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Getting Hamaker coefficients with an amplitude-
modulation AFM in tapping mode

We demonstrate how to get Hamaker coefficients with an amplitude-modulation AFM operated

in standard tapping mode. The Hamaker coefficient is a physical parameter that provides
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chemical information about the surface of samples. It is based or emerges from van der Waals
forces. We use a Cypher scanning probe microscope from Asylum Research to demonstrate the
method. The method is based on the research carried out at LENS during the 10s decade and

early 20s.

Brief introduction of Hamaker coefficient

Rapid chemical mapping of substances with nanoscale resolution has been a target of
nanotechnologists'. The broader community relies on probing and identifying chemical
substances via standard spectrometry methods that exploit electromagnetic radiation
generating footprints associated to a wavelength of the electromagnetic spectrum at which
resonance is observed®. The preference for such methods is based on robust and reproducible
qguantification and parameterization in measurements achieved by standard spectroscopy
methodologies and the possibility to directly map a physically relevant parameter to chemical
substances. To advance nanotechnology or nanosciences, higher lateral resolution is often
mandatory>®. While AFM methods offer the possibility to enhance lateral resolution to sub-nm
levels, quantification commonly requires very specialized equipment’, special environmental
conditions such as ultra-high vacuum®3# or the use of atomically flat surfaces®. Here, we set to
map a parameter related to the sample’s chemical composition, i.e. the Hamaker coefficient H,
directly from the standard observables in bimodal AFM via the non-invasive non-contact mode

of operation whereby mechanical contact with the sample is avoided®?’.

Steps to collect the raw data to reconstruct force profiles
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7 Mode Master Cypher (Cul+F2) (31~

Mode Master sewn | @@

1. First, insert the cantilever and
fixed the cantilever holder on the
Cypher head as described in the
previous article.

7 el

Bimo ualAl Indentation

CLICK HERE

Figure 1: Click on the tab for Mapping

2. Click on the BimodalDualAC tab
(Figure 1). This indicates that we
will operate the AFM with 2
frequencies.

3. Use the Igor software to put the
laser spot, find the focus of the tip
and the focus of the sample as
described in the previous article.

4. Click Move to pre-engage.

5. The cantilever should be driven at oo e p el Caotee | G
the resonance frequency. To find ZmClzmgf:" :
the natural frequency, you need to el == 0 -
perform the Thermal test (Figure o CalSpingConstant © Calim0LS 2
2). After the thermal test, copy the oot P —— a E
frequency on the thermal tab and Spring Constant 3.47 ninm cfm ©
paste it in the main tab of the e e
master panel (Figure 3) and set the gy L .
drive amplitude for the 2nd mode Fitwian 7,562 Kz 2
to0. et P

s Thermad Geagh
Rename | | Save as Force piot Ex

Ty
10 Hz 100 Hz 1k 10kHz 100 kHz 1MHz

Figure 2: Fit the first peak in the blue oval shape.
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Set Point 500.00 mV S e ?
Integral Gain  30.00 = ?
Feedback Filter 5.000 kHz o ?
Drive Amplitude 140.89 mV % omy : ?)
Drive Frequency 77.831 kHz o I 458850 kHz W' 5 ?
Input Range Auto [£1] u ?
Slow Scan Disabled Clear Image ?
Imaging Mode | AC Mode E] @
. Auto Tune Engage ?
Do Scan Stop!!! ?
Frame Up Frame Down 2
Base Name foo @
Base Suffix 0009 G ?

Figure3: Paste the Thermal test result in the frequency field (red
outline). Remember to set the amplitude for second mode (yellow
outline) to 0.

6. Approach the tip in the same
way as described in the
previous article.

7. Perform aforce-distance curve
once while setting the force
distance to 30 - 50 nm.

8. Perform the Thermal test again.
After the thermal test, calibrate
the 2" mode first: copy the
frequency (the peak position
should be around 6 times of the
1** mode) on the thermal tab
and paste it in the main tab of
the master panel (Figure 3).
Divide the amplitude in volts
reading by 3.473 and fit the
peak again to get spring
constant and Q.

Inibalize Fit
© Cal Spring Constant CalivOLS

9. Calibrate the 1** mode: fit the ‘ insace o

@ Cal Spring Constant Cal ivOLS

1°* mode peak in the spectrum FiThermai Data
Amp InvOLS

and copy the frequency on the T o 3
thermal tab and paste it in the el SR ;
main tab of the master panel Frequency 77831 1z
(Figure 4). Set back to the e

original amplitude in volts
reading and fit the peak again

to get spring constant and Q. Figure 1: Amp InvOLS during first calibration in red outline. Amp
invOLS during second calibration (yellow outline) is derived by
dividing value in red outline by 3.473.

Fit Thermal Data
fnsmos Frew——F &
Spring Constant 3 47 nNam S
Thermal DC | 8.74e-15
Thermal Q | 129.4

Frequency 77831 kHz
White Noise 1.19e-13
FitWicth | 7.982 kHz

Show Fit v Show Thermal Show Fit v Show Thermal

S RSSO RER
SN SSSRNRSSNRRER

‘ Fit Wicth | 7.982 kHz

Graph Log Log/Log 2| Graph Log Log/Log -

10. Then, find the Ac as discussed

in the previous article.
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11. Set the free amplitude to ~0.7-
0.8 times of A, and the set-
point to ~ 0.7-0.8 times of the
free amplitude for the 1
mode. For the 2"¢ mode, set
the free amplitude to ~0.1
times of 1°* mode free
amplitude.

12. Set the phase lag in both
channel to 90°.

13. Set the scan size, scan rate and
gain, and start scanning.

Steps to process the raw data

Note: R studio needs to be installed and add to the path. All the source codes can be found here

1. Copy the IBW files into the
UNPACKIGOR_2015APRIL_ImgBi
folder and run the Matlab file:

Unpack_BIMODAL_SASS_2016feb2 (o T M o -
9 (Figure 5).

Figure 2: Copy your saved image in ".ibw" format into the
specified directory.

Current Folder

2. NEW_TXT folder will be generated Name
when the code finishes runningand = "
renames the folder if needed
(Figure 6). . Rbistory

| | README.txt

#) ShuffleFilesOrChangeName.m
) sort_nat.m
__ Text_File_6.tbxt

Text_File_10.txt

Figure 3: Results of the extraction can be found in the
"NEW_TXT" folder.
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3. Copy the 5 files (without def txt
file) in the NEW_TXT folder into
BIMODALHAMAKER_CloseForm\
DATA_images folder and run the

Matlab file:
Bimodal_Theory_2015Dec15
(Figure 7). Al.txt
A2.txt
—Deftxt—
H.txt
Pl.txt

P2.txt

Figure 4: Copy all text files extracted from the raw data
except the "Def.ibw".

4. Revise the parameters used in each
experiment in the script (Figure 8).

k 1: Spring Constant first mode

Q 1: Quality Factor first mode

f 1: Frequency first mode

k 2: Spring Constant second mode
Q 2: Quality Factor second mode
AO01: Free Amplitude first mode
A02: Free Amplitude second mode

Figure 5: Insert parameters obtained during the calibration
stage in the parameter panel.

5. BIMODALHAMAKER_CloseForm\DA
TA _images\ProcessedData folder
will be generated when the code

finishes running (Figure 9). § ProcessedOats

Albt
Ll A2
Def bt
L Ht
Pl
PLuat

Figure 6: Results are generated in the "ProcessedData" folder.
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What does the Hamaker mean?

The Hamaker coefficient H, sometimes termed A outside the AFM community since in
AFM, A is reserved for amplitude, measures the strength between atoms due to van der
Waals forces. These forces are comparatively weak as compared to ionic and covalent
interactions. van der Waals (vdW) forces can refer to the London dispersion force
between atoms and sometimes also includes the Debye and Keesom interactions. A
standard book that covers these forces was written by J. Israelachvili®. This book is not
simple since it goes into the theory in quite detail. In Figure 10 as reproduced from Ref.
19'° the long-range forces acting between atoms on the surfaces of the tip and the
surface are illustrated in a). In b) the forces are illustrated for short range interactions
where mechanical contact occurs. Here the Hamaker coefficient and the respective
forces act as an adhesion force which is typically constant. The tip is modelled as a
sphere of radius R. A discussion of our models can be found in the papers above. In c)
we show the effective lateral resolution of both van der Waals, where the distance d
between the tip and the surface is larger than 0, and contact forces where d<0. We see
that the highest resolution would be achieved when very close to the surface. This is
because the long range vdW forces also induce lateral dispersion. In d) we show the
strength of the vdW interaction as parametrized by H and the effective area of

interaction with radius R.
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Figure 10. a) Scheme of the non-contact interaction area Snc for a tip in the proximity of
a surface for the long range attractive forces (d>a0). The tip radius is termed R. The
gradient shows how the effective radius rnc grows as larger fractions p of the interaction
are considered. This radius, and area, are thus termed rnc (p) and Snc (p) respectively.
b) Scheme of effective radius ra (p) (attractive interactions) and rr (repulsive interactions)
in the contact region where indentation occurs (d<a0). The effective value reff is a
combination of rr and ra (p). c) Radius of interaction r versus distance d for ra/nc (p)
(squares and rhombuses), rr (outlined circles) and reff (p) (triangles) for p=0.8 (red) and
0.9 (blue). Since ra (p) and rnc (p) are obtained from the same equations (Egns. (1) and
(2)) with the only difference being that for ra (p) d=a0, both are shown with the same
markers as ra/nc (p) (squares and rhombuses). In the non-contact region, nc; reff (p)=
ra/nc (p). d) Relationship between r and p for the long range interaction force. The vdW
and DMT forces have been used to model the nc and c interaction areas throughout. A
tip radius of 20 nm has been used to produce c) and d). All references in this caption
refer to the paper “How localized are energy dissipation processes in the nanoscale?”
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When water layers are present the distance d is affected by the height of the water
layers on the surfaces h. An example of this is shown in Figure 11 as reproduced from

Ref. 2020,

a Cantilever - surface pair C

b Schematic diagram

L>>2Zc

Figure 11. (a) Schematic representation of a cantilever probe interacting with a surface.
L is the length of the probe in the vertical axis relative to the cantilever. This distance is
typically of microscale dimensions and it is thus never used as a reference. (b) Schematic
of the useful distances and separations for a tip interacting with the surface in dynamic
AFM. Here, zc is the equilibrium tip—surface separation for the unperturbed cantilever
where zc < L. The instantaneous position of the tip relative to zc is z and d is the
instantaneous tip-surface distance. (c) Schematic representation of the end of the tip
with effective curvature R when both the tip and the surface are hydrated and covered
by a layer of water of height h. The effective distance between the water on the tip and
the water on the surface is d* where d* = d — 2h. (d) SEM image of the end of one of the
sharp tips used in this work.

Examples of Hamaker maps in bimodal AM AFM
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The first figures we published in 2016 on the mapping of the Hamaker coefficient while
simultaneously capturing the topography of the sample come from Ref. 16. In Figure 12
we have reproduced the most illustrative figure where we show the topography and the
derivative of the tip-sample force together with the Hamaker maps. These were

acquired simultaneously.

The top layer corresponds to a hydrophobic (1H,1H,2H,2H perfluorodecyl) acrylate
(PFDA) sample. The bottom layer corresponds to a calcite sample. The PFDA sample was
selected because it presents chemical heterogeneity in the 1-2 nm range. Heterogeneity
in van der Waals forces was thus demonstrated in the 1-2 nm lateral range and in the

10s of nm lateral range with the calcite sample.

0.17 N/'m 0.021al

PFDA
058 - Ar=10.76

C
0=

0.05 N/m
0.12 N/m

0 nm
I nm

W ‘,

P

X

s
> )
L z 3
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g

0.007 aJ

0.04 N/'m

Figure 12. Topography of (a) PFDA and (d) calcite obtained in bimodal AFM and
corresponding (b) and (e) Fder and (c) and (f) Hamaker H.

The precursor of the theory of Hamaker reconstruction was written a few months before
in Ref. 2121, Anybody interested in the development of the theory can check the results

and discussion of this work.
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