Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2018

Electronic supplementary information (ESI)

Ringlike Molecule: Large Second-Order Nonlinear Optical Performance, Good
Temporal Stability, Excellent Thermal Stability and Ideal Spherical Structure

Conforming The “Site Isolation” Principle

Pengyu Chen, ? Guangchao Liu, ® Huanyu Zhang, ® Meng Jin,*Mengmeng Han,? Ziyao Cheng, ® Qian
Peng,® Qiangian Li,?and Zhen Li*?

® Department of Chemistry, Wuhan University, Wuhan 430072, China

b Key Laboratory of Organic Solids, Beijing National Laboratory for Molecular Science Institute of
Chemistry, Chinese Academy of Sciences, Beijing 100190, China

Corresponding author. E-mail: lizhen@whu.edu.cn or lichemlab@163.com (Z. Li).

Table of Contents

1. Additional data and analysis

Fig. S1 Some exXplanation. ..o e S-2
Fig. S2 TGA spectra 0f R1Land ML........cccooiiiiiiiiiccece e S-2
Fig. S3DSC spectra 0f R1and M1 ........ccooiiiiiiiicece e S-2
Fig. S4 IR spectra of R1 and ML ..ot S-3
Fig. S5 Solvatochromism spectra of R1 and M1..........cccooiiiiiiiiicie e, S-3
Fig. S6 Optimized chemical structure of ML.........cccoooo i S-3
Fig. S7 UV-vis spectrum of filmsof R1and M1 ..........cc.cccooiiiiiiie e, S-3
Fig. S8 NMR spectra of Compound 7 and R1 and M1 .........cccooeviiininincniniee S-4
Fig. S9 TOF Mass spectrum of R1 and M1........cccooiiiiiiiiiiincee s S-5
Fig. S10 Poling and decay curves of pure FTC chromophore............cccocvevveiveiiiennenn, S-6

2. Experimental details
Fig. S11 Synthetic route of intermediate products...........ccocvvivvieieiiieniisee S-7

3. Reference



1. Additional data and analysis
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Fig. S1 (A) Poling and depoling diagrammatic; (B) Our previous work.

As shown in Figure S1A, under the applied electric field and high temperature, chromophore
moieties would trend to arranging in non-centrosymmetry. After the electric field was turned off,
chromophore moieties would recover the centrosymmetry arrangement due to the molecular
thermodynamic movement and heating could accelerate this process. As shown in Figure S1B, the
“isolation chromophore” concept was used in our previous work and five molecules were
designed and synthesized. Among five of them, M1’ obtained the best NLO performance, with its

ds3 value up to 384 pm/V @ 1950 nm (Tgoy = 102 °C, To= 65 °C, Te= 117 °C, Ty= 277 °C).
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Fig. S2 TGA curves of R1 and M1.
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Fig. S3 DSC curves of M1. (The T, of R1 could not be measured.)
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Fig. S4 FT-IR spectra of R1 and M1.
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Fig. S5 Solvatochromism spectra of R1, M1 and pure FTC.
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Fig. S6 Optimized chemical structures of M1.
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Fig. S7 UV-Vis spectrum of films of R1 and M1.

Order parameter @ = 1-A;/A,, where A; and Aq are the absorbance of the film after and before

corona poling, respectively. So ®(R1) was 0.43 and @(R1) was 0.34.



R K“"'“x,,\_/\./‘*u.
T ¥ -
f ;'r i
i hid
- ™~
| |
= [N
= Fan |
W A RS (S
\r""\o’\'\{h - L'E‘r(:‘\ &
P w51
3 |
|
i Wl A __,'\_}ln ‘
9.'0 3' 5 3'0 7.' 5 7:0 6.'5 ﬂID .’.\I 5 .’.\ID 4: 5 4.0 3.'5 3'0 ZI 5 2'0 1: 5 1.'0
£ ippml
1
e o a . NN
¥ B
Y i
\‘I \'4
i b
Peal Vau 4
Q.\» ;‘ é"‘;’:\"—h __/'-\:,:'. '\' i
T v el 1
I @™ oY
’ i
Il Gl JJ“ ] o | —_— | .
1w o w0 10w 1® 20 1w w0 % ®  0 & s & 2 0»
£1 (ppm)
. 1 13
Fig.S8A "H and ~°C NMR spectra of R1
N
e d [N
i i |
e ;)
{r; ‘:!‘-
5 T
e -
,\7"‘\!_? [ {F .
TS " ‘
[4 N T
y o ‘ \ ﬁ ﬂ ‘ |
__.,.J\L___i ) 'L_M-JLJL - e A LJL_IL_
9.‘(} 3'5 3'(} 7.'5 7'0 E\IS ﬁ‘G DID STG 4.5 4.0 3.'5 SIG 2'5 Z‘G 1.'5 1.'{}
£ G
oo
Ff L
{V'\.z‘\;/ I\AA-'“-.,,
Y i
" \.C[
2 .
o S -
5 %, 1
I e
- [ies -
JYw Y i
| ! |
1
| i o JJ o J ‘ IH
\
li LG L |
@ 1w ® = @ we @ x = 2w & = @ = @
1 (pm)

Fig.58B 'H and >C NMR spectra of M1
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Fig. S9A TOF spectrum of R1.
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Fig. S9B TOF spectrum of M1.
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Fig. 10 Poling and decay curves of pure FTC.

Table S1 Thermal properties and NLO performance of pure FTC.

NO. T, (°C) T4* (°C) TS (°C) Tsow’ (°C) da3® (pm/V)

FTC - 263 62.5 41 119

%Glass transition temperature. "The 5% weight loss temperature. “The best poling temperature.
“The temperature at which ds3 values decreased to its 80%. “The ds3 values (NLO performance).

The film-forming property of pure FTC chromophore was not very good. The films based on it

were inhomogeneous. Related data of them may be not very reliable.

2. Experimental details

Dichloromethane and N,N-dimethylform amide (DMF) were dried over and distilled from calcium
hydride. Anhydrous ethanol were dried over and distilled from sodium metallic. Tetrahydrofuran
(THF) was dried over and distilled from K-Na alloy under an atmosphere of dry nitrogen.
Compound A and pure FTC were synthesized according to our previous literature method.* All

other reagents were used as received.
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Fig. S11 Synthetic route of intermediate product compound 7 and the molecular structure of pure
FTC.

Compound 1. A solution of aniline (18.6 g, 200 mmol), 1,6-dibromohexane (12.1 g, 50 mmol),
potassium carbonate (6.9 g, 50 mmol) and potassium iodide (0.83 g, 5 mmol) was stirred at 80 °C
for 12 hrs. Then the solid residue was removed through filtration, and rest aniline and
1,6-dibromohexane was removed through distillation. The residue was purified by column
spectroscopy on silica gel using CH,Cl,/PE (3:1) as eluent to yiled a white solid (9.0 g, 67.0%). *H
NMR (300 MHz, CDCls, 298 K), 6 (TMS, ppm): 7.19-7.14 (m, 4H, ArH), 6.71-6.85 (m, 2H, ArH),
6.61-6.58 (m, 4H, ArH), 3.58 (m, 2H, -NH-), 3.13-3.08 (m, 4H, -CH,-), 1.63-1.61 (m, 4H, -CH,-), 1.44
(m, 4H, -CH>-).

Compound 2. A solution of Compound 1 (5.4 g, 20 mmol), 1-bromohexane (8.5 g, 50 mmol),
potassium carbonate (6.9 g, 50 mmol) and potassium iodide (0.83 g, 5 mmol) was stirred at 80 °C
for 12 hrs. Then the reaction mixture was poured into water. After separation of the organic layer,
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the aqueous phase was extracted with CH,Cl, (50 mL x 2). The combined organic solution was
dried over anhydrous sodium sulfate and condensed via rotary evaporation and reduced pressure
distillation. The residue was purified by column spectroscopy on silica gel using CH,Cl,/PE (1:5) as
eluent to give a yellow oil (7.6 g, 87%). 'H NMR (400 MHz, CDCls, 298 K), & (TMS, ppm): 7.22-7.18
(m, 4H, ArH), 6.64-6.60 (m, 6H, ArH), 3.27-3.22 (m, 8H, -CH,-), 1.58 (m, 4H), 1.37 (m, 4H, -CH,-),
1.31 (m, 12H, -CH,-), 0.91-0.88 (m, 6H, -CHs).

Compound 3. DMF (10 mL) was cooled to 0 °C and phosphorus oxychloride (1.26 mL, 13.7 mmol)
was added dropwise. The solution was kept stirred at 0 °C for 3 h and the temperature was kept
constant during the dropwise addition of a solution of Compound 2 (2.0 g, 4.58 mmol) into DMF
(10 mL). The solution was stirred for 2 h and gradually warmed to room temperature and stirred
for 12 hrs at 80 °C before being poured into a 100 mL solution of potassium carbonate (10%) for
guenching. The reaction mixture was extracted by dichloromethane (50 mLx3), washed with
brine. The organic solution was dried over anhydrous sodium sulfate and condensed via rotary
evaporation. The resultant crude product was purified by column chromatography with pure DCM
as an eluent to give the product as a yellow oil (2.26 g, 100%). 'H NMR (400 MHz, CDCl3, 298 K), 6
(TMS, ppm): 9.70 (s, 2H, -CHO), 7.71-7.69 (d, J=8 Hz, 4H, ArH), 6.64-6.62 (d, J=8 Hz, 4H, ArH),
3.37-3.31 (m, 8H, -CH,-), 1.64-1.61 (m, 4H, -CH,-), 1.40 (m, 4H, -CH;-), 1.33-1.32 (m, 12H, -CH,-),
0.92-0.89 (m, 6H, -CHs).

Compound 4. Under an atmosphere of nitrogen, a solution of potassium tert-butoxide (1.3 g,
11.45 mmol) in THF (20 mL) was added to a mixture of compound 3 (2.26 g, 4.58 mmol),
compound A (3.01 g, 4.58 mmol) in THF (20 mL) over 10 min under magnetic stirring. Stirring was
continued for 10 min after the addition, and the reaction mixture was poured into water. After
separation of the organic layer, the agueous phase was extracted with CH,Cl, (50 mL x 3). The
combined organic solution was dried over anhydrous sodium sulfate and condensed via rotary
evaporation. The residue was purified by column spectroscopy on silica gel using
CH,Cly/petroleum ether (1:10) as eluent to give the product (3.05 g, 80.8%). "H NMR (400 MHz,
CDCls, 298 K), & (TMS, ppm): 7.31-7.29 (d, J=8Hz, 4H, ArH), 6.98 (s, 2H, ArH), 6.87-6.80 (m, 6H,
ArH, -CH=), 6.60-6.58 (d, J=8 Hz, 4H, ArH), 3.30-3.25 (m, 8H, -CH,-), 1.57 (m, 4H, -CH,-), 1.38 (m,
4H, -CH;-), 1.31 (m, 12H, -CH,-), 0.90-0.88 (m, 6H, -CH3).

Compound 5. Under an atmosphere of nitrogen, a solution of compound 4 (2.75 g, 3.39 mmol),

Cul (32 mg, 0.163 mmol), Pd(PPhs),Cl, (19 mg, 0.027 mmol), PPhs (29 mg, 0.11 mmol) in EtsN (30
8



mL) was cooled to 0 °C, and ethynyltrimethylsilane (1.5 mL, 10.17 mmol) was added dropwise.
The solution was stirred for 2 hrs and gradually warmed to room temperature and stirred for 12
hrs at 80 °C. Then the solution was condensed via rotary evaporation. The resultant crude
product was purified by column chromatography with DCM/PE (1:10) as an eluent to give a
yellow powder (2.8 g, 100%). *H NMR (400 MHz, CDCls, 298 K), & (TMS, ppm): 7.31-7.29 (d, J=8Hz,
4H, ArH), 7.24 (s, 2H, ArH), 6.96 (s, 2H, ArH), 6.87-6.80 (m, 4H, -CH=), 6.60-6.58 (d, J=8 Hz, 4H,
ArH), 3.28-3.25 (m, 8H, -CH,-), 1.58 (m, 4H, -CH,-), 1.37 (m, 4H, -CH;-), 1.31 (m, 12H, -CH,-),
0.91-0.86 (m, 6H, -CH3), 0.23 (s, 18H, -CH3).

Compound 6. Under an atmosphere of nitrogen, a solution of compound 5 (2.8 g, 3.35 mmol) in
THF (30 mL) was cooled to -78 °C, and N-butyllithium (4 mL, 8.74 mol, 2.175 M in hexane) was
added dropwise. Stirring was continued for another 1 h, then anhydrous DMF (0.68 mL) was
added through syringe over 5 min. The mixture was heated to room temperature and stirred for
30 min. Then the reaction mixture was poured into water. After separation of the organic layer,
the aqueous phase was extracted with CH,Cl, (50 mL x 2). The combined organic solution was
dried over anhydrous sodium sulfate and condensed via rotary evaporation. The residue was
purified by column spectroscopy on silica gel usingCH,Cl,/petroleum ether (1:2) as eluent to give
a red solid (2.1 g, 69.3%). *H NMR (400 MHz, CD,Cl,, 298 K), & (TMS, ppm): 10.03 (s, 2H, -CHO),
7.39-7.37 (d, J=8Hz, 4H, ArH), 7.12-6.92 (m, 6H, -CH=, ArH), 6.66-6.64 (d, /=8 Hz, 4H, ArH), 3.33 (m,
8H, -CH;-), 1.62 (m, 4H, -CH,-), 1.42 (m, 4H, -CH,-), 1.35 (m, 12H, -CH,-), 0.93-0.92 (m, 6H, -CH3),
0.31 (s, 18H, -CHs).

Compound 9. Compound 9 was synthesized in a similar method to Compound 7 and the pure
product was yellow solid (1.3 g, 85.0%). This compound was not very stable.

Compound 10. Compound 10 was synthesized in a similar method to Compound 8 and no target

product was found.
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