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Application and development of quartz crystal microbalance (QCM)
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Abstract: As a surface sensitive analysis technique based on the piezoelectric effect of quartz crystal, quartz
crystal microbalance (QCM) is a highly sensitive on-line interface process analysis tool featured with the
sensitivity of Nanogram level and a in-situ and real-time reflection of the surface quality change of the crystal
wafer. The strengths of QCM in real-time monitoring, characterization of (biological) membrane deposition,
detection of specific antigens and research on cell adhesion have been widely explored in the fields of
chemistry, physics and biology. This paper, with an introduction of the technical principles of QCM and an
overview of its applications in cells, environmental monitoring, enzymatic hydrolysis, electrochemistry and
other fields in recent years, is aimed to prospect the research direction of QCM in the future. [Ch, 40 ref.]
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AW LT AR M AR TR RE I B s, BRRBHERR X 2 IE B LU AN A A B AL AT B B R AR B Z1 A, AT
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LA FEJE R R PEG-nTiO, SHEER I " LRE R E | £ 4 3 i (0 78— A Ak 2 i DA R I B85 41 2 X i A A
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it (ThL)2 i ¥ il X 2T 2 28 FAC Joi 28 A5 70 5L I 1) W BfF o FH L7 00 B 3UBE (AFM) R X5 46 % i 7 B %
(XPS) WML BRSO R PEAT 70081, 450 A . MaL fE£F4E R AWl £ T ThL, pH#%, BEEEE
YR FRYI R . T QCM-D 7 A 4k R KW AE R pH(pH 4.5 Fl pH 7.5) . AS[RI i T 4%
FIRERAFERLEI A C R, UL B W SRR 3l Ty | W B ot TR VA B A A G

ZHANG %50 F ] QCM-D #fF 4% T #0570 . pH I XoF £ 24 2% 0 Bk 41U R P U] 28 SR s il (Cel7A 1
Cel7B) WIS o BfF 53 & P08 26 W8 LA 2 — WA in A Z REA I Cel7A BO/K ARG 1, i A £F 4k — Wi Re i
il Cel7B HYZK fi# 1% 1 . MAURER %55 % QCM-D 237 T Cel7A il Cel7B 7 £F 2 2 2% 1t (1) 5 4 1 % of
1Mo BIAE—E MBI RIN, Cel7A 1 Cel7B Bk Mk, ] QCM-D ME RN AR F L, i
HH R 2T 24 23 e T W PR A . X6 TR BN A 04 41 4 R Tl 1 IR o B8 1 it DT 4R R A TR 4T 4 R
P2 AL RN 2T 2 22 ) [T

AR WA A S R AR A 4E R W B AE AR I . KUMAGAL 4654 SR I SRR b 2
T ARTEN S . FIH QCM-D XA Rl B 43 10 A T 21 4 38 98 K 27 4 (LCNFs) 7o H 1 il 18 o6 1 o
AT M HEAT T SERT U . QCM-D &5 3R B - s ) 1 9 40 3 RTRE 0 Atk e PR 4 Z i i . (R
LAT 855 e A 5 28 %) Wit 0 AR VR o AATRIAE BEAC IS PP AR R 43 B3 1R TS IBUR B 38 (EL) RS AR I &R
(MWL), Hr MWL 5> &P & T EL. A QCM-D BFFY 1 A BT 3 54 X il Wz B iy szl - 45 2R 3%
W IO AR T 3R 0 R B 55 K T 3R (1 45 A8 REAE 25 DI AE OC o EL B ) e K I B 2 7 B R AR T MWL i
EL X A A 300 it £ 12 B S AT MWL, EL (A7 ZEREAI 1 AN 7T 30 0T 20 26 AR J3T 28 Ay WG B3 . 3X AT B JE:
WIS BHET MWL _EAEA: =PRSS A 0L A HLHI SR . b, ARRE AR E TS AR R
Z IRAHEAE R 22 57

5 B A K F (QCM) £ Ak 5 o 49 B A

LA A S AR RO P (EQCMY) S LSOV S B, e s P A% i 5 LA i AL A B s R, 2R
A Bl N 8 T 2 AT O A AR AR B R A AL B . EQCM LI IR M BEAR LA SE 19 4 S
BENFEIR, BACHLAN, o b A i o A8 A AT AR R B AT MR R, R T REAS G P A 3% THT 40 e 4 1) o
ARSI E A R L L FHT AR R A A A AR OO, AR A R AR AR I
AT, TERASE . AEPEE S Tl A S S A AR G R

BBEPTAECT R EQCM W58 JLAH K S bre S I 1 20 20 B0 1 JRE A < LA Py R RS AN IR AT O o 4%
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B e f 55 U 3A 45/ EQCM M1 43 4 % G & 7 BT (STM) 4 AR #F 58 & L 48 5 7 (PACIE) 7E B IR
(H,S0,) %W 4 (Au) HABR b PR AT AL 2AR R AT Ry . 5530 4 (Pd) M HL AL 2= TR LIAME R 22 A=
KA HEAT, HPAC B A W2 LA R 2 R 45 F W BHAE DT Pd )2 1, T U I PACIEHC & 40 1 W B
KEFRAEMZZE R TR EEEEN, B EMG T 8 B 25 7 10 i A K DI T Pd JZ AR )
Ak,

FIH QCM KR/ F A T, W2 m LR . ASALZEPT 58 T 3 F QCM 1y BHR A fk
B (AAO) WG IRES o 0 E R RV W X AR E AT PR 48U AE , FE A 0 SRR IS B4 T AAO gk
s . 0 O B 25 AR 3 T 4K AL AR AE 40~80 nm 4 AAO AU K454, Hrh 44 K L 1a) FE AR 437 24
100 nm. 3 3 0 40 R B U], AAO BYJEFE SR 200~1 000 nm. £5 R EH] . FEF QCM 1Y AAO 44
K GE ML ARG PO AR I, T AAO 9 KRS BAEAE, (AL IS i R U B 1
FRASE G, s 2 & T AR IR i 1R P R

DENIZ 45P% Ff QCM-D W5 T 3% )2 (LbL) [ 20 25 RS i) i /AR e SR e A o) | B 24 43 Rl i
AT A Z BRI EAERH . B MHIRLWIR-A LS (PET-ITO) 4 IS I 3% T PHAR IR T A8 €0 R e
(PAni) Y LbL JEAE R HIME o LUK, X 30 Sy e 2 SR B R IR BRI (LiClO,/PC) HAL MR Hh 1Y) LK 22
PEHEAT THESE . it QCM-D FIEEANT, M SE3AE Tl i PET-ITO a0 - il 25 B A P AR (A T RE Y
R R S B I . ISR B T & e T S B B R, R A R A o R PR A A
TR AR o

BEYKAL %507 SR HIFEHIOCRY H3 AL 2 47 32 i AR TR 7 (E-QCM-D) iP5 1 P AR 1 B e — R 40 I ot
FF AN BB S I FNZS A 52 o 38 o 455 pH R it f10 F A5 58 296 b 5 722 WA 6 5] AR 2 o 5 = T
HLfr, BFSE T PR N AR (BSA) X4 AR AW B, IESE T 48 (0T 5 3R R ) sE L, FE 4 AR
R AT R B R R R R S (B I R IR AR S, A, B BSA 1 I B RN A7 A L L 2 () 45
i, R pHe.

RALSTON %1 3% | EQCM W5 T 4ligE (Mg) 151825 76 7 & Ak 4l (NaCl) LA B b I AT o 1
0.01 mol-L™'NaCl T, pH 435l >h 3(Z o) Al 6CRZZ vh), 43l b A7 I B s A M A7 s SR AL 5280 . 7
pH A 3 IR, Mg (G A7 AL 22N i R g S 2, 1 7E pH oA 6 MIETRH, Mg Wos i
FOTEREN, X5 SR EE [Mg(OH),] B AE L i AR AR R o Pl X b B 25 2E 2E K 1) Mg(OH), &
A BORIN R 2 17%~34% . 3K —H01 % 5 7690 9B v b 750 v b 2 b T i A9 0 25 o TR R 10 2
AR,

6 EZ

QCM 1E N MR e K i i R A% 8%, ELAT 25 faT B0 . WIE4k . SRS ZhA W I Hoks B A 2 40
SRR, B M TAY . feeE . WSR2, U TR I . B AT AR
JEE R RR AR AR ARSI A o JUHUE B RBUE AL S WO R A AR, SRR it 5 5 SR PR 2 A B e
A ORI Y . BEERME B A SRR R, QCM R i AREE | R AR SR W
GO, IR SHAE ARG S, KON O R 5 VR FHLEBIF T LA K s 0 2 40 o vy S D0 45 7 1T+ 53 A1 3%
B, JFAEE 2R IS ) Z R H

7 HE U
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