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Abstract

The effects of intermolecular interaction on the stabilization of the lowest excited electronic state (S1) have been in-
vestigated for Coumarin 153 (C153) and Coumarin 151 (C151) in low-temperature acetonitrile matrices by measuring
the temperature dependence of fluorescence excitation and fluorescence spectra. Remarkable red-shifts of the fluores-
cence spectra were observed for both C153 and C151 at high temperatures (>217 K) due to increase in the intermo-
lecular interaction which stabilizes the S1 state. We discussed the origin of prominent stabilization of the S1 state after

photo-excitation.

1. ILBDI

WP CHRIRIREOBS MG FE— 2 v ORI REEST (GO 2thies 2 S Biomito
RESJWZBLTHEIBEEN Y 7 ML, 2O BRIV 7O0IZXLELENTRSE, YUY
03I XLZRTHFINIOWT, BT - BATHEE & 5 FHAHEERIZ O W THIEDT b T 7217 TR <,
AR TORBRLERE 70— 72 OIS E CIL#RPIEITTON TV [1-4]. L2 Lad s, EMHFIC
BWTYMNE 7O IALERT T2 F—7 L OE L7z & EOFRE L 5 FRMEEHIZOW T
WIZEIEBE SN TV D, — %2, BEMHICB W TN S W25 FORBICHET 20 FHARME(LTE 2o
T, WP EIZFELCRLDFECANRT PUBH S NTRRENH L. L72h > ¢, B F— 7 S 7
PEORELGFOENGIEAT) ZLICXY, BEST L RS TR OGF BRI O CREM 2 15
PN b 2 PRI NS,

T b= M) IVEESOBEORE (T) 1£229K TH 5, 7= bV IVok R X S mmic &
DRESIN TS B, 217K 2B W CTHEH—EAMHMZESE L5 2 EPHSN TS [5-8]. Figl I2/R$ &
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AT M= M) IVREEIE, T<217K TIHEREM (BAH), 217K<T<229K TldHEimH (a#) 2FEEL, &5
SOMIZBVTH CH NG THAEEEIZL DAY NT— 7P SN TV [5-8]. L7zA->T, 7+ b
ZMYIVREERHRICHEEBEIE BB ES TR F—T7 L, mEELIEL L, HEBRRICBWTEES FO/H
lﬁfiiﬁﬁ‘%%m:?&f‘% T, W - WS FEAAHBEEHOEWDE AR MVoZies LTH

WCHND Z eSS, TR EMEHOENIZ L 2B T AT MVOZ b, FStE o E S8 T-
E— AV IMPREVIIEEHFEL LD LTSNS,

Coumarin153 (C153) & Coumarinl51 (C151) D% Figik & FECIRAE (S,) & BHEIREE (S)) OES AR 1€ —
A2 b op &y % Fig 2 (R L7z [15]. =D 05 1B KT fk% GEIMBTFE—AY M2 b b, ik
BIERCINSOGT 2T S EHEERL Yy FU 7 MBIHENLDT, YN R 703 ALIZDONWT

% DIED R ENT VWD [9-14]. RWFFETIECIS3 F42ECISIOT7T M= MY VEREZREL, Ihr
FEEAb L, HOBhR A~ MV LA ARY MVORBEZLOMEERITH 2 LI X ), BRI 3
BB EE S T O T RAEER & Lz S, IREDZEICE D & 9 B8 % RITT IOV THR
L7z RBFZRIE, 7€ b= MOV OBEMAERIC & 2 BRBEALAA- ST ORRIREOZELIZ LD
£ B A RIZT ROV THEL 72D TOFITH 5.

o
:,zjmmmxiﬁ'k
AL

Fre AT

Low-temperature phase High-temperature phase
T<21TK 21TK<T<229K

Fig. 1 Hydrogen-bonded networks of acetonitrile crystals in low-temperature and high-temperature phases
formed by CH...N intermolecular hydrogen bonds [5-8].
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Fig. 2 Molecular structures and the electronic dipole moments of C153 and C151 in the S, state p, and
that of the S, state p[15].
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2. BRIk

Coumarin153 (MP Biomedicals) & Coumarinl51 (99% , Sigma- Aldrich) % =% / — VA A & Ffldn L TH
Wz TR M MYV (99.8%) A FIGHIEE T3 (BRk)) HEEA L, CIS3 D71 b= MV LA (5.0 X 107 M)
ECISIOTE M= MY IV (1.0 X 100M) Z g L7z,

I L AEOE I E A H W T2 72 [16]. 7 b= M) IVERE AL IVIZAN, 7T 44 A
% b (Oxford, DN1704) |Z3%iE L72. HIEAXRZ MIVOHIEIZIE, Xe T~ 7 (USHIO XS500D-0) % i &
L CTH, BT 150 6% (Nikon G250) THroti L7tz et & L7z, Bhikt & B A I 5w 6 7z ot
7 [ TS 53648 (Spex1704) THt L, LB FHEA5%E (Hamamatsu 1P28A) TR L 72, Eoh-EXAET %
FUINFIOAT—T (HATZ ha =27 2 TD2012) THLE L TPCIZ# Y, HwHEANRT ML afEz. ®
S A7 Movid, B IO BIFTHE T-55 628 (Spex1704) & W CHIED I EDOH AR L A5, Xe T
> TIED S O Y& BG4 68 (Nikon G250) TG L, WREZREIT A2 Z &Ik o THlEEZ T 72,

72 IA4FAYy bEHWTT =77K - 230 K OHNEARTZ MV EHOGRIE AT MV A e L7z,
DIERNE 7 T4 F A% v M TR o7z, BHOASTAELVEZ T4 F Ay MIRE LK, SilEh
L7 M= M) IVOBEOMME XN THD 230 K FTH, 1REMEWVE. 20k, 72 b= M) VO
MU TOWETH 2 210 KICHKEL, HBRSHRBILT20%F 072 faER L7 2 & 2 ZHOBEERAH
WY AHIEIZLDMER L. TR b= M) VSR L 7o, IREEE 220 K 12 BT 1 ERIRE L7z, RO
AEOIREZ W - <) MIFTT77KIZ L7z HEEZIRE 217 K) fHE TIHFEICW - < DimEEZL &7, &
TEIE A X7 bV EEHIEART FVORIEIL 77K 254 1inEE BT TTo 72,

3. HiR

3.1 CI53D 5%

Fig. 3@ IZT=7722KD7t b=t~ ) v 7 ZAHD CI153 DEMFIFE A7 bV EHEART B
VR L7z SOt AT MviZ, 520 nm QHOGEE L 225581 L, #6A T FViZ 425 nm Tl
RLUTEBHLZ, <)y 27 20D CIS3 DANRYZ FVEDREB D 72012, Fig. 3(b) 127+ b= 8 1) Vi
H O C153 DESEFIHEARY MV EHIEART MV ERLT:.

T b= PUIVEETO CI53 DAY PV, BECHE SN TWDLART PV [14] E—H L TWHDT,
S, — Sy(nm*) BREIFE SIS, KR~ M) v 7 ARD CIS3 DET AT MVIE., EERFPOET AR b
W ETEIRDIE 72 B3, B LA D EFEIBICBII SN TW A DTS, — Sy(nn*) ERIZHE L7

Fd O CI53 QDHOLFHEARY ML O Y — 7 OIREZELICER$2 &, 77 K Tld 421 nm (I2¥— 7 2581
WENTWDE, iEY FRASELE215K T TE— 27 OREIZFREZILL 2. 218K £ 222K TlEE¥—7~
WA 416 nm IZBEI S NTB Y, 215 K LT DIREDQFHMFHEL A7 MDY — 7 R E T S5im 7V —
Y7 hLTWA. 218K £ 22K DOE—27kE (416 nm) 3EHE T OEGEHE AR 7 M IVOWILYE — 7 )i &
(415 nm) 23TV,

WA N IVOIREZEALIL, EEFHEA RS PVOREEILE L RTHEETH S, 77 KIZBWTI,
482 nm I =7 B SN TBY, TOREEREM (515 ~520nm) 127 a V¥ =N Tw5. mES LA
FTHEONTARm DY =7 FKEIZL Yy R T ML, Y a vy —OM/EEI ML TWw5. 215K T
1Z 482 nm & 520 nm O ¥ — 7 BREIZIZIZFE L CTH D, 218K &£ 222 K TEZODHIEE— s 5—2L R0,
52mm Ly FY7FLTwah, 7T b2 FYIVEBRTO CIS3 OEHIGANRT PO —71F, 515 nm (281
WENTEBY, 7TKEIOKDOTE = M)V M) v 7 ZAFDENGANT PVD Y a V& —DHE (515
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Fig. 3 Temperature dependence of fluorescence excitation spectra (broken line) and fluorescence spectra
(solid line) of C153 in acetonitrile matrix (5.0x107 M) (a) and fluorescence and excitation spectra
of C153 in acetonitrile solution at 230 K (b). Fluorescence spectra were measured by exciting in
425 nm, while fluorescence excitation spectrum was recorded by detecting fluorescence at 520 nm.
Wavelengths of intensity peaks are indicated in figures.

~ 520nm) Z¥TVe.

HIFRANRTZ FVDOE=7 DO DHEIEARZ MVOE—=2 DLy K7 MEIZ 77K Tld 61 nm TH 5.
MED EFATHICONT28K FTHHE—Z7DL Yy FY 7 MEZOTNICHIMT 5. L2575 222K T
FHEEE =27 0Ly Ko7 MEDSZIZEINL, 116 nm &7 5. & ClE 230 K 128 28R AR +
VDY — 2713415 nm 2B S, HHEARZ PIVOE— 2713 515 nm IS S TWwW5, 230 KI8T 54
FEARY VDY — 7 ZHENFERARTZ MVOE—=27 225 100nm Ly K7 ML TW5,

77 K 2B 2 EHIBIEEARZ MVD 421 nm O ¥ — 7 EEIZRED A IHEVEE 2> TB Y, @EO L
AL & BT SUIRED S OIRGTERIE o TWVnB I EEZRL TV,

3.2 CI51o7E b=FVU NS MY v 7 ZAHOSNEH

T r= b))V~ ) v 7 AHO CI51 OFCHHIHE A7 bV EFHBEARY MV % Fig. 4(a) |ZR L7z, 8
JEE A 7 b VI 480 nm DHESCZ M L 286 L7z, £72, #6EA7 )V 370 nm Thpke L TEL
W7z, DD, 230 K IZBIF AT O C151 OEIGEIE A7 IV EHGART MV % Fig. 4(b) 12
RL7.

< by 7 Ao C151 DENFHEARZ VDY — 27 OREZELIZER T 5 &, 77K TiE 400 nm |2 ¥ —
sHBIIEN, REE LA SEL L -7 EDSREIEERRMICS 7 L TWwh, 218K £ 220K TlE ¥ —
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Fig. 4 Temperature dependence of fluorescence excitation spectra (broken line) and fluorescence spectra
(solid line) of C151 in acetonitrile matrix (1.0x10¢ M) (a) and fluorescence and excitation spectra
of C151 in acetonitrile solution at 230 K (b). Fluorescence spectra were measured by exciting in
370 nm, while fluorescence excitation spectrum was recorded by detecting fluorescence at 480 nm.
Wavelengths of intensity peaks are indicated in figures.

ZWRIE 395 nm B SN TBY, 77TKUTOREOY -7 HEREHRTSmm 7 V=7 P LTW5,
HA R P IVOIREZAGITHEOFE A RS PVOREZILL ) bEHETH L. 77K IZBWTIE, 450 nm
ICE—= 27 2SN TV 5, REXEFAT L1220 T450 nm DE— 7 3KEBIZL Y K7 ME/RL, 210K
E 215K TIE 470 nm A ICE—= 7 SN TWwAh, 218K L 220K ClEE 51y N7 M&/RL, 485nm
=2 DSBS, 450 nm D AR PIVOEEDHA L TW5E. 7 F= MY IVERTO C151 DHOEA
R7 MVDO Y —271% 464 nm IZFHI ST B

R AR MVDOE =27 EHHBAXRZ FVOE—=27DOLy F¥7 MEE, 77K Tld50nm TH A, i
EREATHIZONT2I8K T TLy FI 7 MEIZDIT2IZHINT 5. LAL, 220K TlEby F7 MA
FEICKRECARD, Ly FY7 MEIZ 90 nm & 7%, R TIE 230 KIZBIT A HELHIE A7 Mo ¥ —
2713386 nm (B S, HBEANRY PO —271d 464 nm Bl STV D, EEARY MLOE— 71
HHFHEANRYZ MVOE =225 78nam Ly K7 M LTWw5,

4.% %t
TTKDOT7 X b= RMJIVHFODCI53 & C151 OEIEFHR AT MV EFHFEART PVOFRIKRRL E— 7 X
FRE—%EThol2. TNLDHTFOENFIERANRY PLEHEIEARY PLVOFKREEY — 27 EEIZ 77 KD
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DImFETHEE Z L IIEE 22 S 7z, FFIZ, #EEART PV Y a vy —OiRE L DS, MlE &
BT A2 E1E, TP MY MY v 7 ZAFICBWTEES AR — BB I CHEET A2 L 2R L
T, LALAERES, 7T b= M) ViEaoMEBEE (217 K) ORiETHIEARZ FVoIRE ¥ —
JHEREDOL Y R 7 MTHEHBRIATA v 7 ICELDERIIECHE SN, Lz2oT, 217KUTIZE
W, EESTPORERTICHFET ST = M)V, fReT 2 b= MYV SRR EIREEICH D
208 K THMDS a HICEAAIER L2 L Z2RLTWA, T M M) VESTICBWTIR, 2HoT7+
M= MY VGTFDRT 72X Y ET A ICBEESDTCTdh D CIS3 /2L CISL DAL, 20720, HEST O
BT & b= )G F OB 7550 F KRG GRFDEL, 5 FEAREHEU SN TR 25 F b1
HETHEMUEND, ZOLHICTE M= MYV M) v 7 A, TELNT 7 AREORSERDSHEE ST
PP HATHERBIEVWEEZONL, €2C, 7= MY VT M) v 7 AFD CI53 & C151 DE
T A7 MVOIREELIZOWTERT LB, 7 b= M) VERAHER T2 207 KTFTO~Y M) v 2o
A% [M&RFEE], 218 K L L% [EiRsEs] & A TXEIT S

~ N v 7 AHOCI53 & CI151 OESFhER AT MVASEE EFICEWE =207 )0V —32 7 MAEIL
TWh. TTKHPS 20K DEHBEARYZ PV TIESmm D7V —3 7 MEDPBM Sz, ZoERE, S, 0
Franck-Condon KB & Sy IRRED AL & HL_7- & 212, WEDS LA T 51201T S REBDOZLELA S, RE
EOVKREL RS ERIRL TS, HHFHRARYZ MVO5am O 7 )V—3 7 MElL, KiRHEE S Ei
I OMHERIZPE S CI153 DHBEAXRZ VDL »y F¥ 7 Mi (116 nm) & CI151 DLy K27 ME (90
nm) EHRTORV/NSWETH L. L7z > T, MhEZRD S, IREDOZELIZ DWW THOLFHE A< |

(a) (b) (c)
S, —— 4vtv S§—p—, AV Si—g . 4v
kTl 5200 . 4700

- s ~High

vigw o Vrtu Vgt

23800 20700 24000 viligh 24100 il

18800 19400

So * So So

Fig. 5 Schematic energy diagrams for C153 in acetonitrile matrix at 77 K (a) and at 218 K (b), and in
acetonitrile solution at 230 K (¢).

C151

(a) (b) .
S T | i S,——, AvHigh i) S,—p—- 4%
" - _High '
Ve o Y | vl
25000 22200 25300 yen 25900 KL

20600 21600

S5 v 5,— Sy

Fig.6 Schematic energy diagrams for C151 in acetonitrile matrix at 77 K (a) and at 218 K (b), and in solu-

tion at 230 K

(©).
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WEHFHANRT MVOE -7 DLy K7 MEPLERTE 5,

IRAEIR & FiRE O 72 b= MYV M) v 7 AFIZBIT L5 T RAAHBEEHOEWICOWTHNS 72
W12, Fig. 3 & Fig. 4 D C153 BL U CI151 DAXRY M SESNEIFR AR VO =27 v,
WHANRT PVOY =7 W H vy BB ANRZ PVOY =2 LHEHANRT MLVOY =7 HHGEA &%
NZI Fig. 5 & Fig. 6 \ZIEHAL TR L 72,

v O & CFETEH (Sol), KIRFEL (Low), SimFEIK (High) % XBI L7z, AV (ESEE#EHR O S, IREED %
FLT AN F— YT 5.

T b= M)V MY v 7 ZAOFEIRBEIRICBIT S C153 O AvHish fE (5200 cm!) (XA H OfE AvSe (4700
em!) KD REWV, CISTIZBWT D FERARGEAD SN DA, AvHsh AvLow AvSo OfEIE, 31 b Fhie iR
DBELIEFE— AL POREVCIS3DHIRE V., ZORKERIE, CI153 & C151 D S, REDZFELT F L
F—OHENPEIZ S, REBOBLXIMMTE— AL N (n) DEVIZLLILEEZRLTVAS.

IR B VT, C153 & C151 OHHEANRT VDY — 21, B EFIENRELAIZLY FY 7 LT
WA RERFEIEO~ M) v 7 ZAIBWTC, EEOFEOT7 2 = M) VvogFHKEEES Y T — 27 ORL
FIDEN TV EEZLNLD, ZOENDOESCITHEE DS OFBEA R T E, IREIVERNARN S W &
BAIND. WE LA TRES FORBO 72 = M) VOKEHERHEEO ARG —Er8mL, B85
FOWEFMAMEESNL. T00, BE - BOSFEEEER?E 2D, S REBOZELIHZ 5
CHEREND.

T b= PV MYy 7 ADMREEEA S BIRERICEL L2k 0 AV ABEE IS AT 8RR
WS 5. 71 b= ) VSO imAE O 5 F- K K G DRI O 70 F UK FER & L R THHW Z 25X
HE BT 2 SR ENTWA [5]. £72, NMR Z# W27 M= MY VS ORFRICE ), BiRMHICBNT
T M= PUNGFPRES A FETH 757 ORHER) L TWab 2 EPIEIN TS [6]. ZDfRI,
IR CHEEORFO 72 N = M) VT ORMZELATTEETH S 2 & 2R LT\ 5. RIREEL» 5 5
IRAIAN O IZ L 5 7 & b= b ) Vo ORLMZEE, 5 FRAKEREE S v b7 — 7 OBRIE 2B %
B3 CSHUCPEWRE S T ORMBILT A2 L E 2 6N5. ZO70, HHE - HBiG T B O BRT — B4
HAERADPKRELS 25 L) ICEESF L BB FARAT 5. & 512, S IR & 0 e 7
ST ORERMAMEE S NS, FI2T RS ORRIC X o CTEIRMHER TR & LT STIREDZE Lw
LEADEL D EEZHND.

FROKRNS, TP MUY M) v 7 RTE-ES T2 =75 LIRRFEIBTET AT bV
LSZALT 2 2 Lo lz, RWZEL S, EHBRBEOZILABIESTOF AT I 7 AED L) higE
TS, ERARREOWIZE L B AN OMET 2 2 L WRETH L T L RIR L2,

5. ¥&®

T b= MYIVIZCIS3, CISIABEESTELTR=7 LR T M= MYV~ M) v 7 ZADHE5
71K — 220K CI1e o7z, WESTEERRELI-EZA, v~ ) v 7 ZAREO LAIZONTHIBARY
MVOE =7 PHENFIRART MVOE =7 REREIZL Yy Y R T MLz LEAF>T, M) v 7 A0
A EAHIZONT, KRS NEES T O S, RED T AN F—OLEATEMT 5. BEPF—7
ENTWARWT & b= M) VK SEOMIRAM & BiRAHOAHEZIRE (217 K) 5if2 128\ Tl THEZE 72 306 A
N7 NVOEAERBI S N7z, CIS3 E2ECISI DB =7 EN/27 e b= P )V M) v 7 AFTENVT 7
ARRETHIEL, T M= MY IVEROMERIRE & 58 S CiE CHIERSEZ 2 2 L2500 o7z b
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RO S, IKBOLENIHEE - I O AR F—ABR T E/EHOF G PR RKEVWEEZ NS, KR
MHOMEMFER (T <217K) TIXEE S T ORMZLDSG T 5525, Sl o E R Tl 3 e 5T ORI
AL Z Y, M T—A T EER 2R SE5 2 81280, S IREDE L C LET 5 2 EAVRIEE
nrz:.
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Volatile Flavor Compound Extraction from Butter Oil by Low-Density
Polyethylene Membrane Pouch Method

HAE Bz, FarFyvryv /sy J7THYr, IUF L&
R A&, B OWE, TH ek

IR e BB
UMK AR B

Abstract

A low-density polyethylene membrane pouch method was developed to extract volatile flavour compounds from
butter oil prior to gas chromatography-mass spectrometry analysis. The butter oil represented oil-based sample with
complex flavour compounds. It was placed in the pouch and heat-sealed for extraction in diethyl ether at 40°C for 1h.
The extraction mechanism can be explained by the molecular sieve effect. The extracted volatile flavour compounds
are essential for butter oil aroma, e.g. fatty acids and lactones. The percent recoveries of fatty acids and lactones by this
method were 1.00-1.74% and 10.1-11.2%, respectively. Sensory evaluation of the aroma recombinate and butter oil

indicated the promise of this extraction technique.

1. LI

ING —F A NVEEDP NS —FRORREF L TBY) . AMEEIIBVWTLHYLNRTWS, 2O L)%
JMEE 2T 2ALEWIE T IV IO A VEFICEETNTEBY . Th 07— a v REMERIEIC L > T
DHEND LD ZDNG —F A WIZFI, HEI NI RN =D, HDHVIITA A2 ) — A, BT, v —
I VEEANDINY — kD H\VIE IV I RERONGICFH SN TE D, N —F A )V D JABRIE AR S i O iy
BICOBERWEELZ G52 T0b, TOO, NF =+ A IVFOFLZR S ZME. 7L, ED L) 2EHER
TSR IS 5.2 TW A O HLNCT A ik, ZORFOENEIICBWTHIEFICEE L L
%o

INFE T, NI —FAND L) RIARY ¥ TUHh 5 DOFEZKS OB L TEL L DRAN L SN T
&7co BREGOINAERINL T A7 0~ s 757 4 —E& S5 (GC-MS) 12BWT, BRI B
B ARHEEHEALEW ORA GC /1 T LAWABO RN D ) FLZ T OMPNINEESLETH S, L L.
ARG 7B IR & BT 5 72O AL AW ORADKEZ ) . A VERT > TV O
HIZIEAMETH D, O F 2 CTRATEZRAE O, #EZAGIMNE O, 29—V N7 4 V=5 FEBERLWT
KGR O 7 EOEBEAN &2 7% C OFRB G B BB SN TE 2, L2 Lass, Ih
5 OERETIHIER ML EW ORI T E LV E W) REDRH 572, L TIIS—TT ¥ FFT v THER
B~ A 7 it &y RAR=ZFZFHLIZF—X @, 37 © 238 — O EDEFP S DOFZH
GO L2 EDS % ENTW5e LA L. BXBTEBIMEDSS = 720 MR AN TIEIAGR A & i
LAY RAR=ZANOIEFMER T OBATH D% . BIDEL 25 £\ ) REDH %,

B S A A L 72— Ch ) . 2o v TV E AREEE S O REICHW NS,
AR 2 TR ORI QP E I EFL ARREEP ISR E 22 CREERT L, 20X ITAHKE
TR % 2R 58I 3712 GC-MS O RUEN BRI 2 R L 72250 2 ST %, 10 1DRodil & 135
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ONDTTAF Y 7837 F (7 x20mmBLUT x 40 mm) HIZAEH] (100 B X0 200u) #E AL, AL
WMWK F L AT == g YHICEEND UVIEFWEOMI 21T TWw b, 5 133
BRI — N 77—k A RERE 25u) HFEAICL > TGC-MS 4T L., KREEB L UOBHEERY) =F
LYy 74 NVAPIBICROB L CWAZ 2 RV LTnwh, 72, N—T7 VA0 ANKVEEED $7-0—
CYEANVHICRELL NMHEDO 7 L —N—ALEWDOGHEICH SN TS, 09 ZOWMETIEET L=y M %
FRALT, BHRIEY Y TVERTTBY ., BKE2AN LT A VOGEPIEF DR VIRETO 7 L —N—1{LE&
VOGS HEDTTRETH 5720 F7MDF A T ORI MIER IR & O OB X OHUTF KA 5 0% G
WEOHBIZHWOHN T WA, 0 20 X )12, BEHMBEAMIZACRY v rsoffitic#EnTE Y, L&
DEEELHPBELET, = T L OHLEDTH b,

K#EEAR Y =F L~ (LDPE) BEIZ5 3R Y MEEATE < L 287 FIRIEROM THEO R S THO N Twb, F72,
LDPE 3 =2 O, 7EN 7 7 A B L ORI, & 5\ IE=2 H OFI T 2 # i 5 Pl O & 5H
EMDHRoTBY, ZO7® LDPE BEILPA R & QIFEN TV b, OREED 7 L — N~ (L&Y D &9
ARG WS LDPE Bt O 7 )V 7 7 A 2 D) | EEEAN S S, RS S A E R S L TE <,
16 4725, LDPE JRITFEEEDT T 55 0E LTH EEZHN5, KIS TIX. LDPE Y7 F % Hw
ToNE —FANPEDT L —N—ALEW OB EAM OBFE Z TV ZOHBRRIZO W THET 2175 720

2. MERO Tk
2.1 LDPENXY FDOEH#

Fig 1 [Z/R L7z XN —F 4 Vi 0FE3sE 7 L — N—{LA&WIZ LDPE © 7 £V 7 7 AGHI % 8 1) #lF
AREEER I SN2, SO FEO M) 7)) Fidd IVl L L EZE2 bbb, U TIVEA
FHIZ LDPE [ (. 0.92 g/em®, JEEJE 0.04 mm. Tamapoly Co.Ltd, Tokyo, Japan) % FH\» T, 6 X 5 cm ® /¥
TFEER LT, TOLE, B A TS0, 140C T — MY — )L E1T5 7 (Poly sealer PC-300, Fuji
impulse Co. Ltd, Osaka, Japan) o {E#L L 72787 FIIEHFNICY = F VT — T VA2 40C ., 2 FERIRE L.
DHGED % LY Bz,

| Sample side |
- -
.‘. \ L) \ ‘.. k 4<—Triglyceride

o,
&g

UOISNIJIP UT UOTIORII(]

Amorphous phase

<— Volatile flavour
compound

| Solvent side |

Fig.1 Molecular sieve effect of the semi-crystalline structure in the low-density polyethylene membrane
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22 NF¥—=F AN
L3 /N % — (Snow Brand Milk Products Co. Ltd, Tokyo, Japan) % 40C Oii  TRlf#E%. 800 x g T 3 47 [H
mTEE L7 BNy —F AN E LT HL., #iHF T4C THRIEL 72

2.3 LDPE/SY FHINEIC X B85 1E 7 L — N — LA O hllil

20 g DIEENY —F A V% LDPE /87 FIZAN, E—= Y= VIZXDEH L7 30m P2 F Vv —7 )b
T ANNT2T T ABELGNIZ D87 F 2 A, 40T, 1 RMinE P CTIRET 2 2 12X DEEE 7 L — -1k
EWat L7z (Fig2)o B/ F 20 BE, 77 AESPOMBEHIZ 5ul @ 1.0% cinnamic acid
amide % / — VIEH 2 WEERE L L TR L 72 SEHRNCEARER > ) v A2z TOE oK EZ R B
&, MCOMHBH THEEIN 0.1 ml & 7 5 F THEMi L. GC-MS 4TI w7z,

Airtight bottle

Diethyl ether (30 ml) — FLDPE membrane pouch

—Butter oil (20 g)

Fig.2 Butter oil contained in the heat-sealed low-density polyethylene membrane pouch was extracted by
diethyl ether in an airtight bottle at 40 °C for 1 h

24 GC-MSHHr

GC-MS %3 #T 12 13 GCMS-QP2010 Plus (Shimadzu Corp., Kyoto, Japan) #* F\27z, SEHEA = L 1ul & L.
ATy 20 1DOAT) y MEANEZ 7z, 478 Z 41213 DB-5MS [30 mm X 0.25 mm¢, 0.25um]
(Agilent technologies, Inc., Santa Clara, CA, USA) %\, F ¥ 1) 7= ZA1Z1E~NY) 7 4 (FHEEE 35 cm/s) %
a7z 17 AL 50C A5 260C £ T 3C /min THimL 720 A 4 YfLEEIZ70eV (ED) T, A4 Y §
M 260C & L7z #EISM 7 L —N— L&MW DFEEIX. NIST Library, 2008 edition (NIST 08) % i\ 72 E &
AT PVOKFE: B NS, REHEE (RI. CgCy) L DIEIZ L DITo 72,

25 NF—F A NEFOHER

Table 4 |27~ L7z RFEFHD /NS —F A VELRK G026 7% H5F ) AW (hexanoic acid & y-decalactone 1Z 5 <)
X HIROD GC-MS GHTIZ X DV EH L72NY —F A VO L 7 % X 9 12 34.4 g tricaprylil 3 & U85.6 g NaCl
KEWR (11.5%) ERAEL. ETIINF —F 1)L (Aroma recombinate) & L7720 10 4D/ A1) A+ (ZRFF
B LORFRE, K64, BlE4%) L), EFTUNY = A VDOFNIZOVTERRBRZIT> 72,

XA A MINY —OF ) 5% (creamy. sweet. buttery. cheesy. 3 & UNrancid) % WA, Bk T 5% &
A2 2Dz TOMEHD ML —= v 7 %AT 572, BRERBIL. /S0 A FM2SkEih 77 4 N— | 7222
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AR CTAHLIICHRELLERETIT-720 10ml ONY —F A VB L FETIVNY —F 1 V% 100ml 75D
BB NG LAAN, 77000 F U MEDTIAF v 7 F Xy TTHEZ L2, $XTOY Y FVIET »
T LN 3T OB AT, 38T, 20 RN L CRlBRICHE L 720 7S A Y A MEINY = AV BLTET IV
NG —FANOFE) ZBE, SHEOFYFHFEICEHL oM GEETERw) 538 (3o &) L8k T
&%) FTOTHAT = VL DFHti 21T o 720 BRERERIZ T » & A RIS N D KT 2 TVIZOnT 3 [
31T o 72,

B RERBR O MEETFNT 1L Student D t MBI L D ATV, N —F A VW EETIVNY —F 4 V& DB OF EAE
(HEKHES%) ZF~Tzo

3. MiRELEE

KWETIEE ST, N —=F A5 7 L—N—{tEWiit o721, #BREO SR 2 FH L7z
LDPE /37 FHlilE D% % 17> 720 Table 1 IZ LDPE /87 FEIC Lo THiti &z 7 L—N—fLa it L
720 BFEBVRIRICE ST, 7L—N—ALEYD L) X~ REDOHFEEZHT 5{LEWIX LDPE ED
T EIV T 7 AGHIA ) T CHEER I S oIk L. MY ) k) Fo XD wESTEOLEWIEED
TEILVT 7 AEEIET 5 2 EBHR T RWZ b b, 20 T5ALWHEICIAZ T, TELVT 7
AR BT 527 A2 MEBIZ L o THIHAERSR LT 25 E26N5, TOXVT Ay MNEFIIT T Ak
AL EOWEETEZ ), LDPE O H F AR I -125CTH b, D E 512, I L TWw a5 (&
IF )L —7)v) DLDPE RIZHIN S NG & ZOEEES £ 7 2 MEBOFEICEH ST 5, £ LT,
L7 A MEENI L o TAEL 2 BHAEBOBE)IC L D57 L — N — (L& 11X LDPE N % %) R 12 F2 8)
L7zeEZ26NAh, REIZLoTHB SN/ 7 L — N —12HE 1L creamy 22D sweet &/ ) 24 L T\ 72,

Table 1 Amount of volatile flavor compounds extracted from butter oil (20 g) by LDPE membrane pouch method

Retention

Peak no. indexd Compound Extracted amount® (ug)
1 721 Toluene 0.66
2 831 Butanoic acid 3.10
3 838 Pentanoic acid 2.24
4 1063 d-Hexalactone 1.59
5 1180 Octanoic acid 3.97
6 1255 0-Octalactone 1.53
7 1327 Decanoic acid 43.10
8 1461 6-Decalactone 18.97
9 1492 Antioxidant in ether 89.66
10 1500 Dodecanoic acid 67.24
11 — (E)-Cinnamic acid amide (IS) 50.00
12 1663 v-Dodecalactone 3.79
13 1691 0-Dodecalactone 32.76
14 1757 (Z)-9-Tetradecanoic acid 14.31
15 1770 Tetradecanoic acid 141.38
16 1800 Octadecane 11.38
17 1867 Pentadecanoic acid 11.90
18 1894 o-Tetradecalactone 43.10
19 1961 (Z)-9-Hexadecanoic acid 25.86
20 1972 Hexadecanoic acid 414.79
21 2061 6-Hexadecalactone 29.31
22 2163 (E)-Hexadecenoic acid 534.48
23 2174 Octadecanoic acid 150.00

a Retention indices were calculated for a DB-5MS column on the GC system.
® The amounts were obtained by comparison with the area of the internal standard on the
chromatogram.
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Table 2 Spike compounds for determination of the low-density polyethylene membrane pouch extraction efficiency

Compound Supplier

Fatty acids

Butanoic acid Nacalai Tesque, Inc., Kyoto, Japan

Pentanoic acid Nacalai Tesque, Inc., Kyoto, Japan

Hexanoic acid Nacalai Tesque, Inc., Kyoto, Japan

Octanoic acid Nacalai Tesque, Inc., Kyoto, Japan

Decanoic acid Nacalai Tesque, Inc., Kyoto, Japan
Dodecanoic acid Nacalai Tesque, Inc., Kyoto, Japan
Tetradecanoic acid Nacalai Tesque, Inc., Kyoto, Japan
Hexadecanoic acid Nacalai Tesque, Inc., Kyoto, Japan

Lactones

y-Decalactone Wako Chemical Industries, Ltd., Osaka, Japan
d-Decalactone Wako Chemical Industries, Ltd., Osaka, Japan
y-Dodecalactone Wako Chemical Industries, Ltd., Osaka, Japan
d-Dodecalactone Tokyo Chemical Industry Co., Ltd., Tokyo, Japan
d-Tetradecalactone Wako Chemical Industries, Ltd., Osaka, Japan
d-Hexadecalactone AAA Chemicals Inc., Texas, USA

TSN AR L 7 7 ~ Y EOMMAIEL KD 5729012, 20 g D/NY —F A )V IZZ L2 10,000ug
DNRIFERAE L 1,000ug DT 7 N Y FHZRM L 720 ®mIML72ALEYW (Table 2) 1INF —F A VHFOF—T L —
N—AbEW L L CEIRL 720 LDPE /37 FHIHEEC L 2 RIMLE oMt 547% 3 YL, LT ok
ZHWTHLEW O EIE L2 L 72,

AL (%) =224 100

a

Table 3 Recoveries (%) from butter oil extracted by low-density polyethylene membrane pouch method

Compound Recovery? (%)
Fatty acids

Butanoic acid 1.54 £ 0.07
Pentanoic acid 1.67 +£0.08
Hexanoic acid 1.74 = 0.06
Octanoic acid 1.63 +0.05
Decanoic acid 1.10 £ 0.06
Dodecanoic acid 1.00 £ 0.04
Tetradecanoic acid 1.44 +0.07
Hexadecanoic acid 1.36 £ 0.04
Lactones

y-Decalactone 11.2 +0.63
o-Decalactone 10.6 £ 0.59
v-Dodecalactone 10.8 +£ 0.42
d-Dodecalactone 10.1 £ 0.40
o-Tetradecalactone 10.4 +0.57
o-Hexadecalactone 10.5+0.48

2 The recoveries were obtained from triplicate extraction.

ZZTCy E X7 L=N=RIN v T OMiltiE (ug). Bl 7 L—N—ERINY > 755 O
# (ug). ZLCS, 3R L7z (ug) THDH. SHOMREMEEZ S NIZ6 DT 7 b v Oflitzh=:
Table 3 IZHE (%) & LTRLZ. £hei, HBIEER L, 77 b Y HOBINEISIEIRE O B
BLE10RKOfEZRL 7z,
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Table 4 Concentration of fatty acids and lactones in butter oil

Compound Concentration® (ug/g)
Fatty acids

Butanoic acid 19.1 +0.46
Pentanoic acid 12.6 £0.32
Hexanoic acid ND

Octanoic acid 21.5+0.37
Decanoic acid 2177 +7.12
Dodecanoic acid 406.0 = 20.17
Tetradecanoic acid 2332.8 + 83.81
Hexadecanoic acid 2420.0 = 44.85
Lactones

y-Decalactone ND
0-Decalactone 15.1 £ 0.47
y-Dodecalactone 2.7+0.07
d-Dodecalactone 24.4 +0.67
o-Tetradecalactone 32.6 +0.80
6-Hexadecalactone 21.2+0.64

2The concentrations based on the extracted amount
(Table 1) and the response ratio of MS detector.
ND: Not Detected; concentration < 0.5 pg/g

ING —F A NVH O 7 L —N—ALEWMIRETITTIDEHEHEND, 77 b 8, IRITERE,
B EWTH L, T2 TT 7 b FHIINY —F A VIZBWTEHEZ fruity. creamy, B L O
buttery 2 F N 2 525 2 E RS IL T 5, Table 4 1213 Table 1 Ol & 7 5 UM Table 3 O B % #&
WWEH LK 7L —N—ALEMOEBRORELFEL TV b, TORER. S-tetradecalactone 258 b &A% <,
K\ T §-dodecalactone, -hexadecalactone, 8-decalactone DNIETdH - 72 #FE DO HE TlL, 7 7 b Y,
5-decalactone 3 & U 8-dodecalactone 2SI V7 7L —/N—DH <, I VT 65 LWEHDFEEEZRT &) i)
BB W®—F, &IF7 ) — LDERIZIZL S-tetradecalactone I3 X UF 8-hexadecalactone D & 9 7=, X V) &5
HOT 7 M VEPFESE L TCw R EHE SN TS, 72, FEZIRHREIZHRHEDOIENEE. decanoic acid.
dodecanoic acid. (Z)-9-tetradecenoic acid. tetradecanoic acid. (Z)-9-hexadecenoic acid. hexadecanoic acid (E)-11-
octadecenoic acid, 35 & UF octadecanoic acid TH V) . /X% —F A )LD buttery. oily, B X N waxy %27 L —/3—
IZHGLTWDL W) IEVH L, 18 —J7, FHIENER TH % butanoic acid X pentanoic acid 1A &2 B
THR\> cheesy 2 7 L —/N—% 293 5, RIS —F AV E B L TN —F A VI 2D &) % 8RR
MROIEF IR, TDORANV LT L —N—% 82T 5,

Table 5 Sensory scores of butter oil and aroma recombinate

Sensory score

Odour attribute

Butter oil Aroma recombinate
Creamy? 2.7+0.17 2.8 +£0.11
Sweet? 1.4 +0.25 1.5+0.16
Buttery? 29+0.11 2.8 +0.10
Cheesy? 03+0.13 0.2 +0.08
Rancid? 0.4 +0.08 0.3+0.09

aThere was no significant difference between butter oil and
aroma recombinate (p = 0.05)
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WIEIZ, N —F A NVHFIZE TN T2 REE L [F UiEJE (Table 4. hexanoic acid & y-decalactone &5 <)
TREEHOT7L—N—ALEWEEOHEVREW LR, CNE2MAT2ET VNG —F A V2R L, N
Y —F A NE DB A ERABRIZE VITo72, 10 AD/SA ) 2 M X 2 ERMEDO IR a7 LIEERE
% Table 5 |Z7R L 720 creamy 3 & O buttery OF ) XN FNOH » T IWIZEWTHHWAIT ZR L7, Th
SOFENPNY —F A NVDOEELE) 2T Tz, —H Tsweet ZHNIEINS XD D LKW D
THERLTWIZ, ZOXIITETINY —F A VOFN FERRBRIZBV TN —F A VOF) LKL T
AEETROONT, LDPE /XY FHIMEIC X D EHR L72F/ ) B3Ny =+ A VOF) OF e —3 L T
W2 EPL N E RS T,

PLEo#ER, LDPE 787 FHIHEIZMAY » 7V OfMBIZ#E L TB ). Ay FAX=ZHHELI D b 2h
577 b YHE X VIEFRIICHETE 2 2 PO LR olze ANy FAR=ZHRETIEY ¥ 7 Vol
HDEAENOIEIENE T L — N~ ACEW O 2 iE S 5720, MR TV o7 L —N— L& o
THEDHEETH B Z EDH LN T WA, T 7o, AR Y > 7 U TEE ST ~ 7 IVEKR 2 &
BELCLE) ZZOBHTE v WRY 7V OME CTHAER O # L 72 HRIIEITRAR LS bTn s
. COHEIZEEEREBEHEEAER N7 v TE Vo R G ERENLETH D, 612, FEITEEYET
34 AT - 72 LDPE 787 FHIEE L 0 b @&dh i 58 7 L — N — AL AW O ES D v v ) RES L &
bo b Z & X, 4 WIBSE L7z LDPE /¥ Y F iR IEHAR T > 7OV Oz @E L TE ) . GC-MS 4747
DIHODING —F N RN 2G5 DIZHE L 72ITETH L VPSR 572,

4. ¥&0

LDPE /X7 FHI I N — F A Vi OFEFENE 7 L — N — (L& W O:E IR 2 B\ TR BEH A ©
BHolze W —FANT Y TNEANIZNTFEILIF VI —FTIVIZEHLTIEIED, HEET L —/N—
{LEWIELDPE 2@ D) . FEEPICHi S Twiz, REIZL o T MBS FEZ2HT 277 b VH,
§-tetradecalactone 33 & UF §-hexadecalactone (FFATAZE X V) b MiRE TOMBDS TR TS o 720 KiFid,
ETH Y, HHEEM L EN L6, WRY T 07 L —N—{LEWOMBIZRI RN HETH S Z
EBHSNE o T2,

7 B, ARWFFEHE S | Flavour and Fragrance Journal 27 Z 12 S N TV A NEZHEWR L 25O T,
(Copyright © 2012 John Wiley & Sons, Ltd., Licence number for reuse 3511250778550)
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Photoelectrochemical water splitting using iron-based
semiconducting materials

OYE KRR, IHHE oy, AR EA, AR EC
JUNREERF B T ge ke o HILEAER R

Abstract

Hydrogen production from water using solar energy has been attracted attention since it promises clean, environmen-
tally friendly energy generation. With regard to approach to get hydrogen from water using semiconducting materials,
two types of approaches have been studied. One is water splitting using photocatalyst powders, the other one is photo-
electrochemical (PEC) hydrogen production using semiconductor electrodes. The advantage of the PEC process is that
the photo-oxidation and photo-reduction sites are apart from each other, which allows separate collection of hydrogen
and oxygen gases. The first report of photoelectrochemical decomposition of water into oxygen and hydrogen used an n-
type semiconductor TiO,-Pt system and required UV illumination and application of an external voltage of about 0.5 V.
The PEC system to generate hydrogen gas from water without applying an external voltage requires p- and n-type semi-
conductor electrodes that can respectively decompose water into hydrogen and oxygen under illumination. However,
there are few reports on the PEC hydrogen production system using p- and n-type semiconductor electrodes. One reason
is that there have many studies of high-efficiency n-type semiconductor photoanodes, whereas there have been com-
paratively few reports on high-efficiency photocathodes for generating hydrogen. Recently, it was reported that CaFe,O,
electrode annealed at 1200 °C shows a relatively high efficiency for photo-reduction of water. The CaFe,0, is a p-type
semiconductor with a band gap of 1.9 eV and conduction and valence band edges of 0.6 and +1.3 V vs. SHE, respec-
tively, which are suitable for reducing water. In addition, it can be prepared from low-cost materials such as iron and
calcium. In this study, we report PEC hydrogen production without an external applied voltage using p-CaFe,0O, and n-
type TiO, electrodes. Hydrogen gas was produced from the photo cell constructed by the p-CaFe,O, electrode and n-
type TiO, electrode without external applied voltage under illumination. The present system will be a promising method

for the production of hydrogen from solar energy.

ZL®HIT

KFFENLZANVF—F 1) T7THY), RKGZANVF—ZFHLTKPLKRELZGL D) LT 5HAIE
FEAR O AT BET A )L F — B Al O — Ofﬁék%szé.Kﬁ*%k&ﬁk“%?éﬁﬁiﬁ?@i
HITFLIRTE 5.
H20 = H2+1/20, AG =238kJ/mol @D

Z O e T up-hill IS TH D, %@L%wﬁ—#MZwmmm@%é.:@Liwﬁ—%@%Lmvmﬂ
BT 5720, ZHOEREY EREKERTIEL, 123 VUEOBEEZ 2 MEICEIN 32 &, BTk
?Eéﬂ’(ﬂ@%fﬁiﬂib R g TR 23 ERAL L’C@Z%?i’%fﬁi)ﬂﬁ”é. —, PEAREMIINY Ry v 7L
DI BE LA 0, Ko EiT) L 123 VUTOBRET, KEGMHT LI LN TEXLLEDLH L. %i
£, @m%&y%@%%@ HaxBfme L, &m%&yaﬁmﬁﬂﬁ%%WL&#% G A AT
123 VED BECEETKEDTHETAIENTELD, ZORBA N = AL Fig. lall/REND L) %€
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Fig.1 Photoelectrochemical water splitting using (a) n-type semiconductor-metal connection, (b) p-type
semiconductor-metal connection, (c¢) n-type semiconductor p-type semiconductor connection.
TUTHITE L, n BB TH HMRILT ¥ v 2 BREAPIRET 5 &, FEREMN IO/ ML
EHICHMP o7 REEZ L 5o TnDEEZLNTWD, JiUE, BIbF 5 v EEREREO 7 = v I E—
HIHEL)ELTHFY ) TDEL2OTH L, PRI FF Yy TR EOZ A ) F— 2ot % ¢
% LRS- OB FPEEFIE S, TANVF -2 o 2EF LR —VAERT 5. n BPEERORE,
INY R EFICHA o Tnb 7z, ER LR VANERFOKEIE LR T %25, BRILF % » D6 (n
BEEAR ), AR L72A— VO AV F —=A33.2V R L KOBRLER 1.23V LD ETH L7290, HHIIKE
MRALT & 5. (R IZhi L 72 A3 E % [0l o THEEMMAEE) LK 2 &I L OKREZERT 5. —F
p BB RO, Ny T HMIZHA->TBY), EBF2ERTOKRES LS %% (Fig. 1b). Ll
HEL72ETFOLAINF—DIKOBITEMN (OV) L) LG EIIKEKFICEILTLILNTESL. Tt
&, BEINBA»SAERT S, 20X )12, FEEEEMICEIRIT 52 & TROHEGRDHEL LD b/
SVHETKEKZEMEIIDWHSTHIENTED, LELaDS, —RIIIZINENA 7 AZHIIL %2\
EGTRRUSIXIZE A EHET LR\, NS 7 ATHEEIKEBLRDHES 5729121%, Fig.le ® X9 12 p B

BARL n BPER 2 EH TR L LEITT L. HL, UTO 3205420 TLEN D L.

- n BSER DM E i EMAVKOIRILER L ) bELRMVETHL L

p B OIRE T EERAVR OFEITTEMN L ) bRAMETHL L

n BEER D 7 2V SHEALDS p BIEEAD 7 x )V SHEML L ) QB EICH D T L

ERED G 2 i 72 MR 2 R EUKIE IS AN E 235 O T, N Ny v TU RO RS
B EAVEREIE 2 FVIN L 7% < T p BIPEARBEMM A S5KED, nBEERWNI»SREVEET L. ZOkK
COYVAT KIRGEMD X ) IR EVEZIRL, £OMGHEBIHKETRIE, nfPEfe p MPEEo7 o
VIEROETHZONE, 25D, COVATAIKEZERLEZVORES L. ZOX) RV ATLE
L ThkA 2 8RB OMA S DEDHE SN TN D 29,

T2 3 LR R REMRE LT, $ROMRILWFEARTH 5 CaFe,0, I1Z7EH L THFZEL TE 7.
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FRA N T T 2 RIS OHER LICKEICHFET 2R THY) . 2O L) itz HwT, Ktz v
F—LAPOKEEOTANFT—F v ) THEETLZ L3, BBOFRTELRFELAVEF-JELHETH
% EEZT5, CaFe,0y DT AN F—ZHRIZE T 5L, MARSIZ L o TRERWZHEDH Y, CaFe,0,
137K CO, ZEILTELREN ZFrD p BIBALY - EARTH LI ENINE TG > TWAE 6D, TOEMBD
M L LT, EMANERDIEF IR ESRETH ), T D729 CaFe,0, Bl & V72 KOSEE 72 &
FETHIcBE SN T edo/z. TOX) HRREIIH LT, kit, ZORFE% 10 FRER LS8 2 BHMAE
BT R B L7280, 72, ol TIEHERE WRIER TR E RS FRICERIL T & % Fe,0, (n BU51K )
ELIMEINTE N W, SRPEEMED SKOTEEGHEZ TR L § 2 ML LEMAEB CE 2 ) %
R TH B, KFTIIFRA HHFE L 72 CaFe,0, BAR %L B & L THARMRALY F38 4 % F 72Kk B AL 55
fRIZOWTHET 5.

1.CaFe,O, D%

CaFe,0, (X ZE[H B Pnma #62, Z=4) DE S (@=9. 23, b=10. 71, c=3. 02 A) RO REEL b,
el L THEIE 3 5 FeOq NIHIfA & 8 BLAZIREED Ca THERL STV 5 12 Fig.2a i CaFe,0, TEAR D YIRS}
TICBU 2 EIE - BEFFETH D IS X 0 WK & o6& T EIRASEIEE S 72, Fig.2b & incident
photon to current efficiency (IPCE), /I HIRGF A7 MV Z /R L TWwW5. FEHEIL CaFe,0, ¥y K % Pt B I
(Z8BAT LT RDERT 2 S CHULEE (1200C ) 34 2 & TIERE T 2 2 L ST & %, YR O IPCE
£5-15% CTH Y, WHIGHEBIL ST Th o7z, JEITERIL 650nm O E T THEIN, ZoOHEER
CaFe,0, AR ORI (bandgap: 1.9 eV) & (ZI3—3 L7z, "GO IPCE A/ S WEAIE, T
JEHEIS, & ARGV CRIRIBAE SR 5 Z EAVERK L TWA. Fe,0, D X 9 2MRILEkOBA, SRIMEB ORI
(<400 nm) 1%, EEEFRE (0 2p — Fe¥* 3d BMEE) ) TH 0, WHILFHIH (>400nm) (L[] $E2EFE (spin-forbidden
Fe3* d — d excitation) & iy SN T % 1319 BZ 5, CaFe,0, DHIEERIZ L o THE LB T L IEILIZH
HELRLTWOTHAY). Figlaldtk4 % pH BEE Tl L 72 CaFe,0, MO EIT - B TH 2 (HEFEE
JKVEE 0 0.1 M H,SO,, 0.1 M Na,SO,, and 0.1 M NaOH ). pH =1 ~ 13 OIFA > pH FAIIZ B W T, AR
ERETCERPBE SN, T2, vty MRT VI v VIE pH I A ICONTHRAFMEIZS 7 b L
72, Fig3bldt+ vty MRT Y v )V e pH ORRERT. EMERIHON, TOMEEIE - 61mV TH D

(a) 20((b) s o
Iight off - absorption
} + 16 0.8%
X T S
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w ' 2
e It 069
- 8’ || fT e~
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i 441'3‘ 0.55
0.5 mA/cm? I .
lighton -+ ol E§3060070q04
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Potential vs. Ag/AgCI Wavelength (nm)

Fig.2 (a) Current-potential curve of CaFe,0, electrode, (b)IPCE spectrum and UV-vis absorption spectra
of CaFe,0,. (0.1M NaOH, light source: S00W-Xe lamp).
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Fig.3 (a) Current-potential curve of CaFe,0, electrode (0.1 M H,SO,,0.1 M Na,SO,,and 0.1 M NaOH,
500W-Xe lamp), (b) relationship between on-set potential and pH.
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Fig.4.Time cause of hydrogen and oxygen gases evolution from CaFe,O, -Pt electrodes system (applied
voltage: 1.0V, electrolyte solution: 0.1 M NaOH, light source: S00W-Xe-lamp)

EAE% pH = 0123751 L7z & EOFEMIL 1.04 V (1.24 V) vs. Ag/AgCl (SHE) ThH -7z, —HiIc A+ >+t v bR
TYYXNVEZOEMD T T v MoNY FEMISEL, pHEERORE, MEFHIE7 7y by FEM X
DEPIZEFENIAET S, AR SIE CaFe,0, XL v N & IV THI%E L 72 CaFe,0, AR O E 11 1359 1.3
Vvs.SHE ThH o7z L 52 12, vty MRT Vv )b e pH OBR2 LS IIIRD /2T T v b

Y FOMLEE KIE—E L7z, AR TIIRE WA, Mott-Schottky 71 v k53R D727 5 v hoNy FEAMD
KAK, 12V vs.SHE TH - 7.

Fig.4 |X CaFe,0, % [&ff, Pt %[k & L CEMMEIZ 1V L2 v H384E L 72kE L BRE 0= % L
RIS LCT7ay b LR TH D, SO %2 IR ERET 2 (K HKFEIERT 5K
IME 2 BTRE), D LLIE 4 (KRpOMEVPAERT ST 4 BTG ) TE- 2 THh 5. EHE O
IEEIIAKOHEGRTHEL LD /NS VDS, ISR & & S IKRFEmREPERT LI L 2R L. 2
DI BV TIX, CaFe,0, MM TKAEIC S AL TKRELDS, Pt EMBE TRSEAL SN THERIER L T»
L. Fiz, EIRNRIIKEN 2%, BERN8I% TH 7. 100% Th WCEHIIA K L 72BEHRATKITRE % 1 )
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B2 CaFe,O, BARME CTHEAT L7200 E 26N A, T2, 20X 9 BHKEAKIL Pt-CaFe,0, [ O EE A
0.6V LT oA, WREBIEEN o7, COZRTIE PUHITEERESER T A2, Pt ETKIMILT 2L X
BWEESIRKEWO (BEE 0.6V) EEZHNL.

2.8k V¥ o KBEOWETER IO WT

FRLIZIR L7z CaFe,O, BARIIHER OB L D b 10 f5FEE R X 2R ICERZ /R T25, IPCEZ /5L,
LTEWRIELEIFEZ W, 22T, BUE, AWM ESEL_LBART7 T0—F 2R AT E. ZoOH
F, Fe/lCaDIEDLEZ 2D LIHED 20%FEN L35 2 L03bao 72D TLUFIZHMNT S 10, Fe/Ca Dt
20 LD KREL L ERMPHE LT Fe,0; 2%, 20 £ N/IE L7 5h L CaFe,0s D3RI & L THIL S
N5, Fig.5a 3k~ 7 Fe/Ca % ¥ CFO AR D N ITFEIME % Fe/Ca DI LCTuy FLA27/ T 7T
5. FelCaDIA 1.9 D& TR IGETEIRMEARE K oz, £/, FigsSb AT, "THOGHR
BT IZ BT S CFO M (Fe/Ca = 1.9) DFENL - BIEMALTH V), Fe/Ca = 2.0 DEMDOEIL - BIEARM & A
R LR R L7, AHHTH 5 CaFe,05 I EITLEM DM LICFH G L TwWb EEZLN/-0, F
DYE# L 72 Ca,Fe,05 & CaFe,0, i3 K DAY 1/18( &fRD FelCa = 19 &2 AL LB XHICRAEL, ZD
MREEA L TR LB BROGRICEREZIEL/-E A, ZOEFHEIZ CaFe,0, Fy KHA T L 728
LD DREXLERME/R L. CaFe,05 DIGEITCERIMDIERE 52 280 I IBEREH TH 258, EHD
Ca,Fe,Os S D X ) )2 % L TWb LEZ T3

3. BRI VT KRR E B PEARER 2 WO RO, BN A 7 AR
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Fig.5. (a) photocathodic current of Ca-Fe-O system as a function of Fe/Ca ratio, (b) current potential curve
of Ca-Fe-O electrode (Fe/Ca=1.9) (electrolyte solution: 0.1 M NaOH, light source: S00W-Xe-lamp).

CFO(Fe/Ca=1.9) B & n BIPEAREBIAE P TORITTREEM E L CTOREEZFHl L 72482 LT IR
9. n BIPE R L L Cld, RFEMNZ TiO, & V72, Fig.6a I31E# L 7-1{LF ¥ BB D 0.1 M NaOH H' T
WL - BEMMBTHL. Ay PRT U VIE 079V Thotz. BBILF Y 2 idn BIPERTH L0
IO E ST 5 L KOBRALRURC D < LML AT BIEE S 1172, Fig.6b 13 Z DR LT ¥ > #Af & CFO (Fe/
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Fig.6 (a) Current-potential curve of TiO, electrode, (b) current-potential curve for Ca-Fe-O (Fe/Ca=1.9) —
TiO, electrode system. (electrolyte solution: 0.1 M NaOH, light source: S00W-Xe-lamp).
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Fig.7 (a) Time cause of hydrogen and oxygen gases evolution from Ca-Fe-O (Fe/Ca=1.9) — TiO, elec-
trode system without an external applied voltage, (b) current —time curve for Ca-Fe-O (Fe/Ca=1.9) —
TiO, electrode system without an external applied voltage (electrolyte solution: 0.1 M NaOH, light
source: SO0W-Xe-lamp).

Ca=1.9) % 0.1M NaOH KREHHFICE LT, WEMmERT > a - Ny 25y ML T, JLE
&L COREMEZ G L 72455 (Bt - BEMR) THAH. WEMEERL, JLG0oW- ¥t 7T ) B
SPL7- & EORPKELEIX 1.00V Tholz, TNENOEME HIM TG Lz &ty MRT VI v
)V CFO BARAS+ 030V, BELF & Y E/BA -079V TH Y, T o FHI NS BHENEEEIL 1.09V
Thsb 2F), WEBTERL CEONCREENITFEINERME —F L $72, FEHERIL 550
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pA/em? TH Y, KEEEME L ToORAHIIIE 108 pW cm? T - 72, Fig.7a |Z CFO(Fe/Ca=1.9) ik & B LF
5 AR TR S 72V S AR L 72KE LR oA R L ORISR OBRE RS, B &
HICKFEEBRENER L7, KEEBMBEOIIZ 2.0 Tlraho72h, ZOHIE37~61 Thorz KELEE
KON 20 THWHBE LT, MN/EBREISHT2KEOERNEN 6B THo/22 20, MEIZS
B L 72T & BB H D LEZTnE. BBLT ¥ v RENOBETTOWERBEMIZMHH L 727
¥ v EBOBALYE 2 5N DA, BB CIEAME R BHIZE S LT, Fig.7b (2504 BT O R KA 4%
AR LTWA, w&AO 12 KGR & & HIZERARE KA L7225, 12 — 48 FERNITER DA 18R
Mz o7z, UG, CFO BHOFEM % SEM THI% 3 2 &, BROEKREIZOVENPEHESI N 0k
) R BEBOBILTAEEROWD L RSB HH L EZTnD, ZORIVOIPCE I LT, AT
BRIFRIL 1 ~ 2% Td o 72H%, WL O IR TIRIT L A LKREERIIMRE SN o7z i, B
bF & ¥ PEIVEBO NI LAIEE LR Th L, BILF & »BEOMRD ) ICTHIGIEER O n HH
REME AL ETTHABF T TOLZOI AT LADOLKRFZLEBENERTE L EEZ LN, B2, TiO,
DD VI n B8R TH B Fe,0, Bz CFO B L HEFE 385 & WGMEE 2V, v—Fv 231 —
& —IE T CRENIZ 034V ORXELE L THIEET A L E2MALTWD, L2 LANS, EHRERSETN
XL ES L BEEON EFLETH S,

Bbhic

ARG TR L7 p B CaFe,0, R & n BIPEARM % FIF L7k R AR OB =E, BUKTIIBFba &
s L TR MRS, KELMEL ST CERTES L) FEEH->TWwa, $72, HEELTD Ca
L Fe BN EMETH L, 20720, Frld, 3512 CaFe,0, BEOFNHE %10 L S & 5 W% D
TWwh, F72, W TIRIEMR & 2 MRLER 2 7R T n B Fe,O; BB W5 I NTHB Y, Ik, #5%
TR % FIH L 72 6B KO BETE A0 b ER T E 5 L T b,
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Separation profiles of amino acid enantiomers using various Pirkle-type chiral
stationary phases for 2D-HPLC-MS/MS analysis

Hirohisa Onigahara', Yurika Miyoshi', Masashi Mita?, Kenji Hamase'

!Graduate School of Pharmaceutical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582,
Japan
“Shiseido Co., Ltd., 1-6-2 Higashi-shimbashi, Minato-ku, Tokyo 105-8310, Japan

Abstract

Using 14 Pirkle-type chiral stationary phases (CSPs), separation profiles of amino acid enantiomers were examined
to obtain fundamental information for designing higher efficient CSPs. As the target analytes, proline, serine, alanine,
phenylalanine and glutamic acid were selected. These 5 chiral amino acids were pre-column derivatized with 4-fluoro-
7-nitro-2,1,3-benzoxadiazole (NBD-F) for the sensitive determination, and subjected to the chiral HPLC system.
Volatile solvents (mixed solutions of methanol and acetonitrile containing formic acid) were used as the mobile phases.
As a result, most of the NBD-amino acid enantiomers were separated using CSPs having a branched aliphatic amino
acid at the chiral selector and a m-7 interaction site connected by a urea-linker. Design and synthesis of higher efficient

CSPs and application to the chiral amino acid metabolomics studies are in progress.

Keyword

Chiral separation; HPLC; Amino acid; Metabolomics

1. IIL®IZ

T X BRISHREE, & 28 BRI BT AESRICE G L TB Y . B O LR O 72O I UHDAL
EWTHLD D, 20D ST ERHERT IV BOHI L, 7)Yy EREI9EOT I BRI o kFEISEFH
L L. DIRE LEROBEGREEAEDPHFLES 2. BV, WAE L CoRSEBWENICHFET 57 3/ RIZ
PR, FEARICEDO T LA TH L EEZONTEL D, L L. TEOHME DI R L5 HAT o
SR> T M &2 ST ILEARNIZ B VT D-Asp*?), D-Ser’89, D-Ala%!D, D-Pro®1213), D-Leu!21415 &5,
%< DD-T7 X/ BOFAEDIER SN TV D, AENE RIS D-Ser 2 D-Asp (22 Tid, Mk
A 1619 AEBRERRE 2022 HR 2329 HOMIAEA TB Y \D- 7 I/ BBIIHHEREE S T RN A — o —
ELTHEHZEDTVD, /2, ¥ N EBET 3 7 BUSNC 6B E 2 BT 5 4% 2 RHEE Y 3
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LRI TET b0 ANZF U3 XL =V R EORBEET I VBoOEGEZELE 7 3 7 BRAH
BiE s OBELHE SN TEBY 20, ¥ USZEBERT I/ BBIZINZ CTEHEORHBEET I/ BbE Rk z
SRR EL72FTNT I JBRAYFT I 7 20T RIS V. LA L, & D- 7 3/ BT i34 R
< M) 7 AHRORE 4 % R T O E R 2T D I OREEENRERIGENL . FTINVT IV HBAY KR
037 ZATEEVEE L BWEREL G T2 0MEPLEE SN D,

INFETIZOAEEFETOT I/ BOLFREEZ RS & LTHPLC, GC. CE%% M5 H% 04k
WHE SN T W5, GC Tk F FIVEEMEDLAH S 41, Chirasil-Val®272®9 %> Chirasil-y-Dex?? & F\CTl3 &
AEDE X7 BRERT X BEONEFESFEDUEETH 5o HPLC Tld ¥ 7 VSR LED L W s TE
. N-Acetyl-L-cysteine (NAC)*?, N-tert-Butyloxycarbonyl-L-cysteine (BOC-L-Cys)'$3) 72 & & 7 )b F F — )b
& o-Phthalaldehyde (OPA) @ fif F. (+)-1-(9-Fluorenyl)ethyl chloroformate (FLEC)3?. 1-Fluoro-2,4-dinitrophenyl-
5-L-alanine amide (FDAA)3® 72 &k 4 72 i3 238t S LT\ %, HPCE TIlX 7 % / Bk % Naphthalene-2,3-
dicarboxaldehyde (NDA)3 % (+)-1-(9-Anthryl)-2-propyl chloroformate ((+)APOC)3 |2 & ) #FEM4fL L, 7 a7
FZM) Y (CD) RFFAFVa—VEREZRINLZILVEIEZOY 25 74— (MECK) THH§ 5 *
TUVEBEHHDE - VT AT LAY —FENLAVLENTWLS, LAL, SNEOG5HEIRVTR L —KICET
BIREDS T3 TlE % <L ER~ M) 7 AR TIEE MG KRS O E L 2T 5 7-0ME D- 7 3/ RO IE
mEmIINEETH 5 72,

ERFEEICBIT 2 D- 7 3 BROSEE P OREmBERW 201213, —KRICHDOHM A 5 4 TT I/ BR%E
D FRHER S 2> S HEL . ZIRITTH DO F TV T JTEA L CORF5rE %247 ) Z kIt HPLC (2D-HPLC) i
DA HTH 5 3649, UIFFEE TlL 4-Fluoro-7-nitro-2,1,3-benzoxadiazole (NBD-F) (2 & A 7 3 / BR O " iH 5K
{b & 2D-HPLC 73#7 # A G b 7202 B L TB Y . WILEEANICBIT 2 E&Toy Y37 Gk 7 2
JBENRE L THMEL DEROEEEREMIT 2 EN L TWb, O 2D-HPLC |28 T, IKJTH D NBD-
7 3/ WO ENC S Pirkle T T OVEEMAE H TH % 4o Pirkle B 7 O)VEIEM L F F OV EEERERALIZ T
I/MBEFHEEAALTEBY . NBD- 7 2 /e nn HEAERA KB AT R T 5 2 L TRV LS E
REZ TR M4, ROMEIEME D- 7 I JBROIEL L TR ENTLHTEO—2TH L, Ll KoM
B AT O ERHE P OISR X 2 ERELTEIRET LI EERETH Y. L) mBERN 25
Wik Td % 2D-HPLC-MS/MS DB L FIHAE TN T b, KT AT AIETRITHPLC 125 ¥ 7 A E &S
etz i GbelzbDTHY), HHODTREEZHT 2LEMD A2 ERWIHIET 2 Z EDWETH 5,
MBI T IV BRII SR et %2 A L CB ). 2D-HPLC-MS/MS (Z#EH TR CE A% 7 3/ B R RLC
xf U C BRI 72 03B % 7R 9 3B s R RE Pirkle B 7 OV EEAHOREETBAFE (X, D- 7 3/ WTZEOHEAE IR E (H
HT&5LEZIOND,

Z 2 CARWIZETIZ, 2D-HPLC-MS/MS 2@ H W] RE 2 Fr Bl s ke & 7 )V B e AR e st O 2RI L2 15 5 720
14 D Pirkle B ¥ 7 V[EEAH % F T NBD- 7 3/ BR D674 568 % 574 L 72 F2E)AHI2 1% 2D-HPLC-MS/
MS ORI W HE L § 5 FEREHBUKEAREE (2% 7 —LeETE M= MY IVORTE) % Hv. 5Hi 5%
|21, Ser. Ala, Pro. Phe, Glu D 5D 7 I /% #EIRL 720 2. TIIHE—OAFHLEHET S Pirkle
FINVEEHO. 3. TREBOAFHLEET S Pirkle T ¥ 7 )V E A O 5 BEFF BT 217 5 720

2. B—DARFPLEAT SPirkle® X )V E M O 55 BERF kT

B—OARERLEHT 5 Pirkle B & 7 )VEZEMHZ AV, &8 NBD- 7 2/ ERICAHS 6500 1 % #
Lo EFNMTIBRE LTI, BAMET I VERTH S Sery IRIET I VBETH A Ala. BIRT7 3/
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[Procedure]
F
Amino acid solution 10 uL
400 mM Na-b " FooH Nb
m a-borate : -
< buffer (pH 8.0) 10 pL H=C—NH, + <N
<— 40 mM NBD-F/MeCN 5 pL R NO,
—— 60°C, 2 min Amino acids NBD-F
<— 2% TFA/H,0 75 L CoOH
v H—C«NH
NBD-amino acid solution 4 pL A N
_— =g
l<— H,0 396 pL N
NO,
Subject to HPLC 10 pL NBD-amino acids

(Ex. 470 nm, Em. 530 nm)

Fig. 1 Pre-column fluorescence derivatization of amino acids with NBD-F
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Fig. 2 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
one chiral center (amide-type)

Td 5% Pro. HHEHET I /BRTH S Phe, MRMET I /RTH D GluD S HZEIRL 720 F T VEEMIET 3
FIRIF 720 VTR o —% BT bk % 7% Pirkle B h I A % Fivi 7z, 7 3/ BE0 NBD # G BRI K
ORISR % Fig. 1 12R 3o 57 3/ BRAKVAETIZ 400 mM & w7 FRYERE @i (pH 8.0) M UNNBD-F % il 2 C
FOGRE RS 24TV TRA KIERIC & ) RS &2 4% 1k S €720 55172 NBD- 7 X/ BRI % f Btk
Sumichiral OA-2000S & Sumichiral OA-2500S |2 & V) Je# 55 E #2175 720 F Z )V HL & L T 0A-20008 1 (S)-
Phenylglycine. OA-25008S & (S)-Naphthylglycine #H L T\2 %, BEjfHE L Tid LC-MS/MS OFIH % 1[HE & §
Lz, HEMOBTHLFMEEETATL N N) NV EXY )= VORBEMLEH L2 B, A5
LB R DRI CTd B 7200, NBD- 7 3/ BEOMIHNIZIE MS/MS Z 23, BhEEE 470 nm, #6EE
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530 nm OHFNAH TIT o720 F720 F T IVEEMEEIZ, STNBD- 7 3/ BRAEE) 2 R4 R $ X ) BEIHE
Sl & BEBE L7,

Fig. 2 |2 Sumichiral OA-2000S /% UF Sumichiral OA-25008 (2 X % Jt5% 47 & O % B % 7R 37 Sumichiral OA-
20008 % [EEAH & L THVY, NBD-Ala (£ 0.10% YA &TL 7 =MbY/ 2 ¥ 7 —)b (1090, viv) {HER%E
BEMHE 5 2 & THBRE o = 1.04 DEF 5% 572, £72. NBD-Phe 13 0.15% ¥Rz &7 &k
ZRNUN AL =)V (15/85, viv) EREIME TS L TRESE (a=1.05) SN72% Pro. Ser. Glu D 3
T NBD- 7 X/ BRIZCATE SN Do 720 A REAROBENEIZE L Tld. NBD-Ala & NBD-Phe D\ 3
nH DAY L72s Sumichiral OA-25008 I2B W T 025% FMr &L T NNV /A% ) —)
(25175, viv) ZREpHHE L CT#IR L. Ser. Ala. Phe @ 3 Fio) NBD- 7 3/ FRIGAEEMR O 4308 % MiES L 726
ZOFER, INSH3MDOT I BRITT IS S HERE 1.1 LLEO B 26750 E 535 5 4, 12 NBD-Phe (2
B LTl BERE 118 D RN— A T A V3 EEATERK & 11720 NBD-Glu [22W TIEBEIHIC 0.80% THE% &
T MR/ AE =) (80120, viv) HFIHT B Z & THBARE 1.12 O BIF 742 630 E05E R E vz,
FEL 4O NBD- 7 2/ BRIZETDAEMPEIHEL L7z —7F. NBD-Pro IZB L TIX LAADSSBICHEL L, £
DI HER L 1.05 Th o720 LLEOKRED S, 0A-2000 5 Tl 0A-25008 IZBWCTEFEDOT I/ BBIZHT S
TERRARREDSTRD BTz o T EMAMEEZ AT 27 3/ BOIF5EIZIE, (S)-Naphtylglycine & /N7
Hulb &4 % 0A-25008 EHTH B Z LR E N7z,

BENICYLTEO) O —2 AT 5F I VEEHICOVTE EFVT I BRO G50 S % i L
725 Sumichiral OA-31008S (X (S)-Val, Sumichiral OA-32008S i (S)-tert-Leu. Sumichiral OA-3300S & (S)-Phenylglycine
EAFHLIZZENEIAE LT\ b, KSAACSP-001S (324522 CTRISE L 72O X Z VEEMTH ) . AF
HULE LT(S)Leu x BT 549, TIN5 4O X 7 )VEEMZ H W72 65088 % Fig. 3 O Fig. 4 I2R$ .
Sumichiral OA-3100S TIZREEIFHIZ 0.20% THeA LT b= MY/ X5 7 —)b (20/80, v/iv) % H\>T Pro.
Ser. Ala, Phe ® NBD B8RO N5 E 2 BET L7zo 2 DR, Ser. Ala XU Phe ® 3D 7 I/ EIZOW
THBHRE 13 DL EO BT N— A5 1 V53 8EDTS 5720 NBD-Pro 122V Cid, 7 BEREDS 1.06 TH Y B

Pro Pro
H 2 H 3
° OYN NO, § . D L ° OYN NO, gg\
N VV/NH §‘§‘ N '/NH 3 5..;’
@ﬁAHH b, 23 @yﬂHH b, Z°
Sumichiral OA-3100S 0 Time (min) 30 Sumichiral OA-3200S 0 Time (min) 30
Ser Ala Ser Ala
2 2 2 2
tz Dj ,L 5z Df|,L £z D] L 5z D| L
SE S8 Sz SE
= = g7 =
- - 1 f — r 1
0 Time (min) 30 0  Time (min) 20 0  Time (min) 30 0  Time (min) 20
Phe Glu Phe Glu
2 3 2 3
sz Pl gz DL sz| D| L 22| pfjL
85 £5 85 85
2E SE SE )=
= = = =
. . . . T 1 T —
0 Time (min) 25 0 Time (min) 30 0 Time (min) 25 0  Time (min) 30

Fig. 3 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
one chiral center (urea-type)
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Fig. 4 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
one chiral center (urea-type)

72 ENER S5 e 2> 5 72 NBD-Glu 1£ 0.50% ¥Rz &L 7 h=bF 1))/ X% 7 —) (50/50, vIv) %
B E L. SR 110 OFGERE LNz, 72, SRBREZ21T-722TONBD- 7 3 /ERIZB W T
D fAASEIZ A L 720 Sumichiral OA-3200S TliE 0.20% ¥x &7 =1t 1)/ A% /=) (20/80, v/v)
BEHH & L C Ser. Ala, Phe (22T EEREL 1.3 Db o> BAT 2 622 EIASE R & 7275, Pro O Y6245
ENIFRD SN D o720 Glu i 0.60% ¥HExE &L T M= M)/ X% 7 —)b (60/40, viv) ZHBEM LT 5
Z LT EERE 125 O BRIF R EAE b T, 0. FESEDNER S N4 O T I JERIZETD
AR L 720 Sumichiral OA-3300S (2B CIZRBEIFHIZ 0.20% ¥MEZ ST = PY L/ X5 ) —)b
(20/80, v/v) % T Pro. Ser. Ala, Phe 343 BEFR%ER 1.13, 1.19, 1.18. 1.17 TEIF 2 GG EDSER S iz,
F72. Glul2050% FHE &7 M= )/ X% =) (5050, viv) =REEIHE L. 250 BERR S 1.08 DY
FOHENBES NI, FARFIIVEEMICBIT A4 7 I/ BLFREEAROBERIEIZ, Pro ZBWT&£T DR
HANEI L 720 i F F )V EEH KSAACSP-001S Tld. Pro. Ser. Ala, Phe @ 4 f® NBD #HE{klE, W
TR 025% FWr a7 b= bNYIN I AF =) (25175, viv) BB E L CoBitRs 1.2 Dl bo BT
BNR—=ATA YEENRER S N2 Glu 2D W TIERBEIFIZ 0.80% Flkz &L 7 =MV /A% /=)L
(8020, viv) &2 Z & T, FEERE 111 ONFHEDER SNz £720 &ETOT I BRIGF IR
DWT DHEPEICER L7z EOKRD2S, KE T LY L7 Y —%2F$ 5 F 7 VEEMIE
WINL LD T I ERICH L TR 260505 54, F#12 KSAACSP-001S Tl L7277 BEBE TR
Doz 720 ZETONBD-7 I /RIZOWTDREZRBICHER S ELZ EDTRTH o720 TNHDF T
VIEEMIE, SHAMEEZ RS Y X7 B R OCRHEE T IV BRO—FFaEI B TERZ Y — v
b E2ON, SBROFAPHREINS,

3. BROAF L EAT 5 Pirkle F F VI EH O 5 B Vb

BHOAFHLE AT S Pirkle B ZOVEEMZ v &8 NBD- 7 3/ BRI § % 6720 BRI 2 1
R U720 AR RO T I/ BREB £ O NBD SEFHEMALEIL 2-1 LA TH B0 T IVEEMIZIZ DI T
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Fig. 5 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
a branched aliphatic amino acid as one of the two chiral centers

I/EEFEE TR YEBEREY AT DRk 4 7 Pirkle B & 7 OV EEH & FI\V 72, Sumichiral OA-40008S & OF
Sumichiral OA-4600SS (. [EEMH KD F 7 V2% & & L C (S)-Naphthylethylamine A L T\2 %, 72,
737U HIZEMELF T VFLE LT OA-40008S (X (S)-Val, OA-4600SS (& (S)-tert-Leu % Z i1
ZNA L Twb, Sumichiral OA-4100SR 3 & UF Sumichiral OA-4700SR 1 [H 5E4H K ¥ |2 (R)- Naphthylethylamine
#4 L THY . Sumichiral OA-4100SR 1 (S)-Val. Sumichiral OA-4700SR (L (S)-tert-Leu % 15 D F F Vs &
L TH L T\ 5 Fig. 5|2 Sumichiral OA-4000SS /% UF Sumichiral OA-4100SR (2 & % Je 7 Bl OMGEHE R % R T o
B ABEHIEE L. Pro. Ser. Ala, Phe @ NBD #HEMAD 73 EIZ13 025% FREZ &L T =M/
A5 ) =) (25175, viv) = BB E L CH . NBD-Glu DFE#5541213 0.80% FEEx &7 b=t )b/
A% =)V (80120, viv) % FEF L L 72, Sumichiral OA-4000SS TlX. NBD-Pro & NBD-Ser Ot 55Eh% %
S, ENEINO NBD- 7 3/ BEO BRI 1.08, 1.09 TH o720 F72. Pro (X D AAS, Ser ix L A2
FAEM L72e — 5T, Ala. Phe 8 & U Glu @ NBD FHEMRII A5 HIFD bk 2o 72 OA-41008R 12
BT Pro. Ser. Ala, Phe, 4 FEETOT I/ BRIZBWTREIF2BFESEIER SN, FHREKIZZhZ
1,105 1.09, 1.10, 1.13 TH o720 Glu DOV T HFoRIER S, FHEREUL 1.06 TH o7z, F 72,
STHETOT I/ BIGFRMEARICBWT D EDEIZEL L,

Fig. 6 |2 Sumichiral OA-4600SS % UF Sumichiral OA-4700SR |2 & % Y5743 &l 45 & % 7R 97 Sumichiral OA-
4600SS Tl Ser. Pro ® NBD #5381k THBEMR 5L Z L2910 1,08, 1.18 DL A5 E R S 1. $F12 NBD-
Pro IZDOWTIERIFARN—=AT A VEE S o7z T2, &7 3/ BAFREAOEINEIZ, Pro 25D 1A,
Ser 13 LA L7ze — T, Ala, Phe. Glu (30355 EIH580 57 %> 72 Sumichiral OA-4700SR
Tld Pro. Ser. Ala, Phe ® 4 ff> NBD #HEMIL, Wb 0HRE 1.1 LEO BRI X—= 27 4 »53HED
ER I N0 GlulZoWTHaHERE 1.1 MLEo RIF 2t rnErionsz, £/, M lLosEeTo7
I B REERIIBW T DAEPEITER L2, DLEOME A 5. Sumichiral OA-4100SR & Sumichiral OA-
4700SR OFIHIZ & ) ZHH D NBD- 7 3/ BRICK L BRIF 2050 ElR a2 El L. S5I2e8ToT I/ HRICE
WTDEPEIZEL Lz o T —HOF T NVHLH S BOFIEEHT I /B, HOF 7 )V HLLDS (R)-
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Fig. 6 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
a branched aliphatic amino acid as one of the two chiral centers
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Fig. 7 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
a proline analog as one of the two chiral centers

Naphthylethylamine D#1A A DA, NBD- 7 X/ BEONFESENAHHTH 5 2 LAVR SN,

T VEREEFILEL Y Y — LT AREEMICOWTS, NBD-7 X/ BONFSEERE L, T
70N MIZEBERE L 72F 7 IVEEEEAL & L T, Sumichiral OA-4400SS & (S)-Pro. Sumichiral
OA-4800SS 1 (S)-Indoline-2-carboxylic acid & Z 1L ENAH L T\ b, F 72, W T )V [E A 13 [ 2 A A i 12
(S)-Naphthylethylamine % 7 L C\* %, — 7 C. Sumichiral OA-4500SR 3 £ U Sumichiral OA-4900SR Z [ 52
#H K 95 12 (R)-Naphthylethylamine % 4 L C 48 ¥ . Sumichiral OA-4500SR 1 (S)-Pro. Sumichiral OA-4900SR |
(S)-Indoline-2-carboxylic acid Z 177 O F 7 )V ih.lv & L TH L T %, Sumichiral OA-4400SS & UF Sumichiral
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Fig. 8 Enantiomer separations of 5 NBD-amino acids using Pirkle type enantioselective columns having
a proline analog as one of the two chiral centers

OA-4500SR |2 & 27 B OBEHFE R % Fig. 71279, BEMHSEME, ERCE AR TH %o Sumichiral OA-
4400SS Tl Ser. Ala, Phe, Glu ® 4 D7 I/ FRIZB W THFESEIER S, ZO0ERBIZZhEh
1.28. 1.11. 1.07. 1.12 THo72c —F} T, NBD-Pro DNF 7 EIFRD b hotze T/ 4T I/
BB OB HIHIE 2T LARAYETH - 720 Sumichiral OA-4500SR % [FEEM & L. %7 3/ BEASEY) 7
RERZ R T L) BEMHEGHARELZ. L2L, SHEOT I VBEOVT NS LEGENILFED SNk h o7z,
Fig. 8 |2 Sumichiral OA-4800SS % U* Sumichiral OA-4900SR (2 & % &2 B OMEHFE R % 7R 97 Sumichiral OA-
4800SS Tl Ser & Ala DIF R EIDFED H AL, THERBIIZEN TN 1.08 &£ 1.06 Th o7z, 72, EHLHD
73 B EMAR D LAY L 720 — 75 T Pro.Phe. Glu @ NBD FHEAR D W22 53780 H e 2o
725 Sumichiral OA-4900SR T, SumichiralOA-4500SR & [FEfIZ 5 FED T I/ FEO W ILITA L T %5
Ex RS B h o720 LLEOMES 2> 5 Sumichiral OA-4400SS & Sumichiral OA-4800SS % [E5EAIZ V5 2 & T,
O NBD- 7 2/ BRIZx L TR 2G5 EP R TH 72, (o Ty —HOF IVl sBo 7
YHRRAR, AT DOAFTHLAS (S)-Naphthylethylamine DAL A G HHEIZ L D NBD- 7 2/ Bk OG- 72k RE X 7]
B e R RNl LY N Bt

REF7ECld, FEEABEIMZ W C&H Pirkle BLF 5 OVEEMHIC L 26508 % Bt L. F 9 VEEM
D &P EF RO 21T o720 B—OAFHLE AT 5 F 7 IVEEM TIX, Sumichiral 0A-25008
%> Sumichiral OA-3000 > V) — X % fI\»TEFED NBD- 7 X / FROHF 5 EDWHETH o 720 FFI24HF5EE
"C Sumichiral OA-3000 3 ') — X DR % FL 2R ETBA %6 L 72 KSAACSP-001S (X, #MEf 21T 72507 3/
BRETIZBWTRIFARFTEEZER L, £TOT IV BEFEEEIIBW T DRI LAELD L EICEH
L7zo BEOAFHLEET SHF T IVEEM TIE Sumichiral OA-4100SR.  Sumichiral OA-4700SR. Sumichiral
OA-4400SS A344H D NBD- 7 X / BRIZHF L COUFRR#E 2 A 35 2 L 25202 L7z, $F1Z Sumichiral OA-
4700SR (L 5 TEETOT I VERONGFFEDVTTETH D . 2 TITBWT DEMIEITEN L7z, FEREIHE
AR L L CHEEOEHOFEDETH D) . LELoF 7 VEEMIE 2D-HPLC-MS/MS |2 & 2 ARk
W D- 7 3 BOWRNBIT 24T ) 20D HER Y — VIl h b EZbNb, B—OARERLEET L F
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F OV [EEHTIE, Sumichiral OA-3100S D ARFFHULZ 22/ 1) H HE % 5- 2 72 KSAACSP-001S 12X 0 7 3 /1
T BMARO BRI B X R 2 b 0E 2 FEB L Twb, 720 BEROARFPLERT HF 7 VEE
MTIE—HOF T NVALD S BIOSIEIAT I/ FR. M7 OAF H.07%° (R)-Naphthylethylamine D #l A& 8
IZBWICNBD- 7 R /RO B2 G5BT CTH o 720 SHOF TIVEEMDO T A & LTEF TN
YL F—DT I IS A i 24T 2 & THICENZBEEMEBICOLD L EEZONDL, 5
FERE O NZMAE RIS, JDVENLF I VEEMOREHEL X INT I JBRA Y R0 I 7 ANDILH
PEIFREE N,

FINVEEME VS HPLC & LTk, ¥ 9027 9 v 2—FVEELD T 450, CD EELD T 4
SO, FZ U ROF =D U ERET LA G UMAS T AEEH L FELPHEINT WD 0, 757 v T—
TIVEIFEEM Tl Ala U Phe (2D T BEFREL 1.12-1.53 TOXRFESEDSHRE SN TEBY 0, CDAEIF F
JVIEEH T B-CD [E%E b # T 2 % v T Phenyl isothiocyanate C#5E A L L 72 Ala. Glu. Phe. Pro. Ser |Z
DV BEFRREL 1.05-1.54 ONFFE 2 Z LT\ b5, $72, ¥ =, F=T v % [E%L L 72 Chiralpak
QN. QD 1% 5 4 Tix. NBD-Pro |22\ CorBELREL 1.10-1.44 OFFGEIDHE SN T 5L 90, P EOFTS
VEEMIZZHEO T I/ BRI RERO GBS TR 2 EN DR EZ A L T 5 A, HEoFx 7 vz
AT 5FRLF T NVERSBEOEMS 2O, SNOLOF I VEEMEEICLEHHFIVELL 7 5 -0
AT - BAFSIIHEETH B0 Pirkle BIF FOVEEMILT I VHICTRXNVEEAL XTI VT I BROGHTICIH
ENLENEEMTHY, £FO NBD- 7 2/ BONFEGTEIHE SN T 5, Fukushima 137 T V%
DB AH % FH > Sumichiral OA-2000S |2 35> T 2 # (Ala, Phe). Sumichiral OA-2500S |23\ T 4 ff (Ala,
Pro. Ser. Phe). Sumichiral OA-3100S |Z3\>C 4 1 (Ala. Pro. Ser. Phe). Sumichiral OA-4600SS (235> T
2f& (Pro. Ser). Sumichiral OA-4700SR |Z3\>C 4 ff (Ala. Pro. Ser. Phe) DJt4E]% Hifs L T\ 5% %),
F72, Ueno & d 7 T U HEROREIMEZ WA Z & T 10 #D Pirkle Bl F )VFEEMIC &L %5 NBD- 7 3/ FRD
57453 H %2 4T - T H D L Sumichiral OA-2500S T43BELREL 1.12-1.20, Sumichiral OA-4700SR T4 AR %L 1.14-1.22
D BIF R N5 E R Z LT b B, 2O X 912 Pirkle B F F OV EEM X NBD- 7 3/ BRIK 3 5 652574
REDE S5 2D-HPLC ¥ A7 AIZE R &, BB ok~ 22 7 3 BOtF R RO w58 % 1]
REIC L C &7z F72. Pirkle B 7 )VEEM O F Z VR AL WAL 2 S TH L 720, FElF TV
BEEMHORE - HBVESD THLLEZOND, o T. FINT I VA KRO I 7 ZADORERMICHENSH
L 25087 3 BEONA5EN2 L. Hi Pirkle B 5 VIEEMORERSPE R 2 FEICR L L £ 2
bNb,

F 7o, EREETOMET I BOUFERERO SIS IS ERE IS A TEVEREATRO 51
% o 2D-HPLC-MS/MS (ZH€#® 2D-HPLC |2 % » 7 A H &5 et 2 @A S ¥ 72 v A7 A TH ), 2D-HPLC &
Db EIEERY 2 ET I/ BT EMEEOERE SN 2 W HRIC T 5, Pirkle B F Z )V [E 241X 2D-HPLC
T AT AL AR 2D-HPLC-MS/MS ¥ AT AIZBWTH AR Y —Vice b SN D, L LRD5,
PEFR D Pirkle B % 7 )V EEMAHONGF5ENIL 7 = BSABEMEAULH S THB Y | Pirkle B F ZOVEEHD
2D-HPLC-MS/MS ~Di# il 1 & OFr#l Pirkle B F 7 VEEM ORREIFFE Z R L § 2 720121, FHARTEE)
FHIZ X % NBD- 7 X/ BRONF 5 ERE A MG T 2 LD H o 720 £ 2 THREIOME TlE. 2D-HPLC-MS/MS
(BT % Pirkle B ¥ 5 OV EM OF FVERHE & F 7 T 2RI O -0 O RESE Hig L. TEEABEIH
AHWTSHEOT I/ BONEZEEHET Lz TOR. 73 V) v h—%F5 5 F 7 VEEMTI,
Sumichiral OA-2500S % HI\W 7235612, TR E L72&TOT I /7 RIZOWTHHERE 1.1 LR Bif 200
FREISRO NS, T, YL TR V-2 HT 5 X 7 VEEMET HW2EE Tld. KSAACSP-001S |2
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BOWTHRE L& TOT IV ERIZOWTOEREL 1.11-1.27 O BT 26558 % E W L 72, o bFEF
LEFT 5D F 7 )VEEH TIX Sumichiral OA-4700SR % H W 725512, MR L T52L2TOT I VRO BRI,
T FENDHETH o 72 (FEEAREL1.13-1.25) s TN HORERIE. FERBEHZ M L7234 T3 Pirkle
BEFVEEMICLD GCR CE & &L M%EH L 0IEZNL EORIF% NBD- 7 2/ BCF5E 5T RETH
LHEAEIRLTWDH, FEEAEIHMIL 2D-HPLC-MS/MS ¥ AT AIZZDF FMHHTEETH ), B A~
M) 2 AROMERT I BAITIZBT S Pirkle T X FOVEEM O A HEIZE W EEZ B b, HH Pirkle
BX ZOVEEMHORFBZICE L Tid, SHOMFATEHEO 7 I 7 BRICH L TELFaEiEL R L7
Sumichiral OA-2500S. KSAACSP-001S. Sumichiral OA-4700SR D&% F\2 7 T LRI 21T FHT, HITHE
M7z Pirkle Bl % 7 VEEMHOER DS TRETH D L EZ ON D, SRIIFHHF I VEEHOZEFHEL #O D
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