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Determination of monosaccharides derivatized with aminopyrazine

by high-performance capillary electrophoresis

Koji Yamamoto, Kenji Hamase, Wei Wu and Kiyoshi Zaitsu

Graduate School of Pharmaceutical Sciences, Kyushu University

ABSTRACT

Neutral and N-acetylated monosaccharides were derivatized with aminopyrazine and determined by
high-performance capillary electrophoresis. Separation conditions were investigated with respect to
pH, concentration of the borate buffer and capillary temperature. The eight monosaccharides tested
were completely separated within 22 min using 300 mM borate buffer (pH10.0) at 25 °C . The
absorbance at 245 nm was used for the determination of each monosaccharide. The calibration curves
for N-acetylated and neutral monosaccharides were linear from 0.2 - 6 and 0.3 - 12 pmol, respectively
with the correlation coefficient of more than 0.998. The detection limits of the monosaccharides were
180 - 300 fmol (S/N=3). Within-day and day-to-day precision of the present method was 1.78 - 5.66

% (R.S.D).
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D — glucose(Glc), D — mannose(Man), D — xylose(Xyl), L — fucose(Fuc), L — rhamnose(Rha), N
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* v Y5 Y —ELK#kEE Beckman P/ACE System 5510(Beckman 4 ) & Fit >, #1213 Photo
Diode Array Detector #{£l L7c, ¥+ £ Y —ZRTE S0 m, HHESTecmD 7 2 —X K
UAEERG, SRRSO R 0 ik E) AR EIE 12 300mM Na — borate buffer(pH10.0) & L,
25°C, 20kV THKENAAT - 72,

2.2 FHEFERIC

RASE R U 72 8TEO BUFEIR S (Glc, Gal, Man, Rha, Xyl, Fuc, GlcNAc, GalNAC) % 500nmol i2
0.75M7 I / EF U v /BHBIETIE S0 1 12 MA T 90 CT 304 BmMEA L~ v 7Y vy RIS S 4
fotk, 0OIM P A FIVT I VAR T v BERRTSIR S0 1 1A IIA T 90°C T 543 RET LEeE L
TR & U7 (Figl)e ORISR % WIS U, B K6kE) B Sk 500 4 1% 12 T HPCEA
O E U,

N X NH2
CH20H [ j/ CH20H
o) Z HO
N N
OH ] ) > OH CH=N ! =
OB OH Aminopyrazine OH P
OH N

OH

D-glucose CH20H

(500nmol) HO
(CH3)2NH - BH3 N
OH CH2-NH l N
Dimethylamine-borane OH =
OH N

Fig. 1 Reaction scheme for the derivatization of D — glucose with aminopyrazine
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DR A TR LI DD Fig2(a) TH B, pH7.0 Tl Man & GlcNAc, Gle & Man iz BIfi243
X NN, Glc& GleNAcHFBEX Ml h» 72, T Offl, pH7.0 Tl Fuc & Xyl b4rixh
Mo tz, —7F, pHBOLL LTI GleNAc, Gle, ManPAh I3 RBIFICHEEEh, T D3Iz
T, pHI0OK BV TROBWEESENG O hic, 22T, kEHEERTH LR
SRR O pHIZ 10.0 & L7y, 200mM @ 7+ 7 BRIER T T3 e B Bz ER I h iz o
572 & 2T pHI0.0 Dok v BREBEEE & F W, R EEEEIZ 2T 100 — 300mM O Eif T
BET A 1T » 72, Fig.2(b) i3k 7 BRIEAR K O B FE & GleNAc, Gle, Man D4rBEFH 2R L 7c
bOTHZ, BELAICHOCEFEROBRIKEIBEEIZEML, GlcNAc, Gle, ManiZ™D
WTHREICHBEI N, L LRBHCERES L, 300mM 4% # 2 5 8BE Tl ik
DOBCAHNHEIC S 2 EEZL SN, £IT, & VBEEHIRKROEE X 300mM & Ui,

3.1.2 ¥y E5 U —REORS

300mM 7 7 BRI IR (pH10.0) % Fi 15— 30°C D#ERATHF + £ 5 U —(REOWHF 24T -
7o Fig2(c) {2 GleNAc, Gle, Man il DWW THEHEHA TR L7 7 7 TH B, 30°C Tt Gle
EMan DS BEX N D - oDy, 25SCUTTREBIHFICHBEEI N/, —F, EREEMIIER
FETE S TN UskBNRF R O R DR S e, - TEVIKEIFETOBEO R 25°C
rF vy ESU—BEELLL,

(a) ) (¢

1157 1124 Man / GleNAc 112
1104 1104 Man / GlcNAc
1.12 ! '
Gle / GleNAc
§ § 1.08 4 \§ 1.08 4
8 1097 & & Glc / GleNAc
g S 106+ § 1.064
= Man / GlcNAc = =
5 106 K g
= 8o, g 1044
# Glc / Man & 104 A
Glc / Man
1.031
.02 4 1.02 Glc/Ma
Glc / GloNAc 102 ] man
1.00 ———————————— 1.00 1.00 +
6 7 8 9 10 11 12 0 100 200 300 400 10 20 30
pH borate buffer (mM) temperature ("C)

Fig. 2  Effect of pH (a), buffer concentration (b) and capillary temperature
(¢) on the separation factors of derivatized monosaccharides
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HEFORMKERR, 73/ 85V, FEECEBER CHENHBRERIC D0 T UV AR
7 MVEAREL, ChoEgd 2 I S0 DIRELK, Fig3la7 I/ ES5 VY, Gl
&, GalZ{dEflk, KkEBVRBERDO UV XX MVERT, O 6O FEERLEFZ D0
T GleiFE&K, GalFBKREFED XX PVdigoh, 245um TRABINAEED Shi,
—HRAETHE7 I/ EF Y ORITBKIERIEL 2300m TH - 72, - T, BREHEE
245nm & U7c,
UFRDZMFICIDBOoNISHOFGKLENFOL LY oY 20/ 5 L% Figd iIlR
T, SHEOFEKLEREER VT I/ €5 Y Ui 209 TrkEh  h, BIF BN ER S,

. 1
E
g
vy
% &
2 £
3 2
Bl Lo
8
T Y T 1 T T T T
200 250 300 350 400 0 S 10 15 20
wavelength (nm) migration time (min}
Fig. 3 UV spectrum for aminopyrazine and Fig. 4 Electropherogram for derivatized
derivatized monosaccharides monosaccharides
Lines : 1, aminopyrazine; Peaks : 1, GalNAc; 2, Rha;
2, glucose derivative; 3, Xyl; 4, GlcNAc;
3, galactose derivative; 5, Glc; 6, Man;
4, running buffer 7, Fuc; 8, Gal;

*, Reagent

3.2 HHEOFHE

FROBFICL D IE LA RO T SEBOFEKMLEEEORER, REBRARUVE
BHICOOTRET L, RO AT > 72, TORKR, FHBEOKREBRIIN-TEF )L
FEZ DT 0.2 — 6pmol, FHEFEIZ DT 0.3 — 12pmol DHIEH T £ & h AHE (% %% 0.998
VU LOBEHRENE O NI, T/, SEMEORBIER (S/N=3)13 GalNAc, Rha, GlcNAc, Glc,
ManSA v ¥ =7 ¥ 3 Y BIZL T 200fmol, Xyl, Fuc, GalA$300fmol T#H -7z, F/, 8%
OHBH LN ZHII PO TE -/ BX0BNKUEBERZHRET Lic, £0E, BNE
B3 RS.D. 1.78 — 4.49%, HIZEHIE RS.D.2.72— 5.66%(Tablel) Td ) BIF/ FRMELE S
hic, CNETEHREIN TV R HEORBBRAR, 2-7I/EV IV VRUT2-TI /R
BEEW % FU 3584 HPLCH: A% 100fmol*?,  PMP % 4> 3334 HPLCH: DS 1pmol, ¥ v Vb k
N U v &5 HPCERED 200amol” % TH 5, Zh oD HERBRBIZZEhZhEDE, Uy,



LIFRHEZEE2HNTH D, KEOBEREIHER O LIFRESEH O FREEMRT R EH55

LbOoo, UVHREBBEZMNEFEEREH I VR THULETHE EEZ SN,

Table 1 Within-day (a) and day-to-day (b) precision of monosaccharide determination

GalNAc Rha Xyl GlcNAc Glc Man Fuc Gal
(a) 4.49 3.51 3.03 1.78 2.37 2.46 2.58 2.93
(b) 3.23 4.51 5.66 4.33 4.45 2.72 3.71 3.89

Each value represents R.S.D.(%) of 5 analyses determined for 6 pmol of each monosaccharide.

4. & 5B

AMEFESL LT I /S Y AW AHPCEREIIVIARZIC X A7 =4 VA HPLCAEY &

CEHICL AWM HPLCE" 32 T - FORNUABEIMMETH D, Zh SO0
BErHT 5 ETLOREEROSOCEESINREICE S EEL 5N b, AHETHE, &
KAEBMOBETRE = -l /14— F7 LA BESERHOLY, 7I/E5Y
YAEREN B AET 2HETH 5, ERICUAE, BFICL 3 ENHPLCEOK
HIRF I fmol ™ TH O, REIIODOTHEAD 2R LIFREHROBARL LIV ELEH

SR RETH B EZZ oh, SROMAHPPFETE S,
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Stereochemistry of o -Alkyl- ¢ , 7 -dichlore- y -lactams

Sho-ichi Iwamatsu, Kouki Matsubara, Hideo Kondo, and Hideo Nagashima
Graduate School of Engineering Sciences, and Institute of Advanced Material Study,

Kyushu University

Abstract
The addition reactions of @ , @ , 7 -trichlorinated 7 -lactams to olefins proceeded at 40~83 °C in
the presence of catalytic amounts of CuCl (2,2’-bipyridine). Reactions with allyltrimethylsilane
followed by treatment with silica gel afforded a -allyl- @ , 7 -lactams of which diastereomer ratios
were 9:1-8:2. Although determination of theur stereochemistry by NMR spectroscopy was
problematic, crystallographic analysis revealed that stereochemistry of the major isomer was the

cis-from, which was thermodynamically more stable then the trans-form.
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BEAEWICH 0T, BEREABONARRLENRIL S0 DWW 5 IREMKE, B, iha
15 EDALFHWE L RIEHE DR B, 6> T, TREUENFELET BHFHLEHIZ OV T
i3, BREBOSEEELZERBICAET S I EPBOTCEETH S, B, BINERICE
S URBREMONKEBOREIZIE, NMROA v 71 v 7 EHP n0e, & 5N 3HS G
ERTSHCSNE, LhLEdrs, HEFOZVNERLEMERER LT, AERILE
MOBE, H1y TV IREEICE B TRILFEDORFEL, &0 5 BVEREENHELIZLL,
EL_HAOKEDN SHHEL LRBFETCRE LA 207 o b o, BREIKE ST XL
(%2 5Z 5 0HEETH 5, £72, nOePEII A FINER ELHHOBRILIZOLTIR
BAOERET BN, = FVELEEEAUOBRBI TR UL LIS, BE
TdH B0 DHMINEEL O XA BHEERIT IS IC BEROLETH O, HIRYE PR
RHOENMEAMIIERTEN L, £, NMRERWIFHBEENNS EHESTHETH
&0 A, BREAFICEMNY S IRL ZIEFR RO ROMENS 2 HE LU TRE%:
AL BRENIE DI TR, YEhogihs, LERLEMOIKILFDREICIIHE
REFIPRKD O TS,

EBREBMEEZFAGAZN-TIUNV NI 70on T b7 I FOBILRIGIE, a,a,7-MY
ryan-v-727% LOMEBEMREE UTEBILFE LARGRIETH D, ERWOERE
TEROTISE I ERERDUTRES U - 1FFER U T 5.7 0F, o dBRIRIGK
BOTEOREE 2 R 2,2- £ €Y YV ) (LT CuClbipy)) 2 F 5 &, Bb
H B 1a, 1b D a fIRE —EREEE I oITEHLLTA L 7 4 Y OIS %2ITI 2 &
MTEBIEERB LK, BT, TUINYAFINVYS U EDORIETIE, RUSHESY

[l

[y

HEVINBETS S IR 7 oa MY A F LTS UhnBEEL:, a-T UL

-a,y-Yrag-y-77 % h2a,2b 0% 515 (Schemel)?

Cl

g /7 © (o —\ ¢ —cl
cat. CuCl(bipy) - silica gel —
o o~ - Me,Sicl
N R 07N (R=CHSiMes) 9 "N
z Z z
la: Z=Ts (= SO2C6H4CH3) 22, 2b
Ib:  Bn (= CHyPh) 4 diastereomers 2 diastereomers
Schemel
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TT2,20iCHBOaTNFEN-a,y-Yrana-y -7 5 LOIKILFEE, TOOHE
IN—=TRFThbn0ell L ORELTH D, ' HNMRALFEY 7 M X AH#FEEBRESH
TOB,HELBFEK S I h S DMBEESEIZ LT 2a, 2bDIKALF D RIEERES LT,
LN LA S, XS SRS O R, nOelllEIC X AREERENEEETHEZ &, 1
Slough 512 X BRI NI fbFE Y 7 MO X AHFER U TN E0P SN &2 57,
AEST T, XEE SRR A POz U7 2a, 20 R OS2 QIR EADOH L WEBHEIZ DT
kg 5,

2. £ B

7TV ERKT, BLE—4 (2.0mg, 0.020mmol), F 7 % 4 1a, 1b(0.20 mmol), 7 Y )b b
UAFINYT Y (3204 L,20mmol) DG Y » unxy v (2mL)EHKIC83°CTO2ME Y Y
UhYruonry JEKRI00 p LEMA, —RREEE U, SRV AV T L%EBL
THUEAREL, BEABETICHE LT o EREBARMLAF LV R UA IV EHE
Hdzi&iciba-TUh-a,y-Vraa-y-37 4% 5h2a,2b% ZFEH0REKESY
ELTBk, BHEROSEERII VA VAS LI a< 5T 4 — (D2 FNIZ—FI)
[NFF N E D T T, T7 7 52¢,2bi3, 2a,2bDBPAERESE U E-—DRMEE L
%, £hxhEFIEi Wilkinson il % U TKFEILT 2 2 itk DALz,

IR 27 hVid HASIE FI/IR-55, NMR 2R 7 b )Lz HARFEF LA600, LA400, © & Z R
7 MIVIZHAET IMS-70 THISE U 7o XEHES RS AT (3 PR R B B) XERmIEt 42 Ao <l
E LT,

3. HRLER
Sy hla,lbET YL T U EDRIET40-83CTHITL, RIS Y A5 IR AT
HIEITLED, 2a,2b30F b 9:1 — 82 D EMAKE T S h 7z (Scheme2),

ci i cat. CuCl(bipy) = ¢ Cl Cl
Cﬂ A~-SiMes ym
83 °C, 1 hiin CiC,H4CI
0] N in CiC;H,4 0 N o) [}j
I
7 Z

! then silica gel
a g

cis-2¢  (from cis-2a)

la: Z=Ts (cat. 10 mol%) 2a: 93% (85/15) trans-2e (from trans-2a)
1b: Bn (cat. 50 mol%) 2b: 84% (90/10) cis2d (from cis-2b)
trans-2d (from trans-2b)
Scheme2



YOATNAT L AT NI T T 4 Il &) SEREELL 72 cis-2a, trans-2a, cis-2b, trans-2b
RozholMooltéEmsEzh £hplEickFEL L TH S hk cis-2e, trans-2¢, cis-2d,
trans2d EH /A D DAL EWIT DO TS A B/ SV X % fF A U 72 H-H COSY (COrrelation
SpectroscopY), HMQC (Heteronuclear Multi Quantum Coherence) @ 4% IR 7T il 7 % 1T \»,
'HNMR®D ¥ 7 3 )V %78 U 7ok R4 TableliZ;Rd . CDCL, CGDH, 2a-2d® H2( 3 -H) 7o

@O 'HNMRALFEY 7 IR TEABRWO HA SRS MICEBA SN 2 2 ENah - 72,
2a, 2bI3HFHUL ST H B D%, Table 2, Figure 1SRG £ S ICEHELOBEREN b L ED
a-A2FN, AV ToEN, RUORXU Dv-a,y -Y7av-y -5 7% L4, Sloughshabl
AFLrFabrEBRAFYTOb Y ED QeI & O NERBLREL TS, 51T,
nOe I & D LA BNRE T E L NOIEE, ' HNMRIZEB W TeisfkD B2 F 7o by
Dtransth & O HIERESICBEIE NS &0 - BRI TATEELBE LTV B ) —F, BF
LOBBENRR LV ONEDa - ) NIV TFI-a,y-Yr7aa-y-5 77 LIID0TI,

Ghelfi 5D nOell & O SRECE % HRE LT 525,

SR RIE A B3 5 BRI EEBI3 8 0, Y

Table 1. 'H NMR chemical shifts at 3 methine proton of the lactam 2a-2d.
Lactam | solvent |[H1(a-CHy) H2 (B-H) H3 (CH,CI) H4 (NCH,)
2a cpcl, 282 (44,7, 14) 2.82 (dddd, J=5, 7,9, 10) |3.78 (dd, J=5, 11) 421 (dd, J=7, 10)
(major) 312,77 (dd, J=8, 14) 3.57 (dd, /=9, 11) 3.43 (dd, J=10, 10)
c.D. 243 2.09-2,00 (m) 3.16 (dd, J=5, 11) 3.92 (dd, /=7, 10)
676 1(d, J=7, 2H) 2.91 (dd, /=9, 11) 3.07 (1, J=10)
2a cpcl, |276(4d, =6, 16) 2.89-2.85 (m) 3.70 (dd, J=4, 11) 4.10 (dd, J=6, 11)
(minor) 3 |2.48 (dd, J=8, 16) 3.41 (dd, /=9, 11) 3.92 (dd, J=3, 11)
C.D, [2:47(dd, =6, 16) 2.15-2.08 (m) 2.89(dd, J=4, 11) 3.73 (dd, J=6, 10)
66 11,98 (dd, /<7, 16) 2.62(dd, J=9, 11) 3.67 (dd, J=4, 10)
2b CDCl. [292(dd, 57, 14) 2.75 (dddd, J=5, 7,9, 10) |3.79(dd, /=5, 11) 3.35 (dd, J=7, 10)
(major) 3 12.86 (dd, J=8, 14) 3.58 (dd, /=10, 11) 3.03 (dd, /=9, 10)
CD 2.86 (dd, =7, 14) 2.29 (ddt, J=5,7,9,9)  [3.37(dd, J=5, 11) 2.76 (dd, J=7, 10)
6 12,74 (dd, /=8, 14) 3.09 (dd, J=9, 11) 2.55 (dd, /=9, 10)
2b cpcl. [293-2:87(m) 2.93-2.87 (m) 3.77 (dd, J=4, 11) 3.55 (dd, J=7, 10)
(minor) 312,58 (dd, J=8, 16) 3.41 (dd, /=10, 11) 3.15(dd, J=4, 10)
CD 2.77 (dd, J=6, 16) 2.45 (ddt, J=4,4, 6, 10)  [3.16 (dd, J~4, 11) 3.02 (dd, J=6, 10)
6 1226 (dd, J=8, 16) 2.75 (dd, /=10, 11) 2.64 (dd, J=4, 10)
2c cDCl, [2-09-195 (m, 2H) 2.77 (dddd, J=5, 7,9, 10) |3.76 (dd, /=5, 11) 4.22 (dd, J=7, 10)
(major) 3 3.60 (dd, /=9, 11) 3.43 (dd, J=10, 10)
CD 1.71 (ddd, J=5, 12, 14) [2.00-1.95 (m) 3.09 (dd, /=6, 11) 3.95 (dd, J=7, 10)
6 11.61(ddd, J=5, 12, 14) 2.97(dd, /=9, 11) 3.10 (t, J=10)
2c cpcl. |1-97-1.87 m) 2.84 (ddt, J=4,4,6,10) [3.63 (dd, J=4, 11) 4.09 (dd, J=6, 11)
(minor) 3 11.68-1.51 (m) 3.31(dd, J=10, 11) 3.94 (dd, J=4, 11)
C.D, [1:59(ddd,J=4,12,15) 2.10 (ddt, J=4,4,6,10) |2.78(dd, /=4, II) 3.74 (dd, J=6, 10)
66 11,03 (ddd, /=4, 12, 15) 2.51(dd, /=10, 11) 3.67 (dd, J=4, 10)
2d cDCl, 220206 (m, 2H) 2.71 (dddd, J=5, 7,9, 10) |3.79 (dd, J=5, 11) 3.38 (dd, J=7, 10)
(major) ? 3.63 (dd, J=10, 11) 3.05 (dd, /=9, 10)
C.D. [205(ddd, J=5,12,14) 12.19-2.12 (m) 3.32(dd, J=5, 11) 2.81 (dd, /=7, 10)
66 11,93 (ddd, J=5, 12, 14) 3.16 (dd, /=9, 11) 2.59 (dd, /=9, 10)
2d CDCI [2-04 (ddd, =4, 12,15) 12.87 (ddtJ=4,4,6,11)  |3.67(dd, /=4, 11) 3.54 (dd, J=6, 10)
(minor) 3 |1.64 (ddd, /=4, 12, 15) 3.32(t, J=11) 3.14 (dd, J=4, 10)
C.D. |187(ddd,J=4,12,15) 243 (ddtJ~4,4,6,11)  [3.04(dd, /=4, 10) 2.64 (1, J~11)
66 |1.28 (ddd, /=4, 12, 15) 3.04 (dd, J=6, 10) 2.64 (dd, J=4, 10)




Table 2. Reported chemical shifts for 3 methine proton.

cis:  '"HNMR §(B-H)
s o
Ts Me 2773 2.08 1.48 3
Ts P 7723 222 2.15 37
Ts Bn 95:5 2.18 1.37 3¢
Bn(2d) CH, 73:27 2.74 2.92 4°
a) in C¢Dg, ) in CDCl4

Z Ref.

Figure 1. Reported values of
nOe enhancement.

Me (4.7 %)
R=1 iPr (10.0%)
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2a2d D afii A F L v 7o b v 3ATIEEMICEMEh 3,  Feure2

A BENEND Y 7/ FINCDNTBEDAF Y TFO b v ED H1H1—’{’"Oe
RO nOe P 24T » 7%, HELMEIZESHT, STHRILFEZR o\ [ Cbs
BTSEh R TPV NERALTRELEES | 0PN Hrj43
%, HNMRIZHEWT2a-2dD BALAF 7o b vid, RIEAR 2£m

IZ& o TR TEERI SRS MITBR S 5, §E- T Slough

SIt& > TRESNAHEEABHT 2 EEEBHE T b ransthEEZL SN B, Ly
L7EA% 5, 2d i3 Ghelfi 5 ALIARRE ZRE LTV S BHLEMTH b, RXELEE L
FER, Ghelfi 5 OFE AT EEIPOILHRNMTF B cis TH O, LFY 7 ML BHER

REDHITTENE LI,

COMRTAERIE, 5745 L1a,1bD a -7 Y ILIE DO STRRIR AR EHE LB
FUNEOEESER Y ONEDBETEAIHEE L TE D, £7- Slough 5D{bFL 7 M

EBMEEENN- NV DR 2¢, 2d ICIZBRATE O ERETHIEEANTRETH 5, L

LA S, MRLFEORERTEZZIGE, KE
— IR FAE BRI SUGER AL S B HR LB R
D, BIRMESHER T 5 I ST EERITT EIEER
1< ¢, L UANMRE M EERRBICRIEN S %
ATREMEAE R I LT,
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it Bl At - 2 HERTH D, Smafl
DTaRZJVERVBAD 7 oa A FILEDNE BIC

Figure 1. The ORTEP drawing of the
major isomer of 2a.




Br /7 PUTMCEBL TV S, aifiFREF & B oot FILEONEILF R cis T
Hotee PIE LICHEESOPEECZCEERMOLOTH S I &%, MEERDEREHD H
NMREIFEIZ L OTERD LT, REEICB T, afiAFLyTob @ BMAF T u b
v SECHNTED, nOe il & AILARLFORENRES 2 EE2RL TS,

2a-2d @ "C NMR ‘i/%‘t |ﬁ]—‘0)1’kﬁ[’ﬁj‘t“ & O ’ Table 3. "C NMR chemical shifts at @ -CH,.

H5IZ Table 312”3 & D ICEAEBY D a L X F | NMR cis trans

actam A .
solvent (major) (minor)

~ I;Ll_?é‘. . 3 =] : 9

L v RFRIT 3-dppm (RRER ICEBII I N B, XER 24 CDCl, 40.94 3778
DFERIZE D afiA F U VRER cisKDBE 2¢ CeDs 38.75 34.90
BT MY TN, tansthOBEET ¥ b CDCL 42,05 38.70
2d CcDCl, 39.75 35.81

v VICRIET A EEZL SN S, —RICTF

YVRFBER T/ 7 MY TNEELIOE#E Y 7 M52 505, 20O "CNMROFERIT X
DHERE—HT S, Lo TEHELOERBRICEI STFEETDII s TH 5 EHRE L1,

X B RAEEMRYT, RUTPCNMR L0, EAEBMIE o, BAOERVERENRE it/
TRUTMILE L, BAOFNICLORELSHETH 5, JOHEEL O RGO AR
AR OB FNLEMRIC B I N TS I EHREE N, Scheme 21278 a -7 IV F
WALRIEDRE, Scheme 31Z7R T & 5 1AM D cis/trans BYEALHUE Z » T 5 A[EEHDE 2
5N 5B, &I THEERERIL /2 2a,2b D cis, trans (REHUFEO(LEWE AV T a - TV F LK
T & RIRE 1S G T cis/trans BURG 2R U ISR, Table 41078 T & 9 I sk, ransthk &
Lo S bBUALRICHET L, cisftrans =91 DRMUEKIREEME 125 2 L0 LD SN,
ZOFERIT, a-TIFIVLRIGERBRIC, LB D csltrans BHALRIG N ETT 52 &%
AUTHED, o hid, BAOFMICL D LELEMEERIEABNE LTHOhE I E
ERELT S,

ZOMDOA VT 4 v ERNKRIEOFER % Scheme 412F & %, {LEWI-SITH>0Tida
-TUNEE DV EBOBRENMURBEBASHI, ERYRE-0RHKTHY, bH—
DOEMERNHEBETE LN Tolcd, BROVEREKDOBEIITETHELY, —FDa
AVT 4 VEROEBEICLT IS VOBE ERBROEMAKIGIREID S5 B2 &,
RUOMEMICZEABEESL BV EEZSNS a -7 VIR ILO SRR D cis/trans = 8/2
~NTHBIEDS, afitEEFTF& B oo A FILEDNKIFR, WTFhicsTdH
BEEZEZTD, 23-UAFIN-13-T % D10 EDORIETIE LANIMAET U7 L& 620,



NOEMWKEETE I, Fh, 1-NFE LV EORIETIE, 73,702 £ 3:3:1, 1L10OR
AR TEONI, ThoDILEY6,7a,7all 50T, a, BMOEBREOIIERILE T
T, afifiio —EREGOMMEE b L CRME EOEERTICHKT 24158 KHR
L& BIREUNFET S/, NWHORHENEL SNDE, ZhoDLEMIIONTH
FHEBHO a fiEFRFTF & L7 oo X FUMKICET 2K E R cis THE EEL TS

Scheme 3. Table 4. Thermal equilibrium between two isomers
of 2a and 2b.
— =
cl \\ —
\\Hm CuCl(bipy) jl_)“ Ct Lactam cat/ mol% time /h cis / trans
o 83 °C o cis-2a 10 1 88/ 12
N in CIC,H,Cl N trans-2a 10 1 91/9
, z z cis-2b 50 1 9%/4
cis-2a, 2b trans-2a, 2b
cis-2b 50 24 93/7
trans-2b 50 I 38/62
trans-2b 50 24 91/9
Scheme 4.
Cl
Cl
Ci

H
0PNy C4Hg-n
Cl !
o Ts 3:100%
07N
|
Ts /
7a: 5%
j_{ 7 CqHg-n 3 diastereomers (3:3:1)
CO,Et

4:52%

% Q

N
SiMe l = CyHg-n
/\/ 3 z C4Hg-n
EtO,C
|H
Cl
5: 87% \ Th: 54%
cl 2 diastereomers (1:1)
Ci
oy
z
6: 86%
(E/IZ=1/1)

e
MFRLFEOREEFTIICHILY, BELHEE F S0 & Lo UNREREEWER ¥R
PR BN BUR IS TR B2 L& T,
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Crystal data for 2a (major isomer): colorless prism (pentane/ dichloromethane), dimentions 0.06x
0.15x 0.30mm, monoclinic, space group P2,/n(#14), a=3.851(5) A, b=8.090(5) A, c=16.035(5)
A, B=106.851(5), V= 1719.6(13) A°, Z= 4, Enraf-Nonius FR590 computer-controlled x axis
diffractometer with graphite monochromated Cu K& radiation. A total of 3141 reflections were
measured and 1865 unique reflections were used in the refinement. Full-matrix least-squares

refinement based on F? converged to R=0.0591(F*>2 0 (1)), w R=0.1367(F* >2 ¢ (I)), GOF 1.06.
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Strategic approach to determine the yeast genetic regulatory
network with microarray technology
Shigeru Muta, Kosuke Tashiro, Satoru Kuhara (Graduate School of

Genetic Resources Technology, Kyushu Univ.)

Abstruct

The whole DNA sequences of many organisms are being determined by international
collaborations. Saccharomyces cerevisiae is the first eukaryotic organism whose whole DNA
sequences have been determined. Currently, it is considered that these DNA sequences encode 6,000
genes. A hot research topic on S. cerevisiae is to analyze the interactions between genes by systematic
experiments and logical analysis.

Our research group has installed a systematic experimental method using microarray technology
that observes the changes of expression level of genes by gene disruptions and gene overexpressions.
By using this method, we have launched a project whose purpose is to reveal the gene regulatory
networks between the 6,000 genes of S. cerevisiae. This project consists of two different tasks in
addition to the task of experiments. One is to develop algorithms for constructing gene regulatory
networks from experimental data and testing the consistency of data with already known gene
regulatory networks. The second is to construct a knowledge base of gene regulatory networks that
have been already known for various organisms. By combining the results of these tasks, our project

will determine a rough figure of the gene regulatory network of S. cerevisiae .



1. FC®HIC

ZHE TR AR 3 1 B B F RIS OMITIE, B x REBOMIa 4l 5 RNA
AFEIL, FARUALRNAZ A V7 Ly RICBEIEL, T 2B FOREN -7 %2H
NTNAT VA=Y a V75 ) =% 7oy bM(bLLK, Ny b7 oy b)@IE
D, BBIZFICERNKE T S5 A4 < — % H 7o RT — PCR (reverse transcription — polymerase
chain reaction) iK% IZ & » TIThN T &/, —F, AMBRICHE D 3 BRFOMFEDOHEREI L
DT T AR FREAZEICEML, FiL, ¥ A7 oV FOBTICHEST, &
DR T 2 RBIEF PP L ML BICONT, BSROBIRFOEEZ —FICBTT %
DHEWNEE > T b, THIZIELT, Bf, ¥4 787 LA, DNAF v 7 EME3E A
BRI 2255, o3 A YT LY EICEHODNA RNy hA2EBEL, DNAL LI
RNAZ b LB LAY —7 vy FEROTHEIT2EkOFEE </ o7 LA EHERD
IZH LT oM ETHED, <1707 LA, DNAF v 7 & B2, lemMWAHIZETE
DODNAFy FEREBEL, ISXVEDY =7y MIEBNA TV T A E - a v EFTD, R
RT3 &V I AER - T3, ShoORMERGCNE, BTREOBZFEZRFTS
MEM TR —KROT LAT, 1, £ MFOHABTHHERDOT L 112k » TEBRIEF 4485
TAHEIENTETHY, DRNADSD Y —4 v ML BB IEF 208 & LBz FRR
BT, 2)7 ) LDNAZR Y —4F 9 b ET B EICLBBIEFRIBEDERDRN, 3)7 L
A BS54 ) TDNAABET A2 LItk - T, SERERORENIREEZL SN 5,
Frld, HABBOYT ) L7V 7 PORTICH ST, 2BEFERRE LICKTR
2T I&ic &y, BEFRANERy N7 -7 ORBEZENET S Y 27 LOKES
fToT3, BELTWE Y27 4LIE, DR&BEFEYAM 707 LALL, BIZFRBEE
ZEBMNICHET 3 ERR, NSRBI E T 5, i, BEEFEE - MERERICE T3
LBIEFORBRENEZFU L AT~ IR=Z, BT —IR—20 5, EFIVE
YD LBIEF ORBIGIHIRIRE R % /ERT 2 BBIEE 7 VT Y X4, 4)BIEFHBHIE%
BETSYaIiV—F—, hold, KRETB IOV AT LOPTHRHALTEALDOE
BRRIC DTN %,

2. ERAE

21.v49 07 L1 FADNADHER

bhbhlld, HFBERTHRE S NWACRIEREID SHEE S N/ 60001ED ORF D M13 7
7= IR =D O—MERTEETCVE, £IT, ChoD/ru—vEEREL
T, R4 —NOHBEIN TS5 4 <~ —%FHNTPCREBF LI F%2 <427 a7 L1 FHDNA
EUTER LR,



96V PCRIXJEA T L — M EAWTL100 u 1O KIGHT20~304 4 7 VD PCREFT - 72, ¥
VIND—EET A0 — R NVEKE U, BIEATEE L/ EIC 10 110 SMERER S ~ U v
L(pH52), 80 uld A4 7as8) — VA MATESGL, BIET20~3045HKEL L,
3000rpm T 2043 &3 5 & & THRBk A AN U, 0.5~1 ng/ n1DEEEIC 2 X SSCIZA
RUT,

22RNAEE N D S =5 v b DB

BN SFy h T2 —VETRNAZHEL, 25128 Y) (ARNAZRM U/, 10ug®
) (A)RNA, 1 X ZJ&/%y 7 7 — (Super Script I Reverse Transcriptase ; SS II (Gibco BRL) #& fif
), 25ng/ 1A ) 3 (WT) 754 <—, 02mMdTTP, 0.5mM dATP, dGTP, dCTP, 0.lmM
FluoroLink dUTP( 7 < & + & 7 7 /b= 7 ), 10mM DTT, 100U RNasin % &5 20 11 DR
FTEFET >, 2 @lig%, 2BEOMMBMN S D RNAKA ZHZ 4, FluoroLink Cy — 3dUTP,
FluoroLink Cy — SdUTP THZak U7z, 65°CT 2453 HIME%, 42°CIZfE L 200U SSIIZ A, 42
CT30~4053f A v F 2=k L7z, BIZ2000SSUAZMA, 42°CT30~4053F 1 » ¥ o
N— b U7ci%, 20 213888K, 5 #10.5M EDTA, 10 111MNaOH% flIZ T, 65°CT 6043 1
vFE 2 NR—F U7, IMTris — HCI (pH 7.5) 25 u 1% 1A THH%, 7AH# % Microcon — 30 ( 3
)T )EFNT 10~20 1 U84 L7z, 200~400 11 TEA 1A 72#%, Microcon — 30% F T,
10~20 L NZ R4 B RIEZ 2~3 [l DB L, KIS O AINTPZRRE Ui, Bk LIy v 7
1ul%7Ha— ¥ IVESEKEI L, FUJIFLA3000G(E+EBE 7 4 V4 ) 4 B TIESR AT
e

23.94 007 VL DIERENATUVTAE—-2a Y

2NNaOH — 70% L % / — )VIAIRIZ 1KLL B2 U 7%, MilliQ/K T 3~4[H 4§ KR T 1
F# 5 R (MATSUNAMI) % 10% A Y L — Y & » (Sigma) 75#K i 1 BRI LI EB U 728, E.l
(600rpm X 253 )i & - TKFEREL, BRTEBES Y, 1707 L1 A DNABK%
SPBIO(HIM.V 7 b)ZHWT, X534 FAF ALK Ky kU7, 70~80°CT 1 KR D fnZvn
& 120m) O UV D%, 70mMEK N7 B, 0AM A+ U E — NaOH(pH8.0) = &L 1 -
methyl — 2 — pyrrolidinone Z# i< 10~20 532 U 7o ¥R Tl L 7 MilliQ /k iz 2 43 filig
U, T8 /)= )IVThuKk U7, SBETEREXEL, BRLELIA 707 VLB IDRET
REE LT,

BB U725 — % v MATRICHRIEEE 5 X SSC &85 X 51220 X SSC, MilliQ/K %Az,
95 CTIMMBMALNER, BEETHEL, RBEOS%DSDSEMA Y —4 v MEKREL
o YA 0T VA IKHID 40-ID 57 —45 v MNEBREHNICLEBL, #5—45 2 ERHD



FhoRmENS v LB E I ICEYE, T4 XF v+ —F + /3 —HT65°CT10~2085R]
NATNFTAE =2 g v mB Tl N TVFTAE—T 2 VT, 2% 2X SSC—0.1%
SDSHEMICBRL, WA—HIREHNMH L, <4707 L1 %2XSSC— 0.1% SDSIA
#TSoE 2[E, 0.2 X SSC— 0.1% SDS#EHK T SR 2EIZEE L, 02X SSCA#K T2 ~
Z L, 600rpm X 20FE.0v%, FETEBRXE, Rl / /o7 L4 A28t~vS4 /0
TUAZAF+ F—RBEB(BELEE 7 4 VL) TERBOREETT - 12,

3. BRLEE

BROLBIETAB L, 7 07 LI LT, HERBER & TUP 1 RIBRIBER D 538
LAY (ARNAZSEFR L UTERUILENFERDNAZ Y — 7y b E LT, KBIZFO
REBOFALEMBIT UcERA Fig. IR L, ZITREMEhEFREBTEL, KES
BRUTERLTOS, KUV TRULALTUPLIO XS AR TELRBELTNS L, #
g {REh, TUPIRBEBETEZ(RBULTOS EENERINTH0S, LWET
FRERBEL T2 bOREBTRIN, HERTOREFRAROKLN1KDO<A 7 0
TLATEAITE S 2 EdRanic, B B FBIBRORKATIEREZEDTH D, &
ek, BRERBKCE I 2 BETRREEOE(EFEN L, 7— 7 X— 2LHEICEHEBE
FOFHEEMH ANTORETRBEHEL v b7 — 7 OBFETOILWEEZ TS,

Fig. 1 Two — color fluorescents scan of the yeast microarray containing the all ORFs of yeast. The target
mixture consisting cDNA from wild type strain (red; Cy — 3 labeling) and TUP 1 mutant (green; Cy
— 5 labeling) was hybridized to the array. The image of Cy — 3 was overlaid the image of Cy — 5.
The arrowhead is indicated the ORF corresponds to the TUP 1.
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Development of zinc ion-sensor
using silver sulfide-coated zinc sulfide monodispersed ultrafine

particles

Keiko JYONOSONO, Jun TAMURA, Toshihiko IMATO

Graduate School of Engineering, Kyushu University

A zinc ion-sensor was fabricated by using silver sulfide (Ag:.S)-coated zinc sulfide (ZnS)
monodispersed ultrafine particles, which were synthesized by an ion exchange method. The
monodispersed ultrafine particles of ZnS (ca 400nm in diameter) were prepared by a homogeneous
precipitation method from a mixed solution of thioacetamide and zinc nitrate, and then were dispersed
into ethanol containing silver nitrate (AgNO;) at 0 °C for 5 min-2.5 hours in order to coat with an Ag,S
layer on the surface of the ZnS particles. The resulting Ag.S-coated ZnS particles were pressed into
pellet and some of them were sintered at 300 — 500 °C under N, gas for 3 hours.

The amount of Ag;S coated on the ZnS particles increased with an increase in time of coating
reaction. When reaction time was 1 hour, weight content of Ag.S in the Ag,S-coated ZnS particles was
34 wt%, and the thickness of the Ag,S layer was estimated to be 21 nm. A sensor membrane using
these particles without sintering showed a linear potential response to logarithm of Zn* jon
concentration between 10™* — 107! mol dm™ with a slope of 21 mV/ decade. Sintering of the sensor

membrane at 300 — 500 °C gave a poor effect on the response to Zn™ ion.



1. #&
BRIEEPA v FTEREOMFTLE T oL RIIBNT, BEEBAA 5240514 0T
FBE X QR 2RO, TREEFRDTERTHY, BMIBEEIN TS,
%, IhoOMNICIRFEEREL AL PO, FORLEESF L - MEEET SN
AouohTsh, BEA7 54 TORBINTOOTOS, —F, 1A ey EHN5
BALZESTEE, A0 T4 VEHAICRD TR L2 FETH 505, BREHRS h T 5B
JERESEAAA 2o ELTR, 8, #H 8, AFIVASF 2 HIIRONATED,
FHEORNTES, — v, TNV A U R ER I TREIN TR0

|

T, FRAMICIEE- TR,

EAERERE S A vt o ORICKIE, HNESB A A » OFLYIE MS LHR(LRO%
RKERERBLUILLOT, A4 EBEHERD, VWOWAIEKERERTH S, Jh%E
BIGHE ST 5 o2 OBEEE R T 00I1ICIE, ROZSDOZWEMET 2 LEND 3
LEMERIN TN AY, TbDb, DMSOEBEMERSH(EOZh L) bRE I L,
OMS DIRIBENSEHET O M 1 4 L OBEL D/NI NI &, 3) & U RCEER TEE
L DOERFETHERT E M A4 v & Ag 1 4 VORBRIEDHHHNZ &, THD, Hli
8§, —ori, TN A F VIR, DOEBEMILTHEDOT, ThZ 0L &5
LREHNT, HA4 4 vV ORFENEETH 2 EZEZ 5N B, Hido k5 IcERM1L
INTHO, T, THFETERELINZFETHUEEENIE SN THROERII, 3)
DEMEDHIIh TR D EHRIZTNE, L, BOET, 5/ A— Y1 X0
BILHEBAITEEKL, ChiK X DBINIREERT 2 2 &nTahd, RIS /&0
BARMIC BT, MSE AgSERIDESEA RS THE S D, BRTEIC X DART S M o
T EAG A OMEBRMNBERICN D EEZ SND, /- TRHL A & RN ER X
h, M A4 vt v ORIFRIEESARIN S, KimS 2 RFA T+ b7 I FEERH &9
B —ULBEIC & D, B ETHARAS 400nm LT O ZaSEWAI T2 ERTE 5 2 L2 8HE L
Tb, IHICHSIE, O ZInSBRAFORME AgS THET 5 HEEEFEL T 57,
AIFE T Kim 52054 U T 7, AgSHEE ZnS B FOSREA IR L, H1 4+
HAEBERTAIEEBMEL, WELK ARSOE L & RITIEERIS GO ER 1 A v IEE
P RF T REII O THRET LT,



2. £ B

JEkt & 12 B A ZnS WL Fid, UTFTO LI UTHBUKY, pHE 1L5IZHEI L
0.04mol dm™* FETEREN/KIAHK 200 e 2 =/ 7 5 X alc Ah, 70°CIicii#L 7z, Zhiz, F
FTENT I F602g %MLz, ZOEEDFATE T I KOEEIL 04 moldn™ T
B, FATEINT I FIRIHSHBE< 7274 v 7 X5~ 5 —THEKRAEREL, T0%kiZ
B OEER P C D ITBMI TR RITHT, 70°CT405MBRRE L2, AR U7 ZnSHE
FARBEODEICE > TENL, 7K, =5/ —VOIRICEREEZ, BERI &S
DD B LIS & » T ZnSHFAEBER Lo, B LI ZnSHFEBERZE L, RIS, =%
J =100 cmE AN =7 5 R ITAR L 72 ZnS B F 1.01g (0.01 mol) M Z, BEHES
Bagiik KBTOCITRE U, T OEIRICTEERSE SyKFIH) 0.85g (0.005 mol) % 7550 L
Too ZD%, BRAER AT 4 v 7 A5 =5 —THIELE T, ZOMICTY J —IVITE
BUASAF VB ZoSHTFD o A A v & A F VRBRFIGHEEZ L, ZnSkFOEMIT Ag
STHE XN, KICHERIZ 55 258 & Lic, AgSHIE ZoSH 743 00 8Eic & » TH
U, 7K, =8/ —)VONCEREA%EAL, BERIREELTHOBE DR LIC K > THE
Ut BEEE L, AR RISERRE TEEMEE (SEM; B LRWERERL, S-900%! )%
AT, ENEROFHE L ZInSHFEREL T 5 AgS DEESTIR T X IV F — 53
X< A 707+ 5 4% — (EDX; HILEAETE, S-23008)%2AOTHNL, Fi,
I XEBENTET (XRD ; BESMHERE, XD-DIR)T Cuk 8% AV TH~NI, EDXAICE
WTHE, 9 A2S & InSATEDEETRA LRI DLW THE o hiREENoE— 7
AR SBERAERL, ShEMNTAgSHE ZInSH 7D AgS DERI R OHWEE
DEHERD I,

LR HFETER U7 AgSHE ZoSHF#903g % 2 t/emr O ESAT, 19MMEL TEE 10
mm, X 2mmdDRL v bEERL, ZhiEE  FORBSEE Lz, —EORL v MZDU
T, A%, BHEBEST 300°CF 7213 500°C T 3EEMIBERE 1T - 2 (RO BREZ TO
FHRHEEIT 10°C /min), KIC, BICRICEERREERNEZHOTHO Y — FREESEL, =
NET IV TO—FICEEL, oI ERHAANITR, 2Ot ¥ EBREMREEY
FEME S L TO0lmoldm  KNO, 2 &8 Zn* 1 4 VIEKICREL, BRERY —5—TH
BLADPSEBHEEEL K,

3. BRLEE
31 4 UKHEICL D AgSHE ZInSHIFOER
HEx ORICHFBTER U 7c AgSHE ZnSHTIC DT, EDXICL VB o/ EHEfD



E— 7 ERED o AgS #E ZnSKLFH1 D AgS D
FEENB JVOHEEOEAZEL L, 2%
Table 112779, ZnSHLFREICHTE S N/ AgS
OEENIT, KICHHEOZBLE - bITEMLT
WBIENbhE, i, WEEDOES LRIE
BE & & bacsihn L, 2.5 BR8% Tid 26 nm i
bET 5, Fig 1 3BARD ZnSHFH L U%
RIS %D Ag.S #8 ZnS K- O SEMEH T
bHb, Fig 1ldhbdrbdLIiZ, ZoSHFIRFE
LUK TH O, K-FHIE 4000m TEH—TH
%, RISHR 545 LT 05EMICk TS, KL
TE—RERBLFTH Y, NTRKRTZTOE
HIRBREER S I EALRIUTHS, LML
1L Eo KISHE T, $BEREIE L
B OhTEIMOMKENIEFIINL D, R TED

BWEBLDPRNEL B -TB I EDDM 5B,

Fig.1 SEM photographs of raw ZnS and Ag, S
-coated ZnS particles.
Reaction conditions are given in Table 1.
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R TH 5, RICKESDORTFTIE, WEATEE UL B-ZoSIZ LA E— 7 DA DA S
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Table 1 Relationship between reaction time and
weight ratio of Ag,S to ZnS and thickness of
Ag,S layer coated on ZnS particle.

Run Time AgS Z::;klr;;?rff
No. wt%* (on)

A Smin 71 3.5

B 0.5h 11 53

C 1.0h 34 21

D 2.5h 41 26

Reacion conditions; Amount of ZnS particles: 0.01 mo),

Amount of AgNO; added: 0.005 mol, Temperature: 0 °C

, Solvent and volume: ethanol 100 e’ .

*  caluculated from elemental analysis by EDX.

**  caiuculated from Ag:S wt% and diameter of ZnS
particle.

O B-ZnS
o @ p-AgS

o reaction time

o ? . e o
(4 1h
[¢)
e o

LI o ° .

e 2.5n
— t + } —— —t t )
25 30 40 50 60
26/ deg

Fig.2 X-ray diffraction patterns of Ag,S-coated
ZnS powders.
Reaction conditions are given in Table 1.
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DALSHERIC L - TRELEILL, AgSDOHE  Fig3 Potential response of Zn® ion sensor
prepared from Ag,S coated ZnS particle.

BEOD3MwWBL, LOWKII Y OIREHEE Coating reaction time; O :1h, Il :2.5h.
No sintering was done after preparation of
(B EAZRLTNES, sensor membrane.
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Fig.4 Effect of sintering temperature on Fig.5 X-ray diffraction patterns of pellet
response to Zn™ ion, prepared from Ag;S-coated ZnS powders.
Sintering temperature; O :not sintered,
M :300°C, A:500°C.
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Surface Structure and Electrochromic Properties for Bismuth Oxide
Thin Film
— Improvement of Decoloration Properties by Adding Alkaline or

Alkaline Earth Component

K. Shimanoe, M. Suetsugu, N. Miura*, N. Yamazoe
Graduate School of Engineering Sciences, Kyushu University

*Advanced Science and Technology Center for Cooperative Research, Kyushu University

Bismuth oxide — based thin films prepared by sputtering were tested for electrochromic performances
in propylene carbonate containing 1M-LiCIO,. A pure Bi,O; film was found to show a clear
electrochromic change between transparent and dark brown on switching between anodic (+1.2 V)
and cathodic ( — 2.0 V) polarization. The change in absorbance after 50th cycles, however, were
degraded from that of the initial cycle due to a reduction in decoloration efficiency. AFM images of
the surface of the aged bismuth oxide thin film revealed condensation of fine particles of bismuth
oxide. It was found that the decoloration properties could be improved more or less by the addition of
an alkaline or alkaline earth component to bismuth oxide. Especially, 5at%Ba — added bismuth oxide
proved to be stable even after 50th cycle of coloration and decoloration. It is considered that the Ba

addition inhibits the condensation of fine particles of bismuth oxide.
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Fig. 1 Cyclic voltammograms of Bi,O; thin film. Fig. 2 Change in absobance at 550 nm for Bi,O;

thin film driven at +1.2 and — 2.0 V vs. SCE
in 1M-LiCIO, / PC.
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Fig. 6 Cyclic voltammograms of 5at% Ba-Bi,O; Fig. 7 Change in absobance at 550 nm for 5at%
thin film. Ba-Bi,O, thin film driven at +1.2 and — 2.0

V vs. SCE in 1M-LiClO, / PC.

DX ICEEL Y T LERMUICHR T, EC
BN DWETE S I ENBFLN & - 72D,
ZOBFREFND 112500 1 7 V%D AFMEIE
AT, Fig8il SHOBE L/ N 7 LARIL 2%
D AFME %R A, Fig3 Dk B 2 < 2 Bijdfig o
A LT 5 &, CVIZ L b EmEEIRIENLT S
N, EHOMIINI NI EXNbh T, T, &
FRYERTE O XAROWTREE D S 13, 300 CALEE O
BEIEEALE X< 2D E— 7 PAEIRE BN Y & 4

AR TAIEICEDREL LY, %%‘ﬂ?&o)%@'@ Fig.8 AFM image of 5 X 5 u ur surface of
the 5at% Ba-Bi;O, film driven 50th

(LR T & 12, cycle of coloration and decoloration.

ZIT, ShETOWEERIEASHTERILEZ < XD ECKIGEHERT 2 EUTD LS
itEZohb,
Bi,Os ( B type) + xLi* + xe” — Li,Bi,Os (amorphous) ¢))

Coloration

Bi,O; (amorphous) + xLi* + xe~ Li.Bi,O; (amorphous)  (2)

Decoloration

BRLE 2 < R IFBAERI. SRIOGHEER L T30, fMosBicsnT 7y ELY
7 LT B ERDD > TS, o, TORDSPBTIEHTENT » RIREERB LT, Li
A4 VDENBBWER S EMHAINE, So&E, B )y 2525 mUCEEE =<
2T, AL, LiAA L OEAHNED RA-XIfThbh b EEZL 5N 5,



4. &0

AR THONIEREZL NICE LT,

(OBRALE R < AT, Bk c B0, BARHCEWALRT ECHEER LTS,
YA I NEERS I LXK DHBFES ST S ENEONEL 52, Thid,
AFMBIEORERN S RMOKFHIEET 2 LItBET 2 LEL 5N 5,

QBLE R ZAERICT VA ROETNVA Y LEEBEOBIMEZRMLICEZ A, 5%D
BRAL N ) U LA U7 & & BEFSEETAFENE S hic,

BRI S Y D LZTIN LB E R < R, BRAL N ) D LD L D BR{LE X <
ZHHR LD, BHEEICHE BENMIH IS EEZ oM, ZOKY, LifA
DEABENEZ DT, BhECHRUENMESN I EHRIZN S,
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(CIOHISCN)O.S(CI0H15C1)0.2 D C-NMR T X 5 61:77%

SRR IR R 22
MR B, BT R

13C'NMI‘ StUdy of (C10H15CN)0_3(C10H15Cl)o_2

Department of Physics and Chemistry of Condensed Matter, Graduate
School of Science, Kyushu University

Hiroyuki Kobayashi and Mitsuo Machida

Molecular dynamics of mixed compound (CiHisCN)s(CisH15Cl), has been studied by means of
high-resolution *C-NMR. Spin lattice relaxation tomes (7;) of 8-, 7 - and & - carbons of C,H,;CN
are analyzed by the Frenkel model based on six orientational tumbling and tilted uniaxial rotational
motions. T,’s of C,,H;;sCl are analyzed by the B. P. P. model. Activation energies of tumbling motion
obtained for CoHisCN and CoH;sCl are 49.9 (2) and 48.1 (1) kJ/mole, respectively. Obtained

activation energy of C,,HisCl is much greater than of pure substance.



1. 3L®HIC

1-37 )75 % v (CoHisCN: CN-adm) & 1 — 7 007 ¥ < % o (CoHisCl: Cl-adm)
2, TOMBHDOT ¥< 25 v (CoHi) D INOKEFEF %22 Zh CNE LIEFFFTER
LEbDTHY, HiIZC OB ERF - T3, 2HhSOPHEIZIE, ZEBEE Fm3m (Z=4)iZ
B B752F v 7 PMESFEEL, JOHTRAFRIELETIT—TIC LT LA 5 AL R
EROE 5 IRTIRAEICH 5,

Cl-admiTid, PHI&ZERIBE P2/c(Z=4) 128§ BT ()N FEE L, PAED S Oa i~ DL
IR 240K TH %, PHTHELET 2 BEEENE, <001> D 6B EE) (umbling motion) &
53 F-## (0] © O [O14K (uniaxial rotation) TdH ¥, Oq HHIZEEHE T 5 & tumbling i3 Ai#% U uniaxial
rotation 724} £75 3 [1], F72, OotHIZH T 25 F ORI P TOD <001> A &1FiEF—FH L
Td, —J, CN-admDIFEE, PHAER~ SEMEICquench§ % 2 &0 T, BEELD
IRHIEDVENS Z A GHEZLO L D DOMNEET 2 &AM SN T3, FlZ
i, PSRBT S &, MAMICET ZHERE MMEN U TERBE C2mZ=4)I1LET 3
O IZHES 4 5 (O N DER BT 240K TH 5)[2], & I T, Ot TOSFEIRIL, 1F
13 <111> HI (PHE DS Sl A F#E) &2 b, PHET D tumbling D J71) (<001> 5[0 ) & B8 -
T3 [3]o

CN-adm & Cl-adm i3 [E U R x TiRes (CN-adm), - (Cl-adm). 2 TE KT %, 4510, X<03D
B LT, CN-adm&EREESAHRIE LS ZEBHISN TS [4), L L, X=0250DR
e DOBST (O 1L, O #HE IR D, O MHERI UM 2R - T %, T2, ZORS
@ GAHIZ fragile & strong D HENCHIE L, CN-adm & b strong?s 7' 5 24K T % £ EbN T
W, APIEDHIIZES & CN-admDHRAPCNMR THRNZ 2 ETH S, A RED
AETEHONIX=02DRFOREREHET S,

2. £ B

Aldorich /) S A U7z CN-adm & Cl-adm% T4 / — )VIZfEh L, BRI T2 2 & TH
B F, KB L7 CN-adm & Cl-adm % 82D ENHTHE LY /) — VICIERIE, &R
Lo B E IERE & L7, "C-NMR(76MHz) O 9213 Chemagnetics £ CMX-300
ERCTIT -7 TRZ7a b FHy 7Y 07 EMASEGEH Ui RERES: (7 -7 -7 12)
THIE L7, 5, BEOHIMIFE IKTIT- 72,



3. HWRRUEZ

Cl-adm & CN-adm D3 FHEEEZK — 1173, TN S5D5FI2id, 4> OIEEMATREMN

FiEL, sho%a, B, v, SKEET 5,
B2 CN-adm O 353 F 8 111 & Ol
B -THH, JhicfkaFiEomHEes
(tumbling motion @ #H B ) i CN-adm @ 5
A Cladm & 6 38 < 725, EEE, 'H-NMR,
BC-NMR 2 51§ s 7c PAHOEM(L = 5 b
¥ — 13 CN-adm {2 %f L T #9 50kJ/mole ,
Cl-adm 12 3% U T # 30kI/mole T 3 [1,2],
P & Q% TRIE U7 iR& D "C-NMR
ARY PVOEREKRFER - 21277, P
T, Cladm® §IREDE— 73BN - T
VBN, TNLUANDKREDO E— 7 3H N5
LT3, BELXETIESLEENEN
® ¥ — 2 i3 broadning 2 Z L, 233KfET
BLILEIE AR MVEESE, UL, AR
7 b o MEOREAHKRT 52 ERT
=R A N A

K — 3ic 2 E v — & FREFIRHE T, O Rk
#4777, tumbling motion{Z {3k 4 5 T, Dix
7IMZH 400K (1000/T=2.5) iIZBRN T 5, 10
CN-adm O T, i3 {BE OB o —HE
mu, SREERINT 5 &,
(1000/T=3 ) E TR 2GS 5, <

290K

@ T, DY 13 uniaxial rotation 12 & 3 b

DTHD, g7, T OFHE2DOF/INMN

Fig.3
210K(1000/T=4.8) LI HN T 5, L

ML, ZORZOHER, BEfEOSEI

— 41

Molecular structures of Cl-adm and CN-adm.
There are four non-equivalent carbons. They
are denoted as @ -, 8 -, 7 - and & -carbons.

Fig.1
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Fig.2 Temperature dependence of
“C-NMR spectra.

()
*
29 'v,' 0.“.0
T4 5 2 3 4 s
1000/T (K" 1000/T (K™Y

Spin lattice relaxation time 7, (s) vs 1000/7(K"").
Open and closed marks are 7,’s of CN-adm ((J: 8,
O; 7,4 6)and Cl-adm (V; 8, O; 6), respectively.
Solid lines are calculated values ((a): Frenkel model,
(b):B.P.P. model).



BB U105 (O~ OER N T T 5 DICERKAS 3 % )D T, uniaxial rotationiZ X 5 T,
DRNEFT B ERTENG, £, KFP DK PHIA 183KIC supercool L, Oy~ D#E
FN5ET Uitk FIRTRE L7 Oulh & PHEANOEBIRE (230K) 2 &7, #- T, 230K
VLEoBETRHE L PHO T, B L1,

Quiroga & Virlet [5]13, 43 F#li® tumbling & % D[H] V) @ uniaxial rotation 4 & 37 Frenkel € 7
WT T %BHd %52 &T, CoHsF, CoHOD PHITOST-EE AR ~<TI 5, 722U, "CH
EFa b OXBERFHEERIC X 2B REL T 5%, T O Frenkel € 7 /L% CN-adm O
B, v, SIREOTIZEHRALEY, VRV T 4+ v 71 v 7ORERIBOhEL -1, &
ZT, S FHELO tilt & 6BC[A) D tumbling, 43F-#[E H) O uniaxial rotation {233 { Frenkel € 7 /L

TR L7 [6]lc SDEFNIZELD &, RAECOHTLIZRDEHIZEIN S,

1 2 8 1
T5(Co = §M2 (Ck)aZ:]] ¥, (Cy [gL (We=wnTo) o (We, T )F2L (W + w4y T,)]
T
Lon=1m
9 |
MZ (Ck) = _2_0 ?’é ?'I-ZI hzz' rlz_ley wa (Ck) = ; 1p‘mu-

SIT, IETAIMIEKERETNES LB, 7., SIREIEDNTES, ry, W weld
FNFhCHESEHQ.0A), ok & "CHEO Larmor AR TH 5, B O
RERERRDOT L= 2B ARE LT,

T=1,e5N

I IT, EAFEMALT A VF —, Told pre-exponential TH B, F/NTFIC L BT,
B, v, SIKEDT %2FEITHEEMLZ, AL, 2 F#D tilt & uniaxial rotation D 7 % fa] U
EARFE U7z, B 31 5 F2HR (CN-adm) i35 B2 &K 3, CN-adm & Cl-adm @ S (KED ¥ —
TIEARYT MWV ETENR > T 5, BBIKEY S CladmDERIZ02THB0T, ¥—rid
T CN-admD S RFILEBbDTHDE Ui, SKEBDIEMEFAED X LI ZHITH
kT25bDTHS, —F, CladmTiE S RERICHET 2BHIHE SN OT, BPP.EFI
T LI (7. U LoD S/ ONIHERBICET 297 A -7 (FBifbz 2L ¥ —

E,, pre-exponential factor 7o) ZF& — 1IZ/R”T,



Cl-adm, CN-adm @ tumbling DiEHAL T % L F — iz Zh £ 48.1(1), 49.9(2)kI/mole T &

b, #i¥E7s CN-adm & RIFEE DEIZNE » T3, FBiRIZE 1T 5 CN-adm & Cl-adm D 7ERFE]

BERFN26X107° 11X 107°sTH 5, T, HEL Cl-adm® tumbling D7EHALT & L

F — {357 30kI/mole TH 5 DT, {B&T O Cl-adm M I8 #EEI 4 FF » T umbling LT3 &%

Ao b,
Tablel: Activation energies E, (kJ/mole) and pre-exponential factors 7 s).
T oS) E. (kJ/mole)
CN-adm :
tumbling 8.5(2)x 107" 49.9(2)
uniaxial rotation 2.6(3) x 10°" 7.5(3)
Cl-adm
tumbling 6.9(2) X 107" 48.1(1)
uniaxial rotation 1.1(2) x 107" 7.9(2)
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