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Simultaneous AFM and QCM measurements: application to the adsorption of proteins on metallic surfaces [email protected], [email protected], [email protected]



J.-M. Friedt, K.-H. Choi, F. Frederix, L. Francis, A. Campitelli, G. Borghs Linz, February 1-4 2002



Presentation overview • • • • • • • •



Aim Detection methods Interaction of the two techniques Interaction analysis Experimental setup Results (AFM) Results (QCM) Conclusion and perspectives



Aim Combine QCM and AFM:



• complementary scales (AFM: nm2, QCM: cm2)



• complementary techniques (AFM: topography/stiffness, QCM: adsorbed mass)



Test QCM model hypothesis: uniform material layer strongly binded to the sensing (grounded) electrode ⇒ ∆f ∝ ∆m Biological application: identify protein adsorption method



Detection methods AFM: sharp tip at the end of a flexible cantilever vibrates over the sample. Interaction forces fluctuations → topography/stiffness of the sample High lateral resolution (tip convolution ⇒ 10 nm objects) adequat for vizualising large biomolecules (Molecular Imaging, AZ, USA). QCM: piezoelectric resonator disturbed by mass addition to its electrode. Resonance frequency and Q factor tracking (Q-Sense AB, G¨ oteborg, Sweden) High mass sensitivity BUT sensitive to external parameters (hydrostatic pressure, temperature)



Interactions of the two techniques ? • QCM → AFM: resolution loss ? Surface flatness ?



• AFM → QCM: frequency stability ?



Interactions analysis Finite Element Analysis of static displacement of QCM (AT cut quartz) (Modulef, INRIA, France) MODULEF : 20/11/01 mail coor sol.b 2862 9684 2040 1280
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MODULEF : 20/11/01 mail coor sol.b



NOEUDS FACES PENTAEDRES HEXAEDRES



2862 9684 2040 1280



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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PEAU + ELIMINATION



O X
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DC potential (0.5 V) MODULEF : 20/11/01 mail coor sol.b 2862 9684 2040 1280
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In-plane displacement (1 pm)
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MODULEF : 20/11/01 mail coor sol.b



NOEUDS FACES PENTAEDRES HEXAEDRES



2862 9684 2040 1280



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



X



Y



In-plane displacement (0.1 pm)



NOEUDS FACES PENTAEDRES HEXAEDRES



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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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



Z



NOEUDS FACES PENTAEDRES 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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Out-of-plane displacements (0.1 pm)



Extension to the dynamic case by multiplying displacement by Q factor → in-plane displacement smaller than AFM pixel size (Q ' 3000 ⇒ 0.3 nm) → surprisingly high out-of-plane displacement (1/10 in-plane displacement) The QCM does not affect the AFM imaging The AFM cantilever motion can affect the QCM stability



Interactions analysis (2) Large out-of-plane displacement is due to the finite size of the counter electrode (should be 0 for an infinite electrode) Interpretation: standing wave pattern between the QCM and the flat cantilever holder. Depending on the node/anti-node position, QCM parameters fluctuate ⇒ stability loss ⇒ sensitivity loss ∆f
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Schematic of the experiment Flow produced by peristatic pump (pushing and sucking liquid): required for solution exchanges. Teflon liquid cell. Both electrical contacts with the QCM are on the dry side. → replace passive Au substrate by active Au surface photodetector inlet tubing



laser beam glass prism



AFM cantilever



outlet tubing



teflon liquid cell viton O−ring QCM



QSense QCM parameters measurement setup



Experimental setup QCM is a potentially flat (2 nmpp roughness of the quartz wafer) Ti/Au coated surface. Open-bottom SPM: a lot of space to introduce additional hardware.



Results (AFM) Human Plasma Fibrinogen adsorption pattern on the QCM surface: proteins are visible on the 1×1 µm2 image as dots and lines between Au grains Horizontal stripes: pump noise degrades AFM image quality (only during flow for solution exchange)



φ → 250 ng/ml (↓)



250 ng/ml → 2.5 µg/ml (↓)



25 µg/ml



100 µg/ml



250 ng/ml 25 µg/ml 25 µg/ml Zoom in (300 × 300 nm2 image): sharper shapes compatible with HPF shape ('10 nm beads separated by 40 to 60 nm, connected by thin rods.)



Results (QCM) . Simultaneous QCM resonance frequency shift and damping (D = Q−1) monitoring (3 modes, 1-3-5 around 5-15-25 MHz respectively) Fundamental mode (5 MHz) too sensitive to environmental changes to be useful 60
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Conclusion Development of a potentially interesting characterization tool Demonstration of the ability of the tool to study protein adsorption Test QCM model hypothesis: the adorption in not uniform. ∆fQCM with the mass estimated from AFM images ... Envisionned applications: electrochemisty, biology ... modes ...
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