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5,15-bis (2,3, 5, 6-tetrafluoro-4-(dimethylamino) phenyl)-10, 20-
bis (pentafluorophenyl) porphyrin D 1&3& & 1

5 S SR |

(EEN

FILBER RS 7 0 > 5 1 7 B LW 58 At

20214F12 ) 15H % #1

5,15-bis (2, 3,5, 6-tetrafluoro-4- (dimethylamino) phenyl) -10, 20-bis (pentafluorophenyl) porphyrin (Hy TFPP-(NMey) ) O
BiimzHwWT, ZoMRBMHEZHLMIL PN T —F 13RO D : crystal system monoclinic, space
group P2,/c (#88), Lattice parameters; a =13.5839(4) A, b =11.4816(3) A, ¢ =16.0057(6) A, V=2460.20(14) A®, Z=2, R1=
0.0933, wR = 0.2437. HyTFPP-(NMey)y i3, HyTFPPO RV 7 4 V) VBIZHEE L TW5 400Xy ¥ 7Vt a7 =
SWVEDOH L, WHE L2925, FTFIFTIVFA-NN-VAXAFI 7Y VICEBINEEELZE STV,

1. Introduction

Frix, 7y FILRNVT 1) ¥5,10,15,20-tetrakis (p
entafluorophenyl) porphyrin (=Hy TFPP), B X U7 v #
b2 1) 5,10,15, 20-tetrakis (pentafluorophenyl (N-methyl)
iminomethano) chlorin) (= Hy TFPC) 5 D G REME 2 453
LERILEWR TN O OFEREZ G L, Thoolh
FCET 58217 o720, G L2 A5 T 2 B
T &5 2 EBERO G & RIS 25852 1T -
2D LTwa. Fl2E, HyTFPCIOHE 2 ik L 72Kk
TED7 v FALr ) YFHEARDS, SeuEinme LT
HH 2D T B A O IEH & L TR
72HEE (SR GBI AE b 2 &, WH
JCOMEHNT L 0, MBI 2 iR Al 3k % 56
WsasZl, FBMICBWCIEEZBHA L AW
L) 2ALTWS I LR L2Y, U HTFPC%
BCAEF &3 B WEREEIAAY, BRI ORBRZELZBRILA L 5
57 3 Y ORBALIG O L 72 5 Z L 2 HE L7120
LTws.?

A G X T I, 5,15-bis(2, 3,5, 6-tetrafluoro-4-
(dimethylamino) phenyl)-10, 20-bis (pentafluorophenyl)
porphyrin (Hy TFPP-(NMey) ) O HA% S 35 AT 00 s 5t
5§ 5. HyTFPP-(NMe,), (&, H,TFPP® 4 >
DORYEINVEIUT 2= VDD, WY B 0E LI
HHERYETINFAT 2 ZVIEONSTRED T v FE T
EYVAFNT I BICEBR LRV T TH 5.

2. Experiemental
H,TFPP% DMFH Cig it L T b N7zl Kz,
7 au k)l A/DMSO L ) Fiigdh LT, AR dh

37z, 2O ZFOMBLIN OILCI—7 1 ¥ 7L,
Cryoloop (HAMPTON RESEARCH#E: ) 12 & % L 7z.
W %€ 1%, Rigaku Saturn724 H B X#¢ | #r 5 L T,
Graphite monochromatoriZ & V) H.ta /b L 7zMoKafit % H
WTATo 72 BlEHIE, WRAHMEIREE 2 VT, f b
%-180°C \T o 7. M AT 13 B2 5 (SHELXL)Y %
TR % Yo L7214, Full matrixig/h Z 3%
EDEREMDBEL, KEETFEZERELTRTORE
Begug Lz, KERTIE, BT41EHE (C-H 0.95
MIZ XY ZONME % P L7214, riding model (KK
TR EL TR REFRFICH LT, UgMH =
12U, Z H W TR EOKEIL T 72, KK
AT > 7:DER DR, &, fLFITE RO D 5 ¥ —
ZIxERIN L o7z, X ToOEH IEProgram
package Olex’# J\\ Cf7 o 72. ¥

3. Results and discussion

ArlEl,  HORS SRR S AT 1 W 72 Hy TFPP-(NMes)
DO HEES (REHRIR) 13, HyTFPPZDMFH T i
LTl mfkz, 7 ookivA/DMSOR 5
R LT LY

H,TFPP-(NMey) ;D & S F M /8F A =5 —B L O
FEE AL DI/NT A — & —F Table 1 IZ/R L 72,

H,TFPP-(NMey),C 1%, Hy,TFPPD 4D DX ¥ %
InvFua 7z VoS L, WHT L2007
VIO T VDGO T v EREFNIAF VT
I HETEBSINIME LIS TWDBE Z LAY LRI
72 o 72. HyTFPP-(NMey) , ® i1 % Figure 11278 L 7z.
F 72, COWERNTORE, Sl OREFNTICH 72



4 I 7 b % -

HyTFPP-(NMey) D fh 121, FRMICH W2 T %
FIVANEKF Y FD5F HHyTFPP-(NMey) @ 1 55
Tz 20T, MEEPIIEEINTNE 2P H
LMo 7.

HyTFPPO 4 DD XYy ¥ 7)) A 07 = =)V XT
WV XAFNT I 7 HEEA L5, 10, 15, 20-tetrakis
(2,3, 5, 6-tetrafluoro-4- (dimethylamino) phenyl)- porphyrin
(= HyTFPP-(NMey),) D 3% l&Soman & 12 & o THd
T2, Y HyTFPP(NMeyp,OHiik %, HyTFPP-
(NMep) (DR L LT, TN ODOREIZKE 2
I hdpolz. $hbb, WY AFIVT I KR
BALLFENVT7 1) YEROMEIZITE A LZLL 2.

HyTFPP-(NMey), D RN 7 £ 1) ¥ BEOHLIRE b
I 2 [\ [ fndl A7 LT\ A 729, Figure 11278 L 72
T D5 DADHE AWML R TH Y, s
PRICE DA LB FICRTER LD T NVOLTRIZ L %
LT BMEEZ R LT b, KRFER B 5T 00 BERE
BLO, HEHFZEN /8T A —F — (Atomic coordinates and
Be,) % Table 2, K% b < &+ DRIV 2L/

F3

il ok

Z A — 4% — (Anisotopic displacement parameters) % Table
IR L7z, 45T O & B % Table 4 (Bond lengths
(A)), #5A#% Table 5 (Bond angles () ICZNEFNF &
D7z, KRFERF OB L, FHAEMNT A =5 —
(Hydrogen atomic coordinates and Bey) % Table 6127~ L 7z.
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5,15-bis (2, 3,5, 6-tetrafluoro-4- (dimethylamino) phenyl) - 10, 20-bis (pentafluorophenyl) porphyrin ¢ £ 3& i Hr

Table 1. Crystal data and structure refinement parameters for HyTFPP-(NMey),

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group

a/A
b/A
c/A

pr

Volume/A®

z

u/mm’1

F(000)

Crystal size/mm°>
Radiation

20 range for data collection/’

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A

Cs52H34F18NO2S2

1180.97

93

monoclinic

P21/C

13.5839(4)

11.4816(3)

16.0057(6)

99.760(3)

2460.20(14)

2

0.227

1196.0

0.07x0.05x0.04

Mo Ka (A =0.71073)
4.388 to 63.098
-19<h<18,-16<k<16,-23<1<23
46940

7856 Ry = 0.0410, Ryigmy = 0.0267]
7856/0/365

1.030

R; =0.0933, wR, = 0.2437
R; =0.1243, wR, = 0.2656
1.01/-1.21

Table 2. Fractional Atomic Coordinates ( X 104) and Equivalent Isotropic Displacement
2 3
Parameters (A“ X% 10°).

Atom x y z U(eq)

S(1) 10026.4(11) 6480.0(12) 7375.6(8) 81.1(5)
o(l) 10156(2) 7679(3) 7735.7(19) 60.5(7)
C(25) 10889(6) 5550(5) 8038(4) 104(2)
C(26) 8930(6) 5871(7) 7694(4) 126(3)
F(1) 3952.5(16) 2579(2) 7652.5(16) 58.9(6)
F(2) 3985.6(18) 1995(2) 9282.6(19) TL.9(7)
F(3) 5229(2) 3134(2) 10547.4(16) 74.1(8)
F4) 6474.3(19) 4793(2) 10131.8(15) 68.0(7)
F(5) 6433.1(15) 5385(2) 8506.9(15) 57.9(6)
F(6) 7869.1(12) 1674.3(16) 4252.2(12) 43.0(4)
F(7) 9736.1(14) 974.1(19) 4344.8(15) 55.1(5)
F(8) 10842.8(14) 4350(2) 5945.7(15) 58.6(6)
F(©9) 8995.5(14) 4997.6(19) 5858.3(13) 51.0(5)
N(1) 4114.1(17) 5275(2) 5880.7(17) 37.7(5)
N(2) 6074.9(17) 4253(2) 5926.5(17) 37.8(5)
N(3) 11344.4(19) 2209(3) 5155(3) 61.7(9)
c() 3188.4(19) 5776(3) 5760(2) 35.7(6)
C(2) 2780(2) 5789(3) 6535(2) 39.5(6)
C@3) 3467(2) 5285(3) 7134(2) 41.6(7)
C4) 4291(2) 4955(3) 6713(2) 38.5(6)
C(5) 5143(2) 4365(3) 7116(2) 41.2(7)
C(6) 5965(2) 4049(3) 6745(2) 40.4(6)
C(7) 6843(2) 3460(3) 7143(2) 45.3(7)
C(®) 7458(2) 3332(3) 6562(2) 43.5(7)
C) 6972.5(19) 3815(3) 5783(2) 37.3(6)
C(10) 7323.5(19) 3809(3) 5019(2) 35.5(6)
C(11) 5183(2) 4015(3) 8020(2) 42.6(7)
C(12) 4574(2) 3138(3) 8246(2) 47.3(8)
C(13) 4595(3) 2831(3) 9095(3) 54.1(9)

5



Table 3. Anisotropic Displacement Parameters (AZ X 103).

c(14)
c(5)
c(16)
a7
c(18)
c(19)
C(20)
C@21)
C(22)
Cc@23)
@24

5228(3)
5849(3)
5819(2)
8359.9(18)
8601.8(19)
9576(2)
10385(2)
10135(2)
9162(2)
11674(4)
12164(3)

SIS IR EPS

3395(3)
4241(4)
4542(3)
3367(3)
2354(3)
1997(3)
2636(3)
3639(3)
3987(3)
2051(6)
2695(5)

9722(2)
9519(2)
8678(2)
5047.4(19)
4668.3(19)
4707(2)
5137(2)
5523(2)
5484(2)
4338(5)
5804(5)

53.2(9)
52.6(9)
47.1(8)
35.6(6)
36.5(6)
42.2(7)
46.3(8)
44.3(7)
40.5(6)
105(2)
111(3)

Beq = 8/3 7%(Uj; (aa*)? + Usy(bb*)? + Uss(cc*)? + 2U1, (aa*bb*) cos y + 2U;3(aa*cc*) cos B+

2U3(bb*cc*) cos )

Atom Uy Uy Uss Uy Uiz U

S() 95409 89.8(9) 68.2(7) -37.0(6) 42.7(6) 56.5(7)
o)  495(14) 62.4(16) 68.1(17) -16.5(14) 5.9(12) -105(12)
@) 175(7) 5303) 107(4) 93) 88(5) 43)
c@26)  139(6) 167(7) 85(4) A47(4) 52(4) -112(6)
F)  42.6(10) 53.0(12) 83.3(16) 1.2(11) 16.7(10) 5.4(9)
F2)  61.7(14) 55.9(13) 109(2) 275(13) 46.2(14) 12.0(11)
F3)  89.5(18) 76.4(16) 63.9(14) 24.7(12) 347(13) 42.4(14)
Fd)  62.7(14) 83.1(17) 55.4(13) 5.8(12) 17(11) 17.2(12)
FG)  41.6(10) 67.2(14) 62.1(13) 5.3(11) 1.19) -8.0(10)
F6)  283(8) 43.3(10) 55.6(11) ) 15(7) -3.3(7)
F7) 37409 49.9(11) 79.0(15) -2.4(10) 13.1(9) 10.98)
F8)  287(9) 75.6(15) 66.8(13) 2.2(11 5.7(8) -16.8(9)
FO) 38309 56.2(12) 58.0(12) -15.6(9) 7.2(8) 114(8)
N1 22.8(10) 41.3(13) 48.4(14) 28(11) 4.8(9) 0.6(9)
N@)  23.9(10) 425(13) 47.0(14) 49(11) 5.8(9) 5.009)
NG 19.6(11) 7002) 932) 45(18) 27(13) 12.6(12)
cly 224711 35.5(14) 48.8(16) -2.8(12) 47(10) -1.7(10)
c@ 25302 44.0(16) 49.5(16) -3.3(13) 7.5(11) 0.2(11)
@ 27812 47.8017) 48.8(17) 1.4(13) 5.8(11) 2.8(11)
c4)  254(12) 42.4(15) 47.9(16) 0.2(13) 6.3(11) -0.7(10)
Gy 29.0(13) 45.4(16) 48.8(17) 47(13) 5.8(11) 3.7(11)
c6)  27.3(12) 44.5(16) 49.4(17) 5.9(13) 6.8(11) 36(11)
T 204(13) 54.2(19) 52.5(18) 12.4(15) 7.0(12) 7.7(12)
c® 26112 51.1(17) 53.1(18) 78(14) 6.2(11) 5.3(12)
O 20201 40.6(14) 51.2(16) 15(12) 5.7(10) 0.7(10)
C(10)  20.8(10) 36.0(13) 49.0(16) 1.2(12) 3.6(10) 0.8(9)
cal  281(12) 481(17) 52.6(18) 9.4(14) 9.6(12) 8.1(12)
C(12)  332(14) 44707 68(2) 6.5(15) 19.0(14) 8.0(12)
c(13)  45.1(17) 44.8(18) 80(3) 17.1(17) 31.7(17) 16.5(14)
4 572 55(2) 51.9(19) 12.6(16) 21.3(16) 26.1(17)
c(5)  435(17) 61(2) 54(2) 2.4(17) 8.9(15) 20.5(16)
C(16)  32.9(14) 53.2(19) 56.0(19) 7.9(15) 9.5(13) 7.1(13)
ca7  18.6(10) 43.6(15) 437(15) 0.4(12) 2.9(9) -1.6(10)
cas)y 211711 44.2(15) 42.9(15) 1.8(12) 2.0(10) L0.4(10)
c(19)  283(12) 45.0(16) 53.7(18) 44(14) 8.7(12) 5.7(11)
C(20)  19.9(11) 57.1(19) 60.2(19) 11.8(16) 1.6(11) 43(12)
c@l) 22011 56.9(19) 51.3(18) 4.6(14) 0.9(11) -7.7(12)
Cc2)  260(12) 48.3(17) 46.3(16) 27(13) 3.9(11) -6.6(11)
C23) 472 88(4) 188(7) -14(4) 45(3) 122)
C@4)  344(19) 64(3) 214(8) 1(4) -353) 6.0(19)




5,15-bis (2, 3,5, 6-tetrafluoro-4- (dimethylamino) phenyl) - 10, 20-bis (pentafluorophenyl) porphyrin ¢ £ 3& i Hr

Table 4. Bond Lengths.

Atom  Atom  Length /A Atom  Atom  Length /A

S()  O()  1.491(3) C3)  CE 14524

s()  C@5  1.793(7) Cd)  CG)  1.400(4)

s()y  C@26) 1.795(5) CG)  C6)  1.400(4)

F(1) C(12)  1.3254) C(5) C(11)  1.495(5)

FQ  Cl3) 13344 Ce) C(7)  14234)

F(3) C(14) 1.354(4) C(7) C(8) 1.360(5)

Fd) (15 1.34305) c® O 14214

F(5) C(16)  1.336(4) C9) C(10)  1.385(4)

F(6) C(18)  1.349(3) Cc10y cA7)  1.490(4)

F7)  Cc19)  1.344(4) cl) c¢d2)  1.390()

F(8) C(21) 1.352(4) C(11) c16)  1.382(5)

FO)  C22) 1343¢4) c(12) Cc(13) 1.399(5)

N(D) c() 1.366(3) c13)y cd4) 1.370(6)

N(1) C4) 1.363(4) C(14) C(15)  1.361(6)

N(2) C(6) 1.363(4) C(15) C(16)  1.384(5)

N(2) C©) 1.374(3) c(17y cA8  1.376(4)

N(3) C(20)  1.389(4) c(17)y C@22) 1.387(4)

N(3) C(23)  1.464(8) C(18) €19  1.376(4)

N(3) C(24)  1.496(6) Cc(19) €20y 1.401(5)

c(l) €@ 14424 C(0) C@1)  1.376(5)

() cao)  1.405(4) Cc@l)  C@2) 1.371(4)

C) C(3) 1.350(4)

Symmetry Operators: 1x,1-v,1-2
Table 5. Bond Angles.
Atom Atom Atom  Angle/’ Atom Atom Atom  Angle/°
o)y S(I) CR5 10740) F) ca2) cdl)  119.93)
ol) S1) C@6) 1074(3) F1) cd2) ca3 1187(3)
C25) S C(26)  95.2(4) cdly cdazy ca3y 12144
C4) N(1) (D) 104.9(2) F(2) C(13) C12) 119.2(4)
C6) N2 CO 11002 F2) cl3) cd4 120.84)
C20) N@) €23 11694) c4)  ca3) €2y 120.0(3)
C(20) N(3) C(24) 118.0¢4) F(3) C(14) C13) 120.5(4)
C@3) NGE)  CEd 11124 F3) cd4) ca5  11954)
ND) o) @ 111.33) Cc(15)  C(4)  C(13)  120.003)
N()  C(l) o) 125.00) F@)  C(15) C(14)  1202(4)
cao' o1y cE)  12373) F4) cd5 ca6)  120.24)
c@ @ cl)  106.6(3) c(l4) cd5 C(16)  119.6(4)
c@ cB3  cé 106003 FG)  C6) cdl) 119503
NI cé) 3 111203 FG)  C16) C(15 117.6(3)
N1 Ccé) G 125103 cll) cd6) cds  122.93)
cG)  Cd) C@ 123603 c18)  CA7)  CA0)  124.7(2)
c4) CG)  cdl)  117.903) ca18) c(7) C@2) 1154@2)
C(6) Cc() C(4) 126.0(3) C(22) Cc17) Cc10) 119.93)
c6) Gy cdl) 116103 F6) €18 A7) 119.7(2)
N@) C6)  CG) 126003 F6)  C(18) C(19) 118.2(3)
N@)  C6) @ 107.003) c(19) ca8) ca7n  1221(3)
cG) ) CT  127.003) F7) 19 c(18) 117.8(3)
c® 7  C6)  108.1(3) F7) €19 C@20) 119.9(3)
orn C®  CO  108.1(3) c(18) €19 CR0) 122.3(3)
N(2) cH C(8) 106.8(3) N(3) C(20) €19 118.8(3)
N2  CO)  C10) 126.73) C@l) CR0) N@)  126.003)
Cc(10) €O CE®  1265(3) Cc@2l)  CQO) C(19)  1152(3)
o' caoy  carn  117.703) F8)  CRl) CQ20) 121.4(3)
cO  Cca0 cm'  126.1(2) F8)  CR2l) €22 1164(3)
C9) ca0y ca17  116.1(3) C(22) C@21) €20y 122.2(3)

7
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ca12) cdl) cG)  121403) FO)  C@22) Cd7) 1194(3)
c16) cdl) cG) 12243 FO)  C@2) c@l)  117.73)
Cc(16) cdl) c12) 116203 c@l) c@2 c17  1228(3)

Symmetry Operators: '1-X,1-Y,1-Z

Table 6. Hydrogen Atom Coordinates (A X 104) and Isotropic Displacement
Parameters (A% X 10%).

Atom x y z U(eq)
H(25A) 11572.91 5747.23 7969.3 156
H(25B) 10750.57 4736.11 7874.16 156
H(25C) 10815.45 5658.37 8631.21 156
H(26A) 9000.58 5893.8 8313.13 190
H(26B) 8848.36 5062.5 7498.83 190
H(26C) 8343.07 6325.46 7443.04 190
H(2) 5635.2 4612.34 5546.16 45
H(2A) 2150.23 6093.97 6609.72 47
H(3) 3420.76 5169.59 771413 50
H(7) 6975.67 3202.43 7715.06 54
H(8) 8100.77 2980.85 6659.9 52
H(23A) 11104.16 1815.69 3910.79 157
H(23B) 12189.93 1446.77 4390.95 157
H(23C) 11947.61 2785.66 4165.87 157
H(24A) 12398.97 3430.4 5596.31 166
H(24B) 12718.62 2138.66 5906.1 166
H(24C) 11912.28 2835.04 6333.51 166

X-ray structure determination of 5,15-bis (2,3, 5, 6-tetrafluoro-4-
(dimethylamino) phenyl)-10, 20-bis (pentafluorophenyl) porphyrin

Narimi FUJII and Haruo AKASHI

Institute of Frontier Science and Technology, Okayama University of Science

Crystal structure of 5,15-bis(2,3,5, 6-tetrafluoro-4- (dimethylamino)phenyl)-10, 20-bis (pentafluorophenyl)
porphyrin (Hy TFPP-(NMe,),) has been determined by the X-ray structure analysis. Crystallographic data: crystal
system monoclinic, space group P2,/c (#88), Lattice parameters; a = 13.5839(4) A, b=11.4816(3) A, ¢ =16.0057(6)
A, V=2460.20(14) A3, Z=2,R1=0.0933, wR =0.2437. HyTFPP-(NMes), has the structure in which the two of
the four pentafluorophenyl groups attached to the porphyrin ring of HyTFPP are replaced by tetrafluoro-N, N-di-
methylaniline moiety. X-ray diffraction analysis of HyTFPP-(NMe,), revealed that the two tetrafluoro-N, N-di-
methylaniline moieties are located in opposite positions each other.
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Relationship between discharge characteristics and thin film
properties in DLC film deposition using high frequency-high
power impulse magnetron sputtering method

Hiroyuki FUKUE", Tadayuki OKANO™, Masahide KUROIWA™,
Shinsuke KUNITSUGU™*, Hiroki OOTA™*"*,
Ken YONEZAWA ™" and Tatsuyuki NAKATANI™***
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**Tokyo Electronics Co., Ltd.,
2-22-7, Honcho, Kokubunji-shi, Tokyo, 185-0012, Japan
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*HE**nstitute of Frontier Science and Technology, Okayama University of Science,
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High power impulse magnetron sputtering (HiPIMS) method can form higher density diamond-like carbon

(DLC) films than conventional direct current magnetron sputtering (dcMS) method. However, the deposition rate
of the HiPIMS method is lower than that of the dcMS method. We have developed high frequency (HF)-HiPIMS
method as a new power supply to improve the deposition rate of HiPIMS method. In this paper, we report on the

relationship between discharge characteristics and thin film properties in DLC film deposition using high frequen-

cy-high power impulse magnetron sputtering method. We first evaluated the discharge characteristics of the HF-

HiPIMS method. Next, deposition rate, film density, and sp3 ratio 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. From the relationship

between the discharge characteristics and the film density, we were able to obtain an index for optimizing the depo-

sition conditions.

Keywords: HiPIMS; HF-HiPIMS; DLC; sputtering.
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Effects of tool edge geometry and DLC coating
on bone drill performance

Toshiaki KANEEDA, Tatsuya NAKATANI, Motoki TERANO®, Hiroyuki HIRANO™*

Institute of Frontier Science and Technology, Okayama University of Science,
*Faculty of Engineering, Okayama University of Science,
**Faculty of Engineering, Okayama University of Science,

0-1 Ridai-cho, Kita-ku, Okayama-city, Okayama 700-0005, Japan

Drilling experiments of pseudo bone block using bone drill were conducted on the small size of cutting appara-
tus to determine effects of tool edge geometry and DLC coating on wear and cutting force.The block is an alterna-
tive material to human cadaver bone for testing made by Sawbone Co. Ltd. The block is a kind of compression
molding presseed material composing epoxy resin and reinforced short glass fibers. The bolck corresponnds to
cortical bone in humanbody on mechanical strength. Six kinds of tool for drilling experiments were tested. The
experimental results indicated thet DLC coating produced lower wear volume and maximum torque, however, no
distinct effects on maximum thrust force.Tool geometry, point and helix angle, affected maximum thrust force to
some extent, however, wear not too much. In these exepriments DLC coating drill with 90° point and 30° helix
angle presented the best performance among them.

Keywords: bone drill; pseudo bone; wear volume; torque; thrust force.
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Dielectric Approach to Adsorption of Ethylene Glycol on Metal
Plate Surface

Kazuaki HACHIYA, Hiroyuki AOKI"

Institute for the Advancement of Higher Education, Okayama University of Science,
*Faculty of Biochemisty, Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

The adsorption of polyethylene glycol molecules to the metal plate surface was detected by a tribometer as a

relaxation process of the friction coefficient signal, which was obtained by the averaging process of the randomly

fluctuated friction coefficient signals. Because the ethylene glycol molecule had much smaller molecular weight

than polyethylene glycol molecule, the adsorption of ethylene glycol was accomplished within 1s on the metal plate

surface, and the adsorption of ethylene glycol could not be followed by the friction coefficient detection of the tri-

bometer. In order to clarify the fast adsorption process of the ethylene glycol molecules, it seems to be able to apply

the frequency dependence of the electrical resistance and capacitance between the electrodes of the stainless steel

plates on which the adsorption of the lubricant molecules were observed. The purpose of this paper is to clarify the

fast adsorption process of lubricant molecules on the metal plates by using the LCR meter, by which the electrical

resistance and capacitance between the electrodes could be measured.

Keywords: diclectric approach; ethylene glycol; lubricant adsorption; LCR meter; frequency dependence.
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FMO calculations on complexes of HIV-1 protease and
its inhibitors: identification of amino acid residues important to
activity relationship of HIV-1 protease by IFIE analysis

Yoichiro YAGI

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

In this study, we performed FMO calculations for the complexes of HIV-1 protease with 9 different inhibitors
and computed the inter-fragment interaction energies (IFIEs) between the inhibitor and the amino acid residues in
HIV-1 protease. FMO computations show that sum of IFIEs for Ala28B, Asp29B, Asp30B, and Gly49B can be
strongly correlated to the dissociation constant, Kd value, of each inhibitor. We also found that these amino acid
residues are located in the vicinity of parts of different structures and compositions in each inhibitor. Our results
suggest that FMO calculations can be useful method to identify the amino acid residues important to activity rela-
tionship of HIV-1 protease.

Keywords: AIDS; HIV-1 protease; inhibitor; FMO calculation; interation energy.
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Preparation of multicellular spheroids having endothelial
capillary-like structures using cell self-aggregation
technology

Shingo HASHIMOTO and Ryosuke IWAI

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

In this study, we attempted to prepare multicellular spheroids with capillary-like structures as tissue biulding
blocks by using cell self-aggregation technology. Human bone marrow-derived mesenchymal stem cells as tissue
component cells mixed with human umbilical vein endothelial cells were seeded into culture wells coated with
CAT polymer and cultured for only one week to form multicellular spheroids with capillary-like network structure.
Technically, it is possible to mass-produce spheroids containing capillary structures by printing high-definition dots
of CAT polymer on culture dishes, and these spheroids are expected to be used as building blocks for fabricating
tissues and organs for regenerative medicine and as models for drug discovery tests for vascular diseases.

Keywords: tissue engineering; multicellular spheroids; regenerative medicine; cell self-aggregation.
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Cosmogenic ~Ar in extraterretrial materials:

Application to YAr/ P Ar dating
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Meteorites and other extraterrestrial materials have cosmogenic ¥ Ar which may be propotional to their potassium

contents. Assuming several conditions, direct in situ OAr/PAr dating without neutron irradiation may be applicable on

those naturally activated samples. We consider the condtions to obtain satisfactory results. The estimate of PAr produc-

tion rate from nuclear data shows disagreement with experimental data by several orders of magnitude, suggesting

processes other than n-p transformation might be working.

Introduction

In meteorites and extraterrestrial materials, cosmo-
genic PAris normally found. The amount is small and
limited because of their small sample sizes. Recent de-
velopment of technology allows us to have an accurate
determination of such argon isotopes even in under-
ground (Xu, et al., 2015). We have already reported a
possibility of AP Ar dating on meteorites without
neutron irradiation in a reactor (Takeshima, 2001).
Conditions for such determination is considered here.

Cosmogenic argon isotopes

We assume that the cosmogenic argon isotopes
have the same process as that we observe in a nuclear
reactor. The major isotope reactions in At/ Ar age
determination are as follows.

3Cl(n, y)*Cl — *°Ar (B decay)
“Ca (n, na) OAr
YCa (n, o) T Ar
42Ca(n, a) ¥Aar — K (p decay)
39K(n, P )39Ar — YK (f decay)

Possible source of neutron are solar wind and galac-
tic cosmic ray. Because the sun is the closest source, the
flux is probably the strongest. Let us assume that the
neutron flux mostly from solar wind is uniform over a

long period (e.g. 10* years), and assume that the pro-
duction rate R3q is constant. The differential equation
for production and decay of **Ar which has a half life
of 269 years, is written as

dN3gar
at = M39Nsoart NyggRig @)
where 439 is the decay constant of 39Ar, and N3gu,
and N3gg represent number of atoms for ¥ Arand K in
a mineral, respectively. The beta decay of IAr brings
itself back to *’K. Therefore, the total number of atoms

during the production and dacay does not change. i.e.
No = N3oatN3ox (2

From this relation, Eq. (1) is rewritten as

dN39ar
dt

The solution of Eq.(3) is

= —(A39+Rj39) N3gp,+ NgR3g (3)

R
Nigar (1) = Nigarg exp[~ (439 R39)t] + i}gff{” No (4)

N39ar0 18 determined by initial condition; N3ga,(0) =
0.1ie

R R
Nigar()=- ,1394319{39N03XP[* (39T R39)t]+ ,1393{39 No (5)

After a long period, N3g4, reaches to an equilibrium
of NoR3o/(A391tR39) (e.g. t = 1.3x10° years for 99% of
equilibrated value). This is actually the same result ob-
tained from a equilibrium condition;
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dN3ga,/dt = 0 = =439 N3ga,+ N3gg R3g (6)

Thus, the equilibrated PAris proportional to initial
potassium content N,

The decay constant for PAr, Az9 15 2.58x 10'3/y , or
8.17x107""/*°K atom/sec. We do not exactly know the
rate R3g. On lunar surface for an example, R3q could be
the same everywhere (i.e. the neutron flux is the same)
over a long time. An estimation of cosmogenic Ar in
atmosphere has been made at sea level (Saldanha et al.
2019), although the process is different from K (n, p)
%Ar, Their value for Ar production is 759 atoms/
kgAr/day which is 5.84x 102® atoms/Ar atom/sec. This
is significantly lower than the detection limit in a mass
spectrometer. The incoming neutron flux above atmo-
sphere is measured by Lockwood and Friling (1968). It
is dependent on the earth’s latitude, varying from 0.1 to
0.8 neutrons/cm>/sec. On the lunar surface, neutron flux
is estimated by Livengood et al. (2018). For fast neu-
tron, it varies from 1.2 to 16 depending on the methods.

A simple estimate of FAr production rate can be
made using cross section of K in the n-p reaction. As-
suming uniform average fast neutron flux of F, = 1 neu-
trons/cm*/sec and the maximum cross section of the
reaction; o = 0.38 barn = 3.8x107% cm? at 10-20 MeV
(Shibata et al., 2002), the production rate Rszg is the
number of reactions, i.e.;

R39=F,0=3.8x 10%°/*°K atom /sec . (7)

Since this estimate is a lot smaller than the decay
constant, the equilibrated value A for 39 Ar after reason-
ably long period is,

A =Ry /139 =4.7x10""/*°K atom . )

In other expression, cosmogenic FArin 1 gram of
potassium of extraterrestrial material could be found as

A*1/39=4.7x10"°x6.02x10%/39=7.3x10" *Ar atom/g ,
or 1.2x10™° mole/g .

This value may be compared with 9 Ar found in Al-
lende meteorite. In an experiment (Takeshima, 2001),
3 Ar contained in a chondrule of about 107 gram was
typically found to have *Ar of about 10™% ccSTP,
which is equivalent to 4.5x10™"" mole. Assuming high
concetration of potassium about 7%, the estimation and
the experimental data disagree. It may possibly be due
to a wrong estimate of neutron flux and/or that other
P Ar production process are involved, suggesting that

10’ to 10® times greater production rate which Allende
meteorite experienced.

The similar formulation can be applied on other in-
terfering argon isotopes. %Ar and *Ar from calcium
isotopes, Ar from 35Cl, and *Ar from *’K affect on
the “Ar/°Ar age determination. Among them OAr
may not play an important role. Since neutron has rela-
tively short life (14.8 minutes), thermal neutron which
contributes to the majority of the e (n, p)4OAr reac-
tion, seems to exist little and its penetration in silicate
materials may be shallow compared to fast neutrons.

Contribution of interfering calcium isotopes are
estimated from calcium derived *’Ar. It is known that
%Ar and *Ar have a lot smaller production rate which
is represented by At/ Ar and *Ar/’Ar ratios of 2
-3x10™ and 7><10'4, respectively. Ar is a stable iso-
tope, and *7Ar has a half life of 35 days. Therefore, OAr
can build up, and K from *’Ar decay also adds up
after a long period of time. The theoretical and experi-
mental cross sections for *’Ca (n, no )36Ar reaction var-
ies (Shibata et al., 2002). In general, it is one order of
magnitude less (c.a. 0.02 - 0.1 barns) compared to K
(n,p) 39 Ar reaction at 10-20MeV. For **Ca (n,a) IAr
reaction, the cross section ranges between 0.04 and 0.1
barns. Considering the small isotopic ratio of calcium
(42Ca is 0.65% of total calcium) and their small cross
section compared to PAr production in the reactions,
the contribution from these interfering isotopes on
A1/ Ar age may not be significant as long as the K/
Ca ratio is more than 100.

If extraterrestrial material has chlorine, it also con-
tributes to the increase of **Ar and **Ar. We have made
A1/ Ar dating on Allende meteorite which has chlo-
rine bearing sodalite (Takeshima, 2001; Takeshima et
al., 2003). The amount of *Ar possibly from 3Cl was
so large compared to terrestrial material. However, it
has so large amount of *Ar that **Ar does not affect the
age results possibly due to the potassium content. If we
assume atmospheric ratio of OAr/*%Ar, the apparent
“air” contamination was about 2%. Allowing some un-
certainty of the age determination, the 2% error is toler-
able.

Summary

The present estimate of PAr production and exper-
imental results disagree at least 7 orders of magnitude.
Whatever processes are involved, samples from same
environment would have the same production rate Rj.
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Combination of pilot sampling with precise measure-
ment in a laboratory and survey using in-situ measure-
ment may be possible to carry out age mapping on ex-
traterrestrial materials. assuming relatively low calcium
content. Since in situ sampling by a laser apparatus is
applicable, this method may particularly suitable for
survey purpose on lunar surface and other inner planets
like mars.

References

Shibata, K., Kawano, T., Nakagawa, T., Iwamoto, O., Katakura, J.,
Fukahori, T., Chiba, S., Hasegawa, A., Murata, T., Matsunobu,
H., Ohsawa, T., Nakajima, Y., Yoshida, T., Zukeran, A., Kawai,
M., Baba, M., Ishikawa, M., Asami, T., Watanabe, T., Watanabe,
Y., Igashira, M., Yamamuro, N., Kitazawa, H., Yamano, N. and
Takano H. (2002)”Japanese Evaluated Nuclear Data Library
Version 3 Revision-3: JENDL-3.3. J. Nucl. Sci. Technol. 39,
1125. from Evaluated Nuclear Data File (2021) https://www-nds.
iaca.org/exfor/endf.htm

Livengood, T.A., Mitrofanov, I.G. Chin, G. Boynton, W.V. Bodnarik,
J.G., Evans, L.G., Harshman, K.P., Litvak, M.L. MacCalanahan,
T.P., Sagdeev, R.Z., Sanin, A.B., Starr, R.D., Su, J.J. (2018) Back

ground and Lunar Neutron Populations detected by LEND and
average concentration of near-surface hydrogen near the Moon’s
poles. Planetary and Space Science 162. 89-104.

Lockwood, J.A. and Friling, L.A. (1968) Netron flux measurement
in space, J. Geophys. Res. 73, 6649

Saldanha, R., Back, H.O., Tsang, R.H.M., Alexander, T. Elliott, S.R.,
Ferrara, S., Mace, E., Overman, C. and Zalavadia, M. (2019)
Cosmogenic production of ¥Ar and Ar in argon. Physical Re-
view C, 100, 24068.

Takeshima, Y. (2001) Isotopic ratios of argon in meteorites. Bache-
lor’s thesis. unpublished.

Takeshima, Y., Gozu, C., Tsujimori, T., and Hyodo, H., 2003. Funda-
mental research on the application of OAr-PAr chronology to
chondrite I: Significance of chlorine-bearing phase in Allende
meteorite. Bulletin of Research Institute of Natural Sciences,
Okayama University of Science, no. 29, pp. 43—49. (in Japanese
with English abstract)

Xu, J., Calaprice, F., Galbiati, C., Goretti, A., Guray, G., Hohman, T.,
Holts, D., Ianni, An., Laubenstein, M., Loer, B., Love, D.,
Martoff, C.J., Montanari, D., Mukhopadhyay, S., Nelson, A.,
Rountree, S.D., Volgelaar, R.B. and Wright, A. (2015) A study of
the trace 39Ar content in argon from deep underground sources.
Astroparticle Physics 66 53—60.






Bull. Inst. Front. Sci. Tech., Okayama Univ. of Sci., No.3 37

#EA > FNidard 7 1 #7414 FEXREED
ARALEER ETDRTEE

e B - 41 A& - Dutta Dripta™
] 1L B K 27 B AR IE 78 R A8 G B2 T
WILEERL RS 7 v v 7 4 7 BT SR

Y FIRRY I — ¥ TR

2021412 15H = B

A > 875y 7 B ONidart 7 4 4 F A4 M, BHACHTIE A A A9 O Bk o iR TR S 7z,
FL 74 b, TR, RaoAmRNabdfiid, FicMg-BaaNae 775/ 74 bbb, i

PUAIE, HRHA L, <7/~ THidfb L 72

—77, LEmNacERTLET 2T 74 ML, HEA,
fkfEAT, ke & IAE L, B R A~ ANE TR OZRENIZ X o THER L 72,

FLZ4 boEEmK

A%, LD Sigl iR ~Mg # MK 9 2 R E 2 R L, < 7 Of s LEANIC X B Mk L

RLERT B W RETED D B

1.1

b= 7 VI IEF5000 5 SERIICA » F—=T7 Y 7K
BedsEzz LI SNz 4 V¥ A—0 7V REERTIZ,
ZDA4 Y F—=T7 Y7 KBEHREOMEFNERTH 5.
AWFFER G ONidart 7 4 + 7 4 bi&, Jkvif v FF
Ty WIBIRE L, 4 ¥ A= 7 Y REAH NS
OVWHNZ 5 Ai$ 5. Nidart 74454 b, AR
BIE A A A 0 BRI TR S, BELA
HOSM-NAEHIEW T 4 v 71 Y 4ER (140 £ 32Ma,
Ahmad et al., 2008) HE L A 50 PIH AP Ar AL
(#7124-110 Ma, Maheo et al., 2004) 255 STV 5.
BME, BREMICRETT A 2 & T, SRR R
O R 0 A o TAEF R AL LT, WEICHR
TSR 5. KECATICR S 5 AP ORI
B, ~ 7~ o MANADHR AL L 72 B oMLK
ZALRIEENC L o> TR E LD (Costa et al., 2008).
F72, ARAMEOWER, ZK - ZEEHICE->T
bBI B, L7d3oT, APA DRI R MR
Widkix, ~ 27~ 05 LBRRER B KO BIRIE % AT 5
FTEETH L. AWFETIE, LA ~ FNidard 7 4
F 7 A4 MK O DA ORI & B 0T
LT, 26 oMPaofMisimiiEz o c L.

2. i o0 Hh B RS
HF51%, 20194 6 HIZdLW A > 55y 7 #bio
WEHRAZERL T, HB2HIN L7, Fig 1Ic9 5y

7 WIRDO MR & BRI E 2R T, T 5 v 7 HiE
JEiBi%, Ladakh Batholith & W34 % i 28R IZ TR S
720k oA A IURE e 5 AR 25504 § % (Buchs & Epard,
2018). ZOHMIZIZ, TF v LHEMY TH %Indus
Molasseiii R°Nidart 7 4 4 7 4 M@ RK A 54§
5. I5 v 7 iR RIICIE, BEEZEREERDTso
Morari S E 5D 0, £ ORI FIARZ WL O AAR
— AR DOHEREY) (Tetraogal Nappe) 75 7% % (Buchs
& Epard, 2018).

FT7A4F T A MEHMFIEL L7 oW T
b%. Nidart 7 4 474 ORI, TS MEHCE
W, nrIva BLAE, FLIA ek MIRE
FOTREEZINE, Fv— & ETAKILTE R
W SR SN D (Das et al,, 2015). _EEBO KILPEHERE
WEF v — &, BES, KIIWEERE - #s, B,
KINEE DS FITHER S5 (Buchs & Epard, 2018).

3. pthFiE

AWFFETIE, Nidard 7 4 4+ 54 PEAKRKEEHDO K
LIA b, ZRE, RaRABoER 2k L, Wt
SMBTRER 1T - 72, IR R AR v ¥ —
REOBTTU—T7F 7 4% — (JEOL, JXA-
8230) & AW T, ANA DOHILARIE S L e~ v
Yo 7amaFER LT, AP ORISR O A
R RN T P R ARRE L7z AR 2 AIa o L
FHRI, Table 1IC/RY.



{EREAE - 4 1LEGE - Dutta Dripta

77740 E 78°00° E 78°20' E 78°40 E

Debring
(]

N 0Z.£€

N .00£€

10 km
|:| Indus Molasse - Metasediments Tso Morari - Nyimaling Granite =~ == Normal fault
Crystallines
Indus
Miru Flysch Tsangpo Tso Morari Gneiss | (TMC) Rupshu Granite @ ------ Sampling route
B e ==
- Nidar Ophiolites (ZIQI_%EZ} I:I Tetraogal Nappe I:I Ladakh Batholith @® Sampling point

Ultramafics |:| Mata Nappe |:| Zanskar Range

Fig. 1 Simplified geological map of the Ladakh area. Modified from Dutta and Mukherjee (2021).

Table 1 Amphibole chemical composition

Dolerite Dolerite Dolerite Basalt Basalt Andesite Andesite
sample Hornblende, core Hornblende, rim Actinclite Hornblende Actinolite Homblende Actinclite
(wt%)

Sio2 52.18 49.27 53.78 49.68 50.89 50.96 52.61
Tio2 0.14 0.89 0.13 0.18 0.26 0.15 0.18
Al203 1.99 3.70 1.39 3.98 314 2.80 2.49
FeOQ 9.84 20.73 14.52 17.45 16.95 17.72 15.70
Cr203 0.02 0.00 0.04 0.02 0.00 0.03 0.00
MnO 0.13 0.39 0.25 0.40 0.57 0.53 0.49
Mgo 15.84 11.17 14.79 12.22 12.56 11.35 12.73
Cao 15.15 9.42 12.08 11.83 1218 1118 11.73
Na20 0.18 0.44 0.14 0.48 0.34 0.29 0.29
K20 0.03 0.25 0.01 0.07 0.08 0.04 0.03
Total 95.48 96.27 97.12 96.32 96.99 95.17 96.25
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Fig. 2 Microphotographs of (a) dolerite, (b) actinolite replacing in dolerite, (c) basalt, and (d) andesite in the Nidar
ophiolite.

4. R TRMIEERR

FL o4 bOEESEWE, BEAEANAGLLR
v (Fig. 2A), RO HFHEA, RO, IR, ﬁfL
PSR % & . BHRAIIHARR BIAS & & IR
Bimans, ANAE FK=2 Vv Ttz R,

WHEWE L COROBFHEN 2 &, BRI H A
W, HHVWTZ2F 54 MXoTEBRINS
(Fig. 2B).

TREOERSEWE, RO, ANOE X OHE
MiA2 572D (Fig. 2C), AR Okkif, kA % & .
FREAIGHREERESHTECHEL SN, FLI4 M
X% e, ANAORMNEA L, HEEHEA O DSH
5. HEHEaIE, JEIRsEC, EWD S RE
AT %005 H 5. T, AEREALNS.

ZWAOFERTHEWE, AEALANALLLD
(Fig. 2D), A0 HEHEA, fhiEA, Ak Bk
Wr et FHEAL BEEHEMWEHRSBISETE
A, ARG, Bz avTigatz Ry, mEe
LIRT, WAL .

5. ARAERS L UZOREEE
FRBAEEOAPA OMBX % Fig. 3I2/R3. FL

4 FompaE, EICMe- HEANaET I F 5

A 05755 (Fig 3A). HalMPNAIE, B2 MK

B 2R L, Mg# [Mg/Mg+Fe“H] 1&, a7
(0.73-0.90) 2 5 1) & (0.54-0.7) ~j®A 9 % (Fig. 3A).
F72, AV A b (NatK) =iF, 27 (0.006-0.041)
251 4 (0.067-0.075) ~EH$ 2 (Fig. 3B). il
ARG DI T L) AOBRIE, MgDTTEI v E YT
(Fig. 4) »HLWABICKXATE S, 77F /754 Mg
Sik 4 A5 <, & OMg#tt 130.61-0.74T & % (Fig.
3A).
ZEOMPAE, FICMe- EEANGE T 2T/
A4 M B%3 (Fig 3A). H@EMNAITMETH D,
%ﬂﬁ&"fﬂﬁ%?ﬁ‘%l_liﬁ% LE N (Mg#: 0,63). 7
7 F ) T4 MESURDHE VA, Z DOMg# H130.59-
062TH VY, %i@ﬁjﬂﬁakjﬁ% FERIE v (Fig. 3A).
ﬂﬁ',£ME@ﬁWEﬁﬁﬁf&b LI 2R A
BRI N ARAE, M-Sl MmPIA & Sik
BDOENT 7 F 754 bbb, Mghltid, LR
HEMUL, H@EMANA (061-063) &, T7T7F /T
4+ (057-0.62) DREITRED R

6. iEm
WHEISE»S1E, FLI4 bot@EaNaxry s -
774 MCEBEEhTBY (Fig40), 775/ 94
TR - BB TH L R END. &
7o, T 94 M, WEA, WA, kALt



40 R IAE - 47 IR - Dutta Dripta

(A)
10
Tremolite Mg-Hornblend
09 & A o
Actinolite o & X
= A = N - A fﬁ E
T | LA “n £
it ‘0‘1‘ x @
kS A %!@9 f “o o
(e
) . A
= 05
B
=)
£ Fe-Actinolite Fe-Hornblend g
= ™
E
w
®
'—
00
8.0 7.5 si 7.0 65

A Dolerite(Hornblende, core)
A Dolerite(Hornblende, rim)

HIGH P

0.25 |

HIGHT

LOWP

L | 1 L | L
04 .6 0.8 1

0
AlNa+K)
B Basalt

&> Andesite

A Dolerite(Actinalite)
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Fig. 4 Compositional X-ray map (Mg content) of
amphibole.
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Chemical composition and zoning of amphibole from igneous
rocks of the Nidar Ophiolite in northwestern India

Akinori SATO, Takeshi IMAYAMA, Dripta DUTTA"

Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan
* Department of Earth Sciences, Indian Institute of Technology Kanpur,
Kalyanpur, Uttar Pradesh, 208016, India

The Nidar ophiolite in the Ladakh, NW India formed in supra subduction zone during the Early Cretaceous. The
chemical composition of hornblende in dolerite, basalt and andesite consists mainly of Mg- hornblende and actino-

lite. Hornblende coexisted with clinopyroxene and formed during magma crystallization. On the other hand, ac-

tinolite, which replaces hornblende, coexists with albite, epidote, and chlorite, and is produced by greenschist facies

to lower amphibolite facies metamorphism. Hornblende in dolerite exhibits a compositional zoning in which Mg#

decreases from core to rim, and may record compositional changes due to magma crystal fractionation.

Keywords: Nidar ophiolite; supra subduction zone; amphibole; chemical zoning.
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Re-examination of the damage distribution and its causative
factors in the reclaimed lands of the Okayama Plain during the

1946 Nankai earthquake to improve the seismic shakability map

Keiichi NISHIMURA

Institute of Frontier Science and Technology, Okayama University of Science,
0-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

In order to improve the seismic shakability map for the reclaimed lands of the Okayama plain, documents on

the distribution of heavy damages to house and its causative factors were critically examined. Detailed information,

gathered in the western part of the reclaimed land through local dissaster prevention activities, was found to be

usable for researching the characteristics of the seisimic ground motins which brought the severe damage to that

part of reclaimed land. In conclusion, it was suggested that, in addion to amplification by shallow soft sediments,

the effect of bedrock topography on the seisimic ground motion should be taken into account for improving the

current seismic shakability map.

Keywords: distribution of damages to house, 1946 Nankai earthquakes, reclaimed land of the Okayama plain,

seismic shakability map.
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Calculation of transfer coefficients of elements from soil to agricultural products
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Calculation of transfer coefficients of elements from soil to
agricultural products

Jun NAOHARA and Yuan LIN

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

The pathways of contamination of agricultural products by toxic elements can be broadly classified into direct
and indirect contamination pathways. (1) Direct pollution pathway: Air pollutants such as SPM from fossil fuel
combustion adhere to agricultural products either directly or as a result of precipitation. (2) Indirect pollution path-
way: Trans-root absorption through soil.

In this study, we collected soil samples and agricultural products from China and Japan and calculated the trans-
fer coefficients of the elements in order to investigate the enrichment rate in the transfer from soil to plants.

1. The elements with transfer coefficients greater than 1.0 were Na, K, B, Mg, Cu, Zn, Cr, Mn, Co, Ni, Se, Rb, Ag,
In, and Cs. In particular, K, Cr, Se, and Ag had values above 10, and the elements with the highest values were Cr
and Ag.

2. Comparing Japan and China, the value of Al was lower in Japan, suggesting that it was less leached from the soil
and less taken up by agricultural products. Although Japan has acid rain with pH below 5, the leaching of Al from
the soil is considered to be small due to the high loosening capacity of the soil.

Keywords: transfer coefficients, soil, agricultural products, ICP-MS.
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Current status of archaeomagnetic data in Japan

Tadahiro HATAKEYAMA

Institute of Frontier Science and Technology, Okayama University of Science,
0-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

Archacomagnetic data, paleomagnetic information derived from archaeological materials, are good indicators
of the geomagnetic field and its fluctuations. In Japan, archacomagnetic direction data from almost 3,000 site (kilns
and baked earths) have been measured. However, the original data were reported not in the scientific papers but in
the excavation reports published by the local governments, so that it is very difficult to find the buried data in the
reports. Now we are collecting the data and reexamining them. Here we show the current status and the classifica-
tion of the archacomagentic data over than 3,000 sites.

Keywords: archacomagnetic data; online database.
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