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Fig. S 1: Detail of force approach curve over a 60-nm thick PMMA film shown in Figure 4a)
of the main text. The measured force (black) shows a long-range behavior that can be fit to an
exponential (magenta). The corresponding tapping phase (blue) shows a slight decrease, indicating

a repulsive force.
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Fig. S 2: Spectrum of the long-range force acquired 15 nm above a 60-nm thick PMMA film (blue,
solid), and corresponding Lorentzian fit (blue, dashed). Spectrum of the imaginary part of the
complex index of refraction (green). The qualitative agreement suggests that the long-range force

is related to sample absorption, instead of the optical gradient force.

Fig. S1 shows a zoom-in of the long-range force behavior over a 60-nm thick PMMA film
from Fig. 4a) of the main text decaying exponentially, with a corresponding decrease in
tapping phase. This decrease in the tapping phase indicates that the force is repulsive.

Fig. S2 shows the spectrum of the long-ranged force measured at a distance of 15 nm
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Fig. S 3: Force approach curves of a ~ 40 nm thick PMMA film with free-space tapping amplitudes
of a) ~ 16 nm, b) ~ 4.6 nm, and ¢) ~ 2.6 nm.

above a 60-nm thick PMMA film, which resembles the spectral behavior of x.

Fig. S3 shows three approach curves on a PMMA film with thickness of ~ 40 nm, ac-
quired for three different values of tapping amplitudes. The 40 nm thickness is less than the
film thickness of the sample used in Fig. 4 of the main text, in order to reduce the effect of
the sample thermal expansion, and the associated photo-acoustic force, while still generat-
ing an appreciable optical gradient force. Small tapping amplitudes were used to increase
interaction time with the expected short range optical gradient force, which is predicted to
be confined to within a few nm above the sample surface, which should further increase the
sensitivity. However, even with tapping amplitudes as small as 2.6 nm (peak-to-peak), the
signal is dominated by thermal expansion confined to tip-sample contact, with no detectable

long-range force observed.

I. MODEL

In the dipole approximation, we treat the sample as a semi-infinite half-space with a

planar interface and we model the tip as a sphere of radius r with polarizability o, =

4mriey 2;;, where ¢ is the dielectric function of the tip [1, 2]. When the tip is close to a

sample surface, the tip dipole p induces an polarization in the sample here treated as an

€s(w)—1

image dipole of strength p’ = pf, where [ = )T

and €g(w) is the dielectric function of
the sample. The electric field at the tip position is the sum of the incident electric field and
the field due to the image dipole F = Ej + mefé—ﬁh)g where h is the separation between the

bottom of the sphere and the sample surface. The field due to the image dipole acts back



on to the tip dipole and repolarizes it, giving a modified, coupled tip-sample polarization
of p=oy (Eg + m), where the second term is the radiation reaction term. We can
describe the tip-sample mutual response by solving the recursive relation for p, and assigning

. The field

the system an effective polarizability aeg given by aeg = p/Eo = T Far /16;60 e

acting on the tip dipole is given by E = Ey + wfzf(—if%)g and the force experlenced by the
tip is then given by:
7-VE =R 3Eo (1)
= . = e _—
b i 16meg(r + h)?

Past predictions of the optical force have differed from the above treatment by considering

es—1

- instead of as a semi-infinite half-

the sample as a sphere with polarizability o = 4mrdeq st
space as well as neglecting the radiation reaction term between the two spheres [3]. This
results in the following expression for the optical gradient force:

E? E?
—) x Re(ata:)? x (aha, + o ”)?. (2)

While the electric field at the tip position was given by F = Ey + %, the strength of
the tip dipole was given by p; = oy Ey and neglected the additional electric field contribution
due to the sample dipole.

Calculations using Eq. 1 and Eq. 2 both show dispersive spectral lineshapes, however
the inconsistent model presented previously which results in Eq. 2 underestimates the force
magnitude by close to an order of magnitude. Eq.1 is based on the more accurate sample
geometry, and is based on a self-consistent model.

For the thickness dependent measurements, our samples consist of a PMMA layer of
thickness ¢ on a Si substrate creating a air/PMMA /Si structure. To describe this layered

system, we use an effective dielectric function derived from the boundary conditions across

the two interfaces given by [4]:

e5()p(, ) — ep(w)kp(w, @) tanh(ikp(w, g}t
ep(w)ki(w,q) — es(w)kp(w) tanh(ik3(w)t)

Here, eps(w) refer to the dielectric functions of PMMA and Si, respectively, and kp ¢(w, q) =

€«(w,q) = ep(w) (3)

Veps(w)w?/c? — ¢? is the z-component of the wavevector in PMMA and Si, respectively.
Figure 4 shows the topographic image of the tapered PMMA film used for the thickness

dependence measurements displayed in Fig. 3 of the main text, with linecut indicated by

the red dashed line. While our model describing the thickness dependence of the thermal

expansion force (Eq. 3 of the main text) neglects the spatial variation of the film thickness
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Fig. S 4: Topography image of the tapered PMMA film used for the thickness dependence study.
Red dashed line indicates the approximate location of the linecut used for the data displayed in

Fig. 3 of the main text.

across the scan region, since the tip apex radius is much smaller than the laser focus, the
sample expands uniformly in the surface normal direction at the apex location. Thus the film
thickness directly below the tip apex primarily determines the thermal expansion distance,

with negligible perturbation due to surface inhomogeneities.
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