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low-frequency Raman and Terahertz Spectroscopies and Quantum Chemical

Calculation Studies on Intermolecular Hydrogen Bonds in Nylon 6

Erika Onishi®, Harumi Sato”,Shigeki Yamamoto®,Kummetha Raghunatha Reddy®,
Daitaro Ishikawa®, Shinya Ishiid, Hal Suzukid, Hiromichi Hoshinad, Yusuke
Morisawa® and Yukihiro Ozaki®

“Graduate School of Science and Technology, KwanseiGakuin Univ., Sanda, Hyogo,
Japaanraduate School of Human Development and Environment, Kobe Univ. Kobe,
Hyogo, Japan,® Graduate School of Science,Osaka Univ. Toyonaka, Osaka, Japan,*
RIKEN, Sendai, Miyagi, Japan, ‘Faculty of Science and Engineering, Kinki Univ.,
Higashi-osaka, Osaka, Japan

We have studied temprenture-dependent
structure changes and intermolecular hydrogen
bonds of Nylon 6, which can take two crystalline
forms (a and vy) (Fig.1), by using low-friquency

Raman and THz spectroscopies and quantum

chemical calculations of the spectra.

. Fig.1. Two crystalline forms of Nylon6, a
Fig.2 shows the THz, Raman and second (left) and v(right) form.

derivative Raman spectra of a-Nylon 6 in a region

between 77 and 150 cm”. A peak at 105 cm’

showed red shift in both of the spectra with 2nd derivative

> Raman
: ' --- 210
22

increasing temperature. Polarized Raman spectra

indicated that the peak at 105 cm™ is polarized

perpendicularly against the stretched direction of

Inlens_ity _2nd derivative

nylon 6. Moreover, the results of quantum chemical —

calculation showedgood agreements with the

experimental spectra.They suggests that the peak at

Absorbance

105 cm™ is assigned to the intermolecular H-bonds in

1 i 1 I L |

80 100 120 140
Frequency / cm’

Fig.2.Temperature-dependent

THz,Raman and second

derivativeRaman spectra ofa-Nylon6.

Nylon 6 crystal.



SR #HHZ B LA

BB R HRE, WARE R Rz, BRI, 248k, CkE SCI
MRS 70 25 SR> 3.0 3 41 48, 7E Macromolecules [REICE 21 5 Bt

RFFANG] 1500 2%, H-$8%h 24; 34 Macromolecules, Polymer ZEHHT) S5 A .

HERTIEL:

2000. 09 - 2003.07  HHEFRFERBEILETT, S FUEE K E S E, WA

2003. 10 = 2005.09  HARKMERBIRY:, HAZARIRMNS (JSPS) WFIT R
2005. 10 - 2007.09  HAFH LI, 12 FEHTR

2008.03 - 2008. 10 TSR, REBEEAPRE,
2008.09 - 2009.02  fE[E S50 1 0, BB THRE

2009. 01~ B ERHRA:, Rl R

WEFUNE: 1. 2> 7O, 2. M TRER ST S IUHAAT W g, 3. A RE 3
PESRPEARI % . G5 S PERERIE ST



Rotation-assisted Formation of P3BT Nanowire

Yinping Zhang, Yuan Yuan, JianmingZhang*
Key Laboratory of Rubber-Plastics, Ministry of Education/
Shandong Provincial Key Laboratory of Rubber-plastics, Qingdao University of Science &

Technology, Qingdao City 266042, People’s Republic of China.

Usually, it is thought that quiescent state is more favor to prepare the single crystal
or nanostructures with large size by solution-phase self-assembly approach. Therefore,
external force field has seldom been applied to control the formation of
self-assembled poly(3-alkylthiophene)s nanowires(P3ATsNWs) in dilute solution
because P3ATs NWs with large length scale is desired for its application in organic
electronic devices.Herein, we demonstrate that this concept of ‘“shear-induced
crystallization”, which is a common observation for the solution and melt of
traditional plastic, can be used to promote the self-assembled process of P3BT
nanowires in solution. It is found that, by a simple rotation-assisted method, a high
yield of P3BT NWs in toluene can be obtained. Of note, single layer network of P3BT
nanowires on silicon substrate with high coverage can be obtained even with a much
diluted P3BT solution (0.005 wt%, Figurel). Furthermore, the microstructure of as
prepared P3BT NWs and it thermal behavior has been investigated in detail by FTIR
and in situ synchrotron radiation WAXD measurement(Figure 2).

0.0 Height 5.0um

Fig 1.AFM images of spin-coated Fig 2.AFM Two dimensional map for the
P3BT NWs on silicon substrate temperature-dependent WAXD data of
P3BT NWs from 20 to 100 °C,
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Role of Hydrogen Bondingof Poly(3-hydroxybutyrate) Studied by

Infrared Spectroscopy and Wide Angle X-ray Diffraction

Harumi Sato' and Yukihiro Ozaki’

! Faculty of Human Development, Kobe University,
3-11 Tsurukabuto, Kobe 657-8501, Japan
*School of Science and Technology, KwanseiGakuin University,

2-1 Gakuen, Sanda, Hyogo, Japan
hsato@tiger.kobe-u.ac.jp

We foundthat PHB homopolymer and P(HB-co-HV) with low HV units copolymershave
aCH---O=C hydrogen bond between theCH; group andthe C=Ogroup only in the HBpart of
their crystal structure. Thestrength of the hydrogen bond of P(HB-co-HV) (HV =9, 15, and21
mol %) is almost the same as that of PHB. On the other hand,PHV homopolymer and
HV-rich copolymers exhibit CH---O=C hydrogen bondingbetween the CH, group and the

C=0 group, and its strengthbecomes less than that of PHV with a decrease in HV

content.This is due to the difference in the length of the side chainbetween HB and HV units.
Moreover, P(HB-co-HV) (HV= 58.4 mol %) has very weak CH---O=C hydrogen
bondsbecause P(HB-co-HV) copolymer with an HV content of around50 mol %shows a

transition in its crystal structure from the PHBtypeto the PHV-type. The crystal structure of

P(HB-co-HV)(HV = 58.4 mol %) collapses more
casily than those of PHB,PHV, and other
P(HB-co-HV)  copolymers. In  fact, the
temperature-dependent IRspectra and WAXD
profiles of P(HB-co-HV) (HV = 58.4 mol %)show
that the crystal structure collapses even at low
temperatures,as P(HB-co-HV) (HV = 58.4 mol %)
exhibits littlehydrogen bonding either of the
CH;---O=C type or of theCH,---O=C type. Thus, it
is very likely that the two types ofCH;---O=C
hydrogen bonding (CH;---O=C and
CH,---O=C)stabilize the crystal structures of PHB,
PHV, andP(HB-co-HV) copolymers. Even if the
CH;---O=C hydrogenbonding is relatively weak, it
is extremely important forthe stabilization of
lamellae.
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Fig.2 Reported crystalline structures of
(a) poly(3-hydroxyvarelate) (PHV) and
(b) poly(3-hydroxybutyrate) (PHB).
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Gaining Insights into Functional Polymer Materials at 50 nm Spatial

Resolution Using an AFM Probe as Infrared Absorption Sensor
Jiping Ye

Director, Nissan Analytical Research Center, Yokosuka, Japan

E-mail: ye@nissan-arc.co.jp

Atomic Force Microscopy (AFM) and infrared (IR) spectroscopy have been
combined in a single instrument (nano-IR) capable of producing 50 nm spatial
resolution IR spectra and absorption images. [1,2] This new capability enables the
spectroscopic characterization of polymer materials at resolutions of over two orders
of magnitude better than conventional IR. A tunable IR laser generating pulses of the
order of 10 ns was used for excitation of the sample. Short duration thermomechanical
waves, due to infrared absorption and resulting thermal expansion, were studied by
monitoring the resulting excitation of the contact resonance modes of the AFM
cantilever.

In this study, we have applied this nano-IR technology to direct visualization of
interfacial functional groups and their distributions, compositional distribution and
phase separation structure, crystalline structures of microdomains, and local
molecular orientation. We will discuss results from the following three samples. 1)
Multilayer barrier films PET/PE where to visualize hidden binder and adhesion
process; i1) Multi-component blends of PC/ABS where to understand phase separation
and chemical state and also why 40/60 ABS/PC blend has a good impact resistance; iii)
PVDF binder film for LIB electrode where to identify the polymer backbone
conformation; iv) Fluorinated proton exchange membraneof fuel cell where to
visualize the relationship between free water and bound water distributions; v) Films
of P(HB-co-HHx), which were melted and annealed to generate -crystalline
microdomains of different sizes,where to monitor the development of polymer
crystalline structures at varying distances from a nucleation site; vi) Spin-coated
PVDF Film and electrospinningnanodiameter fibers where to visualize local
molecular orientation by polarization measurements.
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References

Dazzi, A. Sub-100-nanometer infrared spectroscopy and imaging based on a near-field
photothermal technique (PTIR). In: Biomedical Vibrational Spectroscopy, Eds: Kneipp, J. and
Lasch, P. Wiley Hoboken, NJ, USA. pp 291-312, 2008. 6137-6147.

Dazzi, A. et al. Chemical mapping of the distribution of viruses into infected bacteria with a
photothermal method. Ultramicroscopy 108(7):635-641, 2008



PIIEHE BFSUH 1A S

PRI AL T i 2> T B S A R R A S = i, AR RN, 124 1k,
{E Macromolecules, J. Chem. Phys. fil J. Phys. Chem BT ERFHIGIIL L 50 &5,
B NS 120 420K, 2005 3R R A S HFFAYAL, 2007 FHREMRAN T HFERLSE,

2009 FERMGKAFN “UFH KA AP .

F R TR

1996. 9-2001. 7 MR AAL R I 24

2001.9-2002. 8 f#[E Dortmund K24k % 2 N Ftd - JE A 5T T A%

2003. 3-2006. 8 PRI TE WAL 70 1) B 5 A2 R 5K HE R s 6 4 B BT 9 R
2006. 9-2010. 12 TPRFBERAR AT i 43140 L5 4 27 T 5% o e S 6 = AT 9 0
2010. 12-24  SRHBERAR AT e 73 1400 B 127 R 5 e S = S

FEBFFRGI: 70 TR RIS — B AAT AR, w7 SRR A A 2 AT )
Gt A DU 2R o TR R AN AT D I S UL T A



AR R G F AR 5 TR R T EALR
PN

HEARRL PR A AE H ARG PRt AL vy L, ANH ISR, i, skl MR F4h.
bR, SRR AR A AR AR AT D% Sy — 5T, ST B A 1) L — LR R S )
B A R L VRUMAAE — S SR, BT LR Dy B A B A O T Py (K 35, AT LR D 4
wi L RE AR A Py (R A e SR 20 H AT Lk, AT AACRL A 2 1 ] A i A LA A [ Ak
FE T PRAR AR AT R, IR BRI 1 FEAE W ARG P I A o DRI, ) F DA ) B IR AU
LSRR, ARG T AR AR [ @A U, AN RE RS HE S B SR ) B AU
MR RE, RN B R AL o FE Tk, AT E SE R 70 73 2 AU IMEIT I T
TR ARA R (B ARA T BB G h 1y R A AR A B AT P X BRI 2 5%,
FATTER A T HAGT I IMER T T REBRAR IR Z5 AT, RBUAE T IBREAR I 3, A
PRE T LAZ i SR S AL S, TS AR ANS DL P BOA R AROE N BRIEZ AN, AE
A PRI AORL RS SRR AR 2 TR L, e i AR ML Janus JIR4K. Janus
FECAAR AT L2 ST Bl 2 ol RO A 45 4, X e BERENE B (A BB B AT At P AR I B T (1
AR BISTR o BEXT Janus BRARARR, FRATERERBEARL A SLAL b, Ty sI N T 8 71
W7, iR T Janus BEACRE 12 18] (AR A OXS FRAR LA, RIS, LR rh ) 2404 fig
il IR A WU ER (R SRR A T N, SKRE, BRATTAORE R T LR B AT AN R BREE () Janus
FARIRR o e T EATE MR, BATRGWIT T B =1k BERM PR S i) = ik B
FAN Janus R HIRIAT R o WIESCE Janus BAAIEAERE « AH AR DRI, Bl
AT R IR . BATADEIL T S5 S 2 (K 45 IR 4544 LUK Kagome 45
FRESE, [N T T V7 2 SIEH6 s B 2 KA K o FRATTIIAIT ST RE S 2 B R AR e
Bt R s EE N B



wot #R AR

e R R %, LRI, AR FER M AA LGRS &, Ry
WS . 24 Rk, EREUERD RS NS85 e s E 5K A SRR 4 i b
WH. H%K 863, HAEMEFE TAMG IR, EEREHZE “/~0” HiH. W
Jb BRI IS . A AA IS K BT Z IR H o 8 585k i 2
S (2002) « FEEE M AREEE AR (2004) L WIHEA LTS LR
3C(2001) FEHJih. SEJE kAR SCL FEAR RN T2, CkUEL R 8 T 11l LA
475,

25 TG

1989 -1999 £ WPUKFHL AR, AEBEL D

1995-1996 4 HAJUAL A 7 &5 TR ST S A ERIE T — 4

1999-2005 ¢ PR 50 TR, B BT

2000 4 6 H BBUR 2 2 55 43 7 b2 B B2

2002-2004 7 fE[E Mainz K2 BALA ST, dhEs e

2004-2006 4 JUIMKAE ALY BRIEIA A Be AL DA RL BT S5 A, HACSERIR M & JSPS

fellow,

2006. 9-# 4 AR R A AR S HOR 2 B B L A

2010-2011 4 SE[H Akron K% w4y T REE 5 TR bt w4 Vs ) 2% 4

RFAUR: W TR D1 EDUR SRR w7 SR, 3 SO Kar

MRHRAT P oK A 208 S L E e S VEREROIT ST, ARl i R il 5 A4k, B gl
KR B b= F Al 5 2 2 TR S R AR I 5507 1]



Nano Cellulose Intelligent Responsive Hydrogels

Zhijun Shi*?, Ying Li*% Guang Yang*"*

Department of Biomedical Engineering, College of Life Science &Techology,
Huazhong University of Science and Technology, Wuhan, China 430074, China’.
National Engineering Research Center for Nano-Medicine, Huazhong University of
Science and Technology, Wuhan 430074, China®.
Email: yang_sunny@yahoo.com

Bacterial cellulose (BC), produced by Gluconacetobacterxylinum, consists of
ribbon-shaped nano-fibers in web-like structures. BC is a natural polymer hydrogel,
which has three-dimensional polymeric networks and imbibes large amounts of water.
BC-based functionalhydrogel are composite biomaterials that bring together the novel
properties of inherently functional materials with the hydrophilicity, biocompatibility
and broad chemical modifying capacity of cellulose. Functional materials such as
electroconductive materials (inorganic nanoparticles,Metal ions and oxide, carbon
nanotubes, graphene and graphene oxide, conducting polymers, and ionic liquids),
thermo-responsive materials (PNB nanogel), and bioactive materials (Chitosan,
Hyaluronic acid, type I Collagen, Sodium alginate) through doping, blending or
coating in the cellulose matrix. Bacterial Cellulose intelligent responsive
hydrogelsmay potentially be used asplatform substrates to study cell activity,
biological dressings, tissue engineering scaffolds, and implantable biosensors.
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Fabricate of superhydrophobic film by polymeric transport

phenomena at interface
Zhen Xiu Zhang, ZhenxiangXin, Jin Kuk Kim
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Laboratory of Rubber—Plastics, Qingdao University of Science and Technology
Qingdao,266042, China

The lotus leaf can immaculate standing in atmosphere because of raindrop can roll on
the lotus leaf as a sphere and take away powder-like contamination from the surface,
herein, we report a novel but facile approach to achieve a self-cleaning, flexible,
transparent, mechanical durable, cheap and non-toxic polymeric film. The film is only
commercial non-toxic polymer based, without any nano particle and additional
chemical agent participation. Compression of two partially miscible polymer blends
above melting temperature, the polymer molecular diffuse into the matrix of each
other through polymer chains transport phenomena. After separate two polymer film
by peeling, the highly textured superhydrophobic surfaces are achieved for both sides.
The exclusive advantages of this film compare to others surperhydrophobic surfaces,
no special storage and transportation attention is required, since the texture surface
only formed while peeling.

Keywords: superhydrophobic, polymer blend, peeling, nanohair
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Effect of In Situ Surface-Modified Nano-SiO2 on the Thermal and

Crystallization Behavior of Poly(butylene succinate)
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eng475001,P. R. China
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Beijing 100029, P. R. China

With increasing concerns on sustainable development and the environmental
issues caused by materials, biodegradable polymers have received intense
attentionduring the last two decades. Among the various categories ofbiodegradable
polymers, poly(butylene succinate) (PBS) is one of the most significant biodegradable
polyesters because it exhibits excellent properties, including biodegradability, melt
processability, and chemical resistance, whichgives rise to wide potential applications.
However,PBS also possesses some shortcomings, such asinsufficient stiffness,
low-melt strength and viscosity,and poor mechanical and thermal properties and
restricts its large-scale applications.

The nanocomposite is an effective way of improving its properties. Nano-SiO; is
the most commonly used nanoparticle for the preparation of nanocomposites.
However, Nano-SiO, particles tend to aggregate when processed into a
nanocomposite due to strong hydrophilic interactions and badly affect its application.
So it needs to be modified with organic surfactant treatment. Normally, the
aggregation caused by physical force can be solved by surfactant treatment. If
chemical bonds lead to the nanoparticle aggregation, no method is available.
Surface-modification in situ in aqueous solution is a new route to prepare dispersible
nanoscale silica. This kind of nanoscale silica may have good dispersion in polymer
matrix and good compatibility between it and the polymer matrix, which can enhance
the properties of the final materials.

In the present work, PBS/SiO;nanocomposites were prepared by in-situ
polymerization of 1,4-butanediol, succinic acid and in-situ surface-modified
nano-Si0,. The influence of dispersible nano-SiO; on the thermal and crystallization
of PBS was studied.
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