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[(5,10, 15, 20-tetrakis (pentafluorophenyl)-2, 3-(methano (N-methyl)
iminomethano) chlorinato) gold (111)] hypochlorite -
203H60 ¢ 4C4H80 ¢ 13H20®*§iﬁﬁg*ﬁ

hE Lo - RkHE

[EPS

FIBERRE 7 0 > 7 1 7 B2 52 it

20224F12 27 H % B

[(5,10, 15, 20-tetrakis (pentafluorophenyl) - 2, 3- (methano (N-methyl) iminomethano) chlorinato) gold (III)] hypochlorite
2C3HO * 4C4H3g0 * 13H,0 (=[Au(TFPC)]CIO * 2C5HgO - 4C4HgO * 13H,0) O Hfk Fi % JH W T, Z Of% & %

S L 7.

;-'f:l:EIF‘-

S T — Z IXR Ol ) ¢ crystal system monoclinic, space group P2;/m (#11), Lattice parameters;

a=10.5918(2) A, b=25.3599 (4) A, c=11.1607(2) A, f=94.963(2)°, V=2986.60(9) A%, Z=2, R1=0.0442, wR=0.1187.
TRNT OFER, AR T-2S, 70 YEROPLISHA SNz, [Au(TFPO)CIO KD E A HERE S 7z, A
BELTTEMN20F, T Fu7945F, Ki3GFEEHEATWS I LAY, CHNITHEGHIZLD

HOPC o728, T b 25 FUAOBEED T,

solvent mask % fli i LU "C i Al & o e @A 2 17 - 7.

1. Introduction

Fxlx, 7yFLrayr, 510, 15, 20-tetrakis-
(pentafluorophenyl (N-methyl) iminomethano) chlorin)
(=H,TFPC) # RALF & T 1 &mEMEx AL, €0
BTEIZOWTHELTWwS, flzi, Fxi,
H,TFPC#% BLfr 1 & 3 5 Zndifk, [zZn(TFPC)17%,
FEATCREST 2L, XVULT I VEMRT
AN-RYTYFURYINVT I VFEKRICBRILT S
S OBEN B2 5 2 LR E LTS,

4l Hy,TFPC & MU3GAb 4k & O RS & 0 HigE L7z,
[Au(TFPC)]CIO - 2C5H40 - 4C4HgO - 13H,012 D \» T
HURE SRR SR ISR D) L 72D T, ZOfERITOWTH
B 5.

2. Experiemental

H,TFPC & U3t 4 (=HAuCl, - 4H,0), bV 7V
Fu Xy RNKR VB (=AgOT) &, BEfEr T 31
MR L7z, 2ok, kY F7 4 (=LiC) ZEBML,
100 A3 L7288, POUSIEI 2 | A% 1T - 7.
AW WERZEL, BHohMmEEr 7ok
(V) THF(W) =320 R A EEEHER L, ) A7
#F A (Silica-gel 60 0.040~0.063mm, 27 TRl A
/THF=3/2) TR L. 3EHICHENT 2R
B A LT, WU L2tk Kk - T A L,
HFREBEPEONS. ZofRahkE Ty
IR S BRI LT, HORS SRR AT (2 W 7 R i

RSN CF  2AF—F—1LTHED, OLEXD

RS 2157
Anal. Caled for [Au(TFPC)|CIO - 2C3H4O - 4C4HgO *
13H,0 (CggHgsFooN5090AuCl) : C, 43.24; H, 4.47; N, 3.65.
Found; C, 43.30; H, 3.74; N, 3.35 %.

[Au(TFPC)]CIO - 2C3HO0 * 4C4Hs0 * 13H,0 D
% Fluorolube (SIGMA-ALDORICH) CTaI—7 1 » 7 L,
Mounted Cryoloop(HAMPTON RESEARCH#L %) 12 [ 7
L7z XMmP 7 —5 oW, WiEER s A 5%
#tr v ¥ — ORigaku Saturn 724 FH By X # W7 EF 2 H v
"C, Graphite monochromatorlZ & V) Hi.tafl L 72MoKafi
EHWTITo 72 WEHE, WAHMRRSEE Z T,
KO Z-180T I R o 2 ME GE MO il B
#: (SHELX97)? % il CHIIME 7 % §use L 72 7%, Full
matrix /b ZRBEE D AW A EL, KEETF 2Bk
CTRTOFAFEZRE L7z, KFEFIE, By
MEHE (C-H0.95 A) 12X ) ZofiE % deg L7-14,
riding model (KF T A5G L TV BRI FITR L
T, Uo(H)=12U,) & F\ TR FIEOREHALE 17 >
7o, WHEICAT o 72D ERORERD S, ALFIITTER
DHBHE=7 I SN h o7z B X RRET
7 — & DI L CrysAlis™ % VW CTiTo 72, 2 511
FEOPSEIZOLEX & W Cffo 72, ¥

3. Results and discussion
H,TFPP & PUE{b &% b 70 F T X ¥ ¥ Ak
YRR, BEMYC®IET 5 2 & ¢, Hy,TFPC



4 HE Lo - RE Bk

RN T-& 5 A AushR, [Au(TFPC)CIO% &% L 7=
MAERYZ 72 >/ K OEERT 5 L, B aR
FEIRHT I W 7o Fi . OACIRAS 5, [Au(TFPC)]CIO -
2C3HO * 4C4HgO - 13H, 023K L 72,

[Au(TFPC)]CIO - 2C3H4O - 4C4HgO - 13H,0D 5 i
FWRNTA—F =B L PHEEREILDORIT A= —%
Table 11278 L7z, [Au(TFPC)] Wi A 4 >~ &5 ® ORTEP
% Figure WI/R L7z, KRFEZBR ST OB §h
P EE K F- (Atomic coordinates and Byg,/B,,) % Table 212,
S5 1% i B2 K] T+ (anisotropic displacement parameters) %
Table 312, JKRJEF O MERE & 55 5 PRI EE R T % Table 4
WZENZENR L7 &R o 57 1 B (Bond
lengths (A)) & #&4 #4 (Bond angles () & % 11 1 Table
5& Table 6ICR LT 5.

X MM S AT O K5 E, [Au(TFPO)CIO X, 7 1Y
YEBOPLIZAURFAEASR, 7 a) YEROI
DOERT T DI THCAL U 7z 10 DY B AL R 0 48
KEBE L TWDEZ ENFW ST 7 SEHE YR,
B O 3D LRI L A SN BEERMET
HrHrIl, A FELT, KHEEHREBA L+ 2 —o0
FHELTWAZ 25, [Au(TFPO)ICION S A *+ &~

3 TH s EEZTVD. [Au(TFPC)] 1 + Vg,
Aul, N1, N3, N4, B X UCI20 % T H M0
B LICHEH>TBY, Figure WIRL7-MEEDH b,
FOAHEMFIHL S TH L. M TR NS
BN R T IC DR T XV LTWD, F72, 4%
SR, TNV 29T, T FRT SV
44551, BILOKIIGTBHEAET 5 T L ASCHNILH#
GHORRL VIR ENTVED, T b 2571
NOBEESTIE, HERTTF 4 A+ —F—LTHED,
ENENDOGFTONEEZROLIENTE LD >727
%, OLEX’®solvent mask% i J L CHEME DK% L %
fio 7z,
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Figure 1. ORTEP drawing of [Au(TFPC)]" cation. Displacement ellipsoids are drawn at the 50% probability level. Solvent
molecules, a counter anion and hydrogen atoms have been omitted for clarity.



[(5,10,15, 20-tetrakis (pentafluorophenyl) -2, 3- (methano (N-methyl) iminomethano) chlorinato)gold (I11)]

hypochlorite * 2C3HgO + 4C4HgO * 13H,O DA 1 AT

Table 1. Crystal data and structure refinement for [Au(TFPC)]CIO - 2C3HgO * 4C4HgO * 13H50

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

B

Volume/A®

V4

Peac glem’

/mm’

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 /e A~

C53H99AuCIF2)N503
1427.27

90

monoclinic

P21/1’1’1

10.5918(2)

25.3599(4)

11.1607(2)

94.963(2)

2986.60(9)

2

1.587

2.653

1394.0

0.1x0.2%x0.1

Mo Ka (A=0.71073)

3.664 to 63.094
-14<h<15,-36 <k<37,-15<1<16
56018

9644 [R;=0.0457, Ryigma =0.0293]
9644/0/387

1.142

R1=0.0442, wR2 =0.1187
R1=0.0490, wR2=10.1223
2.30/-1.92

Table 2. Fractional Atomic Coordinates ( X 104) and Equivalent Isotropic Displacement
Parameters (A x 10%) for [Au(TFPC)]CIO * 2C3HgO * 4C4H5O * 13H,0.

Atom X

Aul 4066.1(2)
F1 8120(3)
F2 9116(3)
F3 7564(4)
F4 5025(4)
F5 4028(3)
F6 423(3)
F7 -716(3)
F8 295(3)
F9 2289(4)
F10 3395(3)
N1 5225(5)
N2 4081(3)
N3 2818(5)
N4 5535(6)
Cl 6256(4)
C2 5633(4)
C3 5480(4)
c4 4764(4)
C5 4578(5)
C6 3770(5)
Cc7 3442(4)
C8 2594(4)
9 2274(4)

Cc10 13494
Cll  6035(4)
cl2 733405
cl13  7860(5)
cl4  7078(6)

y

7500
6321.4(13)
5626.8(15)
5072.4(13)
5224.4(12)
5909.3(12)
6001.1(16)
5214.7(16)
4871.3(11)
5378.6(14)
6189.5(13)
7500
6707.8(13)
7500
7500
7199.1(17)
7058.7(16)
6546.5(16)
6382.8(16)
5845.8(18)
5839.4(17)
6378.8(16)
6539.5(16)
7062.9(16)
7231.9(17)
6132.4(17)
6045.3(19)
5693(2)
5415.9(19)

z U(eq)
1518.2(2) 20.61(6)
3713(3) 42.8(7)
5347(3) 52.4(9)
6717(3) 52.7(9)
6425(3) 49.5(8)
4768(3) 40.1(6)
345(3) 58.5(10)
-973(3) 55.6(9)
-2982(3) 38.2(6)
-3785(3) 53.1(9)
-2516(3) 45.6(8)
3073(4) 23.7(9)
1496(3) 23.2(6)
334) 22.1(9)
6773(5) 31.2(11)
4930(4) 28.5(8)
3706(4) 25.3(7)
3338(3) 25.6(7)
2296(3) 26.2(8)
1935(4) 31.4(9)
927(4) 30.3(9)
648(3) 24.9(7)
-290(3) 24.9(7)
539(3) 23.6(7)
-1462(4) 28.3(8)
4177(4) 28.7(8)
4348(4) 34.3(10)
5195(4) 40.1(11)
5890(4) 39.7(12)



TE Lo - kA Bk

Atom X y z U(eq)
Cl5 579405 5490.6(18) 5746(4) 37.1(11)
cl6 5275(5) 5843.6(17) 4887(4) 33.6(9)
Cl7 19434 6119.2(16) -1052(4) 26.9(8)
c18 8875 5859(2) -695(4) 35.5(10)
c19 30005 5454(2) -1344(4) 36.2(10)
20 795(4) 5285.6(16) -2375(4) 305(9)
C21 1828(5) 5537.2(18) -2780(4) 32.8(9)
€22 2397(4) 5951.9(17) 2112(4) 297(8)
€23 544105 7033.7(19) 5954(4) 335(9)
C24 4435(7) 7500 7542(6) 42.1(16)
ol 6927(4) 5236.2(16) 720(4) 50.0(10)
25 6139(7) 5735(3) -981(5) 61.6(18)
2% 6893(5) 5657(2) 208(5) 405(11)
2T 75726) 6129(2) 729(5) 50.9(14)
Cl1 6592(2) 7500 9808.2(17) 53.2(5)
02 6964(3) 7500 8049(3) 16.2(6)

Table 3. Anisotropic Displacement Parameters (AZ X 103) for [Au(TFPC)]CIO - 2C3HgO + 4C4HgO - 13H50. The Anisotropic displacement
factor exponent takes the form: -2n2[hZ2a*2U11+2hka*b*Ul2+---].

Atom U11 U22 U33 U23 U13 Ul12
Aul  26.89(10) 18.93(10) 15.01(9) 0 -3.96(6) 0

F1 42.9(16) 54.2(19) 30.7(14) 6.6(13) -0.9(12) 13.7(14)
F2 58.1(19) 61(2) 35.4(15) 2.8(14) 11.2(14) 29.2(17)
F3 84(2) 38.3(17) 31.9(15) 8.7(12) -19.6(15) 15.0(16)
F4 81(2) 35.1(16) 29.4(14) 11.0(12) 11414 -14.0(15)
F5 46.5(16) 40.4(16) 31.4(14) 8.7(12) 77(12) -6.6(13)
F6 53.2(19) 78(3) 46.5(18) -29.3(18) 18.1(15) -27.4(18)
F7 51.9(19) 69(2) 46.0(18) 17.7(17) 7.4(15) -32.6(17)
F8 51.3(16) 25.5(13) 34.9(14) 6.1(11) 13.0(12) 5.3(12)
F9 69(2) 532) 38.3(16) -24.0(15) 12.4(15) -18.0(17)
FI0  56.8(18) 49.0(18) 32.2(14) -12.0(13) 10.1(13) -23.4(15)
N1 27(2) 23(2) 202) 0 47017 0

N2 31.4(16) 20.3(15) 16.6(13) 1111 -5.0(12) -0.4(12)
N3 302) 19(2) 16.5(19) 0 4.1(16) 0

N4 413) 30(3) 22(2) 0 12) 0

cl 35(2) 25.8(19) 22.8(17) 0.3(15) 7.9(15) 3.2(16)
c2 30.9(19) 23.6(18) 20.4(16) 0.5(14) 4A(14) 1.8(15)
c3 34.6(19) 21.9(18) 18.8(16) 1.8(13) -6.3(14) 3.1(15)
c4 39(2) 21.7(18) 17.0(16) 1.0(13) -3.6(15) 2.9(15)
c5 452) 24.6(19) 22.2(18) 0.9(15) 76017 2.8(17)
c6 14(2) 22.1(18) 23.2(18) -1.8(15) 5.8(16) 2.5(16)
c7 30.9(19) 21.3(17) 21.4(17) -0.2(14) 4.6(14) -1.7(14)
c8 30.9(19) 25.3(18) 17.7(16) -2.2(14) -2.6(14) -2.3(15)
c9 25.8(17) 24.1(18) 19.8(16) -0.6(14) -3.2(13) -14(14)
Cc10  3L1(19) 28(2) 23.7(18) -0.3(15) 7.0(15) -0.4(16)
cll 422 24.7(19) 18.1(16) 1.2(14) 7.0(15) 6.5(16)
cl2 4603 34(2) 21.6(18) -1.6(16) 6A(17) 11.5(19)
cl3 5403 39(3) 24(2) 4.2(18) -10.9(19) 192)
cl4 7003 25(2) 21.2(19) -0.3(16) 14(2) 102)
cl5 6403 24(2) 21.0(18) 0.0(15) -10.3(19) 12
Cl6 5303 22.6(19) 22.5(18) 15(15) 9.4(18) -0.5(18)
17 36(2) 21.7(18) 21.5(17) -1.3(14) -6.6(15) 0.4(15)
cl8 392 39(2) 27(2) 7.9(18) -1.0(17) -1.8(19)
c19 3612 39(2) 32(2) -5.0(19) -3.1(18) -8.8(19)
c20 412 19.8(18) 28.3(19) -0.2(15) -11.9(17) -1.5(16)
2l 462) 27(2) 24.1(19) -4.5(16) -2.2(17) -0.1(18)
2 3902 26(2) 23.1(18) -0.2(15) -1.0(16) -1.9(16)

€23 442 34(2) 21.5(18) -4.0(16) -6.1(16) -6.9(19)



[(5,10,15, 20-tetrakis (pentafluorophenyl) -2, 3- (methano (N-methyl) iminomethano) chlorinato)gold (I11)] 7
hypochlorite * 2C3HgO + 4C4HgO * 13H,O DA 1 AT

Atom  Ull u22 U33 U23 u13 u12
24 45(4) 56(5) 26(3) 0 8(3) 0

ol 61(2) 37(2) 50(2) 0.3(17) 4.2(19) 13.2(18)
25 634 85(5) 34(3) 73) 8(3) 13(4)
26 48(3) 41(3) 32(2) 12 12) 12(2)
27 65(4) 45(3) 44(3) 4(2) 12(3) 13)
cll 735(14) 57.1(12) 28.5(8) 0 1.6(8) 0

02 17.9(15) 11.1(14) 20.1(16) 0 5.1(12) 0

Table 4. Hydrogen Atom Coordinates (A X 104) and Isotropic Displacement
Parameters (A2 x 10%) for [Au(TFPC)]CIO * 2C3H,0 * 4C,HgO * 13H,0.

Atom  x y z U(eq)
H1 7117.22 7056.66 5052.6 34
H5 4947.73 5552.52 2323.12 38
H6 3480.64 5542.63 497.44 36
H10 838.18 7015.12 -1971.12 34
H25A  6704.66 5802.71 -1590.37 92
H25B  5576.12 6028.74 -927.55 92
H25C  5654.93 5422.48 -1185.11 92
H27A  6965.94 6387.98 934.25 76
H27B  8094.07 6274.5 150.02 76
H27C  8093.51 6028.6 1438.71 76

Table 5. Bond Lengths for [Au(TFPC)]CIO * 2C3HgO - 4C4HgO * 13H50.

Atom  Atom  Length/A Atom  Atom  Length/A
Aul NI 2.037(5) c4 c3 1.395(5)
Aul  N2! 2.009(3) c5 c4 1.429(6)
Aul N2 2.009(3) c6 c5 1.353(6)
Aul N3 2.029(4) c6 c7 1.439(6)
F1 cl2  1.336(6) c8 7 1.380(5)
F2 Ccl3  1.337(6) c8 c9 1.392(6)
F3 Ccl4 133905 c8 Cl7 149405
F4 Ccl5  1.342(6) C9 Cl0 142405
F5 Ccl6  1.327(6) c10  c10'  1.36009)
F6 C18  1.348(6) cll1 c3 1.493(5)
F7 Ccl9  1.332(6) cll  cl2  1.3917)
F8 20 1.334(5) cll 16 1.386(7)
F9 c21 1.324(5) Cc13 12 1.382(6)
F10 22 1.329(5) Ccl3  Ccl4  1.376@8)
N1 c2! 1.374(5) cl5 Cl4 1.368(8)
N1 c2 1.374(5) cl6  cl5  1.3906)
N2 c4 1.374(5) cl7 18 1.386(7)
N2 c7 1.393(5) cl8  Cl9  1.376(6)
N3 9 1.380(5) c20  C19  1.373(7)
N3 c9! 1.380(5) c2l C20  1.376(7)
N4 23 1.493(5) Cc22  Cl7  1.382(6)
N4 23 1493(5) c2  c21 1.396(6)
N4 24 150509 ol Cc26  1.209(7)
cl c1t 1.526(8) 26 €25 1501(7)
cl c2 1.507(5) C26 €27 1.489(@8)
cl €23 1.548(7) il 02 2.036(4)

c3 C2 1.368(6)
1) Symmetry operator: 1+X, 3/2-Y, +Z
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Table 6. Bond Angles for [Au(TFPC)]CIO - 2C3HgO - 4C4HgO + 13H50.

Atom Atom Atom  Angle/ Atom Atom Atom  Angle/’
N2 Aul N1 90.33(9) ciot c10 9 107.5(2)
N2! Aul NI 90.33(9) cl2 ¢l c3 121.9(4)
N2 Aul  N2! 178.28(19) cleé cll c3 120.9(4)
N2 Aul N3 89.72(9) cl6 cll  cl2  117.0(4)
N2t Aul N3 89.72(9) F1 cl2  cll 119.9(4)
N3 Aul NI 176.42(19) Fl cl2  cl13  1180()
c2 N1 Aul  1253(2) c13  c12  cu 122.1(5)
c2! N1 Aul 125.3(2) F2 cl3  Cl12 120.3(5)
c2! N1 c2 109.1(5) F2 Ccl3  Cl4 12044
c4 N2 Aul  126.6(3) cl4 cC13  cl2  11936G)
c4 N2 7 106.3(3) F3 Cl4 13 1204()
c7 N2 Aul 12713 F3 Cl4  Cl15  1194()
c9! N3 Aul  1265(2) Ccl5 Ccl4  Cl3 120204
9 N3 Aul 126502 F4 cl5  Cl4 120604
c9! N3 9 106.9(4) F4 cl5  Cl6 119.4(5)
23 N4 23t 104.805) cl4 c15  Cl6  120.0()
€23 N4 24 109.6(4) F5 cl6  cll 119.9(4)
23! N4 24 109.6(4) F5 cl6 15 1187(5)
clt cl 23 105.7(2) cll  cl6  Cl5 121305
c2 cl clt 103.7(2) cl8  cl7  c8 121.3(4)
c2 cl €23 1122(4) €2 7 c8 121.9(4)
N1 c2 cl 111.6(4) €22 C17 cl8 11674
c3 c2 N1 126.5(4) F6 cl8 17 119.0(4)
c3 c2 cl 121.9(4) F6 c18 €19 11814)
c2 c3 c4 125.1(4) c19  c18 17 1229(4)
c2 c3 cll  116.7(3) F7 cl9  cl18  12114)
c4 c3 cll 118.0(4) F7 Cc19  C20  119.8(4)
N2 c4 c3 125.5(4) €20 €19 cl18 11914
N2 c4 c5 109.6(3) F8 c20 €19 1204(4)
c3 c4 c5 124.8(4) F8 c20 21 119.4(4)
c6 c5 c4 107.9(4) c19 ¢ @ c21 120.2(4)
a5 c6 7 107.0(4) F9 c2l C20  120.0(4)
N2 c7 c6 109.2(3) F9 c21 €22 1205(4)
c8 c7 N2 125.8(4) €20 c21 22 1195(4)
c8 c7 c6 125.0(4) FI0 €22 Cl17  119.8(4)
c7 c8 9 124.4(4) FIO €22 c21 118.7(4)
c7 c8 c17  117.3¢4) c17 c2 2 121.5(4)
9 c8 c17  1183(3) N4 23 cl 103.1(4)
N3 9 c8 126.1(4) ol 26 €25 121.8(6)
N3 9 cl10  109.0(4) ol €26 C27 12210)
c8 9 Ccl10 124904 c27 @26 €25 1162(5)

1) Symmetry operator: 1+X, 3/2-Y, +Z



[(5,10,15, 20-tetrakis (pentafluorophenyl) -2, 3- (methano (N-methyl) iminomethano) chlorinato)gold (I11)] 9
hypochlorite * 2C3HgO + 4C4HgO * 13H,O DA 1 AT

X-ray structure determination of
[(5,10,15,20-tetrakis (pentafluorophenyl)-2,3-(methano (/N-methyl)
iminomethano) chlorinato) gold (IIT)] hypochlorite -
2C;H,0-4C4HzO-13H,0

Shino Nakashima and Haruo Akashi

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

The title compound, [(5, 10, 15,20-tetrakis (pentafluorophenyl) -2, 3- (methano (N-methyl) iminomethano) chlo-
rinato) gold (IIT)] hypochlorite2C;HO *4C4HgO * 13H,0, crystallized in the monoclinic space group P2,/m with
the following unit-cell parameters: a=10.5918(2) A, b=25.3599(4) A, c=11.1607(2) A, B=94.963(2)",
V=2986.60(9) A% and Z=2. The crystal structure was solved by direct methods, and refined by full-matrix least-
squares procedures to a final R /-value of 0.0490 for 9944 observed reflections. The molecule has a crystallograph-
ic mirror plane of symmetry on the Au atom, N1, N2, N4 and C12 atoms. The gold atom is coordinated by four
nitrogen atoms of the ligand in a square-planar geometry.
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Relationship between tail time and thin film properties in DLC
film deposition using high frequency-high power impulse magne-
tron sputtering method

Hiroyuki Fukue®, Tadayuki Okano™*, Masahide Kuroiwa™,

Shinsuke Kunitsugu™”*, Hiroki Oota™"*,

R R

Ken Yonezawa and Tatsuyuki Nakatani

*Graduate School of Engineering - Systems Science Doctoral Program, Okayama University of Science,
1-1, Ridai-cho, Kita-ku, Okayama, 700-0005, Japan
**Tokyo Electronics Co., Ltd.,
2-22-7, Honcho, Kokubunji-shi, Tokyo, 185-0012, Japan
***Industrial Technology Center of Okayama Prefecture,
5301, Haga, Kita-ku, Okayama, 701-1296, Japan
****Kenix Corporation,
2-15-501, Hojyoguchi, Himeji, Hyogo, 670-0935, Japan
**E**Institute of Frontier Science and Technology, Okayama University of Science,
1-1, Ridai-cho, Kita-ku, Okayama, 700-0005, Japan

We have developed a high frequency high-power impulse magnetron sputtering (HF-HiPIMS) power supply as
a new HiPIMS method to reduce arc discharge and to further improve the functionality of thin films. In this study,
we report on the relationship between tail time and thin film properties in DLC film deposition using this HF-HiP-
IMS method. First, we explain the tail time. Next, film density, surface roughness and discharge plasma were mea-
sured for the purpose of evaluating the thin film characteristics of the HF-HiPIMS method. As a result, the HF-
HiPIMS method achieved high density film, small surface roughness and high density plasma compared to the
conventional unipolar HiPIMS (UP-HiPIMS) method. From the relationship between the tail time and the film
density, we were able to obtain an index for optimizing the deposition conditions.

Keywords: HiPIMS; DLC; XRR; AFM; OES.
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DERELL->TWA., ZOXS= A, Fo
VF—BIX AT OFa Yy OB S A
=195,

2. A>Ex1—%2v3a2L—-Y3>

2 -1 HENHEEDESN

I¥, Fuyrr—¥iFulroEahEL
Protein Data Bank & V) %7 > 10— F L (PDB ID: 4p6r),
FuyS—tiFurrEoEL. Fud S —EiZ
LTk, 4Tty 7 b = 7 AMBERIAY % v
TRERTRZMAML, NAM & CHRI 22 hNe
LCOO THUGMI L 72, F o riax LT,
GaussView CAKZR T2 ML 7. £/, Fulro
B|ATIE, Gaussian031Z & B HF/6-31G(d) L NV THO 4L
FmTLFERR 2TV, ZOREED SresplEMm 2 H] D

WMT7z. RIZ, AMBER4ZHWwWTFr Y F—BLF
HO o]
Tyrosine

M1 Fovr—XeFuyrOBRaRoOEEERHESE () LHmERroskx ()



18 R

0y OBEREEME L%, TSI ED
R A+ v, RFWTF, BFETF, BRIEEF % CH
T2 L7z, KEET O AR ORE S e b & St L 7z
SHOFHETIE, 22004+ v OMIcHDb 120
KOGFORIEL, MWOREAKIGHIBRLZ2. £72, W
AF VRN THeAFVro7a b AMEREIZDO W
TlE, M A F v L AF TV v ORMHE? S, & T
NoAs7ua b MELTwb & L7

2 -2 FMOFIE

i LB MEIC L, A——ava—%
(B8] 2HANA X5 TFHEEHY I 2L —%
ABINIT-MP Open®® 12 X 2 FMO2-MP2/6-31G L X)L
DOFMOFIM 2 %M L 72. FMOF 1B W THAEDE
HEM 72 FHE L NV IEMP2/6-31G* T dh 5 A%, 4l
ERAF VEELY VNI T HMED R Y —
T4 Y TRA VD ELTMP2/6-31GL X)LV TOFMOG!
Baefiol, FuyF—YiR7I /BRI ic75
TAYNFEL, 200+ Y, KT, Fuy
VIEENENL1OD TSI AV PEL TS IO
FMOGRHE N T 5 2 RGE L 2%, TR F—ED
%73 MBI WA Ay, KO, FuvrEh
ENoOMOMEANEH T &V ¥ — (Interfragment
Interaction Energy: IFIE) % K& 7z. ¥ 72, IFIEOF] (IFIE
sum) ZHREIANLF—L LTHEHL.

3. EREF

1B O E LT, FMO2-MP2/6-31GL XV 12
BOWTFMOFESINET 2 2 &2 /RiliL 7. sHEL
NV O EIZET 2 HEIRER S TW A, &|y X
7B OBEAKRIH T AFMOFH AR L7z 2 & 13,
LStk BB V37 BOME ISR ORI, Kt
WCHERT IV BORFENFETH D & 2l R
TH5LDTH5.

FlERRNT, FrYF—¥0KT I /MK, WH
AF v, KT, FavrFNENOIFIEMNT & £
L7zeZh, FuyrFurr—EofFar il
F—13, 14.69 kcal/mol & KN D T AN F— %R L7225,
FOYrE2o00MEA A+ O/, FhEh
-203.52 kcal/mol, -71.77 kcal/mol & IEHEIZK & BN
OMEEH T AN F =230 5. F72, 22004
MAFreFuyF—¥ofit AT —13IFNETN
-3787.40 kcal/mol, -3617.67 kcal/mol &£ 720, 2DO®
WigpA F e bicFayF—LLIEFICmIREa L
— RO o TWABZEDHH L. ZhH0H
NH, FRYVE2OOWAF e L TFOY
F=E LA L TCWAIEPHENE R o7 KT
EFuy v OMEEMN T AV F—1F 10.59 keal/mol T
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FMO calculations on complexes of metalloprotein and
organic compounds: I

Yoichiro YAGI

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

It is known that tyrosinase is an enzyme responsible for melanin production and has two metal ions(copper ions

or zinc ions) in its active site. In this study, we performed an FMO calculation with FMO2-MP2/6-31G revel for

tyrosinase-tirosine complex and computed the inter-fragment interaction energies (IFIEs) among tyrosine, zinc

ions, water molecule, and the amino acid residues in tyrosinase. We aim to obtain detailed knowledge on the enzy-
matic reaction mechanism of tyrosinase through the IFIE analysis. The FMO computations show that tyrosine binds

to tyrosinase via two zinc ions. We also found that the water molecule strongly binds to tyrosinase via two zinc ions.

These results show that two zinc ions and water molecule are considered to play an important role in the oxidation

reaction of tyrosine.

Keywords: Metalloprotein; organic compounds; FMO calculation; interation energy.
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Optimization of culture protocols of myoblasts and tenocytes for
the preparation of skeletal-like muscle-tendon connected tissue
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We have designed a novel culture model for muscle-tendon connective tissue to understand the communication
between “muscle”, the driving force of the skeleton, and “tendon”, the bone-connecting tissue, under in vitro cultur-
ing. In this study, we could successfully obtain mixed tissue constructs containing muscle-like and tendon-like tis-
sues by adding two types of culture media optimized for myogenesis of myoblasts and tendon-like tissue formation
by collagen production of tenocytes, respectively, independently at different culturing periods. Further studies are
planned to examine the culture period and mechanical stimulation of the muscle-tendon-like mixed tissue obtained
in this study in order to mature them into more histologically and functionally similar to native muscle-tendon con-
nected tissues.

Keywords: Tendon; Muscle; Cell culture model.
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Regional greenschist facies alteration recorded in the metabasites
of the OKki belt, Japan

Taku ENDO™"*, Takeshi IMAYAMA™

*Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama, 700-0005, Japan
**Graduate School of Regional Resource Management, University of Hyogo,
128 Shounji, Toyooka, 668-0814, Japan

Petrological works of four samples of metabasites distributed in the Oki Dogo island, Shimane Prefecture were

carried out. One sample records high-temperature metamorphism, supported by calcium-rich pyroxene and plagio-

clase, associated with the metamorphism of host migmatitic gneisses. On the other hand, all four samples contain

secondary chlorite, epidote, K-feldspar, etc., and are extensively affected by greenschist facies alteration. In addi-

tion, one sample is rich in fine-grained idiomorphic K-Na feldspar, showing the relict of a volcanic texture and

possibly escaping high-temperature metamorphism. In the future, it is essential to investigate the quantitative tem-

perature-pressure conditions of metabasites, their ages and origin to understand the tectonics in the northeastern

Asia.

Keywords: Oki belt; metabasites; mineral composition; alteration; NE Asia.
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Okayama University of Science and the Institute of Paleontology, Mongolian Academy of Sciences (IP-MAS) con-
ducted joint expeditions in 2022 for the first time after the COVID-19 pandemic. The crew visited Shar Tsav, Arts Bogd
area, and Bayn Shire in the Gobi Desert of Mongolia. They discovered numerous dinosaur trackways in Shar Tsav and
Arts Bogd and two microfossil assemblages in Bayn Shire. The microfossil remains include mammals, lizards, frogs and
fishes, which are quite rare in the Baynshire Formation. The crew also gathered stratigraphic data and sediment sam-
ples in Bayn Shire, which are for constructing a temporal framework of the Upper Cretaceous Mongolian strata based

on U-Pb geochronological and magnetostratigraphic studies.

Keywords: Mongolia; Late Cretaceous; Vertebrate Paleontology; Dinosauria; footprints; microfossils

1. Introduction

The research group from the Okayama University

of Science (OUS) has regularly conducted joint expedi-

tions with the Institute of Paleontology, Mongolian
Academy of Sciences (IP-MAS) from 2015 to 201 91)75),
but the field program had to be temporally ceased due
to the COVID-19 pandemic. We resumed the joint
fieldwork program in 2022 and conducted two expedi-
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The first expedition was carried out in Shar Tsav
and Arts Bogd area from June 1°-14", 2022 (Fig. 1).
The members of the expeditions were Shinobu Ishigaki ‘
from OUS and Khishigjav Tsogtbaatar (director of IP- Fig. 1. Map of main localities visited during the joint
MAS), Buuvei Mainbayar (researcher/driver), and  expeditions in 2022.
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Fig. 2. Fieldwork photographs. A and B: newly found sauropod trackways with manus prints in Arts Bogd area; C:
microfossil sampling at Bayn Shire; D: screen washing of microfossil samples at Bayn Shire; E: articulated partial
fish skeleton at Bayn Shire; F: caliche layer at Bayn Shire.
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Bayasgaa Ganzorig (researcher) from IP-MAS.

The second expedition was undertaken in Bayn
Shire from August sh_j4t (Fig. 1). The members of
the expedition were Akio Takahashi, Mototaka Saneyo-
shi, Kentaro Chiba, Ryuji Takasaki, and Kota Sakamo-
to from OUS, and Khishigjav Tsogtbaatar (director of
IP-MAS), Buuvei Mainbayar (researcher/driver), Bat-
saikhan Buyantegsh (researcher/driver), Purevsuren
Byambaa (researcher), Battulga Bilguunbold (research-
er), Enkhbat Ochirjantsan (preparator/driver), Jamgan
Gantsetesg (cook) from IP-MAS.

2. Localities visited

The localities visited during the June expedition
were Shar Tsav in the eastern part and Arts Bogd area in
the central part of the Gobi Desert (Fig. 1). The detailed
ages of the Upper Cretaceous horizons exposed in both
localities are currently uncertain. Bayn Shire, where the
expedition team visited in August, is located in the east-
ern part of the Gobi Desert and is the type locality of
the Baynshire Formation (Fig. 1). The U-Pb age deter-
mined by OUS researchers in an adjacent locality,
Khongil Tsav, is approximately 95 to 90 Ma®. To pro-
tect locality information, the detailed lists and the as-
sociated GPS coordinates of each recovered specimen
and sample are reposited in the [IP-MAS and OUS data-
bases

3. Results

The first expedition team conducted ichnological
fieldwork of dinosaur trackways and footprints. The
team discovered 20 dinosaur trackways, including a
sauropod trackway and a turning trackway of an anky-
losaur. The team also found hadrosaurid, sauropod, and
small theropod isolated footprints in Shar Tsav. In the
Arts Bogd area, the team found six well-preserved sau-
ropod trackways, four of which are with manus prints
(Fig. 2A and B). The sauropod, theropod, hadrosaur,
and ankylosaur isolated footprints were also discovered
in this area.

The second expedition team prospected and col-
lected a total of 38 specimens. The specimens were
mainly derived from the two microfossil sites found
during our 2019 fieldwork (Fig. 2C and D). The micro-
fossil assemblages are mainly composed of dinosaur
(hadrosauroid, ankylosaurid, tyrannosauroid, dromaeo-
saurid) bone fragments and teeth and crocodilian teeth
and osteoderms, turtle shell fragments, and fish scales

and vertebrae. Notably, the assemblages include mam-
mal, fish, lizard, and frog remains, which are quite rare
(mammal and fish) and are the first reports from the
Baynshire Formation (Fig. 2E)7)78). The team also found
some ankylosaur bones, including a relatively large
partial pelvis and small fused sacral vertebrae and hu-
merus in proximity. Due to the different estimated sizes
of the ankylosaur remains, it is potentially the second
ankylosaur bonebed at Bayn Shire. The stratigraphic
position of this site is located lower than the previously
known ankylosaur bonebed at Bayn Shire™"?. They
also collected stratigraphic and sedimentological data
of the Baynshire Formation exposed around Bayn
Shire. 44 sandstone, mudstone, and caliche samples
were also collected throughout the sections at this lo-
cality for further analyses (Fig. 2F).

4. Future perspectives

The small vertebrate fauna of the Baynshire Forma-
tion is poorly understood compared to faunal assem-
blages of the other Upper Cretaceous strata in Mongo-
lia. The microfossil remains found in the 2022
expeditions likely include several new species. Also,
turtle specimens collected this year will be useful for
the ongoing taxonomic studies of Baynshirenian tur-
tles. The specimens collected this year will provide vi-
tal clues for the poorly known small vertebrate fauna of
the Baynshire Formation. Parts of some specimens will
also be used as pilot samples for fossil protein extrac-
tion.

The sandstone samples collected at Bayn Shire will
be analyzed using Electron Spin Resonance and Induc-
tively Coupled Plasma Mass spectrometry (ICP-MS).
These analyses will elucidate the origin of sediments in
the formation, which leads to an understanding of the
paleoenvironment of the formation and the stratigraph-
ic correlation between different localities with expo-
sure of the formation. The caliche and tooth samples
collected at Bayn Shire will be used for U-Pb dating by
ICP-MS. Additionally, mudstone samples will be used
for magnetostratigraphic analyses to further constrain
the depositional age of the Baynshire Formation. These
samples will provide us with important data to con-
struct the temporal framework of the Baynshire Forma-
tion, which remains poorly known.
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The vibration characteristics of ground motions in the middle part
of the reclaimed lands of the Okayama plain, west Japan, as ex-
amined using the earthquake response spectra

Keiichi NISHIMURA

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

The earthquake response spectra were calculated from ground acceleration time-series recorded at two nearby
observation sites, located in the middle part of the reclaimed land of Okayama plain, to examine the vibration char-
acteristics of ground motions. As a result, it was found that the peaksof the response spectra were within the period
range of 0.7 to 0.85 seconds at the both sites. On the other hand, there was a significant difference in the absolute
acceleration respnse spectra be-tween the two sites in the range of 0.1 to 0.3 seconds, corresponding to the funda-
mental natural periods of low-rise buildings. Since a similar difference was also found in the Fourier amplitude
spectra of ground acceleration, it was suggested that the difference of vibration characteristis between the two sites
could be ascribed to the subsurface structure, probably to the granitic betrock topography, as inferred from gravity
survey in the Okayama plain conducted in a previous study.

Keywords: vibration characteristics of ground motion, reclaimed land of the Okayama plain, earthquake response
spectrum, Fourier amplitude spectrum, granitic betrock topography.
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Measurement of Element Concentrations in Environmental
Samples (Lake Water and Soil) in Inner Mongolia Autonomous
Region, China

Jun NAOHARA and Yuan Yuan LI

Graduate School of Engineering, Okayama University of Science,
0-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

Environmental samples (lake water and soil) in Inner Mongolia were collected and their elemental concentra-
tions were measured by ICP-MS and compared with those of Japanese samples. As a result, the following were
found.

1. Among the elements measured, Ca concentration in lake water was the highest at 33,778 ng/L, followed by Sr
at 316 pg/L. Al, Ca, and Fe in soil ranged from 100,000 to 10,000 mg/kg; Na, Mg, and K ranged from 10,000
to 1,000 mg/kg.

2. Among the toxic elements, the concentration of As in lake water collected in Mongolia was 4.22 pg/L, while the
concentrations of Cd, Pb, and Hg were higher than those in Japan. Concentrations of As, Cd, and Pb in soil were
not significantly different among the three countries, while Hg was higher in Inner Mongolia (about 2.5 mg/kg)
than in other regions.

Keywords: ICP-MS; element concentration; lake water; soil
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Installation of a new GPGPU machine in Institute of Frontier
Science and Technology:

Tadahiro HATAKEYAMA®, Syou MAKI", Kenya KUWAGI**, Akira UEJIMA™,
Toshiyuki KONO™*, Kazumasa OHKUMA™*** and Masaharu HIROTA™*

*[nstitute of Frontier Science and Technology, Okayama University of Science,
**Faculty of Engineering, Okayama University of Science
***Faculty of Information Science and Engineering, Okayama University of Science
*H**nsitute for the Advancement of Higher Education, Okayama University of Science
Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

We have installed a new high performationce computer in Insistiute of Frontier Science and Technology, Okaya-
ma University of Science with involving a project of “General integration of science and engeneering with high
performance computing” starting from 2022 FY. The machine has a 24 core CPU (AMD EPYC 7413) and two
GPUs (NVIDIA A100) and now is in the test operations. We also plan to hold information sessions and workshops
for researchers, including undergraduate and graduate students, in an effort to increase the users.

Keywords: high performance computing; GPGPU; AMD EPYC CPU; NVIDIA A100 GPU.
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