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By synthesizing the novel molybdenum arsenate complexes, we have obtained eight new structures, namely, (4,4'-
bipy)[Zn(4,4'-bipy)z(H20)2]2[(Zn06)(As”'303)2M05018]°7H20, 1, [Zn(phen)z(H20)]2[(2”05)(AS”|303)2M06013]‘4H20, 2,
[Zn(2,2’-bipy)z(H20)]2[(Zn05)(As'”303)2M06018]°4H20, 3, [Zn(H4,4’-bipy)g(H20)4][(ZnOe)(AS”'303)2M05013]°8HzO, 4,
(H24,4’-bipy)[CUI(4,4'-bipy)]z[HzASV2M06026]'Hzo, 5, (H24,4'-bipy)3[ASV2MOGOze]‘4Hgo, 6, (H24,4'-bipy)3[ASV2M05026'
(H20)]-4H,0, 7, and (H,4,4'-bipy),.5(H30)[AsY2M0s0,6(H,0)]+1.25H,0, 8 (4,4'-bipy = 4,4'-bipyridine, 2,2'-bipy =
2,2'-bipyridine, phen = 1,10-phenanthroline). These structures were determined by single-crystal X-ray diffraction
analysis and were further characterized by elemental analysis, IR, XPS spectroscopy, and TG analysis. The structure
of 1 is constructed from two-dimensional square gridlike sheets linked by the polyanions [(ZnOg)(As"'305),M0gO1]*~
via hydrogen-bonding interactions to form a three-dimensional supramolecular framework with two types of channels.
Compounds 2 and 3 display similar bisupported structures. Compound 4 features a three-dimensional supramolecular
architecture. Compound 5 possesses a 1D infinite ladderlike ribbon. Compounds 6-8 are discrete structures exhibiting
three isomeric forms of [H,As,MosO4]® )~ Furthermore, compound 8 represents a new isomer B'-[As;M0gO2-
(H20)]F". In addition, the fluorescent properties of compounds 1-3 are reported.

Introduction spread and mighty endeavors have been devoted to prepare

Polyoxometalates (POMs), an important class of inorganic functlpna!lzed POM-based_ ma_tenals via _mcor_po_ratlorj or
coordination of metatorganic units or organic moieties with

compounds, have many properties that make them attractive talvsi iical. electroni q i fid

for applications in catalysis, materials science, and medicie. catalysis, optical, electronic, an' magnetic pr'ope. S.

During the past few years, research on POMs has greatly Heteropolymolybdates are an important part in this fiéd,
because of the redox-active nature of molybdenum. Such
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polymolybdates could be molecularly fine-tuned and provide tailings!® Therefore, further research is necessary to enrich
potential new types of catalyst systems, as well as interestingand develop this branch. So we made an effort to obtain
functionalized materials with other properties. Until now, a new materials based on inorganic molybdenum arsenate
large number of new functionalized materials based on building units with novel structures and interesting properties
molybdenum phosphates have been synthesized, and thewnd then further investigate their final applications in material
have exhibited not only varieties of novel frameworks but science because only an elaborate structural comprehending
also many applications in catalysis, ion exchange, and of functionalized material permits rational investigation of
molecular sieve$: 13 which have been reviewed by Haush- applications.
alter and co-workers2 Recently, one of the important avenues in the design of
In contrast to the rich information on solid materials based new functionalized materials based on POMs has been put
on molybdenum phosphates, the arsenate analogues remaiforward by Zubieta and Khan et &P;they combined
relatively undeveloped. So far the reports on molybdenum secondary transition metal complexes (TMCs) and POMs
arsenates have been mainly concentrated on several discret@ia molecular assemblies to produce TMC-linked POMs or

molybdenum arsenate clustéfst® Only recently, an inter-

POM-supported TMCs. So our synthetic strategy is the

esting systemic study on extended structures based onintroduction of secondary metabrganic complexes, which
molybdenum organoarsonate have been performed by Zubi-serve as organieinorganic bridging fragments to link the

eta and his co-worker§,and the use of inorganic molyb-

discrete As-Mo—0O maotif forming extended and supported

dearsenate clusters as SBUs to construct extended structurestructures. Moreover, we use aromatic N-containing ligands

still seldom has been reportéd.However, solid materials

based on the following consideration: aromatic N-containing

based on molybdenum arsenates may possess many potentififands not only may provide recognition sites for-x

applications in catalysis and materials sciet®éé’ For

stacking interactions to form interesting supramolecular

instance, molybdenum arsenates can act as functionalizedstructures but also may have potential applications in
materials to be used as coatings on carbon steel improvediuorescent materials as model compounds for electrolumi-

its corrosion resistandéa In addition, metal arsenates are

of interest for their applications as catalysts, nonlinear optical

materials, and ion exchangéfsand the synthesis of metal

nescence and optical-switching deviégs.
On the basis of the aforementioned points, we successfully
synthesized a series of new complexes constructed from

arsenates is an effective tEChnique in the immobilization mine inorganic m0|ybdearsenate under mild hydrotherma| syn-
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thesis conditions, namely, (4;dipy)[Zn(4,4-bipy).(H,0),]
[(ZnOg)(As"" 305),M0¢01¢]: 7TH,0, 1, [Zn(phen}(H.0)].-
[(Zn0Oe)(As" 303);M0601] *4H,0, 2, [Zn(2,2-bipy)(H20)]2-
[(ZI"I()G)(AS”I 303)2M06013] '4H20, 3, [Zn(H4,4-b|py)2(H20)4]-
[(ZnOB)(ASm303)2M06013]'8H20, 4, (H24,4'—b|py)[CLf(4,4’—
blpy)]z[H 2ASV2M06026] ‘H,0, 5, (H24,4'-bipy)3[ASV2M06026] .
4H,0 6, (H24,4'-bipy)3[ASV2M06026(H20)]'4H20, 7, and
(H24,4-bipy). s(H30)[As’2M0¢0,¢(H-0)]-1.25H0, 8. To the
best of our knowledge, compounds-8 represent novel
extended and modified structures based on the inorganic
molybdearsenate clusters of [(Zg(Asz:03).M0s01¢]*~ and
[HxAS:M0602¢] €~. Moreover, compound represents the
first example of 3D supramolecular open framworks con-
structed from 2D metalorganic coordination polymer layers
and molybdenum arsenate clusters of [(Z{Bs303)2-
MosO1¢]*~ with two types of channels. The unique structural
character inl not only represents a new type of open-
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framework structures but also indicates that Mgs—O

1442 (s), 1317 (w), 1284 (w), 1248 (w), 1175 (w), 1160 (w), 1121

clusters can be effectively used as functional second building (W), 1104 (w), 1064 (w), 1047 (w), 1023 (m), 1013 (w), 933 (s),

units (SBUSs) to construct novel open-framework function-
alized materials.

Experimental Section

General Considerations. All chemicals were commercially

902 (s), 874 (s), 808 (s), 778 (m), 737 (m), 678 (s), 650 (s), 611

(m), 565 (m), 520 (w), 465 (w), 426 (w), 413 (w).
[Zn(H4,4'-bipy)2(H20)4][(ZnO 6)(AS" 303)2M06014]:8H20 (4).

A mixture of Zn(OAc):2H,0 (0.5 mmol), NaAs@(1 mmol), Na-

MoO,4-2H,0 (1 mmol), 4,4bipy (0.5 mmol), and water (8 mL)

was stirred for 30 min in air; then the pH value of the mixture was

purchased and used without further purification. Elemental analysescarefully adjusted to about 5.20, and it was sealed in an 18 mL

(C, H, and N) were performed on a Perkin-Elmer 2400 CHN
elemental analyzer; As, Mo, Zn, and Cu were analyzed on a
PLASMA-SPEC(]) ICP atomic emission spectrometer. XPS analy-
ses were performed on a VG ESCALABMKII spectrometer with
a Mg Ko (1253.6 eV) achromatic X-ray source. The vacuum inside
the analysis chamber was maintained at%6.20~¢ Pa during the
analysis. IR spectra were recorded in the range of-4MDO0 cnrt

on an Alpha Centaurt FT/IR Spectrophotometer using KBr pellets.
TG analyses were performed on a Perkin-Elmer TGA7 instrument
in flowing N, with a heating rate of 10C-min~1. Excitation and
emission spectra were obtained on a SPEX FL-2T2 spectrofluo-

rometer equipped with a 450 W xenon lamp as the excitation source.

Synthesis. (4,4bipy)[Zn(4,4'-bipy)»(H20),]2[(ZnO ) (As" 303),-
M0gO1g]*7H20 (1). A mixture of Zn(OAc}-2H,O (0.5 mmol),
NaAsG (1 mmol), NaMoO,4-2H,0 (1 mmol), 4,4bipy (0.5 mmol),
and water (8 mL) was stirred for 30 min in air; then the pH value
of the mixture was carefully adjusted to about 6.84, and it was
sealed in an 18 mL Teflon-lined autoclave, which was heated at
140 °C for 96 h. After the mixture was slowly cooled to room
temperature, colorless block crystalslofvere filtered off, washed
with distilled water, and dried at ambient temperature (30% vyield
based on Zn). Anal. Calcd for (4;:8ipy)[Zn(4,4-bipy)>(H20),] -
[(ZnOe)(As”'303)2M06018]-7H201 C, 22.40; H, 2.33; As, 16.77;
Mo, 21.48; N, 5.23, Zn, 7.32%. Found: C, 22.58; H, 2.13; As,
16.62; Mo, 21.66; N, 5.36; Zn, 7.18%. FT-IR data (din 3334
(w), 1619 (m), 1539 (m), 1494(w), 1417 (m), 1226 (m), 1211 (w),
1072 (w), 1049 (w), 944 (s), 887 (s), 813 (s), 779 (s), 744 (S), 654 (S),
642 (m), 613 (w), 565 (w), 522 (w), 462 (w), 455 (w), 433 (w).

[Zn(phen)z(H 20)] 2[(ZnO 6)(AS"| 303)2M06018]‘4H20 (2) A mix-
ture of Zn(OAc)-2H,0 (0.5 mmol), NaAs@(1 mmol), NaMoO,*
2H,0 (1 mmol), phen (0.5 mmol), and water (8 mL) was stirred
for 30 min in air; then the pH value of the mixture was carefully
adjusted to about 6.54, and it was sealed in an 18 mL Teflon-lined
autoclave, which was heated at 14D for 96 h. After the mixture
was slowly cooled to room temperature, colorless block crystals
of 2 were filtered off, washed with distilled water, and dried at
ambient temperature (56% yield based on Zn). Anal. Calcd for [Zn-
(phen)(HzO)]g[(ZnOB)(As”'303)2M06018] -4H20: C,22.78; H, 1.75;
As, 17.77; Mo, 22.75; N, 4.43; Zn, 7.75%. Found: C, 22.62; H,
1.54; As, 17.80; Mo, 22.93; N, 4.26; Zn, 7.93%. FT-IR data(&m
3370 (w), 3274 (w), 1625 (w), 1605 (w), 1581 (m), 1518 (m), 1495
(w), 1454 (w), 1427 (s), 1341 (w), 1319 (w), 1307 (w), 1223 (w),
1210 (w), 1149 (w), 1103 (w), 1054 (w), 935 (s), 905 (s), 887 (s),
866 (m), 850 (s), 814 (s), 798 (s), 725 (s), 671 (s), 611 (m), 605
(m), 572 (w), 526 (w), 463 (w), 426 (w), 410 (w).

[Zn(2,2'-bipy) 2(H20)]2[(ZnO 6) (As!" 303)o,M0¢O1¢] -4H,0  (3).

The preparation 08 was similar to that o except that 2,2bipy

was used instead of phen. The pH value of the mixture was 6.68.
Colorless block crystals @3 were obtained in a 50% yield based
on Zn. Anal. Calcd for [Zn(2,2bipy)2(H20)]2[(ZN0g)(AS" 303),-
MoeO1g]-4H,0: C, 19.74; H, 1.82; As, 18.47; Mo, 23.65; N, 4.60;
Zn, 8.06%. Found: C, 19.56; H, 1.66; As, 18.62; Mo, 23.75; N,
4.42; Zn, 8.21%. FT-IR data (crd): 3429 (m), 3075 (w), 1627
(w), 1604 (m), 1596 (s), 1576 (w), 1567 (w), 1490 (m), 1474 (m),

Teflon-lined autoclave, which was heated at 2@0for 96 h. After
the mixture was slowly cooled to room temperature, colorless
platelet crystals oft were filtered off, washed with distilled water,
and dried at ambient temperature (36% yield based on Zn). Anal.
Calcd for [Zn(H4,4—bipy)g(H20)4][(ZnOG)(AS'”303)2M06018]°8H20:
C, 11.09; H, 1.95; As, 20.75; Mo, 26.57; N, 2.59; Zn, 6.04%.
Found: C, 12.11; H, 1.78; As, 21.85; Mo, 26.74; N, 2.46; Zn,
5.92%. FT-IR data (cm'): 3447 (m), 1642 (w), 1613 (s), 1540
(w), 1494 (w), 1417 (m), 1375 (w), 1337 (w), 1227 (m), 1073 (w),
1048 (w), 1029 (w), 1012 (w), 951 (m), 933 (M), 890 (s), 863 (s),
841 (m), 815 (s), 781 (m), 734 (s), 676 (m), 641 (m), 613 (w), 565
(w), 523 (w), 458 (w), 435 (w).

(H24,4-bipy)[Cu'(4,4-bipy)] o[H 2ASY2M0¢O26] *H 0 (5). A mix-
ture of CuC}-2H,O (0.5 mmol), NaAs®@ (1 mmol), NgMoO,*
2H,0 (1 mmol), 4,4bipy (0.5 mmol), and water (8 mL) was stirred
for 30 min in air; then the pH value of the mixture was carefully
adjusted to about 5.40, and it was sealed in an 18 mL Teflon-lined
autoclave, which was heated at 13D for 96 h. After the mixture
was slowly cooled to room temperature, red block crystal$ of
were filtered off, washed with distilled water, and dried at ambient
temperature (67% vyield based on Cu). Anal. Calcd fos4(¥-
bipy)[Cu(4,4-bipy)]o[H2As"2M0602¢]-H,O: C, 20.48; H, 1.72; As,
8.52; Mo, 32.72; N, 4.78; Cu, 7.23%. Found: C, 20.61; H, 1.56;
As, 8.42; Mo, 32.54; N, 4.96; Cu, 7.42%. FT-IR data (&)n 3419
(m), 3095 (w), 1612 (s), 1532 (w), 1488 (m), 1417 (m), 1375 (w),
1327 (w), 1221 (w), 1202 (w), 1072 (w), 948 (m), 897 (s), 864
(m), 811 (s), 762 (m), 665 (s), 583 (W), 517 (w), 469 (w), 419 (w).

(H24,4-bipy)3[AsY,M060,¢]-4H,0 (6). A mixture of Cd(OAc)-
2H,0 (0.5 mmol), NaAs@ (1 mmol), NgMoO,:2H,O (1 mmol),
4,4-bipy (0.5 mmol), and water (8 mL) was stirred for 30 min in
air; then the pH value of the mixture was carefully adjusted to about
3.25, and it was sealed in an 18 mL Teflon-lined autoclave, which
was heated at 13T for 96 h. After the mixture was slowly cooled
to room temperature, colorless block crystal§ efere filtered off,
washed with distilled water, and dried at ambient temperature (56%
yield based on Mo). Anal. Calcd for ¢4,4-bipy)s[AsY,M0gO2¢]*
4H,0: C, 21.34; H, 2.27; As, 8.88; Mo, 34.10; N, 4.98%. Found:
C, 21.46; H, 2.43; As, 8.76; Mo, 33.96; N, 5.12%. FT-IR data
(cm™1): 3524 (w), 3456 (m), 3115 (w), 3086 (w), 3064 (w), 1635
(m), 1625 (m), 1611 (s), 1601 (s), 1590 (s), 1487 (m), 1476 (m),
1416 (w), 1369 (w), 1341 (w), 1298 (w), 1233 (w), 1218 (w), 1200
(w), 1124 (w), 1105 (w), 1066 (w), 1029 (w), 1004 (w), 942 (m),
895 (s), 873 (m), 840 (m), 796 (s), 680 (s), 666 (s), 630 (m), 587
(m), 565 (w), 526 (w), 460 (w), 407 (w).

(H24,4-bipy)s[AsY2M0g026(H20)]-4H,0 (7) and (H:4,4-
bipy)2.5(H30)[AsY,M06026(H20)]-1.25H,0 (8). The preparations
of 7 and 8 were similar to that o6 except that Zn(OAg)2H,0
and ZnC}-2H,0O were used instead of Cd(OA&H,0. The pH
value of the mixture was 3.46 f@rand 3.42 foi8. Colorless crystals
of 7 were obtained in a 65% yield based on Mo. Anal. Calcd for
(H24,4-bipy)s[AsY,M060,6(H20)]-4H,0: C, 21.12; H, 2.36; As,
8.78; Mo, 33.74; N, 4.93%. Found: C, 21.27; H, 2.52; As, 8.51;
Mo, 33.53; N, 4.78%. FT-IR data (ct): 3527 (w), 3457 (m),
3116 (w), 3087 (w), 3065 (w), 1635 (m), 1625 (m), 1612 (s), 1601
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Table 1. Crystal Data and Structure Refinement for8

Sun et al.

1 2 3 4
formula GsoHe2ASsM0g N1gO4 Z13 CagHa4ASeMO0OgNgO36Z13 CaoH44AssM0eNgO36Z13 CooHa2ASsMOeN 4042212
formula weight 2680.37 2530.18 1546.95 2166.48
T(K) 293(2) 293(2) 293(2) 293(2)
2 (A) 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic triclinic monoclinic triclinic
space group P2/n P1 P2/n P1
a(A) 18.349(4) 10.493(2) 18.117(4) 9.3252(2)
b (A) 11.471(2) 10.781(2) 9.3968(2) 12.051(2)
c(A) 22.932(5) 15.639(3) 19.658(4) 14.174(3)
o (deg) 90 77.55(3) 90 114.93(3)
p (deg) 92.26(3) 77.86(3) 94.08(3) 93.63(3)
y (deg) 90 78.81(3) 90 105.82(3)
V (A3) 4823.0(2) 1668.3(6) 3338.2(1) 1360.4(5)
z 2 1 2 1
u (mmY) 3.609 5.203 5.195 5.935
R [l > 20(1)] 0.0531 0.0580 0.0500 0.0783
WRD 1 > 20(1)] 0.0820 0.1149 0.1376 0.1672

5 6 7 8

formula GoH30AS2Cle M0eN6O27 CzoH38AS:M0gNg Oz CzoH40AS:M06 NgO31 CasH32.5A55M0gN5029 25
formula weight 1759.16 1688.14 1706.16 1596.54
T(K) 293(2) 293(2) 293(2) 293(2)
2 (A 0.71073 0.71073 0.71073 0.71073
cryst syst triclinic monoclinic monoclinic triclinic
space group P1 C2/m P2;/n P1
a(h) 10.852(2) 14.691(3) 11.795(2) 11.225(2)
b (A) 11.389(2 18.645(4) 24.301(5) 14.065(3)
c(A) 11.976(2) 10.623(2) 17.028(3) 15.201(3)
o (deg) 66.89(3) 90 90.00 100.15(3)
p (deg) 84.75(3) 127.52(3) 94.64(3) 93.02(3)
v (deg) 64.78(3) 90 90.00 111.94(3)
V (R3) 1226.5(4) 2307.9(8) 4864.9(2) 2172.9(7)
z 1 2 4 2
u(mm-) 3.763 3.111 2.955 3.295
Rea [l > 20(1)] 0.0787 0.0247 0.0389 0.0468
WRP [I > 20(1)] 0.1940 0.0538 0.0955 0.1005

2Ry = Y ||Fol — |Fcll/3|Fol. PWRe = Y[W(Fo? — FcA3/ 3 [W(Fo?)? Y2

(s), 1591 (s), 1448 (m), 1476 (m), 1416 (w), 1369 (w), 1341 (w),
1229 (w), 1233 (w), 1218 (w), 1201 (w), 1124 (w), 1106 (w), 1067
(w), 1028 (w), 1004 (w), 942 (m), 896 (s), 873 (m), 840 (m), 798
(s), 681 (s), 666 (s), 630 (M), 588 (M), 565 (w), 527 (w), 461 (w),
408 (w). Colorless block crystals 8fwere obtained in a 50% yield
based on Mo. Anal. Calcd for ¢4,4-bipy),.5(H30)[AsY,M0sOz¢-
(H20)]-1.25H0: C, 18.81; H, 2.05; As, 9.39; Mo, 36.06; N, 4.39%.
Found: C, 18.92; H, 2.18; As, 9.19; Mo, 35.92; N, 4.53%. FT-IR
data (cn?): 3522 (w), 3452 (m), 3114 (w), 3086 (w), 3064 (w),
1634 (m), 1625 (m), 1611 (s), 1601 (s), 1592 (s), 1449 (m), 1479
(m), 1417 (w), 1369 (w), 1342 (w), 1229 (w), 1233 (w), 1217 (w),
1201 (w), 1124 (w), 1106 (w), 1067 (w), 1029 (w), 1005 (w), 942
(m), 895 (s), 872 (m), 840 (m), 797 (s), 680 (s), 666 (s), 630 (M),
587 (m), 565 (w), 528 (w), 463 (w), 410 (w).

X-ray Crystallography. Intensity data were collected on a
Rigaku R-AXIS RAPID IP diffractometer with Mo & monochro-
mated radiation = 0.71073 A) at 293 K. Empirical absorption
correction was applied. The structureslsf8 were solved by the
direct method and refined by the Full-matrix least-square§on
using the SHELXTL-97 softwar®. All of the non-hydrogen atoms
were refined anisotropically. The organic hydrogen atoms were

A summary of crystal data and structure refinement for com-
pounds1—8 is provided in Table 1. Selected bond lengths and
angles ofl—8 with standard deviations in parentheses are listed in
Table 2.

The CCDC reference numbers are 6069171fo800759 for2,
606872 for3, 606916 for4, 610482 for5, 602072 for6, 602551
for 7, and 606871 foB.

Results and Discussion

SynthesesIn our case, the pH value of a solution is an
importent factor for the formation of extended structure of
molybdenum arsenate. At lower pH values, the N-ligand
groups tend to be protonated and fail to bond to the metal
ions. We have done a lot of control experiments, and we
finally obtained compounds df—8.

Crystal structures of 1—4. The structure of [(Cog)-
(As303),M0s01g]*~ was characterized in the compound
[Co(enkH3z0][(CoOs)(As303),M0s01¢]*~ through single-
crystal X-ray diffraction by our groups in 199% Its

generated geometrically, except for the hydrogen atoms attachedStructure is composed of the well-known A-type Anderson

to OW1 in compound, which were located from difference maps;
those attached to other water molecules were not located.

(22) (a) Sheldrick, G. MSHELXL 97, Program for Crystal Structure
RefinementUniversity of Gdtingen: Gitingen, Germany, 1997. (b)
Sheldrick, G. MSHELXL 97, Program for Crystal Structure Soluton
University of Gdtingen: Gitingen, Germany, 1997.

1566 Inorganic Chemistry, Vol. 46, No. 5, 2007

structure capped with two cyclic AQs trimers on opposite
faces. However, it is unexploited that the polyoxoanions
[(MOg)(As303):M0s0:g]*~ (M = metal) have been used as
inorganic building blocks to construct extended and modi-
fied structures. Herein, we successfully synthesized com-
pounds ofl—4 constructed from polyanions [(ZrJ#AszO0s),-



Organic—Inorganic Molybdenum Arsenate Complexes

Table 2. Bond Lengths (A) and Angles (deg) with Standard Deviations in Parentheses of Compat8fds

Zn(1)-0(1) 2.067(5)
Zn(1)-0(2) 2.096(6)
Zn(2)-OW1 2.078(6)
Zn(3)-0OW2 2.123(5)

O(4)-Mo(1)-0(1) 70.1(2)
O(11-Mo(2)-0(3)  163.3(3)
O(15)-Mo(3)-0(13)  100.1(3)
Zn(1)-0(2) 2.062(6)
Zn(1)-0(3) 2.090(6)
Zn(2)-0(1) 2.137(7)
Zn(2)-OW1 2.114(8)
O(14-Mo(1)-O(11)#1  97.1(4)
0(4)-Mo(2)-0(3) 70.7(3)
0(10)-Mo(3)-0(2) 165.0(3)
Zn(1)-0(7) 2.077(5)
Zn(1)-0(3) 2.097(4)
Zn(2)-0(1) 2.179(5)
Zn(2)-OW1 2.151(6)
O(1)-Mo(1)-0(2) 165.8(2)
0(8)-Mo(2)-0(2) 71.30(2)
O(15-Mo(3)-0(9)  102.3(2)
Zn(1)-0(1) 2.072(9)
Zn(1)-0(2) 2.115(1)
Zn(2)-OW1 2.091(2)
Zn(2)-OW2 2.068(2)

O(14)#1-Mo(1)-O(2)#1  70.8(3)

0(12)-Mo(2)—0(3)#1 91.0(4)

O(15)-Mo(3)-O(3)#1 164.8(4)

Cu(1)-N(2)#1 1.920(1)
Cu(1)-N(1) 1.926(1)
Cu(1)-0(9) 2.475(5)
O(3)-Mo(1)—O(13)#2 73.5(4)
0(8)-Mo(2)-0(1) 166.2(5)
Mo(1)—0(1) 1.711(2)
Mo(1)—0(7) 1.901(2)
O(1)#1-Mo(1)~0(6)  164.44(9)
As(1)-0(19) 1.669(3)
As(1)-0(23) 1.670(3)
As(1)-0(24) 1.689(3)
O(13)-Mo(1)-0(24)  70.34(1)

0(3)~Mo(2)-0(20)
0(6)-Mo(3)-0(15)

As(1)-0(5)
As(1)-0(22)
As(1)-0(11)

O(4)-Mo(1)-0(15)
O(15)-Mo(2)—OW1
0(6)—Mo(2)—OW1

167.41(2)
99.75(2)

1.607(1)
1.696(5)
1.700(5)

70.3(2)
68.2(2)
165.6(3)

compoundL
Zn(3yN(6) 2.189(1) As(1}0(2) 1.753(6)
Zn(3¥N(5) 2.255(9) As(1}-0(6) 1.786(6)
Mo(1)-0(9) 1.689(6) As(2)0O(6) 1.754(6)
Mo(3)-O(5) 1.938(6) As(2yO(7)#1 1.772(6)
O(2yAs(1)-O(8)#1  102.2(3)  O(3)Zn(1)-O(2)#1 86.4(2)
O(6)As(2)—O(7)#1 98.1(3) O(3yzZn(1)-O@)#1  180.0(3)
O(BrAs(3)-0(7) 99.6(2) OWZn(2)-N(1) 87.48(1)
compound?
Zn(2¥N(3) 2.146(9) As(1}0(3) 1.779(6)
Zn(2rN(4) 2.201(9) As(1)0(8) 1.785(8)
Mo(1)-0O(14) 1.695(8) As(2y0(2) 1.792(6)
Mo(3)-0(2) 2.319(7) As(2)0(7) 1.789(7)
O(7)#1As(1)-0(8)  100.5(4)  O(2#+Zn(1)-0O(2)  180.0(3)
O(9)#As(2)—0(7) 99.5(3)  N(3)}Zn(2)-N(4) 77.0(3)
O(2yZn(1)—0O(6) 85.8(2)
compound3
Zn(2yN(4) 2.082(7) As(1}0(4) 1.768(5)
Zn(2FN(3) 2.184(7) As(1}0(2) 1.791(5)
Mo(1}0(11) 1.713(5) As(2y0(5) 1.777(5)
Mo(3)-0(3) 2.313(5) As(2)0(7) 1.798(5)
O(6yAs(1)-0(2) 100.3(2) O(7)#+Zn(1)-0(7)  180.0(4)
O(5)As(2)-0(7) 99.4(2) N(4¥Zn(2)-N(3) 76.9(2)
O(7)#+Zn(1)—0(2) 86.09(2)
compound4
Zn(2rN(1) 2.144(1) As(1}0O(5) 1.805(1)
Mo(1)-0(9) 1.699(1) As(2yO(5) 1.773(1)
Mo(3) O(3)#1 2.329(1) As(2)0(6) 1.797(1)
As(1)>0(4) 1.790(1)
O(4yAs(1)-0(5) 100.6(4) O(RB)#1Zn(1)—-0(3) 180.0(6)
O(5)As(2)-0(3) 98.0(4) OW1#2Zn(2)—N(1) 88.7(6)
O(3)#1Zn(1)—0(2) 85.8(3)
compoundb
Mo(13O(7) 1.681(1) As(1>0(2) 1.622(1)
Mo(2)-0O(3) 1.901(1) As(1yO(1) 1.674(1)
Mo(3)O(2)#2 2.419(1)
N(2)#2Cu(1)-N(1) 160.5(7) O(2yAs(1)—-0(2) 113.4(5)
O(2yAs(1)-0(12) 105.2(6)
compoundd
Mo(2)-0O(3) 1.708(2) As(1)yO(8) 1.692(2)
Mo(2)-O(8) 2.375(2) As(1yO(6)#1 1.6959(2)
O(4yMo(2)—0(8)  74.16(8)  O(6)#tAs(1)-O(5)  107.17(8)
compound’?
As(1)0(26) 1.713(3) As(2y0(25) 1.689(3)
Mo(6)-0(22) 2.321(3) As(2y0(22) 1.686(3)
As(2y0O(21) 1.670(3)
O(7AMo(4)—OwW1 160.06(2) O(19YAs(1)-0(24) 115.72(2)
OW+Mo(5)-0(21)  70.39(1) O(2BAs(2)-0(25) 106.29(2)
O(24)As(1)-0(26)  104.76(2)
compound
As(1yO(7) 1.710(1) As(2y0O(1) 1.663(5)
Mo(1)>O(2) 1.681(8) As(2)}-0(20) 1.685(5)
Mo(6)-O(20) 2.290(5) As(2y0O(15) 1.686(5)
O(24yMo(3)—0(7) 168.2(4) O(5yAs(1)-0(11) 117.3(7)
O(9yMo(4)—0(23) 100.4(3) O(LyAs(2)—0(15) 108.5(3)
O(11yAs(1)-0O(7) 97.0(7)  O(1}As(2-0(26)  111.1(3)

As(3y0(1)
As(3)0(8)
Mo(2)-0(1)

N(1FZn(2)-N(2)
owW2Zn(3)-N(5)
N(6)-Zn(3)-N(5)

As(3)0(6)
As(3}0(8)
Mo(2)-0(5)

N(3)-Zn(2)-N(2)
O(9)-As(3)-0(8)

As(3)0(5)
As(3)0(3)
Mo(2)-0(8)

O(1}Zn(2)-N(3)
O(6)-As(3)-0(3)

As(3y0(4)
As(3)0(6)
Mo(2)-O(8)

N(L)#2Zn(2)-N(1)

O(4)-As(3)-0(2)

As(1}0(12)
As(1yO(13)

O(10¥Mo(3)-0(4)

As(1}O(6)#2

O(8YAs(1)-O(6)#2

As(2)0(20)
Mo(5yOW1

O(2BAs(2)-0(20)
O(1BMo(6)—0(12)

As(2)0(26)
Mo(2y OW1

O(19)Mo(5)—0(26)
O(16yMo(6)—O(5)

1.774(5)
1.783(7)
2.322(6)

180.000(1)
88.78(9)
180.000(2)

1.796(7)
1.798(8)
1.942(6)

166.8(4)
97.8(3)

1.786(5)
1.794(5)
1.949(5)

172.2(2)
98.8(2)

1.785(1)
1.802(1)
1.925(1)

180.000(1)
99.7(4)

1.685(9)
1.723(1)

98.2(5)

1.6959(2)

111.82(8)

1.686(3)
2.296(3)

112.55(1)
103.09(2)

1.694(5)
2.468(7)

88.5(3)
95.0(5)

a Symmetry transformations used to generate equivalent atot g1 (—x + 1,—y + 1,—z #2 —x + 3/2,y, —z — 1/2; #3—x + 3/2,y, —z + 1/2; #4X,
y+1,z#xy— 1,z #6—x+ 32,y —1,—z— U2, #7—x+ 3/2,y —1,—z+ L2;#8—x+ 1, -y + 2, -z (2 #1 —x, —y, —z Q) #L—x— 1, —y
+ 1, -z #2—x—312,y, —z+ 1/2; @) #1 —x, —y, —zz #2 —x+ 1, -y, —z+ 1; B) #1 —Xx, =y, —z #2—x— 1, —y, =z (6) #1 —x + 1,y, —z + 3; #2
X+ 1, -y, —z+ 3, #3x, Y, Zz #4—X Yy, —z+ 2, #5—x -y, —z+ 1; Q) #1—x+1,-y+ 1, -z

Inorganic Chemistry, Vol. 46, No. 5, 2007 1567



Sun et al.

Figure 3. Schematic illustration of the 3D supramolecular framework of
1 constructed from 2D square gridlike layers and [(Z){®s303)2M0e01g]*~
clusters.

Figure 1. Representation of [(Zn§(AssOs)2M0sO1g]*~ building block
showing the metal atoms and their coordination polyhedra.

Figure 4. Polyhedral representation of the 2D square gridlike sheets in
showing square cavities with dimensions of 11.466.1.466 A running
along thea axis.

Figure 2. ORTEP drawing ofl with thermal ellipsoids at 50% probability Oy, double-bridging oxygen @¢), and four'-bridging oxygen
The Iattiée water molecules and free'4pfpy molecules have been omitted Ofua). Thus, the Me-O bond lengths fall into three classes:
for clarity. Mo—0O; = 1.665 (7»-1.731(5) A, Mo-O(u,) = 1.888(7)-
1.929(5) A, and Me-O(us) = 2.313(5)-2.343(6) A. And
MogO1g]*~ (Figure 1) by a hydrothermal technique. The the As—O bond lengths fall into two classes: A®(u,) =
[(ZnOg)(As:03)2:M0eO1g]* cluster is derived from the A-type  1.764(5)-1.790(7) A and As-O(us) 1.763(5)-1.773(5) A.
Anderson anion [(Zn€MogO4g)!%, in which a central The central Zn(1) O distances vary from 2.063(5) to 2.089-
{Zn0O& octahedron is coordinated with sfo0O6} octa- (6) A, indicating that the{ZnOg} octahedron is slightly
hedra hexagonally arranged by sharing their edges in a planedistorted. The G-Zn(1)—0O angles are in the range of 86.2-
The cyclic AgOs trimers are capped on opposite faces of (2)—180.0(3}.
Anderson-type anion plane. Eachs8g group consists of There are other two crystallization-independent zinc atoms
three AsQ pyramids linked in a triangular arrangement by in 1. Both Zn(2) and Zn(3) are coordinated by four nitrogen
sharing corners and bonded to the central Zo€ahedron donors from four 4,4bipy ligands (Zn(2yN = 2.211(8),
and two MoQ octahedra viaus-0xo groups. Compounds  2.215(8), 2.243(8) A and Zn(3N = 2.189(8), 2.197(8),
1-4 contain the same polyanion [(ZRJQAS;Os),- 2.252(8) A) and two water molecules ((Zn2pW, = 2.085-
MosO1¢]*~, so we only described the bond lengths and angles (6) A and Zn(3-0W, = 2.123(5) A) to furnish distorted
of the polyanion [(Zn@)(As;03)2M0601¢]*~ in compoundlL. octahedron geometry. Each zinc atom acts as a 4-connected
Single-crystal X-ray structural analysis shows that com- node coordinated with four 4:bipy groups to generate a
pound1l is constructed from the 2D square gridlike sheets two-dimensional square gridlike coordination framework of
[Zn(4,4-bipy)2(H20),]?", linked by polyanions [(Zng)- (4,4) topology (Figures 4and S1). Each layer shows square
(As303),M0601¢]*~ via hydrogen-bonding to form a 3D cavities with dimensions of 11.466 11.466 A. (based on
supramolecular framework with two types of channels, and dz....zn). Moreover, it is noteworthy that the layers are
the “guest” 4,4bipy ligands and water molecules reside in perfectly planar with the equatorial plane of the zinc
the channels. Compouridis made up of [(ZNnG)(As303),- coordination sphere. ThézZn(4,4-bipy).}.>"" layers lie
MogO1g]*~ clusters, zinc-4,4bipy coordination complexes, parallel to thebc plane, and adjacent square-grid layers are
free 4,4-bipy molecules, and lattice water molecules (Figure further linked by [(ZnQ)(As;Os):M0sO1g]*~ clusters via
2). Three kinds of oxygen atoms exist in the cluster according hydrogen bonding to form a three-dimensional supramo-
to the way the oxygen atoms coordinated: terminal oxygen lecular framework with 1D channels (Figures 3 and S2). This
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Figure 5. (a) Polyhedral and ball-stick representation of the 3D supramo-
lecular framework structure af along theb axis. (b) Space-filling dia-
gram of the 3D supramolecular channel frameworl @flong theb axis.
Lattice water molecules and free organic molecules have been omitted for
clarity.
o_rgan_ization leads to th.e formation of channels in two Figure 6. (a) Polyhedral and ball-stick representation of the 3D supramo-
directions: along thé axis, rectangular channels can be lecular s.tructure ol along thec axis. (b) Space-filling diagram of the 3D
observed with dimensions of about 11.466.235 A (Figure supramolecular channel framework structurel @flong thec axis. Lattice
5), and along the axis, the channels show honeycomb shape water molecules and free organic molecules have been omitted for clarity.
with dimensions of about 7.38% 5.173 A (Figure 6) with
the guest 4,4bipy molecules and water molecules residing
in the channels.
It is also striking that the structure of compouhdxhibits
extensive hydrogen-bonding interactions among water mol-
ecules, 4,4bipy groups, and polyoxoanions. The typical
hydrogen bonds are C(1:8)0(10)= 3.288 A, C(18)--O(4)
=3.210 A, OW(1)--OW(3) = 2.605 A, and OW(5)-O(12)
= 2.768 A (Table S1). It is believed that the extensive
hydrogen-bonding interactions play an important role in the
stabilization of the 3D supramolecular architecture. Figure 7. ORTEP drawing o with thermal ellipsoids at 50% probability.
When the bidentate ligands of phen and'-hpy were The lattice water molecules have been omitted for clarity.
used instead of 4'4ipy, we got two analogous bisupported
structures of2 and 3 under similar reaction conditions.
Compouna is constructed from [(ZnE)(Asz03),M0gO1g]*~
anions, zine-phen coordination complexes, and water mol-
ecules (Figure 7). Zn(2) is in the center of a distorted octa-
hedron, which is defined by four nitrogen atoms of two phen
ligands, a terminal oxo group of the [(ZBAS:03)>M0gO1¢]*~
cluster, and a water molecule. It is noteworthy that each
[(ZnOG)(AS303)2M06018]4 unit acts as a bidentate “gand Figure 8. ORTEP drawing oB with thermal ellipsoids at 50% probability.

coorglinating to tWO{Zn(phen)(HZO)}_ subunits via the  The [attice water molecules have been omitted for clarity.
terminal oxygen atoms of two opposite M©ctahedra to

generate the bisupported structure (Figure 9a). The adjacentnolecules (Figure 8). Zn(2) is defined by four nitrogen atoms
bisupported structures are stably packed together and exhibibf two 2,2-bipy ligands, a terminal oxygen atom of the
a 3D supramolecular architecture (Figure S3) via hydrogen [(ZnOg)(As:03).M0¢O1g]*~ cluster, and a terminal ligand
bonding (Table S2) and aromatic-r stacking interactions  water molecule to complete an octahedral coordination
among water molecules, phen groups, and polyoxoanions.environment. Each zinc coordination complex fragment [Zn-
Compound3 is built up of [(ZnG;)(As303)2M0gO1g]*~ (2,2-bipy)2(H20)]?" is bonded to the terminal oxygen atoms
anions, zinc-2,2bipy coordination complexes, and water of two opposite octahedral molybdenum sites of the

Inorganic Chemistry, Vol. 46, No. 5, 2007 1569



Figure 9. (a) Polyhedral and ball-stick representation of the bisupported
structure oR. (b) Polyhedral and ball-stick representation of the bisupported
structure of3. The lattice water molecules have been omitted for clarity.

Figure 10. ORTEP drawing of4 with thermal ellipsoids at 50%
probability. The lattice water molecules have been omitted for clarity.

[(ZnOg)(As303),M0601¢]*~ anion to form the bisupported

Sun et al.

Figure 11. Polyhedral and ball-stick representation of the 3D supramo-
lecular framework structure ¢f along thea axis.

Figure 12. ORTEP drawing of5 with thermal ellipsoids at 50%
probability. The lattice water molecules have been omitted for clarity.

extensive hydrogen-bonding interactions (Table S4) among
4,4-bipy groups, water molecules, and polyoxoanions to
form a 3D supramolecular architecture (Figure 11).
Structural Analyses of 5-8. The [HAS;M0g0,¢ ¢~
cluster was first reported in 1888Petterssoft put forward
a Dag structure similar tax-[MogOog]*~, that is, two{ AsOs}
tetrahedra were capped with the opposing faces of gdylo
ring, which was constructed from sivioOg} octahedra
linked to each other in the edge-sharing mode. In 1977,
Pope’s grouf proved the above-mentioned structure by
X-ray diffraction analyses and further characterized the two
isomers of [HAS;M0¢02¢] ¢~ namely, A-type and B-type
in the complexes [N(ChJ4]2Na[(CH3ASO3):M0601¢] :6H,O
and [(CN;H6)4][(C5H5ASO3)2M06019H2]'4H20. However, the
above compounds were both synthesized with organic arsenic
reagent. To date, the use of the inorganic polyanions
[HyAS:;M060,6] ¢~ to construct the extended structure

structure (Figure 9b). The adjacent bisupported structuresremained rarés?

are stably packed together and also exhibit a 3D supramo-

lecular architecture (Figure S4) via hydrogen bonding (Table
S3) and aromaticr—sr stacking interactions among water
molecules, 2,2bipy groups, and polyoxoanions.

When 4,4-bipy ligands were used at a lower pH value,
we got compoundt. Compound4 consists of the [(Zng)-
(As303),M0s01¢]*~ anion, protonated zinc coordination
complexes, and lattice water molecules (Figure 10). The
[(ZnOsg)(As303)2M0601g]*~ unit is a discrete cluster. Zn(2),
residing in a distorted octahedron, is coordinated to four
water molecules and two nitrogen atoms of two'-hipy

Compound5 represents the first example of ribbon
structure based on inorganic molybdearsenate clusters
[HxAs;M0¢O2¢] . Compound$—8 exhibit three isomers
of [HxyAs;M0g0,¢ ¢, that is, A-isomer, B-isomer, and B
isomer, which are all prepared with inorganic arsenate
reagent. Furthermore, compouBddisplays a new isomer
B'-[ASzMOGOze(Hzo)]Gf,

Compound5 possesses a 1D infinite ribbon structure
composed of parallel copper coordination complex chains
connected by [HAsY,M060,6]*~ clusters via weak CuO
interactions. Compounlis made up of A-[HAS;M0eO,¢]*~

ligands. According to the consideration of the charge balanceclusters, copper-4;4ipy coordination complexes, free pro-
and weak acidic conditions of the synthesis, the coordinatedtonated 4,4bipy molecules, and lattice water molecules

4,4-bipy groups are protonated. The protonated zinc coor-

(Figure 12). Three kinds of oxygen atoms exist in the

dition complexes have a dual role: charge-balance and[H,As,M0sO.¢*~ cluster, that is, the terminal oxygen,O

structure direction via hydrogen bonds. Compodmhibits
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Figure 13. Polyhedral and ball-stick representation of the 1D ribbon
structure of5. The lattice water molecules and free '4hfpy molecules
have been omitted for clarity.

Thus the Me-O bond lengths can be grouped into three

sets: Mo-O; = 1.665(13)-1.736(12) A, Me-O(uy) =

1.872(11)-1.941(13) A, and Me-O(us) = 2.314(10)-2.419-

(12) A. The As-O bond lengths fall into two classes: As

O = 1.685(9) A and As-O(us) = 1.622(12) and 1.723(10)

A. There is one crystallization-independent copper atom in

compoundb. Cu(l), residing in a linear geometry, is defined

by two nitrogen donors from two 4;:bipy ligands (Cu(1)

N(1) = 1.926(13) A and Cu(BN(2)#1 = 1.920(14) A).

The bond valence sum calculations indicate that the Cu sites

are in the+1 oxidation state, confirmed by the particular

coordination environments of Cu(l) ions. Little crystal-

lographic disorder can be observed for Cu(1). Each copper

atom acts as _a linker, WhICh is coordinated Wlth:4]4)y . Figure 14. (a) Polyhedral and ball-stick representation of the 3D
molecules to yield 1D chains. The two parallel running chains supramolecular framework structure®élong theb axis. (b) Space-filling
are connected by [As;M0sO.¢*~ via weak Cl—O interac- diagram of the 3D supramolecular channel framework structubeaténg
. PP . - the b axis. The lattice water molecules and free'4py molecules have
tions to form an infinite 1D ladderlike ribbon along tlae been omitted for clarity.

axis (Figure 13). According to the consideration of the charge

balance and weak acidic condition of the synthesis, the free

4,4-bipy groups are protonated.

The adjacent chains are stably packed together and exhibit
3D supermolecular arrays with channels (Figures-S8)
via extensive hydrogen-bonding interactions (Table S5)
among water molecules, 4;dipy groups, and polyoxoan-
ions. The elliptical shape channels along thaxis can be
observed with dimensions of about 11.44.83 A (Figure
14). Free 4,4bipy ligands and water molecules are located
in these channels.

Compounds consists of discrete cluster jAs,M0og0.¢]*",
protonated 4,4bipy molecules, and lattice water molecules
(Figure 15). The polyanion [fAs;M0¢O.6]* is an A-type
isomer, which be described as a ¥ ring capped on
opposite faces by tripoddlAsO,} tetrahedra. The Mg
ring is constructed from sikMoQg} octahedra linked with
each other by edge-sharing. Each cappksiO,} tetrahedron  1.6959(19) A. When the charge balance and acidic conditions
is linked to {MoOg} octahedra via corner-sharing (Figure of the synthesis are considered, fre€-4ipy molecules are
18a). Three kinds of oxygen atoms exist in the cluster protonated.
according to the manner of oxygen coordination: the terminal Compound? is constructed from discrete clusterfi,-
oxygen Q double-bridging oxygen @f), and three-bridging  MosO.¢(H;0)]*, protonated 4,4bipy molecules, and lattice
oxygen Ofe). Thus the Me-O bond lengths fall into three  water molecules (Figure 16). The JAs;M0gO2¢(H20)]*~
classes: Me-O, = 1.708(2)-1.712(2) A, Mo-O(u) = cluster is a B-type isomer, which also consists of a®lp
1.8949(13)-1.903(2) A, and Me-O(uz) = 2.3421(19) ring capped on opposite faces by tripoflakOy} tetrahedra.
2.3754(18) A. The AsO bond lengths fall into two  Unlike the A-type isomer, in the M®s ring, two { MoOg}
classes: AsOt=1.703(2) A and As-O(uz) = 1.692(2)- octahedra share a face viaugoxo group, aus-0xo group,

Figure 15. ORTEP drawing of6 with thermal ellipsoids at 50%
probability. The lattice water molecules have been omitted for clarity.
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Figure 16. ORTEP drawing of7 with thermal ellipsoids at 50%
probability. The lattice water molecules have been omitted for clarity.

Figure 17. ORTEP drawing of8 with thermal ellipsoids at 50%
probability. The lattice water molecules have been omitted for clarity.

and au,-H,0 to form a{Mo,0OgH3} moiety, which links to
four edge-sharing{ MoOg} octahedra via corner-sharing
(Figure 18b). It is noticeable that the B-type isomer contains
a up-H,0 group, which is still rare in Me O clusters. Four
kinds of oxygen atoms exist in the cluster according to the
manner of oxygen coordination: the terminal oxygen O
double-bridging oxygen @), three-bridging oxygen @),

and double-bridging water molecule,®l(u,). Thus the
Mo—O bond lengths fall into four classes: M®; = 1.691-
(4)—1.724(4) A, Mo-O(uz) = 1.864(3)-2.302(3) A, Mo~
O(us) = 2.232(3)-2.398(3) A, and Me-H,0(u,) = 2.296-
(3)—2.320(4) A. The As-O bond lengths fall into three
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Figure 18. Polyhedral representation of three isomers ofAs}-
MOBOZG](G_X)_: (a) A-[AS\/zMOeOze]G_, (b) B-[ASV2M05025(H20)]6_, and

(c) B'-[AsV2M0eO26(H20)]°.

classes: AsO, = 1.689(3)-1.713(3) A, As-O(u,) = 1.669-

(3) and 1.670(3) A, and AsO(uz) = 1.670(3)-1.689(3) A.
According to the charge balance and acidic conditions of
the synthesis, the free 4;dipy molecules are protonated. To
the best of our knowledge, compouidepresent the first
example of B-type inorganic cluster jAs,M0osO2¢(H-O)]*".

Compound8 is composed of discrete clustef-Bi,Asy-
MoeO26(H20)]*~, protonated 4,4bipy ligands, and lattice
water molecules (Figure 17). The polyanionfd,MoO2s
(H,0)]* is a new isomer, which also consists of a d@¢
ring capped on opposite faces by tripoflasO,} tetrahedra.

In contrast with the A and B-type isomers, the {@g ring
consists of five{ MoOg} octahedra and ongMoOs} square
pyramid. In the MgOg ring, one{MoOg} octahedron and
one {MoOs} square pyramid share an edge viaf0Xx0
group and az-0xo group to yield § Mo,Og} moiety, which
links to four edge-sharingMoQOg} octahedra via corner
sharing (Figure 18c). To the best of our knowledge, it is the
first example of polyanion [kAs;M0gO2¢] € ~containing
molybdenum atoms with two types of coordination modes.
Little crystallographic disorder can be observed for O5 and
O7. It is interesting that the Mo(2) atom is coordinated by
five oxygen atoms and one water molecule (Me{@QW1

= 2.468(7) A); such a coordination mode is infrequent in
the system of Me-O clusters. Four kinds of oxygen atoms
exist in the cluster according to the manner of oxygen
coordination: the terminal oxygen Odouble-bridging
oxygen Ofw), three-bridging oxygen @), and water
molecules. Thus the MeO bond lengths fall into four
classes: Me-O; = 1.681(8)-1.710(7) A, Mo-O(u,) =
1.866(6)-2.246(13) A, Mo-O(us) = 2.234(6)-2.356(5) A,
and Mo(2-OW1 = 2.468(7) A. The As-O bond lengths
fall into three classes: AsO; = 1.663(5) and 1.700(5) A,
As—O(uz) = 1.607(10) and 1.71(13) A, and A©(us)
1.685(5)-1.694(5) A. According to the charge balance and
acidic conditions of the synthesis, the free'4ipy groups
and partial free water molecules are protonated.

The bond valence sum calculatihmdicate that all Zn
sites are in thet2 oxidation state, all Mo sites are in the
+6 oxidation state, and all As sites are in th8 oxidation
state in compound&—4. Cu sites are in the-1 oxidation
state in compound. All Mo sites are in thet+6 oxidation
state, and all As sites are in the5 oxidation state in
compounds—8.

XPS Spectroscopy.The XPS spectra of compoun
(Figure S10) in the energy regions of nNMosg, and Asgy

(23) Brown, I. D.; Altermatt, D Acta Crystallogr.1985 B41, 244
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380 nm for phen, and 360 nm for 2-Ripy) could be
observed for free ligands (Figure S9). Therefore, the emis-

Ex Em
sions of1—3 may be assigned to the intraligand fluorescent
emission. These observations indicate that compoirds
may be excellent candidates for potential solid-state photo-
functional materials, since these condensed materials are
thermally stable and insoluble in common polar and nonpolar
solvents.
FT-IR spectroscopy. In the IR spectrum of compourid
- (Figure S11a), the characteristic peaks at 944, 887, 813, 779,

Emission intensity{au.)

250 =00 744, 654, and 642 cm are assignable to thgMo=O0), v-
(Mo—0O—M), and »(As—0O) (M = Mo or As) stretches.
. . . Bands in the 16191072 cnT?! region are attributed to the
100 200 Wasﬂ;mgthm:ﬂﬂ 500 4,4-bipy groups. The peak at 3334 chis assigned to the
water molecules. In the IR spectrum of compo@n@Figure

Ex Em S11b), the characteristic peaks at 935, 905, 887, 866, 850,
- 814, 798, 725, and 671 crhcorrespond to the(Mo=0),
s r(Mo—O—M), and v(As—0O) (M = Mo or As) stretches.
% Bands in the 16251103 cn1! region are attributed to the
é phen groups. The peak at 3370 ¢nis as signed to the water
= molecules. In the IR spectrum of compoudi(Figure S11c),
ﬁ the characteristic peaks at 933, 902, 874, 808, 778, 737, 678,
= 250 300 350 and 650 cm? correspong to the(Mo=0), v(Mo—0O—M),
- andv(As—0O) (M = Mo or As) stretches. Bands in the 1596
1248 cn1? region are attributed to the 2;Bipy groups. The
P/ S e peak at 3429 cnt is assigned tq the water molecules. In
Wavelength(nm) the IR spectrum of compoundl(Figure S11d), the charac-
teristic peaks at 951, 933, 890, 863, 815, 781, 734, 676, and
Ex Em 641 cn! correspond to the(Mo=0), v(Mo—0O—M), and
_ v(As—0) (M = Mo or As) stretches. Bands in the 1613
] 1073 cn! region are attributed to the 4;8ipy groups. The
g peak at 3447 cm' is assigned to the water molecules. In
g7 the IR spectrum of compourtl (Figure S12a), the charac-
g teristic peaks at 948, 897, 864, 811, 726, and 665'cm
‘= correspond to the(Mo=0), v(Mo—0O—M), and v(As—O)
% (M = Mo or As) stretches. Bands in 1632072 cm! region
= 270 300 330 360 are attributed to the 4bipy groups. The peak at 3419 cin
w is assigned to the water molecules. In the IR spectrum of
compoundb (Figure S12b), the characteristic peaks at 942,
895, 873, 840, 796, 680, and 666 chtorrespond to the
100 200 300 400 500 ¥(Mo=0), »(Mo—0O—M), and»(As—0) (M = Mo or As)
Wavelength(nm) stretches. Bands in the 1611066 cn1? region are attributed
Figure 19. (a) Solid-state emission spectra of compouhdt room to the 4,4-bipy groups. The peak at 3456 chis assigned
temperature. (b) Solid-state emission spectra of compdurad room to the water molecules. In the IR spectrum of compoind

temperature. (c) Solid-state emission spectra of comp@ired room
temperature.

(Figure S12c), the characteristic peaks at 942, 896, 873, 840,
798, 681, and 666 cm correspond to the(Mo=0), v(Mo—
show peaks at 1021.4, 232.1, and 44.1 eV, respectively,O—M), andv(As—0O) (M = Mo or As) stretches. Bands in
attributable to Z&", Mo®* and A$*. These results further the 1612-1067 cni?! region are attributed to the 4;8ipy
confirm the valences of compouritd groups. The peak at 3457 cfnis assigned to the water
Photoluminescence Spectroscopirhe emission spectra  molecules. In the IR spectrum of compouhiFigure S12d),
of compoundsl—3 in the solid state at room temperature the characteristic peaks at 942, 895, 872, 840, 797, 680, and
are depicted in Figure 19. It can be observed that intense666 cn! correspond to the(Mo=0), v(Mo—0O—M), and
emissions occur at 386 nm (Figure 19a,= 290 nm) for v(As—0O) (M = Mo or As) stretches. Bands in 1631067
1, 378 and 397 nm (Figure 19Bex = 340 nm) for2, and cm 1 region are attributed to the 4;8ipy groups. The peak
362 nm (Figure 19¢fex = 320 nm) for3. To understand  at 3452 cm? is assigned to the water molecules.
the nature of the emission band, the photoluminescence TG Analyses.The TG curve of compountd is shown in
properties of the free ligands were analyzed, and we found Figure S13a. The TG curve afexhibits three steps of weight
that similar emissionsit—= 415 nm for 4,4bipy, 362 and losses. The first weight loss is 5.27% in the temperature range
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of 42—136 °C, corresponding to the release of the nonco- loss is 40.87% from 196 to 61°C, assigned to the loss of
ordinated water molecules (calcd 4.7%). The second weight4,4-bipy molecules, water molecules, /83 molecules, and
loss is 7.86% from 140 to 221C, corresponding to the  partial oxygen molecules (calcd 40.71%). The whole weight
release of free 4;4ipy molecules and coordinated water loss (42.71%) is in agreement with the calculated value
molecules (calcd 8.51%). The three step is 45.38% in the (41.73%).

temperature range of 23015 °C, all assigned to the loss The TG curve of6 exhibits two steps of weight losses
of coordinated 4,4bipy molecules and A®; molecules  (Figure S14b). The first weight loss is 4.32% in the range
(calcd 45.44%). It shows a total weight loss of 58.51% in of 44—183 °C, corresponding to the release of the nonco-
the range of 44709 °C, which agrees with the calculated ordinated water molecules (calcd 4.27%). The second weight

value of 58.65%. loss is 44.01% from 215 to 667, assigned to the loss of
The TG curve of2 is shown in Figure S13b. It shows a  4,4-bipy molecules, water molecules, A% molecules, and
total weight loss of 57.48% in the range of-4409 °C, partial oxygen molecules (calcd 44.56%). The whole weight

which agrees with the calculated value of 56.2%. The weight |oss (48.33%) is in agreement with the calculated value
loss of 4.1% at 44197 °C corresponds to the loss of (48.83%). The TG curves of compoun@sand 8 exhibit
noncoordinated water molecules (calcd 2.85%). The weight similar weight loss stages. |, the whole weight loss
loss of 53.38% at 221709 °C arises from the loss of  (48.69%) is in agreement with the calculated value (49.36%)
coordinated water molecules, phen molecules, angdDfs  (Figure S14c). I8, the whole weight loss (46.36%) is in

molecules (calcd 53.35%). agreement with the calculated value (45.89%) (Figure S14d).
The TG curve of3 is shown in Figure S13c. It shows a
total weight loss of 53.88% in the range of 4407 °C, Conclusions

which agrees with the calculated value of 54.47%. The
weight loss of 2.67% at 44201 °C corresponds to the loss
of noncoordinated water molecules (calcd 2.96%). The
weight loss of 51.21% at 234707 °C arises from the loss
of coordinated water molecules, 2/#ipy molecules, and

In summary, we successfully synthesized a series of new
molybdenum arsenate complexes constructed from [(ZnO
(As303)2,M0601g]*~ and [HAS:M0gO,6] ¢~ clusters as
SBUs. This work demonstrates that it is a feasible route to

As;0s molecules (caled 51.51%) use molybdenum arsenates as SBUs building up function-
'Iz'h; TG curve of4 is shown in.Figure S13d. It gives a  2lized open-framework solid-state materials. We expect that
total weight loss of 53.65% in the range ofﬂ.4876 oC this will provide help for the construction of extended

which agrees with the calculated value of 52.61%. The molybdenum arsenate frameworks based on inorganic mo-
weight loss is 6.36% in the range of 4395 °C, which lybdearsenate clusters and investigation with the potentinal

corresponds to the loss of noncoordinated water moleculesappllcatlcms of these compaunds.

(caled 6.65%), and then the sample keeps relatively stable  aAcknowledgment. The authors thank the National Natu-

in the temperature range of 19260 °C. The weight loss  ra| Science Foundation of China (20371011) for financial
of 47.29% at 266-876 °C arises from the loss of 4:bipy support.

molecules, water molecules, and ;8 molecules (calcd
45.96%). Supporting Information Available: X-ray crystallographic files

The TG curve of5 exhibits two steps of weight losses for compoundd—8in CIF format and additional figures and tables.
(Figure S14a). The first weight loss is 1.84% in the range This material is available free of charge via the Internet at
of 44—178°C, corresponding to the release of the nonco- NtP//pubs.acs.org.
ordinated water molecules (calcd 1.02%). The second weightiC061227J
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