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Abstract

[(5,10,15,20-tetrakis(pentafluorophenyl)-2,3-(methano(N-methyl)iminomethano)chlorinato)gold(III)] hypochlorite *
C3HeO * 4C4Hs0 + 12H20 (= [Au(TFPC)]CIO * 2C3HeO * 4C4HsO * 13H.0)D Hifitdh &2 FAWT, & OfE g %2 B
LT LTz, FEMPHT —Z XK OEY  : crystal system monoclinic, space group P21/m (#11), Lattice parameters;
a=10.5918(2) A, b =25.3599(4) A, ¢ = 11.1607(2) A, f=94.963(2) °, V = 2986.60(9) A3, Z =2, R1 = 0.0442, wR =
0.1187. FEMTOFER, AuRT2, 71V VEROFLITH A I LT, [Aw(TFPC)]CIOFE AR D A B2 il S 417z
FEEEEEL LTT B b2y, T 78 Fu7 7040, K32 EATND Z L)Y, CHNILHRIHIC
FOB O o1, T b2 FUSNOBEE I, MREETTT 4 A4 —4—LTHEY, OLEX’D
solvent mask % fiff i U T dib M i D S {b 2 17 > 72

1. Introduction

VAT TF U EOFERNL IR D —HOPIR KT, BITETH B ADOIFERIEIZB T 5 EERHLN AA
THDR, BOBEAREAMEDORR R LEOMELH Y . BABREDOTDDOIIEASRERORENLEE N
TWb, DA77 4 U CFEEEZRAMAFICOOFEERIT, AHMNBEETICBVTEWVWLERELRT I L L
WHIRATEWE TR T 2D, 2L OMREOEREZED TE T, HlZIE, Chebld, 7 F77 U —AARLT
A4V BRI S DBEERDHIN ATEMEIZ OV T, FEMIRFER R ZHmE L TWVD, 2 Fxid, ZhE T
W, Ry TNAR T 2= VEORTNII Yy ) — A REE LT KBNS v ) UFFER (5,10,15,20-tetrakis(4-
( o -D-mannopyranosylthio)-2,3,5,6-tetra-fluorophenyl)-2,3-(methano(N-methyl)iminomethano)chlorin 73, HeLa#ffl il
Izt LCEmWiEiilaEtE r Licl ExRELTNE,

A 1A, HaTFPC & WAL &EE & DS X 0 B L7-, [Au(TFPC)]CIO * 2C3H6O * 4C4Hs0 * 13H201Z D\ THE
AE AR EMATICR B L2 DT, ORI VW THET .

2. Experiemental

H>TFPC & U5/t &2 (=HAuCls « 4H20), F VU Z7uF 1 X & Z )Lk (= AgOTh %, Fife T T3S
Tl 20k, L) F U AELICHZBML, MIOSHEEE LR, RSEREESABEITo7-. A&
ZWERE L, BONTZHARE 7 oo kL A)/ THREV) =3/ 20REEECER L, > U A7V H T L (Silica-
gel 60 0.040~0.063mm, 7 1 27k A/ THF=3/2) TR L. 3@ B ICiRH T 2 HFREGORKAEZRIILL T,
WEHLE Uz t, K¥E - iR T 5L, HREHAPHoNns. ZoFREHREZ T2 My KP DS L
T, HRE SRS I O T T R IR R B A
Anal. Calcd for [Au(TFPC)]CIO * 2C3HgO * 4C4HzO * 13H20 (CooHssF20N5020AuCl): C, 43.24; H, 4.47; N, 3.65. Found;
C, 43.30; H, 3.74; N, 3.35 %.



[Au(TFPC)]CIO * 2C3H¢O + 4C4Hz0 + 13H20 O i ¢y % Fluorolube (SIGMA-ALDORICH) T=—F 4 > 7' L,
Mounted Cryoloop (HAMPTON RESEARCH#E#) (C[EE L7z, XMREPTT —Z OR|E L, [ ILER K FHR A
#r > & — DRigaku Saturn724 H B X#REIHTFH % H\ T, Graphite monochromatoriZ £ ¥ Bk L 72 MoKouf &
ANTITo 7z, lEHRIE, WAHEEZEEZ BT, Kb %E-180°CICfR - 7. MEIEMENTIZEH27E  (SHELX97) Y
RV THIEIEE 2 RE L72#%, Full matrixle/D ZRIEEDAMEMRVIEL, KFERTZ2HR T TOHR AL
BERE L. KBEIE, RMEMFHE (C-H 095 A X W 2D E % E L%, riding model (k3%
FFAEA L TWAREBIFRTFICH LT, UsH) = 1.2Ue) AWV TETFALEOBELEZIT o712, REHICIT
STEDERORERNS, LEMIIEROS D E— 7 IR A I N o7, BHERXBREISTT — & OB
CrysAlisP® Z W TITo 7=, 9 SFREEOREIZOLEX2Z AN TITo 7. ©

3. Results and discussion

H.TFPP & UG &% N Y 7 vda A X 2 AR VCERERILF T, BElgH CTiEFi 95 2 & T, HaTFPC % i
AT &+ 2 AudhiR, [AWTFPO)CIOZ ARk Lz, MARHEZ T by kb SR D &, WSS
W= FREOHREE S, [Au(TFPC)]CIO « 2C3H6O * 4C4HsO » 13H028 % L /2.

[Au(TFPC)]CIO - 2C3H0 * 4C4HzO * 13H0D b FE M /X T A — & — 3 L OEE B EL D /3T A — X — % Table
1 (2R L7=. [AWTFPO)"MA 4 > &84y O ORTEPX % Figure 1125~ L7=. KFEZ < & A O FERE 4 05 R L
[K7-(Atomic coordinates and Biso / Beq) % Table 212, #7514 1R £ [K] - (anisotropic displacement parameters) % Table
312, KRBT OFEEFE & 25 IR K T % Table 412 F N Z 4R LTz, &1 O 7 EEEE(Bond lengths (A))

Table 1 Crystal data and structure refinement for [Au(TFPC)]CIO < 2C3HeO * 4C4HsO *

13H.0

Empirical formula Cs3H20AuCIF20Ns03
Formula weight 1427.27

Temperature/K 90

Crystal system monoclinic

Space group P21/m

alA 10.5918(2)

b/A 25.3599(4)

c/A 11.1607(2)

p/e 94.963(2)

Volume/A3 2986.60(9)

Z 2

peale g/cm? 1.587

wmm! 2.653

F(000) 1394.0

Crystal size/mm? 0.1x0.2x0.1

Radiation Mo Ko (A =0.71073)

2q range for data collection/° 3.664 to 63.094

Index ranges -14<h<15,-36<k<37,-15<1<16
Reflections collected 56018

Independent reflections 9644 [Rint = 0.0457]
Data/restraints/parameters 9644/0/387
Goodness-of-fit on F? 1.142

Final R indexes [[>=2c (I)] R1=0.0442, wR2 =0.1187
Final R indexes [all data] R1=0.0490, wR2 = 0.1223

Largest diff. peak/hole / e A~ 2.30/-1.92
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Figure 1. ORTEP drawing of [Au(TFPC)]" cation. Displacement
ellipsoids are drawn at the 50% probability level. Solvent molecules, a

counter anion and hydrogen atoms have been omitted for clarity.

Table 2 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters (A?x103) for
[Au(TFPC)]ClO-2C3HsO*4CsHsO - 13H20.

Atom X y z U(eq)
Aul 4066.1(2) 7500 1518.2(2) 20.61(6)
Fl1 8120(3) 6321.4(13) 3713(3) 42.8(7)
F2 9116(3) 5626.8(15) 5347(3) 52.4(9)
F3 7564(4) 5072.4(13) 6717(3) 52.7(9)
F4 5025(4) 5224.4(12) 6425(3) 49.5(8)
F5 4028(3) 5909.3(12) 4768(3) 40.1(6)
F6 423(3) 6001.1(16) 345(3) 58.5(10)
F7 -716(3) 5214.7(16) -973(3) 55.6(9)
F8 295(3) 4871.3(11) -2982(3) 38.2(6)
F9 2289(4) 5378.6(14) -3785(3) 53.1(9)
F10 3395(3) 6189.5(13) -2516(3) 45.6(8)
N1 5225(5) 7500 3073(4) 23.7(9)
N2 4081(3) 6707.8(13) 1496(3) 23.2(6)
N3 2818(5) 7500 33(4) 22.1(9)
N4 5535(6) 7500 6773(5) 31.2(11)

Cl 6256(4) 7199.1(17) 4930(4) 28.5(8)



Table 2 (continued)

Atom X y z U(eq)
C2 5633(4) 7058.7(16) 3706(4) 25.3(7)
C3 5480(4) 6546.5(16) 3338(3) 25.6(7)
C4 4764(4) 6382.8(16) 2296(3) 26.2(8)
C5 4578(5) 5845.8(18) 1935(4) 31.4(9)
C6 3770(5) 5839.4(17) 927(4) 30.3(9)
Cc7 3442(4) 6378.8(16) 648(3) 24.9(7)
C8 2594(4) 6539.5(16) -290(3) 24.9(7)
C9 2274(4) 7062.9(16) -539(3) 23.6(7)
Cl10 1349(4) 7231.9(17) -1462(4) 28.3(8)
Cl1 6035(4) 6132.4(17) 4177(4) 28.7(8)
Cl12 7334(5) 6045.3(19) 4348(4) 34.3(10)
Cl13 7860(5) 5693(2) 5195(4) 40.1(11D)
Cl4 7078(6) 5415.9(19) 5890(4) 39.7(12)
Cl15 5794(5) 5490.6(18) 5746(4) 37.1(11)
Cl6 5275(5) 5843.6(17) 4887(4) 33.6(9)
C17 1943(4) 6119.2(16) -1052(4) 26.9(8)
C18 887(5) 5859(2) -695(4) 35.5(10)
C19 300(5) 5454(2) -1344(4) 36.2(10)
C20 795(4) 5285.6(16) -2375(4) 30.5(9)
C21 1828(5) 5537.2(18) -2780(4) 32.8(9)
C22 2397(4) 5951.9(17) -2112(4) 29.7(8)
C23 5441(5) 7033.7(19) 5954(4) 33.5(09)
C24 4435(7) 7500 7542(6) 42.1(16)
Ol 6927(4) 5236.2(16) 720(4) 50.0(10)
C25 6139(7) 5735(3) -981(5) 61.6(18)
C26 6893(5) 5657(2) 208(5) 40.5(11)
Cc27 7572(6) 6129(2) 729(5) 50.9(14)
Cl1 6592(2) 7500 9808.2(17) 53.2(5)
02 6964(3) 7500 8049(3) 16.2(6)

Table 3 Anisotropic Displacement Parameters (A2x10%) for [Au(TFPC)]CIO * 2C3H¢O * 4C4HgO + 13H>0. The
Anisotropic displacement factor exponent takes the form: -2n2[h2a*2U11+2hka*b*U12+...].

Atom  UlI U22 U33 U23 Ul3 Ul2
Aul 26.89(10)  18.93(10) 15.01(9) 0 -3.96(6) 0

F1 42.9(16) 54.2(19) 30.7(14) 6.6(13) -0.9(12) 13.7(14)
F2 58.1(19) 61(2) 35.4(15) 2.8(14) -11.2(14) 29.2(17)
F3 84(2) 38.3(17) 31.9(15) 8.7(12) -19.6(15) 15.0(16)
F4 81(2) 35.1(16) 29.4(14) 11.0(12) -11.4(14) -14.0(15)
F5 46.5(16) 40.4(16) 31.4(14) 8.7(12) -7.7(12) -6.6(13)
F6 53.2(19) 78(3) 46.5(18) -29.3(18) 18.1(15) -27.4(18)
F7 51.9(19) 69(2) 46.0(18) -17.7(17) 7.4(15) -32.6(17)
F8 51.3(16) 25.5(13) 34.9(14) -6.1(11) -13.0(12) -5.3(12)

F9 69(2) 53(2) 38.3(16) -24.0(15) 12.4(15) -18.0(17)



Table 3 (continued)

Atom Ul U22 U33 U23 Ul13 Ul12
F10 56.8(18) 49.0(18) 32.2(14) -12.0(13) 10.1(13) -23.4(15)
N1 27(2) 23(2) 20(2) 0 -4.7(17) 0

N2 31.4(16) 20.3(15) 16.6(13) -11(11) -5.0(12) -0.4(12)
N3 30(2) 19(2) 16.5(19) 0 -4.1(16) 0

N4 41(3) 30(3) 22(2) 0 12) 0

Cl 35(2) 25.8(19) 22.8(17) 0.3(15) -7.9(15) 3.2(16)
2 30.9(19) 23.6(18) 20.4(16) 0.5(14) -4.4(14) 1.8(15)
c3 34.6(19) 21.9(18) 18.8(16) 1.8(13) -6.3(14) 3.1(15)
c4 39(2) 21.7(18) 17.0(16) 1.0(13) -3.6(15) 2.9(15)
cs 45(2) 24.6(19) 22.2(18) 0.9(15) -7.6(17) 2.8(17)
c6 44(2) 22.1(18) 23.2(18) -1.8(15) -5.8(16) 2.5(16)
C7 30.9(19) 21.3(17) 21.4(17) -0.2(14) -4.6(14) -1.7(14)
C8 30.9(19) 25.3(18) 17.7(16) 2.2(14) 2.6(14) 2.3(15)
C9 25.8(17) 24.1(18) 19.8(16) -0.6(14) -3.2(13) -1.4(14)
C10 31.1(19) 28(2) 23.7(18) -0.3(15) -7.0(15) -0.4(16)
Cl1 42(2) 24.7(19) 18.1(16) -1.2(14) -7.0(15) 6.5(16)
c12 46(3) 34(2) 21.6(18) -1.6(16) -6.4(17) 11.5(19)
C13 54(3) 39(3) 24(2) -4.2(18) -10.9(19) 19(2)
Cl4 70(3) 25(2) 21.2(19) -0.3(16) -14(2) 10(2)
C15 64(3) 24(2) 21.0(18) 0.0(15) -10.3(19) -1(2)
C16 53(3) 22.6(19) 22.5(18) -1.5(15) -9.4(18) -0.5(18)
C17 36(2) 21.7(18) 21.5(17) -1.3(14) -6.6(15) 0.4(15)
C18 39(2) 39(2) 27(2) -7.9(18) -1.0(17) -4.8(19)
C19 36(2) 39(2) 32(2) -5.0(19) -3.1(18) -8.8(19)
C20 41(2) 19.8(18) 28.3(19) -0.2(15) -11.9(17) -1.5(16)
C21 46(2) 27(2) 24.1(19) -4.5(16) 2.2(17) -0.1(18)
22 39(2) 26(2) 23.1(18) -0.2(15) -1.0(16) -4.9(16)
C23 44(2) 34(2) 21.5(18) -4.0(16) -6.1(16) -6.9(19)
24 45(4) 56(5) 26(3) 0 8(3) 0

o1 61(2) 37(2) 50(2) 0.3(17) -4.2(19) 13.2(18)
C25 63(4) 85(5) 34(3) 7(3) -8(3) 13(4)
C26 48(3) 41(3) 32(2) -1(2) 1(2) 12(2)
27 65(4) 45(3) 44(3) -4(2) 12(3) -1(3)
cll 73.5(14) 57.1(12) 28.5(8) 0 1.6(8) 0

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

Table 4 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters (A?x103) for [Au(TFPC)]CIO*
2C3HeO+4C4HsO - 13H20.

Atom X y z U(eq)
HI 7117.22 7056.66 5052.6 34
H5 4947.73 5552.52 2323.12 38
H6 3480.64 5542.63 497.44 36

H10 838.18 7015.12 -1971.12 34



Table 4 (continued)

H25A
H25B
H25C
H27A
H27B
H27C

6704.66
5576.12
5654.93
6965.94
8094.07
8093.51

5802.71
6028.74
5422.48
6387.98
6274.5
6028.6

-1590.37
-927.55
-1185.11
934.25
150.02
1438.71

Table 5 Bond Lengths for [Au(TFPC)]C10+2C3Hs0-4C4HsO* 13H20.

Atom
Aul
Aul
Aul
Aul
F1
F2
F3
F4
F5
Fo6
F7
F8
F9
F10
N1
N1
N2
N2
N3
N3
N4
N4
N4
C1
Cl1
C1
C3

Atom
N1
N2!
N2
N3
C12
C13
Cl4
Cl15
Cl6
C18
C19
C20
C21
C22
c2!
C2
C4
C7
c9
Cc9!
Cc23!
C23
C24
C1!
C2
C23
C2

Length/A
2.037(5)
2.009(3)
2.009(3)
2.029(4)
1.336(6)
1.337(6)
1.339(5)
1.342(6)
1.327(6)
1.348(6)
1.332(6)
1.334(5)
1.324(5)
1.329(5)
1.374(5)
1.374(5)
1.374(5)
1.393(5)
1.380(5)
1.380(5)
1.493(5)
1.493(5)
1.505(9)
1.526(8)
1.507(5)
1.548(7)
1.368(6)

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

Atom
C4
C5
Cc6
Cc6
C8
C8
C8
C9
C10
Cl1
Cl1
Cl1
C13
C13
Cl15
Cle6
C17
C18
C20
C21
C22
C22
0O1
C26
C26
Cll

Atom
C3
C4
Cs5
C7
C7
C9
C17
C10
c10!
C3
C12
Cle6
C12
Cl4
Cl4
Cl15
C18
C19
C19
C20
C17
C21
C26
C25
Cc27
02

Length/A
1.395(5)
1.429(6)
1.353(6)
1.439(6)
1.380(5)
1.392(6)
1.494(5)
1.424(5)
1.360(9)
1.493(5)
1.391(7)
1.386(7)
1.382(6)
1.376(8)
1.368(8)
1.390(6)
1.386(7)
1.376(6)
1.373(7)
1.376(7)
1.382(6)
1.396(6)
1.209(7)
1.501(7)
1.489(8)
2.036(4)

92
92
92
76
76
76



Table 6 Bond Angles for [Au(TFPC)]C1O+2C3HsO*4C4HsO+ 13H20.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
N2 Aul N1 90.33(9) C1o0! Cl10 C9 107.5(2)
N2! Aul N1 90.33(9) C12 Cl1 C3 121.9(4)
N2 Aul N2! 178.28(19) Cl6 Cl1 C3 120.9(4)
N2 Aul N3 89.72(9) Cl6 Cl1 C12 117.0(4)
N2! Aul N3 89.72(9) F1 C12 Cl1 119.9(4)
N3 Aul N1 176.42(19) F1 C12 C13 118.0(5)
C2 N1 Aul 125.3(2) C13 C12 Cl1 122.1(5)
Cc2! N1 Aul 125.3(2) F2 C13 C12 120.3(5)
c2! N1 C2 109.1(5) F2 C13 Cl4 120.4(4)
C4 N2 Aul 126.6(3) Cl4 CI13 C12 119.3(5)
C4 N2 C7 106.3(3) F3 Cl4 C13 120.4(5)
Cc7 N2 Aul 127.1(3) F3 Cl4 Cl15 119.4(5)
C9! N3 Aul 126.5(2) Cl15 Cl4 Cl13 120.2(4)
C9 N3 Aul 126.5(2) F4 Cl15 Cl4 120.6(4)
C9! N3 C9 106.9(4) F4 C15 Cl6 119.4(5)
C23 N4 Cc23! 104.8(5) Cl4 C15 Cl6 120.0(5)
C23 N4 C24 109.6(4) F5 Clé6 Cl1 119.9(4)
Cc23! N4 C24 109.6(4) F5 Cl16 Cl15 118.7(5)
Cc1! Cl C23 105.7(2) Cl1 Cl16 Cl15 121.3(5)
C2 Cl Cc1! 103.7(2) C18 C17 C8 121.3(4)
C2 Cl C23 112.2(4) C22 C17 C8 121.9(4)
N1 C2 Cl 111.6(4) C22 C17 C18 116.7(4)
C3 C2 N1 126.5(4) F6 C18 Cl17 119.0(4)
C3 C2 Cl 121.9(4) F6 CI18 C19 118.1(4)
C2 C3 C4 125.1(4) C19 CI18 Cl17 122.9(4)
C2 C3 Cl1 116.7(3) F7 C19 CI18 121.1(4)
C4 C3 Cl1 118.0(4) F7 C19 C20 119.8(4)
N2 C4 C3 125.5(4) C20 C19 C18 119.1(4)
N2 C4 C5 109.6(3) F8 C20 C19 120.4(4)
C3 C4 Cs 124.8(4) F8 C20 C21 119.4(4)
C6 Cs C4 107.9(4) C19 C20 C21 120.2(4)
Cs C6 Cc7 107.0(4) F9 C21 C20 120.0(4)
N2 C7 C6 109.2(3) F9 C21 C22 120.5(4)
C8 C7 N2 125.8(4) C20 C21 C22 119.5(4)
C8 Cc7 C6 125.0(4) F10 C22 C17 119.8(4)
Cc7 C8 C9 124.4(4) F10 C22 C21 118.7(4)
C7 C8 Cl17 117.3(4) Cl17 C22 C21 121.5(4)
C9 C8 Cl17 118.3(3) N4 C23 Cl 103.1(4)
N3 c9 C8 126.1(4) 01 C26 C25 121.8(6)
N3 c9 C10 109.0(4) 01 C26 Cc27 122.1(5)
C8 C9 C10 124.9(4) Cc27 C26 C25 116.2(5)

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



4. References

1) L. Kelland. Nat. Rev. Cancer., 7, 573 (2007).

2) R. W.-Y. Sun, C. K. -L. Li, D. -L. Ma, J. J. Yan, C. -N. Lok, C. —H. Leung, N. Zhu, C. -M. Che, Chem. Eur. J. 16,
3097-3113 (2010); R. W. =Y. Sun, D. -L. Ma, E. L. -M. Wong, C. -M. Che, Dalton Trans. 4884 (2007).

3) K. Moriwaki, T. Sawada, M. Akiyama, A. Ikeda, J. Kikuchi, T. Matsuura, S. Yano, H. Kataoka, M. Inoue, H. Akashi,
Bull. Chem. Soc. Jpn. 91, 230-236 (2018).

4) Sheldrick, G. M., Acta Cryst., 2015, A71, 3-8. Sheldrick, G. M., Acta Cryst., 2015, C71, 3-8.

5) CrysAlisPRO, Oxford Diffraction /Agilent Technologies UK Ltd, Yarnton, England.

6) Dolomanov, O. V., Bourhis, L. J., Gildea, R. J., Howard, J. A. K., Puschmann, H., J. Appl. Cryst., 2009, 42, 339-341.



X-ray structure determination of {(5,10,15,20-
tetrakis(pentafluorophenyl)-2,3-(methano(N-
methyl)iminomethano)chlorinato)gold(IIT) } hypochlorite * 2C3HgO
4C4HsO+13H20

Shino Nakashima, Haruo Akashi*

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

X-ray structure determination of [(5,10,15,20-tetrakis(pentafluorophenyl)-2,3-(methano(N-
methyl)iminomethano)chlorinato)gold(Ill)|hypochlorite2C3HsO*4CsH3O* 13H,0

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

The title compound, [(5,10,15,20-tetrakis(pentafluorophenyl)-2,3-(methano(N-
methyl)iminomethano)chlorinato)gold(IIl)] hypochlorite* 2C3HsO - 4C4HsO * 13H2O, crystallized in the
monoclinic space group P2;/m with the following unit-cell parameters: a=10.5918(2) A, b=25.3599(4)
A, c=11.1607(2) A, B=94.963(2) °, V =2986.60(9) A3 and Z = 2. The crystal structure was solved by
direct methods, and refined by full-matrix least-squares procedures to a final R1-value of 0.0490 for
9944 observed reflections. The molecule has a crystallographic mirror plane of symmetry on the Au
atom, N1, N2, N4 and C12 atoms. The gold atom is coordinated by four nitrogen atoms of the ligand in
a square-planar geometry.
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Microstructural observation of rock samples using an electron

microprobe analyzer

Takeshi IMAYAMA*

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

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

Electron microprobe analyzer is suitable for observing microstructural textures of rock samples such
as metamorphic textures and mineral zoning. From the symplectite texture consisting of hornblende
and plagioclase developed around omphacite, it is inferred that a metamorphic reaction of omphacite
— plagioclase + amphibole occurred during the exhumation of ultra-high pressure metamorphic rocks.
Microstructure of zircon zoning using cathodoluminescence reveals metamorphic rims grown by
thermal events around the oscillatory structure formed by magma crystallization. By combining these
metamorphic reaction textures and zonal structures with chemical composition analysis and age
dating, we can reconstruct the thermal history of rocks in more detail.

Keywords: microstructure; electron microprobe analyzer; metamorphic reaction; zircon
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NMR A7 hLid, AAREAHHINM-ECS400 ('H: 400 MHz, '3C: 100 MHz) % W TCHIE L=, SR &
IIMTIX, 7V —%t autoflex speed TOF/TOF (MALDI-TOF{%:) & H A& 1-#: MStation-700 A7 k@ X — & —
(FABIEIC L W HIE Lz, &7 XA S EMITIL, Rigaku VariMax with Saturnz W CRIE L. Zh b
PEE I LR R R AWM X —ICREINTEY, TRXTOT— XM 2 RETITo7. BIRALY
FJVIZHITACHI#EU-3000 T, 6 A ~2 bV H ARG EFEFP-6500CTZE N E Nl ecmD AL ZFMHA L TY 7 1
g AL R THE L.

TRTOREFIHRHEANTEY, FFZa A P LARWVWRVIIHERYEEZIT> TR, h7 L4870~
NT T 4—1%, BEYU YT B AL (NH, 70-100 mesh)iZ L Y SRR 21T > 72, -7 VA @7 0
~ ~ 2 7 4 —Ii%, BIO-RAD Bio-Beads SX1 (200-400 mesh, eluent k /L) TIT- 7=,

4—-2 EHRk

{LEWLoDEMFIEA L TICRT. (AW ImE 1pDA ML, FFEOFETIT- 7.

FCArER L2V A — MO 77 22(22,7-Y 7 vE 7 b 7€ 23(101 mg, 302 umol), o-7 ==L
Y7 34 (96.4 mg, 301 umol, 1.0 eq), NaO'Bu(86 mg, 0.90 mmol, 3.0 eq), Pd(‘BusP): (18.7 mg, 36.6 umol, 12
mol%) % Aiv, PR L7z xylene (10 ml)Z N % T, 4B OMBGER AT o7, KIS TH, Z|RE CHA L
WNEMZ T AT T A2 L CEEE2EELE. FRIEICK (50 mL) 22T, CH2Cl (100 mLx3) Tl
fELT.. AEZ0MEL, NaSOsTHIMR, SBL, WHEZEELL. KRI IV INDT A a~ 7T
7 4 —(NH)(hexane: CH2Clo= 1: 2) & 1T o /2.

1o: Yield 9.5 mg (6%); m.p. 204.5-206.2°C (decomp.); '"H NMR (400 MHz, CDCI3): J 7.83 (s, 2H), 7.64 (s, 2H), 7.39
(AA’BB’, Jas = 3.6, 6.0 Hz, 4H), 7.33 (d, J = 9.2 Hz, 4H), 7.24 (AA’BB’, Jas = 3.6, 6.0 Hz, 4H), 7.19 (d, J = 2.0 Hz,
4H), 6.60-6.80 (m, 20H), 3.77 (s, 12H); *C{'H} NMR (100 MHz, CDCls): 6 155.9, 144.1, 143.6, 139.8, 132.2, 130.6,
127.6, 126.6, 126.2, 126.0, 124.5, 122.3, 120.9, 114.0, 113.9, 55.5; HRMS (MALDI-TOF): m/z calcd for CésHs2N4O4:
988.3989 [M]*; found 988.4022.

1m: Yield 9%; m.p. 216.1-218.9°C (decomp.); '"H NMR (400 MHz, CDCl3): 6 7.98 (s, 2H), 7.88 (s, 2H), 7.62 (d, J =
9.2 Hz, 4H), 7.48 (t, J = 2.0 Hz, 2H), 7.42 (d, J = 2.0 Hz, 4H), 7.22 (t, J = 8.0 Hz, 2H), 7.07 (d, J = 8.4 Hz, 8H), 6.98
(dd, J = 2.0, 9.2 Hz, 4H), 6.84 (d, J = 9.2 Hz, 8H), 6.68 (dd, J = 2.0, 8.0 Hz, 4H), 3.81 (s, 12H); '*C{'H} NMR (100
MHz, CDCl3): § 156.2, 148.9, 145.4, 140.5, 133.3, 130.4, 129.0, 127.4, 127.1, 125.7, 122.8, 122.0, 121.6, 119.8, 115.1,
114.6, 55.5; HRMS (FAB): m/z calcd for CesHs2N4Oa4: 988.3989 [M]*; found 988.4014.

1p: Yield 16%; mp 314.3-316.6°C; 'H NMR (CDCls, 400 MHz) 6 8.14 (s, 2H), 7.752 (d, J = 8.8 Hz, 4H), 7.750 (s, 2H),
7.23 (d,J=2.0 Hz, 4H), 7.15-7.20 (m, 12H), 7.12 (s, 8H), 6.87 (d, J = 7.2 Hz, 8H), 3.82 (s, 12H); 13C{'H} NMR (CDCls3,
100 MHz) ¢ 156.2, 146.3, 143.8, 140.1, 133.3, 128.9, 127.2, 127.0, 126.7, 125.6, 122.3, 121.6, 114.7, 114.2, 55.5;
HRMS-FAB: m/z [M]" calcd for CosHs2N4Oa4: 988.3989; found: 988.3956.

2: Yield 49%; mp: 233-235 °C; '"H NMR (CDCl3, 400 MHz) 6 8.15 (s, 1H), 7.76 (d, J = 9.2 Hz, 2H), 7.71 (s, 1H), 7.22-



7.27 (m, 6H), 7.17 (dd, J = 1.6, 8.8 Hz, 2H), 7.09-7.14 (m, 8H), 6.9 (t, J = 7.2 Hz, 2H), 6.85 (d, J = 8.8 Hz, 4H), 3.81
(s, 6H); 3C{'H} NMR (CDCls, 100 MHz) 6 156.3, 147.9, 145.3, 140.5, 133.2, 129.1, 128.9, 127.7, 127.4, 125.6, 123.5,
123.3,122.3, 122.2, 116.6, 114.8, 55.5; HRMS(FAB): m/z calcd for CaoH32N202: 572.2464 [M]*; found 572.2504.

4 — 3 X mEE AT

| P77 — & [FRigaku Varimax with Saturn CCDEIFTFF CTUXEE L, Mo Kaft (A=0.71073A) %\ T, HxK20fE
55.0°F THIE L7z, f#HT Y 7 MiX, 1mTiXYadokari-XG 2009 program%, 1p& loiXOlex 2% H L7=. #i&EX
[E #2275 (SHELXS-97: 1m, SHELXT ver.2018/2: 1p, 10) THEHT L, & D%, 2175 kk/N —FyE (SHELXL-97: 1m,
SHELXL 2018/3: 1p, 10) THi#E L L7=.

1p: Formula CesHs2N4O4-2(CsHsNO2), F. W. 1235.36, crystal size 0.21 x 0.07 x 0.02 mm?, triclinic, space group P1

(#2), a = 9.127(3), b = 14.525(4), ¢ = 25.320(7) A, & = 102.579(3), = 91.124(4), y = 105.374(4)°, V = 3148.2(16) A3,
Z =2, Deatc = 1.30 g cm™3, (Mo Ka) = 0.85 cm™!, 7 = 123 K, Number of data 14348, Number of data used 9247
(I>2.00(1)), R1 =0.0822, wR2 = 0.2050, GOF 1.067. CCDC 1957318.

1m: Formula CssHs2N4O4-2(CsHsNO2), F. W. 1235.36, crystal size 0.14 x 0.09 x 0.02 mm?, monoclinic, space group P1

(#2), a = 12.466(4), b = 12.729(4), ¢ = 19.968(7) A, a = 95.749(4), B = 94.594(5), y = 99.382(6)°, V = 3095.4(18) A3, Z
=2, Deatle = 1.33 g em™, u(Mo Ka) = 0.86 cm™!, T'= 123 K, Number of data 14093, Number of data used 8517 (/>2.0c([)),
R1=0.072, wR2 = 0.1534, GOF 1.059. CCDC 1957317.

1o: Formula CesHs2N404-2.5(C¢HsNO2), F. W. 1296.91, crystal size 0.16 x 0.08 x 0.05 mm?, triclinic, space group P1

(#2),a=14.1201(3), b= 15.9036(4), c = 17.7131(5) A, & = 106.861(2), f = 101.585(2), y = 113.761(2)°, V' = 3246.74(15)
A3, Z =2, Deate = 1.33 g ecm™, u(Mo Ko)) = 0.87 cm™', 7= 123 K, Number of data 11877, Number of data used 8657
(I>2.00(1)), R1 =0.0825, wR2 = 0.2273, GOF 1.011. CCDC 1957319.

Copies of the data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail:

deposit@ccdc.cam.ac.uk).
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Synthesis and Structures of 2,7-Anthrylene-based

Azacyclophanes

Takashi Komori and Tetsuo Iwanaga

Department of Chemistry, Faculty of Science
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

A series of novel azacyclophanes, composed of both 2,7-anthrylene and corresponding phenylenediamine
units, were designed and synthesized by the Buchwald-Hartwig coupling reaction. These synthesis aimed to
investigate their structural properties and electronic spectra. X-ray structural analyses revealed that
compounds 1o and 1m exhibited an alternating orientation of the phenylene and anthrylene units along the
azacyclophane rim, reminiscent of the 1,3-alternate structure found in calix[4]arene. In contrast, compound
1p had a planar structure with 2,7-anthrylene units predominantly integrated within the macrocyclic
framework. All analogs exhibited absorption bands in the P-band region, ranging from 390 to 490 nm, with
the longest wavelength absorption peaks observed at approximately 425 nm for 1p, 10, and 1m.

Our results indicated that 2,7-subsitituted anthrylene is an attractive fundamental unit that can be
incorporated into macrocyclic structures to exploit the properties of extended n-conjugated systems. Cyclic
arylamines hold potential in organic materials, particularly as hole-transporting materials, as they can
enhance resistance to oxidation states by eliminating terminal amine groups.

Keywords: azacyclophane; cross coupling; absorption spectrum; molecular structure.
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Scheme 1 Synthesis of FR and preparation of FRLCNF

HEVVCLCNF 18 g (¥zf8 8 & 1.0g) . FR1.1 g, H20 100 mL, hexadecyltrimethylammonium bromide 1.7 mg%
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Scheme 2 Preparation of MLCNF and MPPLCNF
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Fig. 2 FE-SEM images of (a) LCNF and (b) FRLCNF



Fig. 3 Combustion test of (a) LCNF and (b)
FRLCNF
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Table 2 Elemental Analysis of LCNF, MLCNF, and
MPPLCNF (%)
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Preparation of flame-retardant lignocellulose nanofibers

by chemical modification

Daisuke Todome, Noboru Osaka®,
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1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

In this study, we synthesized brominated flame retardants containing N, which
endothermally decomposes, P, which forms a carbonized layer, and Br, which traps radicals,
and then prepared lignocellulose nanofibers (LCNFs) chemically modified with FRs to develop
a high-performance fiber with excellent flame retardant properties. However, although Br is
an excellent flame retardant element that traps radicals responsible for combustion
acceleration, its adverse effects on the environment and human health, such as the generation
of dioxin, are a concern. Therefore, we report a halogen-free self-extinguishing LCNF with
chemical modification prepared by a low-environmental-impact process using aqueous solvents.

Keywords: lignocellulose nanofiber; flame retardant; halogen-free; low-environmental-impact
process
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Synthesis and Microstructure of Monophasic AlsBCs

Ryosuke Maki, Syunta Matsumura, Tomonori Maeda®, Hatsuo Taira™ and

Yoshihiro Kusano

Department of Applied Chemistry, Faculty of Engineering, Okayama University of Science, 1-1 Ridai-
cho, Kita-ku, Okayama 700-0005, Japan
“‘Okayama Ceramics Research Foundation, 1406-18 Nishikatakami, Bizen, Okayama 705-0021, Japan

Ternary metal borocarbides, such as A13BCs, have been considered promising candidates for lighweight
structural components used at high temperatures. Many researchers reported that the addition of excess B4C
is required to synthesize monophasic Al3BC; due to vaporization of boron during the heating process.
However, the formation mechanism has not yet been clarified in detail. In this study, we successfully
synthesized monophasic Al3BCs; using Al, C and B4C powders at a stoichiometric ratio through a
conventional solid-state reaction method. The result of elemental analysis indicated that the chemical
composition of the obtained Al3BC; was Al:B = 3.00:1.00. The results of Rietveld refinement and
microstructural observations clearly indicated that A13BC; has a trigonal structure (P3cl) with a = 0.5909
nm and ¢ = 1.5907 nm.

Keywords: aluminum borocarbide; refractory; microstructure; crystal structure.



Euz*Z ;& L1-Ca-Y-Si-ORHLKD AR &
HERYA FIRICE D CHEAEFEHE

e U Lk Rk
g RE - Ky #{-EFH EZ -#EHE EBEA
TR L B 2 K e B 2 B (b 2
AT L
sk AL K 2 T BB R E T

1. #E

MFEEaY A N L) Lid, FFEDOR Y A MIREEA A ZFEAL, HLOWEILORIHORE - FOFE
EHEITHZETHDH, VYT =TT, THETIZZOM&EZ AW T, 58k, AR X v ks
Hka T LA ENT-CaSiOLEu It BN T, FERME T THRWIREAFHEIEORE L WME L, ¥ v~
F LFICBOTHAEERERFTT 5 LT, WERTITEMZEERO KR E SORNCEN T & OFEE R & %25
BT 20, EMICHAGOEEELEZ 520, 2BEOREGICEAT LI RT A =22V THRTHEITo7, 1
SHIX, EHT LA A AL THA A Y EBALT & OEEIERE OBA 4> OEMW % H 3 % Bond
Valence Sum (BVS)Z W= FiETH D, +9 20B1E, MmN OMEREY A MIBIT 24 F & L 2 HEN R
TRNF—ZFHHTHLOT, BTHNHERT Y LV EMENRS, 6 ZhB2EEO T A—X X, FH
TEBA A LT BEA A EOMTO —a VHAEEHORE ZIZECTELT S EEZ L, BVS
RBFNHFERT Yy VB REWVREGEY A b TIIHEAERNR, BEEE LEREA L DDA
ERKEL VY Y7 b D 2R TFHEND, WIZ, BVSRBRFANEHERT vy LN/ EWEREY A T
W, 7 e — U HAEERIZEL . BREAIZTL—S T T A ERNEZLND, Y

I TARMIEE T, A P TEOMRICESE BT b OREENERT VY r— N RE A NEE
FDICHERBEZED L 2 A, Ca-Y-Si-ORDBILMNHRA NWEE L THETHD Z L LB X7, CaY-
Si-ORA L EWIZIE, CasY2Siz012, CazY2Sia09, CarYsSicO2 & WV o7z U — MEGWIZHm b TN 5, &1 =
NEOWEIZTHN TR HCa LY PO KD ZHEE N L CSiOMEARNTE S L fEmiEsma452 07
— MEAHTH D, ZZTCEYMIR—F A b (Ca/YP A b)) IT—EDRTERL, V1 MIBEHKDIH
KRB BREE 2 & D, O1D 20D, TN O OWER TIEAdLER TOEBFERBICHEWVWE T 2B B IO
CHEBMEIEDLENTED, LI TAIFETIE, Ca-Y-Si-OR(LAWE KA MEICHERY A R T20M
AEZFWT, BNBEEARETIEFTHLIRNA TN EET LML T A FOBVSE X O TN ERT
YU VIZEHE L. Eu? R IRIE L 72 CasBu Y2 SisO @ G RIC I 1T 2 LM L Eu 2 & L 7o/ 1 b &
OBRIZ W THAEE T 7=,

2. EERAE

AR ETT 5 Ca-Y-Si-ORRIBRARBHE, T _RTTEAL T 7 AEBEIKIEE AV TEM LT, 12 80°CIZ INEL
L7z U v IEKEIRIC, CaCOs, Y2(CO3)3 * 3H20, Ew0s, fdlEt U U AR A F 2 AL L, fil > Tlmol/L-
SWCHHE L7 L7 ) a—nEfiv7 2 (PGMS) ML, Ky h AKX —F — 2BV TH150°C Tl
BRI ATV, W E 7L LT, Z OB, B iE &IZCallkt LT, FC I EIIYIZR L TENEN
1~15at%DEE THE L7z, ¥ ibth, ~ v Fle—2—TIKAL L, & 5121000°C, 1288 CTHRBERK 21TV
ATBRIRI R 21572, Z ORIBRAM K % Ar-Ho W AYiiE T T1400°C, 4FFR CEIHEk 217 - 7=,

LRI OX Yy 77 2 VE— 3 i, BARX#HEYTE (XRD, SmartLab, Rigaku) 72 5 NI T KL F —
YRRy ek (EDS, INCA Energy, Oxford Instruments) % AW TAT-72, Z Z CTEDSHIE #1729 BRI, #
AT 24T O R DE R & BB RE FIEMEE (SEM, ISM-6490, JEOL) (X Wi T- 7=, FBhild - A~ FoL
X, 74 bV xyEBUARIE (PL, FP-8500, JASCO) ZHWTIiT-o 7,

3. BRBLUEE



3—1 FEEY A b OSSN
FPRBRYA MBI RERESHOESNE
B9 5 72, CasY2Sis0nfl N D& Ca/YH A4 T
BIFHBVSe b K FHFHERT ¥y v xR
fEH o7, T, Ca/lYH A +DBVS7 b RITHE T
WEERT v ¥ LOFE ML, EaEE, B - &
BEZFOZRTT — 4, @GO At 7 e 75
A C & % Visualization System for Electronic and
Structural Analysis (VESTA) '3 % F\ 7z, Table. 1
12, BEFEDCasYaSisOnd il duiiE T — # 19 & Fiv
T, VESTAIZ X W HEMH L7=Ca/Y()~B)V A L TD
BVSE L UM F+NEERT > v ¥ L&, Ca/Y(1)

- -
— —

Table 1 Ca;Y,Si;01, (28 5% Ca/Y A h TOBVS, ¥+
NERERT v v b, R IR, SEEIHE & IERE

Ca/fY(1) Ca/Y(2) Ca/Y(3)
SEAOHE ~ ¥ oo a5
(9fR{i)
ﬁ:‘fgf n -1L.82A1 SL70A! SL59A!
BVS 2,78 2.43 2,08
BaiETEn 32.2A° 34.2A8 34.4A°8
FHES e 2.60A 2.74A 2.58A

P A FTEHMDO2OD I A MR TBVSE X O
FHHERT v A NEL, ZOY A MIERLEZEZ DL ORGIIRBEREMCEHT S Z LR/ HESH
%, 12, CalYR)V A MIBVSZA B I FNFERT ¥ LITENZ £ D, 20OV A MMIEH L 7ZEu?
NOOFRNITERETRET LI N THRIND,

3—2 RBoxXyIFrxIVE—Ta
M YERCICR 2 Table 2 EDS GC J: E) Cag,xEuszSi30|z %‘it */,’
v a,Y,Si Ca,Y,Sic0 ' —
ol P T | A (x=0.03~0.45) 0 JT. 3 /M7 4 S
3 ’1 X=0.30 :, _j.K/‘ Element content (measuredideal)
L] N PRUPEFUNI W VYOV S St < '
; - ! Metal I at.%
2 ~ 2| A
‘e mw ‘| —J:\/\ Eu’ (%)  Ca Eu Y Si
2 ] ! -
£le ﬂil “ i Xx=0.03 = __/k,. 1 36.8/37.1  0.35/0.38 26.9/250 359/37.5
1 5 35.6/35.3 1.52/1.88 24.4/25.0 384375
Ca,Y,S5i;0
l I Il I-ﬂl ll TR N P TP A A-J 10 33.6/315 3.34/375 24.1/25.0 38.7/375
10 20 30 40 50 60 70 48 49
20/ deg. 20/ deg. 15 31.7/25.9 514/5.62 23.1/25.0 387/375

Fig. 1 Cas-«EuxY2Sis0128 8 (x=0.03~0.45) DXRD /N & — o~

PEHE U 72 Cas«BuxYaSisO i BHZ DT JeR odr, FEdaAHRIE . FhiL - FEOLRERTM 217 - 72, £ 7 ESEM
EFROCHREOEZRBEZELE L, £ L ClumfEil COEDSIZ X 5 R0 #1772, Table 21287 KL 91,
EDSOfER LY, 2 TOREOILFHMBITHBME L IZER L TH D Z L 2R L, HiVCTFig. 112, Cas.
«BuxY2Si3012i Bt O XRD /N ¥ — > &R, (& D A CTdH 5 CarY2S5120035 L UNCa2YsSiscO26 D [EIHT B — 7 H3fife
BENT=N, HERY TH 5CasYaSisOnN EfHE L THERTE 5, 19 S HIZZOFMHOXRD/ANF — 2B
WT20=48~49°DEIHr v — 7 iR T 5 &, B REICHT2EITE— 27 OIRAEM~DO T 7 SR HETE
e COEREZEDSOEREEGDLOETEZD L, BIE LIZEPNIEMTH B CasY S0 +HNICERE L, T0D
BIIA BB OB ORERMICENENT 2 LR TE 5,

Fig. 21CiE L 73R Dbl - A7 V&R T, B R365nmicis\\ T, B — 7 1%, KB RIE
FEOFRE (Eu?":1%) TiX. HES00nmD HHkFHE N Z2 R T2, B RIEROBINCEVWRERM~> 7 ML, &
RERE (Bu?":15%) TiX., HE6SmmE H.0 & T REAHE LR LI, ZORKEY 7 ML, 2 REOEu?K
HERETRHIZEALE LRV CYY(D)T A F~DEX O EERFRERTH Y . BHICHFE T HENIEBADO A 4
EDMAERNBRONES YA MTEALTWASZ E&REL TS,



3 —2 Eu?'0 HAFEFMm & 5RO B R
WIZZDORENFEEOL v 7 s OER % fif
HIDICH7=b E@#%Fﬁﬁﬁ%y7%’ﬁ
HLTWD % Hmét . KA NDOEO
HEREREL D, —il k—iﬁju:ElEi’bL/]) NS SIVRLY
FArOEERIE, U— UL MEFTEEZHNT
RDBZENTE D, YA MREEOD F
FUMFEELEESGE, WA Ao 5GEERET
HZELIFRRETH D, — 3B Lo TF A
DIFETBEA, V— bbb MEFTEICL Y 54 | ! . : . .
TAEHF AL DOEEREY EREICEH TS Z & 200 300 400 500 600 700 800
WETdh 5, =2 T, Eut & SP2HI{E & i 2 7-Cas. Wavelength / nm
St Y2Siz0niE 2RI L, S*T O EFERNL Y —
hL MENTEIT D 2 & T, &0 A MCBT B0 EEERE RS 2 2 LI Lz, XEHTICB VT, Bl
SN T, BELRT 2R b oE %ﬁ RIFT D, 22T, Y ESPULE TALE ([Ar]3d!%4s24p®) AE T
THY ., XBRIZHT R FEIAE T FIZIER T E AT ZENTED, 1D I BIZE &SP e DA A2 P87
i&ﬁb?%@ﬁ“Cm&m&&ﬁQﬁmsﬁmm%wﬁﬁﬁﬁﬁi@@ﬁ%%b«@hiki&%@@%
EICT 2 ETIEIERCEEZOND, DLEDOZ Enn, EFLOFIEIC LV CasYaSizOnis i N IC 31T 5 Sr2*
DEAEERHTHZ LT, B O 5EERETPHT L ERAREICR D,

F9. SPHREX)ZEIREX) EFLO,1, 5,

Intensity / a. u.

Fig. 2 Ca;«Eu,Y,Si;0,,(x=0.03~0.45) D Jihife « JE I A7 kb

10, 15% & L 72 CasxSrxY2Sis0n#k £ (x=0.00, v ® Ca,Y,51,0, ¥ Ca,Y,Sic05 :
0.03,0.15, 0.30, 0.45) Z{EHR Uik AL AH O e % ¢M$MMqu¢MJ£E J?
17> 7=, Fig. 3124 S22 £ D Ca3xSr«Y2Si30 123k : m A ; x=0.30 : _jl‘v\
EtOXRD/N Y — > 2Rk, W RORE L b > 3 S|
Dradnl L[S 1 ok B R (i BH 3 % ) Mn | | x=0.15 %’ _jk/\
Eu 50k & [ UG dn i (Z2[#E - Pnam) @ H] § < !
Fosy—aFT e, BB e A =l Lk , woos| £ | M
SIZFO AN LV BT v — 2 A& A E I > ll Illll | avsio L
- = . - - N + [T - ) [N U W T Y paie
ThTSZ e EMRLE, COZLhb, S 10 20 30 40 50 60 70 48 49
BRSOV T b Bu B R L A U CalY 26/ deg. 28/ deg.

Pt D RIS D Fig. 3 Cas.StxY2SisO12il £H(x=0.03~0.45) OXRD /¥ & — 2/

WIZXRDAAZ — v HWT, U — FUL MEFTZATV, BEL7ZSIPH 2 Y S RET HZ & T, A R T
DCa* EYX D EHEEE BFEY . ST REMDCasY2SiOnik D U — UL M B/ 5N K A by
DEFREDESZSHOEHRET D LT, CasxBusSi0nR (T 1T 5% Eu2 3B T OBu? 54753 4 314 L
7. Table 412 CasxSrxY2SizO sk BHI X3~ 2 MEAT#E R & 7”37, SHRE)OEMIZ WV, Ca/Y(D)B I )1
r DY O EFROEACITIEF /NS, — 7, Ca/YB)V A b DY D HA RIS E QBN DR A
WL TWa, T, & A MIBIT 2SS0 A FE % Table SIZRT, Ca/Y()Y A KR TOSD HAFIZD
WTHRHB R BLIIMR TE R o7z, —FH. Ca/YQR)B LW B)V A MZoWTiE, WI b Sr o AKX
St EE DB EWEI L CTE Y | FiCa/YR)V A bSO EARIT, BHFEITHEIML THWD Z & NHERTE
Too TOTENDG, EHLZSETFIT Ca/YR) YA MTERMICEA L, CoY(DB I QYA Mg
AMEBB LW ERTREND,

Table 4 Cas S, Y.Si:02 81 2%V A bOY D HEH K Table 5 Cay, S Y,Si:0l2 8T 2K H A4 OS54 FR

Sr(%) ca/Y(1) Ca/Y(2) Ca/Y(3) Sr(%) ca/Y(1) Ca/Y(2) Ca/Y(3)
0 0.48 0.30 0.07 0 0 0 0
1 0.43 0.30 0.08 1 -0.05 0.0 +0.01
5 0.47 0.31 0.15 5 -0.01 +0.01 +0.08
10 0.46 0.31 0.22 10 -0.02 +0.01 +0.15

15 0.47 0.33 0.30 15 -0.01 +0.03 +0.23




Z D CazxSrxY2Si30128 TO U — R ~UL MEFTHFEF 5. CazxBuxY2Si30125R (235 1F 2 Bu? i #2 & %8 o B FR
ET5H, FTERNE, EICCH/YR) VA MIEEMICEBRT S Z ENTHIN, KEuREE (1~5%) OR
ﬂ CBEWTHR SN A IEIEIXCA/YR) VA MIEHE LB IC L2 MR TE 5, £ LT, EulRE DN

WV C/Y(R) T A MCEH L7ZEu® 26 ORI T L, ZHTZ O Y A MBI 2B EEENR
RThsdeTihahsd, —JF., B REOHMICMEV, Bl S 2 AR LORGEHNILCHY()E 2T
QP A EPOLOREIETHDLEZEX LD, FICHRAFENIL, CoY()T A MIEHR L IZMEDOE D OFRK
TharLTHRTES, ZOHEBE, CoY()T A MIBIT A2 THENRT ¥ v /LI L UBVSOE D4
A MCHARTREL, 2OV A MCEBE LZE MO EREOREE2Z T LR TRENI LD TH D,
UEDZ &S, CasxBuxY2Siz0nRICB W T, mIREEMRIFEICH T 2R AR, GOV Ca/Y() VA
MZEH LBl T 5 EfmS i bhnd,

ZEZXH

D PEgRaR S, HAGE N SR A N LZ2OMRICES B RREAELERORE”, 7 I v 7 X 55(2020)
810-813.

2Y. Sato, H. Kato, M. Kobayashi, T. Masaki, D. H. Yoon, M. Kakihana, Angew. Chem. Int. Ed. 53 (2014) 7756—7759.

3 H. Kuwahara, Y. Sato, H. Kato, M. Kobayashi, T. Masaki, M. Kakihana, Chem. Lett. 45 (2016) 321-323.

4 1.D. Brown, D. Altermatt, Acta Crystallogr. B41 (1985) 244-247.

3'N. E. Brese and M. O'Keeffe, Acta Cryst. B47 (1991) 192—197.

© W. Van Gool, A.G. Piken, J. Mater. Sci. 4 (1969) 95-104.

7 T. Ishigaki, Z.S. Nikolic, T. Watanabe, N. Matsushita, M. Yoshimura, Solid State lonics 180 (2009) 475-479.

8 Y. Sato, R. Miyake, A. Tanigaki, S. Akiyama, K. Tomita, M. Kakihana, J. Lumin. 231 (2021) 117752.

9 T. Nagasawa, H. Yamane, M. Shimada, T. Endo, J. Ceram. Soc. Jpn., 106 (1997) 1367-1369.

10 H. Yamane, T. Nagasawa, Y. Murakami, T. Kamata, D. Shindo, M. Shimada, T. Endo, Mater. Res. Bull., 33 (1998)
845-853.

D T, Nagasawa, H. Yamane, S. Kubota, M. Shimada, J. Ceram. Soc. Jpn., 106 (1998) 1238-1241.

12)Y. Sato, Y. Ohashi, Y. Iguchi, M. Kakihana, J. Solid State Chem. 277 (2019) 648—653.

13) K. Momma, F. Izumi, J. Appl. Crystallogr. 44 (2011) 1272-1276.

19 F. Izumi, K. Momma, Solid State Phenom. 130 (2007) 15-20.

15 Int. Table Cryst. Vol. C, 3rd Ed. (2004) 579.

19 R. D. Shannon, Acta Cryst. A32 (1976) 751-767.



Synthesis and photoluminescence of Eu2*-activated

Ca-Y-Si-O phosphors based on crystal-site engineering
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In this study, we synthesized Eu?*-activated Ca3Y2Si3012 phosphors and evaluated their photoluminescence properties.
It was confirmed that the emission spectra of the samples were shifted to long wavelength side in Eu?*- activated to
Ca3Y2Si3012 when Eu?* concentrations were increased. Such red shifts of emission in Ca3Y2Si3O12 based phosphors
should be considered that Eu?* occupied the Ca/Y sites that possessed high BVS or lattice self-potentials in Ca3Y2Si3012
lattice.

Keywords: Phosphors, Lanthanide ions, Crystal-site engineering
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