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Pon el A A HLE S (COFs) & —Fl Z fL
R e A RRE BRI KRR
TR 5 T RE AL A a5, R AUHE AR A%
JERPE Ay iR MR IE A S
BRI T 5, 76 SPME [ 4Tt A BL 4 1 %
&, W RIATEA R B AE BE AT AT IR iR 2 Xt
FE AR T D I AEBOCRCR , BiAn, Liu 457% 7E %
IR AW T #E TPB-DMTP -COF J{E SPME )2
FEPUK R B 24L& 9, TPB-DMTP - COF " 1) 4
o U TR S Ak B 0 1) 35 35 22 ) A7 AR i 1Y) e
FEAER , A0 & T 025 W2 & W e il
I3 HERE T AR RE R E BT 1741 ~
4265, K R M 0. 0048 ~ 0. 015ng/L, Lv 2125 i
XL Ui0—-66 Fl Ui0-66-NH, X fil§ 5 4 iy /Y 1% Ft
PEBE, IE 52 Ui0-66-NH, XF i 5 4 Wy B A H9h
(R B RE Ty, X PP B ERE 22 S R Rl T
Ui0-66-NH, & S5 ERHIE K 7 A
HEULEZE AR LBl AL TS W R I
SUHERE A7 200 b 3G SR O W 0 R R PR, K, 7
COFs " 5| A& 3 H 68 H A S48 & AR X By 2%
b6 W A BUME RE .

R84 B COFs 1Y J5 1k 2 v 7 Gk | (H 38 % 75
PR IR A TRV 48h DL EPY ) B EAE ] 1,4
-TEONH S WIREA TN AL, G R
K., WA AR T L TR 272 % e
— oo 3t T S AT I v R B A R RN A B 4%
N A B COFs [ fRi i 73, HoRe SRR E T B
NS EARREAR T ROV IR BE , IR T R ]
R AE G G A e FH 280 K B AT AL 390 % et
Ve AR p5 e, HETH A
AILTIteAk COFs (77 &l i 240 RN A iR 55
PR B A U S D) BE 1k COFs, TiF
FHIR TS COFs A Al L0 R a3, X Fh A AL
SN AL BR BB FERE, UL, 75 E T R —Fh sk fi
B R A T

EN AN S SEN =GOS R S TR A E il
PF127 [RIAH AR AR AN S5 5 | 285 A Ja i 7 kY —
AT BRI RELEY COFs 1 B (1 Fk TpPa -
NH,) . SRHAFH B 7 B AR e 2 S
AL AP XS TpPa—NH, JE47 T FRAE, N THE
FEANIA B RE DG B 2 Ak A 1 26 BOCE BE I 52 ), 7R 3C
AT & A AR E R A COFs #4 8 TpPa-NO,
Al TpPa—1, 3l i SPME 1&)2 A5 PEREXT b, 454
GC—-MS X EZACE WA T 504, BT N R R B K

TR 9 2 A 5 W A SO P[] L A 1 JEL e

wi,

1 U
1.1 AU B ARsctE

S v ol R R DS 2 B T QP2010 PLUS
AT - IS (GC-MS) , LL 99. 999% [ 4. <,
(1. 0mL/min) fER#ES

38 FE % JH Rix - WAX AE (30m x 0. 25mm x
0.25wm) , PEFE TR Ky 230°C , AR IRAR FHRFE T .
100°C {45 1min, L1 5°C/min B3 FE TH 2 120°C |, F
LI 10°C/min 4 3 B T+ 2 150°C £ £F 1min, )5 LA
30°C/min FY33 JE TF 2 230°C £ 55 2min, B 7 AL
T T (ED R (706 V) | B IR 1R 1
PRFFAE 230°C , FHIERE B T WE RS =X ( SIM) 47 5T
ERGIN . T4 SPME %1 i £ Ui 25 (MPS,
Gerstel , 8 [ ) #F 47, T 25 (20mL) | A 45 99 22
[ SSW, M\ Chemical Book ( H*[E [ i) 3k15% |, SPME
T4, 85um NI MR EE 7R 2 (PA) W H Sigma -
Aldrich A ®] (W E ) o
1.2 FrRHRIS 285

R (R R =W (Tp) 5 2 - A - R T
(Pa=NO, , 73H74li,95% ,Macklin 23 &) ) ; % H 3 5 fik
7z ( PTSA, 43 #7 4fi, Aladdin 2% 7)) ; ik Bt L B 4
Pluronic F127 ( 43 #H7 4fi, Macklin 23 ] ) 5 Xf K — %
(53Hr4t,97% , Aladdin 23 #))

N, N - Z W JE 2 Pt e (40 B 2, B 2) 5 P9
(sl , E25) B (s, il 2 ig R U
AR s FEALEN (3T, E2) ;184 K A&B
(ATl 25 s R (bl [2y) |

Py AR i 2~ AR (2-NP ) 52,4~ 1 g
Wy (2,4-DMP) ;2,6- — H BEFE ) (2,6-DMP) ;
2,4- 5K (2,4-DCP) ;2,4,6- =5 KW (2,4,6-
TCP) , ¥ N 1000pe/ mL( Accustandard 23 F] )

21 ol Wy 8 IR AR bR e G (3E T B K A
HJ703/711—2014 ,BWQ8236—2016, It 5 4t 77 f I
TR ITBE ) s H B 13 Ay 2 TR b (3
Fr HJ676—2013 ,BW(Q8341—2016, Jb 5t 4t 5 k3T
HH ARG .

1.3 £S5k
1.3.1 PRl
(1) TpPa-NO, HIE K,
1% R R ¥ Pa-NO, (0. 45mmol, 68. 9mg) .
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PTSA (2. 5mmol ,430. 5mg) £ PF127 (0. 10g) iR~
BE Smin, F 1A Tp (0. 30mmol , 63mg ) 4% &% Wf J&%
10mim, #A0 20wl 7K FHAHF B Smin, 7 170°C HEF h
N Smin, RETEERG , KKK N, N- %
L TBERE 7K R B0 A TLIR LA B 22 5% B ) B
PTSA FMEZRY),60°C E25 T8 12h,

(2) TpPa—-NH, il TpPa—-1 )& &

TEZ W T Pa—-NO, (0. 45mmol, 68. 9mg) |
PTSA (2. 5mmol ,430. 5mg) 1 PF127 (0. 10g) &I BF
BE A Tp (0. 30mmol ,63mg ) 4EZEHFEE 10min , 1%
I 20l KA Smin , 7E45 4 8RB & PF127
I PTSA, &P FFR: 20°C T PR4F 30min, LA
10°C/min [ BE A 20°C F+ 2 170°C 4 4F 10min, £
L1 10°C/min B33 JE T+ 2 360°C {#4F 90min, BB
WFEE s A il 4% TpPa-NH, P fnf& 1 iR, %
HEAR A 907 4 AN PF127 () TpPa—N FIAHE 2
LAY TpPa—1,

1.3.2 SPME &2 &

B S00WL W FLIR Y 184 FEERR A T 2mL B0
B, A 1000wl R IR G 5) 5 A S0uL
WK Y 184 REFAE B, Fe4r #2457, # s, (i HOB A%
RERRME . K AN 2232 AREBR G 2 1. Sem, SR 5
PBEASG 0 22 TR b R A5 R AR e R
YL SERTT ., R R R ) N AN 22 TE By
KRS RIS E S BN LR, WS,
PN AR AN 0 22 T HLAR R FE 150°C TR
I 10min, FE FARIRAE =0 (R AR I =2 7E
ANEML R, &5, ¥IREET 250°C AR
Fl#1k 1h,

1.3.3 SPME j3#%

1£ 500. OmL B 2lK A 180g A AL #7152 1y
FGACEHIA VR, R R A &0 A AL BB 1 A SR B
W pH HIM % 4 B3 HEFTA W, 78 10. OmL K54

T, A 10, O Smg/L By 2 Al & WIbR eI, it
HlAE 10. OmL 5. Opg/L PR, HF 0023 i B T
GC-MS biFF7 T2z ZE 1L,
1.3.4 F7iEEIE

FeR 1. 3.3 WYL 7k, R H TpPa—NH, ¥R
JZEE5E GC-MS 538 i 6 P Swe/ L B ARt
i ( BWQ8341—2016 F1 BWQ8236—2016 ) #f 17
G307 .

2 HiR5ihe
2.1 TpPa-NH, i&)2 SEM £AiE

BT (SEM) XF TpPa—NH, 25
TTFRAE, 18 2a S5 E Y SSW AYIE S5 18], e 1 ot
1, HA2 N 149um, & 2b J& TpPa-NH, 42 Ay A
TSR, AT AR IR E R4 5], TpPa-NH, ¥ K44
S TR AE SSW K, &l 2¢ J& TpPa-NH, 1R)ZH
B AIESA 7T W TpPa—-NH, 3 A 5 5k B i 25 &
B R )2 B M [ 2 TE SSW ORI, Zad i,
TpPa—NH, )2 M 1 ELA2 R 239wm, IR 2R N
45pm, GEFE 2 Ha A1 b A A E] TpPa—-NH, &
JZIEEE S 2c 155 0 )R BEA— 2, gE—2E
TIWRZERE S,
2.2 TpPa-NH, B RN 5 Hr & AE

l 3a J& TpPa—NH, # AR MR E AT RIELE R
I 100°C LAY A9 42 0 T2 R 1 I B 7 4 L 2R 1
s fLIE P AR R, FHERE % 426°C, TpPa—NH,
R EAL N 5%; H 2R EF 2 & T 426C,
TpPa~NH, Jit & A JF I KR BT [, BB TpPa—NH,
MBHEAL T 426°C i Bl N HA R AP HER e
2.3 TpPa-NH, LM% FRAE

i TpPa-NH, HLIAMEIERE (& 3b) AT ISR
2, AWK 1580em™ A4 I C =C MLTAMIR S
Wi, 7R R 1240em™ 2247 B C—N BILTAMIRsh

PF127 , j\&
(PEO,-PPO,-PEO, ) f"\ _ @[ “
OH . SA K
NG, OHC CHO ©’ )
‘ Tl 20k 360CHES0M: C Q ‘
NH, K i&ﬁ%mm \‘ﬁ ) Y @EFﬁYi
+ Smin 10min Smin > ot ‘

H‘c4©— -OH
0

Pl 1 TpPa-NH, ABREE
Fig. 1 Diagram of the synthesis of TpPa—NH,
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a— N ; b—TpPa—NH, IR)/Z3M; c—TpPa—NH, IRZH#m,
B2 TpPa—NH, IRJZMHRN LT BBk %
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Fig. 2 SEM diagrams of TpPa—NH, coating ( a—Stainless steel wire; b—Coating surface of TpPa—NH, ; ¢—Coating cross section of

TpPa-NH, )
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(‘a) Thermal gravimetric analysis of TpPa — NH,;
(b) FT-IR spectra diagrams of TpPa—NH,, TpPa-1
and TpPa-NO,

Fig. 3
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ML, EEE B LMY A el
2.4 TpPa-NH, IR)2XRINAMRIE
2.4.1 FEBURSE

0023 AL 3t B S H bR e T e 10028 3 43 7
WANIRZ AR S A VAR R, AR G 7 b i IR
SR FERUSCRAT RIS, TR, b iy
[y eE syl | W I v R S Tig 1 I (E B S S 14 )
IR HCARY TR T S TR )2 a2 B TR
JEIEATIZS HIRUK A (2 BRI, FrL
B A BGR A T, A B AR AL R

WK 4a FiR , ZEBUR BEBEREAE 40 ~80°C Z (1]
Ak ,2,4,6-TCP F12,4-DCP 7E 60°C 46 i 5]
(15 5 dac ok, HoA = b 8 26 & e A5 5 7 45T
JETN B A 5 32 AR BRI i s /N i
PABE R IR BUR EE S 60°C
2.4.2 FEHUE]

AR ) R, M b A AR IR R 2 I AR
b FE I ] K SR W o AT R0R T DL i B AE
20 ~60min [0 Bl N HEFTAE R I Atk . AR 4b
A LA S5 R AL A Y0 FE SOmin B 35 3] 5F- £
JIT LA B S A 2R B (8] SOmin,
2.4.3 fRWIRE

TR BE S ARASF F B Ar# 76 e IR R i, o]
RE XTI B PEANEE R TR 2 AT RIS e — g 52, T
TpPa—-NH, &2 1EA T 426°C 115 T A B4
(AR A T, T DA AR S 56 3% 5 A I IR B E 190 ~
230°C Z ) i A7 f Ak, LA IE (3 R IR, A
Kl 4c thATLLE H, 7E 230°C B G 3] 119 15 5 B
JIT LA S AR I IR Ry 230°C
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2.2x10¢ - £ 5 :
) J22xi00p A
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FRVEIRBE(C) % i (min)

a—ZEHORBE 3 b—ZE MU ) 5 c— B MIRLEE 5 d—fE st ]
Bl 4 TpPa-NH, iRIZZEBFIRE S0 AL

Fig.4 Performance optimization of TpPa~NH, coating (a: Extraction temperature; b: Extraction time; c: Desorption temperature ;

d: Desorption time)
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b, NI 4d Th o] LU Y ff RS R4 3min {5 5 5
£, B AR 3min Ay S A4 A I A1)
2.5 TpPa—-NH, . TpPa-NO,. TpPa-1 fil TpPa-N

WIZTEREVEOY

TEmAER) SPME 2540 K2 T gL/ TpPa
—-NH, fHFEIIRELLI) TpPa—NO, A IREILAH TpPa-1
AN PF127 A Y TpPa-N 2518 2 BEATXF L, IS
VIR B REAIX By 2 ik & W A B RE A 2

ML Sa Ha] WL, B AT R JZBIRE 2 5 P 251k
B, TR X SR JE AR S By 2Rk S 3 R
A ARIGER e - HEBUR BV FH B 2E 3 5 44 )
255, NI dEm T PR, ik FoRE , TpPa-
NH, )2 ZBUARR e, TpPa—NO, fl TpPa—N )
APPERE 2 LA 5 A B RERT Y TpPa—1 fUFEHL
PERETE 22, d I G JE 0 A R A6 R 24 9 1 i A 2 ik
YEH, fE 56 4 R A< BB 288 19 M R A 1 55 76 H
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AWz e WA B, H TpPa - NO, H 21w 1 H
TpPa—1 /N ASHI TR ST B 285 (14 R B
2.6 TpPa-NH, {20l 5 1 Tk

fifi FH TpPa—NH, ¥ J2 5 2 AL BURIfR I S Ty 2%
&Y, i L GC-MS By TR RS AL 18 2 Y
A A M, IR Sh B, BRI AE 90 YR 4G HF
FJG , TpPa—NH, 32 9 2 R WA W2 AR,
ULHH TpPa—-NH, VR JZHA €% ] 582l FH i
2.7 JiikEmysr btk

PSR 238 55 R, AR SCIFEAN T TpPa—-NH,
WIZES A GC-MS Wl By 2516 & W o7 i i M, 51
TR, IrE s i TR 10~5. 0x 10" ng/L [
PRI A2t FHCRB(R?) AT 0. 996 ~
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1.6x10¢ 2.0x10¢
(a) [C1TpPa-1 &) =330% 1
[ TpPa-NH, I Lol EmO0% {»
1.2x106 O TpPa-NO, e ’ 190k HH
[ 1TpPa-N

8.0x10° 1

S ENY

2-NP  2,6-DMP 2,4-DMP 2,4-DCP 2,4,6-TCP

U THT

1.2x10°

s
4.0x10° 1 m“
o [ H_H . .

2-NP  2,6-DMP 2,4-DMP 2,4-DCP 2,4,6-TCP

VTR

5 (a) TpPa—1.TpPa—NH, TpPa—NO, .TpPa—N iRJZM:HEMNTLL; (b) TpPa—NH, #RJZMynl T {l Mk:
Fig.5 (a) Performance comparison of TpPa—-1, TpPa-NH,, TpPa-NO,, TpPa—N coatings;

(b) Reusability of coating of TpPa-NH,

1 TpPa—NH, IRJZRRHL 5 Rl IAL S0 5 B fig
Table 1

Analysis performance of 5 kinds of phenolic compounds by TpPa—NH, coating

e ALV 2 K i B RSD(%)
(ng/L) (ng/L) MAELEME(n=3)  HEELZM(n=3)
2-NP 20~5.0x10* 0.998 4.64 7.1 2.6
2,4-DMP 10~5.0x10* 0. 996 1.81 4.2 8.2
2,6-DMP 10~5.0x10* 0.997 1.30 7.1 8.1
2,4-DCP 20~5.0x10* 0. 996 5.35 5.7 5.4
2,4,6-TCP 20~5.0x10* 0. 999 4.59 8.9 3.4

%2 HUHUBERIET SPME-GC-MS Kl Jeity bkt %t be

Table 2 Comparison with the reported materials for the detection of phenols based on SPME-GC-MS

#: H BR LR ; . . X
(k4 A AN 3 R 2\ 4

% i 551 (ng/L) (ng/L) WEMRLE BT i R A1) EBUN
SNW-1-COF 0.06~0.20 0.10~100 180°C , 10h PR A e B SR [37]
CNT/BERRT/PA 8.0~70 10~5.0x10° 0~5°C,15h K, LHE [38]
GO/POE 0.12~1.36 5~1x10° LW IR, e 28 1R 7K [39]

TpPa-NH, 1.30~5.35 10~5.0x10* 360°C, 1.5h K AT

1) 7 s EL A e i A G S R R A 9 1 e P S L,
JESEBRTT R, AN A LI R AR A X 1 SRR
PF127 24 7= A SRR T 7 vk 388 (B B, s
DT R B R G iR B R R A B RS
SO ARSI 1Y TR S E SR R
EMZRY T I IEIEAT (R 3) , AR RA R
ARG B, BB A A 22K
2.8 JiiEYSIE

F IR RS T 75 R TpPa—NH, IR 24
A GC—MS 43 BT J7 3 % W > A5 o 5 ( BWQ8341—
2016 Fil BWQ8236—2016) #EA7 20 #r , i 3 4 43 M4
ST AR TR R 5 S EH I AW) &, RSD
£ 0. 04% ~3. 90% Z.[1], BB 5 o2 v HE Y

263 ARSI S E S RRE T RN S A P a R b
Table 3~ Comparison of results with the study method and

national standard methods for detection of the phenols

T2 AL A PRI 12 Biig =i i BR
OKIEER AL P &
WA B/ S ) 500mL  0.5~3.4pg/L

(HJ 676—2013)

(R B 2B P o 2
SA @G (HY 711—2014)

AT

100mL. 2~6pg/L

10.0pL  1.30~5.35ng/LL

3 i

AR SO I T R ik — A T B REAERY
COFs #1 K TpPa~NH, , 554 5t i1 1% 7 #5187 A0
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4 bER e R

Table 4  Analytical results of the reference materials

s mkkan oo WER RSO0

(pg/L) (pg/L) (n=5)

2-NP 5+0.15 5.10+0. 00 0.04

2,4-DMP 5+0.15 4.95+0. 05 0.92

BWQ8341—2016 2,4-DCP 5+0. 15 5.37+0. 04 0.83
2,4,6-TCP 5+0.15 5.04+0. 15 2.90

2-NP 5+0.15 5.09+0. 19 3.90

2,4-DMP 5+0.15 4.93+0.02 0.44

BWQ8236—2016 2,4-DCP 5+0. 15 5.36+0. 04 0.87
2,4,6-TCP 5+0.15 4.98+0. 08 1.60

W A BA A FRS RS [ &
BT A S A B BEHT ) COFs #1FF TpPa—NO, Al
TpPa—1, ¥4 L5 I T SPME $% AR, LIy 51659
YA HERA T4, 8 5 R AE AP REXT LR 5T T AR TR
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An Amino - functionalized Covalent Organic Framework Coating for
Highly Efficient Solid Phase Microextraction of Trace Phenols in Water

TAO Hui, HUANG Lijin, OUYANG Lei, SHUAI Qin "
(Faculty of Materials and Chemistry, China University of Geosciences ( Wuhan) , Wuhan 430074, China)

HIGHLIGHTS

(1) Amino modified covalent organic framework materials were synthesized by one step solvent —free synthetic
strategy using the reducing gas produced by high temperature decomposition of surfactant PF127.

(2) Amino functional groups can improve the extraction performance of materials toward phenolic compounds,
whereas the nitro functional group is not conducive to the extraction of phenolic compounds.

(3) The high—sensitivity determination of phenolic compounds in water was realized using amino functionalized
covalent organic frameworks as solid phase microextraction coating combined with GC—MS.
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ABSTRACT

BACKGROUND: Phenolic compounds, as ubiquitous pollutants, should be effectively separated by sample
pretreatment technology prior to analysis because of the low concentration, strong polarity and complex sample
matrix. Solid phase microextraction ( SPME) is a solvent —free pretreatment technology integrating sampling,
enrichment and injection. Combined with gas chromatography—mass spectrometry ( GC—MS) , it can achieve the
rapid enrichment and detection of trace organic compounds in a complex matrix.

OBJECTIVES : To develop a sensitive, simple, and environmentally friendly method for the determination of trace
phenols.

METHODS ; An amino functionalized covalent organic framework (TpPa—NH,) was synthesized by a solvent—free
method in one step. SPME was used as the coating, four kinds of phenolic compounds were used as target analytes,
and a new method for the detection of phenolic compounds was established by headspace extraction mode combined
with GC—-MS.

RESULTS: The extraction performance of TpPa—NH, was 3 —5 times that of TpPa—1. Under the optimum
conditions, the established analysis method for four phenols had wide linear ranges (10-5. 0x10*ng/L), high
linear correlation coefficients (0.996-0.999) , and low detection limits ( 1.30-5.35ng/L). Both the intra—fiber
repeatability ( RSD from 2. 2% —9. 2%) and inter — fiber reproducibility ( RSD from 4. 2% - 8. 9%) were
satisfactory, and the coating can be reused more than 90 times.

CONCLUSIONS: The introduction of an amino group can effectively improve the extraction performance of TpPa
for phenolic compounds. The established method establishes the sensitive, convenient and green detection of

phenolic compounds in actual samples, demonstrating a good application prospect.

KEY WORDS: phenolic compounds; solid phase microextraction; gas chromatography — mass spectrometry ;

covalent organic framework ; functionalization
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