fo % % i e

ACTA CHIMICA SINICA DOI: 10.6023/A20070337

27 Tl ERR AW A R SEHM 5
B TR KB R

(T EBEEBAREMR ST S EREASRE FHM 350002)
CHARBTRY MRRPEETRYR Ak 541004)

WE £EANIEMetal-Organic Cages, MOCSEN—FBT T 4> T 25 2%, R BRIk 0 25 Ji 540 S FLAE 7 R 51/
SRR PR EAL S5 T TR A 5 N R AT RO 2 B STz oG, g, R HER, EEFRAT R
TITF RIS R B AR E IIRER) MOCs, TiRE—04 MOCs %5 ek fB o PPkl EIX 5T Fo b, e T4
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Syntheses and Structural Studies of a Series of
Ti,(embonate);—based Complexes
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(“ State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Maiter,
Chinese Academy of Sciences, Fuzhou 350002, China)
(* College of Materials Science and Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract Metal-organic cages (MOCs) as a new type of molecular containers have attracted great interest because of their
special cavities and wide applications in molecule recognition and separation, drug delivery and catalysis, efc. However, in
the past decades, most researchers just devote to constructing discrete MOCs with special functions. Since many cage com-
pounds are not soluble and stable in the solvent, the further assembly of cages into advanced materials is relatively less de-
veloped. In our previous study, we reported a water-soluble and ultrastable TisLs (L =embonate) tetrahedron with coordina-
tion assembly function, which has been applied as the starting material to realize coordination assembly with different metal
jons through two-step reaction. In this work, by employing the TisL¢ cages to assemble with Mn>", Nd**, Ba®>" and Ca®"
ions, respectively, a series of TisL¢-based complexes have been synthesized under different solvothermal reaction conditions,
namely, (Me,;NH,)o(Me,N)[Mn;(TizLe),(H0)o(DMF)g]*Guests (PTC-241, DMF = N,N-dimethylformamide); (Me,NH,)s-
[Nd(TisLe)(H,0)2(DMF)s]*Guests (PTC-242); (Me,NH,),[Bay(TisLe)(OH),(H,0)5(TEA)s]*Guests (PTC-243, TEA=
Triethanolamine); (Me,NH,),[Cas(TisLs)(H,O)s(DEA),]*Guests (PTC-244, DEA =Diethanolamine); (Me,NH,),[Cas(TigLg)-
(H,0);5]*Guests (PTC-245). Their structures were characterized by X-ray single crystal diffraction, thermo gravimetric ana-
lyzer (TGA), infrared spectroscopy (IR) and powder X-ray diffraction (PXRD). Single-crystal analysis reveals that PTC-241
is a supramolecular homochiral architecture formed by the staggered accumulation of AAAA-[TiyL¢] and AAAA-[TisL¢]-Mny
cages by weak interactions (such as hydrogen bonding and zm-m stacking). PTC-242 is also a supramolecular structure, in
which the Ti,L¢-Nd cages are linked by (Me,NH,)" cations and ethanediamine (en) molecules via the weak N—H:+-O hy-
drogen bonding force, giving rise to a 3D H-bonding framework with a honeycomb lattice of hexagonal channels along the b
axis. PTC-243 is a linear TiyL¢-Bay chain structure. Both PTC-244 and PTC-245 are two-dimensional (2D) Ti4L4-Cas layers
with honeycomb-like structures. In addition, we also investigated the fluorescent properties of PTC-244 and PTC-245 in the
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solid state, and the results show that both of them display strong emitting bands in the visible region.
Keywords titanium-organic cage; stepwise assembly; synthesis; crystal structure
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FERIRE AT, MIATELZL. 1998 I 2005 4F, Ramond 230
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PIIR- A WL AR SE. G, 76 2008 4, %l
FERT T AT ST JE il b, WRCAARIEAT T8, SINFHES
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HRTE. 2018 4F, AEEAPIFI 2,6- — A F R A
Ti(IV) & T &L, A T 8BS 75 e B Tig %8

F—JiH, e RV HER, ERMEESOLT
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2009 FHRIE 7 — 1 )\ £ ZE[Cuy(CDC))(CDC =3,6-If
MR, WEFCRIL, B Bk, 12584 R LR
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& 2 A AR S A SERR (L) 1B NECAR, M T
BInIFoK. B HAE R A SEIhREN) TiLe VYT
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&, LL PTC-101 Afeia# R}, @i =20k, sl 7T H Y
AN & JE B - LA ST A 2R B A MG A R A 21
H06381 Ak, ol JRAAE B BT [ Min(1,2-DCH);)-
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Scheme 1 [llustration of the stepwise self-assembly based on TisL¢ cage
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FERTTH IO FUEEA b, ARSCRFAL T TigLe BEHE
&R FIBCAL AT A, AT R N 21T,
I TiLe PUMEAZE S A Mn*" . Nd*'. Ba® fl Ca'
BN, G T 5 B TiLeZEREAY), (Me,NH,),-
(MesN)[Mns(TisLe)>(H,0)o(DMF)g]*Guests ~ (PTC-241,
DMF = N,N- — H & B i JiZ );  (Me,NH,)s[Nd(TisLe)-
(H,0),(DMF)s]*Guests  (PTC-242);  (Me,NH,;),[Bay-
(TisLe)(OH),(H,0)s(TEA)s]*Guests (PTC-243, TEA= =
Z W M%), (MeNHy),[Cas(TisLe)(H,0)s(DEA),]*Guests
(PTC-244, DEA = — Z [ X ); (Me;NH,),[Cas(TisLe)-
(H,0)y5]*Guests (PTC-245), R X 8 b it 4
AMETE AT TR XS 2 R AT S T &
RIMLEWHAT T EMIRAE. BLAL, BATER T 7 HA
) PTC-244 F11 PTC-245 156 M.

2 #R57e
2.1 PTC-241 By &R LEHttit

— JF 45, # Mn(CH;COO), il A PTC-101 K
DMF/H,0 %+, TP BB, 76 80 C TR
N3 d, FFEA RS BT NAR R I T
F D-(+)-2-RAERR, FFE TEIRQS C)— &M, #5
BIR DB A2 TR SR PTC-241. X 5 4R 55 4544
ST PTC-241 & T =7J7dn &, R32 FIHZ R, &
FIFE— ARG B ICERE 1/3 A Tl 58, 13 A
[Mn3(TisL)2(H0)o(DMF)g] %8, BLK 14> D-(+)-2-IKIE
B F 1 7 (FE: H4r = I PH B T (MeNHy) © Fl
(Me,N) LK DMF &4, LT LikE e, c4H
PLATON #2744 BT IG5 H MR, il 1(a)fw, H
H— TigLe ZEM = AT R 2 5 R R ER TE AN 1R
FAO) R Tl BB HINT 1A Ma(ID)H O R,
TR T [Mns(TigLe)2(H,0)o(DMF)g] 7. &4 Mn(ID)H L
JRF KBS A, K 3 N0 R RE T 34 H,0
ST 20T RETF2ADMFHIOET, B 140
RPNk ETRE O JFET, TR h i)\ H AR AL
Al Mn—O KI8EKTEE N 0.2158~0.2205 nm, #fH O—
Mn—O 765 Bl I #E 85.1~176.3°. % — TiyLe ZE /) 3 T
AU o A (C11I2—H1BO ) J9/EFH /1 I T 3
MARZ 5B D-(+)-2-IRIERE T 145>+, C—H-O #2
HIFEE A 0.2988 nm, fERN 164.848°. {HIFHE HAZ,
£ PTC-101 1 25 # v, A7 76 W Bl #4219 2% -
AAAA-TiLs Bl AAAA-Ti,L, & & —ANINH e &
Y. Kk, £ PTC-241 &SRR, FATA ZMA
D~(+)-2-WRBE R F- 15>+, A BN TiLe %19
CLAFR . B AR5 46 o T iE B 7 RATTARVE I wT AT 1. 78
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PTC-241 HIZ5HH, B TiLe ZEHL 2 AAAA T
[, 534b, [Mns(TisLe)o(H,0)o(DMF)e ] 2 [ 77 AEAR 5
S8 (029—H29B-018, O—H-+O I E A 0.2645
nm, BN 115.283°). B T A2 4h, TiLe J82 [l
[Mn;(TisLe)2(H20)o( DMF )6 ) 8 2 8] 43 A A AEAR 52 1) 77
YEFH GG 0.3544~0.3586 nm). @it LA EAEH Fy, #H
R TisLe ZEAI [Mns(TisLe)o(H.0)o(DMF )] 73 5 1 Bl —
MEERI—LEE, BEPAZE DL ABAB MR T 0%
BT YRR T4 . BRI, 1E PTC-241 FIA R
W ZH, 8 D-(+)-2-WRIERR & #e i L-(—)-2-URIERR, FX
A 152 A,

(@)

B 1 aY PTC-241 M (a) TiLe BRI AIIFITIE; (b)
[Mny(TisLe)a(H20)o(DMF)s] 2 2 7] B S8 4 il (029—H29B--018); ()
ZHEMERGE T THESE. 9 T EVE R BORE N, B SR T OO R
Figure 1 Structures of PTC-241: (a) Coordination environment of the
TisLe cage; (b) illustrations of the 029—H29B---O18 interactions between
[Mn;(TisLe)2(H20)o(DMF)s] cages; (c) 3D packing supramolecular
framework. The hydrogen atoms are removed for clarity

2.2 PTC-242 ph @Ikt
1£& 4 PTC-101 £ DMF/H,O W I Nd(NO3)s,
£ 60 CRRM 3 d, 193] PTC-242. 250453k
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PTC-242 J& T8l 5k &, ZIAIREN P2y/n. TEE AR
BooH, B8 — AN Tille 2, —> NdIID)H O, 5
A~ DMF 4371 2 A Hy,0 43 F LA 73 (Me,NH,) "BH 5
T g (en) &M F B S FRE ST, BT
F o4 PLATON FEFH HAEL M #ER). W 2(a)
fizn, £ PTC-242 1, TisLe BRA—ANAIMT 1 4
NI H 0 JEF, R T [Nd(TisLe)(H,0),(DMF)s]%.
Nd(ID J5 =2 \EAL g, H 5 4> 0 FrkET 5 4
DMF 73 ¥,2 N0 kAT 2 MH0 40, A 110
JRFMRE FHRE O HF. Nd—O KRR

B 2 (&Y PTC-242 LML () TuLe M ALFAEEE; (b)
[Nd(TisLe)(H,0)2(DMF)s] % 5 (Me;NHy) “ il en 2 [H] {1y 208 1 FI (N—
H-+0); (c) Z4EMERE G THESE. N T i RREH, Hods T
SYIAIIES

Figure 2 Structures of PTC-242: (a) Coordination environment of the
TisLe cage; (b) illustrations of the N—H--O interactions between
[Nd(TisLe)(H,0),(DMF)s] cage and (Me,NH,)™ and en, respectively; (c)
3D packing supramolecular framework. The hydrogen atoms are removed
for clarity
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0.2415~0.2614 nm, 7E% UL Nd—O fga K5t Bl py 0,
A O—Nd—O JuURMIZE 71.8~143.8°. 7EiZ&5Hh,
FH AL [Nd(TisLe)(H,0),(DMF)s] %8 22 8] K| Fi (Me,NH,)
Al en j@iE N—H--O EBAEHN—H-0 #MEEAN
0.2742~0.2841 nm, %N 162.061°~171.690°)% i
K, BETERR = 4ER B ARG . gk —4EfLiE
(18 7T HEZL.
2.3 PTC-243 {) &R LEH3EIA

FERTH AR, FRAE TiyLe 28 RIRCALLL%E & K
PR AA E m AL B &R (W Catt
Ba’"). fE 5 PTC-101 )= LB/ L BE/H,0 71k %
FMA BaCly,, 7E80 ‘CFRF3d, 33| 1 PTC-243. I
EmAE R IR W], PTC-243 2 — K HE L MERIR S #.
EET=/REER P-1 . EENANRREIGH,
i 14> TisLe %8, 4 1~ Ba(Il) )5 1-(Bal, Ba2, Ba3 1 Bad), 5
AN = CRERRE R, VARG 7 (MeNH,) " FHES 7 (L4
MIFHES T AR ST, R B4 M PLATON 274
HAGEPBE). W 3)fR, £ PTC-243 1, &4
TiyLe 281 VYN0 R 2 SR #REE RSN R A (0)
JR T 6 4 Ba(ID)JRE 7. Bal J& -T2 JLECALIK), Ba2 Al
Ba3 Jil &AL, Bad J3 T2+ B0, = OB
WA IR A AL T A BadD R+ I, Hd, H2
A= TR RSy THAAE Bal JR7 F, 1 Ba2. Ba3 il
Ba4 57 FIEELAI A H,O 73 F. 74%, Ba3 #l Bad @it 2
A OH EFZEE R TE AU B SR T RCAL T TigLe 28—

B3 (LAY PTC-243 MZEHE: (a) TLLe MRS (b) —4t
) B2k

Figure 3 Structures of PTC-243: (a) Coordination environment of the
TisLe cage; (b) 1D linear chain
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T . Ba—O MEEKTERIA 0.2632~0.3105 nm, Ba—
N KK IEE N 0.2982~0.3077 nm, 5 3k IE A
Ba—O0, Ba—N #KJEEEMI. #H 0—Ba—0 il
MIZE 54.60°~162.29°, O—Ba—N i NI7E 57.69°~
161.88°, N—Ba—N 8 MI7E 172.3°. HHBKIZ, MK
T2 AEIS Bad JETERIL R — 2 RT TisLe-Ba, B,
M0 5 25 AHAB K TigLe-Bay B 2 (Ml P &5 E 1 nen
(0.3846 nm)fF FHERTE L — % —4ERNERE, XFERIXL
L O AR F S MR R = 4E R o T
g
2.4 PTC-244 &R LEHtid

¥ EiR PTC-243 (1) BiA & H 1 BaCl, #: i CaCly,
= ORI F R — LR, AR T LAY PTC-244.
BREERI TR Y] PTC-244 2 —MNEREH. BET
RS RAN Ce FIEE. BRI DNAKFREEH T
ALHE 1A TigLe 7, 3 1™ Ca(I) )5 F(Cal, Ca2, Ca3),2
LR 00 7 e B4y (MeNH,) ™ FH 88 1 Al &5 44 4y 1
(HRMEFMEERS T, BLFC4A PLATON £
P HAEE PR ER). W 4PN, £ PTC-244 H1,
B TiyLe B = AN TR AT T 54> Ca(ID) ¥ Cal £ Ca3
Ji & -BRCAL ), Ca2 JET 2 /SELAL. Cal A Ca3 Ji+
AL | A AR R R 1N 2 A HyO
43, i Ca2 JiF ENEALA 54 HO0 4. Ca—O ()
BRIEEA 0.208~0.250 nm, Ca—N [IHKIEE A
0.248~0.2611 nm, 1XLEHRLEH LI Ca—O, Ca—N K
Y2 2 i 0—Ca—0 JEETE 52.0°~175.0°,
O—Ca—N JEEINIZE 66.9°~149.2°. AR, HARK
e iEId Cal F Ca3 JR TR — Mg R BH
YR —HFLE RSN, B5 B i 458 5 1)
meeem (0.3882 nm) A FH I A8 4 MERRE Bl — 4 350 1k
Iy FHEZE.
2.5 PTC-245 W@ REEFEIA

Hilf e, 4iE0EY PTC-244 S A R —
LEEREEF S He e DMF I, 433 7154 PTC-245.
PTC-245 FIFEHZE N 4EE45H0), HET=H%A
R-3c AR, 1R T MAXIREILH, BFEE 1/3 4 TiLs
¥, 14~ Ca(D) R T (FHE PRI 1, RELFEEH
PLATON #2578 HAES M th#BR). W 3w, 5
PTC-244 R[] f2, 78 PTC-245 F1, F4 TiLe =
AT 64 Ca(ID) T FEA Ca(ID) 0 R 7R ELB
BepriEl, Hh s A O JEFRET 54 H,0 o4 1, 21
O FTkREAT 2 MRE O JiT. Ca—0 MEKIEEA
0.2332~0.2410 nm, #f O—Ca—O0 JEFEINI{E 50.1°~
167.77°. & 3(b)Friw, MLARE L AEE Cad) L
JRFIER R — NS EAR . B YRGB R —gE 2 4
M, BS5EZ @R EREN o-n (03968 nm)fEH
T A8 A HE R B = 4 3035 (588 70 T-REZE.
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Bl 4 {L&Y) PTC-244 1 PTC-245 HIEEFIE: (2)F(c) 2 BN EA1H
TisLe ZEBCAL AL (b)FI(d) 73 B A AT 4k 2 4544

Figure 4 Coordination environment of the TisL¢ cages in PTC-244 and
PTC-245 (a, c) and their 2D layer structures (b, d)
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F3E(—CH,—) B C—H MW4iiRahE. 1364~1590
cm ' 0 PR P DR UG I 4 ) T SRR TG AR 25 38 B
C=C HAEIRFNEFEIE. 1252 ecm ALK IH)E N C—O
gEIRENE. 790 em ' U TR T —CH,— [T Y #2 2,
HE—PAE T = R R . LR T AL
2.7 BIBESHI X LM KRTTH O

N T IR SE T, Le- 28 FE L A 0 KRR e 1, 3RATT
KL A YIPTC-242~PTC-2453E1T T #70 HT(TGA)MIR.
MR BAE A5 em’/min, FHEHEZE A10 C/
min, ¥ M BRI, 700 CHH. TGAZ Bniks
YIPTC-2423847 VU0 B i (1) K (KIS 10). = $[100 C
Z AR E 2)15%, R A R R HO %4 43 7 1) 25 k.
7£100~250 C 2 [A] K FEZ120%, * N & DMF &) 5
THIRE. 1E250~420 CZ AL EL10%, XN F &
(Me,NH,) " BH B 7 F1 £ — i LA X e A T H,O RIDME 431
B AN420 CHUR, TisLeJE I WREEAT 02250 fiR,
WERRYA AR ARG, T T
LB YIPTC-243, ‘B MITGAR 2 2~ (ES11), 7150 C
ZHTRAE T E— D RE, KMLI5%, XL bl A
H,OM O &A1k, 7E150~250 CZ A% A
W1 R AR, 250~420 C A MRk E, KL
17%, M420 CI4E, TiLeIT M T 0, &)e
AN AR . AL SR A Y. (LED
PTC-244F1PTC-245111 TG th £& % A L B 2 1 °F & (E
S12, S13), MEF#REERITEE, BATED R &A1
BCAL I 7 737 LA RSP BH 7, O AR BE o — 4EAESE
PR, 450 CIFUE, TigLeZETTaa AT 22 00 i,
R RPN AR S RS S, T Ah,
W R XS 2 A7 5 B 1 (PXRD)AIE SE T A& Y PTC-242~
PTC-245MFF i 2l FE 1R/ (ES14~S17), BT EE S
[EPNIOE |0 El VN
2.8 WHMRAR

FZREAMERL)E T n-LPEE VLR, HEER
SRR USOR ], TEEIRAAE T, FRATHTIE 7 ISR AT
(L)AL A1) PTC-244 Fl PTC-245 [H[E 506 R B
WE(E 5). WEHATEH, 76 365 nm FIBKER T, it
AR ETE 547 nm AE BRI DGR ST, X ] REZ H
o T AR, FIFEAE 365 nm HIBKBUK T,
PTC-244 1f 462, 621 nm 4bFH AN K FH%, 1 PTC-245
1E 445, 673 nm ALA BN KRG, TAJE 9P FRAS [E
FERIE, B4 @ -Ho A 2 18] (1) - BRE A0 G - ic A4 2 [1A]
H L TR, 7F PTC-244 F1 PTC-245 ({458, il fE 2
HTIAZRRICA S Ca()BE FIBCA AN, LARAE
PTC-244 "F {7 1E — ZBERZECAKR, TS E T emrRk
PEREM 2 52
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Figure 5 Normalized emission spectra measured in air at room temper-
ature for the L ligand and compounds PTC-244 and PTC-245

3 4hip

Wi =B, EARRRE AR BT, FIHA
ARALABETHRER) TisLe PUHIAZE /S HIA Mn>", Nd*™,
Ba’ il Ca®" B, 33T RS TiLe- A,
Rt X 2R R AT H X IX LA S AT T S RRAE.
g5 o BT W, PTC-241 & B AAAA-[TiLs] Al
AAAA-[TiyLe]-Mn; ZE38 58 §51F H /1 (F BN n-n HERD)AZ
HEHERUE B 7 T F 1 59, PTC-243 &2 —2KH 4
JE ) TisLe-Bay B5; 1 PTC-244 1 PTC-245 NZHA A
AU IREE I — 4 TigLe-Cas J2. DL ERFFEAIREH,
TEARF PRI R, SAFMEER TR, Til %
R R R ECA 24T 8. X Ti,Le- R S
B ) A BN S5 A T N BRAT 5 B T 8 1) D A%
TAECA S M RERF FLAT B T R AT At

4 SLIGERSY
41 NHESHF

N TFRTIHMX, BL'5 SuperNova /NrFAHTHHAX, Mo
Ka (4=0.071073 nm)&#& Cu Ko (A=0.154184 nm)J;J&
R X SR R AT, 495 MiniFlex-11, Cu Ko (A=
0.154184 nm)EJR%ES, FHEE 5 (°)/min; fHEHAR
P ML, BUS N Magna 750 (500~4000 cm ™),
KF KBr AWK 560X, 55 STA449F3,
MR B A F I AMN, FHEERHA 10 C/min; K4b-iE
LLAMEBRASTOEIEREA, B FLS1000, HF =i T IH
PR O CER YR,

TooK LR (PEBE98%), il R e (1) /S KA 4 (4
99%), oK EAL BN (4 EE99%), T& /K SAL A (46 £ 99%),
DY L RAL B (4EE99%), — LM (ZlFE99%), — .1
Ji& (41 £ 99%) A1 N, N- — F 3 R i (o0 W 2l ); 7% 48 7Kk )
.
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4.2 MRBYHIE
42.1 PTC-241 t54-5%

£ 20 mL 3 FRTE 55 A BN, % PTC-101
(100 mg, 0.027 mmol)i& T 6 mL ) DMF (4 mL)#1 H,0 (2
mL)E A HE W, REIMA T /K B30 mg, 0.17
mmol), P4 IERILE(30 mg, 0.19 mmol)Fl D-(+)-2-Ik
BEFR(30 mg, 0.23 mmol), A RSN 20 min LLR A
51 BE B ONRUE 80 CHTEIR M gk 3 d, &
HAE E =R E B, SRR 62 ik
sk, S35 F DMF ¥k diik, JR7E =R M
422 PTC-242 494

1E 20 mL JF e 35 n# s BN, K PTC-101
(100 mg, 0.027 mmol)# T 6 mL ¥] DMF (4 mL)F1 H,0 (2
mL)VR GV, AAE AR E () /N 7K E4(65 mg,
0.15 mmol), HAEEIRS) 20 min LRSS, Bk
MRE] 60 CHIMERMF TN 3 d, BERER, 15
Pl KRR, 2REH DMF Jhikibik, JFEER
THT(G R 14%3EF PTC-101).
423 PTC-243 4%,

£ 20 mL #F [T HE 55 A= SN, # PTC-101
(100 mg, 0.027 mmol)¥4 T+ 5 mL H = Z (1 mL), &
(2 mL)A HO (2 mL)REVEH, SRIEMATCKE
H1(40 mg, 0.36 mmol), 75PN 20 min LLR A 55,
a4 RN 80 C HITEIRMAE N 3 d, EHE
HEFRAFHE LY, [T ORIRMSE, REHZE
TGS AR, HEZER MR =E: 55%%E T
PTC-101).
424 PTC-244 t94%,

£ 20 mL 3 FRTE 55 A BN, % PTC-101
(100 mg, 0.027 mmol)¥#F T 5 mL 1= LEEHE (3 mL)H!
H,O 2 mLyE&EERT, SREIMATKENHE (40 mg,
0.36 mmol), HA RSN 20 min UR A2, W
MKRRE] 80 CHIMEIRMA FIN# 3 d, EHAHEREIR
HEE B, JRa ek, SRR
m R, HAEER FHET(=%: 61%%5:T PTC-101).
425 PTC-245 494 %

1E 20 mL #F e 5 A s BN, K PTC-101
(100 mg, 0.027 mmol)i#% T 5 mL ) DMF (2 mL)#1 H,0 (3
mL) R & H, SR 5 AN B K &AL E5 (40 mg, 0.36
mmol), BAEEIRS) 20 min UEEHIA]. &)k N IR
A 80 CritEE AR PNk 3 d, EHAHEEE, 5
Bl a2 AR, A5 ZRBKEER Mk, IEER
TNHEF(F= % 65%3EF PTC-101).
4.3 BIRHLEHINIE

PTC-241~PTC-2451] 5. it X- i 8 A7 S £ d 2 I A
SuperNova/N AT HHAXAE H I BURIR (100 K) N EAT il
S, BTS2 Mo Ka (A=0.071073 nm)=# Cu Ka
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1 F F ®R

(A=0.154184 nm), w445 K fif b AURS 12k F SHELXT
FOolex2 2 7 AL AL B . R B 2 &R )5 700 &,
SR FH 25 (8 R B0E A B /N R SR H A SR AR AR 1A
b, B Ja /N IR il AT B IE. (G A R
TFRERMA. 5MMLEY I CCDCS 92004079 ~
2004083.

PTC-241)& T =i &, TEAR32, fESH:
a=2.69116(10) nm, ¢=9.5436(4) nm, a=90°, y=120°,
V=59.858(5) nm’, T=293(2) K, Z=6, D.=1.108 g/cm’,
SAE159621 M AT RIER, 270844 52& S AL I (Rie =
0.0963), R, =0.0766 (I>20(l)), wRy(F*)=0.2025 (I>
20(I)), GooF=0.980.

PTC242)&% T H R, SEBEAP2 /M, FS
#: a =1.95000(4) nm, b=4.63188(11) nm, c=2.54727(5)
nm, a=90°, f=94. 863(2)°, y=90°, ¥=22.9245(9) nm’,
7=293.19(19) K, Z=4, D.=0.954 g/em’, %3£619261
AT Rl g, 295384 2 M AL ) (Rin = 0.0641), Ry =
0.0868 (I>20(I)), WwRy(F)=0.2557 (I>20(l)), GooF=
0.971.

PTC-243)8 T =R R, SHFAP-1, RS

=1.85455(2) nm, b=1.87317(2) nm, ¢=3.18963(3) nm,
a=282.6960(10)°, f=73.6550(10)°, y=65.2620(10)°, V=

9.65630(19) nm®, T7=293(2) K, Z=2, D.=1.396 g/em’,
K 3E33666 TS RIS, 193294 & B ST 1 (R =
0.0305), R, =0.0765 (I>20(I)), wRy(F*)=0.1972 (I>

20(1)), GooF=1.019.

PTC-244)& T H R R, TRIBENC2e, FMSE:
a=2.97126(6) nm, b=2.47487(7) nm, ¢=4.51176(12)
nm, a=90°, $=91.016(2)°, y=90°, ¥=33.1719(15) nm’,
7=99.99(14) K, Z=8, D, =1.188 g/em®, 3L454491M 7
S B UCER, 16666 A J2 JHST 1] (R = 0.0489), R, =
0.1187 (I>20(I)), wRy(F*)=0.3698 (I>20(l)), GooF=
1.196.

PTC-245)8 T =J7dt &, ZHFAR3c, iS4
a=2.58775(3) nm, ¢=9.28756(10) nm, a=90°, y=120°,
V=53.8613(14) nm’, 7=295.89(10) K, Z=12, D.=1.150
glem’, . 3£36296 1 F7 T r g IR EE, 93814 & AN
(Rin=0.0281), R, =0.0702 (I>20(I)), wRy(F*)=0.1947
(I>20(I)), GooF=1.046.
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