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B /NGy F TE R AR . TNT J&— Fh i 50 () /N 43 K
2l AR ME A2 W B B IS R T, AR A R R E S . ZIF-8 H
BB T R 2 B, A S R R AR (R T
1600 m*-g™"), ZfL(3.4 A)FFaEN = k(1.6 A), T
oW T MR B A S Sk, AR B SE L ZIF-8
1 SERS J i iy B Al A4 B}, FH O A I 3 R 7E ZIF-8 I
JRA A KR 9 K OB (AgNPs) L 3k 15 ZIF-8@Ag E & 1
BHE N SERS JE IS, IR HI B 41 2 R R B 4-50 5L 28 1y
(4-ATP)EMTE S A5 OB T T TNT A .

2 LIGER 4

2.1 KF SN

WA - ZIF-8, fh 2= 4l Je F 9 K BB A IR A A
AgNO,,99.99% , Bl B i5 (rp ED AL A A FRA 7] 54-ATP,
98% , A AL B Tl MR 254t s 2R R 22 (NBA) , 78% , BT i
TR R A RS A TNT, = 58 8 (PA), =
32K (TNB), il 37K (DNB) , fb2z4l v [# T 24
PEBF S B Ak T AP BHIE FE T 5 25 B 1K SR80 = A .

{4 : WFH-2038 = H1 584N A, I ifg 3tk 5 L 7
AR A UV3150 5001 WA St BT, H A B A
Al In Via @I R E R 2O, W EF R A A Al
Ultra 55 3% & 1 9 4 (2 + & i 5% 1 Libra 200FE 37 &
I3 5 S OB L 1 2R R AR A Rl s D8 X TR
KATH, 5 1E Bruker /A A .

2.2 XIgiE
2.2.1 ZIF-8@AgE AR HIl &

FREL 20 mg il ZIF-8( kA ) T 10 mLEI’JAgNO3
W, G IR B 10h RSB 10 hE  §il45
KA 1) ZIF-8@Ag & 45 M BE s 850 (I H] - 10 m.n,ﬁ
B :6000 remin™) Zs 45 [T R, PR B IS R K €8 1Y
ZIF-8@Ag & G M kL, & B OB AEPIT IR s | 5 ¥
ZIF-8@Ag & &M B HUE 2 mLAY LB PR P& .
2.2.2 ZIF-8@Ag 8 & # #H# SERS 14 88 1T

¥ ZIF-8@Ag & 45 b B}l 45 S Wi IS A g SERS Jik

JE 3B NBA IR W 1E ZIF-8@Ag & A M Rl 15 -, F
,\%ﬁéﬁzmaxﬁﬁsms PERE VAL o U 251 - 30
P 532 nm, TR 0.1% , B4 BF R 15 s, S BER /N E
HTZh 2 mmo BEASFE S E NN S5 K.

2.2.3 TNT#&

¥ ZIF-8@Ag & & M BF L IR 2 WL 7E 4-ATP %W T
4 h, H P e 2 B R W [ HE ZIF-8@Ag B & M kLR
T () 4-ATP, 15 %) 4-ATP [ 41381 i ZIF-8@Ag & &
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BRES 43 B3 WL A [ v BE 1 TNT % 72 4-ATP & 1
[ ZIF-8@Ag & G b} I, R L 58 8 W flchr 2 R A7 4
W WK A OB K 532 nm L TR 0.1% , B
] 15 s, B 2D 5 .
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R Z/INBURL . TEM &1 5 1 b 78 ZIF-8 3R 11 34 5 1 4
H A AgNPs, AgNPs [l R/NZ1 0 7 nm (& 1b) o 40

|

TEM: 107 mol-L™
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e. high resolution TEM f. selected area electron diffraction

Bl 1 ZIF-8@Ag & & # ¥ FE-SEM Fll TEM [&]
Fig.1 FE-SEM and TEM images of ZIF-8@Ag composites
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Fig.2 XRD of ZIF-8 and ZIF-8@Ag composites
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Fig.3 SERS spectra of NBA on ZIF-8@Ag composities
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Fig.4 SERS spectra of NBA on ZIF-8@Ag composites and Ra-

man spectra of NBA on silicon wafer
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Gy FEE /N JOTE A B R R R E . AR A R A
X IR R TNT (9 | 309 Ak 55>, 3 B 4-ATP 1R b 8 £ 4
o — 5% T AT DLl A S-Ag B, 7E B BURL 3£ If
AR 2 W B 5 25 o — D7 D, BRI TNT B[]
ZY (I DNB, PA), By T fiff 2 (9 5 W F 4 A, il i
AR T, R R T2, 4-ATP 4
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1070 cm™ A1 1577 cm™ b By . FEHOGEIE T,
4ATP K AW A RN AZ N p, p-— WM AR
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Fig.5 Raman spectra of ZIF-8 and 4-ATP, SERS spectra of
ZIF-8@Ag and ZIF-8@Ag@4-ATP
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B EITIREL R . Kl 7a )& 4-ATP UIREfL Y ZIF-8@Ag
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I —A /NS5 (1378 ecm ™), J& TNT II—NO, [,
R TNT A BE T IR 2= 107 M. K1 7b 42 1439 cm™
Qb 5 BRI TNT ok B2 i R Pk 40L& i kL i &L 7b 7T
AATPHIFL S (G5 5 TINTWE A ML X R, RE
09843, H 2 ¥ 4 KX ¥=3.9064+0.2895IgX.
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4-ATP IIfiEfk ZIF-8@Ag B &5 #1 B X TNT B A R4 /Y
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Fig.6 SERS spectra of 4-ATP on ZIF-8@Ag composites
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Fig.7 SERS spectra of detection TNT by 4-ATP functional-
ized ZIF-8@Ag composites

ik — LR IE 4-ATP W RE L 1Y ZIF-8@Ag & & #1 Bl
XFTNT &7 B £ M5 TNT A A L4549 1) 42
YEH (107 mol-L™", TNB, DNB #1 PA) &1 [&] 8a Jit 71 .
B Sk TNB, DNB il PA L 5 & 41 4-ATP A 1 , fii
4-ATP ({5 55 1 i , H 3% 58 09 I AR T TNT. anf&l 8b
JIF7RJZAE 1439 ecm™ Kb IR KE W A5 5 58 B 1L 25 LS 5
o R R TNT 338 7 2.65 4%, {H TNB, DNB Fl PA 3% 5%
T WL AR 7171 4% . S5 R R 4-ATP I fgfk

N XK 2020 % F 284 #2248 (164-169)



KB ABGRL, TSI, B4 X, AR R, E R

168
B ZIF-8@Ag & A M BT TNT B A5 — 2 I BE £k
1439
10000 cps
1140
1382 1577
5 1070
S 1192
N TNT
Q
= TNB
DNB
PA
1000 1200 1400 1600 1800
raman shift / cm”’
a. SERS spectra
3.0 =
25 N
2.0
L T
= 1.5 1 S % \‘\
1.0 1
0.5 1
Blank TNT TNB DNB PA

b. selection

8 ZIF-8@AgE G M BHEFEMER M TNT
Fig.8 Selective detection of TNT in ZIF-8@Ag composites

3.4 ZIF-8@Ag & & #1114 SERS E R XF TNT A9 #& i

IR

TNTJE T ot F A5 MR R 4-ATP IR L B A F
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9 TNT, 4-ATP FI TNT 55 4-ATP IR & IR W 1Y 22 4N A, i
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Fig.9 UV-vis absorption spectra of TNT, 4-ATP, TNT and
4-ATP complex
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Construction of SERS Substrates by ZIF-8@Ag Composites and Detection of Trace TNT

LIV Yi'*, YU Shu-wen*, HE Xuan*, HUANG Shi-liang*, LIU Yu’, LI Xian-yin', WANG Dun-ju’

(1. School of National Defense Science and Technology s Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical
Materials, CAEP, Mianyang 621999, China)

Abstract: The detection of trace trinitrotoluene (TNT) explosives by Surface Enhanced Raman Scattering (SERS) was studied. A
novel organic metal framework ZIF-8@Ag composites material prepared by in situ growth was used as SERS substrates. Mean-
while, the structure and properties of the composites were characterized by field emission scanning electron microscopy
(FE-SEM), transmission electron microscopy(TEM) and X-ray powder diffraction(XRD). Results show that the ZIF-8@Ag compos-
ites material has good SERS activity, and the enhancement factor is calculated as 8.84x10°. The probe 4-ATP is self-assembled on
the surface of AgNPs. And it could selectively recognize TNT by the interaction of probe 4-ATP and TNT molecules. The detection
limit is as low as 10™ mol-L™". In addition, the mechanism of the interaction between the probe 4-ATP and TNT was studied by
ultraviolet spectroscopy, which found that TNT and 4-ATP formed Meisenheimer complex.

Key words: Surface Enhanced Raman Scattering (SERS) ; trinitrotoluene (TNT) ; trace detection; composites materials; sensing
technology
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