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Sample fabrication: 

The substrates were spin-coated with poly(methyl methacrylate) (950 PMMA A4, MicroChem) 

positive e-beam resist, baked on a hot plate at 180o C for 90 s, then spin-coated with ESPACER 

(Showa Denko) to avoid charge buildup during e-beam patterning. The lithographic patterns 

were written using an FEI Quanta 650 scanning electron microscope (SEM) controlled by the 

Nanometer Pattern Generation System (NPGS). The beam voltage was 30 kV; the beam current 

was 25 pA; and the working distance of the microscope was set to 5 mm. Following lithographic 

patterning of the antennas, the samples were immersed in H2O to remove the ESPACER, dried 

with nitrogen, and immersed for development in 1:3 methyl isobutyl ketone (MIBK)/isopropanol 

(IPA). 35 nm of Au was deposited using an electron beam evaporator. The remaining resist was 

then removed by incubation of the sample in N-Methylpyrrolidone (NMP) at 80oC for 3 hours.  

Incident beam profile: 

We map the spatial distribution of the incident beam by imaging the photo-induced force map of 

the incident beam ( = 785 nm, polarized along the x-axis) focused through an objective on to a 

glass coverslip (thickness ~ 0.13 - 0.16 mm) by raster scanning the objective (the measurement 

setup is shown in Figure 1 in the main text). A representative photo-induced force intensity map 

is shown in Figure S1 (a).  The diameter of the right lobe (along the y-axis) was determined to be 

~ 860 nm by measuring the photo-induced force. Hence, the 1/e2 value of the “beam diameter” 

was calculated to be ~ 820 nm. The electric field components in the out-of-plane |Ez|
2 and in-

plane directions |Ex|
2 for a tightly focused beam spot incident on a glass substrate, calculated 

using FDTD simulations (as described in the main text), are shown in Figure S1 (b,c). The 

diameter of the right lobe (along the y-axis) from calculations has a 1/e2 value ~ 800 nm in good 

agreement with the experimental value. Note that in experiments, the direction of incident 



polarization was confirmed by such a spatial mapping of the beam spot on a glass substrate for 

both longitudinal and transverse polarizations, along with a corroborative test of change in 

intensity for the two polarizations using a thin polarizer sheet.  

 

Figure S1: (a) Spatial distribution of the photo-induced force intensity for an incident beam 

tightly focused on a glass coverslip, with wavelength  = 785 nm and direction of polarization 

along the x-axis. The white trace shows the line profile of the force intensity along the y-axis of 

the right-lobe of the force distribution map. FDTD simulation of the (b) z-component and (c) x-

component of the electric field, for a tightly focused beam incident on a glass substrate with  = 

785 nm (all other calculation parameters are the same as mentioned in the main text).   

 

 

 

 

 

 

 



 

Figure S2: Calculated photo-induced force maps for optical forces between tip and a glass 

substrate, for in- and out-of plane components at  = 785 nm. For this calculation, we use the 

dipole-dipole interaction model as described in the main text.  Force map evaluated for the (a) z-

component (b) x-component and (c) y-component of the tip-sample photo-induced force, for an 

incident beam tightly focused on a glass coverslip. 

 

Near-field spectra of gold disk dimers and nanorods: 

The near-field spectra (calculated as |E/E0|) for a gold disk dimer on glass, for two different 

polarizations, is shown in Figures S3a. Figure S3b shows the near-field spectra calculated for the 

case of a gold nanorod on glass, with the light polarized along the direction of the long axis of 

the rod. The setup considered for calculations is the same as that described in the main text. 

 

Figure S3: (a) The near-field spectra, calculated for a gold disk dimer on glass, for light polarized 

along (Eǁ) the dimer axis and perpendicular to the dimer axis (E⊥). (b) The near-field spectrum, 

calculated for a gold nanorod on glass for light polarized along the axis of the rod.  



 

Evaluation of the in-plane and out-of-plane components of the optical force 

In order to understand the contribution of the x-component of the force to the optical force that is 

measured by the tip, we plot the contribution of the x-component of the force along the central 

axis of the disk dimer in Figure S4a for  = 785 nm, and compare it to the z-component as shown 

in Figure 4b of the main text. We notice that the contribution of the x-component is negligible. 

We also calculate the contribution of the y-component of the optical force, in comparison with 

the x- and z-components, for the case of a gold nanorod on glass, as in Fig. 3c. However, since 

Fy should be zero along the central axis of the rod (for light polarized along the long axis of the 

rod) we evaluate the force components along the edge of the long axis of the nanorod (Fig. S4b). 

The contribution of Fy and Fx to the overall force, is negligible in comparison with Fz. 

 

Figure S4: (a) Line profiles of the optical force, calculated along the central axis of the gold disk dimer 

on glass, decomposed into x- and z-components. (b) Line profiles of the optical force, calculated along 

the edge of the long axis of a gold nanorod on glass, decomposed into x-, y- and z-components. 

 

 


