Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C
This journal is © The Royal Society of Chemistry 2013

Supporting Information

Photoswitchable and Thermally Stable Axially Chiral
Dithienylperfluorocyclopentene Dopant with High Helical
Twisting Power

Yannian Li," Mengfei Wang," Augustine Urbas,® and Quan Li*"'

TLiquid Crystal Institute, Kent State University, Kent, Ohio 44242, United States, and
SMaterials and Manufacturing Directorate, Air Force Research Laboratory WPAFB, Ohio
45433, United States
*E-mail: glil@kent.edu

Contents:

1. Thermal stability, photoisomerization and CD spectra of (R,R)-1 in organic
SOIVENT. ...ttt b bbbt 2
2. Measurement of pitch and helical twisting pOWer..........c.cooiiiiiiiiiiin i 3
3. Reflection spectra, thermal stability and fatigue resistance of (R,R)-1 in liquid
(01751 TP PPRPR PRSP 5

4. CopIeS OF NIMR SPBCIIA. .. ettt e e et e e e e e e e e e e aene 7

S1



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C
This journal is © The Royal Society of Chemistry 2013

1. Thermal stability, photoisomerization and CD spectra of (R,R)-1 in organic

solvent
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Figure S1. Thermal stability of closed-ring isomers (R,R)-1 in hexane monitored by the
absorbance at 612 nm in dark from the irradiated state.
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Figure S2. Thermal stability of closed-ring isomer of (R,R)-1 in hexane monitored by the
absorbance (A) at 612 nm in dark starting from the PSS319nm (Ag). Plot of In (A/A) versus time
shows the first order kinetics of the thermal relaxation. The half-life was calculated by ty, =

In2/0.006.

W Vis
02 f

01 ¢

Absorbance

Cycles

Fig S3. Cyclical absorbance of compound (R,R)-1 in hexane at 612 nm as the solution is
repeatedly irradiated with UV light (310 nm) and visible light (630 nm).
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Figure S4. Photoisomerization of (R,R)-1.

The open form of diarylethene molecules may exist as anti-parallel and parallel
conformation isomers, and they can exchange even at room temperature. The
photocyclization reaction can only occur in anti-parallel isomers upon UV light
irradiation. The photocyclization will generate two new chiral centers with the
configuration of (S,S) or (R,R), and thus form two diastereomers in closed form of
(R,R)-1. However, no Cotton effect was observed in the visible region around 612 nm
corresponding to the absorption band of the closed form, indicating no
diastereoselective photoisomerization occurred. The chiroptical properties of (R,R)-1
are still mainly attributed to the binaphthyl units.
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Figure S5. CD spectra changes of (R,R)-1 (10 uM in hexane) upon UV irradiation at 310 nm
for different time.

2. Measurement of pitch and helical twisting power
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A conventional technique for pitch measurement is Grandjean-Cano wedge method.
Such wedge cell with an opening angle & is made by applying two differently sized
spacers at each end of the cell (Figure S6). If the alignment of the substrates is planar
(the director lies parallel to the surface) and the rubbing directions of the substrates are
parallel to one another, the cholesteric LC becomes discrete. Because the value of the
pitch is fixed, and the alignment is also fixed, the cholesteric LC arranges itself as in
Figure S6. This arrangement produces disclination lines between areas that contain a
different number of layers. The difference in thickness between each domain must be
P/2 in order to satisfy the alignment boundary condition.

The disclination lines of the cholesteric liquid crystal in the wedge cell can be
seen through a polarizing optical microscope. The pitch was determined according to
the equation P = 2R tang, where R represents the distance between the Grandjean lines
and @is the wedge angle of wedge cells (EHC, KCRK-07, tand= 0.0196). The inverse
of pitch proportionally increases with increase in the concentration of a chiral dopant
and HTP value is py = 1/(PC), where Sy is the helical twisting power, i.e., the ability of
the chiral dopant to twist a nematic LC, and C is the molar concentration of the chiral

dopant.
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Figure S6. Schematic illustration of a Grandjean-Cano wedge cell for the pitch measurement of
cholesteric LC. Disclination lines are pointed out with arrows and the thickness change
between two domains is marked as P/2.
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The chiral nematic liquid crystal was prepared by weighing appropriate amount
of host liquid crystal and the dopant into a vial followed by mixing them with the
addition of a few drops of dichloromethane. After evaporation of the solvent under
reduced pressure, the mixture was loaded into the wedge cell by capillary action at
room temperature. The pitch was then determined by measuring the intervals of Cano’s
lines appearing on the surfaces of wedge-type liquid crystalline cells. Three different
concentrations were used by this method for each sample, and the HTP were
determined by plotting 1/P (um'l) against concentration of the dopant C (mol%)

according to the equation g = 1/(PC).
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Figure S7. Plots of reciprocal helical pitch (1/P) as a function of doping concentrations of
(R,R)-1 in different LC hosts. The slopes of the trendlines are determined as HTPs.

3. Reflection spectra, thermal stability and fatigue resistance of (R,R)-1 in liquid

crystals
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Figure S8. The reflection spectra changes of 1.80 mol% of (R,R)-1 in 5CB from PSS;1gnm Upon
visible light irradiation at 630 nm.
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Figure S9. Thermal stability of 1.80 mol% of (R,R)-1 in 5CB monitored by the reflection
wavelength at the PSSz0nm.
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Figure S10. Cyclical reflection wavelength of 1.80 mol% of (R,R)-1 in 5CB as the cell was
repeatedly irradiated with UV light (310 nm) and visible light (630 nm).
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4. Copies of NMR spectra:

STANDARD 1H OBSERVE

expl stdih
SAMPLE
date Mar 30 2011
solvent cpci3
file sexport/home/~
Yannian/vomrsys /sda~
ta/lyn110330h.fid
ACQUISITION
sfrg 199.950
tn H1
at 1,893
np 13152
W 3300.0
fb 1500
bs 4
pw 13.0
di i.000
tof 400.0
nt 16
ct 16
alock n
gain not used
FLAGS
i1 n
in n
dp y
DISPLAY
sp -120.7
wp 2133.3
vs 112
sC 0
we 240
hzmm 8.889
is 500.00
rfil 1701.7
rfp 1451.6
th 12
ins 4.000

DEC. & VT
dfrg 189.848
dn H1
dof o
dm nnn
dmm c
dmf 200
PROCESSING
wtfile
proc ft
fn 32768

werr
wexp
wbs
wnt

&
99

O

ppm
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13C OBSERVE
expl stdi3c

SAMPLE DEC. & VT -
date Mar 30 2011 dfrg 199.9439 e o m
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ta/1yn110330c.fid dmm w Lol
ACQUISITION dmf 9300
sfrg 50.282 PROCESSING
tn Ci3 1b 1.00
at 1.498 wtfile
np 37440 proc Ft
W 12500.0 fn not used
fb 7500 |
bs 16 werr
W 8.7 wexp
d1 0 wbs
tof 0 wnt :
nt 10000
ct 10000 [0}
alock n V
gain not used (2]
FLAGS
i1 n
in n
dp ¥
DISPLAY
sp ~723.6
wp 10890.1
vs 128
sC 0
we 240
hzmm 45.38
is 500.00
rfil 5z202.3
rfp 3871.3
th 9
ins 100.000 wTET
nm no ph 03!“0.%2
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e NN
o ™S
LA YE _
L = ,
- N I
n o
-~
o= 14 |
22
@
~
g il .
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- a!w |
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13C OBSERVE

DEC. & VT
dfrg 1989.8948
dn H1
dof 0
dm yyy
dmm W
dmf 9800
PROCESSING
b 1.00
wtfile
proc ft
fn not used
werr
wexp
wbs
wnt
oo
o
Tmn
e
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expl stdi3c
SAMPLE
date Jun 15 2011
solvent coci3
file exp
ACQUISITION
sfrg 50.282
tn c13
at 1.498
np 37440
sW 12500.0
fb 7500
bs 16
pw 8.7
di a
tof 0
nt 10000
ct 8568
alock n
gain not used
FLAGS
il n
in n
dp y
DISPLAY
sp -B838.4
wp 11349.8
Vs a3
sC 0
we 240
hzmm 47.29
is 500.00
rf1 5202.3
rfp 3871.3
th 3
ins 100.000
nm no ph
sotalitndark
T B
200 180

—77.637

b

7
\_76.370

.000
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expl stdlh
SAMPLE DEC. & VT
date Dec 13 2011 dfrg 199.9489
solvent CDC13 dn H1
file sexport/home/~ dof o
Yannian/vnmrsys/da~ dm nnn
ta/lyn111218h.fid dmm c
ACQUISITION dmf 200
sfrg 189.950 PROCESSING
tn H1 wtfile
at 1.993 proc ft
np 13152 fn 32768
SW 3300.0
fh 1500 werr
bs 4 wexp
W 13.0 whs
di 1.000 wnt
tof 400.0
nt 16
ct 16
alock n
gain not used
FLAGS
i1 n
in n
dp Y
DISPLAY
sp -150.3
wp 1964.3
Vs 33
sC 0
we 240
hzmm 8.18
is 676.36
rfl 1701.7
rfp 1451.8
th 7 -
ins 1.000 o
nm cdc ph .
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|
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ey
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13C OBSERVE
expl stdi3c
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ACQUISITION dmf 9900
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at 1.498 wtfile {
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bs 16 werr
8.7 wex
“ﬂ 0 (vnn
tof 0 wnt
nt 10000
ct 10000 [
alock n [
gain not used
FLAGS Br
“d n
n n
dp ¥ | \ /
DISPLAY
sp -805.3 Cl S
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we 240
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is 500.00
rfl 5201.9
rfp 3871.3
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Sample: 111215

SOLVENT: CDCI3
Experiment = zg

Pulse length = 10.000 usec
Recycle delay = 10.000 sec
NA = 16

PTS1d = 16384

F1 = 400.132416 MHz

F2 = 1.000000 MHz
SW1= 599520 Hz

AT1= 2.73sec

Hz per Pt 1stD = 0.37 Hz
Sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2390.0383 Hz

02 = 2471.0000 Hz
LB1=0.00 Hz
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TP A=-16.76
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Sample: 111225
SOLVENT: CDCI3
Experiment = zg
Pulse length = 10.000 usec
Recycle delay = 10.000 sec
NA = 16
PTS1d = 16384
F1 = 400.132416 MHz
F2 = 1.000000 MHz
SW1= 5995.20 Hz
AT1= 2.73 sec
Hz per Pt 1stD = 0.37 Hz
Sw2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 2390.3152 Hz
10/35 02 = 2471.0000 Hz
LB1 = 0.00 Hz
TP A= 9448

B= 4843
6[15 609 C= 0.00
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112.672
112.685
112.697
134.787
134.802

-134.759
134.776
-134.815

Sample: 120829-2
SOLVENT: THF-d8
Experiment = zg
Pulse length = 11.000 usec
Recycle delay = 5.000 sec
NA = 60
PTS1d = 65536
F1 = 376.464478 MHz
F2 = 1.000000 MHz
SW1 = 75187.97 Hz
AT1= 0.87 sec
Hz per Pt 1stD = 1.15Hz
Swz2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = -33885.1875 Hz
02 = -37649.6211 Hz
LB1= 000 Hz
TP A= 49.10

B= 201.94
Ouo‘oo
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