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The following paragraphs describe in detail the difficulties encountered for determining the size of
nanoparticles as well as recommendations on how to optimize this process.

Difficulties in evaluating the NP size with AFM imaging

To evaluate the width of a single object deposited on a flat substrate using AFM requires a
minimum sampling resolution, i.e. size of recorded pixels in nm. At optimal imaging resolution (1 x
1 um? and 1024 pixels?) the sampling resolution is of 0.97 nm / px (or ~ 1 nm / px). Consequently, at
such resolution, the precision of measurement is about 0.5 nm (1/2 of sampling resolution).
Unfortunately, this would be true if the AFM tip (surface probe) was infinitely narrow. Currently,
commercial cantilevers are provided with a 1 or 2 nm tip radius, at best. Thus, AFM images do not
reproduce true shape of objects but rather a convolution of their size with that of the imaging
cantilever. Several treatments of tip convolution effect have been devised [1-3] but all require a good
knowledge of the geometry of the tip and successful reconstruction is rare on biological objects.
Nevertheless, the tip convolution problem in AFM is only present in the lateral dimension of objects
and thus does not occur when measuring their maximum height. Accordingly, height measurements
in AFM are much more accurate than lateral dimensions. In addition, the precision of instrumental
height recording is given by its 16-bit digital converter of the maximum z-piezo range (5.32 um in
our case); thus the precision in height recording in contact mode is about 5.32 / 65536 = 0.8 A. Thus,
when imaging spherical NP size with AFM, height values are true diameter equivalent.

The main difficulty in imaging NPs with AFM is the presence of agglomerates of very different
sizes. Large change in object sizes makes the AFM regulation challenging in all kinds of oscillating
imaging modes. The major risk is the contamination/damaging of the AFM tip which will invariably
end up in poor image qualities. Such difficulties have been encountered in this work with all TiO:
NPs: A12, P25 and E171, a simple consequence of the agglomerated state of these NPs. An effective
workaround is to reduce the imaging speed to about 0.25 Hz per line which makes the capture of
less than an image per hour with an additional risk of drifts. However, despite the fact that some
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images are distorted in some parts of the image, other parts could be analyzed correctly (unless the
tip has been irremediably damaged).

The critical limitation in height measurements with AFM is the definition of the background
floor. Due to the nature of the piezoelectric tubes used in AFMs and the substrate (mica) orientation,
AFM images are not parallel to a “virtual ground floor”. The process that corrects image tilt and
image roughness are common processes in AFM but can be particularly tricky when the
“background floor” of the image is hidden by particles. Correction for such problems is an iterative
process that requires to perform preliminary “flattening” of AFM images followed by additional
“flattening” operations excluding as many particles as possible. Best results are only obtained when
a significant surface of the background has no NPs.

Good practice in NP size determination using AFM

Similarly to other microscopy techniques, AFM requires to deposit samples on a flat substrate.
As seen for electron microscopy, artifacts do happen because deposited particles need to have a
significant interaction with the flat substrate; otherwise some population of particles may not be
observed due to their elimination at the rinsing or drying stages. Besides, it has been shown that the
commonly used mica surfaces are prone to artifacts by contributing to the destabilization of fragile
NPs such as silver NPs (Fig. 5). Consequently, it is important to test several imaging conditions by
varying for instance the chemical nature of the flat substrate [4] or the concentration of deposited
particles. Indeed, care should be taken to avoid depositing highly concentrated NPs which may
reduce the efficiency of height measurements due to NPs agglomeration. It has been discussed
above that a critical step in AFM image is to obtain a flat background. Consequently, it is critical to
anticipate AFM scanning by allowing enough space around particles so that an efficient flattening
procedure can restore a perfect background. If the scan size only shows agglomerated NPs, there is
currently no practical methods to flatten such images.

Equally important is the number of measurements to be performed when measuring NP sizes
at single particle level. It is important to collect enough measurement on isolated elements in order
to characterize the distribution of the entire population. Obviously, this cannot be made with only a
dozen size measurements. From our experience, we have shown that a minimum of 100
measurements is necessary with a better target around 300 measures; but going from 300 to 1000
measurements did not change significantly the shape of the population distribution. Thus, we
anticipate that an appropriate number of measurements be located between 100 and 300 if there is a
significant variation in individual NP size. It is, however, acknowledged that such a number could
be difficult to obtain for a reasonable resource usage (as found in a couple of measurements of this
study).

There are two main approaches to obtain NP height values from AFM images: using a
cross-section profile (mostly used in this work, Fig. S5) or selecting individual particles using a
threshold. The former is less sensitive (but not exempt) to the “flatness” of the AFM image than the
latter approach. For more accurate results, cross-sections must be performed horizontally along the
AFM fast-scanning line. A cross-section may have a user-defined thickness in which the analysis
program is averaging values below the cross-section; according to our experience, thickness should
be at most Y4 of the size of the object (in pixel units). The height of a NP using the cross-section
approach is determined by subtracting two thresholds: one for the background floor and one for the
maximum height of the NP in the AFM image. This approach is strictly manual and thus tedious to
repeat several hundred times. It is, however, very helpful when NPs are highly agglomerated or
where only NPs at the border of the agglomerate can be safely measured. The second approach to
obtain NP height values is the automated selection of particles, often called “grains” in analysis
software. The principle is to use a threshold value above which any pixel of objects on AFM images
is considered as a NP. When the grains are selected, and on the condition that they are well isolated
from each other, it is easy to detect the pixel having the maximum height within these grains. This
approach provides statistically relevant information (as many as there is individual NP in one AFM
image) but is strongly dependent upon perfect AFM image flattening. Indeed, for agglomerated or
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aggregated NPs, this approach is quite challenging and should only be used with great care.
Similarly to the first approach, the height of a NP is obtained by subtracting the height of the
background floor to that of maximum NP height values determined for each grain. A third approach
has also been used in this work. If the AFM image contains accolated NPs, then horizontal
cross-section lines could be drawn over tightly packed NPs. By measuring the total length from apex
to apex and divide by the number of NPs, it is possible to use lateral dimensions with AFM imaging
without encountering the problem of tip convolution (remember that there is no tip convolution
effect at the apex of particles). Sometimes, NPs are not aligned horizontally and then the
cross-section has to be performed in the appropriate direction, at the cost of possible errors in pixel
alignments.

Difficulties in evaluating the NP size with TEM imaging

Although sample preparation for Transmission Electron Microscopy does not require really
specific skills, the main difficulty in the TEM technique remains the behavior of the sample once
adsorbed on the grid. Deposited particles need to have a significant interaction with the support film.
This is of particular importance with the carbon-floatation technique in which the particles may
distribute differently between the two surfaces (mica and carbon). In addition, weakly bound NPs
may also fall into the well during the floatation step. Direct deposition of NPs on carbon grid
avoids the partition among two surfaces but still suffers displacement (or elimination) during the
blotting step. Another drawback due to sample deposition is the possibility of flattening effect that
can occur during drying. In some cases, we have to glow discharge the carbon-coated grid to change
the hydrophobicity of the carbon (negative or positive glow discharge). Obviously electron
microscopes are quite expensive instruments with usually a high yearly maintenance cost and
require accessory instruments such as carbon coating and glow discharge devices. To reduce the cost,
EM is often available in core facilities and sometimes in open access. It is therefore a necessity to
discuss with an experienced operator about the property of your sample.

TEM instruments produce 16-bit gray images of a sample and determining the precise size of
NPs is challenging. There are several possibilities to obtain NP sizes with TEM data. If NPs are well
isolated, it is possible to use image processing software (like Image], [5]) to select well-contrasted
NPs and to measure a pixel-based surface area (or similar parameters such as Feret’'s diameter)
which in turn could be translated into diameter with some sphericality approximation.
Unfortunately, NPs are rarely isolated on EM grid, either due to natural or artificial agglomerations
(drying effects). Consequently, most NP size measurements with TEM images are done manually.
Size values could be obtained by manually labeling a given NP using a circle and then deduce the
diameter (again, assuming that the NP is spherical), by manually drawing a line from one edge to
another edge of a given NP and then measure the length of the line after appropriate software
calibration, or by manually drawing a cross-section in the image and then measure the distance
between the dark/bright edges of NPs (using Gwyddion for instance). All these methods work
relatively well on isolated NPs where clear edges are visible, but it becomes very challenging when
NPs are agglomerated like all the TiO2 NPs in this work.

Good practice in NP size determination using TEM

The grid preparation is a rather straightforward step. Proper sample deposition greatly
improves the analysis of the NPs size. Two different ways to deposit the sample on the grid are
commonly used and it is strongly suggested from this work to systematically use both of them (see
methods). Usually, adsorption of molecules is strong enough so that they are not removed by
subsequent rinsing and staining operations which eliminate most of the buffer salts when present.
However, since NPs could have different affinities for the carbon film (or the mica), some
adjustments such as sample concentration or adsorption time should be explored. Moreover, it has
been shown in this study that the type of EM grid impacts the fixation of different NPs, thus it is also
suggested to test different types of carbon-coated grids. For most NPs, there is no need to use heavy
metal staining since NPs are easily visible on a TEM grid when scanning even at low magnification.
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Images at higher magnification are, of course, necessary to precisely measure the NPs size. It is
usually possible to obtain enough particles on a single grid by collecting images in several regions.
One grid with dried nanoparticles can stay several hours in the microscope and if necessary it is
possible to acquire more than hundred images per grid. Magnification can be varied from x22 to
x68,000 which translates into a pixel resolution of 0.298 to 0.09 nm, respectively. Accurate
measurements imply good quality images (without drift or astigmatism) and a proper calibration of
the electron microscope. There are different ways to carry out calibration: mix the sample with a
standard or calibrate the microscope before use with calibration tools. Microscope calibration must
be performed at least once a year, during maintenance for instance. In some cases, TEM images show
a tilt which cannot be easily recovered from classical image processing tools (like Image]). It is
therefore strongly suggested to same TEM images in native format (.dm3 in our instrument) which
can be further open in microscopy analysis software. Gwyddion is able to read several native TEM
image formats and to perform appropriate flattening without altering the quality of the image. In
case the native file format of the microscope cannot be read in analysis software, it is important to
save EM images in TIFF only. The cross-section profile is the suggested method to measure NPs
sizes as it performs equally well on isolated or agglomerated particles. For the latter ones, it is
suggested to only measure those NPs present at the edge of the agglomerate so that it is possible to
clearly distinguish most of the edge of a given NP. A very detailed analysis of uncertainties in NP
sizes determination using TEM can be found elsewhere [6].

Difficulties in observing NPs with Wet-STEM imaging

One of the main challenges to perform wet-STEM measurements is to control the concentration
of NPs in the deposited sample. It is necessary to dilute the solution prior to its introduction in the
ESEM chamber because the concentration of NPs in the sample will increase during the pumping
sequence and the thinning of the liquid layer necessary to reach electron transparency. This sample
preparation step can strongly modify the properties of the liquid that contains the NPs and it may
force agglomeration or dispersion of the NPs in the liquid before its observation. This difficulty
arises because the ESEM chamber does not allow a precise control of the water thickness and
consequently the final NPs concentration in the liquid layer. The risk being that the aggregation of
NPs in the liquid could not really be a representative of the state of the stock solution. Another limit
of the use of Wet-STEM is the difficulty to maintain the liquid thin film stable for a long-time
experiment. When the thin liquid layer is obtained, most of the observations must be performed
within 15 minutes to be sure to maintain the stability of the liquid layer. Furthermore, one can dry
the sample completely during the initial pumping sequence and later condense water on the dried
NPs. If this occurs, there is no real possibility to check if this has occurred as it is not possible to use
the electron imaging during this sequence. One proof for the sample not to have been dried during
the pumping sequence is to observe the motion of NPs in the liquid layer during its characterization.
Indeed, if the sample has been dried, the NPs bind to the carbon film of the TEM grid and even if
water is condensed on these NPs, they remain stuck on the carbon layer, and they do not move
during their observation.

Image contrast can also vary depending on the thickness of the water layer as reported recently
[7]. Even if this effect has not been directly observed in the present study, these authors report
contrast inversion between the water layer and gold NPs as a function of the thickness of the water
layer. In some particular conditions, gold NPs cannot be distinguished from the water layer.

Another difficulty directly linked with the wet-STEM technique lies in the fact that the electron
beam modifies locally the chemistry of water due to the irradiation effects. This phenomenon is
well-known and reported for the observation of liquids by TEM in dedicated closed cells [8]. These
local modifications can yield to unexpected attraction — and agglomeration - or repulsion of the NPs
in/out of the zone of observation. Finally, if surfactants (that are generally organic molecules) are
present in the liquid, they can be degraded due to the effect of the electron beam and the
degradation products can limit or prevent from observing the NPs. The effect of the electron beam
can also yield to a local increase of the liquid temperature and finally to the drying of the solution.
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Depending on the nature of the NPs, and particularly if they contain organic matter, they can
possibly be degraded by the electron beam. This was the case with the PS22 NPs that was sensitive to
the electron beam.

The fastest recording rate that can be achieved using the wet-STEM mode is 20 images per
second. But in these conditions, the image quality is relatively poor. Thus, to ensure the formation of
an average quality image, 1 image per second is a good compromise. However, it is sometimes
impossible to observe directly isolated NPs as their movements due to the Brownian motion is too
fast. In this case, they appear as a small strike on the images and it is not possible to characterize
their size and numbers. In addition, some NPs stick by capillary forces to the carbon support layer
and thus the NPs are not in their initial state (i.e. free of movement in the liquid) and what is
observed is not really the NPs in the liquid.

Good practice in NP size determination using wet-STEM

The wet-STEM stage is easy to implement in any Environmental SEM (ESEM). Although the
thinning of the liquid film can be tricky during introduction of the sample in the ESEM chamber, it
takes no more than 30 minutes from the grid preparation to sample observation. When the water
vapor in the ESEM chamber is properly controlled, a sample can be observed up to 4 hours which
provides enough time for probing several positions and obtaining the distribution of the NPs in the
solution and to record a sufficient number of images. The continuous recording of images on the
same zone of the sample with a fast scan rate allows a precise description of the motion of the NPs, at
the 10-100 nm level. It also allows the visualization of the NPs aggregation routes in liquid and
describes the degree of dispersion of the NP in the solution (as the sample is never dried).
Furthermore, the degrees of freedom of the agglomerated NPs can be determined by looking at their
relative rotations within the aggregates. Even if the mobility of NPs is high during image recording,
it is often possible to observe isolated NPs when they bind to the carbon film of the TEM grid. It is
thus also important to scan for carbon areas of the TEM grid. Finally, when the liquid film totally
evaporates, it is a good practice to continue to record images to perform a “dry” analysis of NP sizes.

Analysis of the NP size can be achieved precisely by using the image of isolated NPs that stick
on the carbon coating. The precision on the individual size determination is directly linked to the
thickness of the water layer that is surrounding the NP. Indeed, the primary electron beam is
scattered by the water layer, and the thicker the water layer, the larger the scattering effect. The
scattering of the electron beam results as a blurring of the NP image leading to an enlargement of its
apparent diameter; the smaller the NP the higher the error on its diameter. Thus, when the water
layer is thick, the smallest NPs cannot be observed directly in liquid (case of the silica particles
dispersed in the SM30 sample). This technique is particularly well adapted for the observation of NP
diameters ranging from 10 to 200 nm when dispersed in aqueous liquids (sometimes up to 1000 nm
depending on their electronic contrast and density). However, changes in image contrast and
scattering effects can sometimes generate difficulties in the interpretation of the recorded images [7].
Finally, different liquids than water can also be used if they are compatible with the pressure
domain allowed by the ESEM pumping system (10-2400 Pa) and if they are compatible with the
pumping system of the microscope [9]. Condensation of pure liquid ethanol has been achieved
successfully in the ESEM chamber in our laboratory (unpublished data). Finally, due to the scanning
procedure used to obtain wet-STEM images, it is more accurate to measure distances with a
horizontal line (as opposed to vertical or oblique lines), similarly to what is suggested for AFM.

Difficulties in evaluating the NP size with SAXS

SAXS formalism theoretically allows a quantitative determination of the shape, size and
concentration of particles of nearly spherical symmetry provided their size does not exceed the
maximal value corresponding to the minimal accessible scattering angle. However, in the case of
nanoparticles under study in this work, several difficulties have to be taken into account.

First, particles should remain in a dispersed regime, i.e. they should be in sufficiently low
concentration in order not to interact. Too high concentration would indeed result in a so-called
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“structure factor” originating from interferences between regularly organized particles. This
structure factor would modify the scattered intensity and hinder a part of the “form factor”
characteristic of the particle’s shape and size. However, too dilute a suspension would also result in
too low a signal, preventing a correct characterization of the particles. As the SAXS intensity is also
related to the electronic contrast between the particles and the surrounding media, the balance can
be very difficult to reach. Another difficulty comes up when nanoparticles size distribution becomes
too important. SAXS data can be fitted with numerical models of different geometrical shapes, and
can account for a size polydispersity described by various distributions (Gaussian, Lorentzian,
Voigt,...). Unfortunately, the larger these distributions, the smoother SAXS intensity modulations
become, and several hypotheses might result in good qualitative agreement between intensity
calculations and the experimental profile. There is therefore a risk of “over-interpretation” of the
experimental data.

Good practice in NP size determination using SAXS

In order to face the first difficulty described above, several dilutions should be made for a given
nanoparticle sample in order to reach the best compromise between signal to noise ratio (high for
high particle concentration) and prevention of nanoparticles aggregation. This can be achieved by
verifying that the SAXS profile is not modified upon decrease of the nanoparticle concentration until
the loss of reasonably high signal. If a significant change is observed in the SAXS profile while
decreasing the concentration, this could testify to nanoparticle interaction at the higher
concentrations. Therefore, SAXS data originating from lower concentrations should be considered
for the size and shape analysis. Concerning the risk of over-fitting experimental data leading to
misleading conclusions, the use of fitting parameters should always be kept as low as possible in
order to be compatible with the experimental profile. This is a general recommendation made for
any fitting procedure of experimental data of any origin. Moreover, in the case of SAXS, scattering
profiles may appear very smooth, without any remarkable feature, on which first fitting parameters
could be estimated. In this case, it is probably safer not to try to go further in the SAXS profile fitting
and turn to other characterizations techniques.

Table S1. Global results of silver and TiO2 nanoparticle size measurements provided by all the

participants.
Methods  Parameters Silver TiO:
PVP NM-300K A12 (OcTi147) P25 (Degussa) E171 (A)
Appearance Agglomerated Isolated Agglomerated  Agglomerated Mostly
agglomerated
Distribution Monomodal Monomodal Monomodal Multimodal Multimodal
Modes (nm) 40-45 10-11 12 nm 13 10
25 35
33 80
61
AFM Mean size * 38.5+12.4 104 +2.2 114 +4.1 26.0+13.4 38.4+41.8
SD (nm)
CV (%) 32 21 36 52 109
Median size 404 10.3 10.7 25.0 19.5
(nm)
n 152 690 104 381 183

Images 4 3 6 37

28
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NPs < 100 100 % 100 % 100 % 100 % 88.5 %
nm
Appearance Isolated Isolated Agglomerated  Agglomerated Agglomerated
Distribution Monomodal Monomodal Monomodal ~Monomodal Bimodal
TEM1 Modes (nm) 66-70 17-18 9-10 ~21-22 60-70
120-130
Grenoble  Mean size + 58.2+19.8 16.6+3.1 9.4+29 20.5+6.2 102.0+39.1
SD (nm)
CV (%) 34 19 31 30 38
Median size 59.0 16.7 9.4 20.1 96
(nm)
n 475 840 417 547 147
Images 15 12 11 12 18
NPs < 100 99% 100% 100% 100% 54 %
nm
Appearance - - Agglomerated  Mostly isolated Agglomerated
Distribution - - Monomodal ~Monomodal Multimodal
Modes (nm) - - 9-10 ~7-8 10-20
60-70
90-100
TEM2 Mean size * - - 9.6+27 9.8+4.6 38.2+£35.7
SD (nm)
Grenoble  CV (%) 28 47 93
Median size - - 9.6 8.5 20.5
(nm)
n - 426 291 70
Images - - 7 22 10
NPs < 100 - - 100 % 100 % 90 %
nm
Appearance Isolated Isolated Isolated Agglomerated Agglomerated
Distribution Monomodal Bimodal Monomodal Monomodal Bimodal
Modes (nm) 50 15 27.5 18 25
57 135
wet-STEM  Mean size * 50.5+11.6 34.7£23.1 220+5.6 19.0+5.8 120.3 +67.9
SD (nm)
CV (%) 23 67 25 31 56
Median size 514 14.7 21.7 17.9 221
(nm) 56.0 150.0
n 114 132 20 52 56
123 155
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Images 3 14 1 2 4
NPs < 100 100% 100% 100% 100 % 42 %
nm
Appearance Isolated Isolated Agglomerated  Agglomerated Agglomerated
Distribution Monomodal Bimodal Monomodal Monomodal Monomodal
Modes (nm) 62 15 7.5 18 75
53
STEM Mean size * 55.6 £16.1 23.5+15.0 9.5+34 22.8+8.5 97.2+£33.3
SD (nm)
CV (%) 28 36 37 34
(after Median size 58.8 15.9 94 21.0 91.8
drying) (nm) 48.8
n 110 255 68 49 231
72
Images 3 2 3 3 3
NPs < 100 100% 100% 100% 100% 59%
nm
Appearance Agglomerated  Agglomerated Agglomerated  Agglomerated Agglomerated
Distribution Monomodal Monomodal Monomodal Multimodal Multimodal
Modes (nm) 60 13 17 10-12 80
22-24 140...
44-46
SEM Mean size + 58.1+14.2 146+3.8 182+3.8 252+9.0 118.8 + 64.5
SD (nm)
Saclay CV (%) 24 26 21 36 54
Median size 58.9 14.3 17.6 235 104.1
(nm)
n 109 143 55 634 192
Images® 6/15 1/11 1 13 5
NPs < 100 100% 100% 100% 100 % 47
nm
Appearance Isolated Agglomerated Agglomerated  Agglomerated Agglomerated
Distribution Bimodal Monomodal Bimodal Multimodal
Modes (nm) 3 11 16 80
12 24 130...
TEM Mean size + 59+18 11.5+6.9 11.0+2.7 19.5+6.1 115+ 53
SD (nm) [10]
Saclay CV (%) 31 60 25 31 46
Median size 12.0 10.6 18.3 97.5
(nm)
n 333 179 266 137
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Images 8 9 10
NPs < 100 100% 100% 100% 53%
nm
Surface 82 46 9.4
specific
(m?/g)
BET density 39 3.9 4.0
Diameter 19 33 160
(nm)
SAXS Mean size + ND ND 12.0+2.1 ND ND
SD (nm) (only <30 nm)
CV (%) 18
Distribution Monomodal Bimodal Monomodal Monomodal
DLS Mean size * 71.0+19.9 25+0.2 754 +0.9 35+5 138.0+7.4
SD (nm) 228+22 [11]
CV (%) 28 10 1 14 5

AFM: Atomic Force Microscopy, TEM: Transmission Electron Microscopy, wet-STEM: wet Scanning
Transmission Electron Microscopy, STEM: Scanning Transmission Electron Microscopy (after
sample drying from wet-STEM), SEM: Scanning Electron Microscopy; BET: Brunauer-Emmett-Teller,
SAXS: Small-angle Xray Scattering, DLS: Dynamic Light Scattering

n = Number of measures; CV = coefficient of variation (=<SD/mean).

& Indicates that only some images out of a given total have been used to perform measurements
ND: Not determine; -: not done

Figure S1
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Figure S1. Wet-STEM time series for silver NM-300K nanoparticles. Images were collected about
every 1 sec in a liquid environment. Motion of single nanoparticles can be observed from frame to
frame. Each image is 2.5 um? in size. It is interesting to note the absence of an agglomeration of NPs
in liquid.
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Figure S2

Figure S2. High magnification of NM-300K NPs observed with wet-STEM in liquid (A and C) then
dried in STEM (B and D) of identical areas. Dark and bright field images allow the observation of the
presence of large NM-300K NPs in both modes of imaging. Image sizes are: A) 1.25 um?, B) 2.5 ym?,
C) 0.63 um?, D) 1.1 um2 Image A is identical as that in image 5A.
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Figure S3

Figure S3. Wet-STEM time series for PVP-coated silver nanoparticles. A-] images were collected
about every 5 sec in liquid environment. Displacement of single nanoparticles can be observed from
frame to frame. Each image is 5 pm? in size.
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Figure S4

A

&,

Figure S4. TEM images of silver NM-300K NPs on two different grid supports: A) Carbon film in the
absence of holes, and B) Lacey carbon film with the presence of holes in the grid. In absence of holes,
mostly large NPs are observed in A) whereas the presence of smaller (light gray) NPs is clearly
visible in the carbon grid with holes in B).

Figure S5

Figure S5. Two different methods to measure NPs sizes (Ludox TM-50). From an AFM image on the
left panel, it is possible to draw a cross-section over a single NP in the image using Gwyddion (line 1,
middle panel) or over accolated NPs (line 2, right panel). In the first case, the size of NPs is given by a
height value which is itself a subtraction of the highest pixels of the NP and those from the bottom
background. In the second case, the size of NPs is given by a lateral distance measurement from peak
to peak and divided by the number of NPs (three here). Note the convolution effect in AFM
measurement in the middle panel where a single NP appears of having a lateral size of more than 40
nm whereas the apparent height is about 30 nm. The scale bar on the AFM image is 500 nm. The color
scale is given within the cross-sections. The thickness of cross-section lines has been exaggerated for
visibility.
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