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AFM nanoindentation analysis of pS-co-NIPAM, pS and pNIPAM particles.

AFM nanoindentation’-2 technique was utilized to obtain Young’s modulus (stiffness)
values of individual pS-co-NIPAM, pS and pNIPAM particles. The Young’s modulus was
determined by fitting the loading force versus indentation depth approach data to Jonson-
Kendall-Roberts (JKR) model®.
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Where axg, Fikr and hyr are the contact area radius, force acting between two spheres
and indentation depth, respectively. W is the work of adhesion which can be determined directly
by measuring the adhesion force between AFM tip and pS-co-NIPAM particles using the retract
force versus vertical piezo position data*.
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Where R and E” are the effective radius and effective Young’s modulus of AFM tip an pS-
co-NIPAM spheres. Ry, v, E;and R,, v,, E,are the radius, Poisson’s ratio and Young’'s modulus
for tip and pS-co-NIPAM particle respectively.

JKR model was preferred over Hertzian contact model due to the observation of adhesive
forces between AFM tip and pS-co-NIPAM particles which were typically of ca 2 nN - 4 nN. AFM
nanoindentation experiments were performed using 8 different SisN, tips having a spring constant
range of 0.2 — 0.8 N/m. Reported height values of nanoparticles were an average of ~100 single



particles which were obtained from AFM height images. For the Young’s modulus calculations,
tip radius of curvature of 10 nm and the Poisson’s ratio of SizN, AFM tip of 0.25 were used.
Poisson’s ratios which were calculated with reduced BLS frequencies as mentioned in text were
used for pS-co-NIPAM samples when data were fit to the JKR model. Based on the statistical
analysis, force plots which yielded extremely high stiffness values and low stiffness values were
a result of tip contacting the hard Si wafer surface and the edges of pS-co-NIPAM particles,
therefore those force curves were excluded from force curve analysis.® Typically, as a result of
such analysis, ca 10% of the total force plots were excluded. Average Young’s modulus values
reported in this study for each particle composition are based from averaging of ~60 force versus
indentation curves.

Nanoindentation on pS was done using a 25 nm tip radius of curvature having Pt coated tip
(Nanosensors, Switzerland). This was because force curves and AFM images showed plastic
deformation on pS nano-spheres when the Si;N, tips with 10 nm tip radius of curvature were
used. The spring constant of this Pt tip was 2.55 N/m as determined from the thermal noise
method®. Similar to the above, data were fit to the JKR model.

Figure S1. AFM height images of pS-co-NIPAM, pS and, pNIPAM particles
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Figure S2. Representative force-displacement curves for pS, the pS-co-NIPAM series and

pNIPAM-B.
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Figure S3. lllustrative example of the insensitivity of the predicted particle frequency calculation

to VL'
shown in the legend.

For this example, D = 170 nm and V;= 1100 m/s. The specific spheroidal mode (n,/) is

Predicted pS particle frequencies (D = 170 nm, V; = 1100 m/s)
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Figure S4. Log-log transformation of mechanical moduli provided from AFM nanoindentation

and BLS.
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