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In this study, we First improved the measurement efficiency of time-domain
interferometry by a factor of two. In addition, the developed new system was found to visualize the
temporal relaxation of the microstructure more clearly. Using this new method, we found that the
addition of silica nanoparticles to polybutadiene rubber slows down the Johari-Goldstein (JG)
relaxation. On the other hand, we found that the JG relaxation becomes faster when the polybutadiene

rubber is stretched in the absence of silica nanoparticles. These results provide new and important

insights for understanding the properties and improving the functionality of polymeric materials,
as the addition of silica nanoparticles and stretching slow and accelerate the JG relaxation,
respectively.



¥ X C-19, F-19—-1, Z—19 (Gtm)

. IR YT OER
ﬂ)ﬂ%%&k@/7bv& Tl JNWZE R 7 — VAT o CTIEAE S 2 5 - BN 2o P& o8

~ 7 u BRI R RO T b, Lo L, BN AREE XA I 7 22T 2 FikikX 1
ICRTEIRCRONT V2720, ZDREECYINED A H = X L O HHERE T F 2R TH 5,
Bz 2 A YICBH L CTld, BREERECINEFEMERE DI Lo 7 T LicH 2 R 2T 5 L. %
NICX VRS ALCZ Y v 7HEMETLCLE) CEAMEE > TE Y, Z O

BANZZALF XL TD o TR, ﬂiﬂ%wxaym)
10° 10 10 10'5
(2) TORMEFTFT 2720, HEHIT a5 10?_ 7; = g%lzﬂ;\:ﬂe BX #aﬁﬁxﬁ |
BOHYE TR S N R - EiEAtk o B 14 AT M
AR R LR L 2 e R
R A FYrTY
TEr, MICARTES I, cofikr Koyl BE [ B
N N . I e- = 2

RE - AFOFXAT 2% EHEH 5 Iapes [ B
SBWEAT A ERELT )~ 0] TR . o
A 7 uRFR R 7 — v CHE R RE 7R 2 = N loﬁﬁﬁf;a¢6§ﬁmm#g ’

— 7 BFETHD, THICHEFEEDL R

LD v~k FRFICH Y 5 3T TR

X0, HIEMNEE 100 O HET DT LT L T3, (M. Saito et al, Sci. Rep. 7, (2017)
12558) Z O FERIIMEN mEn 2 7 A v F OILEGES) (afffl) ZHETE L2 D0THSZ
EDHID N T2 H3, HEEE L AFEZ T 7 REBIREDLERE T4 UiR 2 BT LEE
T» % Johari-Goldstein fEfIZHFET 2 2 &R TE 52 L & HH L T3, (M. Saito eral, Phys.
Rev. Lett. 109, 115705 (2012). ) Z @ Johari-Goldstein #&Ff11x Z DRCIFIZAHTH 2 25, 49 184
AT = X0 R R ZERRA 7 — VORI TH Y, 77 XF v 7k EOIEREEEED
NFEPEICR G EE 52 5N TH 5120 REBREHINTHEHDTH 5,

(B) £7ey ZAYDETARIEN L TORFEOARAEEMO CTEILL T2, 9. ZhET
FEMlCgE L CE m AR Y 72 Y v (T. Kanaya, et al, J. Chem. Phys. 140, 144906
(2010 ) DR ZHFER L LT, ¥ YA F KT Z2EHNT 5 2 & CHIRMAED T2 X v+ O
PEEGES) (afBfl) ORPERDNEL 5 2 L %/R L CT&7%, (M. Saito er al., Hyperfine Interact.
238,99 (2017).) F 7=, Him s EHOWME2A 5D T 7 —FIC X VEELA4 F I 72t~ 70t
HEOBERMEEHS 2 LT3, (T. Yamaguchi, M. Saito, et al, J. Phys. Chem. Lett. 9, 298
(2018).)

M1 #AF 7 ZMEFE

2. MEOEK

(1) WefsEis T st o &AL

KIFFEDH 1 O HIVIE, 7 v < BIFFSIRTHE 2 S L. 2 o RIc @RI 5+ -
BTDEAF I ARBENREL 5 2 L TH 5, RFETHFHEE, ERMEBELHNE 2175
HEI DRI IC 57-Fe 77 v~ A A, B ZRE L. A, B2 o s ha 7y <o TFk &
— vV RO oTw LB XA F I 7 ZADEMREFHANDE FETH D, @M TEAF I 7 A~
DY HF ) RTHIMOFEELE XV IRAICHR 2 -0, FEEERTSoEE 2 igT.
(2) ¥ VA F 7 RTFHRINC X % T 29MED 2 7 =X LD HEfig

B2 OHME, FIFEEHVLLTRY TAV vy Ay Y AF I RTEFNT S &



IZ X % a. Johari-Goldstein #Ef1 X4 F I 7 ZDZLEZ AL I L, ZDELD A7 =X L%
LcT BT, YU AF I NTORIMC X 2 2 L OREHMEZE D I 7 a7 A6 2
T52LTHD,

3. MMRDAGE
(1) FeRfEE TS5 o m AL

B 1AERE 1T, BRI T HSEHEIC L 2 20 AT Fu —F I X 2 EE LR T 572, 1D
HIZ# AR C. AL B2 O S 12 77 v RO % Efi D 5 ic 35 2 & ¢, ikl o)
YoH v < B THME IS 2 ER KT 5HETh b, 2 0B HEIEEES GE T, I’
M THEHcd b a A vy <o AV F izl e ©, MEDMEZM L5 C
Lx BT, RS Wbk L SEALS (RO BIENE L X4 F I 7 A& AL T 2 ERE
REDHRAMEHEEL, 2 FEoF 2O ARMELZZTL T ICH 72 ) b Bk Fik 2 i+
%,

(2) ¥V HhF KT ORMA T LD afEhll, Johari-Goldstein FEHIC 5 2 % 522D #HH]

B 2 X, F KT DFANIC X Y Johari-Goldstein $EF125 & D X 5 T2 % ZT 5 2024
ICHHS 223 %, Johari-Goldstein #EF1IE, FHIVHHER T O € — 27 X 0 b EEAIK Z Wl cBLHlA]
BE7R Z Lo T B, 2D X I RO KE R TIE, o BMIABLIIT ¥ 2 FiHER T
D=7 X0 BEEIRELRNE SR, YV AF I RNTFR A>T EEDICE D £ kT X
20V~ RRONEBIND K E W& v ) EERMET 2 & BEEOHIE R Tld+oricilliE & 4,
Zoo (D)o cHomEl I N BEREME S LELD 5,

(3) YV AF ) RTBMRLAF I 7 ZA%IEL TS A H =X LD

S 3 20 4 FECHPFI T, PV AFRTORIMCEVHREA F I 7 ZDOF 27—
BRLABRDZAN=ZZX LD EIT o120 TOXAF I 7 Z0MLDREFHE LT, > ) AF /KT
DRENCE D FHIWAE L, S IClimaA RS —E o &a A5 FIEX I N 20T
DO E D T E T TEFHPET T2 W) AHXLABRREINTHE, TOAH=ZXLIZ
TLNFIIENBFET BT, YU AF 7 RTFORMICLY TLHBEL 25 L AT
2. CDANZALDREYRTH LD ERIAET 2720,V AF KT RFMLU LT LREML
BABAN D RN R CAEANE L 1O 3 2 M DB R /<. © V) A F 7 R Odin & FkkoZEt
DBHREZ B D2,

4. WIEEE
(1) FERfE TSt o M

T FHHUEAAE 2 W72 7 v < AREEME BGELIE O KEE R 2 T o 72, T DFER. FrFiko
FEFEBRICKINT 2 2 3 TE, TNE TIIIEEL b - 72wt & ReIfE Ic 31 2 Tk
EHRHAGDEH LW AD =X L CTOTHGIE2EIET L3 TE ., T/, ZOHFENC
NETOFIRICHRT2UEHORE XA F I 7 ZOMERERETE 3 Y OoE W EiEL
T RMERL, 6, MESEEORAED T2, TN CORRIMEI TN
RLSEDOIANF—HOF v~ AV GEORE TV, B X Z2EREIEME %
Ml EX¢2 BTz, Ioic, MEAEOETIR, D TFHEOHBERRRE L dico X
IITHHBEIZ Ko T K 2 & v ) IEIRZ Fro PITEGELBIE 2 . WAL X 0 AV L v ¥ C
B ICBLICZ 2 2 e b h oz, ThE Y, EELSEEEZHC L ET 2 2 & T,
HIE DR A L4 21X 0 A, BEAOIEIRD X 0 IR AT L S ATRE & 72 B, RS2 CRARE



INmEAMS R, BOTHMROALRL S, Ay 7 F=2—, JEREMEHGET S 0
T3, (ZEHO~D)

2)v VA F KT DOEMD = LD afffl, Johari-GoldsteinfBHIIC 5 z % 5220 A

KY 7xyzy LIy ) AF 7 RFBHEMINTEEEITEDT D afflsELL %5 2L
D353 o T b, (M. Saito et al., Hyperfine Interact. 238, 99 (2017).) A#fFETiZ, b 5 —2D
B 72 HEHI T B % Johari-GoldsteinfZ I £ 4 I 7 ZA~D > V) A F /K FBRIMOFEZ R~ 72,
ZOMER, KV 722V T LTIEY Y AF 7 RFOENMIC X Y Johari-Goldsteing&H1 £ £ 7 3
7 ADKEMA 7 — A DHEIEL 2% 2 & RIILOTHMBINITRT C LB TE 72, (BEHO)
ZDXHIT, BHTHROMEMIRICELTE, T4 T IRF vy 2o E LR LT3 200
B ARRHIEE TH 5 af&H & Johari-Goldstein S FEHID 2 D DIEHIA, FhEhs ) HF /K
TOFELZ T CES o TWwb LR RBF e TE I,

BV AF /KT DFEMBMAL A F 27 ZA%EL T2 A H =X 105
SV AFIIRTOHEMCEY . afEfll. Johari-GoldsteinfEMI 2 72 3 X =X L DHRED
o, VA FIRNTORMEEETRVKRY) 72Ty I LHD afffl, Johari-Goldsteinf&H]
DIEMOFTHICE Y DX S ITHE R 2%k~ T, Z DRER. a%mmﬁtfuﬁﬁof
AATHBE L o FEE) 133 < 72 5 3, Johari-Goldsteinf&A1ICES L Cidiiic 2 o #EH)13H < 72 5
LW RRRABREMME LN, 2D LIF, YU A F KT OHRMAYICNER IS 2R X ¢
HENZEC T 2T TR, BHOE- NI ICB a7 wEL 52 % X 5 8k
%ﬁ&&ofméc&ﬁb#oto$ﬁn®ﬁ%u‘L@TK%%ﬁA¢@ﬁ%@@mﬂ?5%
B2 Z DRI ER 2 S 212 L 72125 Y 2>, Johari-Goldsteinf&F1 D ALIF IC B 3 K % 7«
bVt 252500 THL, (ZEXHD) COMME—F I LICEENPRLRZERL LT, &
i X 2 AR oZ{ftez v bre —2{Lic X W AT E v plidhch s, bLIDOT
Ta—FREHTHIIE. vV AF I RTFEBRML ZEOEMEE 0L 2 RS 2 HHAF
VTCEhBEEZLND,

<5 k>

(DM. Saito, J. Yamamoto, R. Masuda, M. Kurokuzu, Y. Onodera, Y. Yoda, M. Seto, Phys. Rev. Res.
1, 012008(R) (2019).

(2M. Saito, J. Yamamoto, R. Masuda, M. Kurokuzu, Y. Yoda, M. Seto, Hypertine Interact. 241, 14

(2020).

(3M. Saito, Y. Onodera, K. Ohara, M. Kurokuzu, Y. Yoda, M. Seto, Phys. Status Solidi B 257,
2000113 (2020).

(@M. Nagao, E. G. Kelley, A. Faraone, M. Saito, Y. Yoda, M. Kurokuzu, S. Takata, M. Seto, P. D.
Butler, Phys. Rev. Lett. 127, 78102 (2021).

(BM. Saito, M. Kurokuzu, Y. Yoda, M. Seto, Phys. Rev. E105, L012605 (2022).

(6M. Saito, R. Mashita, T. Kanaya, H. Kishimoto, Y. Yoda, M. Seto, Hyperfine Interact. 242, 58
(2021).

(DR. Mashita, M. Saito, Y. Yoda, H. Kishimoto, M. Seto and T. Kanaya, /. Synchrotron Rad. 29,
1180 (2022).



8 8 1 1

Saito Makina Mashita Ryo Kanaya Toshiji Kishimoto Hiroyuki Yoda Yoshitaka Seto Makoto 242

Effect of silica-nanoparticle fillers on the Johari-Goldstein-B process in polymer 2021

nanocomposites

Hyperfine Interactions 58
DOl

10.1007/s10751-021-01784-w

Saito Makina Kurokuzu Masayuki Yoda Yoshitaka Seto Makoto 105

Microscopic observation of hidden Johari-Goldstein-3 process in glycerol 2022

Physical Review E L012605
DOl

10.1103/PhysRevE.105.L012605

Nagao Michihiro Kelley Elizabeth G. Faraone Antonio Saito Makina Yoda Yoshitaka Kurokuzu 127

Masayuki Takata Shinichi Seto Makoto Butler Paul D.

Relationship between Viscosity and Acyl Tail Dynamics in Lipid Bilayers 2021

Physical Review Letters 78102
DOl

10.1103/PhysRevLett.127.078102

Saito Makina Onodera Yohei Ohara Koji Kurokuzu Masayuki Yoda Yoshitaka Seto Makoto 257

Dynamics Study of Superionic Conducting Glass Na_3PS_4 Using Quasi- Elastic Gamma- Ray 2020

Scattering: Analysis Based on Diffraction and RMC-DFT Modeling

physica status solidi (b) 2000113 2000113

DOl
10.1002/pssb.202000113




Saito Makina Yamamoto Jun Masuda Ryo Kurokuzu Masayuki Onodera Yohei Yoda Yoshitaka Seto
Makoto

Direct observation of interlayer molecular translational motion in a smectic phase and 2019
determination of the layer order parameter
Physical Review Research

DOl
10.1103/PhysRevResearch.1.012008
Makina Saito, Jun Yamamoto, Ryo Masuda, Masayuki Kurokuzu, Yoshitaka Yoda, Makoto Seto 241
Microscopic molecular translational dynamics in cholesteric and cholesteric blue phases 2020
Hyperfine Interact.

DOl
10.1007/s10751-019-1670-z
Saito Makina Kanaya Toshiji Mashita Ryo
Synchrotron Radiation-Based Quasi-Elastic Scattering Using Mossbauer Gamma Ray with neV-Energy 2019
Resolution
Intec Open

DOl
10.5772/intechopen.88898
Mashita Ryo Saito Makina Yoda Yoshitaka Kishimoto Hiroyuki Seto Makoto Kanaya Toshiji 29
Microscopic observation of the effects of elongation on the polymer chain dynamics of 2022
crosslinked polybutadiene using quasi-elastic y -ray scattering
Journal of Synchrotron Radiation 1180 1186

DOl
10.1107/51600577522007998




14 4 5

2022

Makina Saito

Development of novel spectroscopy systems to directly observe microscopic translational molecular dynamics in various liquid
crystal phases

Optics of Liquid Crystals 2021

2021

Makina Saito, Ryo Mashita, Toshiji Kanaya, Hiroyuki Kishimoto, Yoshitaka Yoda, Makoto Seto

EFFECT OF SILICA NANOPARTICLE ON INTRA-CHAIN DYNAMICS OF POLYMER: QUASI-ELASTIC STUDY USING MOSSBAUER GAMMA RAYS

3rd International Conference on Hyperfine Interactions and their Applications

2021

Makina Saito

Time-domain interferometry for dynamics study

Expert Workshop on Nuclear Resonant Scattering of Synchrotron Radiation

2021




64

2020

2020

Makina Saito

Dynamics study in time scales between nano- second and micro- second by quasi- elastic scattering based on synchrotron
radiation

11th International Conference on Inelastic X-ray Scattering

2019

Makina Saito

Dynamics study using Mossbauer gamma ray and its various applications

International Conference on the Application of the Mossbauer Effect

2019




Makina Saito

Microscopic Picture of lonic Motions in Prototypical lonic Glass Ca0.6K0.4(NO3)1.4 and Superionic Conducting Glasses Na3PS4
and Li3PS4

The 14th International Conference on the Structure of Non-Crystalline Materials

2019

Johari-Goldstein 3

2019

2019

2019




2019

9
2019
1
Yoshida, Yutaka, Langouche, Guido (Eds.) 2021
Springer Nature 523

Modern Mossbauer Spectroscopy New Challenges Based on Cutting-Edge Techniques




