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a. Contour length determination Samples of neutral
PG2a and PG3a and negatively charged PG2b and PG3b were
dissolved in chloroform (2–5 mg/L) and distilled water plus
2% methanol. The chloroform solutions were spin-coated on
cleaved mica at spinning rate 40 rps, and the aqueous ones
onto poly-L-ornithine (PLO) precoated mica at the same spin-
ning rate. Individual dendronized polymer molecules were
visualized by scanning force microscopy (SFM) in tapping
mode (Figure 6).

FIG. 6: SFM image of PG2a on mica as used for contour lengths determi-
nations. The overlays mark those molecules, for which the lengths have been
determined.

The contour lengths were determined by using sketch lines
drawn along the molecules contours. Only those chains were
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chosen for this measurement which had two identifiable ends
and no unclear coiled aggregation along the contour. The
sketch lines were carefully drawn, as shown in Figure 6, along
the chosen contours and their lengths calculated by a home-
developed program [1]. In order to calculate the statistic av-
erage lengths, 700 chains of each PG2a and PG2b and 291
chains of each PG3a and PG3b were chosen. The histographic
data shown in Figure 2a-b (of the publication) and Figure 7
were fitted by a Schulz-Flory distribution using equation (1),
where P is the degree of polymerization and α is the proba-
bility of propagation. This equation is typically suitable for
radical polymerization:

F (p) = −αP ln α. (1)

The data of Figure 7 show distributions with very similar
shapes but with bin sizes differing by a factor of two, i.e.,
chains in the 0–50 nm column of PG2a correspond to those
chains in the 0–100 nm column of PG2b.
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FIG. 7: Length distributions of PG2a on mica with bin size of 100 nm, and
PG2b on PLO-coated mica with bin size of 50 nm.

b. Width determination The apparent bottom widths of
the denpols were measured by drawing perpendicular cross
sections over the molecules contours and averaging hundreds
of such measurements (Figure 4a in publication). The thus re-
sulting values for the apparent bottom widths (W ) were then
corrected for broadening effect caused by a finite SFM tip ra-
dius [2]. The polymer chain was assumed as a round cylin-
der on surface [3] and for the sharp commercial silicon tip a
terminal radius of R = (7.5 ± 2.5) nm was taken. The cylin-
der diameter, D, was calculated from W by using equation:
D = W 2/8R when R > D/2.

Table I shows the corrected widths of PG2a and PG2b af-
ter the calibration process. However, since the process used
an estimated tip terminal size, large errors may have been in-
troduced into the corrected widths. An advanced process of
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Dendronized polymer PG2a PG2b
measured bottom width W [nm] 11.1± 0.6 16.6± 0.8

assumed tip terminal radius R [nm] 7.5± 2.5 7.5± 2.5

corrected molecule cylinder diameter D [nm] 2.1± 0.9 4.6± 2.0

TABLE I: Corrected widths of PG2a and PG2b after the calibration
process.

SFM width measurement was therefore applied in this work
[4]. For that purpose 15 nm spherical gold colloid particles
were applied onto PLO coated mica surface as a standard sam-
ple and these particles scanned by an SFM tip in tapping mode
as shown in Figure 8a. The maximum height of each parti-
cle was measured in order to reconstruct the tip as shown in
Figure 8b. Since the gold particles were uncompressed, the
height values were considered to represent the particles diam-
eters. Thus the real shape of the particles was reconstructed
[Figure 8b (red circles)]. With the reconstructed gold particles
shape, a 3D shape of the SFM tip could be reconstructed. For
the following only the cross sections in fast scanning direction
(x axis) were considered (Figure 9c), because the subsequent
width measurements were done along this direction.

FIG. 8: (a) SFM image of gold particles for tip calibration; (b) an example of
processed image to calibrate an SFM tip based on the height of each spherical
particle and (c) cross sectional view of a reconstructed tip along x axis (fast
scanning direction)

The thus calibrated tip was used to measure the non-
charged PG2a on mica and then charged PG2b on PLO coated
mica. The cross sections were drawn perpendicularly through
contours of molecules, which should be along the fast scan-
ning direction (x axis) as shown in Figure 9a-b. Hundreds
of such cross sectional measurements were performed on
each sample to furnish widths for the non-charged PG2a of
20.5±2.1 and for the charged PG2b of 25.8±2.1 nm, respec-
tively. Based on these data the dendronized polymer cylin-
der was graphically reconstructed a cross sectional view [Fig-
ure 9c]. The reconstructed PG2a and PG2b cylinders have
diameters of 3.9±0.7 nm and 5.7±0.9 nm, respectively. The
resulting width values reveal that the charged PG2b is almost
50% larger than the non-charged PG2a.

FIG. 9: SFM tapping mode height images of (a) non-charged PG2a on mica;
(b) charged PG2b on PLO coated mica, the white dotted lines are example
cross section lines; c) shows how to reconstruct molecular cylinders (full cir-
cle) by a calibrated tip, the dotted black line is the moving trace of SFM tip
when tip interacts with the molecular cylinder.
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FIG. 10: Length distributions for linear objects of non-charged (PG3a)
and charged (PG3b) samples, experimental values (dots, lines) together with
Schulz-Flory [5] distributions (assuming terminated dimerization) for which
parameters are given in the figure.

c. Schulz-Flory distribution The distribution histograms
for the large amount of chain-contours sampled have been
fitted to a Schulz-Flory (S-F) distribution [6]. The S-F dis-
tribution is deduced from the kinetics of the chemical reac-
tion from which the polymers’ chains have been prepared. In
our case the PG3a/b polymers are prepared from free radi-
cal polymerization. In such a reaction monomers grow to
polymer chains in a chain-propagation mechanism which is
terminated either by chain transfer to a solvent molecule or
by dimerization with another growing chain. The probabil-
ity that a chain with length of L monomers continues to grow
is noted as p. This probability is assumed to be independent
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to chain length. If the chain growing is terminated by chain
transfer to solvent molecules, the probability to find a chain
with length L is p(L) = ApL−1(1 − p)2. On the other hand,
if the chain growing is terminated by dimerization, the dis-
tribution reads p(L) = A(L − 1)pL−2(1 − p)3/2. In the
limit of long chains, L À 1, the two distributions simplify
to p(L) ∝ pL and p(L) ¿ LpL, respectively. The charged
chains are not directly prepared by free radical polymeriza-
tion, but rather converted from the non-charged ones. It is
hence not appropriate to fit the PG3b distribution to the S-F
distribution. We assume that the contour length L of charged
chains systematically changes to f(L), where f is a yet un-
known monotonous function (characterizing the transforma-
tion upon charging). If we denote the original distribution
for the non-charged system by pa(L), after the transforma-
tion, the new distribution (for the charged system) becomes
pb(L) = pa(f−1(L))/f ′(f−1(L)). We determine f by using
the S-F fit for, together with the experimental data for pb(L).

For a linear relationship, f(L) = αL, we accordingly have
pb(L) ∝ α−1pL/α(1 − p)2, which we use to fit the experi-
mental data in order to determine α. Notice that p is not a
variable parameter because it characterizes the property of the
polymerization process. For the PG3 data, cf. Figure 10, we
obtain α = 0.52 ± 0.02, which quantitatively supports the
scenario where each individual charged chain has shrunk to
almost exactly half of its length (this case has α = 1/2) com-
pared with its non-charged state. Conclusions about a min-
imum contour length needed to allow for backfolding could
in principle drawn from a high resolution function f(L) map
but the present experimental data does not offer sufficient res-
olution in the low L range. As can be seen from the above
formulas, the increase in height of the histogram comes to-
gether with a decrease in width, and that the factor one half
needed to confirm the complete backfolding process cannot
be read off from the histograms directly, without identifying
the above transformation.
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