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Supersonic Cluster Beam Deposition Apparatus (SCBD) 

 

Figure S1. A schematic representation of the SCBD apparatus that was used for the production of 

nt-CPs. The Zr rod is sputtered by a plasma discharge, triggered by the introduction of argon (Ar) 

through a pulsed valve into the source cavity and the application of a high voltage between the Zr 

rod and the anode. The ablated species condense into clusters and the resulting gas-clusters mixture 

is extracted through a nozzle and an aerodynamic focuser into a high vacuum chamber; during the 

process, the carrier gas-clusters mixture undergoes a supersonic expansion. The cluster beam 

impinges on the CP, where a thin, nanostructured ZrO2 film is formed. 
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Scaling of the surface roughness of ns-ZrO2 films 

To characterise the growth mechanism of ns-ZrO2 films on colloidal probes (CPs), we 

dispersed the glass spheres on a flat glass microscopy slide, and deposited ns-ZrO2 films varying the 

deposition times. We then imaged the coated CP surfaces by AFM in Tapping Mode (probe model: 

NCHV, Bruker), with relative scan speed of the tip vscan = 2m/s, and we measured the rms roughness 

rq.  The film thickness h was measured on the flat glass surface, in a region close to a sphere, by 

imaging the ns-ZrO2 film across a sharp step produced by masking the substrate during deposition. 

By applying a linear regression on a loglog scale to the rq versus h curve (see Figure S2), the value 

of the growth exponent b can be determined as the slope of the curve, according to the equation 

𝑟𝑞~ ℎ𝑏. 

According to previous results1–3, the b parameter of the cluster-assembled ZrO2 thin films 

grown on flat substrates is b = 0.368 ± 0.001 on silicon, or b = 0.31 ± 0.09 on glass coated with a 

monomolecular PAcrAm-g-(PMOXA, NH2, Si) layer4. These values are compatible with the 

prediction of the ballistic deposition growth model (b = 0.32 - 0.25), which assumes that clusters 

impinge with a direction perpendicular to the plane of the substrate, and they do not diffuse 

significantly upon landing5–7. Higher values can be found when the impinging particles possess a 

distribution of size and different sticking probabilities.  

On nt-CPs, we found b = 0.314 ± 0.017, in agreement with the value measured on flat 

substrates. Therefore, the curvature of the nt-CPs did not influence the growth exponent.  

 

Figure S2. Scaling of the rms roughness rq of ns-ZrO2 film (i.e. roughness) on the nt-CPs. 
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Mechanical stability of ns-ZrO2 films 

To test the mechanical stability of the nanostructured coating we used a stiff AFM tapping 

mode probe (force constant K = 50. 4 N/m) to apply high forces on the thin film, in order to record 

at which forces rupture events between ZrO2 nanoparticles take place. 

An example of the force curve (FC) with the rupture events detected is shown in Figure S3a, 

while the rupture forces measured are represented in Figure S3b. Rupture forces are clustered around 

specific values and it is possible that the higher forces events represent cascade rupture events, where 

groups of nanoparticles simultaneously detach, while the lower forces represent the tip slipping across 

a nanoparticle, or small nanoparticles detaching from low-attachment points. The lowest rupture force 

detected is around F~ 70 nN, that is almost 25 times larger than the highest force measured during 

the force spectroscopy experiment. 

Furthermore, we scanned in Tapping Mode the surface of the contact region of an nt-CP after 

a whole day of force spectroscopy experiments. The image obtained is shown in Figure S3c, after 

subtraction of the spherical curvature in order to highlight the morphological details at the nanoscale. 

The granularity of the surface due to the presence of the ns-ZrO2 thin film is clearly evident. 

 

 
Figure S3. (a) Representative FC with three rupture events detected; (b) distribution of the 
rupture event forces from all FCs, with multi-gaussian fit highlighted; (c) scan of the contact 

surface of a nt-CP after force spectroscopy experiment. 
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Data Analysis 

 

Figure S4. (a) The retraction part of a representative FC, with the two different possible unbinding 

events, jumps and tethers, total adhesion force and work of detachment shown. (b) Numerical 

derivative of the FC used to identify and locate the unbinding events. 
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Statistics and error analysis  

For each observable ψFCs extracted by each force curve (FC) a mean value ψcell was evaluated 

for each cell. The error 𝜎𝑐𝑒𝑙𝑙 associated to ψcell was obtained by summing in quadrature the standard 

deviation of the mean σψ of the results coming from the single FCs and an estimated instrumental 

error σinstrum (σinstrum / ψ = 3%)8: 

𝜓𝑐𝑒𝑙𝑙 =  
∑ 𝜓𝐹𝐶𝑠

𝑛
𝑖

𝑛
 

where n is the number of force curves per each cell,  

𝜎𝑐𝑒𝑙𝑙 = √𝜎𝜓
2 +  𝜎𝑖𝑛𝑠𝑡𝑟𝑢𝑚

2  

The final mean value ψmean representative of the cell population behaviour in a given condition 

was evaluated as: 

𝜓𝑚𝑒𝑎𝑛 =  
∑ 𝜓𝑐𝑒𝑙𝑙

𝑛
𝑖

𝑁
 

where N is the number of cells investigated for the given condition. 

The final error σmean associated to ψmean was calculated by summing in quadrature the 

propagated error of the mean σs and the standard deviation of the mean of the singles cell values ψ

cell: 

𝜎mean = √𝜎std
2 +  𝜎s

2  

where 

 
𝜎s =

1

𝑁
√∑ σ𝑐𝑒𝑙𝑙

2
𝑖  ,  𝜎𝑠𝑡𝑑 = √

∑ (𝜓𝑐𝑒𝑙𝑙,𝑖−𝜓𝑓𝑖𝑛)2𝑛
𝑖

𝑁
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Force curves during contact 

To test the stability of the Z-piezo upon contact of the CP with the sample in close-loop mode, 

we recorded the cantilever deflection as a function of the contact time t, up to t = 240s. 

The time-dependent deflection is shown in Figure S5. On a stiff substrate, a smooth drift is 

observed (~10 nm in 240 s), corresponding to a maximum variation of the applied force of 

approximately 0.5 nN after 240s. On the cell surface, a similar drift is observed superimposed to small 

and slow (tens of nm in tens of seconds) fluctuations, due to the adjustment of the cell below the 

probe, probably accompanied by internal reorganisation of the cytoskeleton9. 

 

 

Figure S5. Representative deflection versus contact time curves. 
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Dependence of the adhesion force on the contact times, with the contribution 

of the tethers 

The evaluation of the tether contribution to the total adhesion force Fa was evaluated as 

follow: for each contact time, the mean value of the tethers unbinding force has been evaluated and 

multiplied by the mean number of tethers Nt per FC, to obtain the tether background adhesion value. 

The contribution of the tethers then has been subtracted from the adhesion force Fa, in order 

to calculate the contribution of the jumps. The obtained total jump adhesion force was eventually 

divided by the mean number of jumps Nj, in order to calculate the mean adhesion force per jump 

presented in Figures 4 and 5 of the main text. 

 

Figure S6. Dependence of the adhesion force on the contact times as in Figure 3a; in addition, the 

contribution of the tethers (calculated as described above) is shown. 
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Representative retraction force curves at different contact times 

We show representative of FCs of the adhesive behaviour of the cells on the different surfaces 

for contact time ct =20s, 60s, 120s. 

It is possible to observe the differences in the adhesion force Fa, work of detachment W, and 

number of jumps Nj, respectively. In particular, it can be seen how the adhesion on the ns-ZrO2 surface 

(at ct=60 sec) reaches values compatible to the adhesion on the PLL, even in the presence of much 

less detachment events. 

 

Figure S7. Representative FCs at ct=20 s, 60 s, 120 s for each condition: glass (blue), PLL (violet), 

flat-ZrO2 (green), ns-ZrO2 (orange). 
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Regarding the occurrence of jump events over a longer distance in the PLL condition, it 

must be pointed out that the positive charge of the PLL coating may favour on the one hand 

unspecific, electrostatic binding events of surface receptors, and on the other hand the polymeric 

nature of PLL with its long chains can unfold and be pulled away from the probe surface. This 

could favour detachment events occurring at higher separations, compared to the other conditions. 

In the PLL condition, the jump events could therefore more frequently be caused also by non-

integrin surface receptors that are in some way attached to the cytoskeleton, as e.g. CD44 or 

syndecan-4. However, for the moment being we can only speculate about this. 
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