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S1. LIQUID PROPERTIES

Table SI gives the wetting properties of the various substrates in terms of the equilibrium contact angles. Table
SII lists the effect of PEO polymer concentration in the water drop, on the liquid properties of density, viscosity and
surface tension.

S2. POLYMER DEPOSITION AND BOUNCHING HEIGHTS

After the drop rebounds from pillared surface the deposited PEO or DNA bundles can be imaged by scanning
electron microscopy (SEM). These bundles are homogeneously suspended and distributed between the edge of adjacent
micro-pillars as shown in Supplemental Figure S1. The filaments are aligned between the pillars in the direction
of the rebounding of the drop. Figure S2 shows SEM images of DNA polymer fibrils, coated with 7 nm iridium,
deposited on the top of micro-pillars after the multiple bouncing impacts of drops on a 45 inclined substrate, with
the impacts coming from different direction, accomplished by rotating the substrate in its plane.

Figure S3 shows how the concentration of the PEO polymer reduces the rebounding height of the drops. In Figure
S3(a) the trajectory of the bottom of the drop is shown as a function of time from first contact with the substrate.
In Figure S3(b) the maximum bouncing height is shown over a range of impact Weber number and different PEO
concentrations.

S3. MOLECULAR STRUCTURE CHARACTERIZATION OF PEO AND DNA NANO-FILAMENTS
WITH RAMAN SPECTROSCOPY

A. Raman analysis of PEO nano-filaments

To understand the molecular structures of the drop-impact-deposited PEO nano-filaments, we characterized its
Raman spectra and compared with the PEO in bulk. First, the Raman spectra of PEO in bulk (Supplemental

Substrates Equilibrium contact angle (?) Nature of the substrate Sq (nm) Sz (nm) Sa (nm)
Cylindrical Pillars 0 Superhydrophilic - - —
Flat mica sheet 2.4+0.3 Superhydrophilic 0.071 0.651 0.056
Silica treated with plasma 174+ 0.7 Hydrophilic 0.280  15.679  0.201
Flat silica 36.5+1.2 Hydrophilic 0.737  35.805 0.570
Silica coated with FDTS 98+ 1.6 Hydrophobic 0.304 31.449 0.190
Cylindrical Pillars coated with FDTS 140 £ 2 Hydrophobic - - -
One time Glaco-coated surface 152+ 1.5 Superhydrophobic 140.556 952.908 113.957
Four time Glaco-coated surface 162+ 3 Superhydrophobic 170.643 1258.250 126.217

Table S I. Characterization of various surfaces investigated in this work. contact angle, contact angle hysteresis, surface mean
roughness, S,, maximum height, S, and rms roughness, S,, for all tested surfaces.
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c 10 ppm 50 ppm 100 ppm 200 ppm 400 ppm 1000 ppm
cfck 0.02 0.09 0.18 0.35 0.71 1.76
Weight concentration, w, [g/L] 0.01 0.05 0.10 0.20 0.40 1.00
Density, p [g/cm®] 0.096 0.996 0996 0996 0996  0.996
Viscosity, p [mPa.s] 0.976 1.03 1.08 1.18 1.20 1.23
Surface tension, o [mN/m] 73.1 68.3 68.2 62.2 62 62

Table S II. Liquid properties of dilute PEO solutions for molecular weight 4x 10° g/mol and water drop (the critical overlap
concentration ¢k = 567 ppm [1])

Figure S4a) is essentially the same as previously reported [2—4]. Briefly, these peaks between 800 em™" and 1150
cm™" denote the C-O stretching in PEO skeletal and CH, rocking vibration modes. The specific peaks indicate the
mixtures of various conformations [4]. Peaks at 828 em™", 845 cm™', and 859 cm™! can be assigned to the zGz-zTx
(G: gauche; T': trans) conformation, while the peaks at 947 cm_l, 962 cm_l7 981 cm™" (Supplemental Figure S4a)
can be signed to zGT-TGz and zTT-(GTz) conformation [5]. Peaks at 1237 cm ™" and 1280 cm ™" are related to the
CH, antisymmetric twisting vibration with respect to the C-C axis.

Peaks between 1320 cm™' and 1420 cm ™ (Supplemental Figure S4b) correspond to the CH, wagging vibration.
The peaks between 1450 em™ and 1500 cm ™! (Supplemental Figure S4b) correspond to the CHy bending vibration
of the PEO chain, and the main peak is located at 1481 cm™" indicates the molecules are in semi-solid (semi-dry)
condition, which is in accord with our experimental condition, as mentioned in previous section. The peaks at 1627
em ™ and 1718 em ™ (Supplemental Figure S4b) normally can be signed to C=0 vibration, while it should not be
present in PEO. We think this C=0 group most probably indicating that the PEO molecules oxidized in air [6, 7].

Compared to the PEO in bulk, the Raman spectra of suspended PEO nano-filaments (Supplemental Figure S4c
and d) have several important differences:

I: Ultra-high spectra resolution due to self-deconvolution in single-molecule level. The Raman band
of PEO nano-filaments are significantly sharper and has a ultra-high resolution compare to those of PEO in bulk.
For example, the C=0 stretching peak at 1627 cm™" is wider in the PEO bulk sample, while in PEO nano-filaments,
apart from the peak at 1628 cm”! (we consider it to be the C=0 stretching signal with a slight shifting from 1627
cm_l) two new peaks can be separated and recognized at 1607 cm_l, 1620 cm ™. These two peaks are most probably
from the additive inhibitor, butylated hydroxytoluene (BHT) [8]. Meanwhile, the BHT Raman signal at 1050 cm™
is much sharper and cleaner than the one under PEO bulk condition. Since this BHT has a low concentration (200-
500 ppm) in this PEO product, its signal can easily be hidden in background, i.e., the PEO signal. However, taking
advantage of this PEO nano-filaments preparation, we can recognize the BHT Raman signal without any extra sample
pre-treatment process. We think this ultra-high spectral resolution is a result of ultra-small sample amount induced
self-deconvolution effect. The Raman spectra from PEO bulk is the average of a large number of PEO molecules, which
causes significant broadening and overlapping of the Raman peaks. It limits the spectral resolution and relies heavily
on deconvolution during the data analysis [9]. On the contrary, based on a typical molecular structure model of PEO
(72 helical model, seven repeat units in the trans-gauche-trans (TGT) conformation of sequences -O-CHy-CH;-O- on
two turns in an identity period) [3],the diameter of the each PEO helical chain is about 3 A [2]. Therefore, in the PEO
nano-filament which is in the 10-nm thickness range, only around 30 PEO polymer chains assemble together. Hence,
the molecular averaging effect is suppressed significantly, which produced very sharp Raman signal and remarkably
enhance the spectral resolution.

II: Conformation confinement and of PEO nano-filaments. As we mentioned in the previous section, the
peaks between 800 cm™ and 1300 cm™' are mainly related to the PEO chain conformation. Unlike the wide and
complex peaks of PEO in bulk condition, which have various molecular conformations, the PEO nano-filaments have
a very clean and sharp Raman peaks. For example, the two triplet peaks at around 845 em™" and around 962 cm™ " of
bulk PEO sample unified to two singlet peaks at 843 cm™" and 947 cm_l, indicating that the molecular conformation
in PEO nano-filaments are much more homogeneous. And the peak at 843 cm”™" resolves that the PEO molecules
in the nano-filaments are mainly in helical conformation, which is highly ordered and normally found in crystalline
solid state PEO [4, 5]. We think that during the PEO droplet bouncing, the stretching force will apply on the
nano-filaments and will confine the PEO molecule chain in a relative uniform way. The peak at 888 cm™! indicates
another main components as the zGz-zTx conformation [4]. Meanwhile, the Raman signal between 1100 cm”™' and

1150 cm_l, 1450 cm™" and 1500 cm”' in PEO nano-filaments are very weak compare with the PEO in bulk. Since
these areas mainly related to the CH, vibration modes (wagging, rocking, and bending), these weak Raman signals
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Figure S 1. Regular DNA filaments between numerous pillars. The red arrows are next to the very faint filaments and point
in the direction of the rebounding of the drop. For scale the pillar centers are spaced by 50 pm.

indicate that these CHy vibration modes were suppressed, perhaps this is the results of molecular confinement in the
PEO nano-filaments.

ITI: Accelerated oxidation of PEO nano-filaments. Although PEO can easily be oxidized in ambient air [6],
the additive antioxidant such as BHT can provide a good protection for it. Therefore, only a small peak of C=0
at 1718 cm™' was observed under bulk PEO condition (Supplemental Figure S4b). However, the Raman peak of
C=0 at 1717 cm™" in PEO nano-filaments is significantly enhanced (Supplemental Figure S4d), which indicates the
oxidized PEO ratio in nano-filaments are much higher than in the bulk. We think this is mainly because of the small
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Figure S 2. SEM images of DNA polymer fibrils deposited on the top of micro-pillars following multiple bouncing impacts
of polymer drops on a 45° inclined substrate from different directions. The different directions are adjusted by rotating the
substrate in its plane between impacts. The filaments are coated with 7 nm iridium layer for the SEM soon after the multiple
drop impacts.

thickness scale of the nano-filaments, making the PEO molecules have a much higher probability of reacting with the
oxygen in the air and producing large number of C=0 groups.

B. Raman analysis of DNA nano-filaments

DNA is a unique molecule made of four types of nucleotides, which are connected covalently into a polynucleotide
chain with a sugar-phosphate backbone, from which the bases (Adenine (A), Guanine (G), Thymine (T), and Cytosine
(C)) extend. A DNA molecule is composed of two DNA strands held together by hydrogen bonds between the paired
bases and twisted into a double-helix. Currently, the molecular structure analysis of DNA is mainly performed along
two streams: DNA sequencing and DNA conformation analysis. Since we are using a commercial A—DNA molecules
which contain 48502 bp with a known sequence, the Raman analysis will be focused on its conformation in the nano-
filaments. There are three different conformation of DNA, A-form, B-form, and Z-form [10]. Among them, the B-form
DNA is known to be the ideal DNA structure, while the A-form and Z-form DNA can be present locally according
to the environmental stresses, such as hydration [11, 12] and an ionic environment [13]. Furthermore, according to
our previous study, the hydrodynamic fore can be another factor inducing bio-molecules conformation change [14].
Herein, we used Raman spectroscopy to characterize the DNA molecular conformation in the nano-filaments.

The peaks at 670 cm ™", 680 cm™ ', and 1333 cm™ " are assigned to G-base. Peak at 1341 cm™ ' is assigned to A-base.
Peaks at 784 cm ™" and 1255 cm™ " are assigned to C-base, while peaks at 748 cm_l, 790 cm_l, and 1356 cm™ ' are
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Figure S 3. (a) Bouncing trajectories with different PEO concentrations for drop impacts on cylindrical micro-pillars coated
with FDTS, under the same impact conditions D = 1.44+0.2 mm, U = 0.45+0.02 m/s. The symbols correspond to different PEO
concentrations: 200 ppm —; 100 ppm —; 50 ppm —; 10 ppm —; 0 ppm —. (b) Maximum bouncing height with increasing
Weber number values for different PEO concentration.
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Figure S 4. Raman spectral peaks of PEO in bulk (a, b) and PEO nano-filament suspended between micro-pillars after the

drop impact (c, d).
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Figure S 5. Raman spectra of DNA nano-filaments deposited between micro-pillars by rebounding drops after impact on an
inclined substrate, in the range of 500-1000 cm™" (a) and 1000-1500 cm™" (b). The peak at 520 cm ™" indicates signal from the
Si substrate.

indicating T-base. Meanwhile, the peaks at 800 cm_l, 808 cm_l, 1092 cm™, 1097 cm_l, and 1420 cm ™" indicating the
chemical-bond vibrations of O-P-O and H-C-H in the backbone of the DNA. The peaks at 680 cm_l, 800 cm_l, 835
em™ and 1333 cm™! indicating that the DNA molecules in nano-filaments are mainly in B-form, and small portion
of the molecules are conformed as A-form (peaks at 670 em™ and 808 cm_l) [15, 16]. According to previous reports,
the A-form is supposed to be the dominant conformation of DNA at humidity lower than 75% [17]. However, in our
experiment we observe that the B-form DNA is the favorite conformation in nano-filaments at ~ 45% humidity.

We think that during the drop bouncing, the DNA molecules are stretched by the hydrodynamic forces, which is
equivalent to previous report of stretching of the DNA in solution by surface tension of water during the liquid bridge
jumping between micro-pillars during drop evaporation [14, 18]. However, during the impact bouncing the stretching
is stronger providing more strain and thinner filaments. Meanwhile, since the transformation from B-form to A-form is
mainly induced by dehydration at relatively low humidity, we think the residual stress in DNA nano-filaments provides
a force to compete with the contractive force during dehydration and thereby preventing the B-to-A transformation
in the nano-filaments. Furthermore, the peak at 835 cm™ ' denotes that the base ratio (AT:CG) in this DNA molecule
is 50:50, which is in accord with the A—DNA information which we used.
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