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A differential scanning calorimeter equipped with a shearing system was developed to reveal thermodynamic
properties of fluid materials under shear flow. Using the developed calorimeter, liquid crystalline material 4'-n-octyl-4-
cyano-biphenyl (8CB) and rod-like micellar system of cationic surfactant cetyltrimethylammonium bromide (CTAB)
aqueous solution were investigated. The heat flow caused by the shearing was evaluated from the shear stress data, and
successfully subtracted from the measured DSC curve. The shear-rate dependences of the transition peaks were
investigated for both systems. For 8CB, onset temperature of the smectic-A to nematic transition was found to be lowered
by the shearing, whereas no considerable change was found for the nematic to isotropic liquid transition. For CTAB/water
system, the transition from CTAB crystal coexisting with its aqueous solution to the rod-like micellar state was found to
shift to lower temperature with increasing shear rate at 0 < y < 1s~1, whereas it shifted to higher temperature at 30 <
¥ < 100 s~ 1. The former change was attributed to the decrease in the grain size of the crystallites, whereas the latter one
was ascribed to the orientational ordering of the rod-like micelles due to the shearing.
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Fig.1 (a) Schematic drawing of the developed Shear-DSC. M:
stepping motors, Q: flexible couplings, R: ceramic (MACOR®)
rotating shafts, B: bearings, C: aluminum cones, P: reference and
sample cell-plates, F: fixed base stages (MACOR®), TI:
thermocouples, T2: thermometer, S1: copper shield, S2:
aluminum shield, S3: stain-less steel box. (b) Schematic drawings
of the open-type cell (left), and closed-type cell (right). L: lids of
the cells, and B": sealed bearing.
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Fig.2 Schematic drawing of shear induced structures of N and
SmA under steady shear flow. Shear flow is applied along y-axis.
(a) Six fundamental structures and (b) ten possible structures of N
and SmA phases. For the structures of ac, a(b), as, and am, the
precession regions of the nematic directors are shown as blue
areas.
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Fig.3 (a) DSC curves of 8CB under steady shear flow. (b)
Temperature dependence of shear stress at various shear rates.
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Fig.4 Estimation of the contribution of shearing heat to the DSC
curve. (a) Comparison of measured heat flow dQiwy/ds with the
shearing heat flow dQshear/d? evaluated from the shear stress. (b)
Comparison of the shearing heat flow dQshear”/d? including the
effects of temperature delay with dQwi/dz. (c) The excess heat
flow dQex/d¢ obtained by subtracting dQshear/d? from dQuv/dt.
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Fig.5 Shear-rate dependences of (a) N-I and (b) SmA-N
transition temperatures. Three types of the transition temperatures,
T: (M), T. (A), and T, (@), are plotted against the shear rate. The
unfilled marks are the data obtained from the viscosity
measurements.
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Fig.6 (a) Transition enthalpy and (b) entropy of the N-I and
SmA-N transitions plotted against the shear rate.
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Fig.7 (a) The DSC curves of CTAB solution at 18 wt% for four
different series of runs. (b) The conditions on pretreatment
(cooling and annealing) and measurement (heating) of the four

series of runs. The applied shear rate was y = 55.7 s71.
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Fig.8 Shear-rate dependence of the phase transition temperature
at CTAB 18 wt% under the measuring conditions of (@) series 2
and (OJ) series 3.
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Fig.10 (a) Shear-rate dependence of the phase transition (a)

enthalpy and (b) entropy at CTAB 18 wt% under the measuring
conditions of (@) series 2 and (OJ) series 3.

6. F&LO

AT, T L2 AT AARHOMRRE L ZTOMEEE
FAWTIT > 72 E 8CB & R EMEA] CTAB/AKR DFH
RSB DO WFFERE ROV iR L 7=,

BAFE L= 31T, BVikiloRaEamMaEs (DSC)
EHAME L LT, REELEBRBRELORTIZT 0 RS
ERIAF, 2 DD /LD OBER (REZE) BT 5
Rt Lz, T ERIC L D REESIE, JIRHE LT
VIS DAL E RS, EEIRIE TIRFNa TR
EbLDHEWIREDS &, 5EEZ I LT DSC Hif#s 5
7= LB\, 2R DSC I EA DIREENDOES- 6 EE
LT, HmEMIZTOERITME D BEETD RS 2 LITH)
L, fHEERZEB) O 0 B RAFE B CE 2 L 91T -
77



BAFE L7 B EEt 2 AV il E 8CB @ 2 S OFHIR
(N-I & SmA-N #5f%) ZFRA~_7=L 2 A, N-1EBIZOWNT
1T, BRIEE, BET Y LE—, BB brE—0DWN
TNHT O EIEORELEZ T 7202 &R EI, SmAN s
BClE, EWERMIEER, 370 ERIC Lo TEDTAKIRM
WZV 7 T 52 ENRHALNI -T2, 2L, T ERIC
Yo TIHBEY—7 DIENIER TSV N5, — 7,
CTAB//KRIZOWT, CTAB ffdh & KRR O ILTFIRNEE & #
RIEAVHOBOEBEZRNZEZA, TOERICL-T
CTAB 2L TEHEBIREND TN T2 2 L,
FOFEEEAELS T LRI AN L TER~F v 71
WL, ZhUCfEo TEBIREMENC LR &R
HEMNTR 5T,

EFW2T0ERIL, EFRNRFEAEES =, BRI
KT B AEE A LCIRE A X DR 2 BV 5
ZEIEREL TR, L, ZHAEREIZRIUT, FEF
EFRBOBBERE~LEEZH ZENTE, ERIYM
I BT LRROYLENED Db, ABFZEE, T0%H
—HRENEM T BB,

B

AR TR LIZAFERRRIE, 2 < DG4 D 1hsd > T
/o ENTEL, MICRILEBIR, FRmksde, il
B, ERbOI Y LEOBEMEDOTT + (WFibir
W) (CIRSEMLE L BT D, ARBFEO I, HA
iR 2 ORI ILARIISE (C) (BRI 5 22K03561) DX
EEZTUrbhiz,

X @

1) Y. Oono and M. Paniconi, Prog. Theor. Phys. Supplement
130, 2944 (1998).

2)  R.Landauer, Phys. Rev. A 18, 255-266 (1978).

3) T.S.Komatsu, N. Nakagawa, S. Sasa, and H. Tasaki, Phys.
Rev. Lett. 100, 230602 (2008).

4)  T. Yamamoto, Y. Nagae, T. Wakabayashi, T. Kamiyama,
and H. Suzuki, Soft Matter 19 (8), 1492-1498 (2023).

5)  T. Yamamoto, T. Wakabayashi, T. Kamiyama, and H.
Suzuki, Thermochim. Acta 730, 179629(1-8) (2023).

6) H. Rehage and H. Hoffmann, Mol. Phys. 74, 933-973
(1991).

7)  A. F. Méndez-Sanchez, M. R. Loépez-Gonzalez, V. H.
Rolén-Garrido, J. Pérez-Gonzalez, and L. de Vargas,
Rheol. Acta 42, 56-63 (2003).

8)  B.Jean-Frangois, C. R. Denis, and P. Grégoire, J. Phys. II
France 4, 1261-1279 (1994).

9) A. P. R. Eberle and L. Porcar, Curr. Opin. Colloid
Interface Sci. 17, 33-43 (2012).

10) 1. A. Kadoma and J. W. van Egmond, Phys. Rev. Lett. 80,
56795682 (1998).

11) E. Cappelaere, J. F. Berret, J. P. Decruppe, R. Cressely,
and P. Lindner, Phys. Rev. E 56, 1869-1878 (1997).

12) B. Struth, K. Hyun, E. Kats, T. Meins, M. Walther, M.
Wilhelm, and G. Griibel, Langmuir 27,2880-2887 (2011).

13) P. Pascal, A. Pascal, and R. Didier, J. Phys. Il France 5,
303-311 (1995).

14) D. Davidov, C. R. Safinya, M. Kaplan, S. S. Dana, R.
Schaetzing, R. J. Birgeneau, and J. D. Litster, Phys Rev. B
19, 1657-1663 (1979).

15) S. Fujii, S. Komura, and Chun-Yi David Lu, Materials 7,
5146-5168 (2014).

16) S. Fujii and O. Henrich, Phys, Rev, E 103, 052704 (2021).

17) R.G.Horn and M. Kleman, Ann. Phys. 3,229-234 (1978).

130

18)
19)
20)
21)
22)

23)

24)

25)
26)

27)
28)

29)

30)
31)

32)

33)

34)

35)

R. H. Colby, L. M. Nentwich, S. R. Clingman, and C. K.
Ober, Europhys. Lett. 54,269 (2001).

C.-Y.D. Lu, P. Chen, Y. Ishii, S. Komura, and T. Kato, Fur.
Phys. J. E. 25,91-101 (2008).

M. Ito, Y. Kosaka, Y. Kawabata, and T. Kato, Langmuir,
27, 7400-7409 (2011).

D. Sato, K. Obara, Y. Kawabata, M. Iwahahi, and T. Kato,
Langmuir 29, 121-132 (2013).

D. Sharma, J. C. MacDonald, and G. S. Iannacchione, J.
Phys. Chem. B 110, 16679—16684 (2006).

C.R. Safinya, E. B. Sirota, and R. J. Plano, Phys. Rev. Lett.

66, 1986-1989 (1991).

C. R. Safinya, E. B. Sirota, R. F. Bruinsma, C. Jeppesen,
R. J. Plano, and L. J. Wenzel, Science 261, 588-591
(1993).

K. Negita and S. Uchino, Mol. Cryst. Lig. Cryst. 378, 103—
112 (2002).

K. Negita, M. Inoue, and S. Kondo, Phys. Rev. E 74,
051708 (2006).

K. Negita and H. Kaneko, Phys. Rev. E 80, 011705 (2009).
Y. Saito, K. Saito, and T. Atake, Thermochim. Acta 104,
275-283 (1986).

K. Saito, T. Atake, and Y. Saito, Netsu Sokutei 14, 2—11
(1987).

S. C. Mraw, Rev. Sci. Instrum. 53, 228-231 (1982).

B. Van Roie, J. Leys, K. Denolf, C. Glorieux, G. Pitsi, and
J. Thoen, Phys. Rev. E 72, 041702 (2005).

V. Rizi and S. K. Ghosh, Nuovo Cimento D 15, 669-674
(1993).

T. Yamamoto, Y. Yagi, T. Hatakeyama, T. Wakabayashi, T.
Kamiyama, and H. Suzuki, Colloids and Surf A
Physicochem. Eng. Asp. 625, 126859 (2021).

L. Coppola, R. Gianferri, I. Nicotera, C. Oliviero, and G.
Antonio Ranieri, Phys. Chem. Chem. Phys. 6, 2364-2372
(2004).

A. Onuki, J. Phys. Condens. Matter 9, 6119 (1997).

HIA KRB

Taro Yamamoto
E-mail: t.yamamoto@idea-i.jp

R I
Hal Suzuki
E-mail: h_suzuki@chem kindai.ac.jp

Netsu Sokutei 51 (3) 2024



