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Supplementary Methods

1. Synthesis procedure of 4,4'-((1E,1'E)-(2,5-dimethoxy-1,4-
phenylene)bis(ethene-2,1-diyl))dipyridine (DPEpe)
A mixture of 2,5-bismethoxy-1,4-xylene-bis(diethyl phosphonate) (1.01 g, 2.26
mmol) and the isonicotinaldehyde (0.48 g, 4.52 mmol) in THF cooled in an ice bath
was added 2 eq. NaH in small portions during a 30 min period. The reaction mixture
was stirred at room temperature for 3 h and poured into water. The phase was
extracted with CH2Cla. The pooled organic phases were washed with water, dried
over anhydrous MgSOs, filtered, and evaporated. The product was separated by
flash chromatography on silica gel by means of CH2Cla/petroleum ether (1:4).
Finally a highly fluorescent yellow powder was obtained as the title compound
(0.655 g, 1.82 mmol) in 81% yield. '"H NMR (400 MHz, Chloroform-d) 6 8.55 (d,
J=5.4Hz, 4H), 7.70 (s, 1H), 7.66 (s, 1H), 7.54 (d, J = 5.5 Hz, 4H), 7.41 (s, 3H),
7.36 (s, 1H), 3.92 (s, 6H).

2. Organic crystal characterizations

The morphology, size and typical element distribution of the organic
micro/nanostructures were examined by field emission scanning electron microscopy
(FESEM, Carl Zeiss, Supra 55, Germany) with a 20 X-MaxN Energy Dispersive
Spectrometer (EDS, Oxford Instruments, United Kingdom) dropping on an indium tin
oxide (ITO) coated glass. The elemental measurement was performed by energy-
dispersive X-ray (EDX) mapping mode. TEM images were obtained by a transmission
electron microscopy (TEM, FEI company, Tecnai G2 F20, United States). One drop of
the solution was dropped on a carbon-coated copper grid, and evaporated. TEM
measurement was performed at room temperature at an accelerating voltage of 100 k'V.
The X-ray diffraction (XRD) patterns were measured by a D/max 2400 X-ray
diffractometer with Cu Ko radiation (1 = 1.54050 A) operated in the 26 range from 5°
to 30°, by using the samples on the quartz. Fluorescence images were recorded using a
fluorescence optical microscope (Leica, DM4000M, Germany) with a spot-enhanced

charge couple device (Diagnostic Instrument, Inc.). The excitation source is a mercury
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lamp equipped with a band-pass filter (330-380 nm for UV-light and 500~550 nm for
green-light). The samples were prepared by placing a drop of solution onto a cleaned

quartz, and then evaporated at room temperature.
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Supplementary Figures
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Supplementary Figure 1. Infrared (IR) spectra of BrFTA (black line), DPEpe (blue
line) and F4DIB (green line) powder, DPEpe-BrFTA nanowire (red line), DPEpe-
F4DIB nanowire (pink line), interface in both triblock (yellow line) and core/shell
(purple line) heterostructure nanowire.

The IR spectra of the powders and the organic micro-/nanocrystals were obtained
via the traditional pressed-disk technique and the micro-area technique (Bruker,
HYPERION), respectively. As shown in the Supplementary Figure 1, the 758 cm™ of
the F4DIB (C-1 antisym str)! moves to 744 cm™, and the 1465 cm™ (aryl semicircle
stretch)? changes to 1446 cm™ after co-crystallization. All of these signals indicate that
the C-1 bond is lengthened and weakened as a consequence of n—¢™* donation and N --4
halogen bond formation in DPEpe-F4DIB.2 Furthermore, the shift of the 938 cm™ of the
F4DIB (C-F antisym str) to 928 cm™, corresponds to the C-F --H interaction in DPEpe-
F4DIB. Additionally, the largely weakened intensity of both the 3028 cm™ (C-H str)
and 1321 cm™ (C—N str) in DPEpe after co-crystallization further confirms that the
halogen bond exists in the DPEpe-F4DIB.? Besides, the 718 cm™* peak (C-Br antisym
str) of the BrFTA moves to 738 cm™, which corresponds to formation of the
C—Br:--O=C in the DPEpe-BrFTA. Under the effect of a strong pyridine ring mode,
the 1307 cm peak of the y-OH moves to 1415 cm, as well as the 987 cm™* peak (C-F
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antisym str) moves to 965 cm with the C-F --H interaction in DPEpe-BrFTA.# Due to
the proton-stretching motion with a low barrier separating the two minima, the
disappeared v-OH at 3410 cm™ corresponds to a single minimum potential function for
the hydrogen bond between the pyridine and the acid.>® The 1706 cm™ IR band (C=0
str) and 1476 cm™* (aryl semicircle str) in BrFTA after co-crystallization become weak,
which verifies the formation of the hydrogen bond (N --H-O) in the DPEpe-BrFTA.’
Furthermore, the largely weakened intensity of both the 3028 cm™ (C-H str) and 1321
cm® peak (C-N str) in DPEpe after co-crystallization further confirms the formation of
hydrogen bond in the DPEpe-BrFTA.

Compared with both the halogen-bonded DPEpe-F4DIB and the hydrogen-bonded
DPEpe-BrFTA, the IR spectra of the heterostructure interface (Supplementary Figure
1) in the triblock (deep blue line) and core/shell (purple line) heterostructure nanowire
have the IR band at 744, 928, 1590, and 1625 cm™, which verifies the formation of the
halogen bond. Furthermore, the IR band at 738, 965, 1415, and 1706 cm™ verifies the

formation of the hydrogen bond.
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Supplementary Figure 2. Optimized molecular structure of (a) hydrogen bond DPEpe-
BrFTA, (b) halogen bond DPEpe-F4DIB and (c) n-n interaction of DPEpe-DPEpe. The
TD-DFT calculations for the bond energy: Ehydrogen bond = -15.66 kcal mol™!, Ehalogen bond
= -4.90 kcal mol™! and Exr interaction = -0.09 kcal mol™!. The interaction energy between
organic molecules were performed by using Gaussian 09 software package® with 6-
31+G(d, p) basis set and B3lyp level of theory® after structure optimization in the
vacuum, which was conducted according to the following equation considering the
Basis Set Superposition Error (BSSE) correction: Eint = Etot—(E1 + E2)+ Ebsse, Eint 1S the
interaction energy between the two molecules, £1 and E2 is the energy of single

molecules and Fbsse is the energy of BSSE correction.

S6



Supplementary Figure 3. (a) The SAED pattern of one typical 1D DPEpe-F4DIB
nanowire; scale bar: 5 1/nm. Inset: the TEM image of this corresponding nanowire with
a scale bar of 2 um. (b) The SAED pattern of one typical 1D DPEpe-BrFTA nanowire;
scale bar: 5 1/nm. Inset: the TEM image of this corresponding nanowire with scale bar
of 1 um. (¢) The SAED pattern of the heterojunction corresponding to the Figure 2b;

scale bar: 5 1/nm.
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Supplementary Figure 4. X-ray diffraction patterns of the DPEpe-F4DIB nanowires
(green line), the DPEpe-BrFTA nanowires (red line), the heterostructure nanowires
(blue line), and the simulated powder patterns for both PEpe-F4DIB nanowires (down

blackline) and DPEpe-BrFTA nanowires (top blackline) using the Mercury software.
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Supplementary Figure 5. The SEM images of (a) the organic triblock heterostructure
nanowires and (b) the organic core/shell heterostructure nanowires. Inset: a magnified

SEM image of the body of one typical organic heterostructures. The scale bars are 10

pm.

Supplementary Figure 6. The energy-dispersive X-ray spectroscopy (EDS) mapping

for elements carbon (C) corresponding to the nanowires in Figure 2c. The scale bar is

5 pm.
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Supplementary Figure 7. (a) Time-resolved PL decay transient of the DPEpe-F4DIB
nanowires (green squares), the DPEpe-BrFTA nanowires (red circles). (b) Absorption
spectra of DPEpe-F4DIB nanowires (green hollow squares) and the DPEpe-BrFTA

nanowires (red hollow circles), absorption spectra of DPEpe-F4DIB nanowires (green
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solid squares) and the DPEpe-BrFTA nanowires (red solid circles).
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Supplementary Figure 8. The SEM images of the organic triblock heterostructure
nanowires prepared (a) fresh and before (b) 90 days. Inset: the corresponding typical
nanowires. The scale bars are all 10 um. (c) The PL spectrum for the organic triblock
heterostructure nanowires prepared fresh (bottom panel) and before 90 days (top panel).
Inset: the corresponding FM images. The SEM images of the organic core/shell
heterostructure nanowires prepared (d) fresh and before (e) 90 days. Inset: the
corresponding typical nanowires. The scale bars are 10 pm. (f) The PL spectrum for the
organic core/shell heterostructure nanowires prepared fresh and before 90 days. Inset:

the corresponding FM images.
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a . - F4DIB:BrFTA57:2 / F4DIB:BrFT/A=5:6

Supplementary Figure 9. FM images of G-R-G TNWs excited with the UV band (330-
380 nm) based on different ratio between the F4DIB and BrFTA: (a) 7:2, (b) 5:6, (c)
13:50 and (d) 1:14, scale bars: 20 pum.

Supplementary Figure 10. The molecular packing structures of DPEpe-F4DIB
cocrystal of (a) the (100) plane, (b) the (010) plane and (c) the (001) plane.
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Supplementary Figure 11. The molecular packing structures of DPEpe-BrFTA
cocrystal of (a) the (100) plane, (b) the (010) plane and (c) the (001) plane.
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Supplementary Figure 12. FM images of 1D heterostructure nanowires based on the
halogen bond and the hydrogen bond through the solution-evaporation method with
stock solution at different temperatures: (a) 25 °C, (b) 30 °C, (¢) 35 °C, (d-e) 40 °C, (f)
45 °C, (g-h) 50 °C, and (i) 55 °C.
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Supplementary Figure 13. The TEM image of one typical C/S-C-C/S TNW, scale bar:
1 um. The SAED patterns at the upper-right (below-left) inset are corresponding to shell

with green marked area (core red marked area) in TNWs.

Supplementary Figure 14. Confocal laser scanning microscopy image of an individual
core/shell nanowires, scale bar: 5 um. (a) Optical image, (b) excitation at 488.0 and
543.5 nm with observation of both green and red fluorescence, (c) excitation at 488.0
nm and observation of green fluorescence and (d) excitation at 543.5 nm and

observation of red fluorescence.
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Supplementary Figure 15. (a) Optical image and corresponding FM images under
excitation by (b) the UV band (330~380 nm) and (c¢) green-light (4 = 500~550 nm) of
an individual C/S-C-C/S TNW with the ratio between F4DIB and BrFTA of 1:3, scale

bar: 20 pm.
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Supplementary Figure 16. (a) FM images obtained from an individual 1D DPEpe-
BrFTA cocrystal by exciting with a laser beam (4 = 375 nm) at different positions with
the scale bar of 20 pm. (b) The corresponding spatially resolved PL spectra in (a) with
different separation distances. (¢) The ratios of the intensity Zip/Ivody against the distance
D corresponding to (a). Curves were fitted by an exponential decay function Zip/Ibody =
Aexp(-RD). (d) FM images obtained from an individual 1D DPEpe-BrFTA cocrystal by
exciting with a laser beam (4 = 375 nm) at different positions with the scale bar of 20
pum. (e) The corresponding spatially resolved PL spectra in (c) with different separation

distances. (f) The ratios of the intensity /tip/Ibody against the distance D corresponding to

(©).
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Supplementary Figure 17. Schematic illustration of the active and passive waveguides.
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Supplementary Figure 18. (a) FM images obtained from an individual 1D G-R-G

(c) green emission of the emitting tip in (a) with different separation distances. (d) FM
images obtained from an individual 1DC/S-C-C/S TNWs by exciting with a laser beam
(4 =375 nm) at different positions with the scale bar of 20 um. (e) The corresponding
spatially resolved PL spectra in (d) with different separation distances. (f) The ratios of

the intensity /iip/loody against the distance D corresponding to (a).
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Supplementary Figure 19. Schematic demonstration of the experimental setup for the
optical characterization. PL microscopy images were taken with an inverted microscope
(Olympus, BX43). To measure the PL spectra of the organic heterostructure nanowires,
the samples were excited locally with a 375 nm laser with a focused beam with a
diameter of ~2 pm through an objective (Nikon CFLU Plan, 50%, N.A. = 0.8). The
power at the input was altered by the neutral density filters. The polarization of the light
at the output was altered by the analyzer. The emission from the tip of the organic
heterostructure nanowires was dispersed with a grating (150 G/mm) and recorded with

a thermal-electrically cooled CCD (Princeton Instruments, PIX-256E).
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Supplementary Tables
Supplementary Table 1. The ratio between halogen bond acceptor (F4DIB) and
hydrogen bond acceptor (BrFTA).

Mole (mmol) NBrFTA/2NDPEpe
DPEpe F4DIB BrFTA (%)
1 1 0 0
1 0.875 0.25 12.5
1 0.75 0.5 25
1 0.625 0.75 37.5
1 0.5 1 50
1 0.325 1.25 62.5
1 0.25 1.5 75
1 0.125 1.75 87.5
1 0 2 100

Supplementary Table 2. Crystal data and structure refinement for DPEpe-F4DIB

(CCDC No. 1838524) and DPEpe-BrFTA (CCDC No. 1892166).

Name

DPEpe-F4DIB

DPEpe-BrFTA

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space Group
Cell Lengths (A)

Cell Angle (°)

Cell Volume (A%)
Z2:47-0
R-Factor (%)

C2sH20F412N202
746.26
1732) K
0.71073 A
Triclinic
P-1
a =4.0465(2),
b=12.3742(6)
c=14.4568(8)
a = 82.585(2),
S =82.769(2),
y = 83.758(2)
719.22
21720
1.62

C36H21Br2FsN20s

889.37
173(2) K
0.71073 A
Monoclinic
P21/n
a=3.8835(12)
b=17.2064(9)
c=24.2582(14)
o = 90,

L =92962(2),
y =90
1618.79(15)
2
1.05
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Supplementary Table 3. Interplanar crystal spacing of Various Crystal Facets {hkl}s
in both DPEpe-F4DIB and DPEpe-BrFTA cocrystals, respectively.

{hkl}s dnitys (A)
DPEpe-FsDIB  DPEpe-BrFTA

{100}s 4.06 3.88
{001}s 14.20 24.26
{012}s 6.53 9.90
{101}s 4.04 3.80
{110}s 3.96 3.78
{I111}s 3.99 3.71
{011}s 9.94 14.02
{10-1} 4.04 3.86

Supplementary Table 4. Surface Free (Ejy )and Attachment (E‘;.) Energies of

Various Crystal Facets {Akl}s Calculated by Using the Material Studio Package.

{hkl}s diniay (A) Eatach (kcal mol™)  Esurface (kcal mol™)

(002)s 12.1 345 8.1

(011)s 14.0 -28.0 26.2
(101)s 3.7 1221 85.8
(11-2)s 3.7 -125.1 82.4
(11-3)s 3.5 -128.1 86.7
(113)s 3.4 -129.1 105.9
(12-1)s 3.5 -127.1 97.2
(121)s 3.5 -127.0 104.3
(123)s 3.2 -130.4 115.4
(12-3)s 3.3 -131.3 104.4
(40-2)s 0.97 -148.8 161.9
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