©
2011 2013

Gelation Mechanism and Hydrogen Bonding Behavior of Gellan Gum Studied by Vibrationa
I Spectroscopy and Small Angle X-ray Scattering
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Gellan gum is an extracellular polysaccharide produced by Pseudomonas elodea, and

is composed of tetrasaccharide (glucose, glucuronic acid, glucose, rhamnose) repeating units, containing o
ne carboxyl side group. It is widely used in the food industry and biomedical fields since it forms transp
arent gels which have a heat and acid resistant nature. Gellan gum has the characteristic property of temp
erature-dependent and cation-induced gelation. This gelation involves the formation of double helical junc
tion zones followed by the double helical segments of gellan gum to form a three-dimensional network by co
mplexation with cations and hydrogen bonding with water. In the present study, we have investigated gelati
on mechanism of gellan gum by using infrared and Raman spectroscopy. It is likely that the hydrogen bondin
g between water and gellan gum becomes weak during the coil to double-helix transition.
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Fig.2 Temperature-dependent IR spectra of
gellan gum (pH 7).
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Fig.3 Plots of the wavenumber shift of C-O-C
asymmetric stretching band and COO™ asymmetric
stretching band of gellan gum (pH 7) including
different cations (Li*, Na’, K*, Rb", Cs").
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Fig.4 Gelation mechanism of gellan gum.
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Fig.5 IR spectrain the C=0 and COO'" stretching
band region of gellan gum (gel) with various pH
values (pH2, 3, 4, 7, 10).



20
Daitaro Ishikawa, Takashi Nishii, Fumiaki
Mizuno, Harumi Sato, Sergei Kazarian, and
Yukihiro " Ozaki, “Potential of a Newly
Developed High Speed Near-infra red (NIR)
Camera  (Compovision) in  Polymer
Industrial ~ Analyses - Monitoring of
Crystallinity and Crystal Evolution 0% Poly
Lactic Acid (PLAE and Concentration of
PLA in PLA/ Po y—(RP.-3—hydr0xybutyrate
PHB) Blend-“, Applied = Spectroscopy,
67%12 ,1441-1446(2013).
Hal Suzuki, Shinya Ishii, Harumi Sato,
Shigeki Yamamoto, Yusuke Morisawa,
Yukihiro Ozaki, Tetsuji Uchiyama, Chiko
Otani and Hiromichi Hoshina, “Brill
transition of nylon-6 characterized by
low-frequency vibration through terahertz
absorption spectroscopy”, Chemical Physics
Letters 575, 36-39 (2013).
Mriam Unger, Harumi Sato, Yukihiro Ozaki,
Dieter  Fischer, Heinz W. Siesler,
“Temperature-Dependent Fourier Transform
Infrared Spectroscopy and Raman Mapping
Spectroscczipy of Phase-Separation in a
Poly(3—h1y roxybutyrate)—Poly(L-Lactic
Acid) Blend”, Applied Spectroscopy, 67, 2,
141-147(2013).
Hiromichi Hoshina, Shinya Ishii, Shigeki
Yamamoto, Yusuke Morisawa, Harumi Sato,
Tetsuji Uchiyama, Yukihiro Ozaki, and
Chiko Otani, Terahertz Spectroscopy in

Polymer  Research, “Assignment  of
Intermolecular Vibrational Modes and
Structural Characterization of
Poly(3-Hydroxybutyrate)”, |EEE

Transactions on Terahertz Science and
Technology, Vol.3, No.3, pp248-258(2013).

Shigeki Yamamoto, Yusuke Morisawa,
Harumi Sato, Hiromichi Hoshina, and
Yukihiro Ozaki, “Quantum Mechanical

Interpretation of Intermolecular Vibrational
2 Modes of Crystalline
Poly-(R)-Hydroxybutyrate = Observed in
Low- Frequency Raman and Terahertz
Sé)ectra”, J. Phys. Chem. B, 117, 2180-2187
(2013).

Toshiaki Suzuki, Xinlei Yan, Yasutaka
Kitahama, Harumi Sato, Tamitake Itoh,
Takeshi Miura, and Yukihiro Ozaki

“Tip-Enhanced Raman Spectroscopy Study of
Local Interactions at the Interface of
Styrene—Butadiene Rubber/Multiwalled
Carbon Nanotube Nanocomposites”, J. Phys.
Chem. C 117, 1436—1440(2013).

Xinlei Yan, Tamitake Itoh, Yasutaka
Kitahama, Toshiaki Suzuki, Harumi Sato,
Takeshi Miyake, Yukihiro Ozaki, “A Raman
Spectroscopy Study on Single Wall Carbon
Nanotube/Polystyrene Nanocomposites:
Mechanical Compression Transferred from
the Polymer to Single-Wall Carbon
Naotubes” J. Phys. Chem. C, 116,
17897-17903(2012).

Yohei Ando, Harumi Sato, Hideyuki
Shinzawa, Masami Okamoto, Isao Noda,
Yukihiro Ozaki “Isothermal melt
crystallization behavior of neat
poly(l-lactide) (PLLA) and
PLLA/organically modified layered silicate
(OMLS)  nanocomposite  studied by
two-dimensional (2D) correlation
spectroscopy, Vibrational Spectroscopy 60,
158-162(2012).

Nattaporn Suttiwijitpukdee, Harumi Sato,

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Miriam Unger, and Yukihiro Ozaki, “Effects
of  Hydrogen Bond Intermolecular
Interactions on the Crystal Spherulite of
Poly(3-hydroxybutyrate) and  Cellulose
Acetate Butyrate Blends: Studied by FT-IR
and FT-NIR Imaging Spectroscopy”,
Macromolecules, 45 (6), 2738-2748 (2012).

Harumi Sato, Nattaporn Suttiwijitpukdee,
Takeji Hashimoto, and Yukihiro Ozaki,
“Simultaneous Synchrotron SAXS/WAXD
Stud of  Composition  Fluctuations,
Cold¥Crystallizati0n, and Meltin in
Biodegradable Polymer Blends of Cellulose
Acetate Butyrate and Pol
3-hydroxybutyrate)”, Macromolecules,

6), 2783-2795 (2012).

Xinlei Yan, Yasutaka Kitahama, Harumi Sato,
Toshiaki Suzuki, Xiaoxia Han, Tamitake Itoh,
Liliane Bokobza, Yukihiro Ozaki, “Laser
Heating Effect on Raman Spectra of
Styrene-Butadiene =~ Rubber  /Multiwalled
Carbon Nanotube Nanocomposites”, Chemical
Physics Letters, 523, 87-91 (2012).

Hiromichi Hoshina, Shinya Ishii, Yusuke
Morisawa, Harumi Sato, Isao Noda,
Yukihiro Ozaki, Chiko Otani, “Isothermal
Crystallization of Poly(3-hydroxybutyrate)
Studied by Terahertz Two-Dimensional
Correlation Spectroscopy”, Applied Physics
Letters, 100, 011907-1-3 (2012).

Xiaoli Sun, Longhai Guo, Harumi Sato,
Yukihiro Ozaki, Shouke Yan, Isao Takahashi,
“A study on the crystallization behavior of
pol (beta—lll:}/droxybut rate) thin films on Si
wafers”, Polymer, %2, 3865-3870(2012).

Longhai Guo, Nicolas Spegazzini, Harumi
Sato, Takeli(i Hashimoto, Hiroyasu Masuna%(a,
Sono Sasaki, Masaki Takata, Yukihiro Ozaki,
“Multistep Crystallization Process Involving
Sequential Formations of  Density
Fluctuations, Intermediate Structures, and
Lamellar Crystallites:
Poly(3-hydroxybutyrate) As Investigated by
Time-Resolved Synchrotron SAXS and
WAXD” Macromolecules, 45, 313-328
(2012).

Harumi Sato, Yuriko Ando, Hiroshi Mitomo,
Yukihiro Ozaki, “Infrared Spectroscopy and
X-ray Diffraction Studies of Thermal
Behavior and Lamella Structures of
Poly(3-hydroxybutyrate-co-
3-hydroxyva1eratef (P(HB-co-HV)) with
PHB Type Crystal Structure and PHV Tyz&e

Crystal = Structure” Macromolecules,
2829-2837 (2011). _
Nattaporn Suttiwijitpukdee, Harumi Sato,

Jianming Zhang, and Takeji Hashimoto,
“Effects of Intermolecular Hydrogen
Bondings on Isothermal Crystallization
Behavior of Polymer Blends of Cellulose
Acetate Butyrate and Polygl-
hydroxybutyrate)” Macromolecules, ,
3467-3477(2011).

Longhai Guo, Harumi Sato, Takeji Hashimoto,
Yukihiro  Ozaki, “Thermally  Induced
Exchanges of Hydrogen Bonding Interactions

and Their Effects on Phase Structures of
Poly§3-hydroxybu ate) and
Poly(4-vinylphenol) Blends” Macromolecules,
44, 2229-22;9 (2011).

Miriam Unger, Harumi Sato, Yukihiro Ozaki,
Heinz W. Siesler, “Crystallization Behavior
of Poly(3-hydroxybutyrate) (PHB),
Poly(e-caprolactone) (PCL) and Their Blend
50:50 wt.%) Studied by 2D FT-IR
orrelation3g£ectroscop ”, Macromolecular
Symposia, , 90-100 (5011).
Nattaporn ~ Suttiwijitpukdee, Harumi Sato,




20.

Jianming Zhang, Takeji Hashimoto, Yukihiro
Ozaki, “Intermolecufar Interactions  and
Cr?/stallization Behaviors of Biodegradable
Polymer Blends etween
poly(3-hydroxybutyrate) and Cellulose Acetate
Butyrate Studied by DSC, FT-IR, and WAXD”,
Polymer, 52 461-471 (2011).

Shin Tachibana, Yusuke Morisawa, Akifumi
Ikehata, Harumi Sato, Noboru Higashi, and
Yukihiro Ozaki, “Far-Ultraviolet Spectra of
n-Alkanes and Branched Alkanes in the
Liquid Phase Observed by an Attenuated
Total Reflectance-Far Ultraviolet
Sgectrometer”, Applied Spectroscopy, 65,
221-226(2011).

39

,2013 10 28 -29 .

Kummetha Raghhnatha Reddy

2013 9 11T L

X

, ,’ Kummetha
Raghunatha Reddy,

2013 9 C1ici3 .,

, 25
,2013 9 5 6

- , Kummetha Ragh’unatha
Reddy, 25

2013 9 5 6

Crystal Structures and Thermal Behavior of
Polyhydroxyalkanoates Studied by Infrared
Spectroscopy and Wide Angle X-ray
Diffraction , H. Sato, Y. Ozaki , Seventh
International Conference on Advanced
Vibrational Spectroscopy (ICAVS-7), 25-30
August, 2013, Kobe Cinvention Center,
Japan.

Isothermal Crystallization of
Poly(3-hydroxybutyrate) and Cellulose
Acetate Butyrate Blends studied by IR and
NIR Imaging, H. Sato, N. Suttiwijitpukdee,
M. Unger, Y. Ozaki , Seventh International
Conference on Advanced Vibrational
Spectroscopy (ICAVS-7), 25-30 August,
2013, Kobe Cinvention Center, Japan.
Gelation Mechanism of Gellan Gum
Studied By Infrared Spectroscopy, F.
Nishimura, T. Sakiyama, H. Sato, Kenji
Kubota, Y. Ozaki , Seventh International
Conference on Advanced Vibrational
Spectroscopy (ICAVS-7), 25-30 August,
2013, Kobe Cinvention Center, Japan.
Crystal Structures and Thermal Behavior of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Low Molecular Weight
Poly(3-Hydroxybutyrate) Studied by
Infrared Spectroscopy and Wide Angle
X-Ray Diffraction, N. Kadoya, H. Sato, Y.
Ozaki, Seventh International Conference on
Advanced Vibrational Spectroscopy
(ICAVS-7), 25-30 August, 2013, Kobe
Cinvention Center, Japan.

Crystalline structure and thermal behavior of
poly(butylene succinate) studied by Raman
spectroscopy and quantum  chemical
calculations, S. Noma, H. Sato, K. R. Reddy,
S. Yamamoto, Y. Ozaki, 19th European
Symposium on Polymer Spectroscopy
(ESOPS19), Prague, 12 - 13 July 2013.
Gelation mechanism of gellan gum studied
by infrared and Raman spectroscopy, H.
Sato, T. Sakiyama, K. Kubota, Y. Ozaki
19th European Symposium on Polymer
Spectroscopy (ESOPS19), Prague, 12 - 13
July 2013.

Intermolecular Interactions of Polyglycolic
acid Studied by Vibrational Spectroscopy,
Wide Angle X-ray Diffraction, and
Quantum Chemical Calculation, H. Sato, M.
Miyada, S. Yamamoto, Y. Ozaki, 19th
European ~ Symposium  on  Polymer
Spectroscopy (ESOPS19), Prague, 12 - 13
July 2013.

Intermolecular  vibrational modes of
crystalline poly-(R)-3-hydroxybutyrate, S.

Yamamoto, Y. Morisawa, H. Sato, H.
Hoshina, Y. Ozaki, 19th European
Symposium on Polymer Spectroscopy

(ESOPS19), Prague, 12 - 13 July 2013.
Role of Hydrogen Bonding of
Poly(3-hydroxybutyrate) Studied by
Infrared Spectroscopy and Wide Angle
X-ray Diffraction, H. Sato, The3rd
discussion meeting on advanced Polymer,
5 UK SREEDE, Tune 2-3, 2013, Qingdao,
China.

, Kummetha Ragﬁunatha Re(fdy, o
2013

>

5 2931 ,
FT-IR FT-NIR
/
, , Suttiwijitpukdee
Nattaporn, R
,2013 5 29-31 ,
(PBS)

Kummetha Raghuﬁatha Reddyz o
, 2013 5 2931

Simultaneous Synchrotron SAXS/WAXD
Study of Composition Fluctuations,
Cold-Crystallization, and Melting in

Biodegradable Polymer Blends of Cellulose
Acetate Butyrate and
Poly(3-hydroxybutyrate) H. Sato, N.
Suttiwijitpukdee, T. Hashimoto, Y. Ozaki,
The O9th SPSJ International Polymer
Conference (IPC2012) December 11-14,
2012, Kobe, JAPAN.

FT-IR and FT-NIR Imaging Spectroscopy
Studies on Effects of Hydrogen Bond

Intermolecular Interactions of
Poly(3-hydroxybutyrate) and  Cellulose
Acetate Butyrate Blends, H. Sato, N.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Suttiwijitpukdee, M. Unger, Y. Ozaki, The
9th SPSJ International Polymer Conference
(IPC2012) December 11-14, 2012, Kobe,
JAPAN.

Gelation Mechanism and Hydrogen Bonding
Behavior of Gellan Gum Studied by
Vibrational Spectroscopy and Small Angle
X-ray Scattering T. Sakiyama, H. Sato, K.
Kubota, Y. Ozaki, , The 9th SPSJ
International Polymer Conference
(IPC2012) December 11-14, 2012, Kobe,
JAPAN.

2012 12,

SAXS/WAXD Study of Composition
Fluctuations, = Cold-Crystallization, and
Melting in Cellulose Acetate Butyrate and
Poly(3-hydroxybutyrate) blends, H. Sato, N.
Suttiwijitpukdee, T. Hashimoto, Y. Ozaki,

61
2012 9 19-21
X
s ’ 61 B > )
2012 9 19-21
2012 8 2426 .
pH
C 58 ’ B
2012 7 13
X
61; b b
2012 5 29-31
pH
’ 61 ’ S
2012 5 2931 .
P(MMA-CO-MA)
b b | 6’17
2012 5 2931 ’
, , Guo Longhai,
Spegazzini Nicolas, s s
9 b b 61
2012 5 29-31 ’

Crystal Structures and Thermal Behavior of
Poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) Studied by Infrared
Spectroscopy and Wide An&le X-ray
Diffraction, H. Sato, Y. Ozaki, 11™ European
Symposium on Polymer Blends, Donostia -
San Sebastian, Spain, Mar. 25-28, 2012.
Infrared Spectroscopy and Wide Angle
X-ray Diffraction studies of Crystal
Structures and Thermal Behavior of
Poly(3-hydroxybutyrate-co-3
-hydroxyvalerate), H. Sato, Y. Ozaki, The
12th Pacific Polymer Conference (PPC12),
The Shilla Hotel, Jeju, Korea, Nov. 13-17,
2011.

Time-Resolved Synchrotron SAXS and
WAXD  Studies on  Morphological

33.

34.

35.

36.

37.

38.

39.

€Y)

2

3)

Evolutions of  Poly(3-hydroxybutyrate)
during Isothermal Crystallization, Y. Ozaki,
L. Guo, N. Spegazzini, H. Sato, T.
Hashimoto, H. Masunaga, S. Sasaki, M.
Takata, The 12th Pacific = Polymer
Conference (PPC12), The Shilla Hotel, Jeju,
Korea, Nov. 13-17, 2011.
Inter- and Intramolecular Hydrogen Bonding
Change by Structural Formation of Gellan
Gum studied by Vibrational Spectroscopy, T.
Sakiyama, H. Sato, K. Kubota, Y. Ozaki
The 12th Pacific Polymer Conference
(PPC12), The Shilla Hotel, Jeju, Korea, Nov.
13-17, 2011.

SAXS/WAXD

, 1 FSBL ,
,2011 11 8

, 60
,2011 9 28-30

> >

, 60

,2011 9 28-30
Raman Spectra of Styrene-Butadiene
Rubber/Multiwall Carbon Nanotubes
Nanocomposites, H. Sato, X. Yan, Y.
Kitahama, T. Itoh, T. Suzuki, L. Bokobza, Y.
Ozaki, Sixth International Conference on
Advanced Vibrational Spectroscopy
(ICAVS-6), June 12-17, 2011.
Thermal Behavior and Lamella Structures of
Poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) (P(HB-co-HV)) Studied by
Infrared Spectroscopy, H. Sato, Y. Ozaki
Sixth International Conference on Advanced
Vibrational Spectroscopy (ICAVS-6), June
12-17, 2011.

>

> > 5

, 60

A , 2011 5 2527
0
0
0
Harumi Sato
10288558
Kenji Kubota
40153332
Yukihiro Ozaki
00147290



