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Research and Development to Creating a Niche Market with Design Thinking
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48.50

-40.0 T 48.0

4 1E5 1E6 1E5 6
2 freq, H
Reff=0.414 R ﬂ 3.861
Effective Resistance [Q] Effective Resistan

4404 4.100

o 435.0m- o 4050
. 430.0m %, 4000+
3§ 425.0m: gE 3.950
£ 4200m = 3.900
@  415.0m m2 & 3.850
410, T 3,300

1E4 1E5 1E6 15 6
freq, Hz freq, Hz
B 2 RN I 2 L—FRER

niTE X H. DIITNAES. DOIIAMEE & 24, 0.03937
IEinch?» Hmn~DEHLRE TH 5, (1) L VERL L
DWREaf DA LR R ADFREHMEIZ. 24 L1
L=1.93uH, =tA /L21IL=51.6uH& 2%, £7-. &)EKk
EE T 2 = L — 4 (Keysight Advanced Design
System 2011 ver.3.0) &V, = A /L0 & E WA
AT 21T o 72, MR EZ X217 d, EEROXITMNT L
Tag VOmBEET L THY , FEDOKIFZA X
B A TEORITERIIZR T, A% 100kHz TD
fEATHE B 1%, = A /L 1IEL=1. 80uH, R=0. 41 Q , Q=2. 8,
1A JL2JFL=50. 5ul, R=3.86Q, Q=8.2& 72 ~7=,
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2.2 a4 JLAIE

ZIMBEBIZ, LCRA—# (Lutron LCR-9183)
ERT MV R Yy NT—27 T F 7 A% (SDRKits
DG8SAQ VNWA3E, LLF, WAL T 2%) ZHWTaA L
DEFENT A —=Z OFHEIT 5, 723, HIEE I
IELCR A — & OHITERRFUE T &> - 72100kHz & %,
LCRA — & Z A ]l L 72 lERE RIZHOWT, 2111
IZL=1. 97uH, R=0.06Q . Q=20.6+ 7210 . = A L2I%
L=51.2uH, R=0.67Q., Q=48.0L 72 >7=, EBHLHH A
VE Y HE AT ERINOFEL D (FHEED
DOFERTH T, FNTRER LT 5 & =24 11T
8.6%, 1A /L21F2. 0% EH L TEBY, BEHENEZ VI
ERAEDDIRWGER & lr oz, —F THPUEITRE
<AL TEBY, ZHUTHEVQEIZ EF LTS, 1
VHETHE ARG ERATED LRV TH DL EE
ZONDN, WP EUEITRE S B D720, T
BB /T A= HRET VORERNLETH D,
WITVNALL L D ERESIE, 24 /L 1EL=1. 97uH,
R=0.07Q., Q=16.8& 72V | = A JL2[XL=51. 53ul, R=
0.66Q., Q=48.9& 72 o7, A /LU DOUNTIELCR A
— XA F T HE U AFR L TH DN, WHaEN
TOUESME T Uiz, Ak, =24 L L VNAD [ A7
— T NVEEEICL DL LT | BRI
LTl EELZLND, A N2ATDONTIE, 2A
L1 XD TR RPN T2 6 | KT D S 7
SLCRA =% LIZIERIEDRER Lo E 2B 2
Bo 2B, BIREBN ERAIZHONTHESN EH LT
WD, ZHUIRIRIC LA EREHRICL DD EH
X HND, AENTHEBEZFEHLTWDLE, Vv Vi
AT 2 & TUET DR B D,

2.3 HERBDBIE
R IRE T ROBEDRITIT QBN E S FEL
TEY ., BIETHE LZfEICZ 2 @0 = A Vo
k (FEARRE) 2WETI2HERD D, 4EIEL LCR A
— 2 EHWTH—F v a— METRIEEIT- 72,
F =T va—MELEFZEMOaS N ELS—T
irva— hOREEIZ L, EERMOaA VDA K
7R AERNET HEFERBTE L, WELEEH

WTHEATREII (2) TRO B D, Lol A —7 R,

Lsidy a— MDA U F T X o AT,

Lo=LLs=L-L-k%k=./(Lo—Ls)/Lo..(2)

DA N2EHNTKkOREEIT-T2E 2 A0,
10, 20, 30mmD 45 FEEEC. 0. 854, 0. 383, 0. 169, 0. 087
L FEEREWIELSkRESIET L=,

2.4 LTSpice IZ & A IEsE 53T

WIE L% AV TEE S < 2 L— & LTSpiceld
KV R ZRE L. ARER R OFAMZ AT > 7=,
LTSpicell & 2 [AI#[X A x4 (REHfEOmmfF) (2, F2(Z
Yialb—varERERT, SbIC, BROZY
PEARRFET 2 72 | [AAR O AR BN % {FRL L VNA Tl
EZATH T2 BHEETL 18~1. 67D XETH D L DD,
ARSI T U % o VNADD J7 28D I HE 2 B IZ DU
TI&, LTSpice TIFHARRETH 5720, ERIFETOD
R OBRRHTC 2 0 7 v OF B IEBE O AN
HTWHbDEEZL LMD, LTSpiceTH 2N H DN
TA =L T DRERD D,

i

TSINE(0 4 100Meg) - - - - -
D CACAl . .
. | ‘Rser=50

S| et (R3Y VA
<L+ .acilin:1001 50k 500k« -

X 4 [AlE&

F2 VI alb—g VRS L VNA L OB

FEEfE (mm) LTSpice S21(db) YNA S21 (db) 75
0 -1.63 -2.84 1.21
10 -6.91 -8. 45 1.54
20 -13. 62 -14. 80 1.18
30 -19. 32 -20. 99 1. 67

3. BhYIC

AfE]l, WAL T raf vEsgE LT, lE
Ly alb—varETV, ZTOREE, LCR A—X
& LTSpice AT EEDILED T I 2 L— 3
COMBENELND Z EN o Tlz, 7272 L LCR A
— X T ERBNEE SN T DEANLZ WD, (E
BORMEETIIVNA DML EL 25 Z L ICHEENLE
Th b,

SE R

D BRERE. T4 YL AEEORAMR(EER. v—=
L —HiAR, 2016, 279p.

2) BERSHRERFIIEA VA ¥ L AGEER TSI
B4 o2 M (2018%F) https://www. yano. co. jp/
press—release/show/press_id/1964

3) André Kurs. et al. Wireless Power Transfer via
Strongly Coupled Magnetic Resonances. Science.
2007, Vol. 317, no. 5834, p. 83-86.

4) EM~A 7 o B & ERR F4%, AT
JForriitt, 2001
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B-ZxAFITIaA—I)LEERZSO-BEREZSORRE
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*BEINIHEME.

Development of a shochu yeast with Improved beta-Phenethyl alcohol Productivity
TANAKA Ryoichi*, ARAKI Masayo*, NAKAGAWA Masaru*

E A EN

ISR D—D>Th D B-7 =X T NT )T — )V @ AEET 2 BERBE R ORISR IR Uiz, BrBRREEREE, B

FRIZKF 32, =F A X BT 434 b (EMS) MBR%, p-7 A v 7 =7 7 =itttk & LTS, #l
ROKIUERED -7 = R F AT I a— LV AEERREESZ EDNALNE o7,

1. [FC&HIC

KBEROMRIERIT, BB L DR CRAENE DL
B2 ENRE T FEA B L TND, 2D XD 72
BREEBERT CIE. o JRBHIERT & 0 2ERE, 0%
bz BRc, WEZEELZVE VD Hfff=—X
DEE->TND, MMz T, ENOEEBEE OB %
FIBRT 2720, Wb~ Zhlladbe g
DY BEDPROMEE > TE TN D,

WX —"Tlk, 2 E T EEERE (S-4:KF
1), REAREEREEKF 1OFAEERE (KF 3)V, )
U UMD & HEERE  (CAN-1)2 ., jEifT X BERIKF 6%
BkE LIz T o oo F LA pERR KF 7) %BH
L, BAGEoRERED & WELICERL T
7o LML, T, AARBEOVEEEZ XL, o
PEHEICB W TEHED IR E RO L O 2 TE 2,
KB CIXE DB E A2 EZ DY — Wi, £
T, BT LWEE & R0 Belt 2 s+ 2B R0k 4
KA, p-7NAF a7 =)L T T =ik TH
HB-T =X FIAT I a— ) LEAFEROREEZIT-
776

2. B-DIRFIIFIOA—IISEERBORER

AL, WHRES IR R SRR O BUS &2 H i &
LT BEED—D>ThHLB-7 =R T NT Va—)
EEAEET DO (T T2,

BIFRE UCKF 3EEREZ WV, B-7 =R F LT L=
—IVEVEFER R R 21T o 72, BERRIE, BRA (=
FIVAZ IV T 3 3 A FEMS) THLEL L, JBINE:
HlZp-7 A7 =17 7 =2 (2 mg/ml) TONYNB
A . 7 e ZiERE & 1308 B L 72 (X1

) 3), 4)0

i, 30°C.
t—‘)éoi ﬂ 30°C. 1B RIR &

¢ MEKTIE %S
FDTRE.
WEKT2EM% S HBKTHR.
BIRIEHCER
(X
¢ "
] ¥

0.1M 1) > Ebuffer
(pH8.0)IZEE;H
ZRAI(EMS) % H M '

30°CHEEE
HIBIN=—DFEIRD DHT

1 EMSZE S/ 2 VN2 7 - 1 Z itk oo 4y e

3O RRIL, Bt s (Brix. 10 %) &4 —
T L B T3 BERE LS & 5B L - TI0RRITRE
DA, 300 mLAED/IMEIAGRER (TBALIAZ, HH
A40 %, BkHE160 %, 25 C, 15HRE]) 1T THES
Koy & A A v~ h7Z 7 (12, SHIMADZU GC-2010
Plus, Agilent Technologies DB-WAX, {RE 71 7/
X5 :50 C bmin, 3 °C/min, 200 °C 25 min, ##
W 30 cm/sec, &ViE : 16.8 mL/min, A7V v
FE 1 10.0) TEEHT L. 38K(A, G, H) £ TV IAA
72 (1D,

2 HAZwua-= 757 (SHIMADZU GC-2010
Plus)
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F1 HLABRDB-T =R FNT IV a—)LIEE
(250 mL #¥f1iA)

B ~Phe(ppm) | #E N (1E)
KF3(E#k) 173 1.0
A 391 2.3
C 210 1.2
D 258 1.5
E 313 1.8
F 260 1.5
G 423 2.5
H 423 25
1 297 1.7
J 220 1.3
K 370 2.2
B-Phe: B-7 =RF/NT La—)L

WA, BERSEE (A, G, MIZATF—T v T &EITWV
V2 LEOMHARER (ZEefiAA, BBE 40 % Ik
AKAAE160 %, 25 °C, 15HM) I TZE DR, &
RS BT LT (X3, #2), HefkBIC R EaRE 3
Y B-T =R F AT I a— )LEAFET D BEEEE R
IERE BT,

250 S,
-O-KF 3 ($2#%)

200

o-H (%)

150

100

rAEERVE(R)

0 5 10 15
—RitA#H ZRiEAH
REEEHK(A)

X 3 BRI XD BEEFRENIE (2 L A 1A )

#F2 LABRFOERWY ET V3 — VRE
(2 L FEAR)

KF 3G #E)| HETERHR) A G

n-7aE L7 ILa—)L 119 86 131 89
AVITFILTILa—IL 209 331 230 330
AYFINLFILIA—=L 331 421 364 423
h7avEEIFIL 0.1 0.1 0.1 0.1
BFEE AV TSI 45 5.4 5.9 6.3
Bz FIITIa—)L 227 441 357 413

(ppm)
FILO—)LiERE [ 176 | 17,71 17.8] 17.6]

(%)

X372 5 BH%E U 7o BERRIE, 1IRALIA Z | 20k A1A F2 D
SRR 2B (KF 3) LB L TH, = OFEEGE
ERELSEDLLRNWI EDRDND, £z, K2IRL
XL ABFOT L a— L EE S IFIFRZEDIL

RKThHoT,

B, bARFOEFERTKSIX, -7 B EALT LT
— LN L, B YT IV, A Y T TFAT L
—Jb. AT INT T — )VOEEMNARLILD D,
ZOELIIRE L 2V, BAFEEERHE, HOFTH
HB-T7 2R FIT N a— )L BRGNS Y5 2
ERbhote (1),

3. nE

R B -7 = X F T a— L ahtsk & i L
THY 2 fEmAEPET DI EHEERF OB R Ik Zh LT,
Lt OFEIL, B AR L1 RAZ Y —
=V T, BT = X TFILT I 3 — )L ENEHERIC A
Mo EEOAFERTH - 72 (BRHERREHED) 23, /MEA
HARBIZBW I 2 B ETH-T22 b, OB
~ 7 =X FNT I a— VAEFEROEWE AR T
77 X —%MEE L, ARG ERFTHZ L. @
&S OGA I BT -7 = 1 TF AT L a—
JVENERE L VN A0 ORGERBRA1TH) 2 & T
bo, MZ T, QRIERN L HEREOREIEDE
UMT K D BEETN DB RS oM & IR 7R A ik &
Bt 22 L bEEEZL TV D,

Ltk FERAMICIT, LRRENAORRE 2 B 5 0MT
L. RS RICED D TETH D,

SE X

1) BwkdE, AREEK, SJIE, EAET, EREN,
WOREE AL RRRE D B WO BEREE REO B HE, A ARBRIE
i5, Vol. 88, No. 9, pp. 701-707, 1993

2) MRHERA, BERFOBEMIC X D KER BT OFXRK
B, AAREERHSEE, Vol. 93, No. 7, pp. 504-50
9, 1998

3) Ichikawa Eiji, Hosokawa Naomi, Hata Yoji, Abe Ya
suhisa, Suginami Koji, Imayasu Satoshi, Agricultu
ral and Biological Chemistry, Breeding of a Sake
Yeast with Improved Ethyl Caproate Productivity,
Vol. 55, No. 8, pp. 2153-2154, 1991

4) Fukuda Kazuro, Watanabe Makoto, Asano Kozo, Ueda
Hiroyuki, Ohta Shigenori, Breeding of Brewing Ye
ast Producing a Large Amount of [ —Phenetyl Alcoh
ol and B -Phenethyl Acetate, Agricultural and Bio
logical Chemistry, Vol. 54, No. 1, pp. 269-271, 1
990
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PEDOT/HERE )L O—XF/ ) AR VEEHMHOEZFE & T OERMESTHE

YR U1 A9 Sy S - B

TECHR*T « K 5 B!

@# %5’%*1 . ﬂ(lﬁ] HH:*I,*Z,*S . ﬁ},ﬁ f@l}%*Z,*S

(ZfF 201746 A 2 H - FHEKT 201747 H 23 H)
(F1120B8 2017 42 9 H 14 H - DOI:10.1295/koron.2017-0048)

E 5§ MBEEALRORZ ZHELEL 2 — 2R (CS) % PEDOT D F— 3> MMoHWT, HEMEEST
PEDOT/CS D F# % 17> 7. DSAEAI1.0D CS % H\272 PEDOT/CS2 12 B VT, mbEWiEENTH 3
057S/em%Z/RL, TEMBIZICLX Yo —2F /7 7 ) 2 ¥ VICHET 2EZ MR L 72, XRDHIEIC
XD, DSEDE W, CSORMEEIFET L2, MdEoE» S 2 WGt 88 m2E < & 2
)% 7% L7z, PEDOT/PSS ¥ X U PEDOT/CS-2 D 7 = v 3 MW D#GH, PEDOT/CS-2 TlE, C,=Cy3kE
MR ENC KT 2 E— 27 53 1566em ™ 226 1562em ™'~ 7 F LT, C,=Cy W FRflfHIRE 12 i3k

T BWINAS 1437 cm™ ' 225 1433 cm™ ' N> 7 b L 7=,
Zricky, HEMESAELZZ EBRBI N,

1 #% =

INFETIL, RVER—LPLRY 7YY, KRYFF
7 Vi EOSFLE S FOEMREHEM TH B4 v
27 h AR (ITO) DREM KL E L TBRAICIHE S
NTELY, Forcly, SEkEESST, R (G425
Ly YA ¥ F 47 2 ) (PEDOT) DEEM DA Eosk
HEINTEY, yvF %L, arFryhEICHHE
N2 ETITEHTELDY, PEDOT I3 /KPR HEA T
HB7%D, F=vrOHEZzHORYAF LV ALE
V8 (PSS) & #EMEAEMIC X > T & 1% PEDOT/
PSS & LT, KAOBEDIRETHHIN TV S,

Ouyang 5 1%, PEDOT/PSSIZ XK F— v FELT,
IFLYZYa—)xzEMTS5I LX), PEDOT 23R
HHTHI e Fa X EowgHT, vy A FHhELD
¥ /A4 FREEZBR LT %0, HEML04S/cm
25200S/ecm Il BT 232 2WMELTW59, HIFS
I3, PEDOT/PSS/KIEWIZ 7Y a— )oY I E F =7
EoterFuexsE2HT 2688 LAMEZRNT S Lic
X b, PEDOT/PSS D EEM:H M L7 (600S/cm)

*

REARREERER A £ v 7 — ML - HUSZ I E (B 862-0901

REAT B X BT 3-11-38)

*2BRAR KA R B BHA 28T (B 860-8555 BEAN T it
[X 8% 2-39-1)

*3FE D EARREIEEM S AR v ¥ — (8 862-0901

HEATH B X BT 3-11-38)

DI EDS, PEDOTHF /A4 FHE 2B T 3

Z22EEBHELTCVBEY, R =8y b OWGET &
PEDOT DR b L { (2 IEEM & DIHEMEHIZ X - T,
PEDOT DAL MGE I N 2 EDERNTH B L L5
NTWw3, —7F, Zhang 5 IIZPEFICERH LT, ALK
FIAFLkAu—R, LR VB, FH UYL
BLORZF vz E%RHWT, PEDOT & ZHEDEAM
BBl L, BERALENRREER X BELR EicownT
% T> T3,

ARFIETIE, TFHICE B o X3t L gkt % ft
b Ok L e — A (CS)IZEHL, PEDOT D F—%
YhFELTHWS Z EIZXD, PEDOT/CS DEEM: & &
EMEIZ W TS L 2 (Figure 1), 2 rm—21%, 7
a3 — APHEFENIC B- 1486 T 5 2 LIk hEHRD
WigE%x EoTw3, #EH 5, PEDOT2kLu—RADH#
HIF 22 iE& i > ClAHId 3 2 &2 &k b, PEDOT Dk
Lt L, BEEPALET2EE2L. ke —2%
FRHCHWT 7 oo A LA v ERIGEIE S T LI L
D, WERELE AR (DS) D5 2 fitiH O CS Z i L
-, B 5N CSKIRRF T, EDOT DIR{LEA%1TS Z
&2 & Y PEDOT/CS % ##L L, PEDOT/CS DEHEM: &
CS D DSE X Of DB OV THE 21T - 72,

2 = E&

2.1 HE
ra—2ABLtr7aa ANEUBIE, Y TILR
VyFPy vtz #H L% PEDOTDOE /v —T
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Sulfated Cellulose
(CS)

PEDOT

Figure 1. (Color online) Structure of PEDOT/CS.

H234TFLPAFLFAT7 2 (EDOT) IE, HIR
B T2 (bR) WA L %2, BlmAl L LTHwRL
F XY EEA Y v 0%, R R T (BR) 8%

L7, VLFy 7 ZAHE LT L ZEEEk () i, M
FEHIR T (M) A L7, DMFIZ, 7 A 54 7 A
7 (Kk) #17% H 7. PEDOT/CS DI & LTH W
PEDOT/PSS %, ¥ 7= 7L F VU v F ¥ v 8 4% i
AL 7.

22 AlE

CS DRI HTIE, HARDG (k) B oA ot53 00k
FEEFFFT/IR-6300 12 & h, ATR#EZ FHWTHIE L %, CS
DIGEIHE, TL X F— - P vy (KR MoeHH
TG T I vario MICRO cube (2 X DHllE L 72, CSD
FFREOWER, HARTNE #R) BoR2mTiitss 2
A L 72, BARIE T (k) % Shodex OHpak SB-806M HQ
A7 LEMGT, RERIEEEET ) 7 LKA 0.1 M
Z VT, 0.5mL/min DHETIT-> %, BWEHIE, 13
MR L (kR W 7 7 v AR, p-82 (M, =0.58 X 10%,
122X10% 237X10% 4.80X10% 10.0X10% 18.6X
104, 38.0x10% 85.3x10% %\ CfERK L 7. PEDOT/
PSS ¥ & (X PEDOT/CS D FifElx, A7 b Y A (Fk) 8
D BYAIERLELIR 1 X 2 REEE 53 A I 28 25 & Zetasizer Nano
& D HIE L7,

PEDOT Wi D EIE D MIE X, TV Ah—T A4 Ty 7 A
TA (BR) B R H TR M E 24 & Dektak-150 % FH W 72,
PEDOT M DEEHI%, HARDE (BR) oL/t
JEEERF V-560 & H O CHIE 217 - 7. RIS LIE O HE
1%, R =ZF7r AL 7FHY 5 v 7 BIOEEYE Loresta-
GP & EHEFiET Hiresta-UP % H V272, PEDOT il o i
BlERlE, 7V H—2 A4 Ty 7 AT A (WK BEoEH
0 — 7 PSR Icon-ES1001 Z#fFH L 72, £/, 7 ra—
2 L a— 22T LE L LT, HEIE
Bk B3LYP I & O B oo b 2 T L7z, AKEE T
REF B L OBEIF 113 6-31G(d) ZH\>, MEFETIZ
Lanl2DZdp % fi\»C, GAMESS IZ X D frbisz, CSD
LML, (BR) VA 2 Bl X BRIRHTEE SmartLab & >

46

7-. PEDOT D TEM #2121, HAET () Moz
W E - WEEE JTEM-1400Plus % a7z, 5 < v e it
1, HARZDG R o L —H 7 < Vot NRS-5100
ZHWCHIE L 7z,

23 CSOFH

VB — A 150g % DMF750mL I 7 # & & C, =i
2T 14K EIRE 72, DSTEOEL 2 cSZHRHMT 2
70, klu—2D L a— 2N LT, ZREFh
1.30, 1.50, 1.85, 2258 X U450 ELYHD 710 R
LA VEEERWT, il u— R 258 ¥ DMF AR
Al Z 728, 50°C TSKM» ZEE, vru—2X
DIRBACIGIZ 727 aa Z )L &K B0 &% Table 1
WORY, BB LRGSO T 12, OAWE = BafEEE - &
VI LDIY ) —)VIRRICINA T, TR EfT-o7%. &
SN B A BEINL <, fAFEES Y VA0S
J = VIR 2 T, 3RS R ITo 2, 610, |
L7z 5 7 — ISz T L, LB % ik
Iy ) = VBB pHT I 5 T, iz iT-
7o B EKICBREIET, ARZETLTRT T
Y — X (bR) D535y F & 3500 T dH % BEHTIE Spectra/
por3 % T, T2 LB &2 1T - T2, BEHTHR, BASW
BrIC XD B E .

2.4 PEDOT/CS D&

CS-1, -2, -3, 4BXU-52ZNZF1020g7 DK
20mL ICVAR X, IRIEMEZINZ T ICHRE L 7.
EDOT 0.20g % CS/KIFEW 2T, HERz R LT
EDOT Z 8L & &, FRAITH 2 <A XY i »
V7 5 038gB XL Ny 7 2FITH 2 HiEE: () %
14mgMA T, FiRIC T4 X RE:, KIEKRT
#%, PEDOT/CS D A58 %179 7= ® I, BT Spectra/
por3 Z T, BB DFEN % 72 W4T > 72, @M
%, BonBEzHCTRZRIEEET 22 LICk
D, PEDOT/CS DETEZIRED 0.6wt% 12725 & I 1
FEEL 7o, HA & L Cili il PEDOT/PSS 1.3 wt% i
WIZOWTH, KEMAT, 0.6Wt% 1275 X I I
L 7.

1E5 15 X £ (2017), Advance Publication by J-stage



PEDOT/Hilg{t el a— 2+ /7 7V 2 & VA B Rtk 274

Table 1. DS value and molecular weight of CS

Cellulose

Sample (0) (mL)

Chlorosulfonic acid

OH:SOsH

(mol) DS value

My X 1073

CS-1 15.0 7.00
CS-2 15.0 9.23
CS-3 15.0 11.5
CS-4 15.0 13.9
CS-5 15.0 27.8

3.00:1.30 0.90 8.46
3.00:1.50 1.03 9.76
3.00:1.85 1.28 8.15
3.00:2.25 1.53 10.0

3.00:4.50 2.06 8.98

2.5 PEDOT/CS EEDER

PEDOT/CS j#fi1%, Crispin 6 & kDAY a2 —
BNk Y, FIAEREROCHEL 2, &7 A%
Wi ARITIRIE LT, HEBE 150 M L L %
%, TLIHEMETE Ry, KBEOLY 7 — L DIHEIC
2T, ZNF BT R Z 15 WA > 72,
B, UVAY Y7 —F =itk h ksl 7.

VEEHLIE X 172 4 5 A HEAR R1IZ PEDOT/CS 0.6 wt% O
RIT B % 300 pL i T LT, 1000rpm ICTAE Y 2 —
t #7728, 46472 PEDOT/CS #ilf% 120°C T 20
SEMENL T, BRI, Ay a—F23MEEREL
<, EHMDH % PEDOT/CS Ml % (EH L 7,

3 HREER

31 CSMIFH

Table 1121, CSDILHEAITIC L DHEHB L DS %
ML, DSHEIE, TCEIICE ZRELERE X O
WEEREZMVT, ZLa—2ADE VBT 2HED
EABOEREHT 2 Z ik bk 1),

S (%)/32.07
DS = C (%)/12.01/6 M

DS : The degree of substitution of sulfuric groups
per glucose unit

S : Sulfur content (%)

C : Carbon content (%)

RSB W, Z7un A LA VYBORMELS
W, DSEIEEML 72, CS-1, 2, 3, 4BLXUV-5D
DS fiilx, ZH ZF#409, 1.03, 1.28, 1.53 8 X 8 2.06
THot., CS1, 2, 3, 4BLE-5DFTIR ARY
F V% Figure 2 12T, kln—RICiER SNk o
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Figure 2. FT-IR spectra of cellulose and CS.
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Table 2. Zeta potential and Z average of PEDOT/PSS and PEDOT/
CS

Sample DS value Zetair[;o\t/t;ntlal z ?:lre;;ige
PEDOT/PSS — —73.8 977
PEDOT/CS-1 0.90 -39.9 330
PEDOT/CS-2 1.03 —40.3 264
PEDOT/CS-3 1.28 —40.9 343
PEDOT/CS-4 1.53 —47.5 331
PEDOT/CS-5 2.06 —36.2 281

Table 3. Thickness and electric conductivity of PEDOT thin films

X107 t oX10°

Sample DS value '(z Q/sq) (nm) (Sem~)
PEDOT/PSS — 8.77 74 15.3
PEDOT/CS-1 0.90 0.29 79 436
PEDOT/CS-2 1.03 0.25 59 576
PEDOT/CS-3 1.28 0.90 44 253
PEDOT/CS-4 1.53 13.1 53 14.0
PEDOT/CS-5 2.06 21500 32 0.014

BT HEEA S N,
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7z, Table 1 I CS DHEBE S TFREZR L7, CS-,
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10.0X10°DaTH H, FTEAMIETE—FThH-o 7,
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3.2 PEDOT/CS 5 EURDAE

Table 2 IZ1%, PEDOT/PSS 77 #iAWK & £ U PEDOT/CS
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7~ L 72. PEDOT/PSS 7K D ¥ — ¥ B H —73.8mV
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Figure 3. Transmittance of PEDOT/PSS and PEDOT/CS-2
films.
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Figure 4. Relationship between electrical conductivity and the
degree of substitution of sulfuric groups.

K DMIE L 72, Table 311, PEDOT Wl i #LHifE
IR R LA Q) & YR LA BEROMEZRT,

1

o= 2)
ps Xt

o : Electrical conductivity (S/cm)
o5 Surface resistivity (2/cm?)

t : Thickness (cm)

Figure 4 |2 138 EM: & DS £ DBAfRZE R L. CSD DS
DT iy, EEEFENLZ Qn bk’
&, BEOWREEIIZ, MELHERINIC C6>C2>C3 DIHFE T
FIGSHEFT L, DSHIMT 21287 €L 7 7 Az ihE
%20, Zva— ZHAY 7 I DL o
NEAZINLCS % F— 3y M WT, EDOT DL
BHEZITH A, CSDEH D IZPEDOT 23 L i <
(bl tEZoND, HEMEOMK CS-5 T,
PEDOT 2SEEAI LI < & D, HBEMWIMES BoRk T L

1E5 15 X £ (2017), Advance Publication by J-stage



PEDOT/Fil bz Lo — R+ 2 7 Y A8 VA B OB 254

MWHEZoNS, CS-5LHELTCS4Tldkre—2D
K TEASE W72 %, PEDOT 28I L ¢, EEMEMS LD
Bl ol EEZSND, Table 31287 X 91,
S 722 b oDdTld, PEDOT/CS-2 (DS=1.03) %8
ROHEVEEMEZ/R L, PEDOT/PSS & HiK L T 38 fi5m
{lxo Tz,

SPM % i \»C, PEDOT/PSS i#ifi & PEDOT/CS-2 i
DO EHBIRDOBZE % iT>7 & 2 5, PEDOT/PSS IZ

(200) of Cellulose

22.9°
(110) of Cellulose (020) of PEDOT
| 17.1° 25.9°
= (004) of Cellulose
(110) of Cellulose s
15.2° Od
PEDOT/CS-5
5
s PEDOT/CS-4
=
g
2
£ PEDOT/CS-3
PEDOT/CS-2
PEDOT/CS-1
\/\‘/\*’\ PEDOT/PSS

10 20 30 40 50
26 (deg)

Figure 5. XRD patterns of PEDOT/PSS and series PEDOT/CS.
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Figure 6. Degree of crystallinity for cellulose dependence of electrical

conductivity of PEDOT/CS.
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Figure 7. TEM image of PEDOT/CS-2.
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Figure 8. Raman spectra of PEDOT/PSS and PEDOT/CS-2
films.
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PEDOT-Sulfate Nanocrystalline Cellulose Composites and Their Characterization

Maki Horikawa®!*3 Tomohiro Suirosaki*!*3, Naoya Ryu*!, Yoshiro Oncr*!, Hideo Sakurar®!, Shoji NaGaoka
* Kumamoto Industrial Research Institute (3—11-38 Higashi machi, Higashi-ku, Kumamoto 862—0901, Japan)
*2Department of Applied Chemistry and Biochemistry, Kumamoto University (2-39-1 Kurokami, Chuo-ku, Kumamoto 860-8555, Japan)
*3Kumamoto Institute for Photo-Electro Organics (PHOENICS) (3—11-38 Higashi machi, Higashi-ku, Kumamoto 8620901, Japan)

Some kinds of sulfated cellulose (CS) with various degrees of substitution of sulfate groups (DS) were prepared through direct sulfation of
cellulose. PEDOT/CS were prepared via in situ chemical oxidative polymerization of 3,4-ethylenedioxythiophene (EDOT) in aqueous solution of CS.
The PEDOT/CS films were formed on glass substrates by spin-coating. The electrical conductivity of the PEDOT/CS film with a DS of 1.03 was
0.576 Scm™'. Through TEM images of PEDOT/CS, the nanocrystalline morphology depending on CS was observed. Using X-ray diffraction, we
studied the crystallinity of cellulose chains in the PEDOT/CS. The electrical conductivity of PEDOT/CS tended to increase with the crystallinity of
the cellulose. Thus, EDOT molecules can polymerize and form a complex, lining up around the nanocrystalline cellulose. Using Raman spectroscopy,
we studied the conformation of PEDOT chains in the PEDOT/CS and PEDOT/PSS films. We attributed the increased electrical conductivity of the
PEDOT/CS film to an increase in the proportion of the quinoid structure in the PEDOT.
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Development of Chiral Hybrid Nanomaterial from Achiral Organic-Linked Silica Precursor

Naoya Ryu
Materials Development Department, Kumamoto Industrial Research Institute

AWEFETIE, FINVAEET > 7L — P2V = FIVEEIC X 5 ARG RGOV
YAFAFRH L OF T )T 4 FRITOVTHE L7z, MR AL LTHEFIVE
44-CZ(M)Z I FTY))-1,1-E 7= VE2HW, lABEIY VY —AF 2
hFF MY 2 I 2 RIREEEAROBK L7z 4 A M) R VRACEBEROGHET., v
V=T NVEAET T BONALE 72V —F) YVEAFTFF 0N, 7 v Fid,
Y7 2 VR OB RIS =ty 7 v &R L, 7 2= VDT F v =12
HIK S 2 56 BUC THRGIE Y 7 F V&R L7z, ThHEOFRIE, 7 2=V -K)
UIWEAFFFHIUNA Ty FOE T 2 2 VEG B UNENEZHFLTWAZ &2
MIORLTED, T4bb, YVV-FIVEHABRIIBWT, ¥V I ZMRHEROF Z
VEEHENPS, Tk, FEFITINVEE T2V -V Ve AFTFH A, 57 1 HMEE
SN EXERLTW A,

In this paper, we demonstrate that the chiral arrangement is induced in organic dye-linked
silsesquioxane hybrid through a sol-gel transcription method. An achiral sol-gel precursor,
bis (triethoxysilyl) biphenyl, was sol-gel polymerized on the chiral template based on the
twisted ribbon-like self-assemblies of cationic gemini surfactants with enantiomeric tartrate
counterions in pyridine. The obtained biphenyl-polysilsesquioxane hybrid dispersed in
ethanol showed circular dichroism and circularly polarized luminescence signals in the
regions of the absorption and fluorescence bands of the biphenyl moieties, respectively,
indicating that the biphenyl moieties were arranged chirally in both the ground and excited
states in spite of the fact that it has no asymmetric atom. These results mean that the
template-based chirality was transferred to the biphenyl-polysilsesquioxane hybrid during
the sol-gel process.
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AT T LU= E LYV =FTFIVEEIZE), YL A MEREANT V)R IRTY
HOVERTE L Z L9, F72485N72FF V3 Y 7251000-1150 cm! DARAME R K
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Fig.2 STEM images of (a) GS self-assemblies at 5.0 mM in pyridine-
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Fig.3

water mixture (19:1v/v) post-stained with osmium tetroxide, (b)
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right: prepared from D-GS. Inset shows schematic illustrations of
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(a) Powder XRD pattern and (b) schematic illustration of BP-PSQ.

— 247 —



(A) HABRE AR T2, 37 (2019)

i BSBP O %8584 (%8 @
R 312nm. PMES | Bser
& : 3,360cm! (34 nm), ol sp_PsaL)
AN=2ZAY 7 M g0l
6,260cm™! (51nm)) 1K B
~, BP-PSQx X W ¥ Zoe) |
EMc70— FAREE  oaf\j

— 7 (36605 ¢ 384nm. 0.2

T
@
o

1

N

(6]

T

..
s, O

P v v ]

o

n
o
T

BP-PSQ(L)

Emission intensity, DC / V
5 &
T T

o
o
T

P fil 42 U : 4,840 cm? .00 250 300 850 400 U270 300 350 400 450
(71 nm) Z ]\ — 7 A © Wavelength / nm @ Wavelength / nm
N c

7} :12,000cm! (121 2o BP-PSQ(L) sof __oFPsab
nm) %% L7 % 7o or 20l &)
2D BP-PSQ DRI 4] 88
BSBP X 0 b Buv#dr 52 : N .
(‘[)%%}O’CV‘fZ(TBP_psQ %—2- o ?xl10'_
=27ns. Tpspp=5ns)o :g: LY

PR 5 al v 20 Y
NHERBE—27 0REEE 13 [ G
A T L T
J: U%ﬁ[ﬁ@ﬁ%éﬁ’ﬂj Ci\ Wavelength / nm Wavelength / nm

BP-PSQ D ¥ 7 = = VB

L E < — (JjhilEF Fig.d (a) UV-visible absorption, (b) fluorescence, (c¢) CD, and (d) CPL
“EK)EBR LTV spectra of BSBP (0.05mM) and BP-PSQ (L) and (D) (0.05mM as
- _ biphenyl-bis (silsesquioxane) unit) in ethanol at 20T ; path length
SEERL TS, —it =1.0 cm. For (¢) and (d) , the BS-BP and BP-PSQ were excited at

IS 7 = =V orFid, 261 and 263nm, respectively. The CPL spectra in (d) were fitted
7 . =)V ER O ) iigE ) |2 using Voigt functions and the original spectra are shown as dotted
LUK E A A L 2 7 lines. Inset in (c) and (d) shows schematic illustration of chirally

. L. arranged biphenyl moieties of BP-PSQ (L) and (D).
O, TXFII—FEHL

W LEWTH B, BP-PSQ D, KUY IV EAFEEFH L 2y hT—2I2XkhE 7
T S VERG AR CHEE I NE 72O . TF Vv —2 B L2bDEEZONL, T,
I -0, @E, FUEFIER(Y) oW &5 d, —4 T, BP-PSQ O
IE I —3%E. FOEIRED BSBP 056X ) b EWE TR Z R L7 (@ sppsq =
0.31. ¢pser=0.23)0 ZOETIEOHKIE, BICHEINL72E 7 = Z VIE O VARREE|Z
X2 s EEROMHNIERN T2 0L EZ b b,

BP-PSQ EAFH T2 b > TRl 22bod, FF 7 NVERIRTIEZWIZH 2
b 59, Fig.da & dIT/RT X512, BP-PSQ i&. Wk EIZH &M (CD) ¥ 7 v
ZaRL. BAEEESICIZHAEEVI Ay A(CPL) Y 7 FVER LT, 7200 2hHD
Y7 VIE. LGS 2 HAE B L7204 7)) v F(BP-PSQ (L)) & D-GS 2 HAE B L7z A 7
1) v F(BP-PSQ (D)) & O THAIGMIRIZD o 720 IEWHHEF (g i) 1d. CD ¥ 7 F Vi
DWW 246 nm & 271 nm TFNZFN 7.8 x 104 & |5.6 x 10| .« CPL ¥ 7 F )LD W
TiE378 nm T [2.1 x 10| L BAED Sz TS DOKiRIE, Fig.da & d Oif AKIZR
T LI ¥7 = = ViER5 )8 BP-PSQ (L) O¥& 134 H a2, BP-PSQ (D) O¥A 13 1]

— 248 —
RAREXRRM 42— HRHBESE No.55. 2019

55



56

NSG Found. Mat. Sci. Eng. Rep.

WCRAUNZFSVRAEREZIER L TWAE I EEZ/RLTWAY 20, ©5F ), GSIZHIRT
5% 597 4 DEHRA. VIV - IVEEBICBWT, AEREEGEI DIV 2 FF 545 00
A7)y RFNZESINZE2ERLTW5S,

AR B A EESTFOF S VERRL, 1ZEAEDLE, MBI XD g4 52220,
T, FIVEEDT 7 YTV T = IV ANIRKERES BUKRIRO X9 ignaTh
WKWEDHRINTWEOTHE, —H. FHOROYGE. 0CETTMALTH, ¥ 7=
ZVERGT DX FIOVE IS IZIZ E A B R MR SN F72.20C T~ HiiE L 72
BTOBIMLEIAON o720 ZOF I NVERAEEDFHWEEMEIE, E7 2=V EREZEL
TVLIEERR) DV EAFFFH Ay VT —=212E5bDTHAZLIZHATH %,

3. &R

AFZEIE. FINVEHT 7L — b2V = VI X ) ARG FELER L L
AFFFH U ICF IV EFIRETCELIEZHONII L, 2270 LRXLT
FINBEREAEL TV ARLLED, RS TIREHRR) -2y b7 =212 ) /FH+
T VERIAPREZ MR L Tnize 2hud. IS4 7 VbS5 (CD B X O CPL) 2 7R
AR EPERR) OV AXFF X9 V2 EF TNV RATMEDO AP STER L7213 LD TD
BITH Do KRR, YNV = A NVEEFIZE LX) F A EZICET A RAR, B
ORI 7Yy FOTHA VICHT A7 2 L7569 2 L2 FFd 5,

4. mE
Fgei. P 28 4R EE H AU F M B LB O e %2 2 TiT o 72 b D TH
;o)o ]ﬂﬂ)ﬁﬁk‘/ﬁ\ﬁllﬂ\l b E&%‘j‘o)%f%é%j_%o

&8

5. B8EXK
1) RK. Das, O.FZouani, C.Labrugére, R.Oda, and M.-C.Durrieu, ACS Nano, 7, 3351-3361
(2013).
2) Y.Okazaki, J.Cheng, D.Dedovets, G.Kemper, M.-H.Delville, M.-C.Durrieu, H.Ihara,
M.Takafuji, E.Pouget, and R.Oda, ACS Nano, 8, 6863—6872 (2014).
3) Y.Okazaki, T.Buffeteau, E.Siurdyban, D.Talaga, N.Ryu, R.Yagi, E.Pouget, M.Takafuji,
H.Ihara, and R.Oda, Nano Lett., 16, 6411-6415 (2016).
4) N.Ryu, Y.Okazaki, K.Hirai, M.Takafuji, S.Nagaoka, E.Pouget, H.Ihara, and R.Oda,
Chem. Commun., 52, 5800-5803 (2016).
5) Y.Okazaki, N.Ryu, T.Buffeteau, S.Nagaoka, E.Pouget, S.Nlate, H.Ihara, and R.Oda,
Chem. Commun., 54, 10244-10247 (2018).
6) PPaik, A.Gedanken, and Y.Mastai, ACS Appl. Mater. Interfaces, 1, 1834—-1842 (2009).
7) H.Qiu, Y.Inoue, and S.Che, Angew. Chem. Int. Ed., 48, 3069-3072 (2009).
8) PPaik, A.Gedanken, and Y.Mastai, Micropor. Mesopor. Mater., 129, 82—89 (2010).
9) PRomero, S.Lacasta, V.Sebasti, C.Casado, E.Vispe, L.Pilar, S.Uriel, and J.Coronas,
Chem. Mater., 23, 1280-1287 (2011).
10) C.Casado, J.Castan, I.Gracia, M.Yus, A.Mayoral, V.Sebastian, P.Lopez-Ram-de-Viu,
S.Uriel, and J.Coronas, Langmuir, 28, 6638-6644 (2012).

- 249 —



11)
12)

13)

14)
15)

16)

17)

18)
19)
20)
21)
22)
23)

24)
25)

26)

(AW HABGE A L2 Bkss, 37 (2019)

T.Yokoi, S.Sato, Y.Ara, D.Lu, Y.Kubota, and T.Tatsumi, Adsorption, 16, 577-586 (2010).

M.Ohashi, M.Aoki, K.-i.Yamanaka, K.Nakajima, T.Ohsuna, T.Tani, and S.Inagaki, Chem.
Eur. J., 15, 13041-13046 (2009).

S.Inagaki, O.Ohtani, Y.Goto, K.Okamoto, M.Ikai, K.-i.Yamanaka, T.Tani, and T.Okada,
Angew. Chem. Int. Ed., 48, 4042—-4046 (2009).

N.Mizoshita, M.Ikai, T.Tani, and S.Inagaki, J. Am. Chem. Soc., 131, 14225-14227 (2009).
H.Takeda, M.Ohashi, T.Tani, O.Ishitani, and S.Inagaki, Inorg. Chem., 49, 4554-4559
(2010).

N.Mizoshita, K.-i.Yamanaka, S.Hiroto, H.Shinokubo, T.Tani, and S.Inagaki, Langmuir,
28, 3987-3994 (2012).

R.V.Person, K.Monde, H.Humpf, N.Berova, and K.Nakanishi, Chirality, 7, 128-135
(1995).

N.Berova, Chirality, 9, 395-406 (1997).

L.-C.Lo, J.-Y.Chen, C.-T.Yang, and D.-S.Gu, Chirality, 13, 266-271 (2001).

L.-C.Lo, C.-T.Yang, and C.-S.Tsai, J. Org. Chem., 67, 1368—1371 (2002).

M.Simonyi, Z.Bikadi, F.Zsila, J.Deli, Chirality, 15, 680—698 (2003).

N.Ryu and H.Hachisako, Chem. Lett., 44, 211-213 (2015).

Y.Okazaki, T.Goto, R.Sakaguchi, Y.Kuwahara, M.Takafuji, R.Oda, and H. Ihara, Chem.
Lett., 45, 448-450 (2016).

H.Ihara, M. Takafuji, and Y.Kuwahara, Polym. J., 48, 843-853 (2016).

N.Ryu, Y.Okazaki, E.Pouget, M.Takafuji, S.Nagaoka, H.Ihara, and R.Oda, Chem.
Commun., 53, 8870-8873 (2017).

T.Goto, Y.Okazaki, M.Ueki, Y.Kuwahara, M. Takafuji, R.Oda, and H.Ihara, Angew. Chem.
Int. Ed., 56, 2989-2993 (2017).

— 250 —
RAREXRRM 42— HRHBESE No.55. 2019

57



Journal of Biomaterials and Nanobiotechnology, 2014, 5, 146-152 .0:0 Scientific

Published Online July 2014 in SciRes. http://www.scirp.org/journal/jbnb

’03:0 Research

http://dx.doi.org/10.4236/jbnb.2014.53017

58

Preparation and Characterization of
Maltose-Pendant Polymer/Mica
Nanocomposites and Their Application to
Oxygen Gas Barrier Films

Hideo Sakurailz?, Shoji Nagaoka?3*, Maki Horikawa23, Tomohiro Shirosakaz3,
Shuzou Kubota#4, Kazuhiro Hamada#*, Makoto Takafujil?, Hirotaka Iharal:2

'Graduate School of Science and Technology, Kumamoto University, Kumamoto, Japan
’Kumamoto Institute for Photo-Electro Organics (Phoenics), Kumamoto, Japan
*kumamoto Industrial Research Institute, Kumamoto, Japan

*KOHJIN Film & Chemicals Co., Ltd., Kumamoto, Japan

Email: ‘nagaoka@kmt-iri.go.jp

Received 6 April 2014; revised 25 May 2014; accepted 10 June 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

Maltose-pendant polymer/mica nanocomposites were prepared by a solution intercalation me-
thod. For organic composite part, 1) maltose-pendant polymer (homopolymer) and 2) the copo-
lymer of maltose-pendant monomer and a small amount of N,N-Dimethylamino propylacrylamide,
methyl chloride quartenary were used. The morphological studies (XRD and FE-SEM) revealed
that the hybrid of maltose-pendant polymer was a conventional phase separated composite. On
the other hand, the hybrid using the copolymer exhibited exfoliated structure. Both the conven-
tional composite of maltose-pendant polymer and the nanocomposite of copolymer were applied
to a coating material for oxygen gas barrier layer on a nylon-6 film, and oxygen transmission rates
of the films were evaluated. Maltose-pendant polymer had a good oxygen barrier property under
dry condition, and the barrier property under wet condition was improved by the hybridization
with mica. In contrast, the barrier property of copolymer was slightly inferior to that of maltose-
pendant polymer. However, under dry condition, it can be seen that the nanocomposite of copo-
lymer improves the barrier property more effectively than the case of conventional composite of
maltose-pendant polymer.
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1. Introduction

Oxygen gas barrier films have been widely used for food and pharmaceutical packaging in order to protect their
contents from oxidation and denaturation. However, since these films have been produced in large quantities and
have been disposed by incineration, development of materials must be attempted with considering the reduction
of environmental load after use as well as the improvement of their barrier properties. Biodegradable poly-
mer-based materials are, therefore, suitable for these packaging applications [1].

Cellulose (Cellophane), one of the most abundant natural resources, exhibits an oxygen gas barrier property
under a dry condition. But the poor processability and the low solubility in common solvents originated from the
tight inter- and intra-molecular hydrogen bonding have prevented the commercial applications of this material.
Previously, in order to improve these drawbacks, our group synthesized water-soluble oligosaccharide-pendant
polymers [2] [3]. These polymers are expected to retain the biodegradability, biocompatibility and the oxygen
gas barrier property of cellulose.

In the present paper, we synthesized maltose-pendant polymer (Figure 1(a)), and applied to a coating material
for an oxygen gas barrier layer on a nylon-6 film. Amongst oligosaccharides, maltose was employed because of
its availability in large quantities. Subsequently, we hybridized maltose-pendant polymer with mica in order to
improve the barrier property under a high humidity condition.

Polymer/clay nanocomposites, where nanometer-thin clay platelets are dispersed in polymer matrices, possess
enhanced gas barrier properties, and hence they have been investigated in many laboratories [4]-[12]. The me-
chanism of barrier improvement is explained by using the tortuous path model [13] [14]. Clay platelets are na-
turally impermeable, and then diffusing gas molecules are forced to follow the tortuous path created by clay
platelets. For this reason, clays having high aspect ratios are preferable for the effective retardation of gas pene-
tration through polymer films [15].

In the present study, we used mica as inorganic filler, considering its high aspect ratio, over 1000. However,
the charge density of mica platelets is high (about 1 equiv/mol), and platelets are tightly held together by elec-
trostatic forces. Therefore, for the purpose of exfoliating mica platelets individually, we utilized the maltose-
pendant polymer containing cationic groups as well (Figure 1(b)). The morphology of prepared hybrids was
characterized by X-ray diffraction (XRD) analysis and field emission scanning electron microscope (FE-SEM)
observation. The oxygen transmission rate (OTR) of hybrid-coated films was evaluated at three humidity condi-
tions (0%, 50% and 90%), and the effect of mica loading and the influence of polymers were investigated.

2. Materials and Methods
2.1. Materials

Maltose monohydrate and ammonium hydrogencarbonate were obtained from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). 2-isocyanatoethyl methacrylate (2-1EM) was obtained from Showa Denko K. K. (Tokyo,
Japan). N,N-Dimethylamino propylacrylamide, methyl chloride quartenary (DMAPAA-Q) was obtained from
KOHJIN Film & Chemicals Co., Ltd. (Tokyo, Japan). Ammonium peroxodisulfate (APS) and N,N,N’,N’-Te-
traethylethylenediamine (TEEDAmM) were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan)
and KANTO CHEMICAL CO., INC. (Tokyo, Japan), respectively. Synthetic mica dispersion (NTS-10) was
obtained from TOPY INDUSTRIES, LIMITED (Tokyo, Japan). All were used without purification.

(@) o —émc—%i% (b) —énzcé% HZC-(i‘,H%n—

I & i & c=0
HoC, 5 1 HoC, o I NH
HO H CI)H (?Hz)z HO H ?H (?Hz)z (éH )
HO o HoC. I:IH HO H,C t\'IH |+2 2
o o] ¢=0 OH™, o) ¢=0 H3C-N—CHs
HO NH HO NH CH,
OH OH
H H

Figure 1. Chemical structures of a series of maltose-pendant polymers: (a) maltose-pendant polymer; (b) the
copolymer of maltose-pendant monomer and DMAPAA-Q.
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2.2. Synthesis of Maltose-Pendant Polymers

Previously, our group prepared and characterized oligosaccharide-pendant polymers [2] [3]. In the present study,
maltose-pendant polymer (MPP) was synthesized by the same method (Figure 2) [2]. A typical procedure is as
follows.

Maltose monohydrate (10.53 g, 29.22 mmol) was dissolved in water (150 cm®), and ammonium hydrogen-
carbonate (28.5 g) was added at intervals of 24 h, and was stirred at 37°C for 4 days. The solution was diluted
with water (200 cm®) and concentrated to 50 cm®. This procedure was repeated until the ammonia odor had dis-
appeared. HPLC showed that the purity of freeze-dried product was 64.6%.

The obtained maltosylamine (5.00 g, 9.50 mmol) was dissolved in a 1.0 x 103> M KOH aqueous solution (100
cm®). 2-1IEM (3.67 g, 23.7 mmol) was added to the solution and stirred at 3°C for 12 h with producing white pre-
cipitate as a by-product. This precipitate was removed by filtration. The filtrate was washed with diethyl ether in
order to remove unreacted 2-1EM, and then freeze-dried. The crude product was dissolved in water/methanol
and recrystallized from acetone/diethyl ether. The yield was 5.44 g (purity 76.4%).

The synthesized maltose-pendant monomer (3.80 g, 5.85 mmol) was dissolved in water (20 cm®). Air was
degassed from the solution by nitrogen gas, and APS (13.3 mg, 0.0585 mmol) and TEEDAm (100.8 mg, 0.585
mmol) were added to the solution. The mixture was stirred at 0°C under nitrogen gas atmosphere for 3 h. The
obtained crude polymer was purified by dialyzing in a dialysis tube (Spectra/por 3, Spectrum Laboratories, Inc.)
for 3 days in order to remove unreacted monomer. The product was finally freeze-dried, giving a white powdery
polymer. The yield was 2.21 g.

The maltose-pendant polymer containing cationic groups, that is, the copolymer of maltose-pendant monomer
and a small amount of DMAPAA-Q was also synthesized by the similar method. The mole percent of DMAPAA-Q
in polymerization process was chosen to be 5 mol% and 10 mol%. Hereafter, these synthesized copolymers are
termed CP5 and CP10, respectively.

2.3. Preparation of Maltose-Pendant Polymer/Mica Hybrid-Coated Films

We prepared maltose-pendant polymer/mica hybrids by a solution intercalation method. Maltose-pendant poly-
mer/mica hybrid solutions were prepared by mixing of a 5 wt% maltose-pendant polymer aqueous solution and
a 5 wt% mica dispersion in a determined ratio, and after which sonic was irradiated for 5 min. Each obtained
hybrid solution was cast on a corona-treated nylon-6 film. The thickness of solution was controlled by the wire
bar (wire diameter = 0.75 mm). After drying at 100°C for 30 s, the films were heat-treated at 210°C for 15 s.

2.4. Characterization

The morphology of maltose-pendant polymer/mica hybrids was studied by using XRD analysis and FE-SEM
observation. The basal spacing of hybrids was evaluated by Rigaku diffractometer with CuKe radiation operated
at 45 kV and 200 mA. Samples for XRD analysis were prepared by freeze-drying of hybrid solutions. The sur-
faces of hybrids were observed by Hitachi SU8000 scanning electron microscope using an acceleration voltage
of 5 kV. Samples for FE-SEM observation were prepared by drying of hybrid solutions at 100°C in petri dishes.
The OTR of hybrid-coated films was evaluated using Oxygen Permeation Analyzer 8001 (Systech Illi-

oH oH
|
HoC 5 HyC o
HO HO
w ™ NH,HCO, TR
HO HoC. " 3 HO HC,
OH fe) OH b o]
HO OH HO NH,
oH OH
H
CHs CHs
HC=C HC-C
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2-1EM Ho Ny o ©H)e _APS Ho Ny o (Crale
—> o ' NH > Ho : i
HoC, \ HAC. N
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Figure 2. Synthesis of maltose-pendant polymer (MPP).
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nois) at three relative humidity conditions, 0%, 50% and 90%.

3. Results and Discussion
3.1. Molecular Weights of Maltose-Pendant Polymers

The molecular weights of synthesized maltose-pendant polymers were determined by size exclusion chromato-
graphy (SEC) using a Shodex SB-806M HQ column. The SEC calibration curve was prepared by a pullulan
standard (Shodex STANDARD P-82). We used 10 mM lithium bromide (LiBr) aqueous solution as an eluent
in order to prevent aggregations of the polymers. As shown in Table 1, synthesized polymers have weight-
averaged molecular weights of 280,000 - 960,000 and number-averaged molecular weights of 46,000 -
210,000. The molecular weights of CP10 couldn’t be obtained, because of the adsorption toward the column
packing. Instead, we synthesized the copolymer CP1 and evaluated the molecular weights of this copolymer.
These values indicate that the molecular weights of maltose-pendant polymers decrease with increasing the
ratio of DMAPAA-Q.

3.2. Morphology

Figure 3 shows the XRD patterns of mica powder and a series of maltose-pendant polymers hybrids with mica
at 10 wt% loading. MPP/Mical0* hybrid has a diffraction peak at 20 = 6.73° (d spacing = 13.1 A), which is al-
most the same as that of mica powder (26 = 7.07°, d spacing = 12.5 A). This indicates that mica is dispersed as
tactoids within the MPP matrix. In contrast, the copolymer hybrids, CP5/Mical0 and CP10/Mical0 don’t show
any diffraction peak in 26 = 3° - 10°, suggesting that ammonium cations of these copolymers promote the exfol-
iation of negatively charged mica platelets.

The FE-SEM observation supports the result of XRD analysis. Figure 4 compares the surfaces of MPP/Mi-
cal0, CP5/Mical0 and CP10/Mical0 hybrids. The dark regions represent polymers, and grey parts are micapla-

N

Intensity

3 s 5 6 7 8 9 10
20 (degrees)

Figure 3. XRD patterns of (a) mica powder; (b) MPP/Mical0;
(c) CP5/Mical0; and (d) CP10/Mical0.

Table 1. Molecular weights of maltose-pendant polymers.

Compound code M., (x10°) M, (x10°) Mu/M,
MPP 9.59 2.09 459
CP1 5.25 1.39 3.77
CP5 2.84 0.46 6.12
CP10* - - -

*The peak of chromatogram was very weak, and molecular weights of CP10 couldn’t be evaluated.

The number at the end of word represents the loading of mica (wt%). For Example, CP1/Mica5 is the hybrid of copolymer (DMAPAA-Q,

1 mol%) with mica at 5 wt% loading.
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10 pm

Figure 4. FE-SEM images of the surfaces of (a) MPP/Mical0 hybrid,;
(b) CP5/Mical0 hybrid; and (c) CP10/Mical0 hybrid.

telets. The surface of MPP/Mical0 is coarse, and which can be attributed to the phase separated structure as
confirmed by XRD. On the other hand, the CP5/Mical0 and CP10/Mical0 reveal the smooth surfaces, suggest-
ing that mica platelets are remarkably compatible with these positively charged copolymers. In conclusion,
MPP/Mical0 belongs to a conventional phase separated composite, and we expect that exfoliated nanocompo-
sites are obtained for CP5/Mical0 and CP10/Mical0 hybrids.

3.3. Oxygen Gas Barrier Properties of Maltose-Pendant Polymer/Mica
Hybrid-Coated Films

In general, oxygen gas barrier properties of polymer films are correlated to their crystallinity. Since water mo-
lecules act as a plasticizer, their barrier performance decrease with the increase of humidity level. Therefore, we
observed the OTR of prepared films at three relative humidity conditions, 0%, 50% and 90% (Table 2).

First, we evaluated the OTR of non-coated nylon-6 film. The tolerable value of OTR in the food packaging
application is considered to be 10 cm*®-m 2.d *-atm™. Table 2 shows that the OTR of non-coated nylon-6 film is
119 cm*®m%.d *-atm™ at RH 90% condition, revealing that the demand level of food packaging is not satisfied
by the nylon-6 film alone. Another feature is that this nylon-6 film has its minimum OTR value at RH 50% con-
dition (21.8 cm®m2.d -atm ™). This humidity dependence was already studied (e.g., [16]), and can be ex-
plained in terms of the extent of interaction between water molecules and molecular chains of nylon-6. That is,
under RH 50% condition a small amount of water molecules suppress the maotion of molecular chains, and hence
oxygen gas permeation is reduced.

For the hybrid of MPP, we employed the loading of mica a little higher (10 wt% - 30 wt%), because this hy-
brid took a conventional phase separated structure as confirmed in morphological studies. For simplification, the
supersonic irradiation process of a mixed hybrid solution was omitted. As shown in Table 2, MPP coating im-
proved the oxygen barrier property of nylon-6 film under dry condition, and the OTR was 0.93 cm*®m2.d *-atm *
at RH 0%. The barrier property of MPP can be explained by the inter- and intramolecular hydrogen bonding
between adjacent maltose units. Under wet condition, the barrier property is improved by the hybridization with
mica. Especially, the OTR of MPP/Mica20 and MPP/Mica30-coated films are reduced to less than 10.0
cm®-m 2.d *.atm ™ even at RH 90% condition. This indicates that these films have a potential to be usable in the
food packaging field.

The barrier properties of polymer/clay hybrids are enhanced by finely dispersed impermeable clay particles.
The extent of enhancement depends on the interfacial area between polymer matrix and clay particles. We in-
troduced the cationic groups into maltose-pendant polymer in order to exfoliate negatively charged mica plate-
lets individually. The morphological studies suggested that the exfoliated structures were obtained for these co-
polymer hybrids. Table 2 shows that the oxygen gas barrier properties of copolymer coated films were not bet-



H. Sakurai et al.

Table 2. Oxygen transmission rate (OTR) of maltose-pendant polymer/mica hybrid-coated films.

OTR in each humidity (cm®-m2.d*.atm™)

Coating agent

0% 50% 90%
2 48.8 21.8 119

MPP 0.93 14.2 Over 70
MPP/Mical0 0.56 0.54 12.7
MPP/Mica20 0.19 0.59 9.52
MPP/Mica30 0.13 0.10 7.63
CP5 3.60 4.20 86.5
CP5/Mica5 0.50 1.40 81.4
CP5/Mical0 0.10 0.80 75.8
CP10 5.40 10.1 103
CP10/Micab 2.40 5.30 101
CP10/Mical0 0.60 1.60 73.9

*Nylon-6 film. The drying and heat-treatment processes were abbreviated.

ter than that of MPP coated film except for RH 50% condition. In addition, under RH 90% condition, these bar-
rier properties were not improved by the hybridization with mica. For example, the OTR of CP5 coated film was
86.5 cm®m %-d-atm ' under RH 90% condition, and that of CP5/Mical0 coated film was 75.8 cm®m2.d *-atm™.
These results can be attributed to the lowering of crystallinty and the increase of hygroscopy brought by copo-
lymerization with DMAPAA-Q. In contrast, under dry condition, the oxygen gas barrier property was remarka-
bly improved by the hybridization with mica. For example, the OTR value of CP5 coated film, 3.60
cm®-m2.d *-atm* was reduced to 0.10 cm*®-m%.d *-atm™* by the hybridization with mica at only 10 wt% load-
ing. Considering the corresponding values of MPP system (0.93 and 0.56 cm®-m2.d *-atm™*), we can conclude
that the exfoliation of mica platelets enhances the gas barrier property efficiently under dry condition.

4. Conclusions

In this study, maltose-pendant polymer/mica nanocomposites were prepared, and their oxygen gas barrier prop-
erties were investigated. The XRD analysis and FE-SEM observation revealed that the hybrid of maltose-pen-
dant polymer (homopolymer) was a conventional phase separated composite, and that nanocomposites with ex-
foliated structures were achieved by using the copolymer of maltose-pendant monomer and DMAPAA-Q. This
result indicates that introduction of cationic groups into polymer chains is an effective method for exfoliating
negatively charged mica platelets individually. The oxygen gas barrier films were prepared by casting these
conventional composite or nanocomposite on a nylon-6 film. Maltose-pendant polymer improved the oxygen
gas barrier property under dry condition. The barrier property under wet condition was improved by the hybri-
dization with mica. The OTR at RH 90% condition was reduced to 7.63 cm®m2.d *-atm™ at 30 wt% mica
loading, indicating that this material has a potential to be applied to the food packaging field. The barrier proper-
ties of copolymers were not better than that of maltose-pendant polymer. However, the effects of dispersion at
nano level were confirmed under dry condition.
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