Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETEERLARS THARNARBRLEVAR L RE T
IATH MRH Bl HA

The rheology property of organogels based on 3D helical nanofilament bnetworks self-assembled by bent—core
liquid crystals
Wang Xing-Zheng  Yang Chen-Jing  Cai Li-Heng  Chen Dong

5] Fi{% B Citation: Acta Physica Sinica, 69, 086102 (2020) DOI: 10.7498/aps.69.20200332
TEZL L View online: https:/doi.org/10.7498/aps.69.20200332
MHANZE View table of contents: http://wulixb.iphy.ac.cn

LT RGN HA SO

Articles you may be interested in

BT W AR YD B SR A DL SO &
Enhancement of conversion efficiency for an organic semiconductor laser based on a holographic polymer dispersed liquid crystal

WIFEAEAR. 2017, 66(24): 244204 https://doi.org/10.7498/aps.66.244204

F GRS 7 HE s R 2 AR WO T A LA —
Efficiency improvement in solution—processed multilayered phosphorescent white organic light emitting diodes by silica coated silver

nanocubes

PrPezd. 2020, 69(4): 047801  https://doi.org/10.7498/aps.69.20191526

2K DU T A AT LR BH R S SO AR TERERTE
Enhanced light absorption and device performances of organic photovoltaic devices with Au tetrahedra nanoparticles

PB4, 2018, 67(24): 247201 hitps://doi.org/10.7498/aps.67.20181502

BRAAAAE T — RS DLBIR A A E L P . AR Z MR RO BRI

Nonlinear absorption, nonlinear scattering, and optical limiting properties of carbon nanotube/molybdenum diselenide organic glass

YrHE2# 4. 2018, 67(23): 236201  hitps://doi.org/10.7498/aps.67.20181583

AAT sk b FURR A LI ) 31 R e A i B R i as AP 5
Design and electronic transport properties of organic thiophene molecular rectifier with the graphene electrodes

YIHE2AAR. 2017, 66(9): 098501  https:/doi.org/10.7498/aps.66.098501


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200332
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.244204
https://doi.org/10.7498/aps.69.20191526
https://doi.org/10.7498/aps.67.20181502
https://doi.org/10.7498/aps.67.20181583
https://doi.org/10.7498/aps.66.098501

) 3B 3R Acta Phys. Sin. Vol. 69, No. 8 (2020) 086102

B HITYMENERRS

ETEHEEERMI FEARNAKEREL
BB HR TR

EX

o Bt 0

EFED A

1) (WHTREREIE TREEBEAL TALMBISEAT, M 310027)
2) (IE MR AR RL TR B, EIE YR 22904, )

(2020 4E 3 A 4 HIZE; 2020 4F 3 A 22 HUEMERHR)

TERF L WO 71 BA MRS, AR TR SR WA 2 1 A 4308 BUZ RS K, 73 T78)2 SR, 22 T
PEFN A AL, IF HLIE SR AR IE L, S 208 BN KR IRIE 22 . A S0 T NOBOW /R kel A 1k &, 15 i i
W, AW TR T Nk, R, AL W 2 T A 4R AR IR 22, e &Y i = 4E )
2%, A8 AT LBRIES . A R A AN AR 22 AT BILBEIE A R 1, o A A 0y T A ) 7 T, AR S e 9 A S 5
X AT HLIE IR A B Sk ST T R GEWIE T . 200 3 WA 0 K SR 22 A ML I 5 15 G BRI AN ], 40 K B e 22 7 #L
B I T L I i 2 A P P - A 4 R A2 A, I Bl B NOBOW /75 ke iR 45 7 R 7E AN [l W 7 7 ¥k
JE L IRLEE | IO AR TR /N N AR AR B AR AR, BN TR HLBERE A4 A R 9 K BERE 22 ) M ST AR G

KR AL, BEAK 22, AHLEER, Bt

PACS: 61.30.—v, 77.84.Nh

1 5

BB RS OE et TREA B F SUR A
U BRI BT ARG oy — O AR, B
H AR A WA 0 RN MR BE ZH A T 7 TR
31 2 S R A M 0 A 32 4 T LA i )
FRPERREEAUN. th T BIR R TR LT
AR, FTRL A AIE B AT A A 454, R
oy 1 LR RN = TR AAH B AR
F L AT A AT W8T o1 B B U TS iR T
1996 4F, S AMTE WAEAE TP F AL B0 T
BT R DO TR AT, BRI AR T T

i

DOI: 10.7498/aps.69.20200332

PEREIRI S 7. SHEIRBTAS TR, F AR5
I FARGIRARFIER, (HJE Y [ 48 2R 2
¥, 3 FAEIZ IR, BEIR TR R WBR X FR, JE
B2 TP B & Ak M AT T T S AR
WA T 10 o — A E B X B R R AL W T
JRARGEMITFAE)Z A ICEL. MR F1E)2
PR, G b T AUARE Tl e A A
B R RSk A L, 2 NS
VERL. R T IH BRI P2 WAL, F AT S5 T
1) 2R G R ) T 1 SR A (10.12,13),

e 20 ZAFE T B, A58 5 18 F AT LA
4y Frh &30 B1, B2, B3, B4, B5, B6, B7, B8 4%
ASERARZS . e B4 HIA T, HERR R

*ERARBEILS (IHES: 11704331, 21878258) AN - W EUF FH [ 5K A SL 96 GRS (ki 5 RERU2019008) %)

LR
# SR
t iBIE1E#E . E-mail: liheng.cai@virginia.edu
i iBfE1E#E. E-mail: chen dong@zju.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

086102-1


http://doi.org/10.7498/aps.69.20200332
mailto:liheng.cai@virginia.edu
mailto:liheng.cai@virginia.edu
mailto:chen_dong@zju.edu.cn
mailto:chen_dong@zju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 69, No. 8 (2020) 086102

TR PR — T OO AN K R 22 -1k 45
PRI ZE ERAT e TR X . E A HFTE RN
AKARite 22 3 B T AL AR TR, RBIE R
TR TR, B ) — T4 DXk b []— TR 4ok
WERTHRE 22 ZEL B, 11T e e MA T TP DX Il B P M 5 2
— R L SO E A AR TR TR T RS
AIRAZS, AR IR e 22 B R A I TR S 1R T

MNATHY) iz kg 0621 H A0 S AR SR e 22 257

FELMO G | T RN 5 1722 LT A K i
22 SHLRIBHIR AR R R R, TEIRAG AR
o AW T T LGB AR A, 4L R
YRR E 22 — 2 I 45, SE TS M 3 5 1 L R P Rtk
BOTHHES , T AR AT e X3, 78 T2 8 | ARXHAR
B A S e B R VR A 1) IO FH S 29 SR T R A
ORAZE 22 IV B AT BILBE I 14 fil 2 TR A HOAIF 5, X6 L
TRARIBIFSE AT LA R AR 290 S sl (v o A 24,
AT NOBOW /FARkeiR AR %R, il &
FH R MR IE 2298 11 A LRSS, 38 3 BILEE RS
AR T 5, H A S T 38 198 9 - U A R AR
TIE A R A REASE i AR B AR B VR T o3V B L IR
JEE IR RN A% 5 R I AR AL REAE, 1 T 5 7 44
ORAMZE 22 P AT ML B 1 s M R, S LA
Ty s S AT o] FH B SEA;.

2 X5

NOBOW Fl+ 75 %t () AL 4544 an & 1(a)
Kl 1(b) i7n. NOBOW & BRI & AL o T
P 2S¢ P 118 A A R 32 2 L 9 ity %) 3 P e 4L
i, BA Iso (175 °C) B2 (147 °C) B3 (143 C) B4
FHARAT Ay, 2470 B8 N e TR T AL, 748 (25l 1)
PERZ O R T TP HES) MR (R PEmst im0
FEHES) RAEREREN T, FAEIEW o A A28
BUZARGER, o3 FAE 2Rt TE 2 FrEm A &
Wk, BI B2 AHZS, G0 1(c) AE 1(d) FiR. BT,
WA T7 ) p RN TR MR n FREL 2, B
HTHEME n FZEL 2 TfER . i THE
TR o1 P A A7 ) A B L, XA 1Y)
Pk 7 1 W AH LA B, 15 RUZE ORDEELD, Qi 1(e)
JRs. R T IHBRX AP E N ARILHEL, F AT
(R ZAREER 25 F RTE LS BRI AR . Y fi
S SR, VAo T 0T LA B ALY BSGE S A
R DC A (W 1(f) FiR), sRAKIEHELZAH, B

B4 M7 (W& 1(g) Wiz ). i NOBOW ¥ i/ F
W B KR e 22 4.

£ NOBOW M+t &R R, T75bifkE
i NOBOW A HILE I, 4 2 B L A5 Ak n] LUE
BT 38 A - TR AR T AR, R 2(a) IR A i
i, NOBOW ¥ it T 75 %8, TE T HH. Hh
FAEEBIAETE, NOBOW [/ AHAS IR BEREAG, 7RV H)
ST, NOBOW W i/ T ELE A TG T A F 412
T MAK IR 22, IF HAEAE KB, @it 43 3O
B AR 2 128 A R R TIE AT HLEBE . Y T T
T, AR AR TE 22 A, BRI PO A S AR, B
BEE - TR A AT AR . A HLEES B AR T
O3 F A 2T AR 4 K BBE 22 1T DA 423 Ao R
W72 L T S (FFTEM) S 5t L 7 5 s
(TEM) W3], anlE 2(b) fE 2(c) fin. B4
NOBOW /8CB(8CB, — A HEIR T i1 k) TR A 14
RIAFTE R B, 98K I E 22 HAT BEAR [ 5 19 9 1
(~37 nm) FIHZHE (~220 nm), AEHTT NOBOW
AV B LA R AL 9], X 2R T NOBOW
I3 F H AL RETE B0 K R E 22 02 — A FH 2 B R
£ NOBOW /TR fei SR R, GKIRTE 2211 58
FEZ1 N 37 nm, M2EEZ)h 230 nm, FEARLEFALE.

WHTATR, RFRAR)Z N ASUCEE, 75 AT W4
TFHZREE M 22 B R IE R ek Ie AR, 5 29%
BN K MRE 22, Hst PR IR AR [ R RE PT DL R GA R
fe = K(o —0,)?, Hoh R &IB22 78 (Frank) 530
PEIRABHEL, 00 = 1/R, = G/K &A% (HE
TEZMBE RN AT, 90K IR E 22 A Gkt b
T F2 e L %8, G gty 5 DBE Tl v o 1 VR 30 3 7
N, W RIB N o =q/(1+¢%s?), Hf p = 2n/q %
K ZE 22 (R MRHE | s J2 I 4 K MEUE 22 FpC Bl )
B L, 98 K 2 E 22 PRI SR A7 AE )2 N AS DL,
2 AN VE R BN 1 A7 e . LR 1 KNS
BN R A R/ INSIE e, BT LA, 7 DR e s
AP, b B Sm, anEl 2(c) H
WA TR X 51850 o8 U A HLEE IR A 1R
K], WAR AT — 2P W AR IR E 2247 HL
TG FC P D A0 1

YR IRTE A DB B RER R (G7) AR
Bt (G") B /R SOE G T A8 30 it 5. 155,
TS SGRIEM 140 °C FFER 20 °C, 4 RIS °C,
M —IK NOBOW/+SheiR SR RTE 0.5% W AS
M1 1 Hz N AR BRI T B REA B A FE L A

086102-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) I8 % 38 Acta Phys. Sin. Vol. 69, No. 8 (2020) 086102

@  ~osow 2 Q 2
T

Iso (175 °C) B2 (147 °C) B3 (143 C)

< 4/% AN\
w0t SERE

K1 TR T H AR (a) NOBOW Al (b) /X% L2445 ; (c) B AT & 43 7 B8 1) Kk n AT I Hh 7 1), %
b p I SIE T 15 (d) 3F¥I§’§Eﬁﬁ(ﬁ BT H A ROE R IREE Y, 3 TR Wﬂﬁ?ﬂr, TE R TR AL, A5 14 p IR 6 B T
BRI K n MR EL 2, WEE TR EK n MIZEL 2 FIEMFIH; (e) AL A>T BN P9 B TRE 5 150 A0 B2 14, X0 A9 K
J5 1o AR B2 1, 3 R AR TRIE. O T BRI RN 2 AN IT RS, & AR WA 4 T 12 IR0 2 B R IE L S R B 8. 2 E
ARFAPEIE AE A RIS, S 4 7 DL A 3B R (f) BUE LR (g) 99 K IR TE 2241

Fig. 1. Self-assembly of bent-core liquid crystal. Chemical structures of (a) NOBOW and (b) hexadecane molecules; (¢) the director,

(8)  avkemiest

(e) THRIIRTEAS

@ -

n, which is along the molecular long axis, and the polarization, p, which is along the bow direction; (d) smectic layers of tilted bent-
core molecules. The molecules are tilted from the layer normal z, and the macroscopic polarization p, is orthogonal to both n and z;
(e) the tilt directions of the top and bottom molecular arms of bent-core liquid crystals are essentially orthogonal to each other. If
each molecular arm is regarded as an elastic slab, the two elastic slabs dilate along their local molecular tilt directions, which are or-
thogonal to each other, thus resulting in internal structural mismatch. The internal structural mismatch could be released by the
formation of saddle-splay deformations; (f) bicontinuous smectic layer of the dark conglomerate (DC) phase, in which smectic lay-
ers organize into disordered focal conics; (g) helical nanofilaments of the B4 phase, in which smectic layers of finite width form uni-
formly twisted ribbons.
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Fig. 2. Organogels formed by self-assembled 3D helical nan-
ofilament networks of bent-core liquid crystals: (a) At 25 °C,
bent-core liquid crystal molecules self-assemble into helical
nanofilament networks and the 1 wt.% NOBOW /hexa-
decane mixture forms organogels. At 120 C, NOBOW dis-
solves in the hexadecane solvent and the system appears as
transparent fluid, showing reversible gel-sol transitions upon
heating and cooling; (b) freeze-fracture transmission elec-
tron microscopy (FFTEM) image of helical nanofilament
networks in the organogels; (¢) transmission electron micro-
scopy (TEM) image of individual helical nano-filaments.
The inset shows the distribution of internal stress in the
helical nanofilaments. The internal stress gradually in-
creases from the helical axis towards the edges, accompan-
ied by the color increase.
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Fig. 3. Temperature sweeps of the elastic (G, solid sym-
bols) and viscous moduli (G", open symbols) of NOBOW/
hexadecane mixtures: (a) 0.25 wt.% NOBOW /hexadecane
mixture could not form organogels and its G is larger than
G'; (b), (¢) 0.5 wt.% and 1 wt.% NOBOW /hexadecane mix-
tures could self-assemble into helical nanofilament networks,
forming organogels. The increase rate of the elastic modu-
lus of 0.5 wt.% NOBOW /hexadecane is 10.3 Pa/°C and
that of 1 wt.% NOBOW /hexadecane is 14.2 Pa/°C. The
measurements are taken at a fixed strain of 0.5% and a
fixed strain rate of 1 Hz.
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Fig. 4. Strain sweeps of the elastic (G’, solid symbols) and
viscousmoduli (G",opensymbols)of(a)0.25 wt.%,(b)0.5 wt.%
and (c) 1 wt.% NOBOW /hexadecane mixtures measured at
different temperatures of 20 °C, 60 C and 90 °C. The mea-
surements are taken at a fixed strain rate of 1 Hz.
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Fig. 5. Strain rate sweeps of the elastic (G', solid symbols)
and viscous moduli (G, open symbols) of (a) 0.25 wt.%,
(b) 0.5 wt.% and (c) 1 wt.% NOBOW /hexadecane mix-
tures measured at different temperatures of 20, 90, 100 and
120 “C. The measurements are taken at a fixed strain of
0.5%.
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The rheology property of organogels based on 3D helical
nanofilament bnetworks self-assembled by
bent-core liquid crystals’
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Abstract

In the B4 phase of bent-core liquid crystals, smectic layers of tilted achiral bent-core molecules are chiral
and polar, which, driven by intra-layer structural mismatch, eventually twist into helical nanofilaments. We
design a NOBOW /hexadecane organogel system, which is different from traditional organogel system, and the
studied organogels show reversible gel-liquid transitions under temperature cycles. At high temperature, the
NOBOW molecules dissolve in hexadecane and the storage modulus and viscous modulus show typical liquid
characteristics. At low temperature, the mobility of NOBOW molecules decreases and the storage modulus of
the organogels increases as the temperature decreases. We conduct a rheology experiment to systematically
investigate the viscoelasticity of the organogel to understand the property of the organogel and develop the
application in soft matter. The viscoelastic studies of the organogels reveal that the helical nanofilaments are
internally strained and their 3D networks are relatively stiff, which provides an in-depth insight into the

properties of the organogels and paves the way for their applications in soft matter.

Keywords: bent-core liquid crystal, helical nanofilament, organogel, viscoelastic property
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