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Quartz Crystal Microbalance References 
 

Books and Review Articles 
 
1. D.S. Ballantine et. al., “Acoustic Wave Sensors-Theory, Design, and Physico-

Chemical Applications”, Academic Press, 1996. 
2. C. Lu and A.W. Czanderna, in “Applications of Piezoelectric Quartz Crystal 

Microbalances", Czanderna and Lu (Eds.) Elsevier, New York, 1984. 
3. C. K. O’Sullivan and G.G. Guilbault, “Commercial Quartz Crystal Microbalances- 

Theory and Applications”, Biosensors and Bioelectronics 14(1999) 663. 
4. Celia Henry, “Measuring the Masses: Quartz Crystal  Microbalances”, Anal Chem., 

News and Features, Oct 1996, p. 625A.Note: Original product review by the editors 
of Analytical Chemistry, covers the QCM commercial offerings 

5. Judith Handley, “Quartz Crystal Microbalances” Some New Innovations Stand 
Alongside the Standard, reliable workhorse”, Anal Chem., April 2001, 225A. Note: 
An updated product review from the editorial team of Anal. Chem. Journal. 

6. Daniel A. Buttry and Michael Ward, “Measurement of Interfacial Processes at 
Electrode Surfaces with the electrochemical Quartz Crystal Microbalance”, Chem. 
Reviews 92(6) (1922) 1355-1379. Note: This is one of the best review articles written 
on the subject of EQCMs. The theory is clearly explained, and the limitations of the 
technique and the current understanding are presented. Everybody in the field must 
read this paper! 

7. Stephen Martin, “Closing Remarks”, Faraday Discuss 107(1997)463. Note: This is an 
excellent review of the QCM technology and theory as of 1997. It includes sections 
on: measurement techniques, modern devices, models and unsolved problems. The 
surface roughness issue is also discussed. S. Martin is one of the leaders in the field- 
read everything he writes.  

8. A. R. Hillman, “The QCM in Electrochemistry”, Electrochimica Acta (Special Issue) 
45(22 & 23), 304 pages, year 2000. Note: A special issue dedicated to the EQCM. 

9. Faraday Discussions, volume 107, 1997. Excellent compilation of articles by several 
leaders in the field including Stephen Martin, K.K. Kanazawa, Johannsmann, 
Hauptmann, etc. A must read for QCM practitioners.  

10. Cass, T. & Ligles, F.S., “Immobilized Biomolecules in Analysis - A Practical 
Approach”, Oxford University Press 1998; ISBN 0 19 963636 2. 

 

Theoretical Models 
 
1. C. E. Reed, K. Keiji Kanazawa, and J. H. Kaufman, “Physical description of 

viscoelastically loaded AT-cut quartz resonator”, J. Appl. Phys. 68(5)(1990)1993. 
2. R A Crane and G Fischer,  “Analysis of a quartz crystal microbalance with coatings 

of finite viscosity “ J. Phys. D: Appl. Phys. 12 No 12 (14 December 1979) 2019-2026  
3. E. Benes et. al., “Vibration modes of mass-loaded plano-convex quartz crystal 

resonators”, J. Acoust. Soc. Am. 90(2) (1991) 700. 
4. H. Nowotny et. al., “Layered piezoelectric resonators with an arbitrary number of 

electrodes (general one-dimensional treatment), J. Acoust. Soc. Am. 90(3) (1991) 
1238. 
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5. T. W.  Schneider and S. J. Martin, “Influence of compressional wave generation on a 
thickness shear mode resonator response in a fluid”, Anal. Chem. 67 (1995) 3324. 
Note: Acoustic interferometry was performed with TSM resonators to investigate the 
effect of compressional wave generation on the response (frequency and damping). 
The results indicate that even in semi-infinite liquids, compressional wave generation 
contributes significantly to device damping (motional resistance) but not to frequency 
shift. 

6. K. Keiji Kanazawa, “Mechanical behavior of films on the quartz microbalance”, 
Faraday Discuss. 107 (1997) 77-90 

7. Helen L. Bandey, Stephen Martin, Richard Cernozek and A. R. Hillman, “Modeling 
the response of thickness-shear mode resonators under various loading conditions”, 
Anal. Chem. 71 (1999) 2205. Note: This “equivalent-circuit” model incorporates a 
diverse set of simple component loadings including rigid solids, viscoelastic media 
and fluids. It also allows for any number of those components to be combined in any 
configuration. 

8. D. Johannsmann, “Viscoelastic Analysis of Organic Thin Films on Quartz 
Resonators”, Macromol. Chem. Phys. 200(1999) 501. Note: This article presents a 
way to calculate the viscoelastic coefficients of coatings by analyzing the frequency 
shifts and bandwidths of coated quartz resonators. 

9. S. Martin, H. Bandey , R. Cernozek, A. R. Hillman and M.J. Brown, “Equivalent-
circuit model for the thickness-shear mode resonator with a viscoelastic film near film 
resonance”, Anal Chem. 72(2000) 141. Note: An equivalent-circuit model for 
viscoelastic films which leads to a simple graphical interpretation of the coupling 
between the quartz and film resonances and facilitates understanding of the resulting 
responses. 

10. Ralf Lucklum, Peter Hauptmann, “The ∆f–∆R QCM technique: an approach to an 
advanced sensor signal interpretation”,  Electrochimica Acta 45 (2000) 3907–3916. 
Note: The frequency shift and the resistance change of a quartz crystal microbalance 
(QCM) coated with a viscoelastic film and working in a viscous liquid are analyzed. 
A method is presented for the accurate estimation of the complex shear modulus of 
the coating.  

11. R.A. Etchenique & E.J. Calvo, “Gravimetric measurement in redox polymer 
electrodes with the EQCM beyond the Sauerbrey limit [Short Communication]” 
Electrochemistry Communications, 1:5 (1999) 167-170. Note: The mass of non-rigid 
films is calculated based on electroacoustic impedance data and interpreted with 
Martin’s viscoelastic model. 

12. Mikko Salomaki, Kari Loikas and Jouko Kankare, “Effect of Polyelectrolyte 
Multilayers on the Response of a Quartz Crystal Microbalance”, Anal. Chem. 75 
(2003) 5895-5904. 

 

Tips, Tricks and Instrumentation 
 
1. R. L. Filler and J. R. Vig, "The Effect of Bonding on the Frequency vs. Temperature 

Characteristics of AT-cut Resonators," Proc. 30th Ann. Symp. on Frequency Control, 
pp. 264-268, 1976. 

2. M.  Schmid et. al.,”A computer controlled system for the measurement of complete 
admittance spectra of piezoelectric resonators”, Meas. Sci. Technol. 1 (1990) 970. 
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3. J. H. Teuscher and Robin L. Garrell, “Stabilization of Quartz Crystal Oscillators by a 
conductive adhesive”, Anal. Chem. 67  (1995) 3372.Note: The use of silver epoxy to 
improve the electrical contact to the crystal electrodes is presented as a definitive 
advantage.  

4. Bruckenstein, S., Michalski, M., Fensore A, Zhufen, L. and Hilman, A.R., “Dual 
Quartz Crystal Microbalance Oscillator Circuit. Minimizing Effects due to Liquid 
Viscosity, Density, and Temperature”,  Anal. Chem., 66 (1994)1847. 

5. Noboru Oyama, et. al., “Scanning electrode quartz crystal analysis”, Anal. Chem. 
69(1997) 1023.  

6. A. Krozer  and Michael  Rodahl, “X-ray Photoemission spectroscopy study of 
UV/ozone oxidation of Au under ultrahigh vacuum conditions”, J. Vac. Sci. Technol. 
A 15(3) (1997) 1704. Note: A simple way to clean gold electrodes and provide a 
hydrophilic layer.  

7. E. Benes et. al.,”Comparison between BAW and SAW Sensor Principles”, IEE Trans. 
of Ultrasonics and Freq. Control, 45(5) (1998) 1314. 

8. E. Benes, et. al.,”Solving the cable problem between thee crystal sensor and 
electronics by use of a balanced bridge oscillator circuit”, Joint meeting of the 13th 
European Frequency and Time Forum and the 1999 IEEE Int. Freq. Control 
Symposium, Besancon, France, Session C4, Wednesday, April 14th, 11:30. 

9. Cheryl Chagnard, Patty Gilbert, A. Neal Watkins, Theodore Beeler and David W. 
Paul, “An Electronic Oscillator with Automatic Gain Control: EQCM Applications”, 
Sensors and Actuators B 32 (1996) 129-136.  

10. M. I. Jeffrey et. al., “The development of a rotating electrochemical quartz crystal 
microbalance for the study of leaching and deposition of metals”, Meas. Sci.Technol. 
11 (2000) 560. Note: the design and construction of a rotating disk EQCM is 
described. 

11. John T. Yates, “Reusable Quartz Crystals for Film Thickness Measurement”, 
Experimental Innovations in Surface Science, AIP Press, Springer, 1997. 

12. F. N. Dultsev, et. al.,”Hearing Bond Breakage. Measurement of Bond rupture forces 
using the QM”, Langmuir 16(2000) 5036-5040. Note: this includes a detailed 
description of the amplitude of the shear mode oscillation in quartz crystals.  

13. Advincula,  R.; Pispas, S.; Hadjichristides, N.; Park, M.; Youk, J.; “In-Situ  
Adsorption Studies of Functionalized Poly(Styrene-B-Isoprene) With  Zwitterionic 
Groups: Correlation With Quartz Crystal Microbalance (QCM)  and Surface Plasmon 
Spectroscopy (SPS), Polymer Preprints, 42,1,283,  2001 

14. M. N. Rocklein and S. M. George, “Temperature-Induced Apparent Mass Changes 
Observed during QCM Measurements of Atomic Layer Deposition”, Anal. Chem. 75 
(2003) 4975. Note: this is a case where temperature effects are accounted for during 
accurate gas phase QCM measurements 

15. S. Berg and D. Johannsmann, “High Speed Microtribology with Quartz Crystal 
Resonators”, Physical Review Letters 91(14) (2003) 145505(4) 

16. S.J. Geelhood, C. W. Frank and K. Kanazawa, “Transient Quartz Crystal 
Microbalance 
Behaviors Compared”, Journal of the Electrochemical Society, 149(2002) H33-H38. 
Note: A very useful comparison between the dissipation and resonance resistance 
methods.  
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Thin Film Deposition 
 
1. G. Sauerbrey, Z. Phys. 155 (1959) 206. Note: The original paper proposing QCMs as 

a viable tool for micro mass determination. This is the first report on the use of quartz 
oscillators as microbalances, and where the proportionality between mass load and 
frequency shift was first proposed. 

2. C.D. Stockbridge, “Resonance Frequency vs. Mass Added to Quartz Crystals”, in 
Vacuum Microbalance Techniques, edited by K. Behrndt, Plenum, NY 1966, Vol. 5, 
p. 193. Note: An alternative derivation of Sauerbrey’s equation using Rayleigh’s 
Perturbation Analysis as the starting point. 

3. A. P. M. Glassford, “Analysis of the accuracy of a commercial quartz crystal 
microbalance”, in Progress in Astronautics and Aeronautics, edited by Allie M. Smith 
(American institute of Aeronautics and Astronautics, NY, 1977), vol 56, p. 175-196. 
Note: The Rayleigh energy method is used again to derive the change in frequency of 
a harmonically oscillating system when subjected to a small perturbation. 

4. K. H. Behrndt, “Long Term Operation of Crystal Oscillators in Thin-Film 
Deposition”, J. Vac. Sci. Technol. 8(5) (1971) 622. Note: The Period-Measurement 
technique is described and applied to the measurement of film thickness. Many of the 
old Thin-Film monitors rely on this technique for thickness calculation. 

5. D. R. Denison, “Linearity of Heavily Loaded Quartz Crystal Microbalance”, J. Vac. 
Sci. Technol. 10(1973) 126. Note: The Period-Measurement technique is analyzed 
further and tested under heavy loads.  

6. C. Lu and O. Lewis, “Investigation of film-thickness determination by oscillating 
quartz resonators with large mass load”, J. Appl. Phys. 43 (1972) 4385. Note: This 
paper includes the original derivation of the  “Lu-Lewis” equation used by all modern 
thin-film monitors and controllers to calculate film thickness while properly 
accounting for the acoustic properties of the film deposited. A one-dimensional 
acoustical composite resonator model is used to study the behavior of a quartz crystal 
resonator with large mass load. It is found that the exact relationship between the 
frequency shift and the added mass depends on the acoustic impedance of the 
deposited material. This is also known as the Z-match model. 

7. Chih-shun Lu, “Mass determination with piezoelectric quartz crystal resonators”, J. 
Vac. Sci Technol., 12(1) (1975) 578. Note: A follow-up article on the Z-Match 
method. 

8. E. Benes, “Improved quartz crystal microbalance technique”, 56 (1984) 608. Note: 
Sequential measurement of the change in resonant frequency at the fundamental and 
its harmonic provides a method for real-time calculation of the acoustic impedance of 
the film during the deposition. 

9. E. Benes, et. al.,”Enhanced Composite Resonator Analysis and its Application to the 
Quartz Crystal Microbalance”, Proceedings from the 39th Annual Symposium on 
Frequency Control, 29, 30 & 32 May 1985, AFCS 85 

10. E. Benes, M. Schmid and G. Thorn, ”Progress in Monitoring Thin Film Thickness by 
Use of Quartz Crystals”, Thin Film Solids 174 (1989) 307-314. Note: The Auto-Z 
Match technique, used by Leybold controllers, is explained and tested. 

11. Abdul Wajid, “Improving the accuracy of a quartz crystal microbalance with 
automatic determination of acoustic impedance ratio”, Rev. Sci. Instrum.  62(1991) 
2026 
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12. Wajid, Abdul, “Measuring and controlling deposition on piezoelectric monitor 
crystal”, US Patent, US5112642, May 12, 1992. 

13. Advincula, R.; Park, M.; Yang, J.; Mays,  J. Subphase Adsorption of Polyelectrolyte 
Block Copolymer  Amphiphiles at the Air-Water Interface: In-situ Investigations 
using the  Quartz Crystal Microbalance Technique and the Langmuir-Blodgett 
Trough. Polymer Preprints 1999, 40, 1084 

14. M.F. Doemling, et. al., “Using the quartz crystal microbalance for low energy  ion 
beam etching studies”, J. Vac. Sci. Technol. A 18(1) (2000) 232. Note: A QCM is 
used for etching yield measurements in a low energy ion beam system. 

15. Scott Grimshaw, “Quartz Crystal Thin-Film Monitoring Forges Ahead”, Photonics 
Spectra April 2003, p. 82. Note: A short and practical overview. 

16. Bob Langley and Paul LaMarche, “QC Film Thickness Monitor Basics, Operation 
and Experimental Tool”, Vacuum Technology and Coating, June 2002, p. 22.  

 

QCM with Liquid Deposit 
 
1. A. P. M. Glassford, “Response of a quartz crystal microbalance to a liquid deposit”, J. 

Vac. Sci. Technol. 15(6) (1978) 1836. Note: This theoretical model considers droplet 
type loading as well as uniform films.  

2. Zuxuan Lin  and Michael Ward, “Determination of contact angles and surface 
tensions with the quartz crystal microbalance”, Anal. Chem. 68(1996) 1285. Note: A 
method based on the QCM for measuring the sessile contact angles and surface 
energies of liquid-air and liquid-liquid interfaces is described. The method involves 
measurement of the frequency change accompanying the introduction of a small 
liquid droplet to the center of a vibrating quartz resonator. 

 

QCM Immersed in Liquid 
 
1. Nomura T. et. al., Nippon Kagaku Kaisi, 1980(1980) 1261 
2. Nomura T., Anal. Chim. Acta 124 (1981) 81. 
3. Konash P. et. al. , J. Anal. Chem. 52 (1980) 1929 
4. Bruckenstein S. and Shay M., “Experimental aspects of use of the quartz crystal 

microbalance in solution”, Electrochim. Acta 30(1985) 1295. Note:  Includes a 
description of the “Boundary-Layer” derivation of frequency shifts in liquid solution 
(which yields a result similar to that provided by Kanazawa and Gordon). A 
functional relationship between the frequency shift and the density and viscosity of 
the solution is derived. 

5. K. K. Kanazawa and J. G. Gordon II, “Frequency of a Quartz Microbalance in contact 
with Liquid”, Anal. Chem. 57  (1985) 1770. Note: The dependence of frequency shift 
on density and viscosity of the liquid is derived by examining the coupling of the 
elastic shear waves in the crystal to the viscous shear waves in the liquid. This is the 
currently accepted formula used to explain the frequency shift in a quartz crystal 
oscillator when it is immersed in liquid. 

6. K. K. Kanazawa and J. G. Gordon, “The oscillation frequency of a quartz resonator in 
contact with a liquid”, Anal. Chim. Acta 175 (1985) 99-105.Note: This is the paper 
where Kanazawa clearly derives the relationship which expresses the change in 
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oscillation frequency of a quartz crystal in contact with a fluid in terms of material 
parameters of the fluid and the quartz. 

7. Muramatsu, H. et. al., “Computation of Equivalent Circuit Parameters of Quartz 
Crystals in Contact with Liquids and Study of Liquid Properties”, Anal. Chem. 
60(1988) 2142. Note: The dependence of the frequency shift and deficit resistance on 
the viscosity and density of the liquid is derived and tested experimentally. An 
Equivalent-Circuit description of the QCM is used to derive an equation relating the 
resistance to the viscosity and the density. This formula is currently used to calculate 
in-situ viscosities of liquids. 

8. P.J. Cumpson, M.P. Seah, “The quartz crystal microbalance; radial/polar dependence 
of mass sensitivity both on and off the electrodes”, Meas. Sci. Technol. 1 (1990) 544–
555  

9. Ward M. D. and Delawski E. J., “Radial Mass Sensitivity of the Quartz Crystal 
Microbalance in Liquid Media”, Anal. Chem. 63(1991) 886. Note: Coating 
uniformity is determined as being very important for accurate measurements. The 
need for calibration is discussed.  

10. M. Yang and M. Thompson, “Multiple Chemical Information from the Thickness 
Shear Mode Acoustic Wave Sensor in the Liquid Phase”, Anal Chem. 65(1993) 1158. 
Note: The effects of viscosity, density and dielectric constant of a liquid on the 
response of a TSM bulk acoustic wave sensor are examined with respect to frequency 
response and the electrical properties of the equivalent circuit representation.  

11. S. J. Martin et. al., “Effect of Surface Roughness on the Response of Thickness-Shear 
Mode Resonators in Liquids”, Anal. Chem. 65(1993)2910. Note: The effect of 
surface microstructure on the response of the TSM resonator in contact with liquids 
was examined. Results show that, for roughness features much less than the liquid 
decay length, the surface may be considered hydrodynamically smooth and the 
response depends only on the density-viscosity product. 

12. Michael Urbakh and Leonid Daikhin, “Roughness effect on the frequency of a quartz-
crystal resonator in contact with a liquid”, Phys. Rev. B, 49(1994-I)4866. 

13. Jorg Auge, Peter Hauptmann et. al., “Quartz Crystal Microbalance Sensor in 
Liquids”, Sensors and Actuators B,18-19 (1994)518-522. 

14. M. Rodahl, B. Kasemo et. al., “Quartz Crystal microbalance setup for frequency and 
Q-factor measurements in gaseous and liquid environments”, Rev. Sci. Instrum. 66(7) 
(1995) 3924. Note: An experimental setup is reported that allows simultaneous 
measurement of frequency, Q-factor and amplitude of oscillation of a QCM.  

15. Zuxuan Lin and Michael Ward, “The role of longitudinal waves in quartz crystal 
microbalance applications in liquids”, Anal Chem. 67(1995) 685. Note: Important 
recommendations are presented to avoid the contributions of longitudinal waves to 
QCMs operated in liquids.  

16. M. Rodahl, B. Kasemo et. al., “QCM Operation in Liquids: An explanation of 
Measured Variations in Frequency and Q-Factor with Liquid Conductivity”, Anal. 
Chem., 68(1996) 2219. Note: the effects of electrode fringing fields and liquid’s 
conductivity and dielectric properties on the frequency and dissipation factors of the 
QCM are discussed.  

17. Cumpson P.J., “Quartz Crystal microbalance” A novel electrode design eliminates 
sensitivity outside the electrodes, often wrongly attributed to the electric fringing 
field”, J. Vac. Sci. Technol. A15(4)(1997) 2407 
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18. Glen McHale, Michael I. Newton, Markus K. Barnejee and S. Michael Rowan, 
“Interaction of surface acoustic waves with viscous liquids”, Faraday Discuss. 107 
(1997) 15-26 

19. S. J. Martin, R. J. Huber et. al., “Resonator/Oscillator Response to Liquid Loading”,  
Anal. Chem. 69 (1997) 2050. Note: the effect of viscous liquid loading on a crystal is 
described based on the equivalent-circuit model. The model is carefully optimized to 
measure higher viscosity and higher density liquids with greater accuracy. 

20. R.W. Cernosek et. al. “Analysis of the radial dependence of mass sensitivity for 
Modified electrode quartz crystal resonators”, Anal. Chem.50(1998) 237. Note: The 
radial dependence of mass sensitivity of the sensing surface is analytically calculated 
for two examples of “Modified electrode” QC resonator.  

21. R. Thalhammer et. al., ”Viscosity Sensor Utilizing a Piezoelectric Thickness Shear 
Sandwich Resonator”, IEEE Trans. on Ultrasonics and Freq. Control. 45(5) 
(1998)1331. 

22. M. Yoshimoto and S. Kurosawa, “Effect of immersion angle of a one face sealed 
QCM in Liquid”, Anal. Chem. 74 (2002) 4306. 

23. Leonid Daikhin, et. al.,”Influence of Roughness on the admittance of the QCM 
immersed in Liquids”, Anal Chem 74(2002) 554. 

24. Larry Van Bogaert, “Portable Viscometers Improve Process control”, June 1997, p. 
115. 

 

Electrochemical QCM 
 
1. Bruckenstein S. and Shay M., “Experimental aspects of use of the quartz crystal 

microbalance in solution”, Electrochim. Acta 30(1985) 1295. Note:  Includes a 
derivation of the “Boundary-Layer” derivation of frequency shifts in liquid solution 
which yields a result similar to that provided by Kanazawa and Gordon. A functional 
relationship between the frequency shift and the density and viscosity of the solution 
is derived. The mass sensitivity calibration of the QCM is verified experimentally. 

2. O. Melroy, K. Kanazawa, J. G. Gordon II, and D. Buttry, “Direct Determination of 
the Mass of an Underpotentially Deposited Monolayer of Lead on Gold”, Langmuir, 
2(1986) 697. 

3. M. Benje et. al., :An Improved Quartz Microbalance. Applications to 
Electrocrystallization and dissolution of Nickel”, Ber. Bunsenges, Phys. Chem. 
90(1986) 435. Note: a Pierce-Miller oscillator design is described. A simple crystal 
holder design is also presented. 

4. W. Stockel and R. Schumacher, “In Situ Microweighing at the Junction 
Metal/Electrolyte”, Ber. Bunsenges. Phys. Chem. 91 (1987) 345. Note: Interfacial 
processes are probed with the help of a EQCM. The results agree with those obtained 
through XPS measurements.  

5. M. R. Deakin and Owen Melroy, “Underpotential Metal Deposition on Gold, 
Monitored in situ with a Quartz Microbalance”, J. Electroanal. Chem. 239(1988)321. 
Note: These experiments clearly demonstrate that the EQCM is a viable quantitative 
tool for examining monolayers and sub-monolayer metal deposits. 

6. Michael Ward, “Investigation of Open Circuit Reactions of Polymer Films Using the 
Quartz Crystal Microbalance. Reactions of Polyvynilferrocene Films”, J. Phys. Chem. 
92(1988) 2049. 
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7. M. R. Deakin and D.A. Buttry, ”Electrochemical Applications of the Quartz Crystal 
Microbalance”, Anal Chem. 61(1989) 1147A. 

8. Buttry, Daniel, “Applications of Quartz Crystal Microbalance to Electrochemistry”, 
in Electroanalytical Chemistry, A Series of Advances, ed. by Allen Bard, Volune 17, 
1991.Note: An excellent review article on the subject of EQCMs.  

9. Buttry, Daniel, “”The Quartz Crystal Microbalance as an in situ tool in 
electrochemistry”, in Electrochemical Interfaces: Modern Techniques for in situ 
Interface Characterization, Chapter 10, 1991, p. 529-567. 

10. S. J. Martin et. al. “Characterization of a Quartz Crystal Microbalance with 
Simultaneous Mass and Liquid Loading”, Anal. Chem. 63 (1991) 2272. Note: The 
electrical admittance of an AT-cut crystal QCM simultaneously loaded by a surface 
mass layer and a contacting Newtonian liquid is derived. With this model, changes in 
surface mass can be differentiated from changes in solution properties.  

11. F. Zhou, S-L. Yau, C. Jehoulet, D. A. Laude, Z. Guan, A. J. Bard, "Electrochemistry 
of C60 Films: Quartz Crystal Microbalance and Mass Spectrometric Studies," J. 
Phys. Chem., 96(1992)4160. 

12. Buttry Daniel and Michael D. Ward, “Measurement of Interfacial Processes at 
Electrode Surfaces with the Electrochemical Quartz Crystal Microbalance”, Chem. 
Rev. 92(6)(1992) 1355-1379. Note: Excellent review article, with perhaps one of the 
most straightforward explanations of the piezoelectric effect and the equivalent 
electrical representation of AT-cut quartz crystal resonators. Everybody in the field 
must read this paper! 

13. Wei-Wei Lee, Henry S. White and Michael Ward, “Depletion Layer Effects on the 
Response of the EQCM”, Anal. Chem. 65 (1993)3232. Note: This paper demonstrates 
the power of EQCM, showing the response of the EQCM to changes in density and 
viscosity at the depletion layer of a Fe(CN)6 reaction couple.  

14. C. Wei et. al., “A combined Voltammetry and electrochemical quartz crystal 
microgravimetry study of the reduction of aqueous Se(IV) at gold”, J. Electroanal 
Chem. 375(1994) 109.Note: The EQCM is used to study a reaction mechanism. 

15. G. C. Dunham et. al. , “Dual Quartz Crystal Microbalance”, Anal. Chem. 67(1995) 
267.  

16. Eujin Hwang and Youngran Lim, “Construction of Low Noise Electrochemical  
Quartz Crystal Microbalance”, Bull. Korean Chem. Soc. 17(1996) 39. 

17. Euijin Hwang and Youngran Lim, “Construction of Low Noise Electrochemical 
Quartz Crystal Microbalance”, Bull. Korean Chem. Soc. 17(1996) 39. 

18. Y. Lim and E. Hwang, “An electrochemical Quartz Crystal Microbalance Study of 
oxygen reduction during the underpotential deposition of lead on a gold electrode”, 
Bull. Korean Chem Soc. 17(12)(1996)  1091 

19. R. A. Etchenique and E.J. Calvo, “Electrochemical Quartz Crystal Impedance Study 
of Redox Hydrogel Mediators for Amperometric Enzyme Electrodes”, Anal Chem., 
69(1997) 4833.  

20. A. R. Hillman, “The QCM in Electrochemistry”, Electrochimica Acta (Special Issue) 
45(22 and 23), 304 pages, year 2000. Note: A special issue dedicated to the EQCM. 

21. C. Eickes, J. Rosenmund, S. Wasle, K. Doblhofer, K. Wang, K.G. Weil, “The 
electrochemical quartz crystal microbalance (EQCM) in the studies of complex 
electrochemical reactions” Electrochimica Acta 45 (2000) 3623–3628 
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22. M. Itagaki et. al. , “EQCM/Wall Jet Split-Ring Disk Electrode Study on Copper 
Dissolution in Chloride Aqueous Solution”, in Analytical Sciences, October 2000, 
vol. 16, p. 1049. A publication of the Japan Society of Analytical Chemistry.  

23. Z. Jusys, G. Stalnionis, “Wall-jet electrochemical quartz crystal microgravimetry: 
oxidation of Co(II)–ethylenediamine complexes on copper electrode” Electrochimica 
Acta 45 (2000) 3675–3682 

24. Qingji Xie, et. al., “An Electrochemical Quartz Crystal  impedance Study on the 
rising of an aqueous solution meniscus for a partially immersed gold electrode during 
the electrochemical reduction of Oxygen”, Anal. Sciences 17 (2001) 265. 

25. Bund *, G. Schwitzgebel,  “Investigations on metal depositions and dissolutions with 
an improved EQCMB based on quartz crystal impedance measurements” 
Electrochimica Acta 45 (2000) 3703–3710. Note: The frequency and damping 
changes of resonating quartz crystals in electrochemical experiments are measured at 
a time resolution of about 500 ms. The damping effects accompanying metal 
depositions and dissolutions (Ag and Cu) on polycrystalline Au electrodes of 6 and 
10 MHz AT quartzes are studied and discussed in terms of roughness and sliding 
effects. Resistance measurement is not just useful for viscoelastic films. 

26. Herve Ehahoun et. al., “Performance and Limits of a Parallel Oscillator for 
Electrochemical Quartz Crystal Microbalances”, Anal. Chem. 74(2002)1119. Note: A 
driving circuit for an EQCM adapted to a large range of applications is described. 

27. V. Tsionsky, G. Katz, E. Gileadi and L. Daikhin, “Admittance studies of the EQCM 
on rough surfaces: The double layer region”, Journal of Electrochemical Chemistry 
524-525(2002)110. 
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Acta 45 (2000) 3851–3864 

7. Advincula,  R., Baba, A., Kaneko, F. Polyelectrolyte Adsorption Processes  
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Microbalance Sensor System”, BioTechniques 26 (1999) 956-964. Note: Antigen is 
immobilized on the QCM electrode and binding of the antibody is detected as a 
decrease in frequency. The technique is compared against SPR results.  

4. Erich Uttenhaler, et. al., “Ultrasensitive QCM Sensors for detection of M13-Phages in 
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Microbalance Cell Biosensor: Detecting Nocodazole-Dependent Microtuble        
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cortisol”,  Anal. Lett.28(1995) 2149. 

10. I. Karube et. al., “A novel method of immobilizing antibodies on a quartz crystal 
microbalance using Plasma-Polymerized Films for immunosensors”, Anal Chem. 68 
(1996) 1695. 

11.  B. S. Attili and A.A. Suleiman, “Piezoelectric immunosensor for the detection of 
cocaine”, Microchem. J. 54(2) (1996) 174.  

12. Y. Cohen, S. Levi, S. Rubin and I. Willner, “Modified Monolayer electrodes for 
electrochemical and PZ analysis. Novel immunosensor electrodes”, J. ElectroAnal 
Chem. 417(1996)65. 
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