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Schematic diagram of the forming mechanism of CNC structural color
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Fig. 2 TEM images of CNCs prepared at different
sulfate concentrations
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Fig. 3 Zeta potential diagram of CNC solution prepared
at three different sulfate concentrations
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Fig. 4 The viscosity—shear rate diagram of CNC solution
prepared at three different sulfate concentrations
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Fig. 6 SEM images of chiral CNC solid films on surface
and fracture sections
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Fig. 7 POM images of chiral CNC films formed
under different conditions

(b) BAEAMEE

ANAIHEFE (65% .55% 48% ) Wi R 7K fift 244 T T Al i) F-12k:
CNC I POM FUZ 4Nl 8 Fir 7w, Sib7s 1 4K 47 4 nd fm e 1
FH AT A — ZR G ZRAE 0] 1, KR K £ 2 O B Tk B M = 15

- 4

Modulus—temperature relationship of CNC solution prepared at three different sulfate concentrations
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Fig. 8 POM images of chiral CNC films prepared at
three different sulfate concentrations

3 Hig

i BRI v TR AL, il 4 1 R 2 — B £ 2
RYPKFIR(CNC) , 2 A BRIF 5 F A IR I TR
FHEHESN Z B LLRERSSE AFAE , N BRI /K i 75 2 9 CNC 3%
T AT /B HUT , AR SR £ 22 1) DR 3 T8 HL AT A A L e )
DA HA 5[] 94 D, S CNC RERS AR A2 M o3 L
TOKEW o TR R T, 32U T3 ST
SN, CNCHEAT P ZEHRD , 5 B 8 B 5 — 1l SR ] 1
T TF VLR A DK LT AE TR



Fl 542 2016,34(19)

2,

it TAMRLABEKXFAMAFESRAB R ELFA LA
Yo EEFA AR T TR TS Ay T
RGP R RIS S A SR HFFREEERE AATR
2R LA B @A 2011 B A1 AT S A KB R AREF &

5% ik (References)

[1] 2530, AW 2s R G S A AR GBEFED]. A HE: T EREEHARK
2, 2011.

Li Jiawen. Research on mechanism and bionic structure color color
biological structures[D]. Hefei: University of Scienceand Technology of
China, 2011.

[2] XAt . FE T T SR 25 2 i o5 SO B PERERFST(D]. E
i ARAERAE, 2013,

Liu Zhifu. Based on the structure of the photonic crystal color fiber
preparation and color performance research[D]. Shanghai: Donghua
University, 2013.

[3] Marchessault R H, Morehead F F, Walter N M. Liquid crystal systems
from fibrillar polysaccharides[J]. Nature, 1959, 184: 632-633.

[4] Shopsowitz K E, Qi H, Hamad W Y, et al. Free—standing mesoporous
silica films with tunable chiral nematicstructures[J]. Nature, 2010, 468:
422-425.

[5] Lagerwall J P F, Schiitz C, Salajkova M, et al. Cellulose nanocrystal—
based materials: from liquid crystal self-assembly and glass formation
to multifunctional thin films[J]. NPG Asia Materials, 2014, 6(1): 80-85.

[6] Orts W J, Godbout L, Marchessault R H, et al. Enhanced ordering of
liquid crystalline suspensions of cellulose microfibrils: A small angle
neutron scattering study[J]. Macromolecules, 1998, 31(17): 5717-5725.

[7] Yi J, Xu Q, Zhang X, et al. Temperature—induced chiral nematic phase
changes of suspensions of poly (N, N-dimethylaminoethyl methacrylate)—
grafted cellulose nanocrystals[J]. Cellulose, 2009, 16(6): 989-997.

[8] Onsager L. The effects of shape on the interaction of colloidal particles
[J]. Annals of the New York Academy of Sciences, 1949, 51(4): 627-
659.

[9] Qing Y, Sabo R, Zhu J Y, et al. A comparative study of cellulose

nanofibrils  disintegrated via multiple processing approaches[J].

SCIENCE & TECHNOLOGY REVIEW

Carbohydrate Polymers, 2013, 97(1): 226-234.

[10] Isogai A, Saito T, Fukuzumi H. TEMPO-oxidized cellulose nanofibers
[J]. Nanoscale, 2011, 3(1): 71-85.

[11] Revol J F, Bradford H, Giasson J, et al. Helicoidal self-ordering of
cellulose microfibrils in aqueous suspension|]J]. International Journal
of Biological Macromolecules, 1992, 14(3): 170-172.

[12] Majoinen J, Kontturi E, Ikkala O, et al. SEM imaging of chiral
nematic films cast from cellulose nanocrystalsuspensions[J]. Cellulose,
2012, 19(5): 1599-1605.

[13] Kelly J A, Yu M, Hamad W Y, et al. Large, crack—free freestanding
films with chiral nematicstructures[]J]. Advanced Optical Materials,
2013, 1(4): 295-299.

[14] Giese M, Blusch L K, Khan M K, et al. Responsive Mesoporous pho-
tonic cellulose films by supramolecularcotemplating[J]. Angewandte
Chemie International Edition, 2014, 53(34): 8880-8884.

[15] Schlesinger M, Giese M, Blusch L K, et al. Chiral nematic cellulose—
gold nanoparticle composites from mesoporous photonic cellulose[]].
Chemical Communications, 2015, 51(3): 530-533.

[16] Rabani E, Reichman D R, Geissler P L, et al. Drying—mediated self-
assembly of nanoparticles[J]. Nature, 2003, 426(6964): 271-274.

[17] Habibi Y, Lucia L A, Rojas O J. Cellulose nanocrystals: Chemistry,
self—assembly, and applications[J]. Chemical Reviews, 2010, 110(6):
3479-3500.

[18] Moon R J, Martini A, Nairn J, et al. Cellulose nanomaterials review:
Structure, properties and nanocomposites[J]. Chemical Society
Reviews, 2011, 40(7): 3941-3994.

[19] Giese M, Blusch L. K, Khan M K, et al. Functional materials from cel-
lulose—derived liquid—crystal templates[J]. Angewandte Chemie Inter-
national Edition, 2015, 54(10): 2888-2910.

[20] Wang N, Ding E, Cheng R. Surface modification of cellulose
nanocrystals[J]. Frontiers of Chemical Engineering in China, 2007(3):
228-232.

[21] Jung Y H, Chang T H, Zhang H, et al. High—performance green flexi-
ble electronics based on biodegradable cellulose nanofibril paper(]].
Nature Communications, 2015, doi:10.1038/ncomms8170.

Preparation and characterization of cellulose nanofiber in tunable

chiral arrangement

QING Yan, WANG Lijun, WU Yiqiang , TTAN Cuihua, YI Jianan, LI Lei, HUANG Yuanxin

School of Materials Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China

Abstract The cellulose nanocrystals(CNC) of uniform size are prepared by the high—pressure homogenization coupled with the sulfuric

acid hydrolysis pretreatments in this paper. The CNC suspension is self—assembled to form a unique chiral arrangement with the ultrasonic
treatment. The self-—assembled CNC film is shaped further to possess novel structural color characteristics. The size and the morphology of
the prepared CNCs are determined by the transmission electron microscope (TEM) and the scanning electron microscope (SEM). The CNCs
are rod- like mostly and fully separated in suspension with highly uniform size, and possess the structural basis to form the chiral
arrangement. From the surface potential, the sticky flow characteristics and the polarization characteristics, it is shown that at a higher
sulfuric acid concentration, the zeta potential value and the viscosity of the CNC suspension are increased, which makes it easier to form
the chiral arrangement. Further studies conclusively show that the CNCs are liable to self-—assemble into the chiral arrangement after the
ultrasonic treatment to exhibit excellent structural color characteristics.
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