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Experimental Section

Synthesis of 4- bromo-4’- (octyloxy) biphenyl (1) The reaction is carried out in oven-dried
glassware. In a 250 ml round bottom flask 10g 4’-bromobiphenyl-4-ol and 3.86g (moles)
K2COs were taken and dissolved in 100 ml DMF. The mixture was stirred and heated to 90
°C followed by dropwise addition of 25 ml of 1-bromooctane. The temperature of the mixture
was maintained at 90° C for 5h. Then the reaction mixture was poured into 1L distilled water
and transferred to a separating funnel and extracted with chloroform. The chloroform layer
was washed using 5% NaOH solution and distilled water, and the organic layer was dried
over anhydrous sodium sulfate. Upon evaporation white solid is obtained and is further

purified by recrystallization from acetonitrile. Yield:80%.

synthesis of 2,5-bis(4’-(octyloxy)-[1,1’-biphenyl]-4-yl)thiophene-3-carbonitrile: (PCNS8)
To a degassed mixture of 4- bromo-4’- (octyloxy) biphenyl (4.14 g, 18 mmol ), 3-
cyanothiophene(lg, 3.08 mmol), K2CO3z (6 mmol, 0.81g), Pd(OACc)2 (6 mol %, 0.178 mmol,
40 mg), PCys.HBF4 (12 mol %, 0.358 mmol, 132 mg), pivalic acid (30 mol %, 0.90 mmol, 92
mg), 8 ml of dry N,N-dimethyl acetamide was added via syringe. The reaction mixture was
then vigorously stirred at 110°C for 12 h under argon. The solution was then cooled to room
temperature and diluted with CH.Cl,. The aqueous phase was extracted with CH2Cl, (3
times). The organics layer was dried over MgSO4 and evaporated under reduced pressure and
then eluted with hexane /ethyl acetate (9: 1). The solid obtained was recrystallization from 1-
propanol. [1,2] Yield: 76%, m.p.:91.1 °C.

FT-IR (cm™):2926, 2858, 1606, 1494, 1468, 1392, 1286, 1249, 1177, 1122, 1029, 997, 819,
721, 628; 'H NMR (400 MHz, CDCI3):5 7.85 (d, J = 8.2 Hz, 2H), 7.66-7.53 (m, 10H),

7.45(s, 1H), 7.00-6.97(dd, 4H), 4.02-3.99 (m, 4H), 1.85 — 1.79 (m, 4H), 1.56 — 1.30 (m, 24H),
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0.91 — 0.88 (t, J = 6.7 Hz, 6H); *C NMR (100 MHz, CDCI3):5159.31, 159.19, 152.06,
143.67, 142.22, 141.32, 132.28, 132.16, 130.58, 129.61, 128.08, 127.96, 127.82, 127.28,
126.20, 125.37, 116.02, 114.98, 106.33, 68.19, 31.84, 29.38, 29.30, 29.25, 26.08, 22.67,
14.09.

Synthesis of 2,5-Bis(4-butoxyphenyl)thiophene-3-carbonitrile(PMB10):To a degassed
mixture of 4- bromo-4’- (decyloxy)phenyl (4.14 g, 18 mmol ), 3-cyanothiophene(lg, 3.08
mmol), K.COs (2 equiv, 6 mmol, 0.81g), Pd(OAc). (6 mol%, 0.178 mmol, 40 mg),
PCy3.HBF4 (12 mol%, 0.358 mmol, 132 mg), pivalic acid (30 mol%, 0.90 mmol, 92 mg), 8
ml of dry N,N-dimethylacetamide was added via syringe. The reaction mixture was then
vigorously stirred at 110°C for 12 h under argon. The solution was then cooled to room
temperature and diluted with CH2Cl,. The aqueous phase was extracted with CH.Cl, (3
times). The organic layer was dried over MgSO4 and evaporated under reduced pressure
followed by eluting with hexane /ethyl acetate (9: 1). The recrystallization from 1-propanol
afforded as light blue color solid. Yield: 76%, m.p:86.8°C; *H NMR (400 MHz, CDCI3): §
7.72-7.69 (d, J = 8.7 Hz, 1H), 7.47-7.45 (d, J = 8.5 Hz, 1H), 7.23(s, 1H), 6.97-6.90(dd, 4H),
4.00-3.95 (m, 4H), 1.83 — 1.77 (m, 4H), 1.47 — 1.32 (m, 30H), 0.90 — 0.87 (t, J = 6.7 Hz, 6H);
13C NMR (100 MHz, CDCI3):5 160.34, 159.65, 151.78, 143.07, 128.78, 127.09, 124.99,
124.07, 123.91, 116.28, 115.12, 105.27, 68.23, 31.92, 29.60, 29.41, 29.34, 29.23, 29.20,
26.04, 22.70, 14.12.

Dioctyl-4,4'-(3-cyanothiophene-2,5-diyl)dibenzoate(PBO2): The octyl 4-bromobenzoate
was prepared by earlier reported procedure.[3,4] *H NMR (400 MHz, CDCI3): & 8.16 — 8.10
(d, J =8.4 Hz, 1H), 7.90-7.87 (d, J = 8.3 Hz, 1H), 7.68-7.65(d, 2H), 7.57(s, 1H), 4.37-4.32(m,
4H), 1.80 — 1.77 (m, 4H), 1.47 — 1.30 (m, 20H), 0.91 — 0.88 (t, J = 6.7 Hz, 6H); *C NMR
(100 MHz, CDCI3):6 165.84, 165.75, 151.72, 143.85, 135.97, 135.00, 131.66, 130.84,
130.56, 130.51, 127.41, 127.11, 125.67, 115.21, 107.91, 65.54, 31.79, 29.25, 29.19, 28.72,
26.04, 22.64, 14.08. The synthetic protocol (direct arylation) followed for PMB10 is also
used for the preparation of PBO2. m.p:77.1°C *H NMR (500 MHz, ) & 7.52 (d, J = 8.5 Hz,
2H), 7.46 (d, J = 8.6 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 8.6 Hz, 2H), 4.00 (t, J =
6.5 Hz, 2H), 1.79 (dt, J = 14.4, 6.6 Hz, 2H), 1.50 (dt, J = 14.7, 7.4 Hz, 2H), 0.99 (t, J = 7.4
Hz, 3H). 3C NMR (125 MHz, CDCI3):6 159.05, 139.85, 132.28, 131.77, 128.27, 128.22,
127.92, 120.72, 114.96, 68.18, 31.60, 29.26, 22.61, 14.02.



Table S1:13C NMR Data for the Core Unit of PBO2 and PMB10 Mesogens in Solution and
smectic A Phase®

PBO2 PMB10

C. ) 78 °C . 85°C
N. SE"“E]‘;” CS | AIS | DOF SE"“:T'S” CS | AIS | DOF

PP (ppm) | (ppm) | (ppm) | P (ppm) | (ppm) | (ppm)
1 165.8 206.1 | 40.3 1.19 160.3 2135 | 53.2 1.02
2| 1359 |196.9 | 61.0 | 1.25 | 1152 | 1400 | 248 | 2.04
3 130.5 165.5 | 35.0 1.85 128.8 1495 | 20.7 2.31
4 | 1274 |1531 | 257 | 2.04 | 1250 | 1856 | 60.6 | 0.87
5 131.6 189.0 | 57.4 1.06 151.8 176.4 | 24.6 0.89
6 | 1517 | 2126 | 609 | 1.18 | 1053 | 1328 | 275 | 1.01
7 107.9 139.2 | 313 1.10 116.3 1116 | -4.7 0.85
8 115.2 103.1 | -12.1 | 1.30 1241 | 154.8 | 30.7 | 2.49
9| 1271 |1625| 354 | 259 | 1431 | 2074 | 643 | 1.04
10 | 1438 2146 | 70.8 1.23 123.9 185.6 | 61.7 0.87
11| 1308 | 1884 | 576 | 0.85 | 1271 | 1523 | 25.2 | 1.45
12| 1256 156.4 | 30.8 1.31 115.2 139.3 | 241 1.26
13| 1305 165.5 | 35.0 1.33 159.7 2135 | 53.9 1.02
14| 1350 | 1950 | 60.0 | 0.86
15| 1657 | 206.1 | 404 | 119

4CS: chemical shift; AIS: alignment induced shift; DOF: dipolar oscillation frequencies



Table S2:3C NMR Data for the Core Unit of PCN8 Mesogen in Solution and smectic C
phase?

s 100°C 105°C
C. | Solution ™===T—A|s [ DC® | CS | AIS | DCP

N. | (ppm)
(ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (pPpm)
1 159.3 223.6 | 64.3 1.13 | 2159 | 56.6 1.05

) 114.9 2.18 1.94
. 142.1 27.2 170 138.6 23.7 153
3 128.0 2.47 2.15
. 154.1 26.1 153 149.7 21.7 138

4 129.6 2016 | 72.0 1.10 | 1935 | 63.9 1.00
141.3 216.6 | 75.3 092 | 209.2 | 67.9 0.83

6 1979 2.34 2.02
. 152.0 24.8 150 148.1 20.9 138
. 1978 2.47 2.15
. 154.1 26.3 153 149.7 21.9 138

8 130.5 1943 | 63.8 0.90 | 188.8 | 58.3 0.79
152.0 1949 | 429 1.07 | 186.6 | 34.6 0.81
10 | 106.3 1374 | 31.1 151 | 1342 | 279 1.34

11 116.0 117.6 1.6 1.20 | 114.3 1.7 1.09

10| 1953 2.79 2.47
: 163.0 | 37.7 047 | 1573 | 320 0.30
13 | 1436 2134 | 69.8 1.10 | 2055 | 61.9 0.98

14 1321 196.3 | 64.2 0.86 | 188.8 | 56.7 0.79

15 196.2 1.63 1.55
. 152.0 27.5 150 148.4 22.2 138
16 1272 1.53 1.32
. 153.7 26.5 153 149.7 22.5 132

17 142.2 207.5 65.3 0.87 200.0 | 57.8 0.77
18 132.2 205.2 73.0 1.08 196.9 | 64.7 0.97

19 1979 1.52 1.34
: 154.8 26.9 152 150.7 22.8 134
20 114.9 1.50 1.36
: 140.9 26.0 150 137.0 22.1 136

21 | 1591 2236 | 645 1.13 | 2159 | 56.8 1.03

4CS: chemical shift; AlS: alignment induced shift; DC: dipolar couplings.
The first entry values are coupling from directly bonded C—H pairs; the second entry values
are from indirectly bonded C—H pairs.



Table S3: Summary of the Excited State Electronic Transitions obtained from TD-DFT
calculations at the B3LYP/6-31G* level.

Model Absorption | Energy | Oscillator Dominant Exp.
systems States T,
(nm) (eV) | strength (f) contribution? (%) (nm)
S1 390 3.18 2.0450 H—L (99%)
T Sz 299 4.44 0.0529 H—L+1(93%) 310
Sg 262 4.72 0.4573 H-1-L +1(97%)
S1 406 3.05 1.5642 H—L (99%)
S3 308 4.01 0.3033 H—L +1(95%)
PCN14 | o 280 442 | 03318 H-1->L+1 (84%) 375
S1 365 3.39 1.9110 H—L (99%)
HTe Se 265 467 | 0.4743 H-1—>L+1(84%) 344
S10 262 4.72 0.1055 H-3—L+1(81%)

a4 denotes HOMO and L denotes LUMO
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Figure S1: Pulse sequence for SAMPI-4 experiment, belongs to the family of CP based SLF
techniques provides the 2D correlation spectrum between C chemical shift (in F2 dimension) with
the associated *C-*H dipolar frequency (F1 dimension). Experiment starts with a cross-polarization
(CP) block with a polarization inversion for a contact time t, then the evolution of high resolution
heteronuclear 3C-'H dipolar couplings monitored under the absence of homonuclear*H-'H dipolar
couplings (suppressed by “magic sandwich” pulses) during the t; period and finally **C signals are
acquired by employing SPINAL-64 heteronuclear decoupling pulse scheme during t. period. Here the
darker boxes represent 90° pulses.
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Figure S2: Pulse sequence for 2D Proton Encoded Local Field (PELF) experiment.
BLEW-48[5] homonuclear decoupling sequence employed during t; period to suppress the
homonuclear *H-'H dipolar couplings and SPINAL-64 scheme is applied during t» period
heteronuclear decoupling sequence to acquire *3C signals. CP step with a contact time, T was
used to transfer proton magnetization to carbon. Here, thin and thick rectangular darker boxes
represent 90° and 180° pulses, respectively.
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Figure S4: C NMR Spectrum of Mesogen PBO2
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Figure S5: 'H-'H COSY NMR Spectrum of Mesogen PMB10
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Figure S6: *H-3C HSQC NMR Spectrum of Mesogen PMB10

8



PMB10 HMBC

ne |

e - 20

i

- 40

100
~120

. 140

IlLJ I

- = - - =160
~180

200

T T T T T T T T T T T T T T T T
80O 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

Figure S7: *H-*C HMBC NMR Spectrum of Mesogen PMB10
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Figure S8: 'H-'H COSY NMR Spectrum of Mesogen PBO2
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Figure S9: 'H-13C HSQC NMR Spectrum of Mesogen PBO2
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Figure S10: 'H-*C HMBC NMR Spectrum of Mesogen PBO2
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Figure S11: *H-'H COSY NMR Spectrum of Mesogen PCN8
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Figure S12: *H-13C HSQC NMR Spectrum of Mesogen PCN8
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Figure S15: Powder X-ray diffraction profiles of PCN8 at different temperatures
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Figure S16: (A) XRD intensity profile in the de Vries SmA phase at 74 °C and (B) variation of layer
spacing with temperature for the compound PBO2. Solid line is guide to the eye.
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Figure S17: Powder X-ray diffraction profile of PMB10 in the SmA phase at 85 °C.
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Figure S18: Optimized geometry at B3LYP/6-31G* level of theory
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mesogens.
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Figure S21: Schematic representation for bent-angle between local para axes of phenyl rings
with respect to long axis passing through thiophene ring (marked Z) for mesogen PMB10.
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Figure S22: (A) Expanded region of *H NMR of PBO2, (B) selective NOE irradiation of 7.6
ppm singlet and (C) selective irradiation of doublet at 7.7 ppm
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Orientational Order Parameter from *C-'H dipolar couplings

Generally, the 2D SAMPI-4 experiment provides *C-'H dipolar oscillation
frequencies. However, the 3C-'H dipolar couplings need to be extracted from these
experimental $3C-1H dipolar oscillation frequencies as explained in earlier reports.[6-15] The
13C-1H dipolar couplings are related to orientational order parameters by using following
equation[16,17]

Dcn =K [Sz (3 c0s26-1)/2 + (Sxx — Syy) (C0S?6k - C0s28,)/2+ Sxz (Cosk c0s6; )] (1)
where K = -hypc/4n?r3cn, with h is the Planck constant, s and jc are the gyromagnetic
ratios of *H and 3C nuclei respectively, rcn is the inter nuclear distance between them, &, 6,
and & are the angles formed by rch with the respective coordinate axes of the molecular
fragment (phenyl or thiophene). Due to the phenyl ring & flips, the D2 Ssymmetry is assumed
for the phenyl ring and accordingly, two order parameters, i.e., Sz; and Sxx—Syy, are sufficient.
Here, the C» axis of phenyl ring is taken as z-axis while y-axis is the in-plane axis

perpendicular to z. During fitting, the standard bond distances rcn=1.1 A for the C—H bond
P-B02 P-MB10 7

X
Zq._f [nfﬁ
~. . Ha,
Y '--.]f_f‘f_

7 — ' 7 — B ......

Final fit ;P\

10
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and rcc=1.4 A for C-C bond are used. To get the best fit, the C-C-H bond angles are also

slightly varied around 120°.[18]

For the thiophene ring, on the other hand, owing to the asymmetry because of 2,3,5-tri
substitution, three order parameters i.e., Sz, Sxx-Syy and Sx. are essential for an arbitrary
choice of the axis system.[10,19] Model of thiophenes belongs to three mesogens with the
coordinate system used for obtaining the orientational order parameters from experimental
dipolar couplings depicted above. The bond angles and bond distances are taken from the

energy minimized structure of thiophene for three mesogens.

Initially, for PMB10/ PBO2/PCN8 mesogens the z-axis is considered along the C4-
C5/C5-C6/C8-C9 bond with the expectation that the order along this direction is likely to be
the largest. The quality of the fit is improvedby varying the z-axis by an angle § around 18°.
It indicates that the z-axis is almost collinear to C6-C8, C7-C9 and C10-C12 bond
respectively, for PMB10, PBO2 and PCN8 mesogens. Addition of the third order parameter,
namely, Sx;, did not improve the results significantly hence, only two order parameters S,

and Sxx-Syy are retained.
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