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Tri-p-oxo0-bis[5, 10, 15, 20-tetrakis (pentafluorophenyl)
porphyrinatoniobium (V)| D #&& & thr

T B - AR

IGEN

FIER R 7 0 v 7 4 7 BUL AR 98

2020412 15H =z B

Tri-m-oxo-bis[5, 10, 15, 20-tetrakis (pentafluorophenyl) porphyrinatoniobium (V)] (= [ {Nb(TFPP)},05]) @ Hii i % H v C,
ZORBEEEZH O L7z, MmN T — & 13K Ol D : crystal system tetragonal, space group I4,/a (#88), Lattice
parameters; a = 26.182(4) A, ¢ = 30.733(4) A, V = 21067(5) A>, Z = 8, Rl = 0.0856, wR = 0.2451. [{Nb(TFPP)},05] &

Nb(TFPP) X3 DD HIEFI2 L 5T, 39— DONb(TFPP) L 4UF L T RIb L 72liz L o T 5.

=*7

JFIE, RV 740 YEROBREF 4D EMRERF32LITHELTBY, EALT EALME =5 H: B S

BloTWwie.

1. Introduction

AL S T3 b 7 a2 2 O Tl b HE 2 K
JIBDOOEDTH LN, TDEL DT UL ATIEENY
A7 OE, BERE R ERIRILY 7% & O Y 7
LA TWE, ZOX) TR, BB
BT O FRAL Al 2 o 2B L S 7 1 2 R & B %
52 LA CITERETH 5.
1k, 7y FEIZ v 510,15, 20-tetrakis (pentaf-
luorophenyl (N-methyl) iminomethano) chlorin) (= HyTF-
PC) Z BT & § 2 &Rk Z am L, N5 DK
ZEALPOGOfillE L LTS T 205852175 T & 7.
Bl 21E, HyTFPC% AT & 3 5 MEAEHIAADS, 225+
DOMBEZALA L 357 I v OISOl & 72
BT EERHHLTRS. Y

41X, HTFPPR BT 35 =4 785k, Th
ETICRNVT7 4 ) Y ERMT &5 =4 7KL, 5,
10, 15, 20-tetraphenylporphyrin(= HyTPP)X*meso-tetra-p-
tolylporphyrin(= Ho,TTP) & BLfZ 1 & 5 5 b O 3 &
nTwzy, oMb rn??

AREw LTI, tri-m-oxo-bis[5, 10, 15, 20-tetrakis (pentafluo-
rophenyl) porphyrinatoniobium (V)] (= [{Nb(TFPP)},03])
WZDOWT, BT OFE R 2 WS 5.

2. Experiemental

HoTFPP & 3 b= 7 (V) & 0 Bl L 72kt k% ¥
ZJUBTRY VNFH XD EEEHLT, R
& 57z

Z DFES%FOMBLIN OIL T2 —5 4 ~ 2 L, Mounted
Cryoloop (HAMPTON RESEARCHA %) 12 [E 5 L7z, il
E1E, Rigaku Saturn724H B X # BT EF 1T, Graphite

monochromatoriZ X V) ¥.AzAL L 72MoKa#i 2 I\ TH7 -
co e L, IRAHMETR S &2 VT, Rk E-180T I
o 7=, HEEMATE I (SHELX97)! % v Tl
W15 %2 Pead U721, Full matrixde/D 33 E DA K % 4
DL, KFETFZERTRTOREFAELZJE L7
KRFER T, BATEIETE (C-H 095 A) 12X ) Efi
B % P L7214, riding model GKEJE 25K A& L CTw
B RFFETFIH LT, Ug(H) = 12U, & FTHETr
EOREALEAT 5 7. B IAT > 72D E DR RS,
EFICER DD B E— 2 13RI N e ol T
T D EF 4 I3Program package Crystal Structure 4. 2% i\
Tfrotz?

3. Results and discussion

H,TFPP: AL =F 72X = bV TGS 5 S
&T, HyTFPPEECHF-& 3 HNbEEIR, [(ND(TFPP)},0s]
AL, FOHENLZ W TH{Nb(TFPP)},05] 0O i
e B X AT IS X D B S AT L7
[IND(TFPP),Os]D # i 18 T A — & — B X UK
SREEAL DI85 A — % —F Table 1 1R L72.
=FATHRTIE, RV 74 VEROBERET 40 LW
FET3DLIHELTBY, EAL7RMEE =)
HRMAEZ &> Tz, =F 7HE T IITFPPE# 0
M k26 FI21.01 A& Twiz, BEfTics 2o
T, FRBIE LTAFH U L0 TE TN w7z,
T A AF =5 =L 22572720, PLATON/SQUEEZE
THOWTHEOBRFHELZ LTV,
[(Nb(TFPP)},05]iZ, Nb(TFPP)%* 3 2 0 %21 i 3%
JFHFICEkoT, 9 —ONNTFPP)L#EA L7z &
&R & > T (Figure la). O2JE T 25K dh =410
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Figure 1b ORTEP drawing of [{Nb(TFPP)},04] (the crystallographically related atoms are omitted for clarity).

Figure 1a ORTEP drawing of [{Nb(TFPP)},0s].



Tri-p-oxo-bis[5, 10, 15, 20-tetrakis (pentafluorophenyl) porphyrinatoniobium (V)] D4 3 fif A1 5

PR ML 112> TV 5 72®, Figure 1bIZ/R L 72
JEF- D RDHE M ENH. R R Th D, KREERS
% i DR (Atomic coordinates and B, / B,) % Table 2,
IR AT D HERE (Atomic coordinates and By,  involving
hydrogen atoms) % Table 312, F 78 GHNRFT A —% —
D) A I (anisotopic displacement parameters) % Table 4
R L7z, HETF- R OR A HiEE% Table 5 (Bond lengths
(A)) & Table 6 (Bond length involving hydrogen (A)) {2,

#5614 % Table 7 (Bond Angles (1)) ICENENF L7z,
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Table 1. Crystal and structure refinement data for [ {Nb(TFPP)},05]

chemical formula CggHF 10NgNb2O3

fw 2178.90

crystal system tetragonal

space group 141/a (#38)

a, A 26.182(4)

o, A 30.733(4)

v, A 21067(5)

VA 4

Degter glem’ 1.374

n(MoKa), cm™ 3.339

T,K 93

No. of reflections Measured Total: 156013

Corrections Lorentz-polarization

Absorption
(trans. factors: 0.744-0.967)

No. Variables 636

Reflection / Parameter Ratio 17.11

R; wR2 (all data) 0.0953; 0.2451

RI (1>2.000(1)) 0.0856

Goodness of Fit Indicator 1.086

Max Shift / Error in Final Cycle 0.000

Maximum peak in Final Diff. Map, "/ A® 3.02

Minimum peak in Final Diff Map, ¢ / A3 -2.26
Table 2. Atomic coordinates and Biso/Beq
atom x y z Beq
Nbl 0.55297(2) 0.24411(2) 0.12762(2) 3.229(13)
F1 0.73796(15) 0.35493(16) 0.1939(2) 9.66(16)
F2 0.77958(19) 0.44272(19) 0.2244(3) 12.3(2)
F3 0.72306(17) 0.52799(13) 0.22901(17) 7.67(11)
F4 0.62460(19) 0.52569(15) 0.2053(2) 9.41(15)
F5 0.58249(16) 0.43875(15) 0.1740(2) 8.75(14)
F6 0.65878(15) 0.1420(2) 0.26922(13) 8.26(13)
F7 0.66240(17) 0.1013(2) 0.35001(14) 8.55(13)
F8 0.58055(16) 0.10771(15) 0.40316(10) 6.32(8)
F9 0.49562(18) 0.1543(2) 0.37483(13) 9.00(14)
F10 0.49038(14) 0.1934(2) 0.29373(13) 8.04(13)
F11 0.63412(12) 0.03752(14) 0.08002(16) 6.87(10)
F12 0.61661(14) -0.05956(14) 0.05322(16) 7.04(10)
F13 0.52025(13) -0.09024(11) 0.03451(10) 4.88(6)
F14 0.44145(11) -0.02361(11) 0.04228(10) 4.57(6)
F15 0.45851(11) 0.07285(11) 0.06984(10) 4.50(6)
F16 0.70180(12) 0.26544(15) -0.02095(10) 5.60(7)
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atom x y z Beq

F17 0.71321(13) 0.28851(17) -0.10585(10) 6.35(9)
F18 0.63245(13) 0.32236(13) -0.15262(9) 5.17(6)
F19 0.53978(12) 0.33133(14) -0.11471(11) 5.53(7)
F20 0.52687(11) 0.30565(11) -0.03019(10) 4.48(5)
0Ol 0.51460(14) 0.29336(19) 0.10333(18) 6.65(12)
02 0.50000 0.25000 0.17311(14) 3.79(8)
N1 0.61323(14) 0.29583(13) 0.10060(11) 3.14(6)
N2 0.59858(14) 0.26267(14) 0.18685(11) 3.29(6)
N3 0.56405(14) 0.16433(14) 0.15693(11) 3.33(6)
N4 0.57994(12) 0.19841(13) 0.07020(11) 2.92(6)
Cl 0.61862(16) 0.30533(16) 0.05640(14) 3.21(7)
Cc2 0.64164(19) 0.35463(17) 0.04903(15) 3.73(8)
Cc3 0.65095(19) 0.37510(18) 0.08872(16) 3.89(8)
C4 0.63294(17) 0.33893(17) 0.12053(14) 3.36(7)
C5 0.63596(18) 0.34522(17) 0.16589(15) 3.54(8)
C6 0.62108(18) 0.30909(17) 0.19613(15) 3.62(8)
Cc7 0.6295(2) 0.3134(2) 0.24252(15) 4.24(9)
Cc8 0.6126(2) 0.2705(2) 0.26100(15) 4.26(9)
Cc9 0.59317(18) 0.23826(19) 0.22635(14) 3.71(8)
C10 0.57399(18) 0.18965(18) 0.23303(14) 3.61(8)
Cl1 0.56093(18) 0.15461(19) 0.20054(15) 3.79(8)
Cl12 0.5463(2) 0.1025(2) 0.20763(17) 4.88(11)
C13 0.5415(2) 0.0807(2) 0.16795(17) 491(11)
Cl4 0.55382(18) 0.11919(18) 0.13656(15) 3.73(8)
C15 0.55603(16) 0.11142(17) 0.09236(14) 3.41(7)
C16 0.56963(15) 0.14801(16) 0.06153(13) 3.04(7)
C17 0.57454(17) 0.13752(17) 0.01592(14) 3.36(7)
C18 0.58724(17) 0.18220(17) -0.00345(14) 3.39(7)
C19 0.59112(15) 0.22006(16) 0.03074(13) 2.99(7)
C20 0.60680(16) 0.27042(16) 0.02377(13) 3.11(7)
C21 0.6600(2) 0.39430(18) 0.18224(15) 3.83(8)
C22 0.7097(2) 0.3972(2) 0.1953(3) 5.86(14)
C23 0.7316(3) 0.4419(3) 0.2109(3) 7.01(18)
C24 0.7025(3) 0.4846(2) 0.2141(2) 5.54(12)
C25 0.6525(3) 0.4830(2) 0.2026(2) 5.67(13)
C26 0.6314(2) 0.4387(2) 0.1865(2) 4.95(11)
C27 0.57461(19) 0.16860(19) 0.27886(15) 3.80(8)
C28 0.6175(2) 0.1461(2) 0.29470(17) 4.89(11)
C29 0.6202(2) 0.1249(3) 0.33607(19) 5.27(11)
Cc30 0.5780(2) 0.1274(2) 0.36241(16) 4.66(10)
C31 0.5357(2) 0.1500(3) 0.34821(17) 5.42(12)
C32 0.5332(2) 0.1713(3) 0.30662(16) 5.14(11)
C33 0.54659(17) 0.05805(17) 0.07649(14) 3.42(7)
C34 0.58574(19) 0.0233(2) 0.07138(18) 4.42(9)
C35 0.5778(2) -0.0264(2) 0.05798(19) 4.64(10)
C36 0.5286(2) -0.04225(17) 0.04832(15) 3.88(8)
C37 0.48904(18) -0.00863(18) 0.05225(14) 3.56(8)
C38 0.49788(18) 0.04088(17) 0.06616(13) 3.41(7)
C39 0.61407(17) 0.28568(16) -0.02257(14) 3.24(7)
C40 0.66120(18) 0.2821(2) -0.04307(15) 3.86(8)
C41 0.6677(2) 0.2945(2) -0.08693(15) 4.28(9)
C42 0.6268(2) 0.31141(19) -0.11026(15) 4.00(8)

Beq = 8/3 11:2(U11(aa*)2 + Uzz(bb*)z + U33(cc*)2 + 2Uj9(aa*bb*)cos y + 2U;3(aa*cc*)cos B +
2U53(bb*cc*)cos o)



Table 4. Anisotropic displacement parameters

atom
Nbl
F1
F2
F3
F4
F5
Fo6
F7
F8
F9
F10
F11
F12
F13
F14
F15
Fl6
F17
F18
F19
F20
(0)1
02
N1
N2
N3
N4
Cl
c2
C3
C4
Cs5
Cc6
Cc7
C8
9
C10
Cl1
C12
C13
Cl4
CI15
Cl16
C17
C18
C19

Tri-p-oxo-bis[5, 10, 15, 20-tetrakis (pentafluorophenyl) porphyrinatoniobium (V)] D4 3 fif A1

Table 3. Atomic coordinates and Bjg, involving hydrogen atoms

atom
H1
H2
H3
H4
H5
H6
H7
H8

U1l
0.0286(2)
0.059(2)
0.081(3)
0.105(3)
0.104(3)
0.073(2)
0.064(2)
0.088(3)
0.111(3)
0.093(3)
0.064(2)
0.0490(17)
0.068(2)
0.076(2)
0.0572(17)
0.0505(15)
0.0519(17)
0.0583(19)
0.078(2)
0.0576(18)
0.0427(14)
0.0431(19)
0.051(2)
0.0431(18)
0.0405(18)
0.0438(19)
0.0352(16)
0.042(2)
0.060(3)
0.058(3)
0.045(2)
0.048(2)
0.049(2)
0.061(3)
0.064(3)
0.049(2)
0.045(2)
0.052(3)
0.085(4)
0.084(4)
0.051(2)
0.039(2)
0.0362(19)
0.047(2)
0.050(2)
0.0345(19)

X

0.64883
0.66643
0.64437
0.61325
0.54108
0.53175
0.56982
0.59257

U22
0.0493(3)
0.065(2)
0.077(3)
0.055(2)
0.056(2)
0.061(2)
0.172(5)
0.157(4)
0.093(3)
0.187(5)
0.175(5)
0.071(2)
0.065(2)
0.0434(14)
0.0554(16)
0.0510(15)
0.114(3)
0.138(3)
0.082(2)
0.092(2)
0.0647(18)
0.106(3)
0.057(3)
0.0366(17)
0.049(2)
0.049(2)
0.0411(18)
0.038(2)
0.039(2)
0.040(2)
0.042(2)
0.043(2)
0.046(2)
0.060(3)
0.063(3)
0.055(3)
0.055(3)
0.055(3)
0.060(3)
0.057(3)
0.050(2)
0.049(2)
0.044(2)
0.045(2)
0.045(2)
0.047(2)

y

0.36981
0.40722
0.34168
0.26260
0.08637
0.04640
0.10547
0.18767

U33
0.0448(3)
0.243(6)
0.308(9)
0.132(4)
0.198(6)
0.199(5)
0.077(2)
0.080(3)
0.0363(15)
0.062(2)
0.067(2)
0.141(4)
0.136(4)
0.0658(18)
0.0610(17)
0.0696(18)
0.0466(16)
0.0446(16)
0.0364(14)
0.0605(18)
0.0628(17)
0.104(3)
0.036(2)
0.0395(18)
0.0352(17)
0.0343(17)
0.0347(16)
0.042(2)
0.043(2)
0.049(2)
0.042(2)
0.043(2)
0.042(2)
0.040(2)
0.035(2)
0.037(2)
0.037(2)
0.037(2)
0.041(2)
0.046(3)
0.041(2)
0.042(2)
0.0353(19)
0.036(2)
0.034(2)
0.0323(18)

z
0.02164
0.09448
0.25717
0.29116
0.23496
0.16204
0.00200
-0.03367

U12
0.00177(14)
0.0116(18)
0.002(2)
-0.008(2)
0.018(2)
0.0134(18)
0.037(3)
0.024(3)
-0.004(2)
0.028(3)
0.041(3)
-0.0059(15)
0.0052(17)
-0.0123(14)
-0.0205(13)
-0.0057(12)
0.0225(17)
0.020(2)
0.0047(16)
0.0106(17)
0.0016(12)
0.010(2)
0.014(2)
0.0041(14)
-0.0010(15)
-0.0093(15)
0.0001(13)
0.0024(16)
-0.0011(19)
-0.0027(19)
0.0046(18)
0.0050(18)
0.0025(18)
-0.004(2)
-0.004(2)
-0.001(2)
-0.0027(19)
-0.008(2)
-0.022(3)
-0.028(3)
-0.015(2)
-0.0094(18)
-0.0024(16)
-0.0085(18)
-0.0067(18)
0.0010(16)

Biso

4.475
4.668
5.082
5.111
5.856
5.896
4.028
4.067

U13
0.00462(14)
-0.022(3)
-0.070(4)
-0.035(3)
-0.031(3)
-0.032(3)
0.0292(19)
0.007(2)
0.0106(16)
0.044(2)
0.0231(18)
-0.018(2)
-0.018(2)
-0.0139(15)
-0.0109(13)
-0.0036(13)
-0.0051(13)
0.0073(14)
-0.0061(14)
-0.0196(15)
-0.0043(13)
0.010(2)
0.00000
-0.0012(14)
0.0092(14)
0.0079(14)
-0.0011(13)
-0.0025(17)
0.002(2)
0.004(2)
0.0056(17)
0.0033(18)
0.0095(18)
0.008(2)
0.008(2)
0.0109(18)
0.0104(18)
0.0094(19)
0.011(2)
0.010(2)
0.0066(19)
-0.0015(17)
0.0012(15)
-0.0057(17)
-0.0090(17)
-0.0050(15)

U23
-0.01057(16)
-0.054(3)
-0.051(4)
-0.027(2)
-0.052(3)
-0.040(3)
0.046(3)
0.048(3)
0.0071(15)
0.031(3)
0.030(3)
-0.038(2)
-0.033(2)
-0.0050(13)
-0.0032(13)
-0.0054(13)
0.0096(16)
0.0043(19)
0.0044(14)
0.0203(17)
0.0111(14)
0.063(3)
0.00000
-0.0050(14)
-0.0106(15)
-0.0071(15)
-0.0060(14)
-0.0024(17)
0.0006(18)
-0.0043(19)
-0.0059(17)
-0.0096(18)
-0.0177(18)
-0.018(2)
0.013(2)
-0.0093(19)
-0.0049(18)
-0.0022(19)
0.001(2)
-0.001(2)
-0.0052(19)
-0.0066(18)
-0.0061(16)
-0.0083(17)
-0.0040(17)
-0.0046(16)



atom
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44

Ul
0.037(2)
0.061(3)
0.060(3)
0.070(4)
0.081(4)
0.090(4)
0.058(3)
0.052(3)
0.061(3)
0.057(3)
0.080(4)
0.071(4)
0.068(3)
0.047(2)
0.046(3)
0.056(3)
0.067(3)
0.053(2)
0.051(2)
0.045(2)
0.044(2)
0.053(3)
0.062(3)
0.054(3)
0.041(2)

U22
0.043(2)
0.044(2)
0.050(3)
0.064(4)
0.052(3)
0.045(3)
0.056(3)
0.054(3)
0.077(4)
0.088(4)
0.063(3)
0.093(4)
0.091(4)
0.044(2)
0.055(3)
0.053(3)
0.039(2)
0.048(2)
0.048(2)
0.042(2)
0.064(3)
0.071(3)
0.056(3)
0.046(2)
0.040(2)

I B - R mk

U33
0.038(2)
0.041(2)
0.113(5)
0.133(7)
0.077(4)
0.081(4)
0.074(4)
0.038(2)
0.043(3)
0.055(3)
0.034(2)
0.042(3)
0.037(2)
0.039(2)
0.066(3)
0.067(3)
0.041(2)
0.034(2)
0.0314(19)
0.036(2)
0.039(2)
0.038(2)
0.034(2)
0.042(2)
0.046(2)

Table 5. Bond lengths (A)

atom
Nbl
Nbl
Nbl
Nbl
F1
F3
F5
F7
F9
F11
F13
F15
F17
F19
N1
N2
N3
N4
Cl
Cc2
Cc4
(&)
Cc7
Cc9
C10
Cl12
Cl4
C15
C17
C19

atom
Nb1'
ol
N1
N3
Cc22
C24
C26
C29
C31
C34
C36
C38
C41
Cc43
Cl
C6
Cl11
C16
C2
Cc3
C5
C21
Cc8
C10
Cc27
C13
C15
C33
C18
C20

distance
2.7908(9)
2.156(4)
2.239(4)
2.293(4)
1.331(7)
1.339(7)
1.336(7)
1.337(8)
1.335(7)
1.346(6)
1.344(5)
1.333(5)
1.335(6)
1.342(6)
1.388(5)
1.380(6)
1.367(6)
1.373(5)
1.442(6)
1.354(7)
1.406(6)
1.516(7)
1.333(7)
1.384(7)
1.513(6)
1.353(8)
1.375(6)
1.501(6)
1.354(6)
1.397(6)

U12
0.0025(16)
0.004(2)
0.001(2)
0.001(3)
-0.008(3)
0.011(3)
0.006(2)
-0.002(2)
0.000(3)
0.000(3)
-0.005(3)
0.004(3)
-0.004(3)
-0.0107(18)
0.013(2)
0.002(2)
-0.014(2)
-0.0171(19)
-0.0131(19)
-0.0008(17)
0.006(2)
0.007(2)
-0.001(2)
-0.0002(19)
-0.0012(17)

atom atom

Nbl 0l
Nbl 02
Nbl N2
Nbl N4
F2 C23
F4 C25
F6 Cc28
F8 C30
F10 C32
F12 C35
Fl4 c37
F16 Cc40
F18 C42
F20 C44
N1 c4
N2 Cc9
N3 Cl4
N4 C19
Cl C20
c3 Cc4
C5 C6
C6 Cc7
C8 Cc9
C10 Cl1
Cll Cl12
CI3 Cl4
CI5 Cl6
Cl6 Cl7
Cl8 CI19
C20 Cc39

u13
-0.0060(16)
0.008(2)
-0.008(3)
-0.021(4)
-0.017(3)
-0.003(3)
-0.007(3)
0.0092(19)
0.017(2)
-0.001(2)
0.012(2)
0.023(3)
0.015(2)
-0.0011(17)
-0.005(2)
-0.007(2)
-0.008(2)
-0.0051(18)
-0.0012(17)
-0.0083(17)
-0.0081(18)
-0.000(2)
-0.009(2)
-0.0160(19)
-0.0069(18)

distance
1.797(5)
1.975(3)
2.231(4)
2.246(3)
1.323(9)
1.337(7)
1.338(7)
1.356(6)
1.321(7)
1.343(7)
1.342(6)
1.335(6)
1.341(5)
1.348(5)
1.384(6)
1.379(6)
1.364(6)
1.370(5)
1.392(6)
1.440(7)
1.382(6)
1.447(7)
1.452(7)
1.398(7)
1.434(7)
1.433(7)
1.394(6)
1.434(6)
1.448(6)
1.491(6)

23
-0.0023(16)
-0.0085(18)
-0.020(3)
-0.030(4)
0.013(3)
-0.016(3)
-0.014(3)
-0.0032(19)
0.008(2)
0.013(3)
0.002(2)
0.003(3)
0.000(2)
-0.0053(17)
-0.009(2)
-0.012(2)
-0.0024(18)
0.0029(17)
-0.0005(17)
-0.0021(17)
0.001(2)
-0.004(2)
-0.0010(19)
0.0071(18)
0.0008(17)



Tri-p-oxo-bis[5, 10, 15, 20-tetrakis (pentafluorophenyl) porphyrinatoniobium (V)] D4 3 fif A1

atom atom distance atom atom distance
C21 c22 1.365(8) Cc21 C26 1.389(8)
Cc22 C23 1.390(10) Cc23 C24 1.356(9)
C24 C25 1.355(10) C25 C26 1.378(8)
c27 C28 1.359(8) c27 Cc32 1.382(7)
C28 C29 1.389(8) C29 C30 1.370(8)
C30 C31 1.330(9) C31 C32 1.396(8)
C33 Cc34 1.379(7) C33 Cc38 1.389(6)
Symmetry Operators:

1) -X+1,-Y+1/2, 2

Table 6. Bond lengths involving hydrogens (A)

atom atom distance atom atom distance
C2 H1 0.950 Cc3 H2 0.950
Cc7 H3 0.950 Cc8 H4 0.950
Cc12 H5 0.950 C13 H6 0.950
C17 H7 0.950 C18 H8 0.950
C2 H1 0.950 Cc3 H2 0.950

Table 7. Bond angles (o)

atom atom atom angle atom atom atom angle
Nbl!  Nbl 01 50.59(14) Nbl!  Nbl ol 40.08(13)
Nbl!  Nbl 02 45.05(9) Nbl'  Nbl NI 129.31(9)
NbI'  Nbl N2 120.53(10) NbI'  Nbl N3 103.08(9)
Nbl!  Nbl N4 111.80(8) ol Nbl ol 73.98(19)
ol Nbl 02 81.11(17) ol Nbl N1 78.81(16)
ol Nbl N2 118.81(19) ol Nbl N3 152.56(16)
ol Nbl N4 103.39(19) ol!  Nbl 02 72.81(16)
o1! Nbl NI 136.46(17) o1 Nbl N2 145.17(17)
o1! Nbl N3 79.94(16) o1! Nbl N4 75.14(16)
02 Nbl NI 135.24(9) 02 Nbl N2 77.37(13)
02 Nbl N3 83.22(10) 02 Nbl N4 144.93(10)
N1 Nbl N2 78.09(13) N1 Nbl N3 127.41(13)
N1 Nbl N4 79.00(12) N2 Nbl N3 79.06(13)
N2 Nbl N4 126.08(13) N3 Nbl N4 77.50(12)
Nbl Ol Nbl! 89.3(2) Nbl 02 Nbl'  89.89(18)
Nbl N1 cl 122.9(3) Nbl N1 c4 126.3(3)
cl N1 c4 104.4(3) Nbl N2 6 126.1(3)
Nbl N2 9 124.2(3) c6 N2 9 105.7(4)
Nbl N3 cll 123203 Nbl N3 Ccl4  125.7(3)
cll N3 Cl4  106.1(4) Nbl N4 16 127.1(3)
Nbl N4 Cc19  122.8(3) cl6 N Cc19  1055(3)
N1 cl c2 110.9(4) N1 cl Cc20  124.4(4)
c2 cl C20  124.6(4) cl c2 c3 106.7(4)
c2 c3 c4 107.04) N1 c4 c3 111.0¢4)
N1 c4 c5 123.7(4) c3 c4 c5 125.3(4)
c4 c5 c6 124.8(4) c4 c5 21 116.8(4)
c6 c5 c21 118.3(4) N2 c6 c5 125.7(4)
N2 c6 c7 109.7(4) c5 6 c7 124.5(4)
c6 c7 c8 107.7(4) c7 c8 9 107.1(4)
N2 9 c8 109.9(4) N2 9 Cc10  1265(4)
c8 9 Ccl0  123.6(4) 9 cl0  cll 12594
9 cl0 27 118.0(4) cll  cl0 27 11544
N3 cll  cl0  124.34) N3 cll  cl2  110.04)
cl0  Cll  Cl2  1255(4) cll 12 C13  106.9(5)
cl2 13 cl4 106805 N3 cl4  Cl13 11024

N3 Ccl4  Cl5  1250(4) Ccl3 Cl4 cl5 124804
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atom  atom  atom  angle atom  atom  atom  angle

cl4  Cl5  Cl6 125504 cl4  cl5 ¢33 11694
cl6 cl5 33 117.5(4) N4 Cl6 CI5 12544
N4 cl6  Cl7  1109¢4) cls5  Cl6  Cl7  1238(4)
Ccl6  Cl17  CI8  106.6(4) cl7  cI8  Cl9  106.8(4)
N4 Ccl9  CI8  110.1¢4) N4 Ccl9 20 12614
cl8  Cl9 20  1237(4) cl 2  Cl9  1251¢4)
c1 €20 €39 1189¢4) cl9  Cc20 C39 115904
c5 21 22 122705 c5 21 26 121105
2 2l C2% 116205 F1 €22 2l 1184()
Fl €2 C23  1189(6) 21 C22  C23 1228(6)
F2 €23 2 120.906) F2 €23 24 119907)
2 23 c24 119.2(6) F3 24 23 119.86)
F3 24 C25 1202(5) €23 c24 2B 120.006)
F4 25 4 119165 F4 €25 €26 1204(6)
24 €25 €2  1204(6) 5 €26 2l 11930)
F5 €26 €25 1192(5) 2l 26 2B 121505
cl0 c27 28 120.0(4) cl0  C27 32 123205
28 €27 32 116805 F6 28 27 11950)
F6 28 €29 117.6(5) 27 C28 29 122805
F7 €29 C28  121.35) F7 €29 €30 119905)
28 €29 €30 118805 F8 €30 29 119205
F8 €30 31 1208(5) €29 €30 c31  119905)
F9 €31 C30  1194(5) F9 €3l C32 11946
€30 C31 32 121205 FIO  C32 27 12020
FI0 €32 31 119305 27 32 3l 120505
cl5 €33 CM4 12194 cl5 €33 38 121.8(4)
34 C33 3% 116.3(4) FII  C34  C33  119705)
FII  C34 35 1174(5) €33 C34 3B 12300
FI2  C©35  C34  121.90) FI2  ©35  C36  11915)
34 C35 0 36 119.005) FI3  C36 €35 119.9(4)
c48 49 50 117.5(8) c45 50 49 120.2(8)

Symmetry Operators:
1) -X+1,-Y+1/2,Z

X-ray structure determination of Tri-pu- oxo-bis[5,10, 15,
20-tetrakis (pentafluorophenyl) porphyrinatoniobium(V)]

Syouki Yasuhara and Haruo Akashi

Research Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

Crystal structure of tri-p-oxo-bis[5, 10, 15, 20-tetrakis (pentafluorophenyl) porphyrinatoniobium (V)]
(= [{Nb(TFPP)},0;]) has been determined by the X-ray structure analysis. Crystallographic data: crystal system
tetragonal, space group 14,/a (#88), Lattice parameters; a = 26.182(4) A, ¢ =30.733(4) A, V=21067(5) A*, Z=38,
R1 =0.0856, wR = 0.2451. X-ray diffraction analysis of [ {Nb(TFPP)},05] revealed that the niobium(V) ion
bonds to four nitrogen atoms of porphyrin ring and three oxygen atoms of oxo-bridges. Adjacent niobium atoms in
Nb(TFPP)3+ moieties are connected by three oxo-bridges.
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Discharge characteristics and thin film character-istics in DLC
films formation using the HF-HiPIMS method
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*****Institute of Frontier Science and Technology, Okayama University of Science,

1-1, Ridai-cho, Kita-ku, Okayama, 700-0005, Japan

High power impulse magnetron sputtering (HiPIMS) method is a thin film formation method in which high
power is applied to a short pulse. This HIPIMS method can form high-quality thin films as compared with the con-
ventional direct current magnetron sputtering (dcMS) method. We are studying diamond-like carbon (DLC) film
formation using HiPIMS method. Although it is an effective HIPIMS method for high-quality thin films formation,
it has been reported that the deposition rate is lower than that of the conventional dcMS method. The HiPIMS
method also has the problem of the occurrence of arc discharge due to high-power sputtering and accompanied with
decrease in surface smoothness. Therefore, we develop a high frequency (HF) -HiPIMS method as a new HiPIMS
method with the aim of overcoming these drawbacks. In this report, we first evaluate the discharge characteristics
of the HF-HiPIMS method. The deposition rate, film density, and refractive index were measured for the purpose
of evaluating the thin film characteristics of the HF-HiPIMS method. As a result, the HF-HiPIMS method achieved
both high-speed deposition and high density films compared to the conventional unipolar HiPIMS method.

Keywords: HiPIMS; HF-HiPIMS; DLC; sputtering.
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Table 1 Mechanical properties of workpiece

Density ~ Compressive strength

(g/enr) (MPa)
Short fiber filled epoxy sheet 1.64 125
Solid rigid polyurethane foam 0.8 44

Compressive
Density
strength
(gfem?)
(MPa)
Short fiber
filled epoxy  1.64 125
sheet
Solid rigid
polyurethane 0.8 44
foam

Fig. 1 Synthetic bone
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Table 2 Cutting edge shape and material of drill

Drill Diameter Material Point angle ¢ Helix angle 8 Flank face

A 2.8mm  SUS630 118° 30° Conical
B " " n 18° ”

C " " 90° 30° ”

D " n ] 18° ”

E " " 118° 30° Two rake
F " SKH51 n " Conical

2) Double rake edge

1) Conical tool edge
Fig. 2 Top view of drill edge
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Optimum edge shape and material for bone drill

Toshiaki KANEEDA, Motoki TERANO® and Hiroyuki HIRANO®

Institute of Frontier Science and Technology
*Faculty of Engineering, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-City, Okayama 700-0005, Japan

In orthopedic surgeries osteosynthesis and artificial joint replacement are operated to treat broken bones or
disease of joint. In the osteosynthesis, the metal plates and screw are used to firmly fix to broken bones. In the arti-
ficial joint replacement, components such as plate, cup, tray, etc. are fixed to the bones with the screws. In these
surgical operation procedures, the bones are drilled by using bone drill to make the holes. In the operation, the doc-
tors often complain about lower performances in the drilling operations, which present higher cutting forces at the
tool engagement and wear rates. Judging from an engineering viewpoint, the cutting edge of the drill doesn’t have
an optimum geometry and adequate anti-wear resistances. In this report, the drilling test of synthetic bone instead
of human ones is carried out to investigate the effects of the cutting edge shape of bone drill and drill material on
thecutting forces which means torque and thrust force.

Keywords: bone drill; tool edge; cutting force; tool wear; torque; thrust; point angle; helical angle
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The methodology to measure the thermal properties of slime mold

Syou MAKI, Shigeru KURODA, Seiji FUIIWARA®, Seiich TANAKA™,
Toshiaki ARATA™, Toshiyuki NAKAGAKI ****

Institute of Frontier Science and Technology, Okayama University of Science,
* Faculty of Software and Information Technology, Aomori University,
** Department of Mechanical Engineering, National Institute of Technology, Akashi College,
*#% Cell Function Lab., Graduate School of Science, Osaka City University,
*#%% Research Institute for Electronic Science, Hokkaido University,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

We measured the thermal conductivity (1) and thermal diffusivity (a) of a slime mold (Physarum polycephalum)
by the transient short-hot wire method. The measurements were conducted two times with temperatures varying
from 277 to 300 K. In the results, 2 = 0.489-0.572 (W/mK), and a = 8.36x10™°-2.48x10” (m?/s). The thermal prop-
erties of slime molds are close to those of water. In particular, the 4 is similar to that of biological materials (cells,
human blood and plasma), and slightly different from that of some kinds of organic materials (lysozyme crystals,
wheat, apple, and tomato), and evidently different from inorganic substances (sand and soil). We think the possibil-
ity that the behavior of slime mold may be affected by the thermal properties of surrounding environment, although
the detail is unknown yet.

Keywords: transient short-hot wire method, myxomycetes, biological materials, Physarum polycephalum.
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FMO calculations on complexes of HIV-1 protease and its inhibi-
tors: a relationship between binding energy and active values

Yoichiro YAGI

Graduate School of Engineering, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

This paper describes fragment molecular orbital (FMO) calculations for nine different complexes of HIV-1
protease and its inhibitors. All FMO calculations were carried out at the FMO2-MP2/6-31G* level by using the
MIZUHO/ABINIT-MP program on the K computer and on the TSUBAME computer of Tokyo Institute of Technol-
ogy. We computed the inter-fragment interaction energies (IFIEs) between the inhibitor and the amino acid residues
in HIV-1 protease and estimated sum of IFIEs as binding energy between an inhibitor and HIV-1 protease. FMO
computations show that the binding energy can be well correlated to the dissociation constant, Kd value, of each
inhibitor. Our results suggest that it is certainly possible to evaluate and to predict the activity values of individual

inhibitors.

Keywords: AIDS; HIV-1 protease; inhibitor; FMO calculation; binding energy.






Bull. Inst. Front. Sci. Tech., Okayama Univ. of Sci., No.2

MleOBECRELFERM AV
Xy v AR ESR OIER
B A - T R WO - R REETT

Wi 1L BERR R & T2 A i I ¢ 24
RTINSy N VAV S oy g 0 S A AR E A e e o AL
SRS NS e P 1 1 & T

2020412 H 15 H = B

31

1. BL®IC

PRI BT, MO X 5 KN % 565
T B FEROMIL % BTl BT M %
BAMIAC R0 2 L EhH 5. Z2C, Mz EE ik
FIORIEIRIE Tl 7 < 3RTOEEI L L TRINT 5
22T, BEANOAEFFROM LI X ST MR
&, MRLOWBNC X BRI A 2 OWERAYI R
TELIEND, RIBTRTIE S N LSRN
(iPSHENL) 5 MR A F V72 AR 35 O R I <2 Bl
IRBFFEIC BT, M % BRI LTS 2 51k
DRI S h w2,

A

o DB L7 EEMI o B CERELEM (Cell
self-Aggregation inductionTechnology: CAT) {28\ T,
CAT% FET 2 HMER ) v — (CATR) 3—) %
B RMOMEOWIICEATT 52 & T, CATRY
¥ —OBAEIIZOAMILEHA S, TIITBRL
7o RS O BN R EELPFEENL T (W
1A), BRHE S KL (A727), WE (Y~
7) R (7 74 8=) IROMILD BH 5 7 2 AR
MR ER A ERT L EDH/STH D, HERED
72O DFBOMNBEEI R B L L ToORIEZH#ED T
w2 (WIB). ZZT, #MH (Avva) KoM

CATRY v —DEFRERMEMICERE L /-H1E

LE &Y BRE

0O
0

®
®

O
%

TERTCBEL
HEEMR

CATH ) v —BHkME
(HERRIRETE)

[—EEELThroACRELT D]

185 ~1sﬁm’ Q | ~%5 2N
\_‘—| ] '@

o o

A D R LR Be#EEkIcLY

MRS IR D IR

TbsueenBMeeﬁng

0e0® R ] x>
@e0e == WS
— — =)
% HEEENSELS
e —
CATHRY v—% CATH Y v—F i
HEXEICESGT D 1Z DAL TEE

X1 #Milao B EELEA (CAT) O (A) LIRIRLHTBE R ER~DISH (B)



32 g NG - P AT

TABEEIAMER T E UL, TDRA Y V2 Il L 5T
BAE b AR ICR L R BT O/ SN 2 LIl
foT, H— 0)71‘%1_12&“(&) 0 778 5 KRR OMINL 2

N D BEFE % [l LoD BEICHEFITH D L T LI TE
HLE R AW f@ Qﬂ%%wtﬂ@ RSO

PRS2 IV T A v ¥ 2 IR S ARHI a4
LT ERHME L.

R E RS

2. MREHE

CATHRY < — @ﬁﬁ%ﬁ Thbb, Mo H
WoORIRERETSH7012, BETRE (Fx 3 —)
ELTEEImmO YY) a— 8o T W& TR
WY 0 R E R REM AT I L7z, Fv v N =1
CATRY) X —DOKEWZ®AT L 5 0 MEHET 52 LT
CATR) ¥ — %R MEMIIRAE S &%, Wr kil
L CCAT#HFERMmE Lz, MgE LTIy M FHE
O MZERBEMIL %2 F X ¥ N —PUSHEHE L T 2 BEfRE 2%
L, MTLHRE DI % BAME M CHERR L 7212, T v
YN—m BRI A S HEE LDMEM (k7 v a—2) &
FERERHIZ10% 0 Y YIRBIMEE 1 %D <R=2Y) v~
ANVT YA VU EMALEBRRZBINLTE SIS
¥ 1 H¥ R T2 (K2).

3. BREER
3 -1 FEBRYMRET/CATOBATEIRES
CAT%Z JH 7zl s e B o EBLEE 12 B W Tid, CAT

CATARYT—KE®E Sv hﬂsnﬁﬁa*ﬂﬂﬁ%#ﬂﬂﬁ

SYa—VHITLIR
(EEE:1mm) 2%

L
-

i HRNE i
J_-l_.(a‘-«v‘//\‘— —3|

& L TREfT EEm

AR Bt - A Kl

R < — QAR LA L 72 2T S % A
HJg DM FE 2 & 4 U % U & B LI X - TR
WS NIHBEEI TR T 5 (M1A). ::fX/
¥ 2 ROMNEEEIL % 15 5 72 D IR OB E
Lt%%%@@nﬁﬁﬁﬁ%ﬁiﬁézﬁﬁﬁb %
DFEOWRE A v ¥ 2 % BT HIREHEIL O K S8 %
FAZTEFHEND 20, OMEAEL %05 2
REDEAT LB THIROF ¥ v v— (K3A) %
PR UM & 3R L CRER L 7.

FHIZARAE L C 2 BRI DA IR L2 B o & 3B
D7 I HLE % 3N O CATHFE R B L 72D
T, Fx v N—FHEEL TSI E e 72
ZORER, ML H R X CATHEE K O ML IE 24 mmBL
TTIEFEET 2 L RIS TRIRE RS OB £ %
AU THETIROBERZ K L7225 (3B, #Hiks
H), 8 mmPh ETITRBEDEEIL L D A, KB
G SR LR o> RTE CHRIEE L CRE 2R iRl L 723k
%f BELDMR A ICEL B 2 LT, AY—TIERT 4

BAEME o7 (M3B, HHEGE). $%4bhH, CAT
%ﬁwf%%%ﬁ®%@ﬁ%%%ﬁﬁﬁé’i IR
DCATHERT O Z P 7% < & b4 mmPL FIZREET
LWBENH D Z LT,

3-2 KT Ay IR E LI o
3-112¢C, ¥« //\—O)Tg‘%%ﬁji?"ﬁmm%élmm
MTFICREENT 5 2 & TR T IR OMIT B LI 25

bt 704

— DMEM (4 na—2)
m,ﬁﬁﬁﬁiﬁﬁ‘F [4—10%7*’/]&”!.‘15! }
-~

HM%BR=ZVY R LTI

37°C,5%CO02
—
X (2h)

37°C, 5/ CO2

BE (1d) B o AREIRER

X2 RO

#ﬁ?iﬁﬁwﬂlm(mm)

1 F RO ‘

B3 WRORL BHEMEAT K TIRORET v N =G5t (A) L F v U N—PNITBE L 72

NG HERE > — REESRALIC & 1 2 U 7zl e dee
RBEE R AR IR e,

tHEILOERE (B)
FMGE  RT 2 AR O M s AR B



Ml B CEESEALFEHA 2 vz 2 v ¥ 2 BRI S S 3  /F R 33

LT DM oloDT, FRIRA2 mmD i ASHERE 4 AR
FTOBAT L2 9 THEEZRT A Ay v alkoF v~
N=Z B UMB 2R LT Lz, 2of%E M
NIZCATHFERTIZH> 72 X v ¥ 2RO MW E T 1%
L7z (K4A), ¥ 1 HO¥EORMIZ3 - 1 L kIS
H MG O H i & BrAL 2 4 U CCATAE R O~ ik
D#J40% DK & S1hi/ME L 3 RIe b L7z 9 ¥ T
BT B Ay Y L IROMBLEEE 2 ik LR 28 P 17
WLz (M4B). T X v ¥ 2 IROMBBEEIE, A
NF 27O THERP P L ZOMEEZHT L
CEDIZTLVETFAZ ETE, BlWE LTHY
BB EER A LTz,

B2 2

3 -3 Xv ¥ IRAaBEEE o A 25 A
(in vitro#THill)

Ay 2 KM BEE IR O F Y 22 BRIE T C D A ARAHLIR
NOEBERERRL 72012, BRI X Sin vitroa il %
fTo7z. WisteraT v POETFIZIEFEDOT ) a—>
WOTAM 2ecmx2cm, BES1 mm) % 4 HHEMH
TAHIET, TAMRZ PR L - BRI 2 AR EL
HEkAMRR E L, S SREEDEE SR 2 v Tl 2 £7
WRL7-OTREE L AT 5 A v ¥ 2 RIS 4E B 2 B
fFLCH 1 EMEEREL 7.

AR R HRARR I AN L 72 A v ¥ 2 RO Mg e gk
L, WA 589300 TR 2 T OB LA SR L
THHEET 5 2 &2 CHMEmICHFFSIh w2k
PH, EELTWD LHB Lz 25127 HiMRE %

1cm

#EE1ER

M4 9OBTE2ETEA Y Y2 ROEREF v N =0 (A) LI 2 BE#%ICT v v N —HNICTEE
L7-HBRE (B-1) BXOW 1 HBRICEE L X v ¥ 2 IR EESE (B-2)

EFTEMME
g

2 mm

#: VR TR B EMER R
A-2 74 &-2 '

HATEMRR

X5 AKE R R I L7 O TR 2 A9 5 4 v ¥ 2 IRHIIE
BAEBLoOR:E 1 Hik (A-1,B-1) & 7 HE®D (A-2,B-2) OEMRIAMSE (A-1,
A-2), BXOHOGHMEE (B-1, B-2) 12X 5HI84%
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FTTD Ay ¥V 2 REEROIRIIWIRMIZIZE AL
BT 5L {MFEIN TV (HHA-1, A-2).
Z I T, HOGBEMEEBIZ 21T WM L OV T oMk E
DAL T HATARER, K 1 HERIZIE X v ¥ 2 00
Na Bt SR OAE 557, 3 b b AERE SR E R iR 0
ST L 72300 AR i e % 58 3 2 Be4E B R ol
oo SENRED S (K5B-1), 7 HEIZEK, Fns
DML T N OMBEZ T % e 2B L Twb 2
LDV h o7z (IX5B-2).

4. FEHERE

CAT#% Fl\v 723 4 M H O MBS oL IC B v
T, CATRY ~— QWA % Rk#bs5 2 LT, K
M2 ST 2 720 CERETHEEZ AT A
VaROMMBEINE S LN TE. Ay v alk
MBI, AR B FORALRE I R S T 5

LB, MBI X > TFOEMZWEL LS
LI ERMERE L ARy ¥ L IREREIL, B2 N —
A CHEICERTE, 2oRmVHRESELYET A2
EDOTAEEERIZBIT 27 MO BRIEE & 7% 0
5 EWIfE S NG, FEBREYE T IVA~OBALIERIZ T
HHEZBGEL TWL FETH 5.
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Preparation of mesh-shaped cell aggregated constructs
using cell self-aggregation induction technology

Lupeng TENG, Ryoko NAKAGIRI", Yoshihiro KIMATA", Ryosuke IWAT"**

Department of Biomedical Engineering, Faculty of Engineering, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan
* Department of Plastic and Reconstructive Surgery, Faculty of Medicine, Okayama University,
2-5-1 Shikata-cho, Kita-ku, Okayama-shi, Okayama 700-08558, Japan
**[nstitute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

In cell-based regenerative therapy, transplanted cells fabricated as a form of three-dimensional cell aggregates
can be expected to not only enhance the tissue regeneration following the improvement of cells engraftment rate in
the affected tissue area but also reduce the risk of side effects induced by cell diffusion. We have developed cell
self-aggregation technique (CAT) for the preparation of three-dimensional cell aggregates, and can succucessfully
prepare spheres, rings and fiber-shaped cell aggregates simply by seeding cells in CAT induction polymer (CAT
polymer) coated culture dishes. In this study, we could prepare novel mesh-shaped cell aggregates (CELL MESH)
with a multi-lattice structure by designing the surface coating shapes of CAT polymer on culture dishes. The CELL
MESH was handled easily and could be transplanted on the surface of dermis-derived living tissues as a patching
manner simply using a spatulat. In vitro evaluation showed that CELL MESH could adhere biologically to dermis-
derived living tissues within 30 minutes after patcthing and the cells exuded from CELL MESH were covered on
their lattice area exposing dermis-derived living tissue within one week culturing. The CELL MESH having a large
number of transplanted cells as a single construct should be surely retained in the affected tissue area, which ex-
pected to be a promssing cell transplants for regenerative therapy.

Keywords: tissue engineering; cell aggregates; regenerative medicine; cell self-aggregation
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BES IO OEREMERER—7I)LI MY

g 1HAE

e IR K 7 a v 5 4 7 B SR ZR
T700-0005 ] (L b X #E KT 1-1

2020412 15H =z B

INAVICEEINEIHT AW T H2HNTY N T v M OB B IMBER %17 72, CArlcB LTIk i
HroRkEE (100~2003 70 Y) RLUEWICHKET 550, &RTI08- 10 ccSTPREE 2 U S . B
BE B X B8y — VI3 T, 1000C 2B 2 5 £ TIRAKRD20-30% LAKRI Sz nwdb0d 5.
1000C DKM 7 5 7 ¥ 3 » OVArSAr L IZ B S 20123002 # 2 5 O T 5 2 OK-ArfER &2 itdk L T
WhHEEZOND, R LERBICHESN-BRE T VIV Z2HKETHLOTIEZ VD, HiRTHH IS
CEDPL RIICHIEI N2 OTRAVEEZONS, MoOWHEEE LTEI VT IZAY 7 AIIHFEEL
ZUDOTEEOVArORFIZBZ5 IV AV IIEIN-BEWCLI2 0 THLEEZONS. HilEE

DTG T & S BRI E AN A 7 AP ArdE R 0 S T REPEATRIB S B

1. I

U-PbEEACIIIE IS WS NS Vv a VIZH LR E D
v (>800C) &I FREYH D, Tva VIBHk
DO HRZ AT HHFEIE LTHwo R D, Yva
AF LI LA R, R, SEMouEmaE N,
ZNHAU-PbR LIRS SRIE SR TW 5
WHeMEsH L., —HFI VI iEw s v A EHhOTHRE
MR OBIIIAET B afilc X o TAY 7 LAV S
N, FENPRGHEE 2B 320N 7 A B L0
o> H ZARDFEAARREICIFTE L TV ink %25
No. FRMEETT) IS PMERE LTI VI v
WL THA AL LTIV T VA RE 2 & TS
B RS B B RSB GERR & 1T - 7.

2. EEB&

High bl R OMEORENE L — i X 2 4 =5
HiatTad % (Hyodo, 2008). $EMIhoO7 VT E T
A ETHAHLETFHEND DB LEVWI VT Y
ELTEERO I VY EHwiz Yva v idERE
DECHEWTH 2 DT, 1000C % #8 Z 5 N Tl sk
AR A 10 B 355058 ) TEHI NI AR EIT R 5.
CIFRLE S NIZRENEROZA T v 7L DK 2 %
2R, BAAEDWIEISHATHI LN LTS
5. FOL)BREGEAE V== mRRICET L
BWMIRE LA TS, —FIEENTHREL
Tnboddh o

3. R

FEAE R OB % FKla, 1b, Mla, 1bITRT. kD
5t S M 2 PANIMIE T ) FHIO R RIE VO
T, BENKEWV. Lo THE 213 %AAr [
MARIE IEAE 2 ELC 722 & vy (BFICERE). 75 v 2
DYA A HIZKADE TR RV DT, HEIHEL
7ot D RALKRFZ R R K OHE 2 S it & -3l
DR REHNERE Bbh s, ©ArE500-800T ¢
HAHARERH S, 1000C L E TR 2Rt 55
£ 721000C TXIT L A EHA 7% <, 1000C BL L
TR END 5 4 THd L. WEL-RETi
BEOFHBIIEE . BZ 5 500-800C TR
SNDBYATETAPBEOUENTHDEEZS
., 1000C BLE TR 2 80 38 m oAb TH 5
LRI NG,

4. E=R

900C LT T HHLE (20-30%) OAr 2T 5
AELH LS, EOMBD EELR TV T L1X1000C %
BRTHOBBENS. KIZT V7 7 B X 5143
TINAYRIZADLNRIVTAY XFZ %0 T AR
OYWEICH L CTIEEBENFEFIIHENET S L,
1000CH ETHilE S ha 7 VT v iddnl Ldvna
VDB YVRERICN Ty 7ENRTWAZ LIZR 5.
FThbLEMORLREROE RSN, ZO/Y %
VA rhPEDTHE-OI VA yHEFRRTH L
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NV THRWEEBOHY ORI I
HLZawEHigEshs.
EIRTOCYArORFEIL VIV T VIR P OCAr
FIENETIUSEF 7T VT LTINS, Ly
LZoYE, P AOF 0 TRERMET 512207 T
B2 TOLHREHEEIC L > TR SN F ¥ v AV %
WL CHEER & & HIHT AR A ITHEAR T W
WRAEE NS, F 2@l S h 2 A3 S
1210' 510° DV Ar/SAr i % b D 72041 & 2 D AEL %
BRLTWREEZZONE. RSN BEREY VO
¥ ORIFAEA L HE TR L XIS 52T RATH 578
VAP Ar ERIE DT 2 & 2RI LTV S

X7var ik

5. ¥&
Dva r oS B X ORUNERE SO & B R 2

3L 40Ar O3y — v &I L7z, Bitid500-900C
DAEIFE & 1000C Lo iz i 255 CAr o
FEHEEZ OB CRIEICH L. o L
L, YNVAVIHEENZEEDNO S BEREIREE N
ORI ABLICWATHY, SiRFIIEmTH 5 L
HE SN D, BROHS %R LT YA Ar B2 v
TYN Ay OMINIEBAEA 2 WE T REZ & & AR
anz-.

ZE A
Hyodo, H. (2008) Laser Probe “*Ar/*Ar dating: History and devel-
opment from a technical perspective. Gondwana Research 14,

609-616.

Tablela “’Ar released (samplel)
BAr Error Oar Error % WA %ar  Brror
Temp.(°’C) cm’STP __ cm’STP  cm’STP  cm’STP
499 147E-15 1.53E-14 1.26E-10  3.05E-12 1.11  8.54E+04 8.88E+05
597 1.11E-14 1.41E-14 5.39E-10  7.05E-12 476  4.86E+04 6.15E+04
693 0.00E+00  1.27E-14 4.05E-10  5.22E-12 3.57 - -
802 1.37E-14 1.09E-14 4.63E-10  5.94E-12 4.08 3.39E+04 2.70E+04
894 -1.61E-15 1.02E-14 5.36E-10  1.29E-11 473 -3.33E+05 2.10E+06
993 1.25E-14 1.68E-14 3.19E-10  3.96E-12 2.81 2.55E+04 3.43E+04
1083 -1.60E-14  1.63E-14 4.64E-11 1.08E-12 0.41 -290E+03 2.94E+03
1169 -5.93E-15 1.69E-14 8.10E-11 1.53E-12 0.71 -1.36E+04 3.89E+04
1131 1.23E-15 1.56E-14 3.93E-10 4.99E-12 3.47 3.19E+05 4.03E+06
1500 -3.93E-14  1.33E-14 8.43E-09  9.40E-11 74.35 -2.15E+05 7.27E+04
Total 4.00E-14  4.55E-14 1.13E-08  1.24E-10 100.00 2.84E+05 3.23E+05
Blank 1.31E-13  8.06E-15 6.02E-12  1.17E-12 0.05 4.61E+01 9.40E+00
Tablelb ’Ar released (sample2)
36 40
. 3Ar Egror 3Ar E13‘ror % 405 AL Error
Temp.(C) cm STP cm’STP cm’STP cm’STP
598 2.51E-14  1.97E-14 8.85E-11 1.46E-12 0.95 3.52E+03 2.76E+03
702 8.81E-15 1.61E-14 7.53E-10  1.07E-11 8.05 8.55E+04 1.56E+05
790 0.00E+00  1.84E-14 1.96E-09 2.17E-11 20.99 - -
897 -3.39E-14 1.87E-14 3.85E-09  5.50E-11 41.24 -1.14E+05 6.27E+04
1019 1.38E-14 1.61E-14 1.85E-10 2.41E-12 1.98 1.33E+04 1.55E+04
1133 7.96E-15  1.69E-14 1.06E-10  1.56E-12 1.13  1.33E+04 2.81E+04
1212 8.54E-15 1.51E-14 6.33E-11 1.00E-12 0.68 7.41E+03 1.31E+04
1259 -531E-15 1.34E-14 6.73E-11 1.43E-12 0.72 -1.27E+04 3.19E+04
1600 3.08E-12  2.35E-13 2.27E-09  4.73E-11 24.27 7.37E+02 5.84E+01
Total 3.14E-12  2.41E-13 9.35E-09  1.13E-10 100.00 2.97E+03 2.30E+02
Blank 1.17E-13  1.30E-14 2.06E-12  2.64E-13 0.02  1.76E+01 2.99E+00
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Fig la 40Ar release pattern of zirconl during step heating. Major release is observed
above 1000 degrees. 1b 40Ar release pattern of zircon2. Relatively large release is
observed below 1000 degrees, but comparable release still exits above 1000 degrees.
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Step heating experiment on single grain zircon
—Argon release pattern

Hironobu Hyodo

Institute of Frontier Science and Technology Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama, 700-0005 Japan

Step heating experiments were carried out on a single grain zircons to investigate a possiblity of extracting OAr. The total
amount of “’Ar from a zircon grain varies from 10" t0 10 cm®STP. Some grains release 0Ar between 500-900 degrees, and
others only release it above 1000 degrees. In any case, major releases always occur above 1000 degrees. The O Ar/*Ar ratio
exceeds the atmospheric value, and extraordinary large. The fractions may reflect a result of excess argon trapped in the forma-
tion stage of zircons. However, it clearly indicates that the argon is not acquired in the secondary event because of high extrac-
tion temperature. Another possible origin of the large amount of A is mineral inclusions during the zircon crystallization,
suggesting a possibility of OArSAr age determination.
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IR K7 a v 5 1 BT 2R ge T

20204F12H 15 H = B

R A=< 7 Y B W T, BESFUKERBUSTER L2 7~ 5 4t ORGIHE SRR 2 E

L7z, XV b EPEPICRE LY 7 afmen ) BAaf AN
R Es BRI N D,
NS OAECLRANHEE L, MERROMN & BEs 2R H 5.
AL EWERNTT A LI ) b T Y HERA R

ZAFEAH LAY —FIVI x vt X2 (CL)
BER2 7w,

7 PV S AECLENO IR Z I LT, AV b

FOR D IR E BARIZH S 2T 5

1. IIU®IC

KB DER AR, MRk Z B S5 ko
FAEZRESEE. Z07D, WHBERO X=X A
AU A E1E, IO LA BROMHICERET
H5H. eI YLRIEE, K500054FERTOA > Kk pE
LT VT RBEDHEZRZ X > TR S I, BRI L -
TEBOBEAEIR AR T —F AR e~ 5T
WAHEICEALTWS (K1), e~ v EOLLEE
DA H = A2, WARTEEIC X 2 ERSRHE
TR BER OPKBR G L2 TH D, BFIZIEL,
Le Fortetal. (1987) (&, FHruefl LWrfE (Main Central
Thrust, LT, MCT) O F#2 5 _FEBICTRARDTALAAR,
ST FEOERHERY & M omR s o e L
7z. Inger and Harris (1993) 1%, BHEAEMALEL
< T S BHERE Y ORb-SrF AR ZE LA 5, Bl
EBEROTEELR AN = X MTHAERO PRGBS T
HoE L7 FEB BERHEHBOTA V7 Iy Nk
B~ I Vi~ LSBT 24 O THlgE X

om? 3*3 *ihm >

10 i o [

= W
-30 —

STD: South Tibetan Detachment
HHD: High Himalaya Discontimuity

MCT: Main Central Thrust

BA L2 WE >, T/, HRENARE
I v H O ST CLER R RE S

L%1%, APCLA N

14 (Imayama et al.,, 2010). F7z, HHiw I r~
Z A NOERITET] - TEREEEDS, HER ORI

ISR 2R 5 2 & A5 SN S (Harris et
al, 2004). H A S— 72 EOMIKTIE, BHIRED L
0 BRI F T LA L7272 DI B ER o KGRl
ARZY, EREEROBEER A=A L EHS T
% (Groppo et al., 2012, Imayama et al., 2019).

v I X HR BRI OFEARE BARGICH S 2T 572
DITIE, ERELRIGC 3BV 2 DHIRE G AR O FEAT A8k &
7%, AR, Dyck etal. (2019) &, HEROBIAKE
RIS S 33V 2 DA S AT 2 RERNIC SR L C,
FOSTHE L2 A U EAE AL M H%ET AT
=) BEAOMBE RS L. T2, BHERROLE
DHV—FNVIhvtr A (CL)BIZETHERZRL
AV D AVERLD B WIEE IS KRS X o TR
ENhfzE L7z, —)T, BEROFUKGBIGIZHE
Tf%éﬁUEE@ﬁ%%E%@aﬁm% HED

WA AR TR Cld v, Z 2 ORI, &

AVE- 7)1

c. 50km

Fig. 1 Simplified geological cross section of the Himalaya. Modified from Imayama et al. (2012).
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EREO PR ERE UGS & o TR L 72 R 78— )L 3
FZ A4 P EMNRIZLT, HYEAOMBROED S
V—FVIAvbr AL

2. BERI/IN—ILDOWERE

b= 7 VEABEEO LA 3 mrh o 7 av
P OGN T HMEIE IR E EEERILTWS
(Le Fort, 1975). #lz1E, ANEMHLEE»S 75 =2
TA MHTEHOER GHTHEINHL~Y T Vi
X, WEETHIMCTE EWETH LB F Xy b7
% v F X Mk (South Tibetan Detachment, LLF,
STD) DIHBEYIC & - T, WFKIZH 725 17z (Burchifiel
etal, 1992 X 1). X 51T, B~ T YHHNEEOWE
i (High Himalaya Discontinuity, LLF, HHD) 293 A
W=V THRE SN, WL~ T X0 —iBids kg
12 EF- L7 (Imayama et al., 2012).

WH A=V TIREEYTIVHDAT A DY — FAS
MCTIZift o TRESHIZIEY L, £ 7 28T v
7% A>T\ (Schelling and Arita, 1990). ¢ Hiis;
A 728Gy 7Ol N — ' — VIS
5. AWIEHIBOMCTH B L R < 7 Viaho
BRI E SR, MCTH A5 & e < 7 Vg i 5
7T, 570 T2 5740 C F TREEW L~ EH L, &
<7 Yaf LT, 710 T225810 C oM TR
HERIREANR%Z/RT (Imayama et al., 2010). ZEHE
JiE, MCTO M ETikmES) (11 kbar) /R L, £
D%5-6 kbarE T T 5.

B IXHHIOI F~ & 4 ML, AZEFHORK
RS (MERE+ A+ FIRA->T VI 74 BBIR
+ AV EA+ AN Ko TR L 72
(Imayama et al., 2012). —7%, Ek~ 7 ¥4 Lo 3
7r=y A4 ML, BEHOBUKERONIC X - Tl
W (3500 — 250005 4EHi) ST L7z, BERBIKE
LS IE, BER+AE+REL+T VI T AR
W r7ufa+ A )V EAR+ALVFEF UL HTHAS
(Imayama et al., 2019).

3. RLTEMEEIC & 2 MimiE S aRE s

AW BN, R A SO S~ T Y
EER S ERILL 72 R ER O LKA RSO & B> 72 % v
YA AZELITYIA N THDH. ZOREHE,
ufi, ¥reff, BER, BRAO, ) EA, FHEA,
AREPS TR SN, ZL0BHEREEDL. 2K
EHWoONSVF Y =20, BER, Ak, FEACE
A, BEROMIEF NI X o TER S NS P A
FHThbH, NLAV—Aho¥F o AE2 A
ETHY, 7Aool s A Al ko TEk
SNLGEVRH L. BHEARIE, FrEefREMVE

Fig. 2 Photographs of the cordierite migmatite in far-
eastern Nepal.

AERIENECE0. BRETICBE ST, A~}
HEDOF YA A ERHEEUAEN AL GG o
A, AV EFEICRE LY T 7T 4 v 7 bk
WMEEZOND, ¥/ uROEWIRER, A% #
BA»LEITHER SN, AHAIZES 2R T Tnws (K
2a). [ABEIC, BEEERO A ) EA S AHEINCES
LufimEat (M2b). WHWE, A%k HENS
L OHMA DS BITHR S, AT > T
MAALT 2 EI25H 5 (K2c). 5 DR &M
#ilZ, Dyck etal. (2019) 12X % I REBLAER UG
B 54 ) BAOKMREE MoK 5z L, R
U N OB HIEFTIE 7 < AV MEREHICIEK L 72 & el
s,
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Fig. 3 Cathode luminescence images of quartz in the cordierite migmatite.

4. AEDCLIE

CLIZ, WEAT OB THFETHREFICL 2 AL F—
Z WL U CIAEIREE & 72 o 728812, FEECIRREIZIE B 72
DITEE LT ANTF -2 RN T 258 TH 5.
AHiMIeER, HHNORBERIZ EV5, CLICEE %L
H22F5FENTH 5.

ABOMF ZERLT, FAYEY FR—ZA M umF
TS L 728212, 22T, CLIGIIS % 50 L /2.
CLIGHEE, MILER KRR GHE v 7y —RED
EATREFHMEE (HAETFHRISM-5410) B LT
BY70—77F 74— (HAEETHE#ISM-8230)
TR 68F  (Oxford Instrumentsfl:#Mono CL2)
ERLAIAATZEE R L 72

K32, Frefa3Ir~s 4 MhoaEoftEl
HCLRZ/RT. HREHOAFEOCLINGIE, HOEHT
W<, RERTIZ & ) W WCLIR 2 7% 3 SR Ao
PHEEEIND (M3a). AEIZ L - TIE, NI
ANE LR FEEB O PE NI iR TR O
BahHb. —HT, FruRIZEEInsAIITIE
¥ —23 e R L, #ENICKE 23t Z g i
Sz ([X3b).

F UL ER D S8 TCLIS AR < & B Bk ik
1, FIERBKRRRKISE - 72t R S— Lo e <
TXYRIMRAEEHOHENIS S EINT WS (Dyck et
al. 2019). %5 QU L IUE, BEOCLISBI, #
SIS PAE T AR KIS X B B DT, AV DDA
HHLWVIFEHRICEEL TWDH s8N AL Ehs
i L2 Eia T, BEERCEIGED 2D 0
EUTC, R ERMELT, Lok R
CLAHEE AR THEDH 5 (KIIEA2014). ARG
7ET, ¥ UAICEENLAESRAREEEZ RS W
&L, MW aAICAENHENLEZ IR,
FYEREBTOEDOMEEAHEE 312, XV MARR ORE
RGP SN2 L BRThd Lk w, 7z,

AEPOAELRFNIE, 79y 7R EoFINEIZH
BEINDYEHNE L, AECLILO E R4 TR A HE
ERIICE 25D THD LT HRERAANTH 5.

5. SHOER

FARCLEM & O BARN 2 BN % M5 7201214
PCLANRY MVEGHT LT, AT MVGHEEERITW,
BHHLDFBEESL Z EPEETHL. 2D LI
L), REHEOBENIHREE KK X B D AH T
DX 2DDPHEIC R 5. FRIZ, AP0 F 8 V&I
MEEMRAAPEDS R, A¥EDOCLESEMmIEX, 75 v ik
EDOMBARTHED DY, A0 RFEHEEO EE R
FERO—2 L LTIEH SN TS (Miller et al., 2003).
207D, AEOWEITEEGILT, F5ruED
AP ICEAE ORRE A PED RAHEEIHEL TS
DOIPEBTHZEDUETHA).

LY I YRR AT SRS LB S0 E K E
BARMIZHI ST 5 720121F, AV b - A EDZ
RNT S5 EAEMTH S, FFIC, BUFICBW TR
RIC X 2 ERm O EILE/ N ShTwa 2 b L
N7\ (Weinberg and Hasalova, 2015). L D Carvalho
etal. (2018) 2k BHfZEIC LR, iz LEEE LW
FA 22 BRI K 7 il SO <2 B 22 R I K 7 il S s 7S e v
TREZLAETD, KBk FE LR & OC-O-Hi gk
FIAEL TR S, E2, AV NOEWDS
AV MR OZALZ AL Z LN TE D00 Lt v,

5| A3k
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Microstructures associated with biotite dehydration
reaction in the Himalaya orogen

Takeshi IMAYAMA

Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

In the Himalayan orogen, the microstructures of migmatite formed by the biotite dehydration melting were in-

vestigated. Garnet and potassium feldspar grown in equilibrium with the melt have irregularly arranged inclusions.

Quartz in the matrix has a cathode luminescence (CL) zoning with grey-CL core surrounded by bright-CL rim. In

contrast, quartz inclusions in garnet does not have a CL zoning. These microstructures of quartz CL may be related

to the elimination of structural defects during melt crystallization. In the future, the attribution of quartz CL emis-

sion will be clarified from the quartz CL spectrum. The melting reaction in the Himalayan crust will be clarified by

analyzing melt and fluid inclusions.

Keywords: Biotite dehydration reaction; microstructures; cathode luminescence; Himalaya.
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Damage distributions during 1946 Showa- and 1854 Ansei Nankai
earthquakes in view of 3D basement structure of the Okayama
plain, West Japan

Keiichi NISHIMURA

Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

Distribution of heavy damages during the 1946 Showa- and the 1854 Ansei Nankai earthquakes was compared
with the 3D bedrock (seismic basement) structure of the Okayama plain deduced from gravity anomalies. To do this,
the effect of 3D focusing of seismic waves due to the bedrock topography was examined assuming plane S-waves
arriving from the source area of the Nankai earthquake. As a result, a close spatial correlation was found between
the location of trough-like depressions where seismic rays focused and that of the heavily damaged zones. This sug-
gests that the effect of bedrock topography on earthquake ground motion should be taken into consideration for
seismic hazard assessment.

Keywords: 3D bedrock structure; focusing/deforcusing of seismic wave; damage distribution during great Nankai
earthquakes.
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HH1 REVREOAIRE E

F1 REWR AT CRRLE
o) ﬁ:%(m /k
REW Eit Li_ Be Na Mg Al K Ca v : %)r Mn Fe Co N Cu Zn__ Ga
= 2%T 016 000 177 1424 159 9055 116 020 195 146 536 013 322 273 228 007
%= = 0.01  0.00 15.1 1920 133 8969 738 006 283 141 597 017 269 453 243 003
%= At 034 0.00 65.2 1510 825 14452 990 003 272 136 506 021 322 383 210 003
®= L 0.06 0.00 386 1750 123 13133 109 0 152 113 491 019 272 150  19.9 0
%= REVIIL 029 000 450 3561 483 12916 106 007 424 277 108 023 358 106 425 004
= At 0.09 0.00 694 2700 115 20519 174 005 377 339 791 031 112 146 386 002
= Z%T 017 000 578 2467 115 18910 149 002 377 324 808 028 68 163 344 002
=2 T 015 002 259 2069 227 17377 139 0 237 215 620 026 200 133 305 001
EX=E Al 0.12 0.00 726 2078 175 21135 180 033 273 332 426 037 899 695 437 008
EXE [T 025 0.00 101 2386 353 10907 127 006 343 210 101 045 106 498 286 004
AVTURAGR) BEEI 026 000 26.0 2651 203 13620 117 006 289 238 104 057 291 344 275 001
AU AGR) BEEEI 016 000 427 3090 165 12755 86.8 003 392 250 884 027 822 474 379 004
AU A  REVTIL 004 000 98.3 2227 833 12838 722 001 263 191 934 042 483 359 260 003
avid EHH 013 0.1 830 1886  7.39 15078 103 003 368 152 617 028 178 311 279 002
e IT)-S 011 0.00 188 2074 139 14668 86.0 001 332 187 765 033 583 362 314 001
BAUTUT A IT)-S 0.18  0.00 359 4280 984 19146 115 002 476 437 115 034 903 102 530 003
NG A= 0.12  0.00 336 1829 150 12177 67.9 003 252 178 649 054 922 155 279 002
N REVTIIL 025 003 17.4 1945 204 13554 60.2 003 248 297 571 030 121 441 203 001
N p:iipan 0.10  0.00 118 906 137 13233 851 0 100 900 274 026 283 5.9 105 0
* 2T 014 000 300 189 1.8 431 226 001 185 104 102 013 0.36 8.4 175 0
* At 020 001 49.3 293 12.9 786 175 002 291 140 190 015 037 311 334 0
® At 0.34 0.00 249 1568 121 2118 139 002 281 172 469 026 3.11 227 265 002
® &M 0.08 006 505 451 6.39 2467 363 017 155 487 156 011 375 154 165 007
EEX At 0.13 002 105 449 412 2042 119 002 192 647 152 010 218 83 594 001
£ At 0.09 0.00 483 1094 566 3889 349 002 204 223 357 013 130 570 196 001
NNE =R 0.10  0.00 558 1813 160 3386 278 003 232 275 457 019 239 200 326 003
B S TE 0.10  0.00 204 777 105 2434 761 001 221 260 169 016 174 639 133 001
J)—=254R i) 0.09 0.00 311 295 534 2109 869 002 278 127 265 015 116 140 132 0
A—hx e 008 004 67.1 1423 728 4568 57 002 493 433 648 022 296 181 201 001
2% At 0.30 0.00 123 3401 504 6347 1213 022 429 297 240 031 232 192 369 004
2% At 039 0.00 58.1 3237 151 6677 1326 032 433 285 132 031 190 563 350 007
E—Fv A 0.34 0.00 730 5466 106 3849 957 003 855 656 646 037 130 131  60.1 003
FEOIY At 0.12  0.00 110 1060 315 4442 302 007 166 739 211 016 030 265 130 0
roERDY prijpan 0.15 0.00 88.6 967 816 3758 126 0 122 562 263 015 029 423 127 0
NG FEl L 0.14 001 379 2827 107 6938 83.1 003 396 312 120 026 691 491 591 004
* G210 020 0.00 281 459 10.4 1464 12.4 001 286 141 194 015 032 242 214 001
EXE F# 1L 0.17 003 80.8 2354 468 13186 129 0 364 236 811 016 330 435 343 002
B 39 46 29 37 49 587 9 13 13 6 100 33 10
ICP-MS D 43H7 414 ELIZTEHEON, ROLBEORBNTHIIKTHY,

- 77 AR I Ay & ¢ 18.0 L/min Ar

- filhiiE ¢ 1.8 L/min Ar

« AT AW = AP 1.0 L/min Ar
- BT Y AE 6.5 mm

N — 1 14kW

3. ERERRUEE
3.1 REWhOEMITEIRE
#F1, R2IREWHOFMITHKIREZ R L2, W

~20 g/kgFEPETH - 72, T Ca, Mgl g/kg?fzf%“(
Hotz. WPIZE S THETEON, FMVIREZRL
72 DIFAITE mg/kg~150 mg/kg & I\ IBEHIPHCH -
72, ZORTHERS EVEEYISPERICEEO R T
~ T150.8 mg/kg TH > 7z, WERE & HARE L KT
INECCHIERE, HARMETZENEN14~20 mgkg
L1l mghkgk RELEIR SN o7z KTIEFEL
1212 mg/kg& 10 mg/kgE K& IR O N h o7z,
BRG TIE17~35 mg/kgllxf LT, 5mgkgd HAED
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K2 REWHRREITTHRIREL
TH kg)
g 4 7tk (mglkg
REN E As Se Rb Sr Ag Cd In Cs Ba Hg Tl Pb Bi Th §]
BE 2EET 0.204 4.44 9.82 5.40 0.81 0.002 0.19 006 1.09 2.50 0.05 1454 719 0.76 0.08
®=E o= 0.094 3.05 6.30 7.98 0.46 0.001 0.05 003 1.32 0.47 0.01 0526 281 0.20 0.02
= Al 0.054 6.12 8.02 2.48 0.35 0.000 0.02 004 088 0.02 0.01 0.144  1.52 0.10 0.01
= T 0.000 1.20 9.85 6.81 0.03 0.037 0 0.01 1.67 0 0 0221 0.18 0.05 0
w2 NEVTIL 0004 111 15.4 6.29 0.21 0.007 0 007 223 0 002 0714 083 0 0
=2 sarde 0.028 6.22 16.7 7.97 0.19 0.000 0.02 003 485 0.02 0 0.164 1.26 0.06 0
=2 2RET 0.013 720 18.9 9.07 0.18 0.000 0.01 007 6.08 0 0 0076 078 0.04 0
= L 0.000 0 8.07 2.06 0.11 0.000 0 001 052 0 0 0019 025 0.06 0
BEXE ATt 0.082 0.21 18.7 3.12 0.19 0.090 0.33 0.07 3.31 5.18 0.05 0.634 5.23 3.39 0.14
BEXE TS 0.000 8.02 15.0 129 0.15 0.000 0.01 0.02 426 0 0.01 0750 1.16 0.03 0
AVTIRACGR) BEET 0.000 11.1 15.1 9.48 0.11 0.000 0 002 405 0 0 0.283 1.01 0.02 0
AU AGR) BRI 0060 821 319 739 012  0.000 0 004 269 0 0 0111 067 001 0
AT A ANE>T)L 0000 8.36 19.8 8.11 0.15 0.000 0.01 003 355 0 0 0.086 0.77 0 0
e = 0.026 895 8.95 5.59 0.07 0.000 0.01 0.01 0.71 0 0 0.185 1.27 0.01 0
e IR 0.000 10.1 218 1.81 0.09 0.025 0 006 1.06 0 0 0.047 050 0.01 0
BAVTUIA IR 0.013 824 322 5.87 0.27 0.000 0.01 0.04 3.04 0 0 0.267 053 0.03 0
INE It 0.000 9.00 9.16 4.76 0.20 0.094 0.01 0.02 1.94 0 0.01 0.352 0.86 0.01 0.02
=3 ANE>TIL 0013 109 13.2 6.36 0.05 0.000 0 002 439 0 0 0.061 0.41 0.01 0
=3 L 0.000 0 6.99 1.40 0.06 0.000 0 002 038 0 0 0.601 0.13 0.03 0
* 23T 0.030 106 1.09 0.21 0.07 0.000 0 0 0.12 0 0 0.007 0.36 0 0
* Ak 0.106 13.1 3.38 0.54 0.24 0.023 0.01 001 073 0 0 0.138 057 0 0
E3 ATt 0.019 105 9.78 0.64 0.13 0.000 0 0.18 083 0 0.01 0200 038 0.01 0.01
- =23 0.072 6.65 2.87 0.68 0.21 0.005 0.27 006 0.56 1.85 0.01 0.279  3.04 6.06 0.10
BmEK Ak 0.000 9.47 5.33 0.20 0.09 0.000 0.03 005 027 049 0 0.066 0.84 1.40 0.02
XE ATt 0.000 9.74 8.02 2.36 0.12 0.018 0.01 002 243 012 0 0.043  0.40 0.19 0
NhE =E 0.040 9.53 6.42 0.60 0.10 0.000 0 0.01 0.33 0 0 0.136 0.73 0.08 0
K IR 0.078 9.57 6.38 0.34 0.07 0.283 0.01 001 061 0 0 0.045 052 0.06 0
J)—=2S4R i} 0.065 8.37 8.43 0.34 0.03 0.143 0 013 046 007 0 0.353 0.38 0.03 0
E arde 0.000 10.7 7.89 3.79 0.18 0.000 0 002 321 0 0 0.068 0.66 0.07 0
237 Ak 0.011 521 17.4 46.9 0.04 0.094 0 006 31.2 0 0 0.058 0.55 0.02 0.01
L2 AL 0.062 867 15.8 41.1 0.05 0.087 0 009 174 0 0 0.076  0.46 0.03 0.02
E—Fv ade 0.000 16.8 120 5.27 0.09 0.282 0 005 286 0 0 0.197 062 0.02 0
roERIY At 0.000 0 0.97 0.45 0.29 0.024 0.05 001 0.11 2.00 0 0397 133 0.95 0.03
ryEATIY T 0.000 3.38 7.65 0.16 0.07 0.000 0 0.06 0.13 0 0 0.142  0.25 0.04 0
IMNE f& L 0.026 6.22 16.9 4.02 0.35 0.025 0.01 002 0.62 0 0.01 0217 1.05 0.02 0
* FE 1L 0.033 145 1.24 0.20 0.12 0.033 0 0 0.14 0 0 0.039 046 0 0
2XE FE L 0.000 7.28 26.8 2.40 0.11 0.000 0.01 0.07 1.10 0 0 0.217 057 0.02 0
G 4 235 27 284 77 40
{117/ = W N=N 73
£33 EE [EmOMEITCEEGR] L OLK
i B [N Be Mg AT v Cr M Co % Ga As Se St cd Ba T Pb B
5 iy 0 0,004 424 159 02 195 46 013 728 0 020 743 340 0 T 0.05 S 7
e 0 0.000 1920 133 01 283 14.1 017 243 0 0.09 3.05 7.98 0 132 0.01 0.53 3
fLE 0 0.000 1510 82 0.0 272 13.6 0.21 383 21.0 0 0.05 6.12 248 0 0.88 0.01 0.14 2
NEVIL 0 0.000 1750 123 0.0 152 113 0.19 15.0 199 0 0 1.20 681 0 167 0.00 071 1
i1 0 0.000 3561 483 01 424 277 023 105.9 425 0 0 11 629 0 223 0.02 022 0
) 0 0.024 1700 5.0 0.0 0.66 1.0 0.00 8.6 24.0 0 017 0.00 0.90 0 6.20 0.00 0.00 0
K [ZEA 0 0.000 2700 3 00 377 3.9 031 146 386 0 0.03 6.22 7.97 0 18 0.00 0.16 T
KE it 0 0.018 2069 27 0.0 237 215 0.26 133 305 0 0.00 0.00 2,06 0 052 0.00 0.17 0
PN EHT 0 0.000 2467 1.5 0.0 3.77 2.4 0.28 16.3 344 0 0.01 7.20 9.07 0 6.08 0.00 0.08 1
K. (i) AA 0 0.000 2300 5.8 0.0 0.26 250 0.00 10.0 35.0 0 0.28 0.06 0.56 0 0.57 0.00 0.00 0
KRG Crh) i 0 0.009 2200 6.6 0.0 029 21.0 024 1.0 310 0 0.32 0.03 0.62 0 2.70 0.00 0.00 0
7 A 0 0.014 827 10.7 00 396 3118 0.26 [on] 39.1 0 0.06 10.73 383 0 327 0.00 0.28 T
AEVIL 0 0.032 1945 204 0.0 248 29.69 0.30 4. 203 0 0.01 1116 9.53 0 411 0.00 0.06 1
N it 0 0.000 906 13.7 0.0 1.00 9.00 0.26 59 10.5 0 0.00 0.00 1.40 0 0.38 0.00 0.60 0
T (i) 0 0.000 1300 14 0.0 021 13.0 0.14 6.1 20 0 0.18 011 2.70 0 230 0.00 0.00 0
ES R 0 0.000 189 118 0.0 1.85 10.38 0.13 8.4 17.5 0 0.03 10.6 0.21 0 0.12 0.00 0.01 0
Wi 0 0.011 293 129 0.0 291 14.04 015 L1 334 0 011 13.1 0.54 0 0.73 0.00 0.14 1
* fidils 0 0.000 459 10.4 0.0 2.86 14.14 0.15 242 214 0 014 145 0.20 0 0.14 0.00 0.04 0
*_GCi) 0 0.000 260 L1 0.0 0.09 74 0.00 23 13.0 0 0.01 0.04 0.04 0 0.08 0.00 0.00 0
Ed (e 0 0.000 1568 12.1 0.0 281 17.21 0.26 3 22.7 26.5 0 0.02 105 0.64 0 0.83 0.01 0.20 0
L L 0 0.055 451 64 02 155 487 0.11 3.75 154 16.5 0 0.07 6.65 0.68 0 0.56 0.01 028 3
%Ok D.L. 0.710 500 74 0.0 0.09 5.6 0.07 D.L. 4.2 1.0 D.L 0.07 0.04 0.57 D.L. 071 021 0.70 0
(23 Wk 0 0.000 1095 71 0.0 2.19 23 0.14 131 574 204 0 0.01 9.77 241 0 249 0.00 0.20 0
f2 DL 0.023 1200 40 0.0 034 75.0 0.00 DL 20 19.0 DL 0.00 017 3.30 DL 2.30 0.00 0.00 0
K% WL DL 0.035 294 44 00 3.06 ] 0.16 038 315 342 0 012 3,12 038 0 0.79 0.00 0.29 1
KECL) DL 0.000 270 16 0.0 0.14 120 DL 0.60 27 13.0 DL 0.06 0.03 110 DL 430 0.00 DL 0
SRk A B RBOMBTHRE RR
DBONWHEED S DX PIKVRETH 572, HELHK DHEILFE DBe, As, Cd, Hgld 21T 0 mgkgTd - 7.
DANZK W THE\WMEEZ R L72DIEPbTH > 7. Phift F3NTCHAE [EmofiE R &R ] L OKER
B£130.01 mg/kg~1.45 mgkgs 2o 7z, I d E\EE L7z, RPETFERRLIMEIICREZBZ 25 0% R L
Wi E R BEVLE Ok TLA45 mgkg TH o 72, H 720 BREMIINC AL L, P AR T AID48.26

PEL HAEZ IR T 5 &,
NZE10.06~0.45 mgkg & 0.22 mgkg & FFEETH - 7.
KTIE, 0.01~0.14 mg/kg® 0.04 mgkgk MR TH -
7z, BRTTIX0.7 mg/kg & 0.16 mg/kgs 72 1), HERE
OEREVHAED S O L) B iz R L7z

/J N

SCHIERE, HAETE

Z DAt

mg/kg, HERNTLA BE K E.22.65 mg/kg, HEIWMITLA /N

7.13.67 mg/kg & IEH 1T

WIVTH RBEOHEAA RS 7.
Al, Cr, Mn, Co, Ni, Cu, Se, SSCWINDEH D

DA TLHEZ B2 Tz

[l B A P T RE D K OF

]—J‘/"fﬁfiﬁ)’) 7z,

INSDBEE

Hh ] E D Ak LU
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HAPEDKR TS, Mg, Al, Cr, Mn, Ni, Cu, Zn, As, Se,
Sr, Ba, PbCILRkEAZ & 2 Tz, WE O RFEILA #
DK E HARDRMILPED K % R L72#E 58, Al2SH AGE
TE<14]l mgkgTH Y, F72, CuTDHHEEFEIA
FED 2 Wi #0734 mg/kgk o7z, E5IIMgTH H
REDSDODVEHMEEZIRL, WTNOTHETD 2 5T
Bemosz. WEEDKBEEDTOITLKIREIZ—EL
Faod, HEBICKY, REGREFPELD, RIS
FREEE 2 2 IO BEWAFEST 5 ENHL ML
GTotz., TOZEGHPEEEYTOITCHREII—ET
7 <, A B TRE S 7z BEY IR o Hulg o b
D &) B0 A S E1006%5 S BV IERIBEDO L OV D
LT ERRLTVD., COEILKIREDZEWIL, 3K
EEINTWL B EERHOKICHELTWE EEZ
LMd., FRCEEDOHEORFE LR KEH®EIZID
TEPHREINTVEIDONLOHEEEZLNA.

3.2 REEWHOC As, P
FABREYCA, As, PoIEEZ /R L, Codex (1962
A, EEOB MR CTH 2 AR R ERME (FAO)
EHEFAMEREES (WHO) 25&TH T, [EIRRIY 2 £ mBE
BOL LT ENPDLNT. F O WBUEEHE O S
A EMBKER S, EBATI—T v I AT
XvFHY A - 233y (Codex Alimentarius Com-
mission) &\, CACE BEFR STV 2) HeHefh®
LWL 72, BRI h ) — & D L ocds #kib

LCHEIRLUBET S E, FHoOEICEREL RIS
RETEDSH 5. CADEBERY 72 2 4E130.400 mg/kgTH D,
SIHE L7z o R b REHEA B2 5 5 0l
Lotz B MIBWTHRENRD LN 5LAsITEF
VLA WAk T T (0.200 mgkg) % 2, 0.200
mg/kgk oz, FNUUSNOER O K BEEYIZZ DK
WHZBA 5D DI R0 o 72 PoidFFEOE & 21517,
EMBERE A L, THOMOREIEEY RITT 2
EDRIHENT WA, CodexDPbAE#EAE130.200 mg/kg
DFTH5. WIFhoREy b Lz ilEz TRy
W BT S PE A T 31,454 mg/kg & FEF T B W E
N7z

WCHELTIE, 19704 E T S T2 A8
HVY) Y OPER AT A OPS, B O 155G
DEBERGYIRTH 5 Z LA, PR ORFZED
LIS PICZEN TS, HEJHEOPR T A DM, JE
PR ORRBE, NEEL BREH], FARGIROMH % L&A
BRFICETONTWEY . S S OBAIREYIC
L0 BEWTOPOREE A CodexDIHEL X 72 E 2
CYL-R

3.3 BEWTRATHEITRRE

L5 EEY A T EICHIREE R Lz, hEE,
HAEOWTNOREMIZBW T ATEILRIZIZE
AL SN h o7z

F4  REYHCI As, PbiRfE

K (mgke)

it PE Hh cd e o
(3= HEEs 0.002 0.204 1.454
(o= dentiti 0.001 0.094 0.526
oaea e[ 0.000 0.054 0.144
R WNE L =L ATEK 0.007 0.004 0.714
kL WHLH 0.037 0.000 0221
= WHTA 0.012 0.000 0.174
K IOElES 0.000 0.028 0.164
K BEETE 0.000 0.013 0.076
K il E=y 0.000 0.000 0.750
AT~ A () HHEEITE 0.000 0.000 0.283
A=A (%) BT 0.000 0.060 0.111
A =R HE > =L ETRK 0.000 0.000 0.086
SR S [Ty ey 0.000 0.013 0.267
B R 0.000 0.026 0.185
avaza [ e 0.025 0.000 0.047
VNI WAL 0.090 0.082 0.789
FyED Y OE%) 0.024 0.000 0.379
FyERIY WiTHE 0.000 0.000 0.142
/L Elauin 0.000 0.000 0352
INEL WE L =L AR 0.000 0.013 0.061
INEL WA 0.000 0.000 0.601
BS HEETE 0.000 0.030 0.007
B [RE (e 0.023 0.106 0.138
P il 1 L1 7 0.033 0.137 0.039
INEL i 117 0.026 0.056 0.276
EvNCA i | Ly 77 0.000 0.000 0.217
Codex FEHEfi 0.400 0.200 0.200
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LS

JIE - K

4:i A

K5 REYR A LROTRIREE

Sc Y Sb La Ce Pr Nd Sm Eu Tb Dy Ho Er Tm Yb Lu

199  0.06 0 0.08 0.09 0.06 0.05 0.05 0.08 0.04 0.08 0.06 0.06 0.05 0.04 0.07
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HHITAS /3 0 0 0 0 0.29 0 0 0 0 0 0 0 0 0 0 0
S N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SR/ BT 0 0 0 0.02 0.12 0 0 0 0 0 0 0 0 0 0 0
EIRE S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(LA 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BELTE/A v~ A (R) 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0
BELTE/ A v~ A (%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WSHAE/AA o~ A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AL e —F Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B 2 L A VINEL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WEL TLERK/A V=4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T > LR 0 0 0 0 0.06 0 0 0 0 0 0 0 0 0 0 0
HEITAE K 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 ek 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WALE/ A — & 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ks R~ 0 0.04 0 0.05 0.14 0 0.01 0 0 0 0 0 0 0 0 0
AL/ 8 0 0.04 0 0.03 0.12 0 0.01 0 0 0 0 0 0 0 0 0
WALE BT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WAL/ by ERr Iy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WA KR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W LBk 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WHIE/ bvEr 2y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CIMESNA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fid | L1 /78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EISES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4. &0 SE

B Cestls, IR, e, RRIE, WA,

WE Y TVERRIX, HHE, ElE, KN, TL#HE)
DREY RO A (LT O REY) 2 SR 721308

AL, ICP-MSTICHEIERE 2% L 7.

T OMR, L

TOZEPY SR

1.

WELZTLEON, RDBBEDOFHVICHIIKTD
D, 1~20 glkgfETH -7z, K TCa, Mgh'l g/kg
BETH-72. HWIZEL>THETLEON, FWn
AR L72DIXAIT, Himgkg~150 mg/kg & A
WIREEHIFHICTH - 72

WAEMAS [EOMBETEEARR] 2@z 75T
F#1&, Al Cr, Co, Ni, Cu, SrCTH 7.

&M W 13 Codex DPb® 2 #E 410,200 mg/kg %
2T S, BT R T 1454 meke
LIERICEWEZ R L 7.

YRR TECRIZIEE AR SN ko7

1)

2)
3)

4)

5)

6)

Biae, WEHESTERIC B B A SR L L 2R SR
VAT ADHY FICHTHNIE — KT AT 4 — VR
L-EmE—— A - 2A0FEREREZEBL T—, 1
LA, VHOR PR T I 2 =7 4 WAL ERE
2015

gaRAESE, MY, HHEK, I 470V - BudcRAaEs,
F—mh, 1994

TRET, MRt OBIME R, b &4, Vol.33,
No.6, 1995

PREEE, SR mBk, JF BB, REER, B X
O RIBHY A DI EUBE I X 5 BB G 0 4,
RADIOISOTOPES, 41, 343-349, 1992

EAG A, 3 —7 v 7 2B O FF Bhttp:/www.mhlw.
go.jp/topics/idenshi/codex/09-00.html

RIS BRG, IS, $h13EB X OBEWHIICET 5K
EOWFFEBY, HARTIEIESAHEES, 775, 95 197, p.119
~124, 2006
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Analysis of elemental concentrations in Chinese and Japanese
agricultural products

Jun NAOHARA and Yuan LIN

Graduate School of Engineering, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

The element concentrations of collected or purchased agricultural products from China (Beijing, Shandong,
Hebei, Heilongjiang, Zhejiang, Inner Mongolia, Jilin, Yunnan, Guangxi and Jiangsu) and Japan (Okayama)were
measured by ICP-MS. The results were as follows.

1. Among the measured elements, the element with the highest concentration was K, which was about 1 to 20 g/kg.
The next largest amount of Ca and Mg was about 1 g/kg. Among the harmful elements for plants, Al showed a high
concentration. The concentration ranged from several mg/kg to 150 mg/kg.

2. The elements whose measured values exceeded the concentrations in the “ Table of Food Trace Element Content”
were Al, Cr, Co, Ni, Cu, and Sr.

3. Various agricultural products exceeded the Codex Pb standard value of 0.200 mg/kg. In particular, mung beans
produced in Heilongjiang Province showed a very high value of 1.454 mg/kg.

4. Almost no rare earth elements were detected in agricultural products.

Keywords: ICP-MS; agricultural products; harmful elements; rare earth elements.
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EWZ & anagidE (1993) ICX DR SN TV, il
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1993, Yamashita et. at, 1993, [LIF (1997, 2000, 2013,
2014, 2015), P45 (1997, 2004, 2005, 2009, 2010,
2013, 2014, 2015, 2019).

4N, 1990~20104FE D204 D)1 & - RIZ BT
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TR 28 2 i R & A7 L TR CO, & BT H
DFEFEAL & KT COy & BIEIHH & OAHBIBItRIZD
WTHHEL, L.
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oy e T
4 P TORKE G
F£2 BINEFRIIBT L ANEMEOR L WE HEL a8 - &I, R B 0 1990~20104
1990~2010 A #E
IZAIELI-$K 1 2 3 4 5 6 7 8 9 10 11 12 ERA% A
RARIEHENE 1 6 9 2 6 8 5 7 5 5 7 5 66
HBIE A2 3 21 31 3 13 34 11 18 18 18 26 15 211

2004, 2005, 2009, 2010, 2013, 2014, 2015) ® 4%
WEMRE,S, BRPAHEMNEZRLZ0T, EIb
EEDF UMBE A E A LTRWEELR L.
T/, FEMEELRDLIEL LT, FELE M
LTH PR L7

WL, WAkh =R LRFESIE (Partial pressure
of Carbon dioxide in seawater, pCOo & F.3". patm), K5
rh =8t %50 E  (Partial pressure of Carbon dioxide in
atmosphere, PCO, & 09, patm), ZRMAHEARE (Surface
Seawater Temperature, SST 723, C), ¥4 (Practical
Salinity Unit, SEGL. psu), KFEA A+ ViR (pH
Litd.), #AEME# (Dissolved Oxygen, DO& 5.
mg-1), JAE (wind speed, UX i 3. m-sec?), K4 -
WEEM ZBLRFEDTE (ApCO,=pCOy- PCO,, patm)
Jo VK Sl v ] AL ik FF B & (COoFlux - mmol -
m?-dt) ZEM L

W ToRMIE, B QU 2015, 2019) (26
L7z, pCO,DISE L, 19934ELIRTIE, HAED /N7
YT X BEAKPCOME R E 2 M L 72, 19944
DI, Ohtaki®E (1993), Yamashita®F (1993), Kid
& (1994), WWF (1996), S-one (2003) 2 X Y B
SNZRILANT Y ¥ ZHITE BRA - KRB COoH
Bl e S & v 7z

BEEEE 1 ~ 3 TH 5. HFIME (24F:HH
EAH) &2 2HEL RS X ) ZEHE L7z, HYP I,
245 [ A LT S L7l E il & B LTk
7o AL, WLz AICEENS HEEEZ A
MFEH L TRD 72720, pHIE, KEA 4+ VBRE
WAL CRMEY L2 T, pHIZR LTS 5.

3. AFHENEIL

F213, WINEBICBITA, 1990~20104E0 H 5
A Eiesf (o) LMEHBETHS. FlziE
3HIE, oMo H¥EMEANE L, HEMEHEIZ31H
ThotzZ L amd. AFHHOBEOREIL66 7 A
Thotz. WHEHBEII211IH TH - 7.

#3103, pCO,& MMEIHH @, 1990~20104F 0 4 25
bz g L7z HFa %2R, 1 HIZDOAKRHE &
o 72VAV, foIEH L, 120 A2 i-> T,

%%3~0H, E#6~8H, #E9~11H, 4%
2H~2H L&D T, KHEHOEEME (max) 2R
L, BKITpCO,y  ApCOg & COSFluxAS, 4 I1ZPCO,y
LS8, BIISST, WSZS, FIIpHEDOTH -7z, &
HHORMMHE (min) %Z/R3FHilE, WSECOsFlux%
BX REWEZRTEHEIZEIFTEETL TV,

B 5~1112, pCOx& B#IAH D% H DFHfiZ Lo
Rz R L 7.

K51, pCOy PCOy& ApCONEEZEALTH 5.

pCO,i%, 10H 4% i & fii559.6patm, 3 H 2% i ik i
230.6patm, 4EF¥iti398 9uatmTH - 7z, PCOLIE, 12
H A% 5H408. 7Tpatm, 4 H 25HARA#H381.76patm, 4
3395 9uatm T d - 72. pCO3& PCO,D K/NEER T 72
bH ApCOMER D5, 12H~5 HiZ, #AKITKE» S
COZ XL, 6 H~11H1Z, #HKIZKEANCOZ it
LTWABIZERDDDE. ZD XS BIG 30U E S 5
HRE Y FiETIER SRRV (11T, 2019). pCOLLE
M2 b2 329.0patmiZ X, PCOyD 2 L 21327 0patm
ENE WD T, pCOyL ApCOy (= pCOy-PCOy) 1,
ERZECTEILIPIAMETH - 7.

B 6 1%, pCOyLSSTOEMEILTH 5. WHDHAH
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#3  pCO& B FE O H g, WS - 21l - B, WEMR - 1990~20104F

N : %, max : & fH, min: ®EfH, R: L ¥ Y (R=max-min),
HHER 2% (CV% = (SD/min) X 100).

D : fE#ERA, CV% -

DA, median o FRYLfE,

average

month pCO2 PCO2 SST S pH DO WS /ApC02 CO2 Flux
L atm L atm °C psu mg-1-1 m*s—1 L atm  mol*m-2-d-1
1 257.1 400.5 7.8 32.3 8.224 2.1 -140.8 -0.79
2 243.8 390.5 8.8 32.6 8.244 8.8 1.5 -1459 -0.41
3 230.6 381.7 95 32.2 8.350 9.3 1.6 -125.1 -0.71
4 301.3 382.3 13.3 31.1 8.264 9.6 0.7 -79.8 -0.23
5 3717.7 400.9 185 31.6 8.208 8.6 1.5 -12.8 -0.03
6 453.3 405.8 211 31.6 8.094 6.8 1.7 41.0 1.05
7 473.6 396.7 25.2 31.4 8.124 6.6 1.5 55.5 0.11
8 531.5 405.7 2741 291 7.837 6.0 24 61.4 0.28
9 523.9 388.1 26.6 30.5 8.077 6.2 1.5 112.7 0.08
10 559.6 404.4 225 31.0 8.149 6.2 1.9 154.6 1.15
11 496.4 3854 17.5 30.9 8.078 6.5 1.5 1115 0.33
12 338.3 408.7 13.1 31.7 8.211 1.5 1.6 -70.4 0.12
N 12 12 12 12 12 11 12 12 12
max 559.6 408.7 271 32.6 8.350 9.6 24 154.6 1.15
min 230.6 381.7 7.8 291 7.837 6.0 0.7 -1459 -0.79
R 329.0 27.0 193 3.5 0513 3.6 1.6 300.6 1.94
average 398.9 395.9 17.6 31.3 8.135 1.5 1.6 -3.2 0.08
median 4155 398.6 18.0 31.5 8.178 6.8 1.6 14.1 0.10
sd 141.6 118.7 6.5 7.6 2.009 1.8 24 119.5 2.79
cvl% 35.5 30.0 37.1 24.2 24.639 23.6 148.6  —-3759.1 3511.13
X4 A5 9 FIdRE—FH LTz, fk - L3RS pCOﬂlEk‘iEU%Lf:E@LIE H & OMBIBREZ AN L7,
BLFNTWAEDS, —4E % L TpCOy & SSTDIEDH FKAERSITWIN - FBITBI BpCOLMEE Z D

BREATE W E ZELTE L. SSTAPCO,DEE b b
KREGEREEZZONS.

K71, pCO,&SOFEHIZALTHSH. pCO & SO
Ll & IR O F T PET R Cn .

K 8%, pCOy&pHDZEHIZALTH B. pCOy& pHD
L RAMEOFEH I PET N Tz, SEpHDTF
HIZAL DA AIE X S LTz, —4EZ 0 L TpCoy &

pH * SIZHDOHBEREA W EELRTE S, pHESIE
pCODMEE P B RELERNEEZ BN,

K9 1ZpCO, & DODFEHIZALTH L. 6 HE12HD
Y—7 %< &, B LML CPT W,
pCO, & DOIZIEDHHBIRE A W E B TE S

E101EpCO, & WSO FHiZ AL TdH 5. WSO I & fH
M8 A, AMAT4 HIZR SN, pCOy& BMRDA 2
o,

F111&pCOy & pCOFlux D ZFEHIZALTdH 5. pCOFlux
FHNZIE, Andrie (1986) D% W 7-.

ApCO,, SST, S, WSH BENPN B HTDH % COyFlux
13 ApCO, CIEEDEF Y, SST, S, WSTHEDEE 5.
i R WE T R T UL, WO RS K & £, COoFlux® ik
il & FARME I WSO HIIA & —F LTz,

4. pCO, & FEIEE DAk

5D ApCO,D & 512, K & KK DM TR
WCIERADE L 2314003, E.Tﬁf’(&iﬁﬂ(ﬂ'éﬂfb‘&
V. ZIT, RO R o 5720

WIHH OMBEREEZR L. £41%, BFHMEZEHR
T2 DI 2SS fE 2 > TR L 72 BART
FITdh s, WREHEEIZAATRERTH L. £513, HTFH
iz MBI 2R L, AEid667 HTHh 5.
pCOLfili & Z D BIEIE H O A BIAREIE, BRI ME

LEFRE LIS, AFHEI SR LMK
EL o Tz, ZOMEIE, SHFEL ME Lz,

1212 pCOsD H -394l & SSTD H “F-35 1l o A1 B8 X
R x%ZpCOly ZSSTICE N EMET S E, Y=
0.053x-3.69, HHHEREA30.92TH - 7-.

612, HIFHMEA 5 KD 72pCO, & Ao B # 35 H
OMEE & HBIREE R Lz, MK OREAIEDHE
HiZ, PCO,, SST, WST, #iAHiZ, S, pH, DOTH -
7z MIBFREAN09% W 2 72DIFSSTEDOTH 5. S
ETIX0Ispud LT 5 2 L3S IR FR
TlE, AFYMECHEM3LsonE L L T &,
pCOy & SASHHIIZ 72 5 A O HLH IZWIHE TIlX 2w,
pCO, & DOAS WA B I 72 % BEHT 1, DO /KBERIY
HARIZ X DML, KEAEYDOIFR TR T 5.
pCOyE, DOL T, KEAREWOIAKIT X DAL,
M CHINS % L ELTE 5. LarL, HRAETIE
AW ORI E B4 READENDH Y, K7ZpCO,
EDODBAfRE — AL L 72 S i Tw v, K
AR O E B2 ED5DI2IE, DO TIEAL
THs 9.
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£ W RRIBY BT AL AN : 1990~20104F. WAERMIEL  4147H50
pCO2 PCO2 SST S pH ave DO U 1C02 CO2 Flux
pCO2 1.00
PCO2 0.14 1.00
Ts 0.78 0.10 1.00
S -0.43 0.10 -0.51 1.00
pH ave -0.82 -0.18 -0.60 0.34 1.00
DO -0.81 -0.27 -0.68 0.31 0.69 1.00
U -0.13 -0.23 -0.05 0.11 0.15 0.19 1.00
AC02 0.98 -0.06 0.76 -0.45 -0.79 -0.76 -0.09 1.00
CO2 Flux 0.32 —0.01 0.30 —0.08 —0.30 —0.30 -0.33 0.32 1.00
#£5 W FHISBY S A 2. RN © 1990~2010%. 66 1
pCO2 PCO2 SST S pH DO WS  ApCO2 CO2 Flux
pCO2 1.00
PCO2 0.33 1.00
SST 0.92 0.30 1.00
S -0.77 -0.16 -0.79 1.00
pH -0.79 -0.41 -0.79 0.85 1.00
DO -0.93 -0.50 -0.84 0.64 0.81 1.00
WS 0.28 0.64 0.22 -0.27 -0.54 -0.64 1.00
/pCO2 0.98 0.20 0.87 -0.69 -0.67 -0.88 0.17 1.00
CO2 Flux 0.80 0.49 0.67 —0.45 -0.52 -0.73 0.17 0.80 1.00
£6 pCOD I FIgfE LA B#IEH & DA & AHRI R %
W : 1990~20104E. pCO,» H¥FE¥fE. Y : Mo T H o H I E
E%x tHE=L 1EEE RS
PCO2 y = 0.0263x + 385.41 0.33
SST y = 0.0533x — 3.6949 0.92
S y = —-0.0058x + 33.658 0.77
pH y = -0.0008x + 8.4913 0.79
DO y =-0.0106x + 11.823 0.93
WS y = 0.0009x + 1.2528 0.28
ApCO2 y =0.8597x - 346.14 0.98
CO2 Flux y = 0.0039x — 1.4892 0.80
5. &8 SN Ll T 72 I FAFgEE o bk, 224 ORI KR

1990~20104F DN & - BOBIIFE R 5, i
JT R DpCO, & BIHLIE H O i 28 b & pCO, & B8 IH
H&OMBBRIZOWTRELEE L.

pCOxE, 107 IZHm =iz, 3 A ’aﬂfﬂ ’ET‘T$
WL TH o7z ApCOqix, 12H~5 HIC KX
KA HCO,ZWINL, 6 A~117121g, %&ﬂ(ﬂikﬁ
ANCOZ ML TWBEZ EDNHLNE RS T2

pCO, H XMl & AHBIFR%A0.9L F.ooIHH 1%, SST,
DOT, 0.7 LoIEHHIIX, S, pHTH - 7.

HET
R L0 R 2 B 2 A O B e S BT > Bt e MU T LS B L
T. REBHER ’&of:¢£$[]~ﬁ JIECHFLE L L

JET. WIIBZE C T, 7T 5V THW, K
I LR - ICIRBF LY. S5
19904 & 0 20104E D, LTI - T 5 Limb*

LI,

SE
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Caron dioxide in the sea weter seasonal variation at coastal site,
Sibukawa and Ushimado in the Seto Inland Sea, Japan

—Measurement from 1990 to 2010—

Eiji YAMASHITA

Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

During 1990-2010 , in Shibukawa and Ushimado., eason variation of partial pressure of carbon dioxide in the

seawater (pCO,) and other materials n the seawater were measured

Seasonal variation of pCO, and other materials were became clear in Shibukawa and Ushimado. pCO, value

showed maximum in October and showed minimum in March. 4 pCO, value showed a negative value for from

December to May and, for from June to November, showed a positive price. As for negative value, the seawater

absorbs CO, from the atmosphere. As for the positive price, the seawater discharges CO, to the atmosphere.

Partial pressure of carbon dioxide in the seawater and other materials correlation was calculated.

Keywords: pCO, (partial pressure of carbon dioxide in the seawater), PCO, (partial pressure of carbon dioxide in

the atmosphere), SST(Surface seawater temperature)
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ARWEZERTE, FILBERHR S O MR i T & o 72 HIRB - FET & Bl B i Je it & fef L Pii314: 4 A
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Ken Yonezawa, Hiroki Oota, Jun-Seok Oh, Kazunori Koga, Tatsuyuki Nakatani, Masafumi Ito, and Masaharu Shiratani,
Developing pressure gradient sputtering system (PGS), The 11th Asia-Pacific International Symposium on the Ba-
sics and Applications of Plasma Technology (APSPT-11), P1-48, The Kanazawa Chamber of Commerce and In-
dustry, Kanazawa, Japan, from December 11 to 14, 2019.

Hiroyuki Fukue, Tadayuki Okano, Masahide Kuroiwa, Shinsuke Kunitsugu, Hiroki Oota, Ken Yonezawa, Tatsuyuki
Nakatani, Methane flow rate dependence of plasma emission in DLC films formation using reactive bipolar HiP-
IMS method, The 11th Asia-Pacific International Symposium on the Basics and Applications of Plasma Technolo-
gy (APSPT-11), P1-8, The Kanazawa Chamber of Commerce and Industry, Kanazawa, Japan, from December 11
to 14, 2019.

Muhammad Aminurul Helmy, Shinsuke Kunitsugu, Tatsuyuki Nakatani, Film Surface Analysis of Ultralow Friction of ta-
C:H Film Deposited by Cathodic Vacuum Arc Plasma, The 11th Asia-Pacific International Symposium on the Ba-
sics and Applications of Plasma Technology (APSPT-11), P2-40, The Kanazawa Chamber of Commerce and In-
dustry, Kanazawa, Japan, from December 11 to 14, 2019.

Yuichi Imai, Yasuhiro Fujii, Takashi Goyama, Daiki Ousaka, Susumu Oozawa and Tatsuyuki Nakatani, Development of
Biocompatible DLC Coating Method on an Inner-wall of Extended Polytetrafluoroethylene Artificial Vascular
Grafts, The 16th International Conference on Flow Dynamics (ICFD2019), OS8-11, November 6-8, 2019, Sendai
International Center, Sendai, Japan, (2019). (Invited)

Takehiko Sato, Ryo Kumagai, Satoshi Uehara, Tomoki Nakajima, Kiyonobu Ohtani, Takashi Miyahara, Tatsuyuki Nakatani,
Measurement of Electrical Charge in Fine Bubbles Generated by Plasma in Water, The Nineteenth International
Symposium on Advanced Fluid Information (AFI-2019) IFS Collaborative Research Forum, OS19, CRF-66, No-
vember 6-8, 2019, Sendai International Center, Sendai, Japan, (2019).

Haruna KITAGAWA, Ichiro SHIMIZU, Akira WADA, Tatsuyuki NAKATANI, Xinming ZHAO and Takashi TAMURA,
Influence of Stent Deployment on Mechanical Response of Coronary Artery, The 14th International Symposium on
Advanced Science and Technology in Experimental Mechanics (14th ISEM'19-Tsukuba, Japan), A066 (FL-374),
November 1-4, 2019, Tsukuba International Congress Center, Tsukuba, Ibaraki, Japan, (2019).

Sung Hwa Hwang, Kunihiro Kamataki, Naho Itagaki, Kazunori Koga, Masaharu Shiratani, Jun Seok OH and Tatsuyuki
Nakatani, Influence of DC Substrate Bias Voltage on Deposition of Carbon Nanoparticles Produced by Ar+CH4
Multi-Hollow Discharge Plasma CVD method, XXXIV International Conference on Phenomena in Ionized Gases
(XXXIV ICPIG) / The 10th International Conference on Reactive Plasmas (ICRP-10), PO15PM-068, July
14th(Sun) - 19th(Fri), 2019, Sapporo Education and Culture Hall, Sapporo, Hokkaido, Japan, (2019).

M. A. Helmy, S. Kunitsugu, T. Okano, M. Kuroiwa, T. Nakatani, Study of surface contact pressure on tribological behaviour

of ta-C:H film coated by reactive cathodic vacuum arc plasma deposition method, XXXIV International Confer-
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ence on Phenomena in Ionized Gases (XXXIV ICPIG) / The 10th International Conference on Reactive Plasmas
(ICRP-10), PO18PM-068, July 14th(Sun) - 19th(Fri), 2019, Sapporo Education and Culture Hall, Sapporo, Hok-
kaido, Japan, (2019).

H. Fukue, UT. Okano, M. Kuroiwa, S. Kunitsugu, H. Oota, K. Yonezawa, T. Nakatani, Evaluation of unexpected arc dis-
charge characteristic of DLC films formation using HF-HiPIMS power supply, XXXIV International Conference
on Phenomena in Ionized Gases (XXXIV ICPIG) / The 10th International Conference on Reactive Plasmas (ICRP-
10), PO15PM-072, July 14th(Sun) - 19th(Fri), 2019, Sapporo Education and Culture Hall, Sapporo, Hokkaido,
Japan, (2019).

Kairi Muramatsu, Takehiko Sato, Tomoki Nakajima, Toshikatsu Nagasawa, Tatsuyuki Nakatani, and Shigeru Fujimura, Re-
duction of nitrogen oxides concentration in plasma sterilization, The 6th Japan - Taiwan Workshop on Plasma
Life Science and Technology (JTPL2019), July 11(Thu.)-13(Sat.) National Institute of Technology, TsuruokaCol-
lege, Yamagata, Japan, (2019).

Kairi Muramatsu, Takehiko Sato, Tomoki Nakajima, Toshikazu Nagasawa, Shigeru Fujimura, Tatsuyuki Nakatani, Devel-
opment of electrodes for air plasma sterilization, Proceedings of the International Workshop on Environmental En-
gineering 2019 IWEE2019), PE304, June 25th (Tue.)-28th (Fri.), 2019, Bankoku Shinryokan Resort MICE Facil-
ity, Okinawa, Japan, (2019). [Best Poster Presentation Award]

Koki Oikawa, Takehiko Sato, Tomoki Nakajima, Toshikatsu Nagasawa, Shigeru Fujimura, Tatsuyuki Nakatani, Effect of
nitrogen oxides on ozone sterilization of spores, Proceedings of the International Workshop on Environmental En-
gineering 2019 IWEE2019), PE311, June 25th (Tue.)-28th (Fri.), 2019, Bankoku Shinryokan Resort MICE Facil-
ity, Okinawa, Japan, (2019).

Tatsuyuki Nakatani, Harumichi Takeuchi, Akira Wada, Shuzo Yamashita, Investigation of Anti-Corrosive Performance of a
Si-Doped DLC-Coated Magnesium Alloy Stent Deposited by RF-Plasma CVD, The 36th International Conference
of Photopolymer Science and Technology (ICPST-36) / Materials & Processes for Advanced Lithography, Nano-
technology and Phototechnology, B2-02, June 24-27, 2019, International Conference Hall Makuhari Messe, Chiba,
Japan, (2019).

Hiroyuki Fukue, Yuga Koyama, Tadayuki Okano, Masahide Kuroiwa, Shinsuke Kunitsugu, Tatsuyuki Nakatani, Spatial
distribution diagnosis of plasma by emission spectroscopy in DLC films formation using bipolar HiPIMS method,
ROCEEDINGS of The 15th International Symposium on Sputtering and Plasma Processes (ISSP2019), SP3-1P,
pp.175-176, June 11-14, 2019, Kanazawa Institute of Technology, Ishikawa, Japan, (2019).

Ken Yonezawa, Hiroki Oota, Jun-Seok Oh, Kazunori Koga, Tatsuyuki Nakatani, Masafumi Ito, Masaharu Shiratani, Pres-
sure gradient sputtering technology (PGS: High vacuum sputtering), PROCEEDINGS of The 15th International
Symposium on Sputtering and Plasma Processes (ISSP2019), SP1-7P, pp.39-41, June 11-14, 2019, Kanazawa In-
stitute of Technology, Ishikawa, Japan, (2019).

K. Koga, S.H. Hwang, T. Nakatani, J.S. Oh, K. Kamataki, N. Itagaki, M. Shiratan, Deposition of Carbon Nanoparticles Us-
ing Multi-Hollow Discharge Plasma CVD for Synthesis of Carbon Nanoparticle Composite Films, 46th Interna-
tional Conference on Metallurgical Coatings and Thin Films (ICMCTF) 2019, B2-2-FrM9, May 19-24, 2019, San
Diego, California, USA (2019).

Shinsuke Kunitsugu, Kosei Kubo, Tatsuyuki Nakatani and Ichiro Shimizu, Mechanical Properties of DLC-Coated PEEK
Prepared by ICP-Assisted Sputtering Method, International Symposium on Advanced Plasma Science and its Ap-
plications for Nitrides and Nanomaterials 11th International Conference on Plasma-Nano Technology & Science
(ISPlasma2019/IC-PLANTS2019), 20P5-66, March 17-21, Meijo University, Nagoya, Japan, (2019).

Yuichi Imai, Tatsuyuki Nakatani, Yasuhiro Fujii and Susumu Ozawa, HydrophilicFunctional DLC Coating on an Inner-wall
of Artificial Vascular Grafts Using Oxygen Plasma by AC High Voltage Burst Plasma CVD Method, International
Symposium on Advanced Plasma Science and its Applications for Nitrides and Nanomaterials 11th International
Conference on Plasma-Nano Technology & Science (ISPlasma2019/IC-PLANTS2019), 18P1-37, March 17-21,
Meijo University, Nagoya, Japan, (2019).
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Hyodo, H.: Diffusion model of excess argon observed around an intrusive. 2020JpGU meeting, T %% 7%, Makuhari, Chiba,
May, 2020. V) E— MR THER.

Sato, K., Hirose, T., Kumagai, H., Iwata, N., Hyodo, H.: Crustal noble gases anomaly associated with aftershock the North-
east Japan Great Earthquake at 2011 and fault movements, calculated with experimental fault data. 2020 JpGU
meeting, T- 3 %27k, Makuhari, Chiba, May, 2020. V) € — b %24 TH K.

Hyodo, H. and Zwingmann, H.: Argon diffusion in rocks - classical approach in view of heating and relaxation. 2019 JpGU
meeting, -3 %5, Makuhari, Chiba, May, 2019.
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T I —, HESEp34, RILEFRSE 20204 3 H13H

WA T, MF VKR, R 7=/ — vz HefsE, KRFREO Z v MiFMBAFROmE, #19
b H AT AEREEaRE, 4 ¥ 74 VR, 20204 5 H18H ~29H

MEG VK, BEET, V7 T U BREBUKERERKIDHO B RIS & 2 58 EALIH HAl, ous7 + —J &
20197 7 A M7 27 ME, p69. RILTZH ATV, 20194E11H25H

ME TR, WIS, MRS B 2R A AR AR RIS I ROy B — R O B, ous
T4 —5 2020197 7A MT 7 ME p70, WILTTH AT, 20194E11 H25H

MEFTVK, FHMHEK, VAT bo—IZ X 5% aetE il o B s g & o ALE RN AL O M)
OUS7 *+—F A20197 7 A bF 7 ME, p71, WILTFHRx7v, 2019411 H25H

BE VK, RALFEMIZIC BT 2Ny YUk v ZHEXGANTOL O HUIE SR, 578101 H A - X A &,
B 7 R R B 23 i, 20194 9 H26 H ~28 H

MRS, BEHF WK, VANT Fo— i X B 5%, RRERED 7 » FFFMRAEFROmE, HA
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ogy & Science, Nagoya, Japan, 20P5-66, (2019).

Haruna Kitagawa, Ichiro Shimizu, Akira Wada, Tatsuyuki Nakatani, Xinming Zhao and Takashi Tamura, Influence of Stent
Deployment on Mechanical Response of Coronary Artery, Proceedings of the 14th International Symposium on
Advanced Science and Technology in Experimental Mechanics, Tsukuba, Japan, Paper No. FL374 in USB, 4 pag-
es, (2019).

Kodai Ushiro, Ichire Shimizu, Xinming Zhao, Akira Wada and Haruna Kitagawa, Finite Element Analysis for Optimization
of Forming Process of Thin-Walled AZ31 Magnesium Alloy Tube by Multistage Deep Drawing-Ironing, Proceed-
ings of the 14th International Symposium on Advanced Science and Technology in Experimental Mechanics, Tsu-
kuba, Japan, Abstract No. A067, p. 33, (2019).
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