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In this work, tetraphenylethene macrocycles aetectively synthesized in one step f
McMurry coupling reaction of 1,1-bis(4-phenylcarlyr2,2-diphenylethee in 45% overa
yield. A more planar cyclized compound can be oietdiby oxidization ofdtraphenylether
macrocycles with iron (lll) chloride in nitromethanTheir unusual optical properties ¢
electrical properties are explored. The measurekilities are 0.7022 and 0.0055 tivi~* s,
respectively. The decomposition temperatures a@rakasured by thermal gravimetric analysis
as respectively 342 °C and 455 °C, indicating giedmal stabilities. fie understanding of t
structure and properties will benefit to the cheahi&ynthesis of graphene.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Since the breakthrough in graphene discoyehe applications for
desirable properties of graphene have never failddse attractions
to scientists. Based on high performarnc@sgraphene and its
derivatives are promising materials for electrordaad optical
devices, such as organic field-effect transistBEsTs)!® transparent
electrodes,and solar celld etc.

Preparation of graphene is generally divided imip-down and
bottom-up methods. Top-down method, which is quiokl simple,
is limited in some extents. Mechanical exfoliatiminhighly oriented
pyrolytic graphite (HOPG) can provide a small antoofi pure
graphené, while it cannot meet the requirement for largelesca
production. Chemical exfoliation of expanded graphiixide can
produce graphene sheets in larger quaftibyt it is inevitable to
introduce heteroatoms such as oxygen, which améettal to the
performances of graphene. The other method, botifprsynthesis of
graphene is efficient, such as epitaxial growthSi8@ or chemical
vapor deposition (CVD)!?* Since the requirement of well-defined
structures and supermolecular assembles of graphesterials

diameter of 3 nm! Fasel's group synthesized graphene nanoribbon
(GNRs) by surface-assisted coupling to yield GNRsdifferent
topologies with atomic accuracy by controlling tmenomers$? To
our knowledge, the research on graphene macrocyslasrely
reported. The synthesis of cyclacenes is inspiionghe research of
carbon nanotube&d?* Explorations in synthesizing graphene
macrocycles could also provide more information gnaphene.
Herein, we introduce McMurry coupling of carbonybntaining
tetraphenylethene (TPE) monomers to produce a T&REeb
macrocycle (TM, shown in Scheme 1) selectively sietd of 45%.
Then, the TM molecule was dehydrogenized by FEELNO, to
give a more planar TMC molecule. MALDI-TOF was ustxd
monitor the reaction procedure and detect the fpraduct®® As
TPE is a typical aggregation-induced emission (AlEhinogens?®
TM should also possess significant AIE propertiesour further
experiments, TM performed different optical propestin its
solution. The photoluminescence peak of TM shithbahromically
with an increasing of concentration. Optical andctical tests of
TM and TMC and density functional theory (DFT) cadétions were
carried out to help examine their properties. Higermal stabilities

iohD,16 .
began to risé>*® syntheses of graphene structures by small organiGs v and TMC were also characterized by TGA. Itvisrthy

molecules become noticeable for its atomic accurlijflen K. and
colleagues developed an efficient method to syithegolycyclic
aromatic hydrocarbons by Diels — Alder additions akyne
trimerizations and further cyclodehydrogenatiofi® . The largest

* Corresponding author. Tel.: +86 21-65640293.

E-mail address: weizhiwang@ustc.edu (W.Z. Wang)

graphene molecule acquired previously possesses&#bons and a

investigating the structures and properties ofytleéded conjugated
macrocycles to provide knowledge to chemical sysgbe of
graphene.

2. Results and discussion

2.1 Syntheses of monomers, TM and TMC



Scheme 1. The synthesis of TM and TMC.

The synthesis of two monomers by Friedel — Crafistien is based
on our former researdi.It can be inferred that the Friedel — Crafts
benzoylation of tetraphenylethene possess distinaffigurational
isomers. After separation, two isomers, which aeerininated by
the positions of benzoyl groups, were obtained. WR spectra
and single crystal diffractions have determined stractures of the
two isomers: 1,1-bis(4-phenylcarbonyl)-2,2-diphetlyene

Tetrahedron

planar molecule (§H4,, Table S3) cannot be obtained by FeCl
because of its low oxidizing ability and the twibtstructure of
TMC. When AICEL was used instead of FeClthe more planar
molecule (GgHsg) can be seen in the MALDI-TOF spectra (not
given). However, as the oxidization proceeds, tivess a series of
peaks with intervals of 16 (exactly the molar ma$san oxygen
atom) in MALDI-TOF spectra, indicating that the gdumts were
readily to react with oxygen to yield impurity. Tkelditional by-
products meant the purification became more difficeven after
careful removal of oxygen. The major oxidation prodTMC was
separated from its by-products by column chromaiplgy. Results
of MALDI-TOF-MS and*H NMR suggested TMC molecule was the
product losing 12 hydrogen atoms from TM. Whilertheight exist
isomers in the final product, the confirmation bk tstructure of
TMC was based on both experimental results and G#dulations.
The energy band gaps measured by optical (Fig.n8) @clic
voltammetry tests (Table S2) coincided with bangisgaf TMC

(monomer 1) and 1,2-bis(4-phenylcarbonyl)-1,2-diphenylethenemolecule by DFT calculations (Table S3) than otfkemers, which

(monomer2) (see Table. S1, ESIT).

Scheme 1 describes the McMurry self-coupling of amaers. In a
typical preparation, monomdr was added to a previous prepared
Zn/TiCl/THF solution and the reaction was kept at 66 °C2#érm.
The reaction solution was inspected by MALDI-TOR danshowed
two peaks at 510 and 1016 (as shown in Fig. 1). péek at 1016
belongs to TM. The peak at 510 is a reduction lgdpct of
monomerl. After purification, the total yield of TM was 45%sing
the same coupling process and characterizatiomfomromer2, no
TM peak at 1016 was detected. The identified peake attributed
to non-cycled products of two molecules coupling gaown in Fig.
S1). From these results, a possible reaction méxmaican be
derived. First, a monomer comes to the surface esb-zalent
titanium [Ti (0)], which has been formed by the uwetion of
TiCl/Zn. Second, two monomers are induced to crosstecand
form a pinacol dimer by the Ti (0). Finally, therloanyl-coupling
reaction gives a pinacol deoxygenation to yielddbesired alkene.
The results are closely related to the monomer cttral
characteristics and the reaction mechanism. Thactsne of
monomerl allows four oxygen atoms of the pinacolate dimer t
approach and bond on a common Ti (0) surface. Bhép is
important to the formation of the cycled structuta. contrast,
monomer2 cannot react in this way to give TM. As only ong/gen
atom from each monomer can attach to the sameysagalrface, the
final products are opened structure dimers. Theestlused in the
reaction has two effects on the yield of TM. Fiistcan affect the
conformation of Ti (0), such as the particle sigerface area, and
physical nature of the surface (edges, cornergsholhe second is
the relative solubility of the monomer and prodinca given solvent.
For a solvent to increase the yield of TM, the nmaeo should be
very soluble in it, but TM should be insoluble. $hirevents the
coupling reaction at the dimer stage. The McMumyming of the
two monomers was incipiently designed to synthesifféerent
polymerized chain consisted of TPE blocks. Howethere is a very
small peak of trimer but no peak of higher moleculgight in
MALDI-TOF mass spectra. This is in accordance wvitib former
explanation that the later coupling is prohibited both the steric
hindrance of phenyl rings and low solubility of ttiiener.

The nearly planar TMC can then be prepared by tigatan of TM
(50 mmol) by FeGl (20 mmol) in DCM (100 mL) at room
temperature in 40 min. This method has been usadqusly in the
synthesis of polycyclic aromatic hydrocarbdhdhe oxidation is a
step-by-step dehydrogenation, and TM can give egitliproduct
TMC by losing 6 pairs of hydrogen atoms. The MALDBF and
'H-NMR spectra of TM and TMC are shown in Fig. S2-Aefnore

pointed out that TMC was the most reasonable streictu
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Fig. 1 MALDI-TOF mass spectra of McMurry coupling product TM and its
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byproduct for monomer 1.

2.2. Optical properties

Even being same in composition, the optical progerdf the two
monomers are different. The two monomers possefferatit
fluorescence in their solid states and solutionendnerl is white
under natural light and emits blue fluorescencesutdV irradiation.
In comparison, monomet is yellow under natural light and emits
green fluorescence under UV irradiation (Fig. Zdde bathochromic
shifts in absorption and fluorescence spectra ild sstate and
solutions (Fig. 2b) are possibly due to their d#éfet configurations
and conformations.

TM performed unusual optical properties observecoim former
syntheses. The solid powder of TM purified from the
recrystallization procedure emitted blue fluoresegenwhile when
treated with a few solvent, the fluorescence turesdiently to
yellow-green. This phenomenon drew our attention fucther
investigation on its optical properties.
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Fig. 2 (a) The appearance of monomer 1 and 2 in natural light and UV
irradiation. (b) The absorption and photoluminescence (PL) spectra of

monomer 1 and 2 solutions. The absorption peaks of monomer 1 are 250 nm
342 nm and of monomer 2 are 252 nm, 342 nm, respectively. The PL peak of
monomer 2 is 15 nm red-shifted (at 476 nm) to monomer 1 (at 451 nm).

TM is a white powder under natural light. When diieded at 365
nm, it has a bright blue emission (Fig. 3a) at 446. The UV
absorption curve has a broad, shapeless peak atr36&th a small
shoulder at 275 nm. This indicates that TM adoptried
conformations in the solid state. On the other hamd is composed
of four AIE active TPE units and should also exhibe AIE effect.
The emission intensity of pure TM in DCM solution.q3uM)
increases fourfold after adding 20 wt% of petroleetimer (shown in
Fig. S5). This elevation in PL intensity was atiitied to the
aggregation-induced enhanced emission (AIEE) efiédM in the
petroleum ether. THF is a relatively good solvemt®™M, while TM
is insoluble in petroleum ether. Adding proportipoor solvent
(petroleum ether) to the THF solution of TM indud@d molecules
to aggregate. This aggregation leads to the réstig of phenyl
rings intramolecular rotations and thus decrealBesnbn-radiative
deactivation process, which finally enhance thessioh intensity?®
Furthermore, we found the TM emission dependent tba
concentration. When the concentration of TM in DChreasing
from 0.1 to 3 uM (Fig. 3c), the emission changesfd53 nm (blue)
to 530 nm (yellow green). At high concentrationdyl Torms
aggregates that are very crowded and have litde frolume. This
induces the TM molecule to adopt a less twistedaromation. These
structures tend to be more conjugated, especiatiythfe inner TM
molecules of the aggregates, and cause a redrsliife emission. In
diluted solutions, on the other hand, TM has a dadep emission
due to the larger free volumes and a more twistedctsire.
However, in the solid state where the structureukhbe the most
rigorously confined, the emission comes at 446 Tihis is smaller
than in both the diluted solution and as an agdgesga

To determine the cause of this unusual result,ixge dxamined the
emissive properties of TMC. The emission of TMC soalependent
on the concentration. Fig. 3d shows the emissiomM€ in DCM
with increasing concentration (inset, from leftright). The emission
peak moves from 510 nm to 539 nm as the concemtraticreases
from 0.2 to 10 uM. Furthermore, the intensity adtsareases with the
increasing concentration. The TMC molecule, withléss twisted
structure, should readily form aggregatesnby interaction. As the
concentration increases, the molecules are moetylilo aggregate,
which lowers the energy band-gap and leads to #ueshift of
emission peak. This interaction becomes even s#roig a solid
film. Compared with the solution sample, the emissaf a solid
TMC film consequently peaks at 600 nm (Fig. 3b).sTikia large red
shift of 61 nm.
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Fig. 3 The optical properties of TM and TMC at room temperature. (a) A solid
film of TM, (b) A solid film of TMC, (c) TM in DCM, from 0.1 to 3 uM, (d) TMC
in DCM, from 0.2 to 10 uM. For samples c and d, the concentration increases
from left to right, irradiated at 365 nm.
These results show how the morphology and struatfimolecule
have a dramatic effect on its emission properBése, green, yellow
and red emissions can be obtained. To understandethtionship
between structure and emission, we used molecalanlations. TM
acts like a big cyclohexane molecule and adopfereifit conformers
such as “boat”, “chair” or planar depending on ¢éiwironment. In a
solid film, the TM molecule adopts the most twistgducture and
the shortest conjugated unit. The calculated oetlipolume of each
molecule is 969.57 & and surface area is 978.33. Ahe compact
structure easily forms crystals as proved by the XiRifa of TM
(Fig. 4). Once dissolved, TM adopts a more exterstaetture. The
calculated solvent volume and area increase to .28982 and
1279.42 &, respectively. TMC is the oxidized product of TMdan
has the less twisted conformation, which gives itloager
conjugation and improves the formation of aggregatealso has
smaller calculated occupied volume (893.13), &and surface area
(842.86 R). The decrease in area and volume continues éomibre
planar molecule (gH.o, Table S3) although we were not successful
in obtaining experimental data for this moleculéisTsuggests that
this molecule would have the largest red shiftie émission.
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Fig. 4 (a) XRD results of crystal, amorphous TM and TMC powder. Crystal (b)

and amorphous (c) TM powder under 365 nm irradiation. The amorphous
TM powder was obtained after physical grinding by pestle and mortar.

Fig. 4 shows the powder X-ray diffraction experitsenf TM and
TMC. The highest peak for TM comes & 2 12°, which gives a
distance of 0.34 nm. The less twisted molecule, TNi@s the

highest peak at®2= 22° and a distance of 0.19 nm These XRD dat;

confirm the computed results for TM and TMC. Theraggtes from
the most concentrated sample in Fig. 4b were atsestigated,
which were prepared by filtering the solution pmeghas in the UV
experiment. The XRD curve showed the sample hasharpnous
phase structure with one broad peak at 16°.

With the large free volume in crystal state, TM ewlle is expected
to be compressible, and TM should possess the glieamical
behavior. According to Tang'’s restriction of intralecular rotations
(RIR) mechanisAT of AIE molecules, void volumes exist between
the TM molecules in its crystal state to admit tiiety to adopt a
state in which the phenyl rings are quite staggerieded, which
reduces the intramolecular interaction. The retsbric of phenyl
rotations by the molecular interaction limits bdtte planarization
and ther-conjugation. Emission of the crystal state is bN¢hile
exerting external force to the crystal powder (jitalisgrinding), the
pressurization reacts against the intramoleculaeraation, thus
decreases the void volumes and densifies the matepacking,
causing the angles between phenyl rings planesedser The
molecules become more planar. Therefore it inceedise electron
delocalizations and lowers the energy band gap Mf riolecule,
leading to a bathochromical shift in fluorescenagmission to a
green-yellow light (shown in Fig. 4c). A similamtrsformation has
been observed in another of our former experiménhen
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Fig. 5 Molecular orbital amplitude plots of the HOMO and LUMO energy
levels of TM and TMC.

Table 1. Electrochemical Properties of the Macrocycles dind TMC

HOMO (V)
Exptl  Calc

6.51
-5.35

LUMO (V)
Exptl  Calc

1.94 2.460
-3.55 3197

Eg(eV)
Exptl  Calc

422 1.987
1.80 1.275

Eonsetox Eonsetred
V)
1.55
0.60 -1.20

Macrocycle

™
TMC

1447
—4.472

# Determined from the cyclic voltammetry in acetdhgt for the oxidation
potentials, and in THF for the reduction potenti@dsl M n-Bu;N*PFR as the
supporting electrolyte) using Ag/Ad0.01 M) as a reference electrode at a scan
rate of 100 mV/s.

® The HOMO and LUMO levels were determined using fhilowing equations:
HOMO/LUMO = - e Eonset- 0.0468 V) - 4.8 eV, where 0.0468 V corresporals t
FOC vs Ag/Ag.

To obtain a direct structure/property relationsfup TM and TMC,
we used the space-charge limited-current (SCLC) ndeslugigested
by Wu’s group® to determine the charge carrier mobility. The devi
is a sandwich structure composed of ITO/PEDOT:PR®&/(or
TMC)/Au. The ITO acted as one electrode and therotfes gold,
cast by thermal evaporation to 200 nm. The TM orCTfIm was
made by drop casting from a DCM solution to a thedsof 2 pum.
The charge carrier mobility is based on the follogviormula:

u=8Jd / %, V2
Where J is the measured current dengityie charge mobilityg, the
permittivity of free space, the dielectric constant of the material (a
value ofe, = 3 is assumed here), V the applied voltage, arled
thickness of the device. The measured mobilitiesTidC and TM
were 0.7022 and 0.0055 cmV ~ ! s = ! (shown in Fig. 6),
respectively. The augmentation of mobility from T TMC

amorphous TM treated with DCM steam, the fluoreseenc (increased by ~ fﬁ) is suggested by the significantly stronget

hypochromatically shifts from yellow-green to bldée amorphous
solid can be infiltrated with solvent molecules,lagging the

intermolecular space and activate the rotation béngl rings,

ultimately reducing the molecular conjugation lénghd increasing
the band gap. Thus the emission of steam treataglea turns back
to a short wavelength of blue.

2.3. Electrical properties

The fluorescent mechanism discussed above is afgmosted by the
electrochemical tests and DFT calculations. CV measents and
DFT calculations on TM and TMC are summarized ibl&aland
Fig.5. The HOMO of TM and TMC come at —6.51 and 55%/,
respectively, and the LUMO energy levels that canel.94 and —
3.55 eV with respect to ferrocene can be deduateah the onset
potential of the oxidation and reduction, respedyivThe band gaps
of TM and TMC are 4.22 eV and 1.80 eV, respectivdly.
comparison, the DFT calculations gave 1.987 eV arg¥5 eV.
Although, there is poor agreement between expetimand
calculation, the trend is conserved. This implieattfor TM and
TMC, the band gap is narrowed by enlarging the a®imation in
the less twisted molecule.

interaction in the less twisted molecule TMC tha .

3
ITO/PEDOT:PSS/TM (TMC)/Au =
d=2um
2
“E Mobility for TM = 0.7022 cm’V" §™
E TMC = 0.0055 cm™V"' 8"
< 1
g
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Fig. 6 Plot of the current density (J) versus applied voltage (V) measured

across a 2.0 Um thick sample of TM and TMC at room temperature.



2.4. Thermal stabilities

The thermal stability of TM and TMC were evaluatgdTisA under
nitrogen at a heating rate of 10 °C mih The compounds are
thermally stable, losing 5% of their weight at 342and 455 °C for
TM and TMC, respectively (Fig. S6, ESItT). Both TM amtiC
consist of only carbon and hydrogen atoms, and niclcarbon
proportions. The strong carbon-carbon bonds andocanydrogen
bonds are relatively inert chemically, contributing their high
thermal stabilities. In addition, TMC molecule hasmare planar
structure, and it is observable that the periphphanyl rings form
new carbon-carbon bonds by cyclodehydrogenation amnd
restricted and stabilized from free rotations, ltasy in a relatively
higher decomposition temperature of more than 10Qfan TM.
The good thermal stabilities of TM and TMC are adageous for
their applications in optoelectronic devices. Thsults also suggest
a viable way to increase thermal stability by cgelbydrogenation.

3. Conclusion

We have synthesized a tetraphenylethene macro€yelgfrom 1,1-
bis(4-phenylcarbonyl)-2,2-diphenylethene by the Mich coupling
reaction in 45% vyield. After chemical oxidation, less twisted
compound TMC was also obtained. These two derivaitlearly
show the relationships between the conformatiomstha emission
properties. TM has a twisted form and a short agetied length. Its
solid film luminescence is blue shifted comparedhwts solution
emission. On the other hand, TMC has a less twistedormation
and hence is more conjugated, which induces theeggtion and a
red shift in the emission. The different conforroad also cause
variations in the electrical properties. The CV clcagrization,
charge mobility test and computer calculation prthe less twisted
space-structured TMC has higher charge mobility tiidh The
characterization results indicate that the macresyare qualified
for potential materials in applications as fieldeef transistors, light-
emitting diodes etc. Similar approaches in molecut@dification
could also be efficient in adjusting molecular optiand electrical
properties.

4, Experimental sections

and Acros Chemical Co. unless otherwise stated aed without
further purification. All of the solvents were usatfter purification
according to conventional methods when required.

M easurements and characterizations. 'H and *C NMR spectra
were recorded with Varian Mercury Plus 400 specttenms, and
chemical shifts were reported in ppm units withiaetethylsilane as
an internal standard. The UV-visible absorption ctge were
obtained in chloroform on a Shimadzu UV-3150 spgtintometer.
The photoluminescence spectra were recorded onima8hu RF-
5301 PC fluorometer at room temperature. The samplese
analyzed by Voyager DE-STR matrix assisted laseorgéisn-time-
of-flight mass spectrometry (MALDI-TOF). Cyclic wammetry
(CV) measurements of the oligomer films coated gfaasy carbon
electrode (0.08 cfh were performed in an electrolyte of 0.1 M
tetrabutylammonium hexafluorophosphate (TBAPIR acetonitrile
using ferrocene (4.8 eV under vacuum) as the iatestandard at a

5
correction based on redundant reflections. Thecstras were
solved by using the direct-methods procedure in Breker
SHELXL program library and refined by full-matriedst-squares
methods on F2. All non-hydrogen atoms were refingsing
anisotropic thermal parameters, and hydrogen atwene added as
fixed contributors at calculated positions, withotiepic thermal
parameters based on the carbon atom to which tiedycmded.
Synthesis and characterization of 1,1-bis(4-phenylcarbonyl)-2,2-
diphenylethene (1) and 1,2-bis(4-phenylcar bonyl)-1,2-
diphenylethene (2). A stirred slurry of 2.66 g (0.02 mol) of
aluminum chloride and 3.32 g of TPE (0.01 mol) BirhL of CS
was added dropwise with a solution of 1.41 g (Or@adl) of
benzoylchloride in 5 mL of GSin room temperature. After that,
water was cautiously added to the mixture on anhath. The
reaction mixture was extracted by dichloromethahilee organic
layer was washed with sodium hydroxide, dried withgnesium
sulfate. The solvent was removed by rotary evamrap yield a
yellow green solid (3.1 g, 57%).

Two types of diketone df and2 in the crude product were separated
by a silica column, giving a white solid 4f and a yellow green
crystal of2 (petroleum ether : dichloromethane = 7 : 3; thedRues
are 0.60 forl and 0.67 foR).

(1). '"H NMR (CDClk, 400 MHz):5 7.72 - 7.77 (m, 4H), 7.52 - 7.62
(m, 6H), 7.42 - 7.48 (m, 4H), 7.08 - 7.18 (m, 10AP2 - 7.08 (M,
4H). B°C NMR (CDCE, 100 MHz): 8 127.5, 128.1, 128.4, 130.1,
131.5, 132.5, 135.7, 137.8, 139.1, 142.9, 144.7,94196.5. m.p.
209 — 21C°C. Anal. Calcd for GgH,50, (540.65): C, 88.86; H, 5.22.
Found: C, 88.80; H, 5.41. HRMS (MALDI-TOF): m/z 539®8!",
100%) , 562.8 ([M +Nd] 55%). Crystal data fat: crystals were
grown from CHCI,; the structure was solved on a Bruker SMART
CCD diffractometer using Mo Kradiation. GoH»g0, (Mr = 540.62);
monoclinic, space group2/c, Dc=1.233 g cii, a =16.698(3) Ab =
10.5516(19) Ac = 16.706 (3) Ap= 90°,8= 98.437(2)°y= 90°,V =
2911.6(9) R, Z=4,1=0.710 73 Ay = 0.075 mrt, T = 296(2) K,

R =0.0264 for 11 361 observed reflectiohs [251] andR,, = 0.0939
for all 3138 unique reflections.

(2). '"H NMR (CDClk, 400 MHz):5 7.73 - 7.75 (m, 4H), 7.48 - 7.58
(m, 6H), 7.42 - 7.48 (m, 4H), 7.09 - 7.17 (m, 10AP2 - 7.08 (M,
4H). *C NMR (CDCE, 100 MHz):§ 127.3, 128.1.5, 128.2, 129.7,
129.9, 131.2, 131.3, 132.3, 135.6, 137.8, 141.8,614147.8, 196.2.
r?n.p. 207-208°C. Anal. Calcd for GgH,0, (540.65): C, 88.86; H,
5.22. Found: C, 87.71; H, 5.30. HRMS (MALDI-TOF): 21%39.8
(M*, 100%), 562.8 ([M +Nd] 47%). Crystal data foR: crystals
were grown from CECl,; the structure was solved on a Bruker
SMART CCD diffractometer using Mo Kradiation. GoH»g0, (Mr =
540.62); monoclinic, space group2/c, Dc=1.219 g ci, a =
17.821(7) A,b = 12.088(5) A,c = 28.577(12) A ,a= 90°, =
106.795(7)°y= 90°,V = 5894(4) K, 2=8,1=0.71073 Ax = 0.074
mm?, T = 296(2) K,R = 0.0461 for 15904 observed reflectiohs>|
201] andR,, = 0.0684 for all 3013 unique reflections.

Synthesis of TM (3). A slurry of zinc (3.0 g) and tetrahydrofuran (30
mL) was stirred under a nitrogen atmosphere oncarbath, and 5
mL of titanium tetrachloride was slowly dropped When finished,
the ice bath was withdrawn. The mixture was hebtedil bath and
refluxed for 30 min. Then, a solution df (0.30g, 5.5 mmol) in

scan rate of 100 mV'sat room temperature under the protection oftetrahydrofuran (30 mL) was added to the mixturbe Feaction

argon. A Pt wire was used as the counter electradd an
Ag/AgNO; electrode was used as the reference electrodey X-r
crystallographic data were collected on a P4 Brudifractometer
equipped with a Bruker SMART 1K CCD area detector (eyiph
the program SMART) and a rotating anode utilizincapdite-
monochromated Mo KR radiation } 0.710 73 A). Data processing
was carried out by use of the program SAINT, wiile program
SADABS was utilized for the scaling of diffractionatd, the
application of a decay correction and an empiriahkorption

mixture was refluxed overnight. When cooled, thact®n was
stopped by adding 10% potassium carbonate agu@besorganic
layer was extracted by dichloromethane and was ddri®/
magnesium sulfate for 30 min. Dried organic layaswoncentrated
by rotary evaporation and was poured to a mixturgoairoleum
ether and ethyl acetate (9:1) to precipitate alsipgoduct of3. A
white solid (0.13 g, 45%) was obtained by furthieration. *H NMR
(CD.Cl,, 400 MHz):8 7.07 - 7.06 (m, 24H), 6.96 - 6.71 (m, 16H),
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6.70-6.68 (s, 16H). HRMS (MALDI-TOF): 1016.51. Thaluhility
of TM in common d-solvents (like d-chloroform, d2-
dichloromethane and other d-solvents) is low anthoaget the“C
NMR.
Synthesis of TM C(4). 100 mg of pure TM was dissolved in 100 mL
DCM. The solution was deoxygenized by purging. NFerric
trichloride (2 g) was solved in 20 mL GNO, and added to the
solution with a continued purge of nitrogen. Afsgirring for 30 min
at room temperature, 40 mL of methanol was addegutnch the
reaction. The precipitated product was filtered amdhed with EA,
ethanol and methanol to afford a red solid (0.85yejd 85%).'H
NMR (CD.Cl,, 400 MHz):6 7.77 -7.10 (m, 33H), 8.22 -10.24 (m,
11H). HRMS (MALDI-TOF): 1004.20. The solubility of MC in
common d-solvents (like d-chloroform, d2-dichlorahsne and
other d-solvents) is low and cannot get ff@NMR.

-
(2]
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Table S1. The NMR data and crystal structures for monofnand?2.

Monomer 1 Monomer 2
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Fig. S1 MALDI-TOF of McMurry coupling for monomeg. Isomers may exist in the
coupling products.
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Fig. S2 The'H-NMR and MALDI-TOF of TM.
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Fig. $4 The pictures of TM (colorless) and TMC (red) salag under natural light
(left) and 365 nm UV irradiation (right).
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Fig. S5 (a) PL spectra of TM in DCM and DCM/PE mixturestiwidifferent PE
fractions. (b) Change in the relative PL intengity,) with the composition of the
DCM/PE mixture. 4 = PL intensity in pure DCM solution. Concentratic0 uM ;
excitation wavelength: 360 nm.



Table S2. The CV experiments of TM and TMC.
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Fig. S6 The thermal weight loss curves of TM and TMC.




Density functional theory (DFT) computations: Theletular models (as listed in
Table S3) were built by using Materials Studio @.%Accelrys Software Inc.). The
structures were optimized at the level of theoryA=sRBN91-dspp/dnp (with a orbital
cutoff of 3.7 A) by using the DFT module DMofrefs: B. Delley,J. Chem. Phys.
1990,92, 508. B. DelleyJ. Chem. Phys. 2000,113, 7756.) in Materials Studio. The
HOMO, LUMO and other properties were obtained at@tT optimized geometries.
The geometric properties (torsion angles, bond tlkes)g HOMO and LUMO are
illustrated in Fig. S7 to S10.

Table S3. A summary of DFT calculations.

Molecule Mass HOMO| LUMO | Gap vdW surface (accessible) Solvent
(eV) (eV) (eV) surface @ 1.4

Occupied Surface | Occupied Surface
Volume (AY | area (AF | Volume (AP | area (A}

CgoHse (TM) | 1017.33 | -4.447 -2.460 | 1.987 969.57 978.32 2690.12 127942

CgoHas 1005.23 | -4.472 -3.197 | 1.27% 893.12 842.864 2385.44 1195|26

(TMC)

CsoHao 1001.20 | -4.672 -2.882 | 1.790 873.73 805.63 2305.58 118397

CoeHoo (TPE) | 332.446| -4.879 -2.21§ 2.663 326.41 368.70 06BA 592.81

CaoH260- 540.662

(monomer 1)

CaoH260- 540.662

(monomer 2)




\1.090

1.08
q'3961 393

1.397 1089

_1a89 1.406
52%% g6
{08 1.488 148

1.089

{ars |
\i 089

"'-ﬂsfnr 14851488 | | o
o—-1.405 9
. 1393 oo

1.\53\.;
~1.089 1.407 1.407
1397 089 A\ 1.397
1 mr‘--393L A8 394 Yo7
1088° =597 089

7~ I1 .090

HOMO: -4.879 eV LUMO: -2.216 eV

Fig. S7 The DFT optimized structure of TPE A#820): () and (b) torsion angles (in
degree); (c) bond lengths (in A); (d) HOMO (e) LUM(@lotted with isovalue 0.03).



HOMO: -4.447 eV LUMO: -2.460 eV

Fig. S8 The DFT optimized structure of TM §gHse): (a) torsion angles (in degree);
(b) bond lengths (in A); (c) HOMO (d) LUMO. (Plottavith isovalue 0.03).



HOMO: -4.472 eV LUMO: -3.197 eV

Fig. SO The DFT optimized structure of TMC {§44): () torsion angles (in degree);
(b) bond lengths (in A); (c) HOMO (d) LUMO. (Plottewith isovalue 0.03). The
torsion angles reduce significantly compared to BPEM, however the fused rings

twist.



HOMO: -4.672 eV LUMO: -2.882 eV

Fig. S10 The DFT optimized structure ofgf4o: (a) torsion angles (in degree); (b)
bond lengths (in A); (c) HOMO (d) LUMO. (Plotted thiisovalue 0.03).



