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Development of a novel platform for bioanalytical investigations

• Understanding the oscillation properties of the quartz resonator under
viscous load (liquid medium)
• Monitoring of processes at the cm2 (QCM) and nm2 (AFM) scales
→ analysis of the interactions of the two techniques:
- static finite element analysis: out of plane displacement is 0.1 pm
- dynamic displacement=static displacement×Q⇒ out of plane displace-
ment is 0.3 nm (Q ' 3000)
- in plane displacement is at most 3 nm, smaller than AFM pixel size
- standing wave pattern between QCM and cantilever holder only dis-
turbs the resonance frequency during approach
- fundamental resonance frequency (5 MHz) is unstable and overtones of
the QCM must be used
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  2862   NOEUDS
  9684   FACES   
  2040   PENTAEDRES      
  1280   HEXAEDRES       

OBSERVATEUR SPHERIQUE   :  
  30.      30.     0.29E-01   
OUVERTURE :                
  10.     

 ISOVALEURS :  20       
 INCONNUE :  4  MNEMO :PHIE      
 20  4.9750E-04
 19  4.7367E-04
 18  4.4735E-04
 17  4.2102E-04
 16  3.9469E-04
 15  3.6837E-04
 14  3.4204E-04
 13  3.1571E-04
 12  2.8939E-04
 11  2.6306E-04
 10  2.3673E-04
  9  2.1041E-04
  8  1.8408E-04
  7  1.5775E-04
  6  1.3143E-04
  5  1.0510E-04
  4  7.8774E-05
  3  5.2448E-05
  2  2.6121E-05
  1 -2.0539E-07
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  2862   NOEUDS
  9684   FACES   
  2040   PENTAEDRES      
  1280   HEXAEDRES       

OBSERVATEUR SPHERIQUE   :  
  30.      30.     0.29E-01   
OUVERTURE :                
  10.     

 ISOVALEURS :  20       
 INCONNUE :  1  MNEMO :VN        
 20  1.0698E-06
 19  1.0177E-06
 18  9.6006E-07
 17  9.0247E-07
 16  8.4488E-07
 15  7.8728E-07
 14  7.2969E-07
 13  6.7210E-07
 12  6.1451E-07
 11  5.5692E-07
 10  4.9932E-07
  9  4.4173E-07
  8  3.8414E-07
  7  3.2655E-07
  6  2.6896E-07
  5  2.1136E-07
  4  1.5377E-07
  3  9.6180E-08
  2  3.8588E-08
  1 -1.9003E-08
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DC potential (0.5 V) In-plane displacement (1 pm)
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  2862   NOEUDS
  9684   FACES   
  2040   PENTAEDRES      
  1280   HEXAEDRES       

OBSERVATEUR SPHERIQUE   :  
  30.      30.     0.29E-01   
OUVERTURE :                
  10.     

 ISOVALEURS :  20       
 INCONNUE :  2  MNEMO :VN        
 20  1.2457E-07
 19  1.1232E-07
 18  9.8787E-08
 17  8.5251E-08
 16  7.1715E-08
 15  5.8179E-08
 14  4.4643E-08
 13  3.1107E-08
 12  1.7571E-08
 11  4.0351E-09
 10 -9.5009E-09
  9 -2.3037E-08
  8 -3.6573E-08
  7 -5.0109E-08
  6 -6.3645E-08
  5 -7.7181E-08
  4 -9.0717E-08
  3 -1.0425E-07
  2 -1.1779E-07
  1 -1.3133E-07

                    
 PEAU + ELIMINATION           

O 
X 

Y 

Z 

MODULEF : friedtj                                           
20/11/01
mail                                    
coor                                    
sol.b                                   

  2862   NOEUDS
  9684   FACES   
  2040   PENTAEDRES      
  1280   HEXAEDRES       

OBSERVATEUR SPHERIQUE   :  
  30.      30.     0.29E-01   
OUVERTURE :                
  10.     

 ISOVALEURS :  20       
 INCONNUE :  3  MNEMO :VN        
 20  1.0083E-07
 19  9.1142E-08
 18  8.0432E-08
 17  6.9721E-08
 16  5.9011E-08
 15  4.8301E-08
 14  3.7590E-08
 13  2.6880E-08
 12  1.6170E-08
 11  5.4592E-09
 10 -5.2511E-09
  9 -1.5961E-08
  8 -2.6672E-08
  7 -3.7382E-08
  6 -4.8092E-08
  5 -5.8803E-08
  4 -6.9513E-08
  3 -8.0223E-08
  2 -9.0934E-08
  1 -1.0164E-07
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In-plane displacement (0.1 pm) Out-of-plane displacements (0.1 pm)

Experimental setup

(15 MHz)Z            =9420 Ω

viton O−ring

teflon liquid cell

QCM

AFM cantilever

glass prism

laser beamphotodetector

measurement setup

Gamry potentiostat
(WE)

Q−Sense QCM parameters

L=100   Hµ
(25 MHz)

(15 MHz)
Z           =6

ΩZ            =15708

Pt (CE)

(RE)

1 nF

(15 MHz)Z           =11 Ω
Ω

Use of commercial instruments:
• QSense-AB QCM monitoring electronics (frequency overtones and damping)
→ continuous monitoring of the 3rd, 5th and 7th overtones+quality factor
• Molecular Imaging AFM (moving scanner, fixed sample holder)
• Gamry potentiostat for electrochemistry applications

Application to biological processes

Data obtaimed
by W. Laureyn
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Application to electrodeposition monitoring
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Ag
Rigid layer ⇒ ∆fn/n ∝ ∆mlayer (low damping) with n: overtone number
Viscous layer ⇒ ∆fn/

√
n ∝ {∆mliquid,∆mlayer} (large damping)

Cu and Ag electrodeposi-
tion display different crystal
structures ⇒ rougher sur-
faces interact more with the
viscous layer of surrounding
liquid. Biological layers be-
have as viscous or rigid lay-
ers depending on the bind-
ing mechanism.


