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Figure S2. 'H NMR spectrum of TPM monomer.
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Figure S3. 13C NMR spectrum of TPM monomer
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Figure S4. FTIR spectrum of TPM monomer.
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Figure S5. LCMS spectrum of TPM monomer.

FT-IR characterization of PTPM brushes

FT-IR spectrum captured after SI-PIMP (Fig. S6) show the bands characteristic for: CH, and CHs
(C-H stretching vibrations, 2962 cm™ and 2901 cm™), protected acetylene group (C=C
stretching vibration, 2187 cm?), carbonyl group (C=0 stretching, 1742 cm™) and polymer main
chain (CHs, CH, deformative and C-C stretching in the region of 1486-1250 cm™). The FT-IR
spectrum after the deprotection step (fig. S6) revealed the appearance of a new characteristic
band at 3296 cm™ (C-H stretching vibrations in C=C-H) and shifting of the band previously
observed at 2187 cm™ to 2130 cm™ (C=C stretching in C=C-H). The formation of conjugated
polyacetylene chains after ST-SIP was supported by greatly decreased intensity of the bands
at 3296 cm™ and 2130 cm™ and the appearance of a weak broad band above 3000 cm™ (C=C-

H stretching, see Fig. S6).

Surface selection rule in grazing-angle FT-IR in combination with p polarized light shows
modes/vibrations with dipole moment orientated along the surface normal direction with
enhanced intensity. Interestingly, the intensity of the band at 1150 cm™ is drastically changing
with respect to the intensity of carbonyl band (1740 cm™?) after subsequent modifications (see

figure S6). The mentioned band is assigned to the C-O-C stretching vibrations in the ester
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group that is a part of the “rung of the ladder”. Thus, the more intense is this band the more
perpendicular orientation of the side group is observed. A moderate intensity of the band was
observed for the thickest parent brushes, due to stretched conformation of crowded
macromolecules related to the presence of bulky trimethylsilyl groups that enforce a parallel
orientation of C-O-C groups with respect to the surface (see Fig. S6). After deprotection and
hence the removal of 40% of polymer mass, the intensity of the band at 1150 cm™is greatly
enhanced. More free space to be occupied by the side groups is formed allowing more packed,
collapsed conformation of the chains with more random orientation of the pendant groups. It
is also reflected in quite large intensity of the band at 3300 cm™ (C-H stretching vibrations in
the deprotected acetylene group). After self-templating polymerization the intensity of the
band at 1150 cm™ is greatly reduced confirming parallel orientation of C-O-C — rung of the
ladder. Furthermore, even the carbonyl group may be enforced to adopt a more parallel
orientation, due to the crowding of “rungs of the ladder”, as the intensity of the band at 1740
cmin the spectrum of ladder-like brushes decreased to 70-75% with respect to the spectra
of deprotected and parent PTPM brushes. Such a parallel orientation of side groups is not
expected in randomly cross-linked brushes. It is important to underline that dissociation of
the ester band could be excluded, as enhanced intensity was observed for the bands assigned
to C-H stretching vibrations (2951 cm™), due to the signal-enhancing orientation of the CH,
groups that link to acetylene chains (O-CH2-(C=C)n). The presence of ester groups in ladder-

like brushes was also confirmed by XPS spectroscopy (Fig. S15)
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Figure S6. Grazing incidence FT-IR spectra of PTPM_50_ITO after SI-PIMP, deprotection of

acetylene groups and self-templating polymerization.
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Figure S7. SEM image of DDESP probe used for nanoindentation of PTPM brushes in air.
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Figure S8. A), C) AFM height and B), D) amplitude images of PTPM_60_ITO after indentation

with a sharp tip in air at low (150 nN , A and B) and high loads (700 nN, C and D).

S8



A) B)

PTPM_con_60_ITO PTPM_60_ITO

> 0.4 > 0.4

2 9} —

= =

Q - Q

S ]

o (o3

[} [}

e e

w w

Lo.2 Lo.2

= / | =

o o

Q Q

24 14

0.0 | L—rﬁ JE— — 0.0= | D S —

0 2000 4000 6000 8000 o 2000 4000 6000 8000

Apparent Young's modulus [MPa] Apparent Young's modulus [MPa]
) D)
PTPM_con_50_ITO 08 PTPM_depr_50_ITO
0.20+
g g0.6
§0.15 & W
3 =]
o o
c e 0.4
w w
Q 0.10 Q
2 2
- -
o o
& 0.05 e 02
0.00 ‘ —— ‘ ‘ 0.0 — o =
0 2000 4000 6000 8000 0 2000 4000 6000 8000
Apparent Young's modulus [MPa] Apparent Young's modulus [MPa]

Figure S9. Histograms of distribution of apparent Young's modulus for A) PTPM_con_60_ITO,
B) PTPM_60_ITO, C) PTPM_con_50_ITO and D) PTPM_depr_50_ITO. Results were obtained
with sharp (A and B, tip radius 7 nm) and dull probe (C and D, tip radius 150 nm).
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Figure S10. Indentations curves of PTPM_60_ITO measured in air using sharp probes (tip

radius 7 nm).
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Figure S11. Exemplary approach curves of A) PTPM_con_60 _ITO and B) PTPM_60_ITO with

fitted Hertz model (measurements performed using sharp probe, tip radius 7 nm).
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Figure S12. Individual load curves of PTPM_depr_35 _ITO and PTPM_con_35_ITO captured in

IPA and ACN.
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Figure S13. A) Indentation load and unload curves of PTPM_depr_35_ITO in acetonitrile and
B) histogram of calculated Young's modulus. Results for soft cantilever equipped with a probe

with tip radius of 300 nm.

Table S1. Results of Young's modulus calculations assuming different values of Poisson’s
ratio.

Young's modulus, Young’s modulus
Sample Conditions [GPa] [GPa]
v=0.5 v=0.33
PTPM_60_ITO air 19+0.7 2.2+0.8
PTPM _con_60_ITO air 1.5+09 18+1.1
IPA 1.4+03 1.7+04
PTPM_depr_35_ITO 1.5 x-10 + 5-x 10 1.8 x-103 + 6-x 10
ACN
5-x 104 + 2-x 10%* 6:x 10 + 2-x 1074*
IPA 1.2+05 1.4+0.6
PTPM _con_35 ITO
- T 7 ACN 1.4+05 1.7+0.6

* Measurements were performed using a softer cantilever (calibrated spring constant equal
to 4.4 N/m) and a tip with a radius of 300 = 10 nm.
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Table S2. Calculated values of apparent Young’s modulus for different force thresholds.

Figure S14.

Force Apparent Young's
Sample threshold modulus,
[nN] [GPa]
18 2.2+0.8
PTPM_60_ITO 30 2.2+0.5
70 1.7+0.3
18 1.8+1.1
PTPM_con_60_ITO 30 1.7+£0.7
70 1.5+0.5

PTPM_depr_30_ITO
Variable Angle Spectroscopic Ellipsometric (VASE) Data

40 180
Psi (65.00, 60.00, 70.00%)
35 at Delta (65.00, 60.00, 70.00°)
: \ Model [TV Y
» \
140
- 25 / =
o [}
)
20 / 120
15 S
/ 100
10 £
5 80
200 400 600 800 1000
Wavelength (nm)
PTPM_con_30_ITO
Variable Angle Spectroscopic Ellipsometric (VASE) Data
40 160
Psi (65.00, 60.00, 70.00°) Sl
"3\\ Delta (65.00, 60.00, 70.00°) _,_..—~—M
35 Model [—
\\‘/ﬁ | e 140
30
] 7 //\\Mm-d 1203
20 7 ,-»—’”//\s 100
.‘-_-*_-—"""—!——..
15
10 80
200 400 600 800 1000

Exemplary ellipsometric data

PTPM _con_30_ITO.

Wavelength (nm)

captured for

PTPM_depr_30_ITO

and

S12



A) C [%] 0 [%] Rh [%] B)
12000 240000 -
78.1 211 0.8
O1s
9000 - C1s 210000
3 E
5, 5,
“ 6000 - g
S O 180000
| Rh 3d ]
3000 -
150000
0 M ]

600 500 400 300 200 100 0 325 320 315 310
Binding Energy [eV] Binding Energy [eV]
Figure S15. A) XPS survey spectra of PTPM_con_30_ITO. B) Detailed XPS element scan of

Rh 3d.

Estimation of grafting density

In order to estimate the grafting density of the PTPM brushes, we have used the methodology
described by Benetti et al.! that is based on the assumption that the contour length L of
surface grafted polymers is comparable to the brush thickness in good solvent hyet. Assuming
that methacrylic monomer length equals / = 0.26 nm 2 one may calculate the molar mass of

surface-grafted polymer chains according to Equation 1.

hwet "M
l

M, = [1]

where M denotes the molar mass of the monomeric unit.

For PTPM_depr_30_SiO; the wet brush thickness was found to be 48 nm, while M =124 g/mol.
Thus, one may calculate that M,= 23800 g/mol, hence the grafting density > can be calculated

using Equation 2.
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_ hgry * d * Ny 2]

where hary = 18 nm is the dry brush thickness, d = 1.08 -10%' g/nm?3 the assumed polymer

density,3 and Na is Avogadro's number.

Assuming that deprotected PTPM has similar polymer density to poly(propyl methacrylate)
PPMA,?® which possesses a propyl group instead of propyne (like in PTPM) attached to the
methacryloyl group, a value of 3 for PTPM_depr_30_SiO> of 0.49 macromolecules/nm? is
obtained. Since the grafting density should not vary with chemical modification of the side
groups in self-templating polymerization, one may expect a very similar value for

PTPM_con_30_SiO; as well.
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