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S1. Images of a TTF Crystal and Au-TTF Nano-/Microwires

Figure S1. a) A picture of an orange TTF crystal (on a 24 x 40 mm glass slide). Images of Au-
TTF wires under Raman microscope b) nanowires, diameter: 630 = 130 nm; c¢) microwires,
diameter ~ 1 um; d) specified microwire, diameter ~ 2 um; e) microwire, diameter ~ 3 um; f)
specified microwire, diameter ~ 4 um. The red arrow specified the microwire for Raman

measurement.

S2. Depolarization Ratio

The depolarization ratio (P) is defined as the ratio between the Raman signals obtained in the

crossed polarization configuration (/y,) and those obtained in the parallel configuration (L):!

P =—— (S1)

It is a concept widely used to do quantitative analysis on the sample polarization response.” In
this work, we analyzed the depolarization ratio based on the intensities of scattered laser light
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from a single TTF crystal and Au-TTF nano-/microwires under crossed and parallel polarization

configurations.
S3. Raman Tensors of Point Groups for TTF and TTF"

Molecular vibrations can be described by the sum of vibrational normal eigen modes. It is
possible to classify the normal vibrations by applying the group theory.” Each normal vibration
will have a symmetry corresponding to one of the irreducible representations of the molecular
point group. If a molecule has a center of inversion, the vibrations that are centrosymmetric show
Raman active properties, which are usually labelled with the subscript g. The symmetry of a
given vibrational mode is reflected in its corresponding Raman tensor.' Here, the Raman tensors
for C5, and Dy, point groups which are isomeric are shown in Table S1. The calculated A4,
Raman tensor elements for both TTF (C,) and TTF' (D) are depicted in Table 1 (see

manuscript).

Table S1. Raman tensors for the symmetry classes of the C5, and D, point groups*

Point group Symmetry class
Alg Azg Blg Bzg
C a 00} (0 d O 0 0 0
2v
0 b 0] |d 0O 00 f
0 0 c) (0O OO0 (e 0) {0 £ O
Point group Symmetry class
A, Bi, By, B;,
D a 0) (0 d 0 00 0
2h
0 b 0| |d OO 00 f
c) {0 0 0) (e 0 f 0

* Raman tensors of point groups are from Bilbao Crystallographic Server.
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S4. X-ray Crystal Structure of Single TTF Crystals

TTF (referring to a-TTF, hereafter in the following text) shows a base-centered monoclinic
lattice, with two molecules per unit cell as can be seen from X-ray diffraction data (Figure S1).>*
For neutral TTF molecules in a crystal, the atoms S1-S2-C3-C3B-S2B-S1B are in a common
plane (Figure S2 and S3), as demonstrated in reported work.”® The view from different planes

indicates that there is an angle of 52.59° between the two molecule planes (Figure S1).

mean: S1B S2B C3B C3 S1 S2
mean: S2B S1B C3B C3 S1 S2

—{a

=
mean: S2B S1B C3B C3.S1 S2
mean: S1B S2B C3B C3 S1 S2

Figure S2. The view from different facets of crystalline TTF and the calculated angle between
two TTF molecules in a unit cell of a TTF crystal (Cambridge Structural Database, reference
code: BDTOLE10) in Mercury 3.6 software. a*, b*, c¢* faces refer to unit cell faces in single
crystal, which are related to the crystal sketch in Figure S3a. Molecular planes were calculated

from the central two C (C3, C3B) and four S (S1, S2, S2B, S1B) atoms of the TTF molecules
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with different orientations. The angle between these two molecular planes (marked in red and

blue planes separately) were calculated by the software to be 52.59°. The crystal structure was

. . 6
reported in previous work.

Molecule plane

Figure S3. The labelling of atoms in the TTF molecule and the molecule plane as defined for

angle measurement (marked in pink). TTF" molecule is also labelled similarly.

SS. Angular Based Polarized Raman Spectra of a TTF Crystal
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Figure S4. a) TTF crystal sketch with a*, b*, c* facets. x, y and z refer to the incident light

directions. b) Full spectrum of a TTF crystal from the a* facet under parallel polarization
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configuration, y(zz)y.The peak at ~1516 cm™

corresponds to central C=C bond (C3=C3B) and

ring C=C bond (C1=C2 and C1B=C2B) stretching, and the peak at ~1553 cm™ corresponds to
ring C=C (C1-C2 and C1B=C2B) stretching. The numbering of C atoms refers to Figure S2. The

peak at around 1250 cm™ is assigned to a combined vibration (C-C-H bend + C-S stretching). It

is very weak in the spectra of charged TTF (Figure 2), thus not discussed here.
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Figure SS. Angular variations of Raman spectra from different facets of a TTF crystal under the

parallel and crossed polarization configurations. a) and b) are the rotational polarized Raman
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spectra of the a* facet under parallel and crossed polarization, respectively. ¢) and d) are the
spectra of the b* facet. e) and f) are the spectra of the c* facet. The molecular 4, vibrational
mode (~1516 cm™, central bond and ring C=C stretching) vary in intensities by a periodicity of
180° under parallel (black lines) and 90° under crossed configurations (red lines). Typically, the
peak at ~1516 cm™ can be used for both qualitative and quantitative analysis. The a*, b*, c*
facets of the crystal and xyz direction refer to Figure S3a, X, y, Z, indicate the direction of
backscattered light. For rotation angle, 90° was always defined at the highest intensity of 1516

cm™ peak under parallel configuration.

Table S2 Results derived from the simulation of the depolarization ratio of a TTF crystal.
a, f, yare the Euler angles, beta is the angle between two TTF molecules and D is the constant

factor.

Facet al°] Bl°] 7[°] D beta [°]
a* 126 76 1382 0.081 51.4
b 618 832 1246 009 51.6
254 944 638 008 51.8
Average 0.08 51.6+0.2

Besides the evaluation of the angle between the molecular planes in TTF crystal unit cell (as
discussed in the manuscript), the orientation of the molecules with respect to the incoming laser
beam direction was also determined. The molecular orientation of the TTF molecules in the
crystal derived from sets of measurements on the three facets (a*, b* and c¢*) is in consistency

with the orientations of the crystal structure for each scattering geometry.
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S6. Equations of the Simulation of Depolarization Ratio

Equation Sland S2 illustrate the simulation of Raman intensity (/;) under parallel (/) and

crossed (/) configurations. In equation S1 for parallel configuration, the left vector | 0
0
1
represents the polarization orientation of incoming light (e;), while the right vector | 0
0

representing the polarization orientation of scattered light (ey). Similarly, in Equation S2 for

1 0
crossed configuration, the left | O | represents the incoming light, while the right | 1 |represents
0 0

the polarization orientation of scattered light. M __(«, f3,y) represents the Euler rotation matrix.

zxz

In equation S2 and S3, E(l//) is the Raman tensor while y is the angle of rotation around the X

axis between the two molecular planes, as expressed in equation S4.

—
p—

I,=]0-M" (a,B,7)-RW)-M_.(a,,7)-| 0 (s2)
0 0
B 0

Ixy: 0 -M;Z(a,ﬂ,)/)-R(W)-Mm(a,ﬁ,)/)- 1 (S3)
0

R(y)=M"_(0,y,0)-R(0)-M__ (0,,0) (34)
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S7. Raman Assignments of TTF’, TTF™ (0<n<1) and TTF"

Table S3. Typical Raman mode assignments of TTE®, TTE™ (0<n<1) and TTF"

Vibrational modes TTF""

TTF’ TTF*
(Ag symmetry)* (0<n<l)
C=C stretching (ring) 1553 ecm™ 1513 cm™ 1510 cm™

C=C stretching (central bond + ring)" 1516 cm’™

C=C stretching (central bond)? 1415 cm™ 1516 cm”™
C-H in plane 1089 cm™ 1011 cm? 1088 cm’
C-S stretching 795 cm™ 753 cm™ 758 cm™!
In-plane ring bend 471 em’ 504 cm! 506 cm”.

* The symmetry species numbers, frequencies of TTF see Reference.” Raman shifts for TTF°
and TTF"" (0<n<1) are the results from this work. The B, mode peak at 58 cm™ is not studied in
this work and thus not included in the table. The 4, mode peak at 315 cm™ and 1250 cm™ for
TTF crystal is not observed or very weak in the spectra of TTF" (0<n<1) and TTF". The 4, mode
peak at 1369 cm™ for TTF™ (0<n<1) is very weak in in the spectra of TTF crystal. Thus, these

peaks are not discussed here, as well as the peaks at wavenumber above 1600 cm™.

Y The C=C stretching (central bond + ring) mode was used for angular based polarized Raman

analysis on TTF crystal.

2 The C=C stretching (central bond) mode was used for angular based polarized Raman analysis

on Au-TTF nanowire.
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S8. Angular Based Polarized Raman Spectra of Au-TTF Nanowires
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Figure S6. Angular variation of Raman spectra of a single Au-TTF nanowire under parallel and
crossed polarization configurations. The molecular 4, vibrational mode (central C=C bond
stretching, at ~1415 cm™) varies in intensity by a periodicity of 180° under parallel (figure a,
black line) and 90° under crossed configurations (figure b, red line). The X'Y'Z’ configurations
refer to Figure 2 inset, 7' indicates the direction of backscattered light of Z'. For rotation, angle

90° was always defined at the highest intensity of 1415 cm™ peak under parallel configuration.
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S9. Raman Intensity Curves of Peaks at 1415 cm' for Different Nano-/Microwires
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Figure S7. Angular dependence of Raman intensity (4, mode at 1415 cm') for six different

nanowires under parallel (I«, black hollow symbols) and crossed (Ixy, red hollow symbols)

configurations.
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Figure S8. Angular dependence of Raman intensity (4, mode at 1415 cm') for four different

microwires under parallel (I, black hollow symbols) and crossed (I, red hollow symbols)

configurations.
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S10. Simulation of Depolarization Ratio of Au-TTF Microwires

a) s
—— 1 pm Au-TTF one-molecule simulation
_ e pm Au-TTF two-molecule simulation
_? 4 4 Experimental data
X
=
2
E 3
c
2
® 24
N
s
2
o 11
(a]
0- —T 77 ———T
-180 135 80 45 0 45 90 135 180
Rotation Angle (deg)
c)
3
—— 3 pm Au-TTF one-molecule simulation
_ =3 um Au-TTF two-molecule simulation
;’ » Experimental data
_?
e
i
c
2
5
= 14
=
o 2
o
[
o
0 L) L] L] L] L] L) L] L]
180 135 80 45 O 45 90 135 180
Rotation Angle (deg)

b)

o
~—

Depolarization ratio (. 'xy’

Depolarization ratio dyy/lyy
N

4

——2 pm Au-TTF one-molecule simulation
2 um Au-TTF two-molecule simulation
@® Experimental data

w
1

-
Il

O A————— — T ——r—
180 135 90 45 0 45 90 135 180
Rotation Angle (deg)
20
= 4 pm Au-TTF one-molecule simulation
=4 um Au-TTF two-molecule simulation
@ Experimental data
1.5
1.0
- \j \/ V v
0.0

-180 -135 -90 -45

Rotation Angle (deg)

135 180

Figure S9. Depolarization ratio of four different Au-TTF microwires. Experimental (symbols)

and simulated (lines) depolarization ratio of the Raman intensity of the ~1415 cm™ (central C=C

bond stretching) vibration. The experimental data were calculated from the angular dependent

Raman intensity shown in Figure S8. The blue lines are the one-molecule simulations, while the

red lines are the two-molecule simulations. The Pearson correlation coefficients between fitted

two-molecule lines (red) and experimental data are 0.904 (a), 0.901 (b), 0.878 (c) and 0.920 (d).
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The simulated results of the different Au-TTF microwires are shown in Table S4 (SI), including
the Euler angles (&, £, ), polarization error D, angle between two molecule planes (y) and the

angle (Ay) between molecule A (Y axis) and the longitudinal axis X’ of the wire.

Table S4 Results derived from the two-molecule simulation of the depolarization ratio of

different Au-TTF microwires (Figure S8).

No. Diamcterfum]  a[] B[] 7[] D vl A
a) 1 384 153.2 130.4  0.083 52 20.14
b) 2 43 154.2 132.4  0.081 51.6 20.19
c) 3 42 156 132.8  0.074 53.2 20.03
d) 4 49.2 155.4 140.6  0.084 56.6 20.36

Average angle 53.4+45 202403
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S11. 3D Structure Model of an Au-TTF Nanowires

a)

ZY

Figure S10. 3D model of an Au-TTF wire showing the rotation of molecules: a) view from side;
b) view from front. The yellow cylinder indicates an Au-TTF nanowire with the two molecules
inside the wire unit cell. Blue X’Y’Z’ coordinates refer to the wire coordinates (the same as that
shown in Figure 2 inset), where the blue X’ is the longitudinal axis of wire. The red XYZ are the
coordinates of molecule A, which are in accordance with the ones used in the DFT calculations
(Table 1 in manuscript). Molecule A and molecule B represent the two different molecular
orientations inside a single Au-TTF wire. The partially charged TTF" (0<n<1) molecule A is
firstly positioned according to the Euler’s angle (a, £, y) (Table 2), then molecule B is tilted with

the angle y around X axis of molecule A.
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