and chlorophenols SPME GC-MS water [58]
MOF-74-C MOF-74 odorous organic contaminants SPME GC-MS water [59]
Co@ ZIF-67-C ZIF-67 PAHs SPME HPLC-UV water [60]
Co-NPC ZIF-67 fluorouracil and phenobarbital SBSE HPLC-UV human serum [62]
and urine

MPC MOF-67 estrogen DMSPE GC-MS water [63]

MOF-C; metal-organic framework derived nanoporous carbon; ZIF-8-NC. zeolitic imidazolate framework-8 derived nitrogen-contai-
ning porous carbon; MNC: magnetic nanoporous carbon; BMZIF: bimetallic zeolitic imidazolate framework; BTC: 1,3, 5-benzenetri-
carboxylic acid; HPC. hierarchically porous carbon; CNTCs: carbon nanotube cages; NPC: nanoporous carbon; HCNC: hollow car-
bon nanocube; MIL: materials of institut lavoisier; MPC: magnetic porous carbon. PAHs: polycyclic aromatic hydrocarbons; PCBs:
polychlorinated biphenyls; BTEX . benzene series compounds. dSPE . dispersive solid phase extraction; MSPE. magnetic solid phase
extraction; SBSE . stir bar sorptive extraction; DMSPE . dispersive micro solid phase extraction. FAAS. flame atomic absorption spec-

troscopy; wECD: micro-electron capture detection.
5 HieS5RE

MOFs fi1AE Py il & fai i, ELAT 2 R ) SO0 45 44
LRI S B R, R — e EL R FH A S BB R, E
FEE ZR R RE R A LA S AR W R i B AR B 43
B AR TN, BErA TR Em
MOFs, 1fii X T MOFs 1174 ¥ i it 58 AH X 45820 TR ke
MOFs i A=A FMGA TR &R 5, BAR H AT
B L T 2 Fh MOFs 5 A= 49 i FH B & i b 2450
3, AR E AT B AR AT A B 1] W B R 0 A 22
HRAE A7 4 1 R P R RS 152 T 302 fig 1k MOFs fi5
A SR LR A AN R B, B, eT
DL SiO, \IRA Y 21 T PR A5 B
SEFLEEFII MOF's fi7 42400, DAk 5 1: W% B A 1 43—
RSH BRI s s 506 B AR M 19 H
Fi &, 7E MOFs fiT/E ) 2k & i g 5 5™ B 40 B 4
MM EREA, AN, SR — 20T LI K MOFs fiT/:
Yy L R D ik, X6 i Ak B AR 1) IO FH Al 2 R
WS AE A, Ban, {4 KOH k17 fk2¢i% 1k, n]
DL 3 1K MOFs 7 24 9 19 L 26 i AL An
2[R 8 Tl it KOH 1% 1k , MAF-6 7 A ¥y L
Fm AT &5k 3123 mP/g, i % A4 KOH 1% 1k 1y
MAF-6 fif 4= ¥y, H b 3% i B 1484 m’/g,
MOFs i AE I 2 (Gl B2 13% ~21% ) 12 FR

il K R R A R R 22— AR i o A
MOFs FHH At B 5 1Y 52 5 W AT LU i = 38 (H &
BAMIRIR A7 AE 2352 i MOF's 117 A5 91 14 1o 485 #49
TR B0 355 PR A7 A, DT 52 e L0 B e, PRtk 5
MOFs #H It , MOF's 117 AE ¥ 15 Hif b P <5 355, 11 ¢ Jig
I A B 2l R 23 1]
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