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A Series of Open—Frameworks Constructed From Polyoxoanion Clusters and
Copper—tetrazolate Complexes: Synthesis, Structure and Properties

Cheng, Lin Fang, Weihui Yang, Guoyu*

(State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter,
Chinese Academy of Sciences, Fuzhou, Fujian 350002)

Li, Xinxiong

Abstract Polyoxometalates (POMs) are discrete metal-oxygen clusters with different shapes, sizes, and compositions,
which provides a variety of structural building units (SBUs) for making novel and robust POM-based cluster-organic frame-
works. Therefore, the combination of POM clusters and metal-organic frameworks will open up a new avenue for the creation
of a variety of novel functional materials. Recent years, the hydrothermal technique proved to be a particularly powerful syn-
thetic means of making crystals of numerous organic-inorganic hybrids. In this paper, three organic-inorganic hybrid open-
frameworks constructed from different types of polyoxoanion cluster units and Cu-(2-ptz) (2-ptz=5-(2-pyridyl)-tetrazole)
complexes, Cus(2-ptz)4(H20)7SiW12040°4H,0 (1), Cus(2-ptz)s(OH)(H20)3:PW12040°H 0 (2), Cug(p-0)s(2-ptz)s(H20)o-
(HeP,W5306,)*3H,0 (3) have been hydrothermally made and structurally characterized by elemental analyses, infrared spec-
trum (IR) spectroscopy, thermogravimetric (TG) analyses, ultraviolet-visable diffuse reflectance spectrum (UV-DSR), powder
X-ray diffractions (PXRD), and single-crystal X-ray structural analyses, respectively. Structure analyses reveal that com-
pounds 1~3 are three-dimensional (3-D) frameworks. The structure of 1 is built up of the isolated zigzag Cu-(2-ptz) complex
segments and SiW;,O% clusters; 2 is constructed from the 2-D Cu-(2-ptz) networks and PW,,03 cluster pillars; while
3 is made of the linear Cu-(2-ptz) chains and P2W18022_ clusters. Magnetic measurements indicated that compounds 1 and
2 exhibit antiferromagnetic interactions between Cu ions, while compound 3 display ferrimagnetic coupling behavior.
UV-DSR spectra indicate that compounds 1~3 are potential semiconductor materials. The successfully syntheses of com-
pounds 1~3 not only testify that the shapes and the number of negative charges of POM anions have an important influence
on the self-assembly of organic-inorganic hybrid POM-based materials, but also may open up possibilities for the design and
construction of new POM-based frameworks with particular functions in the near future.
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W&, X TR B AR B EAME B AR B 4584
R, R RERDL AN BRI 2R R, RS
B —FH B Dhae s kL

TEARZ 2 N AR 2, WIPER) 5-(2-MEmE J)- Y e
(2-ptz) & 2 BATVE DB G BC AR, XS PR SRR A A H AT
5 MBAEIECAT S ANIERE SR 70 4 AU ),
FIE IR AU R T BOH B R SRR L. hEe iR
FRI—ANAHAB A M U 1T LA 6 8 B B A A, S
B SRR T DA e LI I 4R S RO
R BT B A [Cuy'Cu (2-ptz),CL]™), [Cu(2-ptz),]™,
[Zn,(2-ptz),(H,0)6](CF5C0,),*H,0M Y K [Fe(2-ptz),-
(H0), M A A W b S i A 3. B A R, 3Rl
(FIF T AN SE IR ZOHT I 2-ptz R 4@ lic &4, 1
A 2-ptz WIS B EC SR — MR BT, KL
FUE IO A AN 22 B () 458 5K 5 JO WL 4 J8 AU A PR T 25
Ak, WA RIE A 2 R AR A A
DIREMRL. HET, JET 2-ptz oAk 5 4 8 SR SR e )
PR B O LRI, QR 2-ptz 5 Mn® " JAHA
it BT — RO, W T AR S
W REPEN, R 2-ptz, Cu® Fl Keggin B 4> Ja 48 5 4H 26
3 T 1-5 3-D LAY T AR R R, gk
Ah, K 2-ptz (AR EC A P 2 4 8 AR R T, BP9 T
et R, LR AL 2-ptz, WLIE SR T
Je— P B AU O AE AN ) R N AR . T e
BRI I HAr N PR A R S R ), DAL, FRATTAE
i 2-ptz BifA. Cu* 5 HAT AN [A) oy (1) 4 S8R B G
AR 2 At N d2e, AR AN H B &)
(Scheme 1), 1y HUFEW] 1 <5 8 U 5 76 (1) HLAar X =) &5
FIISEm. 3 AMEEPIUTF: Cuy(2-ptz)s(H,0)7SiW 1,040
4H,0 (1), Cus(2-ptz)s(OH)(H20);PW1,04°H, 0 (2),
Cuo(p-0)¢(2-ptz)s(H20)o(HeP> W1504,)*3H,0 (3).
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Scheme 1 The formation scheme of the title compounds
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SR EE R FR pH AR R SNk JE A5 R 2 06 A 1
T SN, ALY 1~3 (S A R SN A 2 1)
pH {EAREUEK, HeEdtl pH (0 1.7~2.1. WS &
AZ pH {HEXANE L, AR A, W
WEY 1~3 LRI I —ANEER R, WRRNVAR
MIHLE (140 C)B#MK 20 C, HARIMEER AR, WH4Em
SV R 160 C LA F, WIF=47= 2 A%, BT 5 45
RIS, (LAY 1~3 PR ELSE 6, HIE M
B2,
2.2 &M Cuy(2-ptz)s(H20)7SiW15040°4H,0(1) Y 45
¥

X S BRI TR AW 1 B T IER M A
Pbca 7B, BA =Ye i 28 4ii). AR IS A 1
A Keggin B SiW,,03 #%BH BT+ 4 4> Cu*'. 2 4> 2-ptz
feAARs 7 ALK LK 4 A E kS /K (Figure 1a). o 4 4>
AR ZE T Cu T R PR A AR S TR
Cu(1) & T2V 5 HER B Cu(1)N40, 55 2 4N 2-ptz licfA I
) 4 NEJET(Cu—N: 1.976(13)~2.045(15) A)F1 1 4
SiW,,0% #575 b 13 4 e A7 (Cu—0: 2.285(11) A).
CuR)& A& /NHCAL )\ R Cu(2)N;05, 43515 2
A 2-ptz B4R B 3 ANER T [Cu—N: 1.963(14) ~
2.036(16) AJHI 3 MEIALK[Cu—O: 1.935(14)~2.629(7)
Al4itr. Cu(3), Cu(@) & FIIBCLA FI LY Cu2) & —FEm),
HB AL SO AL N T R R T Cu(3)N;0;3 F1 Cu(4)N;0;
[Cu—N: 1.968(15) ~ 2.020(15) A]. A6 2 4 fE T
Cu(3)N;0; Hl Cu(4)N;0; J\IHAAH ) 3 AR 2 A4
kB FRALK, 1 AKAET Siw,04 # [Cu—O:
1.985(13)~2.251(14) A]. tb&W 1 (=45 28 th Z F5
¥\ I 5176 [ Cus(2-ptz)s(u-0)6(Hy0)14]* (Figure 1b)iliid
SiW,, 05y 7 B JCIE B2 111 /% (1) (Figure 1c¢). [Cug(2-ptz)s(u-
0)6(H,0)14]" /U H It 8 A Cu' 5 8 A 2-ptz B ik
Jo 14 ANFATKA K. A )\ el 6 A p-0 Hik
JEFIE R Cu—O—W 4 J5 382 A I 1) 6 4 Siw,,05y 7%
LG, AN SiW,05 FFICNTERE 3 A W—0—Cu
TR [ ) = AN )\ e, i G a By i HAr —
YEFLIE ) = 4E e, HALE RS 4.5X5.0 A (Figure
1d). AR 22 10 M Bk, RS )\ R T R B A
SiW,, 0340 FEHICAIEM 6-F1 3-JER LS 5, Ik, b
HBY 1 Y AR T (3,6)-E B N S #h (Figure
le), HANIMFFE {62481 {67},
2.3 k&Y Cus(2-ptz)s(OH)(H20)3sPW12040°H,0 (2)
RILEH

&Y 2 | T =R &R P-1 &R, HARFRE T
AT 0.5 N PWL05 R IG. 2.5 D Cl' B 7. 34
2-ptz FeAK. 2 MR, 0.5 DIREEDISE 1.5 A ik
K (Figure 2a). &5 Cu' 887 S0 H =P EC A7 A4 L
Cu(1) B+ A /SHCAL I\ THAAEF B Cu(1)N4O,, Cu(R)E 14
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JK[Cu—O: 2.451(19)~2.605(16) A]. & Cu(2)N,O P4 J7

ST AN R TR, XS SR E S
CLRIE ) (58T 2-ptz B AA 2 RO 342 4
Cu(1), Cu2)& T HRCARL: & TR T — 45k (Figure 2b),
BB DU IE ) Cu(3)(2-ptz) B e R #3442, B —
Y 45 (Figure 2¢). A= EE: 76 c By m, 252N

PA-A-A-A-J7 A HEEE, JZ A1) Pleoio TEAE AR T
FRAPI A S BRI Cu(1) & FRCAL, TR =4
JE R A 4 (Figure 2d). H T, 18 TEHLR B 0K
FCER Y 2 R AL S A 2 .

Hep, 4 ARJRTRAT 2 A 2-ptz Bl [Cu—N:
2.000(17)~2.356(15) A], %R 7 04 BE A7 7K [Cu—O:
2.200(12) A]. 75 Cu(3)N, IEJ5 e, PUANEURTR A 2
A 2-ptz Fiofk, DLEERIERYE CuB)E TR 7E45H)
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B1 @&y mEAEFRE G, TR, AT HIA R AR K ST (b) Cu® il 2-Prz BAATE U B (c) [SiW12040]* IRIBCA 45,
(DA 1 =GR ARE A (B VI o F07 IO = dedndh, JEh 20 @7 AARKSIW 00401, T RIARFE[Cus(2-Piz)s(n-0)6(H20)14] H B
Figure 1 (a) View of the asymmetric unit of 1. All hydrogen atoms and lattice water molecules are omitted for clarity; (b) View of the segment of Cu®*
and 2-Ptz complexes; (c) View of the coordination environment of [SiW,04]* ; (d) View of the 3-D crystal structure of 1; (e) The 3-D topological net of
1 along the a-axis. [SiW1,04]*" nodes: red; [Cug(Z—Ptz)s(p.—O)(,(HZO)14]47 segment: blue.

(@

B2 (a) &2 WEAERTRREIG, 0 TR N, A0 TR 1 BRI EEK 7 O)EY 2 i — AR, (a2 it — 4k
SEIREER; (B 2 9 a BT T = 4E 450, WO 2065, POy 284, XTRRIL: #1: (—x, —y, 1—2), #2: (—x, 1=y, 1—2), #3: (x, —1+y, 2), #4: (x,
1+y,2)

Figure 2 (a) View of the asymmetric unit of 2. All hydrogen atoms, hydroxyl group and lattice water molecules are omitted for clarity. (b) View of the
1-D chain structure in 2. View of the 2-D layer structure in 2. (¢) View of the 3-D crystal structure of 2 along the a-axis. WOg: red, PO4: purple. Symmetry
code: #1: (—x, —y, 1 =2), #2: (—x, 1 —y, 1—2), #3: (x, — 14y, 2), #4: (x, 1+, 2).
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2.4 {E[Cus(p-O)s(2-ptz)s(H20)e(HeP2W+15062)]*
3H,0 (3)8Y4E 4y

WY 3 RO R3e 2R I, AR FR e &
1 1/3 DP,Wi08 FEFIG. 34 Cu B 1. 2 4 2-ptz
BefA 2 A4 p-O JF 3 MNEALKSSF-BAA 1 AN didg K
(Figure 3a). 54L& 1 F1 2 AL LAY 3 (=4
‘B4 (Figure 3c)& H—4ERC SR Y4k (Figure 3b)MERRIE Ak
ANJTLIE, 1 Py WigO8, KB G Il ik H N AN i R R
JATAEE B SAN B R, METR AAE N T ALIE
gikgh Cur s PR A PR Cu(D)AT Cu(3) 1
FENECAT )\ AR L CuN;Os, 6 ANEALIR 45 2 4
2-ptz BRI 3 AEJET(Cu—N: 1.980(19)~2.052(2)
A)\ 1 /I\ M-O JE?F\ 1 /I\P2W1802; %ifﬁiﬁgﬁ#ﬁ%\lﬁ?
F—ANEAL K 5> T [Cu—O0: 1.892(1)~2.172(1) A]. Cu(2)
BT e ALY HERI T CuN,0s5, 5K H 2 4 2-ptz
BEAK I 2 ANEJR F[Cu—N: 2.072(19)~2.073(19) A]. 2
AR ALK 7 F[Cu—O: 1.892(1)~2.172(1)
Al LAY 3 Mgk, — kL T TC SR B s H
TH 2-ptz FC A I 04 25 R B AT PRI C A AR A
A 1)(Figure 3b). IXFp—4EBEH = NASE (195 7] SE A T
HERL, TR T HAT =X AR 7N 77 fLiE (Figure
3d)RBL o, N LB M ALIEIE R 13.5 A (Figure
3e). HBRMIE: P,W08 FEHITH 6 Muéiind 6 A
Cu—O—W #1551l 6 458 L 1AV I 7B TR AN T
fLI. IXHE, JWIE P, W08 FEHITHERAEM, ¥ oA

AHIE /N % — YEBEIEH 1 — 415 42 (Figure 3e).
2.5 FEMEMK

WA 1~3 [ EER A2 IE AR AMEE% 9 1000 Oe.
LR 2~300 K A IR, G4 1 F0 2 1R K
WA )~ IR AN 55305 TN (o T 0T 1L S 1) 224K,
£k N Figure 4 B, E=IN, AW 1 2 1 T
{55394 1.57 emusKemol ' 1 2.07 emusKemol ', I
TALEY) 1R 2 5 4 SRS SRR AR A A T I
e Cu* (S=1/2, g=2)B FIMHE T 1.5 F11.875
emusKemol . FHF LM R, thB 1R 2 (1) g T 1H
BTN, 1E 2 K 51K %] 0.06 A1 0.04 emueKemol .
XFIAT AR WIAE W 1R 2 45 Kb ) Cu® B 1 2 1Al 4E
FEH SRR EAE . e AT B IR BEAL 8 B O X
PR AR 22 SIAE 17 AT 21 K DL 3y s -4
JE M (Figure S1), HAMIHH ol iE —47.13 F1—62.28
K, JaBH 0 )02 1.83 F1 2.48 emusKemol ', #t—
WAUE TACED 1 F 2 ik P ARG RGN EAR HAE .
A BN R BB, U0 S5 A SR ) SR GRS &
ER. A& 1 R0 2 FEAS ARG Z 50 R AT il A R 0
oW 3R W o TAE A W7 tH B 5 (R O P (Figure
S2,3). S5k HT B AEA A 1R 2 g5k rh Cu 2 1]
B R & P 32 2 38 5 -N-N-, -N-N-N-F1-N-C-N-#1%
). SCERF R : -N-N-/-N-N-N-#F{E Cu®" 2 [a] 38 F 1% 36
}i%ﬁzﬁ%é\ﬂfﬁﬁ, ﬁu[(Conl5N702)2(C20H14N702)3CU9]-
(CF3803)5*5.5H,04. JbAh, -N-C-N-#f Sz A i -

B3 (a3 REAERFREIG; b)Y A 3 o Cu®' 5 2-Ptz BUARTB I — 4ESEIR G545 (VB4 3 UY ¢ By i = 4S5 M0 P (d)3 T4 e A
T SR VB HE R JU ) = TR S A SR U2 I 485 (V&) 3 TP T —UEBEMERR I — 4 fL3d, L [PoW 500 ]® MRIE AR fE FLitE

Figure 3 (a) View of the asymmetric unit of 3; (b) View of the 1-D Cu-based linear chain in 3; (c) View of the 3-D structure of 3 along the c-axis; (d)
Double network of threefold braids formed by the packing of the 1-D Cu-based linear chains in different directions; (e) View of the stacking of the linear
chains to generate 1-D channels in 3, in which the [PZWIXO@]“ clusters are filled
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Figure 4 The temperature dependence of the molar magnetic suscepti-
bility with temperature y,7 (0 for 1 and o for 2) and the temperature
dependence of the molar magnetic susceptibility y,, (m for 1 and e for 2)
from 2 to 300 K

A CLRIAIE W A 33 S R E AT EL AR A g 4220,
U, A 1R 2 RIS Bk 1 A ER .

S &1 2 AN, AW 3 BRI ARREYELT
N JCEE IR B Ak %6 55 1 i TR (o T R L5 1) 725 A 1T 2
WiEl s s, 16 300 K B, 4G9 3 1yl fHA 2.20
emueKemol ', Z/NTF45KF 9 ANREAEREVER M
Cu*" (S=1/2, g=2.00) HIHE yuT {H 3.375 emueKe
mol . BEFEIRLE K R, yul MEITURZEETRN, 5 75 K
JEATI A e /ME 1,52 emueKemol . 25 T HIZHT
BN, HHAE 20 K DL R SSARIE N K, 78 2 K Ik E] 4.17
emueKemol ™', IX AT S kR Ak A 0 1) R
fiE. Ak, LB 3 BB R R B E (. R )
BAGINEAE 180 K LA ERFG Ji H-AMie f, Hm AL
BRI AR B 5 4.04 emueKemol ' F1—256.32 K.
762 K i, A9 3 AR AR IR SR SLRE Ao FE
5 37 I 14 SRR T 1 N (Figure S4), JT4E 50 kOe &1
MR, GEE)3.27 NB, BT 34 Cu i B e AT HES I
BT M BEASAE, SC R 3 TR AR e GRS A 1R .
7 1.6 K ME&A M 2Iinr g, KRG 3 &—
ANBRE W BR AR T, R R [ 37 i 5 (AR i Ak
MR &5 R (Figure SS)YR WL AW 3 1) T {E BAT W 1K)
WEAH A, Y SCiRiboE: X TR EA R, WARAT
MBS IS RSB E THEME MR R
L, A 3 AR REMEAT S B S gy R
AEAE I = A 7 [ Cus(p-0)2(H,0)s> 4 K.
2.6 4I4M. K5 ME. #K XRD RIE

£ 1200~400 cm ' Z [, L&Y 1~3 LM
I3 HIAE 968, 916, 879, 805~534 cm™'; 1033, 979, 892,
815~508 cm™ '; 1092, 956, 911, 798~530 cm ' H I} T 11
F4 8 AR T B 1 B DA RRAE R B Wiy, eAT1 43
IR T w(SI/P—0,), (W—0,), (W—0), (W—O,)#
R dREh. 204N T 3000~3600 cm ' 55 A IR I
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Figure 5 The temperature dependence of the molar magnetic suscepti-
bility with temperature y,,7 (0) and the reciprocal of the molar magnetic
susceptibility y, ' (o) for 3 at H=1000 Oe from 2 to 300 K. The red
solid line is the best-fit according to the Curie-Weiss law from 300 to 205
K

Xf N T4 O—H, N—H, C—H [ %idksh; £t
1200~1700 cm " e[ Py RIWR A0 J0) U1 )i 1~ ML IS A4
N—H, C—H LK T+ O—H 812 ¥z 3)(Figure
S6~S8).

WA 1~3 RIS I (Figure S9~S11)/&
7E 200~800 nm JuHE N MR, fE&AEEY, 7T
650 nm PRI (0 FE A, 6N TG R TR A SR A
B & JE AR T SR T A IE . BbAh, it
Kubelka-Munk %0 a/S=(1—R)2/2R (a AWMIHN T, §
HHURTET, R Ay SR 28580 ¥4 18 S5 DG i i A A ol 22
Wik, 1930 7 & AMEE LA B4l 3.03, 2.63,
2.77 eV, ULHIX LML S PR 21 4.

A 1~3 B i Z(Figure S12)JE1F %R
T, 30~800 ‘CYuE LA 10 C/min [ THEE M 52 1.
ZIME R X AW R =0 R, XY
TIXEe b SR g K B AR HLEC A R 2

W& 1~3 Ik RATH AESU(Figure S13~S15)%
A S W75 A 5 e B XS R AT S B 4L i P
W45 TR B ASE T, 1 WX S8 A5 0340 4liAH.

3 4Hie
ARICRH Cu®', 2-ptz LA 4 A AN [ 2828 1 465 J U
BT, AEKIGAE N & T = A SR B i

HAIERIBAT T RAE. X RS TR =
HYIRAT YRR, VR RIL: A B 1 R 2 2L
S BRHEYE, Tt 3 WS B ANE LI ISR b
G 13 RS ] BAT AN R A ) < A%
BHES TR R 1 AT R . RS
A MR RE T A1 ARG RS, ity Hoh sy
HARI BTG AR gt TS HIOQ TAR IR AT,
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1o
1 & Cus(2-ptz)s(H20)7SiW12040°4H,0 (1)EIE

Ba >
¥

¥ [ i) CuCly*6H,0 (0.200 g, 1.176 mmol), 2-ptz
(0.050 g, 0.340 mmol)Fl H,SiW,04*26H,0 (0.234 g,
0.070 mmol)#K I E] 10 mL /K, 7808k 2 h
JEEIN 30 mL P A ZR DU G 20 AN 5 v 48 (O
W pH=1.78), T 140 C/¥ 3d, ZJ5 HARRHE =R
(RN S5 pH=1.93). &bk, AWKEEL TG, 15
FWE AHOR AR, PR AN 82%(F% w THET). CogHigCuy-
NygOs1SiW o JTCEAHTUHEAL C 7.37, H 0.98, N 7.16;
SCIGAE C 7.29, H 1.10, N 7.08. 204N (KBr & A
em '): 3414 (s), 1619 (s), 1470 (m), 1437 (s), 1400 (s),
1287 (w), 1272 (w) ,1245 (w), 1173 (m), 1113 (m), 968
(vs), 916 (s), 879 (m), 805 (s), 787 (s), 748 (m), 723 (m),
648 (s), 534 (m).
42 L&Y Cus(2-ptz)s(OH)(H,0)sPW12040°H,0 (2)
BIE R

wEY 2 MERSHAEY 1 AL, ASE M2
HiPW,04°10H,0 (0.214 g 0.070 mmol)ft# HSiW, -
049°26H,0. KMV HTJG pH {H 70 %l & 1.82 F1 1.96. 5 Ak
PREIAK 2 7220 90%(H% w 1155, C36H33CusN30045PW o
JCEMHTFEAL C 1039, H 0.80, N 10.09; SZ¥1{l C
10.35, H 0.70, N 9.94. 2[4M&i% (KBr s em '): 3545
(s), 1621 (s), 1472 (m), 1458 (m), 1436 (s), 1298 (m), 1276
(W), 1249 (w), 1175 (w), 1159 (w), 1079 (vs), 1033 (vs),
979 (vs), 892 (vs), 815 (vs), 749 (m), 726 (m), 651 (w),
594 (w), 508 (m).
4.3 {LEH[Cug(u-0)s(2-ptz)s(H20)e(HeP2W15062)]*
3H,0 (3)B & B

WEY 3 MERSHED 1 AR, AFZ b2
K¢P,W 15060 14H,0 (0.429 g, 0.070 mmol)fL# HySiW -
04°26H,0. N HT 1 mol/L HCl AR I pH {H 1 %
1.8, MM JG pH N 2.05. WEOHORGE 3 B FN
32%(F w ). CagHssCugN3OsoP,W s TG R AT 5
i C 7.05, H 0.89, N 6.85; sS4 {H C 7.11, H 0.75, N
6.81. ZIAMERE(KBr s F em™h): 3430 (s), 1620 (s), 1530
(w), 1464 (m), 1437(s), 1391 (w), 1290 (m), 1258 (m),
1219 (w), 1169 (w), 1147 (w), 1092 (vs), 1034 (m), 956
(vs), 911 (s), 798 (vs), 784 (vs), 740(s), 729(m), 714 (m),
596 (w), 530 (m).
4.4 LEVRIBIREHNE

WA 1~3 I AT BELE 298 K, Mo Ko 42k
(A=10.071073 nm) 4 & 5 P54, K Rigaku
SCXmini CCD . aAfiTH ORI, 4514k ] SHELXL
AP H BT BT PPN ARk AT
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M. C, N AR Fl v Hf . thaY 1~3
M AR A Wk 1, SLE AR SEAE B S0 v LS &
& 2% 50 ¥5 J5E (www.ccde.cam.ac.uk/data_request/cif) 3%
54, ‘S CCDC 822466-822468.

F£1 AW 1~3 MRS

Table 1 Crystal data and structural refinements for compounds 1~3

e 1 2 3
Empirical Cy4H35CuyNyo- C36H33CusN;0- C36Hs54CugN3,-
formula 0O5,SiW 04sPW, OgoP,Wig
Fy 3911.0122 4160.61 6129.95
Syrs}zt;l Orthorhombic Triclinic Trigonal
Space group Pbca P-1 R3c
a/A 18.5340(5) 12.1885(10) 22.597(3)
b/A 24.6157(8) 13.4952(10) 22.597(3)
c/A 32.4257(9) 14.4935(11) 35.804(7)
al(®) 90 104.488(2) 90
pI(°) 90 111.485(1) 90
y/(°) 90 106.047(2) 120
N 14793.5(7) 1960.4(3) 15833(4)
VA 8 1 6
D/(gecm >) 3.528 3.524 3.857
w/mm”! 19.826 18.976 21.444
F(000) 14064 1867 16451
Colled reflns 50640 15470 19452
z?lil?;le 16512 12902 6739
Obsd reflns 13753 11778 6503
No. of param 980 1059 356
Flack factor 0.00
Rin 0.0511 0.0423 0.0643
GOF 1.151 1.063 1.130
R\‘[I>20(])] 0.0643 0.0552 0.0610
r;}lelzgata) 0.1633 0.1415 0.1371

Ry =X Fo| = [Fl/ZNFoly " WRy=Z[W(Fo — F Y VEw(F, )",
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