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[Mo203S(Tpms).] DEM LS T
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[Mo,0;S(H,0),]"" & LiTpms OBt 7* 5, [M0,0,S(Tpms),] 2MeOH (H @) 2 HHT 5 Z LIZHI L7z, 2
DEBHRZ, 700KV A /I AY 7 —)Vh b L TR Z T, X B s 2 7o 72 &
TR T — Z 1Z RO ) : crystal system monoclinic, space group P2, (#11), Lattice parameters; a = 12.0678(4) A, b =
8.9443(2) A, ¢ =27.0907(9) A, f=90.664(3) °, V =2923.92(15) A®, Z =4, R, = 0.0490, wR = 0.0769.

XM ST OFE R, %Y 77 VEFICIE, RinOBREE -, ZEREE T, MEREE A1 o9
L L TWBIED, PYAES VYIRS Y ANFER— MP—0F O8N L TWwb. Mol 12, Tpms Bl 7%
YTV ) VBROERET 3O TRA L TW7z0I2 LT, Mo2 (21, Tpms B DY T V) VEEOEHE T2
Dk, ANKEDORFET 1 DT L7z, EAINBOWETH L Z LWLz,

1. Introduction
AL BILWA F Y O)YDPERALZZEY) TF
Y(FFVERYTFUAGF V) B, $700%, i

EEERR TG L) 77 Y RIC OV T,

ZOAEM, HEB X OREICET 2% % 17> C
72V —HoMEoRT, TrIKEEORY E
FSIVVIMELEWNTH D, PIVAETTY LAY VR
VR Y (= LITPMS)? % AL T- & 3 %, B #2448 4

F vV E) T T UK, [Mo,0,S, (Tpms),] % HE LT,

ZOMWEERE LTS Y

S, MEBLUOMELEELZ IO FVEY) T T
> BIFEER, [M0,0,S(H,0),]" ¥ £ LITPMS & O )it
XY, P)RESIVYINRAY AN E SR — b EESL
T £ 5 [Mo,0,S(Tpms)2] & L, & Dk sbtErs
TN # AT o 72D THIE T 5.

2. Experiemental

Bk

[Mo,0,S(Tpms),]

CDEBRIIERFZMA T TITo 72
[M0,0,S(H,0),]"" (1 M HCl) % i J&: F TRz [ L ¢
Bohsd, RECGOREEAY ) —VIZHE®L,
LiTpms ® X ¥ J — V% ife (LITPMS / Mo =2.5) %
2 7z BOSET % % 65 °CITE L 22 25 & k3
LEWMBARPHB L ZoflahRz s #HIC
IOMEILL, ook VAR THEREL, Fook
WAICHER L B EZ I Bz, WilE

JEFTH R § % &, $51K, [Mo,0,S(Tpms),].2MeOH
25 % 5 N 72 (Yield 76%). Anal. Caled for [Mo
,058(Tpms),].2MeOH (C,,H,N,M0,0,,8;5) :
C, 28.64; H, 2.84; N, 18.22; S, 10.43. Found: C, 28.96;
H, 2.61; N, 18.16; S, 10.15%.

COMKEZTORNVL /XY = XD FHE
T 5 &, WABURES O [Mo,0,S(Tpms),] 2315 &5 1L 7-.

XA i G A T

[Mo,0;S(Tpms),] @ # & % Fluorolube (SIGMA-
ALDORICH) T 2 — 7 4 ~ 7 L, Mounted Cryoloop
(HAMPTON RESEARCH #1: % ) {25 L 72. X #[nl
W= OWEE, MILEFRFRERIEL Y —D
Rigaku Saturn724 H &) X # [8] 371§ % H v C, Graphite
monochromator (2 & O .14k L 72 MoKa #t 2 H W\ T
fTo7z WERE, MARIEXEEZH T Mz
-180°C (2 > 72, HE 3% 8 BT 3 1 4% 15 (SHELXT)® %
F TR IR 7E % Pt og L 7274, Full matrix i /N & i
EDAMEMYEL, KEREFZRSTXTORTAL
EAYE L7z, KREFE T, BATEEHE (C-H 0.95
A2 ) ZFDfEE P L7z, riding model(7K 3 J5
FHHEE LTV 2R FZFF ISR LT, Uiso(H) = 1.2Ueq)
EH VTR E O EALEZIT 572, WHEMITAT-
72D EWROKRDPS, LFWIERODLHE— 71X
FREIN o720 HAHS X BB 7 — 5 O
CrysAlis™ ZHWT o729 4 FREE DR EALICH
THTRTOFEIL OLEX? Z W Tf7o72."
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3. Results and discussion

[M0,0,S(H,0)," & LiTpms @ K & 7 5,
[Mo,0,S(Tpms),] 2MeOH %# & .35 Z L IZ B L
72, ZORIGIE, BRFWET T, #iZ 65°CXT
MEL 3547572, 2D E1E [Mo,0,S, (Tpms),] 2,
[M0,0,S,(H,0),]*" & LiTpms % {E& %7517 THEKL 72
TELHBITH B, ZORERD S, [Mo,0:S(H,0) "
i, [MOZOZSZ(HZO)6]2+ &R B b BT O TR A
{, SEERAFDRR[RILE Z TR T VI EZ ML T
WBEZEDHYLNPTHS.

[Mo0,0,S(Tpms),] .2MeOH D ¥ tuty K%, 7 11k
V[ XF 7 —Vh b L CRE G Z v
T, X MG AR G AT 2 47 o 72

[M0,0,S(Tpms),] @ # &y F /87 XA — % —B X
UM R AL D /S5 A — % — % Table 1 1Z/R L 72,
[Mo0,0,S(Tpms),] @ ORTEP [X] % Figure 1 (27~ L 72.
KFE % B & T O PERE & 55 T PR EE I F- (Atomic
coordinates and Biso / Beq) % Table 2, & J7 % i B K
¥~ (anisotropic displacement parameters) % Table 3, %%

" c29
>
S D i1 N et :
ot > e C10 (Y
. c 2 ciz
Tos ci3
! / 08
Ch_.m

Figure 1. ORTEP drawing of [Mo0,0;S(Tpms),]. The
thermal ellipsoids are shown at 50% probability level.
Hydrogen atoms have been omitted for clarity.

(EPS

- I DA JE B (Bond lengths (A)) & #% 4 4 (Bond
angles ( °)) #Z N1 Table 4 & Table 5 [Z/RLTW5A.
IRFERCT- D FERE & 55 )5 PR IR BE I T~ % Table 6 IZ/R L7z,
[Mo,0,S(Tpms),] @ Hifh i % I v 724 3% i A1 0
R EEY 7T VETIE, KSOBEEET, UG
FET, BBHREET2S 12T O L TWBIE)
FYAEFT VYV RAY v ANKER— P PR—GFFO
BAZ LT b, Mol i2, Tpms A FA5¢ 5V — L B
DEFFT 3 DOTRML TWDIZH LT, Mo2 i
X, Tpms il +DO ¥ 5V — VEROEEE 2oL,
AN AREOWEEET 1 D TR L7z, ALIERFRD
WETHDLZENHSNITR -7 (Figure 1). 2N 5
DEAHERE X, [M0,0,S(Tpms),] ®E") 7 F &1
M @ FEEE % [Mo,0,S,(Tpms),] @ B AHEE & 8P L 72
BETHo72. MHDOE) TTFVETIIET =
BROBRFTORTEM L72%E, Koz ET
DI VANMIZEM L TWAHE S — VB[RO
IRILFEVPREL BB EEZONLTZD, TOVAARK
I ARERILZRT L2012, FHEDOEY) 75
I, 3FHOES V= VERTIE R L, ANVFED
BFEFEF TR L72EZZT05D.
[M0,0:S(Tpms),] ® € V) 7 7 ~ J& F [ &
(2.6635A) £ [M0,0,S,(Tpms),] ®E VY 7 57 > J§ T[4
O Wik (2.8351A) = LK $ % &, [Mo,0,S(Tpms),] D
FAH01TA L e TWAB T EDBHSL N5 7.
I, BY 7T VETRAUE LTS E A
BERFICERINLZEICEELDOT, BT
CBERFDT 7 VTN — IV AL FEOETER S
2b0LEZOLNG.
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Tablel. Crystal data and structure refinement for [Mo,0,S(Tpms),].

Empirical formula
Formula weight
Temperature /K

Crystal system

Space group

al/A

b/A

c/A

Bl

Volume /A3

Z

pcalc g/cm3

p /mm 1

F(000)

Crystal size /mm3
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole /e A-3

CyH sMO,N|,0,S;

858.52

293(2)

monoclinic

P21/n

12.0678(4)

8.9443(2)

27.0907(9)

90.664(3)

2923.92(15)

4

1.950

1.144

1704.0

0.05 % 0.05 x 0.02

MoKa (A =0.71073)

3.71 to 63.068
-17<h<17,-12<k<12,-39<1<39
55106

9263 [Rint = 0.0832, Rsigma = 0.0694]
9263/0/483

1.050

R1=0.0490, wR2 = 0.0769
R1=0.0818, wR2 =0.0851
0.97/-0.71




TIPS

Table2. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters (A*x10%) for
[Mo,0;S(Tpms),]. Ueq is defined as 1/3 of the trace of the orthogonalised UIJ tensor.

Atom X y z U(eq)
Mo(1) 6848.6(2) 5847.7(3) 4748.0(2) 11.46(6)
Mo(2) 7229.8(2) 5407.1(3) 5707.4(2) 11.54(7)
S(1) 8407.1(7) 4644.5(9) 5079.3(3) 16.36(17)
S(2) 8839.0(7) 8071.7(9) 6321.3(3) 16.96(18)
S(3) 7186.0(8) 9342.0(9) 3170.5(3) 17.09(17)
O(1) 5904.9(19) 4492(2) 4644.3(8) 14.9(5)
0(2) 6371.8(19) 3969(2) 5800.8(8) 15.5(5)
0Q@3) 6391.4(19) 6844(2) 5337.5(8) 14.8(5)
0(4) 6212(2) 8918(3) 2891.6(8) 20.5(5)
O(5) 8225(2) 8905(3) 2961.0(8) 19.7(5)
0(6) 7157(2) 10828(3) 3375.2(9) 23.1(5)
Oo(7) 8410(2) 7346(3) 5869.1(8) 18.2(5)
O(8) 10009(2) 7904(3) 6381.8(9) 25.2(6)
0(9) 8372(2) 9521(3) 6403.1(9) 28.4(6)
N(1) 8088(2) 7715(3) 4526.5(9) 16.4(6)
N(2) 7997(2) 8472(3) 4087.1(9) 14.5(6)
NQ@3) 5855(2) 7655(3) 4428.6(9) 14.7(6)
N(4) 6037(2) 8364(3) 3987.7(9) 15.0(6)
N(5) 7360(2) 5479(3) 3966.6(9) 13.9(6)
N(6) 7199(2) 6531(3) 3602.9(9) 13.7(6)
N(7) 8596(2) 7226(3) 7294.3(10) 16.9(6)
N(8) 8225(2) 6324(3) 7668.1(10) 18.6(6)
N(9) 6511(2) 6546(3) 6344.3(9) 12.6(5)
N(10) 7050(2) 6884(3) 6774.7(9) 13.8(6)
N(11) 8381(2) 4560(3) 6285.5(9) 14.4(6)
N(12) 8687(2) 5324(3) 6702.5(9) 12.5(5)
C(1) 9020(3) 8197(4) 4733.7(12) 19.6(7)
C(2) 9530(3) 9265(4) 4441.1(12) 21.9(8)
C(@3) 8867(3) 9413(4) 4032.5(12) 20.3(7)
C4) 4970(3) 8305(4) 4617.5(12) 16.3(7)
C(5) 4583(3) 9455(4) 4310.7(13) 19.5(7)
C(6) 5285(3) 9476(4) 3921.6(13) 19.9(7)
C(7) 7527(3) 4189(4) 3733.5(12) 17.2(7)
C(8) 7475(3) 4395(4) 3222.4(12) 20.7(8)
C(©9) 7260(3) 5867(4) 3150.8(12) 18.4(7)
C(10) 7100(3) 8109(3) 3743.1(11) 14.5(7)
C(11) 8518(3) 7051(4) 8071.9(13) 21.0(8)
C(12) 9066(3) 8384(4) 7971.6(13) 23.7(8)
C(13) 9098(3) 8493(4) 7468.4(13) 20.4(8)
C(14) 5453(3) 6888(4) 6416.6(12) 15.8(7)
C(15) 5312(3) 7470(4) 6889.2(13) 20.3(8)
C(16) 6341(3) 7476(4) 7101.9(12) 18.8(7)
C(17) 9009(3) 3332(4) 6284.6(12) 19.3(7)
C(18) 9744(3) 3329(4) 6686.3(13) 20.9(8)
C(19) 9534(3) 4615(4) 6938.1(12) 16.2(7)

C(20) 8259(3) 6823(3) 6805.3(11) 13.3(6)
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Table3. Anisotropic Displacement Parameters (A2x103) for [M0203S(Tpms)2]. The Anisotropic displacement
factor exponent takes the form: -2n2[h2a*2U11+2hka*b*U12+...].

Atom
Mo(1)
Mo(2)
S(1)
S(2)
S(3)
o)
0(2)
0(3)
O(4)
0(5)
0(6)
O(7)
O(8)
009)
N(1)
N(@2)
N@3)
N(4)
N(5)
N(6)
N(7)
N(®)
N©)
N(10)
N(11)
N(12)
C()
C2)
Ci3)
o))
C(5)
C(6)
C(
C(®)
C)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)

ull
16.56(15)
16.15(15)
19.6(4)
26.0(5)
26.5(5)
19.1(12)
20.0(13)
19.8(13)
28.9(14)
26.0(14)
33.7(15)
23.6(13)
22.7(14)
52.8(18)
23.2(16)
20.6(16)
21.1(16)
21.6(16)
21.5(15)
21.2(16)
24.4(16)
22.0(16)
17.8(15)
19.7(15)
18.7(15)
13.5(14)
25(2)
29(2)
31(2)
21.1(19)
26(2)
29(2)
23.8(19)
34(2)
29(2)
25.4(19)
25(2)
33(2)
30(2)
17.7(18)
24(2)
27(2)
25(2)
21(2)
15.5(17)
17.3(17)

U22
9.65(12)
10.44(12)
17.1(4)
13.3(4)
12.6(4)
14.2(11)
14.7(11)
15.1(11)
19.6(12)
18.6(12)
13.0(11)
20.1(12)
31.2(15)
12.6(12)
17.0(14)
12.9(13)
11.7(13)
13.1(13)
9.9(12)
9.4(12)
16.8(14)
23.3(15)
12.6(13)
12.9(13)
14.4(13)
13.3(13)
23.9(18)
23.0(18)
16.4(17)
13.7(15)
14.8(16)
13.8(16)
12.0(15)
15.4(17)
16.8(16)
8.3(14)
26.3(19)
20.6(18)
14.7(16)
14.4(16)
21.1(18)
18.5(17)
17.2(17)
21.0(18)
19.9(16)
11.8(14)

U33
8.12(12)
8.00(12)
12.4(4)
11.6(4)
12.1(4)
11.4(10)
11.9(11)
9.4(10)
13.0(11)
14.4(11)
22.5(13)
10.8(11)
21.5(13)
19.9(13)
8.9(12)
10.1(12)
11.3(12)
10.4(12)
10.4(12)
10.6(12)
9.5(13)
10.3(13)
7.5(12)
8.8(12)
9.9(12)
10.7(12)
9.8(15)
13.6(16)
13.4(16)
14.2(15)
18.1(16)
16.7(16)
15.8(15)
13.1(16)
9.7(14)
9.7(14)
11.5(16)
16.9(17)
16.8(16)
15.2(16)
15.8(17)
11.2(15)
15.2(16)
21.1(18)
13.1(15)
10.8(14)

U23
0.68(10)
0.35(10)
0.03)
1.93)
4.6(3)
1.6(8)
1.1(9)
-1.2(8)
43(9)
5.2(9)
4.2(10)
1.6(9)
6.5(11)
1.4(10)
2.8(10)
2.0(10)
0.9(10)
2.6(10)
2.4(10)
1.2(10)
-0.6(10)
2.8(11)
1.4(10)
-1.4(10)
0.0(10)
0.4(10)
-1.2(13)
-1.8(13)
2.1(13)
2.2(12)
0.4(13)
1.0(13)
0.3(13)
-1.5(13)
-1.4(13)
1.9(11)
3.1(14)
-8.8(14)
-3.4(13)
1.1(12)
-0.8(14)
2.7(13)
-0.7(13)
43(14)
3.8(13)
-1.2(11)

U13

-1.33(10)
-1.38(10)

-0.8(3)
-1.403)
-1.13)
-1.9(9)
2.3(9)
2.5(9)
-2.9(10)
-0.3(10)
-1.2(11)
0.5(9)
-1.5(11)
0.6(12)
-17(11)
-1.6(11)
-0.9(11)
-0.8(11)
0.3(11)
-0.4(11)
2.0(11)
-17(11)
-2.0(10)
-1.3(11)
2.0(11)
-1.2(10)
2.9(14)
2.4(14)
-0.6(14)
0.0(13)
-3.6(14)
-4.5(14)
1.5(13)
1.7(14)
-1.0(13)
-2.8(13)
-1.5(14)
-8.2(16)
-5.5(15)
-5.4(13)
3.3(15)
-2.0(14)
-2.5(14)
-3.2(15)
-2.3(13)
-3.1(12)

U12

-2.06(11)
-1.30(11)

2.5(3)
-7.2(3)
-1.203)
-3.3(9)

-3.8(10)

0.1(10)

2.1(11)
-0.3(10)
2.3(11)
-8.5(10)

-14.6(12)
-1.4(12)
-4.7(12)
-4.4(11)
3.1(11)

0.3(11)

-1.7(11)

0.5(11)

-2.6(12)
-2.4(12)
2.7(11)

0.9(11)

20.9(11)
-1.5(11)
-8.2(15)

-14.7(16)
-8.6(15)
-1.1(13)

4.5(15)
2.5(14)
0.3(14)

-2.4(15)
-2.8(15)
-1.4(13)

8.2(16)
6.2(16)
1.9(15)
1.1(13)
9.4(15)
5.1(15)
4.9(15)
6.7(15)

-1.4(14)
-3.5(13)
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Table4. Bond Lengths for [Mo,0;S(Tpms),].
Atom Atom Length /A Atom Atom Length /A
Mo(1) Mo(2) 2.6635(4) N(5) N(6) 1.374(3)
Mo(1) S(1) 2.3370(9) N(5) C(7) 1.331(4)
Mo(1) O(1) 1.685(2) N(6) C©) 1.364(4)
Mo(1) 0(3) 1.915(2) N(6) C(10) 1.467(4)
Mo(1) N(1) 2.325(3) N(7) N(8) 1.374(4)
Mo(1) N(@3) 2.185(3) N(7) C(13) 1.366(4)
Mo(1) N(5) 2.236(3) N(7) C(20) 1.428(4)
Mo(2) S(1) 2.3313(9) N(8) C(11) 1.317(4)
Mo(2) 0(2) 1.673(2) N@©) N(10) 1.362(3)
Mo(2) 0(3) 1.912(2) N(@©) C(14) 1.330(4)
Mo(2) Oo(7) 2.283(2) N(10) C(16) 1.348(4)
Mo(2) N(©9) 2.191(3) N(10) C(20) 1.462(4)
Mo(2) N(11) 2.215(3) N(11) N(12) 1.367(3)
S(2) O(7) 1.475(2) N(11) C(17) 1.334(4)
S(2) O(8) 1.428(3) N(12) C(19) 1.356(4)
S(2) 0(9) 1.432(3) N(12) C(20) 1.464(4)
S(2) C(20) 1.865(3) C() C(2) 1.389(5)
S(3) 04) 1.441(3) C(2) C@3) 1.365(5)
S(3) O(5) 1.436(3) C4) C(5) 1.399(5)
S(3) 0(6) 1.441(3) C(5) C(6) 1.359(5)
S(3) C(10) 1.907(3) C(7) C(8) 1.397(5)
N(1) N(2) 1.373(3) C(8) C(9) 1.356(5)
N(1) C(1) 1.324(4) c(n C(12) 1.392(6)
N(2) C(@3) 1.355(4) C(12) C(13) 1.368(5)
N(2) C(10) 1.457(4) C(14) C(15) 1.394(5)
N(@3) N(4) 1.372(3) C(15) C(16) 1.363(5)
N@3) C4) 1.324(4) C(17) C(18) 1.395(5)
N#4) C(6) 1.357(4) C(18) C(19) 1.363(5)
N(4) C(10) 1.468(4)
TableS. Bond Angles for [Mo,0;S(Tpms),].

Atom Atom Atom Angle /° Atom Atom Atom Angle /°
S(1) Mo(1) Mo(2) 55.11(2) C@3) N@2) N 110.3(3)
o) Mo(1) Mo(2) 99.49(7) C@3) N@2) C(10) 129.8(3)
o) Mo(1) S(1) 105.78(8) N@4) NQ@3) Mo(1) 126.4(2)
Oo(l) Mo(1) 0Q3) 105.85(10) C4) NQ3) Mo(1) 127.8(2)
o Mo(1) N(1) 155.42(10) C4) N@3) N#4) 105.8(3)
o(1) Mo(1) N@3) 95.74(10) N@3) N#4) C(10) 118.1(3)
o) Mo(1) N©®) 85.95(10) C(6) N@4) NQ@3) 109.9(3)
0@3) Mo(1) Mo(2) 45.84(7) C(6) N@4) C(10) 129.9(3)
0(3) Mo(1) S(1) 97.60(7) N(6) N(©) Mo(1) 122.65(19)
0Q3) Mo(1) N(1) 94.21(10) C(7) N(5) Mo(1) 128.4(2)
0Q3) Mo(1) N@3) 79.86(10) C(7) N©) N(6) 105.9(3)
0Q3) Mo(1) N(©) 160.59(9) N©) N(6) C(10) 119.0(2)




Table5. Bond Angles for [Mo,0,S(Tpms),] (continued).

[Mo0,05S(Tpms),] £ F & A 1 ffe AT

Atom
N()
N(1)
N@3)
N@)
N@G)
N@G)
N(@5)
N(5)
N(@)
S(1)
0(©2)
0(2)
0(2)
0(2)
0(©2)
0(©2)
0(3)
003)
00)
003)
003)
O(7)
O(7)
N©)
N©)
N(©9)
N©)
N(11)
N(11)
N(11)

Mo(2)
O(7)
O(8)
O(8)
0(8)
009)
009)
0@)
065)
06)
06)
0(6)
0(6)

Mo(2)
32
N@2)
C)
Cm
N

Atom
Mo(1)
Mo(1)
Mo(1)
Mo(1)
Mo(1)
Mo(1)
Mo(1)
Mo(1)
Mo(1)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
Mo(2)
S(1)
S(2)
S(2)
S(2)
S(2)
S(2)
S(2)
S(3)
S(3)
S(3)
S(3)
S(3)
S(3)
0(3)
Oo(7)
N
N
N
N(?2)

Atom
Mo(2)
S(1)
Mo(2)
S(1)
N(1)
N@©)
Mo(2)
S(1)
N(1)
Mo(1)
Mo(1)
S(1)
0Q3)
O(7)
N(@©)
N(11)
Mo(1)
S(1)
O(7)
N(©9)
N(11)
Mo(1)
S(1)
Mo(1)
S(1)
O(7)
N(11)
Mo(1)
S(1)
O(7)
Mo(1)
C(20)
O(7)
0(9)
C(20)
O(7)
C(20)
C(10)
0@4)
0(6)
C(10)
04)
C(10)
Mo(1)
Mo(2)
Mo(1)
Mo(1)
NQ2)
C(10)

Angle /°
104.70(6)
84.99(7)
125.70(7)
158.13(8)
73.62(10)
83.71(10)
148.81(7)
93.79(7)
71.12(9)
55.31(2)
99.28(7)
105.60(8)
105.75(10)
160.23(9)
89.27(10)
90.82(10)
45.96(6)
97.90(7)
85.13(9)
83.5909)
157.55(10)
100.09(6)
88.76(6)
129.35(7)
163.90(7)
75.36(9)
81.55(10)
147.17(7)
91.91(7)
74.90(9)
69.58(3)
100.91(13)
112.74(15)
117.88(17)
103.62(15)
113.07(15)
106.38(15)
102.85(14)
115.59(15)
115.33(15)
102.72(14)
114.94(15)
102.63(14)
88.20(9)
134.90(13)
122.2(2)
132.1(2)
105.4(3)
119.7(3)

Atom
C©)
C©)
N(8)
C(13)
C(13)
C(11)

N(10)
C(14)
C(14)
N(@©)
C(16)
C(16)

N(12)
C(17)
C(17)
N(11)
C(19)
C(19)
N(1)
C3)
N(?2)
N@3)
C(6)
N#4)
N(@©)
C©)
C(8)
N(?2)
N(@2)
N(©2)
N#4)
N(6)
N(6)
N(8)
C(13)
N(7)
N(@©9)
C(16)
N(10)
N(11)
C(19)
N(12)
N(7)
N(7)
N(7)
N(10)
N(10)
N(12)

Atom
N(6)
N(6)
N(7)
N(7)
N(7)
N(®)
N(@©9)
N(©9)
N(@©)
N(10)
N(10)
N(10)
N(11)
N(11)
N(11)
N(12)
N(12)
N(12)
C(1)
C(2)
C(3)
C@)
C(5)
C(6)
C(7)
C(8)
C©)
C(10)
C(10)
C(10)
C(10)
C(10)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
Cc(17)
C(18)
C(19)
C(20)
C(20)
C(20)
C(20)
C(20)
C(20)

Atom
N(©)
C(10)
C(20)
N(8)
C(20)
N(7)
Mo(2)
Mo(2)
N(10)
C(20)
N(@©)
C(20)
Mo(2)
Mo(2)
N(12)
C(20)
N(11)
C(20)
CQ)
C(1)
C(2)
C(5)
C@)
C(5)
C(8)
C(7)
N(6)
S(3)
N@)
N(6)
S(3)
S(3)
N@)
C(12)
C(11)
C(12)
C(15)
C(14)
C(15)
C(18)
Cc(17)
C(18)
S(2)
N(10)
N(12)
S(2)
N(12)
S(2)

Angle /°
109.7(3)
131.0(3)
116.3(3)
112.3(3)
130.6(3)
103.6(3)
126.0(2)
127.8(2)
105.8(3)
120.4(2)
110.5(3)
128.2(3)
125.0(2)
129.2(2)
105.4(3)
121.5(2)
110.5(3)
127.2(3)
111.2(3)
105.7(3)
107.4(3)
111.0(3)
105.4(3)
108.0(3)
110.5(3)
106.0(3)
107.8(3)
110.1(2)
108.9(2)
108.5(3)
109.5(2)
109.9(2)
109.9(3)
112.6(3)
105.9(3)
105.5(3)
110.4(3)
105.6(3)
107.6(3)
110.8(3)
105.6(3)
107.6(3)
113.3(2)
108.5(3)
108.1(3)
108.7(2)
112.2(2)
106.2(2)
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Table6. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A’x10°) for Mo,0,S(Tpms),].

Atom X y z U(eq)
H(1) 9280(30) 7790(40) 5048(13) 18(9)
H(2) 10180(30) 9730(40) 4496(13) 20(10)
H(®3) 8960(30) 10010(40) 3780(13) 16(9)
H4) 4647.64 8033.21 4914.53 20
H(5) 3960(30) 10070(40) 4348(12) 8(8)
H(6) 5270(30) 10050(40) 3627(14) 26(11)
H(7) 7700(30) 3350(50) 3925(14) 29(11)
H(8) 7560(30) 3690(40) 2985(13) 15(9)
H(9) 7180(30) 6430(40) 2866(13) 18(10)
H(11) 8410(40) 6670(50) 8341(16) 39(13)
H(12) 9310(30) 9020(40) 8192(14) 24(10)
H(13) 9370(30) 9240(40) 7243(12) 10(9)
H(14) 5000(30) 6730(40) 6171(13) 13(9)
H(15) 4690(30) 7760(40) 7016(13) 13(9)
H(16) 6600(30) 7760(40) 7405(13) 16(9)
H(17) 8950(30) 2640(40) 6034(13) 17(9)
H(18) 10200(30) 2610(40) 6758(13) 21(10)
H(19) 9850(30) 5000(40) 7212(14) 22(10)
4. References 4) T. Shibahara and H. Akashi, Inorganic Syntheses,
1) Shibahara, Takashi; Akashi, Haruo; Toupadakis, 1992, 29, 254-260.
Andreas; Coucouvanis, Dimitri, Inorganic Syntheses 5) Sheldrick, G. M., Acta Cryst., 2015, A71, 3-8.
(1992), 29, 254-60. 6) CrysAlisPRO, Oxford Diffraction/Agilent Technologies
2) Klaui, Wolfgang; Berghahn, Michael; Rheinwald, UK Ltd, Yarnton, England.
Gerd; Lang, Heinrich, Angewandte Chemie, 7) Dolomanov, O. V., Bourhis, L. J., Gildea, R. J.,
International Edition (2000), 39(14), 2464-2466. Howard, J. A. K., Puschmann, H., J. Appl. Cryst.,
3) FHSHRA ; AENAKR, HAFHEBET e, 2009, 42, 339-341.

i I FLRL K K% (2007), 33, 3-11

Preparation and X-ray structure determination of [Mo0,0,S(Tpms),]
Haruo Akashi’

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

The reaction of [M0203S(H20)s]*>" with LiTpms successfully yielded [Mo0:0sS(Tpms)2]-2MeOH as a yellow powder.
Single crystals suitable for X-ray crystallographic analysis were obtained by recrystallization of the yellow powder from
a chloroform/methanol solvent. The crystallographic data are as follows: crystal system, monoclinic; space group, P2:/m
(#11); lattice parameters: a = 12.0678(4) A, b = 8.9443(2) A, ¢ =27.0907(9) A, p=90.664(3)°, V =2923.92(15) A3, Z=4;
R:=0.0490, wR = 0.0769.

The X-ray structure analysis revealed that each molybdenum atom is coordinated by one terminal oxygen atom, one
bridging oxygen atom, and one bridging sulfur atom, in addition to a single tris(pyrazolyl)methanesulfonate (Tpms)
ligand. Mol is coordinated by three nitrogen atoms from the pyrazolyl rings of the Tpms ligand, while Mo2 exhibits an
asymmetric coordination structure involving two nitrogen atoms from the pyrazolyl rings and one oxygen atom from the
sulfonate group of the Tpms ligand.
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Data Science-Driven Approach Using Raman Spectra
for DLC Film Research and Development.
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In this study, we investigated the applicability of data science techniques focused on structural analysis and property
prediction based on Raman spectroscopy to improve the efficiency and accuracy of the research and development process
of diamond-like carbon (DLC) films. First, we combined chemometric-based five-peak separation analysis of Raman
spectra with heat map visualization techniques. This approach allowed us to analyze the relationship between film
properties and film structure more quickly and accurately than with conventional methods. Furthermore, we demonstrated
that the accuracy of direct prediction of film density from Raman spectra can be improved by using the information
obtained from the five-peak decomposition analysis in the variable selection of partial least squares (PLS) regression. This
finding has the potential to be extended to other properties such as the sp3 C?C bond ratio. These results demonstrate the
effectiveness of digital transformation (DX) in the research and development of DLC films, and are expected to contribute
to further improvements and expanded applications of DLC films.

Keywords : diamond-like carbon; Raman spectroscopy; data science; chemometrics; partial least squares
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Abstract

In this brief report, we disclose the results obtained from the rock magnetic investigation of two ceramic coffins
excavated at the Sada-Nishizuka tumulus in Maniwa City, Okayama Prefecture, Japan. Samples from these coffins were
previously used for paleointensity determination (Tema et al., 2023) and for the estimation of the firing temperature
through a combination of rock magnetism, thermoluminescence, and X-ray diffraction analysis (Tema et al., 2024).
Here, we present a discussion focused on the ceramic coffins No 2 (SADA2) and No 4 (SADA4), which are probably
fired at different conditions and temperatures, including new rock magnetic data, not reported in the previous papers.
The results of isothermal remanent magnetization acquisition experiments before and after heating in the laboratory
showed that one of the coffins was fired at low temperature, showing significant differences in the magnetic properties
before and after heating, whereas the other coffin, even though similar to the first one in dimensions and style, was fired
at higher temperature, showing only minor variation of the magnetic properties upon heating. The measurement of
magnetic properties in low-temperature clearly shows the differences between the two coffins, which were fired at high

and low temperatures, and can be used as useful indicator of the mineralogical changes of these ancient artifacts.

1. Introduction

In the Kinai (present-day Osaka, Kyoto and Nara
prefectures) and Kibi (present-day Okayama and part of
Hiroshima prefectures) regions, coffins made of baked
clay, so-called ceramic coffins, were common in the Late
Kofun Period (the 6th-7th century). Especially in the
Kibi region (Mimasaka and Bicchu areas), Haji- or Sue-
type coffins of various sizes have been excavated in many
locations. The Haji-type coffins were fired at relatively
low temperatures (800-1000 °C) in an oxidizing kiln,
while the Sue-type coffins were fired at high temperatures
(1000-1200 °C) in a reducing atmosphere, using a Sue
ware kiln. The target of this study is the Sada-Nishizuka
tumulus in Maniwa City, Okayama Prefecture, Japan.
The mound was most probably constructed and buried
in the 7th century AD. Inside the stone chamber, a total
of six ceramic coffins were discovered during excavation
(Niiro and Mitsumoto, 2001). Two of the coffins, No
2 (SADA?2) and No 4 (SADA4), are investigated, with
the SADA4 coffin (650-675AD) having an estimated
firing temperature higher than 600 °C and a measured
paleomagnetic intensity (45.6 = 7.8 uT), determined
using the classical Thellier modified by Coe method
(Tema et al., 2023). On the other hand, the paleointensity

investigation of SADA2 ceramic coffin was not possible
due to the significant alteration observed during
laboratory heating. Most probably, the large alteration
observed during the laboratory treatment was caused
due to insufficient firing at the past, resulting at unstable
magnetic mineralogy during heating. Combined rock
magnetic, thermoluminescence (TL) and X-ray diffraction
analyses applied in SADA?2 coffin showed that it was fired
at a low temperature of about 500 °C (Tema et al., 2024).
This report presents some additional rock magnetic
data, not published in the previous papers, in order to
discuss and compare the magnetic properties of the two
coffins, most likely produced under different conditions

and firing temperatures.

2. Rock magnetic analyses
2.1 Isothermal remanent magnetization upon heating
The variation of the magnetic properties upon
laboratory heating can offer useful information regarding
the ancient firing temperature experienced by the
ceramics during their production. Tema et al. (2024)
used the variation of the magnetic susceptibility as well
as the variation of the magnetic moment measured at

increasing laboratory heating temperatures in order
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to estimate the alteration temperature, which would
correspond to the ancient firing temperature reached
inside the production kiln. Here, in addition to these
analyses, we performed stepwise isothermal remanent
magnetization (IRM) measurements repeated before and
after laboratory heating for 1h at 600 °C to determine
how the type and amount of magnetic minerals changed
after heating. This analytical technique allows us to
better distinguish relatively weak ferromagnetic minerals
such as hematite(a-Fe,0,), which are not well visible
in magnetization under an applied high magnetic field.
Magnetite (Fe;O,), the iron oxide most commonly found
in rocks and earthenware, has a higher magnetization,
magnetic susceptibility, and residual magnetization per
unit volume than hematite and other iron oxides, but
the magnetite/hematite ratio of remanent magnetization
is lower than that of other magnetic quantities, so it is
useful to use remanent magnetization to detect hematite
magnetically (Hunt el al., 1995; Dunlop and Ozdemir,
1997; Dunlop, 2002).

The samples were made by crushing and grinding the
pieces of the ceramic coffin, and the amount of powder
used for each measurement was 40 to 50 mg. The IRM
measurements were performed at T=300K using the
MPMS (Magnetic Property Measurement System)
owned by the Research Instruments Center, Okayama
University of Science. In order to identify the types of
magnetic minerals, first, a magnetic field of -5T was
applied in the axial direction and returned to zero, and
then the remanent magnetization was measured. Next, a
magnetic field was applied in the range of +1mT to +5T,
with logarithmically equal intervals, and the remanent
magnetization was measured. During each measurement
step, the Reset Magnet command was issued to ensure
that no residual magnetic field was present. Then all
samples were heated at 600 °C in an electric furnace with
magnetic shield and the same IRM measurements were
repeated in order to compare the two IRM curves, before

and after 600 °C laboratory heating.

2.2 Low-temperature magnetic experiments

Magnetic minerals often show phase transitions at
low temperatures, and magnetic measurements with
changing temperatures are useful for characterizing the
type and behaviour of the present minerals. In this study,
the following two types of low-temperature magnetism
were analyzed for the ceramic coffin samples SADA2

and SADA4. All measurements were performed with the

I3 - Evdokia Tema

MPMS available at the Research Instruments Center,
Okayama University of Science.

[1] Magnetization is sequentially measured in the
process of thermal demagnetization of remanence after
warming from cryogenic temperature, SK, to the room
temperature, 300K. There are two types of remanent
magnetization to be applied: (1) isothermal remanent
magnetization (ZFC), which is magnetized by cooling in
no magnetic field from 300 K to 5 K and then applying 5
T at 5 K. (2) thermal remanent magnetization (FC), which
is magnetized by cooling in 5 T from 300 K to 5 K.

[2] Isothermal remanent magnetization is applied under
300 K and 5 T, and the change is measured as the
temperature is changed from 300 K to 5 K to 300 K (low-

temperature demagnetization).

3. Resutls
3.1 Magnetic properties variation upon heating

The IRM acquisition curves measured for different
pieces collected from the SADA2 and SADA4 ceramic
coffins measured before and after heating to 600 °C
are shown in Figure 1. The cumulative remanent
magnetization is the value of magnetization at each step
minus the IRM magnetized at -5T, and the incremental
value is the difference between each step. The most
prominent peak in the incremental value graphs of both
samples is that of magnetite. The presence of magnetite
is also confirmed by thermomagnetic analysis (see
Fig. 2a and 2c in Tema et al., 2024). Magnetite has the
strongest and most pronounced magnetization per volume
in both magnetization measurements at high magnetic
field and remanent magnetization measurements at zero
magnetic field. It is also identified as the most prominent
component in the stepwise thermal demagnetization of
natural remanent magnetization (Fig. Ale and Alf in
Tema et al., 2024). The pre- and post-heating changes of
the two minerals show quite different aspects.

In SADA4, which is expected to have been fired at
a higher temperature than 600 °C (Tema et al., 2023),
the magnetite peak slightly decreases before and after
heating, but its position (remanent coercivity) remains
the same. In contrast, in SADA2, which is expected to
be fired at around 500°C, the peak increases significantly
after heating, and the position of the peak increases from
about 14 mT to about 18 mT. In SADA4, the originally
existing magnetite was somewhat oxidized by the
laboratory heating of the powder sample and transformed

into a less magnetic sample such as hematite, and the
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Figure 1: Isothermal remanent magnetization (IRM) acquisition curves obtained before and after laboratory heating at
600 C for SADA2 and SADA 4ceramic coffins. (A) and (B) show the cumulative IRM and (C) and (D) are their

increments. The spike seen at the top of the graph is the result of a relatively large error caused by the measured

magnetization passing near zero.

height of this peak simply decreased. On the other hand,
in SADA2, the amount of magnetite increased and the
average particle size also changed. This is thought to
correspond to the large increase in magnetization at
500°C in the thermomagnetic analysis shown in the
original paper (Fig. 2a and 2¢ in Tema et al., 2024), as the
iron contained in the sample other than magnetite was
oxidized to magnetite. The shift in the position of the
peak is considered to be due to a slight annealing from the
fine grains (single domain particles) as they crystallized,
resulting in a slight coarsening of the grains.

Next, magnetic minerals with high remanent coercivity
are discussed. A secondary peak is observed between
500 and 700 mT in SADA4 (Fig. 1D), which may be
due to the presence of minor hematite, a magnetic
mineral that is stable at high temperatures. The peak is
almost the same before and after heating, but there is a
slight increase on the high coercivity side of the peak,
suggesting the influence of oxidation of magnetite due

to heating in the laboratory. On the other hand, the

high remanent coercive force component shown by the
isothermal remanent magnetization curve of SADA?2 is
a little more complicated. A peak is seen around 200-
300 mT before heating, but this peak weakens after
heating. Instead, a peak that was rarely seen around
IT before heating continues to show positive values
(increments) after heating, connecting with the peak
on the left. It is therefore reasonable to assume that the
mineral shifted toward a higher remanent coercivity as
a result of chemical changes induced by heating in the
laboratory at 600°C. What is the ferromagnetic material
with a peak in the 200-300 mT range? One possibility is
a highly coercive magnetite with a grain size distribution
different from that of the main constituent. In particular,
the high remanent coercive force means that the particles
are among the largest in size in the single domain particle
range. This peak shift may be due to oxidation of these
particles during heating in the laboratory, transforming

them into a highly coercive mineral.
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Figure 2: Results of low-temperature magnetic properties of coffins SADA2 and SADA4. Blue (ZFC) and red (FC) lines

in (A) and (B) indicate the thermal demagnetization curves of IRM and TRM (thermoremanent magnetization),

respectively. (C) and (D) show the difference values of the changes of the magnetization in (A) and (B),

respectively. The double-ended arrows indicate a decrease in remanent magnetization at cryogenic temperatures
of 5-25 K. The thick arrows indicate the Verwey transition of magnetite, which is slightly observed around
100~105 K which is clearly seen by bending curves in (D). Blue and red lines in (E) and (F) indicate the cooling

and heating curves, respectively, of low-temperature demagnetiza-tion between 5 and 300K.
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3.2. Magnetic mineralogy at low-temperature

Figure 2 shows the results of low temperature experi-
ments performed on SADA2 and SADA4 coffins. In the
results of thermal demagnetization [1] for both samples,
the FC curves are higher than the ZFC curves, which
suggests that the overall magnetite particle size is in
a single domain (SD) to pseudo-single domain (PSD)
structure (Moskovitz et al., 1993; Kosterov, 2003;
Carter-Stiglitz et al., 2006; Sato et al., 2015). On the
other hand, two major differences be-tween the two
samples, SADA2 (Fig. 2A) and SADA4 (Fig. 2B), were
observed in thermal demagnetization curves from low
temperatures. The Verwey transition of magnetite is
completely absent in SADA2-1, while a slight Verwey
tran-sition is observed in SADA4-2 at 100-105 K (see
the dif-ference value in Fig. 2D). In general, the Verwey
transition tends to be observed when the chemical
stoichiometry is good (Dunlop and Ozdemir, 1997), and
it is assumed that the ceramic cof-fin of SADA4 was fired
at a higher temperature, which re-duced the number of
vacancies in the crystal, and thus the Verwey transition
became more apparent. In addition, the decrease in
remanent magnetization in the cryogenic region from 5
K to 25 K is larger in SADAZ2. This part is thought to be
caused by ultra-fine magnetite particles which show su-
perparamagnetism (SP) at room temperature. In other
words, it is reasonable to assume that fine magnetite
particles with SP to SD regions are first crystallized
during the firing of the clay, and then become larger and
purer during the firing process.

The results of low-temperature demagnetization
measure-ments in the lower part of Fig. 2 suggest
that the drop in magnetization before and after low-
temperature demagnetiza-tion indicates the amount of
multidomain particles with large particle size among the
magnetite. This drop-off is almost negligible in SADA?2
(Fig. 2E), while a little is observed in SADA4 (Fig. 2F).
In other words, SADA4 is considered to contain more
particles that are closer to multidomains (MD), a result
that supports the annealing process described above.
Moreover, in the result of SADA2 sample, a drop in
rema-nent magnetization due to the SP grains in the room
temper-ature is observed in the cryogenic region as well
as the drop in Fig. 2 (A).

4. Conclusions
The results of rock magnetic measurements on

two ceramic coffins excavated from within the stone
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chamber of the Sada-Nishizuka tumulus showed that
iron-containing minerals changed before and after the
laboratory heating at 600°C in the No. 2 ceramic coffin
(SADA?2), but not significantly in the No. 4 ceramic coffin
(SADA4). This supports the results of previous studies
suggesting that SADA4 was fired at a higher temperature,
whereas SADA2 was fired at a lower temperature than
600°C. Taken together with the results of the low-
temperature magnetometry measurements, it can be
inferred that a relatively fine-grained magnetite was
formed from the low-temperature firing for the raw clay
and that the magnetite particles were annealed to become
coarse-grained as they were fired at higher temperatures.

Combined with rock magnetic measurements,
further mineralogical investigations and luminescence
measurements, can be useful to examine the various
stages of the transformation from clay to ceramic that
took place during the production of large ceramic

artifacts, such as the ceramic coffins.
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FIREDH > 7 5, disR I (Tema et al., 2023) &, FrA GRS 2OV I Ay £y A, BLO X #5040
FLAA N X 2 HE R E O HE%E (Tema et al., 2024) H3fTHN TV 5, 2T Tk, TNETOMLTIIHESNT
WRWHTLWEABRT = DHWT BEOCRRLFMLTETRESN/-LEZS5N5 2 5FlE(SADA2) b
LU 4 5FkE (SADAS) \ZHE A B TR ELT ). FBRE TO 600°C IR O S5 i w L ARM) 5 15 92 55
DR IR TR SN /2L E 2O N DR R TIZMEAR & IMEAE CRAIFEICE LBV RSN 20125 L,
TR SN 7219 1E, W UL TH 212b 20 b SFTMBIC X 2 RS EDOZIZ DT 0 TH o7, i
iR E TOMLIEEONE L, SR RIRTEP N7 2 oD DR ZPIFEIRLTEY . OB I2 313585
MM EALE R T AR L LT T2 2D TED I LERLT VD,

Keywords :
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Rock magnetism, Paleomagnetism, Ceramic Coffin, Haji-ware, Kofun periods in Japan, Sada-Nishi Kofun,
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B In LTy, 797 RED M2 B
M35 ECEELZMEWE S5 (eg, Oh et al,
2024). BT IX, VAR - =B L V2 TROR
BEAL A, MRER RS, REBE R A2 B L 05
FHERM L EITHEE IS (K1), Thb ok
B ik, QIO AEFHR KINEHICEASNS.
FRBIZS BT 1Z, OV AR —= AR B R AR T 28 A
a7z A 5L, ARG 7~ 5 4 b
R Z MU BES % & LR A 8 PV AE R 2 As s &
NTw3 (Choetal, 2021). L L, FREHZ AT (213,
BRRE ) —IRERMEOHEREIHE L2 7 A% &t
BWEEDBD L &, BHOMA XY M 2o T
WBRZllEns, BRNGRT 7 b= AL %
B SPICL2IZEfIicZ L v, F 72, g A 2 v
MEAKT DS ERISIEIEoE D E LTV
W, RIFETIE, ARG S~ 4 bOEHFERT
e s, MOBROKNREHET LT EI2XD, R
BT 1B AT 7 P ARBR MRS L L %
HiE 9 5%.

BB A AT o 72 BHORERD S, NG 7~
2. JrBrAR A b, 7T Y AOBTRY WAL B 2

MGERA O TIN50 T, WEREB LD LM SND ARG 754 L OBMMAS
AEHRINE JE06 L C, R L 2 A B O BB i, DI + LR + FE = 788 4 b 2 AR



22 R KRR - At

AEANVAFA P4 AL b ThHo72 ANASI
7= 4 b OFARBITIIRE T2 WS, HEIEY
REDE— FHEASHELET 2 &, HEFE AR Tl
Bl LARARFETE L U154 7) fEmPIkks
LR O REPE AT . B R A AR R A X, AN
ITVIA NRER LT FT 7 Y AOEHERS
AN T 5. & HRDEA AE R A S, LR + A3k +
FEA+HVER+TZ VA MNAT LR SN
5. 20%0, FRROBAHEFPIELVWETNIE 1%
A T OIMPFEFOFHEMIC L 2 L2k 5.

3. BEWHLR

W7o —7~<4 2707 F 54 F—2HT, %
S0 @ wE mALAE ST B OV B4 O T3 BT & AT - 7z
I ERE O 43T 1%, BRI BERL R G e & v
Y —RBEOBT70—77F 7 4% (JEOL, JXA-
8230) & H\WTHEM L 72, ARy bW o5 Stk
(&, MAREIE 15kV, BRI 12nA, AR v MMEIZH
3 1 m TAT- 72 ARG DM, BT 15kV,
HBAFFE T 25nA T1T7 - 72 (Kawabata et al., 2021). F
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Preliminary study on partial melting of amphibole migmatite
in the Hida metamorphic belt

Shintaro MATUO" - Takeshi IMAYAMA *

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

*Corresponding author

The Hida Belt in Japan includes the Permo-Triassic Hida metamorphic belt, which is crucial for understanding the

reconstruction of the Asian continent. Here we conducted a petrological investigation of amphibole migmatite to

clarify the processes of partial melting in the Hida metamorphic belt. Our findings suggest that amphibole migmatite

experienced fluid-fluxed amphibole dehydration reaction, resulting in the formation of clinopyroxene granitic melt.

Amphibole and clinopyroxene exhibit heterogeneous compositions at both thinsection- and rock- scales, implying that

the partial meting occurred by non-equilibrium remelting of I-type granodiorites. In the future, we will investigate the

origin of amphibole migmatite by analyzing whole-rock compositions, estimating metamorphic temperatures based on

Ti-in quartz thermometer, and determing the partial melting event using radiometric dating. These efforts aim to provide

comprehensive understanding of the tectonic and thermal history of the Hida Belt.

Keywords : Hida belt; partial melting; amphibole migmatite
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In situ observation of magnetic orientation
on crystal growth of thaumatin

Syou Maki'* and Masayuki Hagiwara "’
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? Center for Advanced High Magnetic Field Science (AHMF),
Graduate School of Science, Osaka University
1-1 Machikaneyama-cho, Toyonaka, Osaka 560-0043, Japan
*Corresponding author

We developed an observation system and equipment and observed the crystal growth of thaumatin in situ where
maintaining a containerless condition on the growth, and applying a magnetic field from the horizontal direction. There
has been only a few previous research on the magnetic field effect on thaumatin crystallization, and it was only known that
it exhibits orientation in a strong magnetic field of 10-11 T. In this study, we experimentally demonstrated that magnetic
orientation is possible even at 6 T.
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W 1fii% (FBS; Thermo Fisher Scientific, MA, USA), 1%
R=V Y YA MVLT b4 ¥ ¥ (PS; Fyjifilm Wako
Pure Chemical Corporation, Osaka, Japan) & 1%L- 7" )L
% 3 ¥ (Fujifilm Wako Pure Chemical Corporation) %
s L 72 Advanced DMEM (Thermo Fisher Scientific)
B b (Caco-2 B Hh) % JH W CTHAGHBE 28 L EBRICH
Wiz MWZERMIE LTI v b Bl ok 3R
5l e (F344 Rat Mesenchymal Stem Cells With GFP;
KAC Co., Ltd.) %1% PS(Fujifilm Wako Pure Chemical
Corporation) % % Wl L 7z Mesenchymal Stem Cell
Growth Medium 2(Promocell, Heidelberg, Germany) %%
M % J W THIGERR AR L SEBRIC w7z,

1.0x10° cells @ Caco-2, 721 1.0x10° cells ¢ Caco-2
12 1.0x10° cells & 4.0x10° cells > [H] 3% 5 5 0 e % R
HL7MEEREY, Thth2d 7V T L — |
(AGC Techno Glass Co., Ltd., Tokyo, Japan) ® ™7 = L' A
12#% % L7z CI(Falcon® )V H)VF ¥ —A4 V¥ —hk (R
744 X : 0.4 um); Corning, NY, USA) PN D % FLIE 112
&AL, Caco-2 KM% T 14 HRIE: R L 7=,

2. 2. {BEath

Caco-2 F 7213 Caco-2 & [H 2 Rir Ml i % 14 H [ 22
L7z CLND Z LB 20 % Y D LD, 4.0% 787 )b 2
TV T R R Al AR A M K 7 i (Fujifilm Wako
Pure Chemical Corporation) % #s /I L 4°C C— Wi i
B9 52 THllgZFEfLL 7. ﬁ*-*wf 70% 1.5 ) —
VKB, EARTZY ) —VOIEICRELTLIET
LK L7z, 78574 ~(Fyjifilm Wako Pure Chemical
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Corporation) 2L, 370 —2Z W THL L
VR LR T HY 4 pm OIESTHY 290 L

. WY E B o TH ST 74 1L, BKAIL
72tk XV ANy a— A Gt i A7 B SR B 8
(Eclipse Ti2; Nikon Corporation, Tokyo, Japan) % Ji\v»T
B L. —75 BELEMIBO~—7—Td 2 Bk
FE(Villin) (26§ 250 ML A He 2 LT, FAML
72 ) & 90°C (il L 72§t 5 B 4G #)(Immunosaver;
Nisshin-EM, Tokyo, Japan) PJIZ {218 L# 40 45 [ &
5 ETHREZBIGEILL 7%, 1% 7 Y MiET7T V7 3
YEREE) VRS AT K (PBS) I Z AL T
IRHE#EESL,ZETTayF 7 Lz VT —K
YLk & L T anti-villin rabbit polyclonal antibody(1:200;
ab120751; Abcam, Cambridge, UK) % i Bl L 4°C T
— A L 728, kPR & LT goat anti-rabbit IgG
H&L antibody(1:1000; ab150077; Abcam) % sl L 253
T 2 RER A L7z, SEY) R 13 gt 5 A A (ProLong™
Diamond Antifade Mountant with DAPI; Thermo Fisher
Scientific) Z W CH A L7214, 40k B % 8% (Eclipse

Ti2; Nikon Corporation, Tokyo, Japan) % W CTEIZZ L 7-.

3. fAREER

Caco-2 Hifli, 3 XOF Caco-2 |23 REHINE &R A
L7zWTFROLEMEIcB T, MM FER 1R L
PIZIE CT % FLIBE TR 12 Bt B oD 70 v il L g % T B
L, 14 Ao #EOM, ZNOEHBET S &% MR
Nz, BYR O~y A MN) ra—agtartt o7z
i, Caco-2 DAL JE 13 HL IR BB TH - 72 23(1K 2A-
1),Caco-2 & ZE RO 2 S A Mg I1Z L L L
TBY, MERBHIOREEN LD LEEDER

WEEIMLTWAZ EN D o72(X 2A-2, A-3). 22T,

Caco-2 & I ZERBMILOR A MILEIZBWTIE, 7
G F B IBEGRAEDSTRD S, HITEREMEIC K-
TH W SN B X R AHRETTER L TWwA
ZENTHo72(K 2A-2, A-3). —J7,Caco-2 DG4 I
B2 T DOFREE T 5 AT, Caco-2 ~D R ZE R
ARG OEEIZEL LT, wIFhofilaEicsnwT

b LEEMICEYIN L (RO B N72(X 2B-1, B-2, B-3).
F bbb, Caco-2 IZMEREMM LR A L/-IRE TR
FLTH, HEMICHILE O L EREIBAE/L, i
Pz Fr 72 RETEY T LI LG h o7z TDLH

IR AIREETH -7 Caco-2 &[5 R o AS E 56 1Y
WRELLT, Zheh L RefEaHkr R T5
S A B = X 25 o T Wi\, 2T, Foty 513,
B2 BN FE AT 5 IR A UCMll B & 4 Bl 2 T K
FTHERE, MREBOBENOEIIEST, weil
i CA = SN NG AR 1] R = AR AN N 5 F (o e Rl

EWRELTWRY Cofsr s, RFRICBW T,

M RN O /2% Caco-2 & 0 MBI 05T
A3 <, C1 D% LB 21 1 38 R M fe 25325 L 72
%, MEEREMEE LSRR ICHEE L T & TH
BRI O ADOREEK L, €0 EEHERICID

B S M7z Caco2 HRHLE 2 LK L 7= W REME S 5 &

EZTW5D.

4. FLHERE

AREfFFECiE, BEEEMBOETFTVELTHR S
% Caco-2 |[ZH B RBEMMARAELTCILOZILE LT
F#$57209 T MoBaRN MBI ELT, M
Pk % 5 > CTHF L 72 Caco-2 GO T I A kD
) 28 SR I & W R A 20 5 I 2 s A R & T i
R Y N/ 3 b/ ARV Al

S, MEEREMCMZT, v~z 77 =Y%M
EREAIZRETAHIET, RO AL
TR SR O BT WL 2, RIFZE T
B 7 MR REH L S A MR AR O LR AY S
WA ST T B OVWTOMIEL TV FETH 5.
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1) Lea T. Caco-2 Cell Line. In: Verhoeckx K, Cotter P,
Lopez-Exposito 1, et al. The impact of food bioactives
on health: in vitro and ex vivo models. Springer. 2015;
Chapter10:103-111.

Caco-28 (x105cells/™ =) + [BIFEREFHBIEL (x 105cells/™y = L)

1.0+0

X2 Caco-2 Hijfli(A-1, B-1) F721d Caco-2 & MZEREMNL(A-2, A-3, B-2, B-3) % 14 HM}54E L7z CINZ LR O #G) 5 o
<y YA M) ra—agetifR (A1, A-2, A-3) B LU Villin PrEHU§ 25 de iR (B-1, B-2, B-3).  #,5HH : CL
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3) Panse N, Gerk PM. The Caco-2 model:
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Attempts to prepare an intestinal absorption model
including the intestinal connective tissue structure.

Lupeng Teng' and Ryosuke Iwai "**

'Depertment of Natural Science, Graduate School of Science and Engineering, Okayama University of Science,
1-1, Ridai-cho, Kita-ku, Okayama, 700-0005, Japan
? Institute of Frontier Science and Technology, Okayama University of Science,
1-1, Ridai-cho, Kita-ku, Okayama, 700-0005, Japan
*Corresponding author

Construction of the connective tissue structure like a lamina propria containing macrophages, mesenchymal cells and
capillar-ies under a monolayer of human colon adenocarcinoma cell line (Caco-2) in vitro, which is used as a model for
intestinal ab-sorption epithelial cells, would make it possible to evaluate the dynamics of drugs absorbed by the epithelial
cells in the intes-tinal tissue. In this study, we attempted to induce the formation of connective tissue by co-culturing
Caco-2 and mesenchymal stem cells as preliminary investigation for the construction of connective tissue structures
similar to the lamina propria. The results obtained by simply culturing a mixture of Caco-2 and mesenchymal stem cells
on the porous membrane culture sur-face in the cell culture inserts showed that spontaneous cell organization occurred,
forming a connective tissue composed of mesenchymal stem cells and collagen fibers, similar to the lamina propria,
underlying a polarized Caco-2 monolayer. Addi-tional study will be conducted in the future by mixing macrophages and
vascular component cells in addition to mesenchymal stem cells to construct tissue structures that resemble the native
lamina propria.

Keywords : Caco-2 cell line; Intestinal absorption; In vitro culture model; Mesenchymal stem cells
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A )5

JIE V- e

SDAIE
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1) B LB R A7 A kS R A W ko

2) FILEERR T A

A f AR T 22 F

2024 4 12 7 25 Hz 8

1. FUBHIC

KL AR IV A bR EOAFEILE OB
KB ERE LD EEPEOTRAEY A 7 3N
HZriFXALNTWE, HETLHEDEEDEHED
Bl LT RO TKRERL A FITL0[4 54
AT B EDREVPEHLTD Lo F 72, Hish, i,
Phie & OWIEMEICHR DR ZIT X B ACHE T
BTEHELRBOLNT WD, BIZIE, ANV T LOR
JEANZ & B [ HUERIE |, WSRO AR RIC X 2 [BREE - Wt
HOMT | SRSk AR CIE M % omIRz
éﬂfb\%l' 2,3,4)0

RN D ICFEILE O MR RS WS b 2
XD B DY MR R TR R O A H 2 EiGHE 2%
CI BRI TE Y. BEE A S B H o Fik
EEEL TWiv, 20 oRUZ O W TIRE
BTH 5. L L, BERIUIIRERBALA M T
Hy. FRECTHEBORENTRTH S, 7R
b IR PRI N 10 ~ 505 i e Thefk & LTIk
FICRELTWD, BEEH Lem/ A, JNIE3~6 mn
/HERMBOLEREZRBL TV, TDD,
EEZRMPOLEEZWNET S LICE D, AIHEIE
DT iR WBE, K ZHED TR iE R B g2 A3
BICRbEEZD,

REERTIZ, B 75 X< G 7SN E (CP-MS)
VT BHL R EMm T EOWRE 2 I 5 512
L7,

2. ERAE
2-1 K

EEZWMA L R EHTRINE, 25 2 — v, B
K BHEK (Milli-Q) T L 720 &Kk 7T 7 A~ H
HOME (LUF ICP-MS &35 ) i3k L2l E T
Ehwizo, HFilb e~ A s a0y — TR
B ( Multi-wave3000 : Anton Paar %) T 600 W,
150°C. 3045 70 & L 720 45 ik %} 4 % £ DISMIC
25HP(ADVANTEC 045 um) IC & D E# L, €& &

L7z

G L 7o RHE I SN T 7 A< E AT E
(Inductively coupled plasma-mass spectrometry :
ICP-MS) % v il B o D I8 F D 5341 % 17 5 72 ICP-
MS &, e RGN A5 fe, B 2 @tk - E i,
Mot T BUE ppt 4 — & — O &KW ST HETH %o

BEWR & EBHI IR L, 7 7 — v, ZERK,
ALK (Milli-Q) TPEE L 720 BT KFEZ I UASFE
LA EREN 001 gL L2bDLMlEE6 ml 2T 7
O Y HEHICANERAR Z~ A 70y 2 — 7 k5
i iE ( Multiwave3000 © Anton Paar #) T 600 W,
150C. 3045 53 L 720 % i 8L 59 % #%. DISMIC
25HP(ADVANTEC 045 um) 2 X D3 L. €& L 72,

i

=

1600 W
1 150C
- AL 110 bar
- AR 104
- TRIRER 2045
- WHIRER : 2045

B OE

5 H
e i

i

&

<A 7 ay I — 7EEREREIC L DRt L 7z
##l 2 ICP-MS # v Li, Be, Na, Mg, Al K. Ca.
V. Cr. Mn, Fe, Co. Ni. Cu. Zn. Ga, As. Se. Rb,
Sr. Ag. Cd. In. Cs. Ba. Hg. Tl Pb, Bi. Th, U ®
B HEAME L7z TOEBRTHW 4R ITET
4 % ORI 1 HEL RRE L 7%, KEK, 2K,
Milli-QUEBHAK) DNHIZBEEE L W2l L 72 b D& w7z,

3. RRBERRUEER
3-1 % - NIcHRRE

ZFEREEZ K VISP ITHERELZ K 2 1R L7z,
FBEHILHEDH B Ca (T FIHMEA 766 mg/kg TH D
Na 13323237 mg/kg. Zn. Mg, Fe, K X 200 ~
100 mg/kg. Se. Cu. Al iZ 100 ~ 10 mg/kg. Cr. Ag.
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1000

100

Li Be NaMgAl K Ca V CrMnFe Co Ni CuZn Ga As Se Rb Sr Ag Cd In Cs Ba Hg Tl Pb Bi Th U
TRE

1 BEPILRIRIE

ME (ng/ke)

°

1000

| ||||‘

Li Be NaMg Al K Ca V CrMnFe Co Ni CuZn Ga As Se Rb Sr Ag Cd In Cs Ba Hg Tl Pb Bi Th U
FTHA

B2 JNIERiR

g

BE (mg/ke)

Mn, Bi, Sr. Pb. Hg. Ba. Co. V. Ni, As{& 10~ 1.0
mg/kg. Th. Rb, Li, Cd. In £ 1.0 ~ 0.1 mg/kg. Be.
U. Ga. Cs. T1iX 0.1 ~ 001 mg/kg OHiPHTDH - 72,
INFIEFE D 9 B, Na lZ A 733 mg/kg TH D
Ca. K 1% 500 ~ 400 mg/kg. Mg. Zn. Al. Fe i 200
~ 100 mg/kg. Se. Cu 1% 100 ~ 10 mg/kg. Ni, Hg.
Bi. Ag. Cr. Mn, Pb. Ba. Sr. Th. Co. Li{Z10~1.0
mg/kg. Rb. V. As. In. Cd I 1.0 ~ 0.1 mg/kg. Be.
U. Ga. Cs. T1 12 0.1 ~ 001 mg/kg D#iPHTH - 72,

Ca ® Na. Zn, Mg, K ZHEILED2DITKE %
ETH -7 HEILE TH 5 Cd, Hg. Pb. As. Al
U, Sr. Ba 1352, JRE 1210 ~ 0.1 mg/kg @ i
TH»o7,
3 -2 TCHEOMEBER

Z L MNOILFEITIFHED»D % 0% X7z, X3 ~
8 & 0 Bt H O MR X Mg-Ca’=0.75),
Mg-Sr(r?=0.69). Ca-Sr(r’=0.66) &, K8~ 13 X Y )
e 3 O A B AR B1d Mg-Ca(r®=0.71), Sr-Ba(r*=052)
ERREWHBREIEED bz, BE P NP L
HH b THEICE L TWAILE TIEDOMHBEBELRDFED
LNz STNRTRIE L TWAILRIETOMED
BT 2 72 DHAREH L L E X N5,
3-3 F—AWIBITLEE-NOMEE

Fl—A¥B5EEZLINOLHEBEICRREEE
1512, AEMBICHKBEZM16ICR L2 K15 T
i, Cr. Zn, Se 31ZIZF UEE & > TW7zas, Culd

JIE - del =g

EBED ) A%, Mn, Fe 3MOTGREWETD -
720 K16 TIiZMH D As, Cd. Ba, Hg, UV EE
EoTVER I EIBEELE S TVBEDNbNb,

F 720 IS ORI & ITRIREOFIMH) . 5Bk
(E2P S LRBEOTHMHE) 2L ) FHEO L%
Loz DRKITITR L7 MHBOITHRITEEL LI
NEWIREERLAICESH V. Ga : 242, Ni : 135,
In;13.3. Th : 103 2MFITH W E%E TH - 72- Liv Na.
Mg. K. V. Cr. Mn. Fe. Co. As. Rb, Ag. Cd. Cs.
Ba, Hg. Pb. Bi, U5~ 1M ETH - 725 Be. Al
Ca. Cu, Zn. Se, Sr i3 1 LT T - 726

BERLIMCEITNLILREDOITE A LITROBIUC
L5 DTH b, Zn FHESLHNEL EOWGEY
WL HEENTW S, ALIZHADKEKRIZE L &
FNTHEY. CAIZ—HoHEICEZLETh TS
CEDH SN T B o B R HOR o F R R0 5 B A5,
FEMADEE, NP OTLRBEICEEL TV LE
AbNb,
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5500 y =6.8982x - 255.1
— RZ=0.7536
22000
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g’ 1500
" 1000
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0
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3 EBHEH Mg-Ca
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R?=0.1967

..z.. o o
100 200 300
Mg (mg/kg)g

5 E%H Mg-Ba

y =0.0052x + 0.8245
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4. F&0 SEM

ARWFZE T, FEME T T A EEONHEE (ICP- 1) &8 —0, AREFHICB T 5 BE2AMET
MS) % T, LEMEICHE & A EMEICEDORIE 77 4 VIZOWT, HiFEE Jpn)Hyg), %6
N LTzo EBOER LLFOZ &b h oz, 402%, 5275, 619-626 (1985).
1. B2 THEIRIEIL, Ca:766 mgkg, Na:237 mg/  2) KA FEEF BRI HE & R, 400 6k
kg. Zn, Mg, Fe, K : 200 ~ 100 mg/kg, Se, Cu, Al : (Seikatsu Eisei) Vol43, No.l, 7-14 (1999).
100 ~ 10 mg/kg, Cr, Ag, Mn, Bi, Sr, Pb, Hg, Ba, 3) WEETY, TEHT, MEBEIXEOBENDEE,
Co, V. Ni, As: 10 ~ 1.0 mg/kg, Th, Rb, Li, Cd, In: BB #570%, 5575 823-826 (2001).
1.0 ~0.1 mg/kg, Be, U, Ga, Cs, T1:0.01 ~0.001 mg/ 4)  WorldHealthOrganization (WHO) ,
kg TH o720 https://www.who.int.
JNDTEHEILEE L, Na: 733 mg/kg, Ca:475 mg/kg, K: 5 RFEMEGF, =Wk, HTE LWBHE 7
429 mg/kg, Mg, Zn, Al, Fe : 200 ~ 100 mg/kg, Se. B, WA, ERHE, B2oL o R
Cu:50 ~ 10 mg/kg, Ni, Hg, Bi, Ag, Cr, Mn, Pb, Ba, 1t 4 #7, RADIOISOTOPESVol.24, No.6, 20-26
Sr, Th, Co, Li: 10 ~ 1.0 mg/kg, Rb, V, As, In, Cd: (1975).
1.0 ~ 0.1 mg/kg, Be, U, Ga, Cs, TI:0.1 ~ 0.0lmg/kg
ThoT,

2. W—AYDIZEAEDITLEDOWEE X, D )HE
ZXD b EhroT,

3. Mg & Ca, Mg & SOMRIE, &V IEDHBERZ R
L7

Analysis of concentration of essential trace and harmful
trace elements in bio specimen sample (hair, fingernail)

Jun NAOHARA" ™ and Sachi KITAGAWA”

U Faculty of Engineering, Okayama University of Science,
2 Faculty of Lifescience, Okayama University of Science,
1-1Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan
*Corresponding author

In the study, the concentration of essential and harmful trace elements were analyzed by the induc-tively coupled plasma-
mass spectrometry  (ICP-MS) .

As results of experiment, it was known the following.

1. Element concentration in hair is Ca . 766 mg/kg, Na . 237 mg/kg, Zn, Mg, Fe, K : 200~100 mg/kg, Se, Cu, Al :
100~10 mg/kg, Cr, Ag, Mn, Bi, Sr, Pb, Hg, Ba, Co, V, Ni, As . 10~1.0 mg/kg, Th, Rb, Li, Cd, In . 1.0~0.1 mg/kg, Be, U,
Ga, Cs, T1 £ 0.01~0.001 mg/kg. Element concentration in nail is Na . 733 mg/kg, Ca . 475 mg/kg, K : 429 mg/kg, Mg,
Zn, Al, Fe : 200~100 mg/kg, Se, Cu : 50~10 mg/kg, Ni, Hg, Bi, Ag, Cr, Mn, Pb, Ba, Sr, Th, Co, Li : 10~1.0 mg/kg, Rb, V,
As, In, Cd © 1.0~0.1 mg/kg, Be, U, Ga, Cs, Tl . 0.1~0.01 mg/kg.

2. The concentration of most elements of same person in the nails were higher than the hair.

3. The correlation coefficient of high positive was observed Mg and Ca, Mg and Sr.

Keywords : Elemental analysis, [CP-M
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TR

2024 4 12 H 25 H2 8

1. %

L, AL, AR Y 7 Y 2 7 ORI
LWEHEALZEOFEZ ) ANT, ARERILSER
AT 2 HEEL Tn b S W, BER
X — X OFERMEIREIC T B 580 —8 & LT,
12D IRWiRS L O FRRE 2/ T Vva -z X
TNV &, DI FEBERE LB T VI — LT
A7V (K 2) G20 FE& % D (R)-, (5)- Wi Ffg Mk & 2
D) 78—, Burkholderia cepacia lipase (BCL) &

OAc 0Ac /@)O:c OAc
1 2 3 4

E=5859
E =234

E=4247
E=9183

BCL  E=8252
CALB E=1239

OAc ﬁc Ac
O)\ CH,(CHy) N\/\\X/

7 8 9
BCL E=270 E=1]2
CALB E=220 E=623

E=18
E=516

Candida antarctica lipase typeB (CALB), D#EAMKIZD
WC 2000ps 1272 % 50 F B ) 7 EHE 2 AT, 25 R
ATy TICBITHEER) N—YOIHEHMT I/ 8
BIELHRE I AT VOREEZHER L, €ORBZ1L
ZRE L. CHOEERY N—XBIIHT 55IHEMEL
FARMRINVE 72 & B % B (Bl BEE )
2N — ¥ OFAR AR INE 2 31D & OGS L 72
LT, BERY NN—EOHFEBARERELE ZOREKE
HIEIC TR T E a5 R 21572,

OAc

QI <
5 6
E=548 E=726 E=5194
E=2399 E=389 E=10275
OAc QAc OAc
/'\/\/J\ CH;(CH,)5 Z
10 11 12
E=10 E=5 E=2
E=32] E=433 E=176

M1 EHEICHW - 12HO S ERBIORIERE 2MT VI VR AT IVEL AT
VD BCL B LU CALBIZ BT 5 Efli. EfEICBWT, FETLLTHLDDIE(R)-1K
MELINCER SN, RETRLTHHDDOH S)- R ELIERIN S,

©/1;<0Ac ©/1:<:Ac

BCL E=200 E=069
CALB E=15 E=6
o (0}
o O,
17 OAc 18
BCL E=4] E=6¢61
CALB E=14 E=20

IS 16

E=33 E=79
=18 BE=]7
0}
o, O
19 ¢ 20
E=79 E=6
E=48 E=22

2 BHEICHCZZ 8O G FE RS 1M T VI —VRIATVEE ATV DBCLB &
UCALBIZBIZ ElL EfHIZHBWT, HFETLLTH D DL (R)- A EEIIE
s, RTETRLTHZ DD (O)- AP ELITERESN L.
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KEREEE SR

3 BCLEFEHIZT VIO R)-ROBEMRCE) XU C-O TR EEHE R ()

2. AVE1—4%vY=zab—v3v
2 -1 BAMREE DR

¥4, BCL B X UF CALB O # &1k X 1 J7 H§
ji& % Protein Data Bank £ 1) ¥ 7 > u— F L (BCL:
1HQD, CALB: 1LBS), ZNZFNEEH) =¥ L fLE
Wy, WiRORE 0 EEL, B Y N — YRR ORE E 157
B3 28— B I2h L CTld, AMBERI1I® 2w Tk
-2 ML, N K& C Rtz h2h NE &
COO™ THUMMILL 72, #EASELREE T AT VIC
DWW T I, GaussView THEE 2 158 L, Gaussian03”
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Prediction of the Enantioselectivity of Enzyme Lipase by
Molecular Dynamics Calculations.

Yoichiro YAGI*
Graduate School of Science and Engineering, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan
*Corresponding author

Computational molecular simulations have recently become useful as a research method in the fields of organic chemistry
and bioscience. In this paper, we carried out molecular dynamics (MD) calculations on the complexes of Burkholderia
cepacia lipase (BCL) and Candida antarctica lipase typeB (CALB) with twelve different secondary and eight different
primary alcohol esters to predict clearly lipase enantioselectivity toward non-natural organic compounds. We computed
the C-O interatomic distance, R, between the carbonyl carbon of ester and the oxygen of the active site amino acid
residue (BCL: Ser87, CALB: Serl105) side chain OH in each lipase-ester complex. The MD computations show that
R, for the fast reacting enantiomer of substrate esters remains roughly unchanged, while R, for the slow reacting
enantiomer of esters increases with the elapsed time. In addition, we found that for the esters of high enantioselectivity
(BCL: E >70, CALB: E >150), the difference in the R, between (R)- and (S)-ester complexes, AR, is more than 9.0A
for BCL-ester complexes and 5.0A for CALB-ester complexes. On the other hand, for the esters of low enantioselectivity,
it is expected that AR, for each ester are correlated to £ values for the corresponding esters. We have reached a
conclusion that biomolecular computational simulations are useful tools for predicting and understanding the reactivity
and the enantioselectivity of lipase-catalyzed biotransformations.

Keywords : molecular dynamics calculations; lipase-ester complex; enantioselectivity; the C-O interatomic distance
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Okayama University of Science and the Institute of Paleontology, Mongolian Academy of Sciences, conducted
consecutive joint expeditions in 2024. The team visited Nemegt, Bugin Tsav, Bugin Tsav II, Gurilin Tsav, and

Saijrakh, as well as Shar Tsav, Bayshin Tsav, Amtgai, Khavirgiin Dzo in the Gobi Desert, and the Sergelen area

near Ulaanbaatar. The paleontological and geological surveys at the localities and collected samples are vital to

understanding various topics: dinosaur locomotion and paleoecology, vertebrate fauna composition through the

Cretaceous, construction of a temporal framework for the Upper Cretaceous Mongolian strata, and the Devonian—

Permian tectonic processes in the Ulaanbaatar belt.

Keywords : Mongolia; Cretaceous; Paleontology; Geology.

1. Introduction

The research group from the Okayama University of
Science (OUS) has collaborated closely with the Institute
of Paleontology, Mongolian Academy of Sciences (IP-
MAS) since 2015, except for a temporary halt in 2020
and 2021 due to the COVID-19 pandemic (Ishigaki et
al., 2016, 2017, 2018, 2019, 2022, 2023; Saneyoshi et al.,
2015). These joint expeditions have aimed to elucidate
various aspects of Mongolian geology and paleontology,
including the evolution of vertebrate fauna and the
tectonic history of accretionary complexes in Mongolia.
Previous expeditions have reported new fossil discoveries,
stratigraphic and sedimentological data, and radiometric
dating results that contribute to constructing temporal
frameworks for the Upper Cretaceous Mongolian strata
(e.g., Buyantegsh et al., 2023; Kurumada et al., 2020;

Saneyoshi et al., 2021; Tanabe et al., 2023).

This report summarizes the results of the 2024
expeditions, which continued and expanded upon the
paleontological and geological work conducted in previous
years.

2. Terms and Localities visited

The localities visited during the three joint expeditions
span from the eastern to the western Gobi Desert (Fig.
1). The first expedition, conducted from June 1st to 15th,
was carried out at Nemegt, Bugin Tsav, Bugin Tsav II, and
Gurilin Tsav (Nemegt Formation, all located in Gurvantes
som, South Gobi Aimag), as well as Saijrakh (Erdenesant
som, Tov Aimag). The second expedition, held from
August 11th to 19th, was conducted at Shar Tsav, Bayshin
Tsav, Amtgai, and Khavirgiin Dzo (South Gobi Aimag).
The third expedition, which took place from August
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Fig. 1. Map of localities visited during the joint expeditions
in 2024 (black squares). Open circles represent
selected major cities and towns in Mongolia.

14th to 20th, was devoted to geological research in the
Sergelen area (Dov Formation, Sergelen Formation, Unegt
Group, Bumbagar Formation, and Adaatsag Group) in Tov
Aimag.

The detailed GPS coordinates and specimen inventories
for these sites are documented in the IP-MAS and
OUS databases but are not disclosed here to prevent

unauthorized collection or disturbance of the localities.

3. Results

During the first expedition, our team conducted
ichnological fieldwork in Nemegt, Bugin Tsav, Bugin Tsav
11, and Gurilin Tsav (Gurvantes som, South Gobi Aimag),
as well as Saijrakh (Erdenesant som, Tov Aimag). In
these areas, numerous dinosaur footprints and trackways
were investigated, photographed, and 3D scanned (Fig.
2A). Notable ichnological observations included well-
preserved sauropod and hadrosaurid footprints with
skin impressions, sliding marks, and “laboring” features
(Ishigaki, 2010), indicative of the animals’ locomotor
behavior. At Saijrakh, the historically significant
site initially discovered by Namnandorj in 1950 was
successfully relocated, and multiple new tracksites were
excavated in a sandstone—shale succession containing
invertebrate fossils.

The second expedition focused on paleontological
and sedimentological surveys at Shar Tsav, Bayshin
Tsav, Amtgai, and Khavirgiin Dzo (South Gobi Aimag).
Our team discovered isolated and associated remains of
hadrosauroids, ankylosaurids, theropods, and sauropods
(Fig. 2B). At Bayshin Tsav, further excavation on the
multitaxic bonebed—discovered by our team in 2023—

revealed additional material, which mainly comprises

numerous isolated limb bones of hadrosauroids and small
theropods, often missing both ends. An ankylosaur body
block, comprising aligned ribs and osteoderms preserved
with integumentary traces, was collected at Amtgai North
as well.

The third expedition was dedicated to geological
investigations in the Sergelen area (Tov Aimag),
which hosts Devonian—Permian units such as the Dov
Formation, Sergelen Formation, Unegt Group, Bumbagar
Formation, and Adaatsag Group. Field observations
suggest that the Unegt Group experienced a relatively
higher grade of metamorphism than surrounding units,
and prograde metamorphic temperatures in the Sergelen
Formation increase from southeast to northwest. Volcanic
conglomerates containing chert, granite, and basalt
clasts—some exceeding 50 cm—were identified in the

Adaatsag Group.

4. Future Perspectives

Detailed ichnological data collected during the June
expedition at Nemegt, Bugin Tsav, Bugin Tsav I, Gurilin
Tsav, and Saijrakh underscore the need for further
excavation and documentation of dinosaur footprints with
skin impressions, sliding marks, and “laboring” features.
Continued investigation of these track sites—particularly
at Saijrakh, which holds historical significance—will
likely provide deeper insights into their foot morphology,
dinosaur locomotion, and the faunal structures in which
these animals lived. Future work will involve more
expansive track-bed exposures, 3D scanning of footprints,
and multidisciplinary analysis of invertebrate fossils
associated with the track-bearing layers, which is useful
to correlate the outcrop at the site to the strata in the
surrounding area.

From the August paleontological and sedimentological
expeditions, the newly discovered vertebrate remains at
Shar Tsav, Bayshin Tsav, and Amtgai offer significant
opportunities for further systematic, taphonomic, and
osteohistological studies. The multitaxic bonebed at
Bayshin Tsav can shed light on faunal composition,
while the ankylosaur body block collected at Amtgai
North—featuring aligned ribs and osteoderms—may
yield important data on the skeletal arrangement and
integumentary structures of this group. Additionally,
calcrete and dinosaur tooth samples collected during
this expedition will be used for calcite and apatite U-Pb
dating to construct the temporal framework of the Upper

Cretaceous Mongolian strata.
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Finally, the August geological expedition in the
Sergelen area revealed key evidence for higher-grade
metamorphism in the Unegt Group and progressively
increasing metamorphic temperatures in the Sergelen
Formation. Volcanic conglomerates bearing large chert,
granite, and basalt clasts in the Adaatsag Group also
point to complex Paleozoic tectonic processes in the
Ulaanbaatar belt. Planned follow-up work will include
age dating and geochemical analyses of the gravels in the
volcanic conglomerate to reconstruct the tectonic setting

of the Adaatsag Group.
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