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...all things are made of
atoms - little particles that
move around in perpetual
motion, attracting each other
when they are a little
distance apart, but repealing
upon being squeezed onto
one another...

R. Feynman
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IN AIR IN LIQUID

Force [nN]
Force [nN]

20

7, |[nm]

Force between a silicon nitride probe and mica in deionized
water

Force between a silicon probe and hydrophilic silicon native
oxide surface in air
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> F. =0
| i/tip
Sum of the force acting on the tip equal to zero

feedback — interaction

Position of the tip fixed in space
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Cantilever holder

Cantilever base displacement = 5 nm/V applied
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MICROSCOPE

Michal Hrouzek PhD Thesis, 2004-2007

Mario S. Rodrigues Post-doc 2010-2011
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DYNAMIC FFM

Tip oscillation Xio(t) =7ﬂp + AX,, cos(wt)

Force [nN]
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M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, Applied Physics Letters 101, 203105 (2012)
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M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, Applied Physics Letters 101, 203105 (2012)
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HYSTERESIS

Force [pN]

0 10 20 30 40 50
Separation [nm]

Approach — Retract force curves between a silicon nitride probe and mica in deionized water

M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, Applied Physics Letters 101, 203105 (2012)
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W= O =MW

Tip position [A]

HYSTERESIS
SN DUE TO THE
SYSTEM

Force [nN]

20 30 40 50 60
Sample position [nm]

Approach — Retract force curves between a silicon probe and hydrophilic silicon native oxide surface in air

M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, Applied Physics Letters 101, 203105 (2012)
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Imaging modes

Mode Tip po- | Force Force Dissi- Interaction
sition gradient pation nature
constant | constant recorded recorded repulsive
force

Constant | constant | recorded | “partially |“partially | attractive or
Constant | constant | recorded | “partially ‘partially | attractive or

Imaging modes applied to the study of soft biological samples
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a) Topography
b) Force

c) Stiffness

d) Dissipation

Excitation frequency of the tip
not linked to resonance

013 MN'm 0.1 2.5 lﬂ'ﬁ'Hg."n

Young modulus E =7 MPa

L. Costa, M. S. Rodrigues, E. Newman, C. Zubieta, J. Chevrier, and F. Comin, Journal of Molecular Recognition, 26: 689-693 (2013)
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D NA Pages 76-77 of the manuscript

Constant Force Constant Dissipation

3 nm
0.13 N/m L6 4.8 10°Kg/s
a) Topography Excitation frequency
b) Force of the tip
c) Stiffness not linked to cantilever
d) Dissipation resonance

L. Costa, M. S. Rodrigues, E. Newman, C. Zubieta, J. Chevrier, and F. Comin, Journal of Molecular Recognition, 26: 689-693 (2013)
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Living Cells PC12

TUNABLE EXCITATION FREQUENCY

Y

Viscoelastic spectroscopy
Candidate: Living cell PC12, in MEM - 1% Strepto-Penicillin
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Mapping mechanical properties

Pag

2.8 um

: ] z - p e I ——
il B 0.012 N/m 0.18 10”Kg/s 0.58 10°Keg/s M0.01 N/m 0.05 N/m 0.03 10"Kg/s 0.23 10"Kg/s

w = 2.25 kHz w = 13.25 kHz
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" Optics ‘
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Motion of the tip described by

Optical fiber

mi + nf'i k= E:cmf-r&i + B tip—sample

i
Feontrol = —gpPT + —gpT — gi / T dt

Sample Z motion

M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, submitted to Journal of applied Physics (2013)
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Lever stiffness =1 N/m attractive force gradient = -1 N/m

a) no gains

b) just Integral gain

|
—
—

c) Proportional gain
equal to lever stiffness
(fast approach) +
Integral gain

PID Force (nN)

1
tip position (nm)

—e— PID
—a— fip position

-2
tip position (nm)

PID Force (nN)

Joa

[

d) Proportional gain
equal to lever stiffness
(slow approach) +
Integral gain

sition (1um)
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o
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=~ 0
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PID Force (nN)
tip position (nm)

I.
1p po
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o
f=9

M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, submitted to Journal of applied Physics (2013)
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Stability conditions

Mechanical stability of the tip

gr < '3 5 (ke + gp) under — damped
Speed
Qu-n

(ks + gp)?
k
M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, submitted to Journal of applied Physics (2013)
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{ e + gD i L) — i—‘r
(ks 4+ gp) — muw?

.;‘.- — arctan {

Cantilever Transfer Function depends on PID gains
F  is the harmonic excitation

M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, submitted to Journal of applied Physics (2013)
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Master equations

Dissipation
Fu.r.;‘r:;

nsin(@) —

M. S. Rodrigues, L. Costa, J. Chevrier, and F. Comin, submitted to Journal of applied Physics (2013)
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Limits

Speed: defined by the maximum [EI&S 3{9 (kt + gpP) under — damped

integral gain employed
gratd PIoY (ke + gp)?

Qu. 0 ;— over — -I'.'E ampe ﬂi

Force sensitivity: given by the lever stiffness. No difference between AFM and FFM
The FFM simply let you measure attractive forces where AFM cannot.

Force gradient sensitivity: given by the effective lever stiffness.
No difference between AFM and FFM.

Jump to contact: avoided for force gradient 5 times stiffer than the cantilever
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Perspectives (1)

Time — dependent interaction forces

Fetatic 7 /?F{w = wr)dz

- Viscoelastic materials
- Capillary condensates

- Ligand-Receptor binding
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FFM with optical beam deflection systems

Deflection [a. u.]

apem i 8 2oy |

-.-';I,..""-lf'-'ll L O

l“h.p-;m‘. |
gy 1

T S T
Z. [nm]

Measure the lever angle ——— counteract on the cantilever base angle
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The full color scale is a) 24nm, b) -300pN, c) -0.04 N/m, d) 5 ukg/s
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