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Fig. 1 XRD patterns of simulated and four experimental HKUST-1 samples (a) and FT-IR spectra of four samples (b)
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Fig.3 A schematic illustration of the shape evolution of HKUST-1 microcrystals



% 5 4 B 3%, F  HKUST-1 % 5 QCM ¥ R 42 & 2B 40 R A8 49 % vh 73

22 SEFHREESNERR

h T RIS AR R SE X HKUST-1 B 2R AL B A B9 5200 43 59085 4 B R R 2 51 89 HKUST-1 FE &
H45  QCM AL & B8 EAT S APERE IR I 4 Caboe, DX BN 15,23 ,3 5 4 5 B 5 BT i i 15 2% 2 X6 A [
PR B0H 2R AR i 7 i 2 LR T DU Y, B 2 TR AR 480 A o 14 18 o, A i RUSE Bl 22 98/, HKUST-1
XiF R [0 e g 2 A5 %) i g 2 o T e R 1 R 2 2 TR A QML A& R A B4 W 7 25 (B S S AR W L AR
100 Hz 2247 IH PR F 35 1 ks RS R B 2 T ARURH T, % 588 o T 359 S IR RE A (11 1) fh T 24 & 40 R 4k 2203
ANE T pm BB R B (111D A1 C100) P A AN [7) &b T 174 #8340 57 7 (A IS g 7 VA A S ) 2 T 3 T 0 v
RE (100D b TAT 4 77 A B2 T T FP R A R BRF 35 1 Bt R F 4 S 4 /0N 4 = R T A0 3 88 4t 17T 428 (100) 13 BE
(9 ST 7 VST S5, 6T HEY 25 P VR R 358 2 s — 25 8 I, %o [) e 2 FR 4 A 1 g o7 2 3 O v T LA 3 SR X L AR
IR 2 B TAEDY R Gk A Y 4,4 - E 3 TR IUB A 9 SBA-15 A FLATREXF T 120 <1070 B
SARBY IR E A 1 400 Hz i 4 £ FE£ 5% 60 X 10 ° B H 2R i H 235 5 2 000 Hz Z2 47, B8R MR ik B k)
T 20 AF 2 M A RN T — A5 R B T IR S R R SRR e

0 0
-200 |- -200
-400 -400 |
-600 -600 - 6
. 800 |- 0o 60X 106 < 800 F e 15X10°
L = 30X 10°
= -1 000 F = -1 000 60X 10
<1200 < -1 200 |
-1 400 -1 400 |
-1 600 |- -1 600
-1 800 F (a) =1 800 - (p)
-2 000 ! ! ! ! -2 000 ! ! ! !
0 100 200 300 400 0 50 100 150 200 250
t/s t/s
0 0
-200 -
400 500
-600 -
800 < —1 000
= -1 000 F =
S -1200 F 60X10° < -1 500
-1 400 |
1600 | 5 000 30X10°
~1 800 L © (d) 60X 10°
-2 000 . L L L L 1 -2 500 1 1 1 L L L L
0 50 100 150 200 250 300 0 50 100 150 200 250 300 350
t/s t/s

(a) 1#HKUST-1; (b) 2#HKUST-1; (c) 3#HKUST-1; (d) 4#HKUST-1.
B4 QM AR B RRL AP BN TX 1070 ~ 60X 1070 VAR (KRR FE w7 i 2%
Fig.4 Response and recovery curves of QCM sensors to toluene vapor from 7X10° to 60X 100
R T ARG AR L 52 00 DR 2R L X 4 SR A B HEAT T e T AR AN AL AR I A, 4 Tl AR o g 0 R R
B4R R UL 5. BET R M AUR Langmuir b 10 AR S FLAREHE 90 A 1 5@ i 43 Fr %k L Lo 2 i AR AL
PR/ R BAE HKUST-1 WA\ T A 32 87 e 1] D T8T A B9 3 e o, JFG L 3 T AR 3 sk /), £L A% 328 7 3 O A
1.9 nm7Ze A7 B BALZE T AE 1 1 2.8 nm A L. — 75 S P R 3 b FL AR B0 503 B0 AR B L 3R AR B0 L T
T3 — 5 T4 R A LA 205 AT M7 B DR A TR R 3 7 I R IV 0 45 B0 4 1) FL VA R 0 BRI R o A0 435 B 22 1Y
Cu® " B X8 T F R AU 0 4 S e W o 8 2 St R A D 2% I 81 % 2R W) 22 M) 1 [ 288 5 4 W B, T O 22 e A fE
Pl A 3% 28 o 7 B g o 000 2 PR Sy P B 4 7 5 A ) A 0 AT B oy ) B A ) e PR R SCA B AR
AN ZS LB A Fh2E R 4 F HARSIER 2 dh, i3 2 v, 4L4% 2.8 nm () 4 # HKUST-1 #ig -
AL B R0 R0 TR TR I SORT 2R S RN L Z BT B 5T Xu A2 R T K Bk B i
HKUST-1 5 fLE 821 nm, X T 4 FOERY > FIAENERR TR TR T 4 LA, HR 3 ok /Y1



74

AHEIFERFFRCRHF R

2019 %

3 Ze A« [a) I 25 1 001 B I B AR S O AL AR 9 HKUSTT-1 A 0T 23 116 i 7 i i » 3K 1 285

R SE B A5 RARFT. o ] RUBR S FE S M AL AR X HKUST-1 /9 UHobE A 2

ISVA
w

M, 3 o e S P 0% B —

3K F AR B b R 5 25 R R S R A R e BH S 1 MR 30D L o5 — e ok A T AL AR SO (25 Rl 2 BED

e HA 5 3 LA 2 R

AT ) 52 J7 PR HKUST-1 R fh T DU S 985 75 B9 R 2R A% Jb L

100 + 400
= 350 | r 350 '.d"'
e300 - T, 300+
T s —e— W . —— I
mE h - , oy ! o B
3 . —o— [l B il 22 5 . —— BRPR 2R
200 F =200 ¢
150 | 150 F
ey fad
= 100} = 10t
= = = =0 L
g 50 k g 50
0r (a) 0F (b)
,5() 1 1 1 1 1 1 75() 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
P/P, P/P,
400 | T 8833063 53U S SR a g aaw 100 F —a— g il 2 ]
"us . T o P T 2R ou
o 300 — B - o .,.."w—"annanmﬁﬂ-‘-
8 —o— NP 2% E
m:{ 200 <200
B = 100 F
Wg\ 100 | §
(c) 0r (@)
() 1 1 1 1 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0
PP, P/P,
(a) 1#HKUST-1; (b) 28HKUST-1; (c) 38HKUST-1; (d) 4#HKUST-1.
&5 AFIFESR HKUST-1 (0 B B e 2k
Fig.5 Adsorption and desorption isotherms of nitrogen (at 77 K) for HKUTS-1 microcrystals
*1 HSNIEREDRARILE
Tab.1 Sorption data for HKUST-1 microcrystals prepared with different amount of sodium acetate
FE Sper/(m?* « g71) SLangmiur/ (m? « g71) Pore size/nm Vy/Cem? « g71)
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34 1164 1695 21.21 0.617
48 857 1237 28.76 0.609
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Tab.2 The diameter of BETX molecules and number of molecules that can be adsorbed by different HKUST-1
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Effect of morphology and grain size on toluene vapor sensing properties of
HKUST-1 based QCM gas sensor

Xu Jiagiang,Ma Zhiheng, Wang Pingyang, Yuan Tongwei,Zhang Wenshuang
(Department of Chemistry,College of Science; Novel Energy and Sensing Technology Lab,Shanghai University, Shanghai, 200444 , China)

Abstract: Four HKUST-1 samples with different exposed crystal faces were synthesized by ultrasonic method at room
temperature and were subsequently fabricated to QCM (Quartz Crystal Microbalance) sensor of toluene. Scanning electron mi-
croscope (SEM), transmission electron microscope (TEM), X-ray diffraction (XRD), Fourier Transform infrared spectrosco-
py and automatic specific surface and porosity analyzer were employed to characterize samples’ morphologies, composition and
porous distribution. The results show that the grain size and exposed crystal face together make a significant influence to the
gas sensing properties of HKUST-1 to toluene. When the morphology changes from octahedron with high-energy crystal faces
to cube with low-energy crystal faces, the crystal size decreases while the aperture increases. Under the synergistic effect of
steric hindrance effect and adsorption heat effect, HKUST-1 exhibits specific adsorption and sensitivity to toluene molecules.
The response value of the cubic shape of the HKUST-1 with the most exposed high energy crystal faces to 60 X 10~ ° toluene
vapor is twice as high as that of the octahedron sample.

Keywords : HKUST-1; toluene test; QCM;gas sensor; microporous materials
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