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Selenium substitution effect on crystal structure of stibnite (Sb2Ss)
Atsushi Kyono

Division of Earth Evolution Sciences, Graduate School of Life and Environmental Sciences,

University of Tsukuba

INTRODUCTION

The crystal structure of stibnite (Sb2Ss) consists
of parallel (ShsSe)n ribbon-like chains held together
with the weaker intermolecular forces. In the crystal
structure, Sb atoms in a trivalent state are distributed
over two different crystallographic sites, which
exhibit a characteristic one-sided coordination
because of the stereochemical activity of inert 5s2
lone-pair electrons (LEPs) of the Sh atoms. An
isomorphic mineral of the stibnite, antimonselite
Sh,Ses, has also been known (Fig. 1).

$

Figure 1. A ball-and-stick view of the crystal
structure of ShyX3 (X=S, Se) viewed in the direction
of b-axis.

However, little is known about the detailed
influence of substitution of S with Se on the
stereochemical activities of Sh 5s? LPEs and crystal
structure. Here we present the results of the single-
crystal X-ray diffraction study of the compositions
between stibnite Sh,S3 and antimonselite Sb,Ses and
the ab-initio theoretical study of the electronic
structures.

EXPERIMENTAL METHODS

Commercially available Sb, S, and Se metal were
used as starting materials. Compositions of the
starting mixtures were as follows: Sh:S:Se ratio of (1)
2:3:0,(2)2:225:0.75,(3)2:15:15,(4) 2:
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0.75:2.25,and (5) 2: 0 : 3. The mixed powders were
sealed under vacuum in a quartz vessel. It was
subsequently placed into a furnace and heated at 500
°C for 96 h. Finally, elongated prismatic single
crystals with a length of 100-300 um were obtained.
For single-crystal X-ray diffraction measurements,
suitable single crystals were fixed on a 0.1 mm
diameter glass fiber, and then mounted on a RAXIS-
RAPID imaging plate diffractometer (Rigaku Corp.)
operating with MoKo. radiation (A = 0.71069 A)
monochromatized using a flat graphite crystal. The
structure was solved using direct methods with the
SIR97 program package (Altomare et al. 1999). Only
reflections with 1o > 4o(l,) were used for structure
refinements performed using full-matrix least squares
on F2 with the CRYSTALS program (Carruthers et al.
1999). After the all X-ray diffraction measurements,
each single crystal was removed and mounted in
epoxy. Then it was polished using a 1 um diamond
suspension for the electron microprobe analysis.
Quantitative chemical analysis was performed with
the JXA-8530F electron probe micro-analyzer (JEOL
Ltd.) equipped with a wavelength-dispersive X-ray
spectrometer. The samples were probed with an
acceleration voltage of 15 kV, an irradiation current
of 10 nA, and a beam diameter of 1 pm. The chemical
composition of each crystal was determined from the
averages of several points analyzed. Raw data were
corrected using a conventional ZAF program.
Synthetic Sh,S3 (SbLa and SKa) and synthetic Sh,Ses
(SeLa) were used as standards. Ab-initio calculations
of the electronic structure were performed at
DFT/B3LYP/3-21+G basis set using the quantum
chemical calculation software package Gaussian-09
(Frisch et al. 2009).

RESULTS AND DISCUSSION

The single-crystal X-ray diffraction
measurements indicate no phase change throughout
the solid solution range. The lattice parameters of a,
b, ¢ and unit cell volume are linearly increased as Se
content increases (Fig. 2a-c). The lattice parameter
variations normalized show an anisotropic expansion
that the largest expansion is observed along the a-axis,
followed by the ¢ and b-axes (Fig. 2d). The large Se
atom exhibits a strong site preference for the X(1) and
X(3) sites, while the small S atom prefers to occupy
the X(2) site.
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Figure 2. The compositional dependence of lattice

parameters.

The intra-ribbon Sh(1)-X and Sb(2)-X distances
(X =S, Se) are continuously increased with the Se
content. The three Sb(1)-X bond distances in the
trigonal pyramids are changed within the similar
range between 2.52 and 2.68 A, while the five Sb(2)-
X distances in the tetragonal pyramids vary from 2.45
to 2.59 A, from 2.68 to 2.80 A, and from 2.86 to 3.00
A, respectively. With increasing Se content in the
solid solution, the inter-ribbon distances where the Sh
5s? LPEs are located monotonously increase as well.
However, the variations between the ribbons are
considerably smaller than those of intra-ribbon
distances.

(a) 7

Sb(1)X; polyhedral volume (A?)
Sb(2)X; polyhedral volume (A%)
\\R

00 02 0.4 0.6 08 10

Sel/(S+Se)

00 02 04 06 08 1.0

Sel(S+Se)

0.575 (d)

0.565

T e
0.555 ¢ |
.

0.545

Sb(1)X; eccentricity (A)
p

Sb(2)X; eccentricity (A)
!

0.61 0.535
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 08 1.0

Se/(S+Se) Se/(S+Se)
Figure 3. Variations of polyhedral volumes of
Sb(1)X7 and Sh(2)X7 (X=S, Se) and their polyhedral
eccentric parameters.
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The polyhedral volumes of the Sb(1)X; and
Sh(2)X7 in which the Sh 5s2 LPEs are accommodated
constantly increase from 35.9 to 40.0 A3 and from
34.1 to 38.8 A3, respectively, and these eccentricity
parameters decrease from 0.66 to 0.62 and from 0.57
to 0.55 (Fig. 3). As a result of ab-initio calculation,
the Sb 5s orbitals on the Sb(1) atoms remain almost
unchanged throughout the solid solution. On the other
hand, the those on the Sb(2) atoms become smaller
with the incorporation of Se. The result gives a more
reasonable interpretation that the stereochemistry of
Sb 5s2 LPEs is only slightly affected by the Se
substitution in the structure (Fig. 4).

@ ”00 2 ShyS;

Sb(1)

»
Q%

9 L X
Shy

£22

f"J
(b) Se(1) I

LY

)

Sb(1)

A

Sb(1) ‘}
‘/‘ Se(1)

Figure 4. Molecular orbitals associated with the
stereochemical activity of Sh 5s? LPEs in (a) Sh,Ss,
(b) Sh2(S2Se)s, and (c) ShoSes. The red and green
colours orbitals represent positive and negative
wavefunction, respectively.
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1~7 DWW H 600 nm Z 8k x5 FEIIC 5 HTDOBROEARIE L 72 DRV Z R LTz, &
7o#t1E 640~750 nm & BRI RIEREBICBRI SN, 1 220K HE, F47
= EER— D BIUTEAN LI NI RIIREES 7 50, & FICEITIRE
SIETFTHZLNboolz, £1-F 47 = 8% BODIPY BHKICEEATHZ LTS
SRLBIOREREAEZRRTEDL Z ERbhoTo, R 71X 744 nm (ZHEMRK 2 7R
L. &R S REFREZ R LTz,

Table 1. Optical properties of 1-7.

Aabs / NM glM*temt A O Stokes shift / cm™
1 623 72000 643 0.78 500
2 630 36000 684 0.11 1250
3 640 55000 699 0.21 1320
4 626 47000 645 0.72 470
5 656 50000 709 0.39 1100
6 664 48000 687 0.58 500
7 697 54000 744 0.34 910

B FA T 2B A=Y —L L= BODIPY DAY I~—Bn(n=2,3)2A/k L7
(Figure2) , AV F~—DO@EENHU Lo, K
WERHFRELSEREY 7 ML, —EKB2 D%
J61% 820 nm, Z &K% 929 nm & BODIPY HiE{K 1~
7 L L CBEICRIEE YT R Lz, ZHUIEE O
BODIPY N F A7 = & L CHfEST 52 &I2 8D,
IRENIED PR Lizlzd B2 bD,

Figure 2. BODIPY oligomer Bn.

1) S. Saino, M. Saikawa, T. Nakamura, M. Yamamura, and T. Nabeshima, “Remarkable
Red-shift in Absorption and Emission of Linear BODIPY Oligomers Containing Thiophene
Linkers” Tetrahedron Lett. 2016, 57, 1629-1634.
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1. #5
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MRIOMIEEZF &3 LD, A A I3 TEERBETCEO L THY . B ShIRREIC
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7 U= PHEIRA, KT T AT 4 VOB N T EERKEIZ R LTS, Ll
G SOOI A B L AR OEIUCER LTERZS IS/ L, BRFEST LY A v —
JE[B]. AT AW, UANY RO KD 78S < OMREMRE[E]DORIEIZE D, L7ehi-> T, B
KRS DI 72 L~V DA A2 T 572001 o — DB RO b TN 5,

BIED & A BEOEFRE, T OMOGRETFWEEZ AW TE OO o —RHE SN TE
[7-10], Z 4V 5 D & o B — THEHHIT S R & CuP I3 218N 20l 2 TV D i, AR o gl
oY —DFERICZ < OB LR, BN E2ET 5700, EEROBEHANRECH 72, 2D &n
5. ARFZECIE, FRRA R O IEHIE D 2 SO 71 TR ATRE MRS A 4 v — 2 {Efld 5
=L, A7V NEIRIEAN 2 V- BT a A M G RE L, TORBEEITo7-, $=
PV EMEENDTHIROT > b T % Ykt @ O A E U —RUWED - O Ela LRI &
HE L TENENEH Lz, LT, ZOER TR EMEOBEIZ OV TR,

2. EB

2.1. B
F =YV (Sigma-Aldrich) % FZ/R3EM & L TREH L7z, A (No. 1. Advantec)z & o ¥ —Jitl &
L CHW, BRI Y 1S Frfk, Fndehlisk) oKERE €7 VIeBREKREN S LCHA L7,

2.2. &Y — 1Rl

05mgMLIBEDF=HF I 7t h WREBFRA 7 L LTHBL, B —ERICfiE L7, o
7Yy N7 % (DMP-2831, Dimatix, Fujifilm)iZ kv ZDA > 7 & AR EICHIRI L 7=, EIRIR
Z— %30 mmX20 mm O E L, wHHER L Z —DORICE DT, A > 7 Xk 1 5L
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PSR L, =YD i3t o — 2RI HLAR RIS &> TRAET 5, 2 OMIEYEE
w32 HME, ZHURE SHENRE =" JUIHIZ “Brd—" LIRS,

2.3, BURAY K OV SR 12 K 2 Rt

BRI 2 M5 5 5 A 1%, FUER Y % —% 5mL o 1 ppm, 2 ppm, 3 ppm, 4 ppm, 5 ppm Cu**
KR ZAE I 10 S [EHRE Lz, iRiE% O a2 b2 WIR TR Lz, EEA 7 EimE S HTIC X
DR ERETT 2 5A 1T, B OLER (F-4500, Hitachi) 12X 0 —EHEOEE R Lz & X
MIEHR T > — R IS B HOEOE ZJE Lz, F=9U OB CuP KIIEIC X
STMRONDHIZD, i oV —Z e RRIEO CU KIRRICRIE L, #emEL2E L,
DOF=HOFELE LT, 05mgmLIBEDF =YY > 7 & b UARIKR TH{ L7z A% 10, 20, 30, 40 |
B TR B0 uM D Cu® K¥#4: 5 mL 12 10 43 L CRase L 7=,

— 05, ERE A FEH T A7 OARIEE (0.2mgimL) OF =YV Rk EA 7 L LTCHEIRIL, 1. 2,
3. 4. KROV5 UM D Cu* KIAIE4 5 mL 12 10 /s L7-, BE%. B o —I3RIR Tl L, 20t
EEMIEICHE U, FREma iR & CuP i L B A kDT,

2.4, fhA A U HEOTV

IR >V — DA A AR 2 5 72 DI AR B R VOB TREE D 2 S D HIEIZ K- THILS D
A AR LD T W&, WRAHRITIEL Na', K, Ca®", Fe™', Co®, Cd*, Mn*", Hg?', Pb*,
Ni%, zn? ROVAG 2B L7, #1172 H HEPES[4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid]#Z
B C pH7 IZFHE L 72 20 ppm O7KEEHE 5 mL ISR & o —% 10 53 [HiRIE L, 28 k% AR CT#l
BT, SOIZZOMERYE o —Z S, RimEOLRE 2 0E L,

2.5. pH LIRFE D

pH SR IXE T & AL B W T RE REBE KFTR T TH D120, ZOREE P, pH
DRBETRRDT2, 45 2 M O IKEEET b U ¥ AKER TENEI pH2, 5, 9 KTV 112
B 7- CUPRIAIEIS 10 Sy RIMRIENR B » — 2R IE L, (28 (b2 IR TBIES LT, IRE OB AR
T 578, 20, 30, KUV40 °C OKRIEHF TEEIEZ AL SEThH, SEMEREEZIT- 7,

2.6. REFHm

ARACEIR L7z % = ) U R EMMRERICRET 558355 2 LB 0o T, IREAO IR 2T~
L1280, AR EOX=Y U v offidEsy, FHIRIER & 3 0H % IR rEE (FT/IIR-6100, JASCO)
DAFEHEATR) 2 W CTHIE L=,

3. MERLEZ

3.1, LR R OV S B oy AT
% 1 1% Cu®* K ¥R 10 43 TH]
1215 LT EA% O/ EEE
=B E R L TWND,
KETOHE L, &
VI A HIRER AT
BbT 5 Z EnlgEsn,
CU™ I DI P> TR
BOPRFEN LN > T D,

H,0 1 ppm 2 ppm 3 ppm 4 ppm 5 ppm
Fig.1 Paper-based sensors after immersed in Cu* solutions.
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ZOBZIZL Y, DT 2ppm EEE (H R AT D 2 BRI IR SN D RME) D Cu® A
HTXAZERPLNE oot 10 R LT L2 WERED CU it 2k e X 7=,

AOLTREEIC X AT TR, K2 RO 3ITRT & 912 R A% OREMN & o — R EOLE & Cu® i
FE & ORICEMRBRNH D Z LRy hotz, DT LT, CUPEE 2 IR CREZRET 57213 T
RS T & D AlRetE 2 R 5, B I Xt o —OfERIERRZ A 7 L LTHWET ' R URIRO ¥ =
P REICEIEAFT D, F=F Y REMRITIUTE OB S ER T E D,

[Cu®'] (uM) [Cu®] (uM)
0 10 20 30 40 50 60 0 1 2 3 4 5
900 . . . . . 700 . ) ; .
800 7
4 600 3
700 T 1
g z
£ 600 - Z 500
] 3]
S =
© 500 1 < 400
9 o
5 =1
o 400 -
3 y=-112.89x + 745.93 g 200
§ 300 RZ =0.97046 % y= '1.21691X + 584.64
S 5 R*=0.99422
'uE. = 200
200 =
100 100
0 0 T T T
0 1 2 3 0 100 200 300
[Cu?
W tppm) [Cu] (ppb)
Fig.2 Fluorescence intensity of paper-based Fig.3 Fluorescence intensity of paper-based
sensors after immersion in Cu®" solutions of sensor after immersion in Cu®" solutions of
concentrations from 0 to 50 pM concentrations from 0 to 5 uM
3.2. {’H_j/l) 7]“/%@0)3:{//’% _‘(:n:l.:m '_'Opgm ‘_70pp.om ZOpﬁm ZOpgm

[ 412, MM > — % 4% 20ppm OftA 7
AR IRE L 7RO v — D% R
T FERBNTEN LIS D A A T TITADZE LA
RO LI oTe, TORERIT, F=F U N
CUIZHR L TEVBIRIEZ FF o2 R L THE D,
T2 OR LiaA A UREANRAE LT b CuT R
ZERICHIITX 52 L 2 W0kT 5, B5 1, o
FOETREEIZ 31T D RBROF R 27 LTk Ag
D IS OELEBA A LFEOFTCU?SIF Fig. 4 Paper-based sensors after immersion in 20ppm
X =Y L OW R B IR RS B = b solutions of various heavy metal ions

R LTS,

20 ppm 20 ppm
K* Pb?*

20 ppm
Mn?*

20 ppm
n¥

20 ppm
N2

33. pH LiREDZE

PH 23 =H U > & CUP DISITE 2 5 B8 & J 724G B pH1L O 7 L U TIIEER AEIC R G
R LT, BECIRREARISEZHE L, BOZE(LRR>T, ZORE, MEOEEEZ D L7
DITIX HEPES 72 & OFFEHRIZ L O FHEICHRIET 5 2 LB ETH D Z &R gnol,

B 6 I[CIREDREL R, BED EFICEY CUPEEICH T AMNEMER TERRE o2 b
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Fig. 5 Surface fluorescence intensity of paper-based sensors after immersion in 20 ppm solutions of

various heavy metal ions

5 OKIRAS E & X =Y DOROERHEDO R 2 e
T D NGl

3.4. (RE Ffm

IR CTEHEE DI =YY v OHOEEEA AT
HIREZ T~ T, K712, ARRICHIRBIERZ XT3 00 H
FRiE DX =H Y L ORNFHART bV ERT, F
=Y N EEND T PO — 2 331625 cm™ T
BN TWDEA, 3ARBEBRIZZOE—7 BHEL T
W5, =Y NI ST IRIC L o TR S,
E ReX v EIcB b Lz & CRANEITLIZHO
EEZLZD NI L TR =Y Ui St
00— A LKIRNT D Z ENRHE SN TWD[LL],

o CHM RN v — 1 ERE A PR T 5 2 &
MTET,

o i "
HFIRE T vy U tose
> MEIREIZ & » THIA A % o
BT & 2N E v — % 1E von
WEHrZLITEH LI, 2ok 3 oo

VY =TGR L TR =HY
vEHNTWDS, F=H %
FHEERE ., TRDOLAKHEREG.
BRSSO CHIm A BB
12 Lo THREICE L r— R fikHE
FICREEEDENTET,

0.006

0.004

0.002

800.00
700.00
600.00
z =-6.9397x + 735.47
1%
§ 500.00 -
=
8 400.00 -
5 .
g ™
£ 300.00 - y=-12.642x + 738.46
g 2 ®20°C
E R? = 0.95363
200.00 -
E30C
100.00 - A40C
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0 10 20 30 40 50 60
[Cu?*] (uM)

Fig. 6 Fluorescence detection conducted under
different temperatures

—Immediately after printing

Printed after 3 months

3100

2600 2100
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EAMSEHIRTHR TS Z L

Fig. 7 Spectrum of quinizarin on filter paper surface immediately and 3
months after fabrication.
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2 XV ABKICE £ 5 20pm LU F O D Cu* 2 P DIEEE TR L BARSICHHTE S Z &N
Gyno Tz, & HITEN IR F A A T e 2 JIE T 3UE & I EREE 70 E&OHIE S /BT
bol-, D 1L FEDOEEA A NTITSET, @V CUP BRI EZ b O Z R LN E o7, F=
PV TGRS ZZ 0TV, EE BT IEEMRE N AL 2D,

i

SRR 27 AEEE TR P Bl A BRIR S 4L, 32600 e EERT (F-4500, Hitachi)z i H STV =72 2R
FERTDH, TOMOIFIETE, BotriE®E (TG/DTA7300, Seiko Instruments Inc.) . & H#ENZ HAY X
FRIFHTE5E (D8 ADVANCE/TSM, BrukerAXS) ZfEH & T\ 272 2 & A0 CTHfLH L Bif
E)o
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WIERT =T BELIOMRICBIT AT /) — REEFEKEIC AT 72 Pt-Ru B O

VAT LEHCRM G VX — T fERET

. BIZEERY

{152%7 CE=TIEL IR REE & EE R 2 A A T KR AR T D, AWFZET
TAET =T PO ARF WY HTHEL L TEROIHEIER L TWS, @B7 I FeXXFfiE
fRE L L TNADZ EICRY | KT =7 OB L DER TORERHNRTRETH S Z
EWRENTZ, L LR, BoNoMEEIT 1.0V EEEREEZE 2D EEm<. TE R
SEDLENHELE L THETOND, o, EFMHEOETH LT /) — UL fRENL s 71 Y — Rl
\ZH_T 5 1ﬁ$§ﬁ$j§% W2 EWRGDo TS, ZAVE TS, EMROFR w2 BN S Tl i 2 KR
SEDDIT, BED > EICIVER LA REMmRZEH L, %@F% 7/ — FIENLZ 0.5V
FREE ’C“ﬂi?)ﬂi“(“é‘ Teo SHIZT ) — MO EEMN ZIRT 5272012, 7 B=T Gk - DA
PR T % Ru Z ¥ L T, Pt-Ru fEXD - & 7 ﬁ%@%btomRu%ﬁ (2t LT, RO R T
o Ak, RS LG L, EXLFRE L OFBEEZH NI T2 2 2 A E LT,
2. EBIGE

Pt-Ru B A B > ZIEIC KV ER L, Pt A&l L Ruli{btWZ kS LT, Pt & Ru DR
73(a)Ptioo-Ruo. (b)Pt7s-Runs, (¢)Ptso-Ruso. (d)Ptas-Ruzs, (e)Pto-Ruio & 72 % & 9 12, Ptplate FEAH(20%20%0.2
mm)IZERD > X 1T o, BIER 21X SEM(Scanning electron microscope)-EDX(Energy Dispersive
X-ray)#ll i€ 3 & Y AFM(Atomic Force Microscope)f#i%%, XRD(X-ray dlffractlon){EIJE 1o 70, BtV
\Z Liquid NH3 (15 mL) + IM KNH, 23 A U7z, SBMROFFEFHMIZ 1% =5k CV(Cyclic voltammetry){%
V., TEREMIC 5 FifEHO Pt-Ru FEM, Pt plate %*@(20X20X0.2 mm), XHREEMRIZ Pt plate FEAR
(20x20x0.2 mm), ZMEFEMIC Pt #(¢:0.80 mm)Z fEH L 7=,
3. ERHR - B8

X 1 ICERD > B L 0 ER L 72 Pt-Ru EH(a)-(e), Ptplate RO AFM Mg & EDX HIE D 515
BT LFEMAZ R T, (a)Ptioo-Rug. (b)Ptrs.Rups BEMRTIE 1.0~2.0 pm ORI D3HEFE L TV D DIZxf
LT, Ru @MV (c)Ptso-Ruso. (d)Ptas-Russ, (e)Pto-Ruigo B TIIRI 1T & A CHERR S LT, B0

BMEEHABR SN TN D, £ 1IC AFM HEOM™N XY REES - 72 K B0 K mAE= (B H K

mﬁﬁ’fﬁémo%ﬁ@ﬁﬁ@%Aﬁwﬁ‘mmm@ﬁ ZxF LT, (0). (d). (e)EBEMOFEHFERIT
B b L IFZMELTELT, Ru OEAENKE WIEAITEMD > 2L D REMOBINHTE %2 -
RN ENG Tz, M2 ICHEMEHWTIBIRT =T BXOMOT /) — MUl CV Fitk 2R,
0.1V TOEHMEIZ(2)0.007 mA/cm?, (b)0.250 mA/cm?, (c)0.437 mA/cm?, (d)0.013 mA/cm?, (€)0.020
mA/cm? L7257, (b)B L O)EBMIIMOBMRIZILT, 0.1V & W) IKEE CHFICERMS KX
{725 TW5, (b)B L VN(c)EMDFEHEAEFIT Ptplate BEMRIZ 3 L TIFIEZEL L TV W2, EHE
BT R & BN 2N L3300 %, XRD JIEL Y | (b)~(e)EMR L Pt-Ru B& 2 TERT 5 23,
(b). (C)EMIL fec 1, (d). (e)FEMUT hep HEEZHT 5 Z E VMR IANLTND, 2D E LD (b),
(C)EMOEFMEIIMIL, fec HE1EEZ AT 5 Pt-Ru 5O EMAMIERICERT 5 B2 615,
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[um] Eisd [um]
(a) Pt:100 at% (b) Pt:80 at% Ru:20 at%

(d) Pt:9 at% Ru:91 at% (e) Ru:100 at% Pt plate

1 Pt-Ru M, Pt plate B AFM MHif§ 35 K OCEAK

1.6

—Pt:100at%(a)

—Pt:80at%, Ru:20at% (b)

1.2 —Pt:52at%, Ru48at% (C)
1 | ——Pt:9at%, Ru:91at% (d)

——Ru:100at% (€) /v

—Pt-plate

14 ¢

Current Density [mA/em?|
=
oo

Potential [V vs. Pt]
2 RIKT ' =T ERRICI T S Pr-Ru A, Ptplate BAED T / — Rl CV iR

# 1 Pt-Ru &M, Pt plate Bk 3R [ fE R

Surface Area Ratio [nm?/nm?]
Pt-plate 1.218
() Ptioo-Ruo 1.649
(b) Pt7s-Russ 1277
(¢) Ptso-Ruso 1.134
(d) Pt2s-Ruys 1.182
(e) Pto-Ruioo 1.183
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7277 AL EREERE DR

PR FRT R
oz - A w

TR
BRI, EERNORB R Y FU =2 OFLIEEE LT, LR
MiE P ICEEEICEEL. REto Th7 ] L L TCEEAAELZRE-L TS,
T, BHOT7T IV BOMAEDLE LRI oFEELT (74
YTy 7 AL B S, e OFEBY XA 70T - ZBICHOY LA TN S,
FTrixohEclic, 73 7BO—METHLIZX DU U, BIREED O &
OTHDHIMENEEE BRI L 2REL &0, mMPIziEzo
MicbZ L OEBEOT I VBBHFET L2080, Zhb 07 I kL B IRERE O B
FFEEMICIIH LIS TRV, £ TARMIE T, b7 I 8 E Bk
BERE O BILR 2 BT IC G T2 2 & 2 A & LTz,

5

AHFTEIE, BEE/R B i 714 (45.3 £ 18.3 %, 163.1 = 11.0 cm, 59.7
+ 9.4kg) Xt L Lz, GELERICHT HLEOHEAIL, 56.3 % Th - 7=,
TRTCORGEFICHEO B IE, 72 EHICET @B ZzB 20, &
HIZCCHFESIMORE 2/, KR, SR RKFERERFIEMIEE B S DK
REZ T TR bz,

RRFIIL, WEBLE SEEMRI N ORFE, 12EMAINODON 7 = A >
BLOTNVa—LOoER, L T24 MO OEHOEMEEL S E T, T
RTCOPWEF, BELBER I he— LVINTENRERELZBLZ o712,

MAET X 7 BRIRERE DT OIZ, $tRE DO EFEEHEIRN D ~/NY )
FU T AN BEZEERIME IS MR & BB L 72, SRR T 0 1S D 4y B &
BIAW, MRS ZER LT, Mg P ORZ R 7 WPRIE, S TSR (2)
CHEWER L, JIE TSR P RERE Y 2 — o EMIc &EFE L,

5 Ik 1% 88 @ FE Al 12 SHEh Ik = > 7 5 4 7 > A (Carotid arterial

1
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compliance : CAC) Z H\, MJ/EZELH 7= OHENARAFE L & L CREf L 7=,
CACZ, 77 x—var b/ A =B DEHBIRME &, BERIEICE
D SHEIRNEORE 23 Z 72 WHEH L,

HEHAENT 121X Graphpad Prism 6 # W\, B EKAEILS %& L=, HEHE
BIfR O EIZ L. Pearson OFAHEIRE A2 H 7=,

ok R

®5FED CAC X, MBFET I /otb Y > (r=0.33, p<0.01), AV
nAvy (r=060,p<001), L TrA Y (r=0.64,p<0.01) EHER
EDAHBIBIMR A R Lz,

EELELYD

AR RFE D CAC (X, M7 I VBORNTH, SIEEHT I /8’
(branched-chain amino acids: BCAA) IZnpB b, AN A YA,
LT EOMBBEERRO N, IHIL, BCAA T4 "7 ER
HCERT 2720 TR BRBICOLEET L2 2L THERSATVS, BCAA
DRIPThbRA VALY a AV E, A A CIFRFAIH B~ O B
ViABZEED DI EDRHREINTVDH(3-6), X HIT, WERWHKET VIV &R
Wi BEFHHEMERERFET VEWZ AW EBRTIEZ, =4 6 L< X BCAA i &
BRI E 5252 L CMERENLELEZZEBHLNIRSTND(T, 8), &
MR BITEREEZGE T 5720, munid BCAA JEEIX. ®REEE 2 R4F
CROTZDICHEREE ZRIZLTHLIO0E LR,
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1. FE O, et al (2014) HHEBMHICH T2 MEXY UV VIRE & ME N EERICE T 28
Wbk gE. #eE 2 16(1):15-22.
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supplementation on delayed onset muscle soreness and muscle damage in
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3. Nishitani S, et al (2002) Leucine promotes glucose uptake in skeletal muscles of
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