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[M0o,03S(Tpms),] DER EEEETT

A RKT

FLER RS 7 0 v 7 4 7 B RF5EiT
CHEEEH

2024 4 12 7 25 H ¥

[M0,0,S(H,0),]*" & LiTpms Ot 5, [Mo,0,S(Tpms),] 2MeOH (FH LK) # G T A LIS L7 &
DEMHRZ, 700KV A XY ) —)Vh bR L TR Z T, X SRS 2 17 - 72, #
BT — # 13RO Y : 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.

X MAs ST ORER, £ 7T VEFICIE, R ORRFEE T, SEREE T, EREE T oD
BAZLTWAIED, DYV RAETVYIVRAY Y ZVEA S — bS53 2O0M L Twb. Mol {2, Tpms Bz 128
Y VEBROERET 3 DO TRML TW20IZ8 LT, Mo2 121, Tpms B T-O ¥ 5 ) VB OERET 2
DL, ANKREOWHEET 1 DT L7z, ELIESHRORETH LI LS 2IT% 572

1. Introduction JE T CHE T % &, 5K, [Mo,0,S(Tpms),]. 2MeOH
Tal, BILWA > O)BRMELEZEY) 77 B 5 I 7z (Yield 76%). Anal. Caled for [Mo
Y(FFVERY)TT AL Y) i, 720, i ,0,8(Tpms),].2MeOH (C,,H,,N,,M0,0,,S;) :

T T-DLEGE L72E ) 7F VEBEERICOWT, C,28.64; H, 2.84; N, 18.22; S, 10.43. Found: C, 28.96;

ZOEKY, WEB L OREICET 20782 1T- C H,2.61;N, 18.16; S, 10.15%.

X720 —WoWEohT, TrZKEEOEY E COWMEKEZTOARNVL /XL ) — VXD FHR

FIOVMEEWTH D, PIVAET YLV AT VR T 5 &, WABCRE 5 D [Mo,0,8(Tpms),] 235 & L 7-.

VR VR (= LITPMSYY % B 1 & 3%, 446+

FVEY T T VHAER, [Mo,0,8, (Tpms),] 2 &M LT, X s &

ZoOMEERE LTS ) [M0,0,S(Tpms),] ® #% & % Fluorolube (SIGMA-
A, B X UOMELEFEE2 L OFF V€Y 75 ALDORICH) T2 — 5 4 ~ 7 L, Mounted Cryoloop

Y HERSEIR, [M0,0,S(H,0),]"" ¥ & LITPMS & O )& (HAMPTON RESEARCH #: #2 ) (2l %2 L 7z. X #2 Il

I, PVAESVYNLAY Y ANKE— b & B Hr—rOER, LM RERERESELY Y —D

T &9 5 [Mo,O,S(Tpms)2] & A L, Z D55k Rigaku Saturn724 H B X # [ 47 &1 % I\ T, Graphite

N 2 4T > 72D THET 5. monochromator {2 & ) .1 fk L 72 MoKa # % FH \» T
Tofe. WaEFIE, WAKREEZ VT, &

2. Experiemental -180°C 12 R - 72. 1‘%1&%1‘5‘ E 4% (SHELXT)Y %

g7 FAWTHIINHERE 2 Puo L72#%, Full matrix fx/h =5k

[Mo0,0,S(Tpms),] LD EMERYERL, KEFRAFZRELTRTORA I

C DEBITEHRFZIMA T TITo 72 BEUE Lz, KEFE I, BT20955 (C-H 095

[Mo0,0,S(H,0).** (1 M HCl) % J&JE F T [E L T A IZX ) Z DN E % P L7z, riding model(7k 35 R
Bohd, RECOBREE XY ) —VIZHEDL, FIHEE LTV SR EFF K LT, Uiso(H) = 1.2Ueq)
LiTpms ® X ¥ J — V& ik (LITPMS / Mo = 2.5) % EHWCTHET MV EORE BT/ &I T-
M A7z, FOSTETR & % 65 °C ITMIZ L 2 25 B+ 72D BHOKERNS, LFWIIERODZE— 71
LRI L CoMah s 58I FREN o7z B X REBY7— 5 o0
0 lﬁllll L, ook VAHTHEEL, Fook CrysAlis™ 2 H\WCTIT-72.9 5 THEE ORI
VAICHER LBV RZID B, BiltK 327 _XTOMEIE OLEX® 2 lwTiro72."
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3. Results and discussion

[M0,0,S(H,0),]*" & LiTpms & JL & & 5,
[Mo,0,S(Tpms),] 2MeOH % & 35 Z L2 K I L
72, SORIBIE, BHREMAT T, BillZ 65°CET
MEL 25547572, 2D Z L1 [Mo,0,S, (Tpms),] 7%,
[M0,0,S,(H,0),]** & LiTpms Z{EE 5751 TH K L7
TELHBITH B, ZORERD S, [Mo,0:8(H,0)
1&, [M0,0,8,(H,0) ] & M 2% & Fit {1 46 1 P A%
, SERBEED BRI E Z TR T VI LR RMLT
WL ENRHHNTH 5.

[Mo0,0;S(Tpms),] 2MeOH O kK%, 7 ook
V) X5 7 —h b LR Z v
T, X it i S AT & 17 o 72

[M0,0;S(Tpms),] D #E FhF /8T A — % —B &
OMERBEALD /S5 A —% —% Table 1 IZRL 72
[Mo0,0,S(Tpms),] ® ORTEP [ % Figure 1 {2/~ L 7.
KT % B < A O FERE & 45 D57 PRI BE - (Atomic
coordinates and Biso / Beq) % Table 2, % J5 P4 i A
- (anisotropic displacement parameters) % Table 3, %%

cs, C \ ,"'".‘c‘s
oz fos l \
/N3 dm‘ ol mi — c1e
——I\N‘// e /\ N1D
c8  crf
Ny /\N"‘ \CN ‘3
% h \3— N1 \09 cm»l:"\ ./C
/06 \ oF e C1g [ =t/
Tos , o cla ©2
m\é ,,OB

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

(EPS

J5T- R o0 5L T- T B (Bond lengths (A)) & %4 #9 (Bond
angles (7)) & Z N1 Table 4 & Table 5 |Z/RLTW 5.
IR IE T D JEAE & 55 5 YRR EE K T-% Table 6 127K L7z,
[Mo0,0;S(Tpms),| @ B & % F v 72 1 3% Mg AT O 5
B EEY T T UVIETIE, KSOREERT, G0
FET, BEHRER T2 1 OO L TWw5IEh
FIRAES YV AY v ANKE:— PP —5FTO
BT LT WA, Mol iZ, Tpmsifi F25¢ 5V — LBk
DBEFEFET 3 DOTHALL TW2202x LT, Mo2 I2
X, Tpms B, FOE SV — VEBOEZE 2oL,
AN KRIEOBFRIET 1 D TERA L7z, EAFEFFD
Wk CHAH I LS PITH -7z (Figure 1). 2
D EAHE S X, [M0,0,8(Tpms),] D E ) 75 » i+
M OB % [M0,0,S,(Tpms),] OECAHEME & FEL L 7=
WETHo72. MGOE) 7TFVHTIE T V=)
ROBHFET O R TR L72WA, Kiiom#EFET
DT VAR LTWBES Y — VRO
REFEPREL BDEEZOND 20, ZTONRK
L DAL AL EM T B 72012, W HEOE) 77
YL, 3HFEHOE S V= VERTIE R L, AVFAED
BHER TR L72EZZT05D.
[Mo0,0;S(Tpms),] ®» € V) 7 5 ¥ i T I o i
(2.6635A) & [Mo0,0,S,(Tpms),] D E ) 7 F > &+
DO HHE (2.83514) % LK 5 &, [M0,0,S(Tpms),] O
FHH 01TA ML o TVB T ENH LI - 72,
IhE, BY 7T VIETRGE L T b i E T8
BEETICERINZZEICEIDLDT, MEET
EMBEFET DT 7 FNT — IV A LEOEITER T
AbotEzZoNA.
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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

B/

Volume /A3

Z

pcalc g/cm3

W /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 [[>=20¢ (I)]
Final R indexes [all data]
Largest diff. peak/hole /e A-3

CyHisMo,N;, OS5

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 x 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
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Table2. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters (Ax10%) for
[Mo0,0;S(Tpms),]. Ueq is defined as 1/3 of the trace of the orthogonalised UILJ 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)
0(3) 6391.4(19) 6844(2) 5337.5(8) 14.8(5)
0O(4) 6212(2) 8918(3) 2891.6(8) 20.5(5)
0(5) 8225(2) 8905(3) 2961.0(8) 19.7(5)
0(6) 7157(2) 10828(3) 3375.2(9) 23.1(5)
O(7) 8410(2) 7346(3) 5869.1(8) 18.2(5)
0O(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)
N(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() 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 [M0o203S(Tpms)2]. The Anisotropic displacement
factor exponent takes the form: -272[h2a*2U11+2hka*b*U12+...].

Atom
Mo(1)
Mo(2)
S(1)
S(2)
S(3)
o(1)
0(2)
0(3)
O(4)
O(5)
O(6)
O(7)
O(8)
0(9)
N(1)
N(2)
N(@3)
N(4)
N(5)
N(6)
N(7)
N(8)
N(9)
N(10)
N(11)
N(12)
(1)
C(2)
CB3)
C4)
C(5)
C(6)
C(7)
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)
1.9(3)
4.6(3)
1.6(8)
1.1(9)
-1.2(8)
4.3(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)
-1.4(3)
-1.1(3)
-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)
-1.7(11)
-1.6(11)
-0.9(11)
-0.8(11)
0.3(11)
-0.4(11)
2.0(11)
-L7(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)
-7203)
-1203)
-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)
-47(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)
-0.9(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)
22.4(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(9) 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(9) N(10) 1.362(3)
Mo(2) 0(3) 1.912(2) N(©9) C(14) 1.330(4)
Mo(2) O(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(1) C(2) 1.389(5)
S(3) O(4) 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) 0O(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(11) 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) N4) 1.372(3) C(15) C(16) 1.363(5)
N(3) C(4) 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(1) 110.3(3)
O(1) Mo(1) Mo(2) 99.49(7) C(3) N(?2) C(10) 129.8(3)
o(1) Mo(1) S(1) 105.78(8) N@#) N(3) Mo(1) 126.4(2)
o(1) Mo(1) 0(3) 105.85(10) C4) NQ@3) Mo(1) 127.8(2)
O(1) Mo(1) N 155.42(10) C4) N(@3) N@4) 105.8(3)
o(1) Mo(1) NQ3) 95.74(10) NQ@3) N@) C(10) 118.1(3)
o(1) Mo(1) N(5) 85.95(10) C(6) N#) N(3) 109.9(3)
0(3) Mo(1) Mo(2) 45.84(7) C(6) N@#) C(10) 129.9(3)
0(3) Mo(1) S(1) 97.60(7) N(©6) N(5) Mo(1) 122.65(19)
0Q3) Mo(1) N(D 94.21(10) C(7) N(5) Mo(1) 128.4(2)
0Q(3) Mo(1) NQ3) 79.86(10) C(7) N(©) N(6) 105.9(3)
0Q3) Mo(1) N(5) 160.59(9) N(©) N(6) C(10) 119.0(2)




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

[Mo0,05S(Tpms),] D E B & A1 AT

Atom
N()
N
N@)
N@3)
NG3)
NG)
N(5)
NE©)
N(5)
S
0@2)
0Q2)
0(2)
0@2)
0Q2)
0@2)
003)
003)
003)
003)
003)
O(7)
Oo(7)
N©)
N©)
N©O)
N©)
N(11)
N(11)

N(11)

Mo(2)
o
0(8)
0(8)
O(8)
009)
009)
&(C))
0(5)
0(5)
)
0(6)
0(6)

Mo(2)
S(2)
N@2)
()
C)
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)
S3)
S(3)
S(3)
S(3)
S(3)
S3)
003)
Oo(7)
N
N()
N(D)
N(2)

Atom
Mo(2)
S(1)
Mo(2)
S(1)
N(1)
N(5)
Mo(2)
S(1)
N(1)
Mo(1)
Mo(1)
S(1)
0(3)
O(7)
N(©)
N(11)
Mo(1)
S(1)
O(7)
N©)
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)
0@
C(10)
Mo(1)
Mo(2)
Mo(1)
Mo(1)
N(?2)
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)
83.59(9)
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)
132.12)
105.4(3)
119.7(3)

Atom
CO)
CO)
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()
CG3)
N@2)
N@3)
C©6)
N@4)
N(©)
CO)
C(8)
N@)
N@2)
N@2)
N@)
N(6)
N(6)
N(8)
C(13)
N(7)
N©)
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(8)
N(©9)
N(@©9)
N(©9)
N(10)
N(10)
N(10)
N(11)
N(11)
N(11)
N(12)
N(12)
N(12)
C(1)
C(2)
C(3)
C4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(10)
C(10)
C(10)
C(10)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(20)
C(20)
C(20)
C(20)
C(20)

Atom
N(5)
C(10)
C(20)
N(8)
C(20)
N(7)
Mo(2)
Mo(2)
N(10)
C(20)
N(©9)
C(20)
Mo(2)
Mo(2)
N(12)
C(20)
N(11)
C(20)
C(2)
C(1)
C(2)
C(5)
C4)
C5)
C(8)
C(7)
N(©6)
S(3)
N4)
N(6)
S(3)
S(3)
N@)
C(12)
C(11)
C(12)
C(15)
C(14)
C(15)
C(18)
C(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)
125.02)
129.2(2)
105.4(3)
121.5(2)
110.5(3)
1272(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)
112.22)
106.2(2)
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Table6. Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters (A’x10°) for Mo,0,S(Tpms),].

Zg!

(EPS

Atom
H(1)
H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)
H(9)
H(11)
H(12)
H(13)
H(14)
H(15)
H(16)
H(17)
H(18)
H(19)

X
9280(30)
10180(30)
8960(30)
4647.64
3960(30)
5270(30)
7700(30)
7560(30)
7180(30)
8410(40)
9310(30)
9370(30)
5000(30)
4690(30)
6600(30)
8950(30)
10200(30)
9850(30)

y
7790(40)

9730(40)
10010(40)
8033.21
10070(40)
10050(40)
3350(50)
3690(40)
6430(40)
6670(50)
9020(40)
9240(40)
6730(40)
7760(40)
7760(40)
2640(40)
2610(40)
5000(40)

z
5048(13)
4496(13)
3780(13)
4914.53
4348(12)
3627(14)
3925(14)
2985(13)
2866(13)
8341(16)
8192(14)
7243(12)
6171(13)
7016(13)
7405(13)
6034(13)
6758(13)
7212(14)

U(eq)
18(9)
20(10)
16(9)
20
8(8)
26(11)
29(11)
15(9)
18(10)
39(13)
24(10)
10(9)
13(9)
13(9)
16(9)
17(9)
21(10)
22(10)
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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.
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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 (SADA2) 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;0,), 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

I 2 - 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 2¢ 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 2c¢ 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 SADA2 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 SADA2. 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 SADA2
(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

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
(SADAZ2), but not significantly in the No. 4 ceramic coffin
(SADAA4). 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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ARG T, MR EE O ERFELIE» SN L7 2 DOWIEO S AR EDREE2HRETE, 2hbn
FFEDH > T 0, iR IEHIE (Tema et al., 2023) &, FAA RS BOV I Ay U A, BLO X AT 08 o
A G DN X B BER S O HEE (Tema et al., 2024) HTHONTN5E, TZTIE, TRETORWLTIIIFESINT
WRWHTLWEARSAT = bHWT, BEL R FEMERE TR EIN/-EZ 25N 5 2 THE(SADA2) 3
L4 5 FFE(SADAY) IZHE R R YT E R EAT I EBRETO 600°C NNEART % O S5 pE WL (IRM) 5155 B
DFER IR TR SN /2L E O N DR TR & B TREAIFIEICE LV Ao 201253 L,
TR SN2 9 1E, A UL TH 2123 2 0b o F MBI X BB ZIZ DT I Th o7,
G E TORREEOME L, SRR TEANTZ 20D OEREZWAMITRLTBY, RO IZBIT 548
WAL R T AR IR L LTHHT 22D TEL I LERLT VD,
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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 (AHMEF),
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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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RV Y Y AMLT b= A ¥ v (PS; Fujifilm Wako
Pure Chemical Corporation, Osaka, Japan) & 1%L- 27 )V
% 3 » (Fujifilm Wako Pure Chemical Corporation) %
i U 72 Advanced DMEM (Thermo Fisher Scientific)
Bidh (Caco-2 ¥ H1) % v CHGE B 28 L EBRICH
Wiz BERMEE LTI v MR E R EER
¥ 4l B (F344 Rat Mesenchymal Stem Cells With GFP;
KAC Co., Ltd.) %1% PS(Fujifilm Wako Pure Chemical
Corporation) % % Ml L 72 Mesenchymal Stem Cell
Growth Medium 2(Promocell, Heidelberg, Germany) 5
Hb % F W THEET AR U ERBRICH W 72,

1.0x10° cells @ Caco-2, F7z1& 1.0x10° cells ? Caco-2
12 1.0x10° cells & 4.0<10° cells o [H] 2% 5 w4l . 2 iR
GL-MREEEEZ, Theth24 7= V7L — |
(AGC Techno Glass Co., Ltd., Tokyo, Japan) ® ™7 x )L
12328 L 72 CI(Falcon® VANV F ¥ — A v —] (F
744 X 0.4 um); Corning, NY, USA) PN D % fLIE 112
WAL, Caco-2 HiHha FI W 14 HIHIRGEE L 7.

2.2. Bl

Caco-2 F 7213 Caco-2 & [H 32 R il % 14 H [ 58
L7z CINDZ {LIEER %2 Y] D BLD,4.0% 23T RV A
TOVT ) o A Al A B AT 3 K W (Fujifilm Wako
Pure Chemical Corporation) % ¥l LC 4°C T — W &
B35 ZETHlLzEwfb L7z HvT, 70% L5/ —
VKRBT, WARZY ) —VOIHICRELTAZET
Bk U721, 785 71 > (Fujifilm Wako Pure Chemical
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Corporation) |ZEIEL, I 70 b—2%HWTL ALK
W3 LI A ISR 4 um OFE S THOFZWHHL
7o YR IE BRI TR YT 710 1k, FARAIL
7eth, vV VAN 7 — LGt T B R SRR R
(Eclipse Ti2; Nikon Corporation, Tokyo, Japan) % fi\v>C
BlgEL7z. —h, BELEMEO~ -7 —Th 5
E(Villin) 1§ 2 50 MARALF Fe & LT, FKAIL
72 YR A& 90°C I L 7= bt IR i #)(Immunosaver;
Nisshin-EM, Tokyo, Japan) PYIZ{2 g LT 40 5[4 5 &
THILETHREAMIGLL 728, 1% 7 ME T V7 3
YERETY) YRR AP A I K (PBS) 2R MLT
IRHEET I TTuy X7 Lz T, —Kk
$i 1K £ L T anti-villin rabbit polyclonal antibody(1:200;
ab120751; Abcam, Cambridge, UK) % % fill L 4°C T
— IR E L 728, Ptk & LT goat anti-rabbit IgG
H&L antibody(1:1000; ab150077; Abcam) % b L =ik
T2 WEHIEE L7z, U 138 S 3 A A (ProLong™
Diamond Antifade Mountant with DAPI;, Thermo Fisher
Scientific) % WV -CE A L7288, w6 B $% (Eclipse

Ti2; Nikon Corporation, Tokyo, Japan) % FI\V CHAZE L 7-.

3. fEREER

Caco-2 Hiflt, 3 X 0F Caco-2 |23 Rl a2 k&
L72WFNOLEMFIZB T, M ERE 1 IER 2L
MIZIE CI % SLIEEZ T B B 0 72\ il K e 2 T B
L, 14 AMOZEOM, ZNOEHEET S &% MR
sz, BUYRO< Yy A N) 7u—L g tae {7572
ft e, Caco-2 O Ml kg 13 HLJE MR & T d - 72 H3(1X] 2A-
1),Caco-2 L I RMMILO N SR LM )= X %)= kL
THY, MERBMBOREREIL kD EZDIEHR

ZEEIMLTWBZENmh o721 2A-2, A-3). 22T,

Caco-2 & R OR G MG I BWTiL, &
YT DIBERAMEAT RO S, MIEREMIIC X -
THWENTZBE R X AR HETER LTS
NG Do 2A-2, A-3). —J5,Caco-2 D55 I
B @R DT EECd 2 T, Caco-2 ~D [ HE R
MR A OFEIZHDL LT, WTFNOMBEIZHB VT

b L EmICEIN % (BB 72(X 2B-1, B2, B-3).
T 7B, Caco-2 XM ZEREAMNL LR G L/ZIRECTRY
ZLTH, BRI E O LRI HIELL, M6
Vo ZRETEINT LI LN G h ol TDED

ICIREIREETH 72 Caco-2 L IR ATH IS
WCRFELLT, T LR LA flikE k5

S22 XA = X DEG Do TV, 2T Foty 513,
B DM IS MICHEA LTSI E K
FTHEICIE, MREROBEDOEIZIST, el
o CoA e PN N AT 1 o A A Nl 0 v Rl

ERELTWA. SoMEN s, RFEICBVTIE,

2 R D )7 A% Caco-2 X 0 & MR 35 Ty
AR <, CT D FLIE 200 12 B 32 R N A3 L 7
%, MIEREMERE L SRIRMICEE L T2 & TH
WRHHILOADRE T L, Z O LEHBREICHD

¥ S 7z Caco-2 HRHLIE 2 K L 7= W REMED S % &

EZTW5.

4. FELHERE

AREFgE T, BEERMBOETFVELTHAS
% Caco2 IZHIZEREMBEZRA LT CIDOZ ALK LT
FAT L7209 T MlLoBREN 2RI T, M
M2 > THEF| L 72 Caco-2 HIBO T REICHE AR
T 3 SR & R RG22 A B ML & T I &
/LI ED Dol

Lrtrid, BEEREHILICIAT, vz 77—Vl
ERRMBERAETAZET, AAORBEAIGIEML
TR R R O TV, $72, AT
B 72 [ 3R T % A S R A RLER BR O AL 23 56 Wy
U AT TR EBIZOVWTHRIEL TV FETH 5.

SENHR

1) LeaT. 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-2# (x105cells/ =) + FEEEREFMMAIEL (x 105cells/7 = L)

1.0+0

1.0+1.0

A-1 & BEEE
s MR

2 Caco-2 Hl(A-1, B-1) $7213 Caco-2 & MIFLREHMIIL(A-2, A-3, B-2, B-3) & 14 HHH; £ L7z CLNZ LB OB L)y
<y VYA M) 7 u— R fR(A] A2, A-3) B X0 Villin FUEITH § 550085 R (B-1, B-2, B-3).  #AUHAEN: CL
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2) Kus M, Ibragimow I, Piotrowska-Kempisty 4)  Foty RA, Steinberg MS. The differential adhesion
H. Caco-2 cell line standardization with hypothesis: a direct evaluation. Developmental
pharmaceutical requirements and in vitro model Biology. 2005; 278(1):255-263.
suitability for permeability Assays. Pharmaceutics.
2023;15(11):2523.

3) Panse N, Gerk PM. The Caco-2 model:

Modifications and enhancements to improve
efficiency and predictive performance. Int J Pharm.
2022:624:122004.

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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1. FUIC

KB A FIT A, eRAEOAFILEOERIC
LB EBVERE X D EMEPEOTREY) A 7 AN
LTI NTVE, FELKOBEETEHED
Ble LT, RBOARBEHR], # FIT2D[4 54
AT AW R EORENHEHTH Do F 72, M, .
Bhie EOWIEME IR DR ZI X HACHEE DT
BTEHLARBDODONTVD BIZIE, ANVT T LOR
JENZ X B [ HIRRE |, TSRO AR X 5 [BREE - M
HEOMT ] SR8k R T &I %o fER2 HE
éﬂfb\%l'2‘3'4)o

RN D ICFRITEFE O AT MR IR WSS 2
EW D B DS, MR R TIE T AT O £ 30 58 7%
CICHEEZTTBY ., B 5B H o ik
JE& BB L TV e v, F 2 IME QRIS D W TId R
BWTH5H”, L L, BERLIMNIRERCHRIEAMfE T
B, FRECTABORENTERTD b, F72iRIE
b IR PRI N 10 ~ 505 D i i TRtk & LTIk
WIZHEL TS, BEIEFH Lem/ H. MIZ3~6 mn
/AERBBOTERREZRBL TV, ZD0D,
EERMPOTEZWET LI L2I2X D, ARIEHE
DF iR WBIRE K ZHE D TR BB B g2 H3 T
BBl bEEZD,

REBTIE, SRS 7 X< E'5HE (CP-MS)
EHWT, DM O EMREICEOBRE Z B 5 H I
L7

2. XEAE
2-1 B

BEWE &N RN, 25 2 — v, &ZH
Ky AR Milli-Q) TS L 720 WEWK T I A~ H
MR (LUF ICP-MS &34 ) I3k L2l E T
Ehwnicw, FlBE~ A 70— 73S #E
218 ( Multi-wave3000 : Anton Paar ) T 600 W,
150°C . 3045 M 43 it L 720 4% 3 KL 45 % #%. DISMIC
25HP(ADVANTEC 045 um) IC X D @ L. €% &

L7z

o U7 BORHA L W T T A~ s A
(Inductively coupled plasma-mass spectrometry :
ICP-MS) & Wil D L #E D 5347 2 47 5 72, ICP-
MS (& £ ICH F KM 250 6 R 2 @ Pk -
TR T BRI ppt & — 7 — O EIRE WA EETDH 56

BEWR & TGERAHI R, x 7 7 — v, ZRK,
ALK (Milli-Q) TPEE L 720 BT RIEZ M LASHE
LA EREN 001 g& L72d D L6 ml 27 7
OV EBICANERAEZ YA 70y 2 — 73 D
fRFEE ( Multiwave3000 :© Anton Paar #) T 600 W,
150°C 3045 73 f# L 720 4% 3L 4 % $. DISMIC
25HP(ADVANTEC 045 um) (2 X D 3@ L. & L7,

73 1

R
i
E
hay
=
S
=

i

- IR
CIREAE
- FLREE
- o PRIE
- EHIRER - 205

x|

A0y T — 7 B ARRE IS XD e L7z
WK% ICP-MS % H\» T 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. TI. Pb, Bi. Th, U ®
AN EFEZME L SCOEBRTHWAHZREEIET
4 % DOWERIC 1 H UL REE L7, REK, ZTK,
Milli-QUEB K ) DNHIZ e L 2k L7 b D& H\ w7z,

3. ERBERRUEER
3-1 % - NhIcHERE

ZIUHIREZ M LINP T HRRE R 2 1R L7,
EEZTILHE DI B Ca I FIEA 766 mg/kg TH D .
Na 13 P32 237 mg/kg. Zn. Mg, Fe. K i 200 ~
100 mg/kg. Se. Cu. Al X 100 ~ 10 mg/kg. Cr. Ag.
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1000

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 B2 IC Kk

RE (ng/ke)
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1000

g

0

1
01 I I I

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

B2 IR E

REE (mg/ke)

o

o

Mn. Bi. Sr. Pb. Hg. Ba. Co. V. Ni, As {10~ 1.0
mg/kg. Th. Rb. Li, Cd. In X 1.0 ~ 0.1 mg/kg. Be.
U. Ga, Csy T11Z 01 ~ 001 mg/kg D TH - 72,
JNFTEE D 9 B\ Na i&FIHEA 733 mg/kg TH V) .
Ca, K 1% 500 ~ 400 mg/kg. Mg. Zn. Al Fe {Z 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. Rby V. As. In. Cd {Z 1.0 ~ 0.1 mg/kg. Be.
U. Ga. Cs. T1iX 01 ~ 001 mg/kg DHPHTH - 72,
Ca = Na. Zn. Mg. K IZWHITED-DITKE &
fiTdH o7z AEILFE TH 5 Cd. Hg. Pb, As. Al
U. Sr. Ba 3%, & 1210 ~ 0.1 mg/kg O #HipH

’6&)07’:0
3-2 JTEROMBIBELR
ZEMOTRITIIMHEDD 2 %2 di~7z. M3~

B8 & 0 FBE ot FE oA B AR B 1E Mg-Car’=0.75).
Mg-Sr(r*=0.69), Ca-Sr(r’=0.66) &, X8 ~[X 13 & ) )
T ot % O MBI 4R 213 Mg-Ca(r’=0.71). Sr-Ba(r*=0.52)
ERREWHBEREIEED SNz, BEd, Nk
H6 b ZIRIE L T3 ILHE TIEOMBBIRAFRD
LNz TN THEIZEB L TV A LR IZZOHE D
BT 272 OMBARMREH B EEZHN 5L,
3-3 li—AWcBTsEL-NOBR

W= A¥B)5TEEEINOLEMBICREEZX
151, BEMETHBELZK 6K LA, K15 T
&, Cr. Zn. Se 1ZIFIZFR UM %E & > TW/z25, Cu ik

JIE - e =

EE2D % . Mn, Fe ZINOFTVBHWHETD -
720 16 TIZINH®D As, Cd. Ba. Hg. U2SH Wiz
Lo TVEB P L ) BRE LS TVREZDOV DD 5,
720 IS ORB & ITRIRE O FIG1E) . 53 BEIC
(BZHETRREOVIHE) 2 L )P0k
Lo bDERITISR Lz MO RITEEZ LI
NEWRBEARLAZILENH V., Ga: 242, Ni: 135,
In;133. Th : 103 234¢ 2R i % Tdh - 726 Liv Na.
Mg, K. V. Cr. Mn, Fe. Co. As. Rb. Ag. Cd. Cs.
Ba. Hg. Pb. Bi. Ul 5~ 1Ll TH o 725 Bes Al
Ca. Cus Zn. Se. Sr i3 1 DN TH o 720
EERIMICEZTENLITHEDITE A LIEROEIUS
ot 5 bDOTH b, Zn \ZiFHER AN E L EOEY
WL EENTWE, ALIZHARDKEKRIZE L &
iﬂfj‘o D, CAdIZ—HOIEIILZ L HEEITNTN S
CENAMBN TS b= R o FE R <2 80 B 75,
FBEMADTE, M OTLRBEICEEL TS LE

bbb,
3000
i y =6.8982x - 255.1
= RZ=0.7536
22000
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16
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4. F&H SEk
AWFZE Tl FEHE T 7 XA~ E B9 irdEiE (1CP- 1) #E&E—m, AREFHICBT 2EZAMEIC
MS) # HWT, SAMEICHE & A EMEICTORE T 7 4 VIZOoWT, HEEE Jpn) Hyg), %

M L7 FEBOMR, LTDZ Ehbhrolz,

1. BErPhoTFEiEEL, Ca: 766 mg/kg, Na:237 mg/  2)
kg, Zn, Mg, Fe, K : 200 ~ 100 mg/kg. Se. Cu, Al :

100 ~ 10 mgkg, Cr. Ag, Mn, Bi, Sr, Pb, Hg, Ba,  3)
Co. V. Ni, As: 10 ~ 1.0 mg/kg. Th, Rb, Li, Cd, In:
1.0~0.1 mgkg, Be, U, Ga, Cs, TI1:0.01 ~0.001 mg/ 4)
kg TH -7,

JNDTEHEILEE 1L, Na: 733 mgkg, Ca:475 mg/kg, K: 5)
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, TI:0.1 ~ 0.01mg/kg
Tho70

2. W— Aozl ALDOILEDREIL, MOTHE
ZEIDbEroT

3. Mg & Ca, Mg & S DR
L7z

v E W IEO I BIAR R

40, %527, 619-626 (1985).

RAT £ BT, oo FE & s, 4G4
(Seikatsu Eisei) Vol43, No.l, 7-14 (1999).
BIRE T, THEEH T, MEILRKEDOEFENDZE,
ISR, 5570%, %575, 823-826 (2001).
WorldHealthOrganization (WHO) ,
https://www.who.int.

RKH#ENGF, =Wk, H T LRl K
B, AR, ERB =, BZ20L0R S
1t % Hr, RADIOISOTOPESVol.24, No.6, 20-26
(1975).

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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2024 4E 12 A 25 H2#

1.8 8
will, Txld, FHERPL Y 7 by 2 7 OMERDHE
LWEtELAO FEZRD AN T, AREHLE
BRI 22 HEE L T 5. AW, BER

N — X OFBRREIRIEICE T 20580 —B & LT,

12FEDMRIIEDS X OB EHERE2HRT VI — VT A
TN (1) &, MO FBRE LMT Va—L T
Z 7V (K 2) 5 20 Fi% % @ (R)-, (S)- MigE{gk & 2 ff
D#F ) 73—, Burkholderia cepacia lipase (BCL) &

1
BCL  E=8252
CALB E=1239

E=4247
E=9183

OAc OAc /@)O:C OAc
2 3 4

E=35859
E =234

Candida antarctica lipase typeB (CALB), O &EIZD
VT 2000ps (20725 3 TR R 24T, K REH
ATy TIZBUF LR N—EOWEERN T I /R
Pl L EHAI AT VORI L, ZokRHEZAL
WE L7, TNOHRERY N—EITH T 25M5HE &
FARAGRIE 72 &IPS 2 B (Bl BER Y
28— X OFARMEIRNE % T3 104ED) % G L7z
L ZA, BF) - Lo GEERE L oK E
HHEIC T T E DGR 2172,

3 6

E=5194
E=10275

E=726
E=389

E=548
E=2399

OAc jﬁc /\/V\i?c OAc OAc OAc
O)\ CH,(CH,){ A M\ CHJ(CHZ)Q)\/ /\/\/l\/

i 8 9
BCL E=270 E=12
CALB E=220 E=623

E=18
E=3516

10 11 12
E=10 E=3 E=2
E=321 E=433 E=176

K1 BHECHW 12 B0 J5 % s K ORI 1R 55 27 v 3 — VR I ATV E KL AT
V@O BCL B XU CALBIZ BT Effi. EMEIZBWT, HFTLLTHLLDIX (R)-14
DRI R S, BT TRLTHLHDH (S)- R ERMERIN L.

E=79
E=17

E=33
E=18

c

o7 0T O O

BCL E =200 E=69
CALB E=15 E=6

BCL E=41 E=61
CALB E=14 E=20

E=6
E=22

E=79
E=48

2 FHEICHWASHOBEFRRBELIHR TN I-NVRIATFIVEZETATIVOBCL B L

O"CALBIZBIJ 5 Effi. EfilzB\W\T,

HETLLTHDDDILR)-HRIERMITE

B, RETRLTHLDDD(OS)- HAELIEHRING.
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KEREEE SR
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2. AVEa1—4%Y=zab—v3v
2 -1 BEMREE RS

¥ 3, BCL B X U CALB O &k o X 4 1l 47 1
i& % Protein Data Bank & 9 ¥ 7 > 1 — K L (BCL:
1HQD, CALB: 1LBS), N ENEHR) N—E L LE
Wy, kK % 5
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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: Ser105) side chain OH in each lipase-ester complex. The MD computations show that
Re.o 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 II, 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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Meeting of MRS-J, 1-O16-009, Industry & Trade Center Bldg., November 14 (Tue.) - 7 (Thu.),
(2023)

Yuichi Imai, Hiroyuki Fukue, Kazuma Tanaka, Tatsuyuki Nakatani, Shinsuke Kunitsugu, Susumu
Takabayashi, Investigation of the number of fitting bands for Raman spectroscopy in DLC films -
using AC HV methane plasma CVD method as an example, MRM2023/ITUMRS-ICA2023 Grand
Meeting, G1-P501-10, DECEMBER 11-16 KYOTO, (2023)
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