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Viruses images with high stiffness cantilevers.
AFM image in liquids have been traditionally performed with low stiffness cantilevers. This is condition is relaxed in FM-AFM where almost any kind of cantilever force constant can be used. Figure S1 shows two good resolved 29 virus particles taken with a cantilever with a nominal force constant of 40 N/m (Nanosensors  Pointprobe NCH). This type of cantilevers is commonly used for AM-AFM in air ambient conditions but it is impossible to obtain reproducible images of weakly attached biological material in liquids for any other AFM mode but FM-AFM. This is indeed the same cantilever used to obtain the atomically resolved images shown in figure 2a. In order to illustrate the advantages of 3D rendering one of the particles is shown in both top view and in a projection view.
Atomic resolution with low stiffness cantilevers.
While using low stiffness cantilevers to obtain atomic resolution is not the standard procedure in FM-AFM in liquids we are presenting an atomically resolve mica image (fig. S2) with a soft cantilever (calibrated force constant 0.6 N/m). This type of cantilevers was widely used to obtain virus images in the manuscript.

Simulation details
In this section we give more details of the simulator and the mathematical models of cantilever dynamics and tip-sample interaction that it is based on. 
The simulations have been performed using a new version of the Virtual Environment for Dynamic AFM (VEDA) simulator [1,2]  that incorporates the most relevant features of FM-AFM. VEDA is a freely accessible web-based simulator available on nanoHUB (www.nanohub.org), which is a website dedicated to nanotechnology research and education. nanoHUB offers free online presentations, learning modules, and simulations. A block diagram of the simulator is shown in Figure S3. We shall overview the cantilever dynamics, tip-sample interaction models, and feedback control scheme that are included in the simulations. 
The majority of existing FM simulators use a single eigenmode model. This is insufficient to capture the dynamics of soft or moderately stiff soft cantilevers in liquids. Thus, the cantilever dynamics are modeled by a two degree of freedom model [3].

		

	
		





where  and  are the displacement, natural frequency, modal stiffness, quality factor, and driving force of the ith (i=1,2) eigenmode, is the instantaneous tip sample gap, , y(t) is the motion of the dither piezo, and is the tip-sample interaction function.
The tip-sample interaction can be separated into conservative and non-conservative parts. 
The conservative model used Figure 4 is a piecewise linear contact model, with one stiffness for representing the solvation shells and a different stiffness for the sample. The force is given by:


,	




where  and  are the sample stiffnesses and  is the distance over which  acts.
The conservative model used in Figures 5 and 6 is DMT contact [4] . In general DMT is valid for relatively stiff contacts with low adhesion, and in liquids it can be used for high buffer concentration solutions where the electrical double layer forces are effectively screened.  The force is given by




where H, R, and  are the Hamaker constant, tip radius, and intermolecular distance, respectively, and is the effective Young's modulus of the tip-sample combination which can be written in terms of the Young's moduli and Poisson's ratio of the tip and the sample respectively, Etip,  νtip, Esample, νsample  and R is the tip radius. 

The simulations in Figures 5 and 6 do not include any non-conservative force. The simulations for these figures use a tip sample dissipation model based on the Kelvin-Voigt viscoelasticity model with a viscous dashpot in parallel to the sample elastic stiffness.

	,

where  is the viscosity. This is the simplest possible model of viscoelasticity. Comparisons to more sophisticated models [1] (not shown) confirm that this model captures the essential features relevant to the discussions in the text.  
The feedback control scheme is that of a generic frequency modulated AFM (refer to Figure S3). There is a phase locked loop (PLL) with a PI controller that keeps the cantilever oscillation phase constant and an amplitude feedback loop with a PI controller that keeps the cantilever oscillation amplitude constant. Because only approach curves have been simulated in this paper, there is no Z feedback loop. Additionally, we have explicitly included the effect of piezo-resonances in the excitation scheme.  The natural frequency and quality factor of the piezo resonance is deduced by comparing the driven tuning curve with a thermal noise tuning curve. Then the frequency response of the base motion was modeled as a simple harmonic oscillator, and the transfer function between base and tip was as given in [5]. This was necessary for quantitative agreement with experiments, but it does not alter the qualitative results (I.e. the conclusions in the main text are still valid for magnetic or photothermal excitation schemes).Aside from the piezo, no attempt has been made to make the controller match specific hardware or the AFM used in the present experiments.
Therefore, the units of the cantilever driving signal channel do not correspond to the units observed in the experiments (volts). The cantilever driving signal channel has been scaled to be unity when the cantilever is not in contact with the sample (i.e. Z > 0). The feedback controller gains and filter time constants have been adjusted to provide reasonable responses but were not tuned to match specific hardware.
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