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Hydrothermal Syntheses, Structural Characterizations, and
Photoluminescence Properties of Three Fluorinated Indium
Phosphates with Bipyridyl Ligands:
In3F2(2,2'-bipy)2(HPO4)2(H1_5PO4)2, In2F2(H20)(2,2'-bipy)(HPO4)2,
and InaF2(H20)(2,2-bipy-5-amine)(HPOy).
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Three novel fluorinated indium phosphates with the formulgg.(&,2-bipy)(HPOy)2(H1 sPOy)2 (1),
InoF2(H20)(2,2-bipy)(HPQ), (2), and InFy(H.0)(2,2-bipy-5-amine)(HPQ), (3) have been prepared
hydrothermally in the presence of 2[f8py and 2,2bipy-5-amine ligands. Single-crystal X-ray diffraction
analysis reveals thdt possesses an unusual neutral chained structure, which is not only the first 1D
chain in the indiumphosphate family but also shows a new type of chain structure compared with those
metalphosphates reported in the literature. MeanwRilnd3 present 2D undulated sheetlike structures
with the same inorganic framework topology. The adjacent layers are stably packed together and exhibit
interesting 3D supramolecular arrays with-st interactions of the bipy groups. It is noteworthy that the
different ratios of In:P for reactant addition lead to the formation of different structures in the presence
of the same bipy ligands (In: 1:6 for compoundl and In:P=1:4 for 2). By comparatively studying
the photoluminescence properties of these compounds, we may conclude that the photoluminescence
originates from ligand-centered—s* transitions. The as-synthesized products are further characterized
by powder X-ray diffraction, thermogravimetric analysi MAS NMR and IR spectroscopy, ICP, and
elemental analysis.

Introduction organic amines as structure-directing agents (SDA) or
In materials science, metal phosphates, with either an templates. An al_ternative p_ath to this mgthod uses the organic
inorganic or a hybrid o'rganieinorganic frarr;ework have component as ligand, which can be directly c9ordma?ed o
been of great interest in the past few years becau'se of theirthe metal phosphate scaffgldmg to form organiorganic

: o . . i hybrid metal phosphatédJsing these two approaches, a rich
potential applications in catalysis and separation PrOCESSESyrctural chemistry has already been established for group

ang_bzilsg bbi%alﬁi FOf the tfascma}tlrr: 9 d sttrklljcturall fe?turesm phosphates of Af and Ga’ and work is now emerging
exhibited by thert:* Frequent use of hydrothermal (solvo- on the indium phosphate family. So far, there are three-

itzg:maa:?ct?rcahrzg\lsgykgnOrlgrr:qeolgﬂt%een% ‘arrﬁ;gg%a;]%asr;ﬂii%? dimensional open framework InPOs with In:P ratios ofé°2,
lorga P IC 2:310 1:11112 9:813 5:414 and 6.8:8° and 2D layered
diversity of the metal phosphates. In addition, the presence
of fluoride as a mineralizer in hydrothermal synthesis (4) Hagrman, P. J.; Hagrman, D.; ZubietaAdgew. Chem., Int. EA999
frequently has a pronounced effect on the solid-state phases __ 38 2638 and references therein.
. . . . (5) Wilson, S. T.; Lok, B. M.; Flanigen, E. M. U.S. Patent 4 310 440,
produced and may even result in the incorporation of fluoride 1982,
into the inorganic framework.One approach to designing  (6) Huo, Q.; Xu, RJ. Chem. Soc1992 168.
i ; ; ; (7) Esternam, M.; McCusker, L. B.; Baerlocher, C.; Merrouche, A.;
and synthesizing novel materials in this system employs Kessler, H.Nature 1991 352 320.
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Table 1. Crystal Data and Structure Refinement for -3
1 2 3
empirical formula GoH21F2INgN2016P4 CioH12F21n2N200P2 CaoH13F2IN2N3OgP,
fw 1079.75 633.80 648.81
cryst syst triclinic triclinic triclinic
space group P1(No. 2) P1(No. 2) P1 (No. 2)
a(A) 8.8932(11) 7.8843(17) 7.899(3)
b 9.0338(11) 10.321(2) 10.405(4)
c 10.6253(13) 11.395(2) 11.387(5)
o (deg) 72.445(2) 107.139(3) 0108.01(3)
p (deg) 75.252(2) 105.101(3) 104.52(3)
y (deg 74.819(2) 99.328(3) 99.36(2)
V (A3) 771.04(16) 826.3(3) 831.9(6)
z 1 2 2
Dcalcd (Mg/md) 2.325 2.547 2.590
abs coeff (mm?) 5.051 3.059 3.043
F (000) 522 608 624
cryst size (mrf) 0.249x 0.107x 0.102 0.116x 0.086x 0.049 0.102x 0.071x 0.050
6 range for data collection (deg) 2.628.60 1.98-28.47 1.99-28.23
limiting indices —11=<h =11, —10=< h =10, —10=h=<9,
—11=<k=12, —13=< k=13, —-13=<k=12
—7=<1=<13 -7=<1=<14 —-8=<1=<15
no. of refins collected/unique 4825/34F(int) = 0.0414] 5128/3650R(int) = 0.0452] 5845/4021R(int) = 0.0754]
data/restraints/params 3425/0/267 3650/0/276 4021/0/253

GOF onF? 1.011 1.109 0.907

final R indices [ > 20(1)]2 R;= 0.0259 wR,=0.0658 R=0.0446 wR,=0.1038 R=0.0598 wR>=0.1222
Rindices (all data) R=0.0284 wR,=0.0676 R=0.0527 wR,=0.1071 R=0.1094 wR»=0.1397
largest diff. peak and hole (e &) 1.232 and-0.727 1.318 and-0.862 1.855 and-2.523

ARy = Y||Fol — [Fcll/Y|Fol. WR2 = [¥[ W(Fe2 — FAA/ [ W(Fo2)F] V2

structures with In:P ratios of 118,1:217-1°4:720 and 1:1%* have successfully synthesized three novel fluorinated indi-
Furthermore, two indium phosphites have also been reportedumphosphates, §f(2,2-bipy)(HPOy)2(H15POy)2 (1), InzF2-
recently?>?2However, compared to the systematic, enormous (H.0)(2,2-bipy)(HPQy). (2), and InFx(H.0)(2,2-bipy-5-
exploitation of indium phosphates using organic amines as amine)(HPQ) (3), which possess unusual neutral 1D chains
structure-directing agents and/or templates, reports on indiumand 2D undulated sheetlike structures with the same inor-
phosphates employing the organic amine as ligand are rarelyganic topology, respectively. Despite the fact that the
documented?’ Compared with inorganic ligands, organic inorganic frameworks of compoundsand 3 are similar,
multidentate ligands possess more rich coordination sites andhe different chromophores (ligands) of the two compounds
a higher capacity of passivating metal sites by reducing thelead to diverse luminescence properties. Herein, we com-
available metal ion binding sites, which may inhibit inorganic paratively report the syntheses, structures, and photolumi-
structure growth in certain directiod$One may expect that  nescence properties of these compounds.
the rational design of crystalline solids with complex
architectures may be realized through shrewd choice of
organic species. Furthermore, the metal-coordination com-
pounds with pyridine type ligands have received much
attention recently because 'of their good. performance N containing 2,2bipy (for compoundd and2) and 2,2bipy-5-amine
sensor technologies and luminescence devitebese ideas  (tor compound3) as organic ligands. Far and2, indium nitrate
have prompted us to choose indium as the metal ion, (in(NOs)s-4.5H,0, 99.5%), phosphoric acid (85 wt %), 2/gipy,
hydrofluoric acid as the mineralizer, and 2if2pyridyl (2,2 - hydrofluoric acid (40%Caution: toxic and highly irritating; work
bipy) and its derivative 2;2bipyridine-5-amine (2,2bipy- in a laboratory hood when handling concentrated )-H&nd distilled
5-amine) as organic ligands. Employing this strategy, we water were mixed in a 1:6.0:2.0:5.0:250 molar ratio of IngNO
4.5H,0:H3P0O,:2,2-bipy:HF:H,0 and a 1:4.0:2.2:5.0:250 molar ratio
of IN(NO3)3+4.5H,0:H3P0Oy:2,2-bipy:HF:H,O, respectively. Fo8,
indium nitrate, phosphoric acid, 2;Bipy-5-amine, hydrofluoric
acid, and distilled water were mixed in a 1:4.0:2.5:5.0:250 molar
ratio of In(NG;)3:4.5H,0:H3P0O,:2,2-bipy-5-amine:HF:HO. The
mixture was sealed in a 15 mL Teflon-lined stainless steel autoclave
with a filling capacity of~50% and heated at 18 for 8 days
for 1 and 10 days for2 and 3 under autogenous pressure. The
resulting platelike colorless (@nd2) and yellow @) crystals were
recovered by filtration, further washed thoroughly with distilled
water, and dried at room temperature.

Characterization. Powder X-ray diffraction (XRD) data were
collected on a Siemens D5005 diffractometer with Gurddiation
(A =1.5418 A). The step size was 0%0and the count time was 2
s. The elemental analyses were performed on a PeEimer 2400
LSII element analyzer. Inductively coupled plasma (ICP) analyses

Experimental Section

Synthesis. All reagents were of analytical grade. The three
compounds were hydrothermally prepared from a starting mixture

(15) Thirumurugan, A.; Natarajan, ®alton Trans.2003 3387.

(16) Chippindale, A.; Brech, SChem. Commurili996 2781.

(17) Lii, K.-H.; Huang, Y.-F.Inorg. Chem.1999 38, 1348.

(18) Yu, J.; Sung, H. H.-Y.; Williams, I. DJ. Solid State Chen1999
142 241.

(19) Du, Y.; Yu, J.; Wang, Y.; Pan, Q.; Zou, Y.; Xu, R. Solid State
Chem.2004 177, 3032.

(20) Chippindale, A. M.; Brech, S. J.; Cowley, A. R.; Simpson, W. M.
Chem. Mater1996 8, 2259.

(21) Wang, L.; Shi, S.; Ye, J.; Fang, Q.; Fan, Y.; Li, D.; Xu, J.; Song, T.
Inorg. Chem. Commur2005 8, 271.

(22) Yi, Z.; Chen, C; Li, S,; Li, G.; Meng, H.; Cui, Y.; Yang, Y.; Pang,
W. Inorg. Chem. Commur2005 8, 166.

(23) Plater, M. J.; Foreman, M. R. S.; Coronado, E:ntea-Garaa, C. J.;
Slawin, A. M. Z.J. Chem. Soc., Dalton Tran&999 23, 4209.

(24) (a) Balzani, V.; Juris, A.; Venturi, M.; CampagnaChem. Re. 1996
96, 759. (b) Lin, Z. Z.; Jiang, F. L.; Chen, L.; Yuan, D. Q.; Hong, M.
C.Inorg. Chem2005 44, 73. (c) Lin, Z. E.; Zhang, J.; Zheng, S. T.,
Yang, G. Y.Microporous Mesoporous Mate2004 68, 65.
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were carried out on a PerkitEImer Optima 3300 DV ICP
instrument. The infrared (IR) spectra were recorded within the-400
4000 cm! region on a Nicolet Impact 410 FTIR spectrometer using
KBr pellets. A Perkin-Elmer TGA 7 thermogravimetric analyzer
was used to obtain thermogravimetric analysis (TGA) curves in an
atmospheric environment with a heating ratio of°@min~1. The
31P MAS NMR spectra were acquired at®® frequency of 161.81
MHz on an Infinity Plus spectrometer. TB¥ chemical shifts were
reported relative to 85% 40O, as an external reference. Fluores-
cence spectra were measured on a PerkEimer LS 55 lumines-
cence spectrometer, equipped with a 450 W xenon lamp.
Determination of Crystal Structures. A suitable single crystal
was selected for single-crystal XRD analysis. The data were
collected on a Bruker Smart CCD diffractometér(Mo Ka) =
0.71073 A) at 20t 2 °C. A total of 4825 reflections for compound
1, 5128 reflections foR, and 5845 reflections f@ were collected,
with 3425, 3650, and 4021 unique reflections, respectivigly {
= 0.0414,Rpn 2 = 0.0452, andR; 3 = 0.0754). Data processing
was accomplished with the Process-Auto processing program. The
structures of the three compounds were all solved by heavy-atom
methods and refined by a full-matrix least-squares approad¥ on
using the SHELXTL 5.1 software packageThe In and P atoms
were located first, and then the O, F, C, and N atoms were found
in the final difference Fourier maps. The hydrogen atoms of the
framework were initially located from difference Fourier maps and
for the final refinement were placed geometrically except for those
of compoundl. Finally, the non-hydrogen atoms were all refined
anisotropically. The detailed crystallographic data of the three
compounds are listed in Table 1.

Results and Discussion

Description of the Structures. The final atomic coordi-
nates with isotropic temperature factors for the three
compounds are listed in Tables-2 of the Supporting
Information, whereas selected bond lengths and angles are
presented in Tables-57 of the Supporting Information.

Single-crystal X-ray diffraction analysis reveals that the
unit cell of compoundL contains two crystallographically
distinct In atoms; one (In(1)) resides on the 2-fold symmetry
axis, the other unique In (In(2)) atom in the general position,
and two P atoms are also located on the general positions
(Figure 1a). Each In atom is octahedrally coordinated, but
the coordination environments are different. In(1) shares four
vertex oxygen atoms with adjacent P atoms-(@y, = 2.110
A) and two bridging F atoms with In(2) atoms (., =
2.107 A). Interestingly, the F(BIn(1)—F(1A) bond angle
for two fluorine atoms, O(5)In(1)—0O(5A) and O(7)-In-
(1)—O(7A) for oxygen atoms in a trans position are all
exactly 180, which is rarely documented in octahedral
indium phosphates. Except for the bridging fluorine atom
shared with the In(1) atom, the In(2) atom is coordinated by
two nitrogen atoms from a Z;bipy ligand and three oxygen
atoms with adjacent P atoms. Thed@/N/F bond distances  rigure 1. Asymmetric units oft, 2, and3 (thermal ellipsoids at the 50%
are in the expected range of 2.086{2)272(2) A (In(2-F probability level).
=2.141(2) A, In(2)-04 = 2.095 A, and In(2)Na, =2.262
A). The tetrahedral P(2) atom shares three oxygen atomsA. The P(1) atom is unusually present as 2P, group.
with adjacent In atoms, leaving the other oxygen atom as alt shares two oxygen atoms with adjacent In atoms, leaving
terminal P-OH group, with P-O bond lengths of 1.559(3)  the other two as terminal oxygen atoms. The bond length of

P(1)-0(2) is 1.574(3) A, which should be attributed to the

(25) SMARTand SAINT (software packages); Siemens Analytical X-ray P_OH_ bond, ineVitab_Iy' However, the P&D(IB) bond
Instruments Inc.: Madison, WI, 1996. length is 1.532(2) A, slightly shorter than the terminai®H
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SBU: In;F3(CoN;Hjg),

(a) (b) (©

Figure 2. (a) Polyhedral representation of the chain structure along teas for 1. (b) Note the unusual SBU, the heptameiRitbipy).(HPQs)3(H2POy),
constructing into the neutral chains. (c) Infinite chain in tancoite.

bond and longer than the termina=P bond, and is assumed interactions with an OH-O separation of 1.9932.193 A

to be scrambling/disorder of-FO~/P=0 functionalities. In also perform a certain function on stabilizing the structure
fact, the H peak of electron density is found between the of 1.

two O(3) atoms and is shared by twa #(1)Q, groups on To the best of our knowledge, compouhds unusual in
the adjacent chains, the site occupation factor (SOF) of which that it is not only the first 1D chain of the indiumphosphate
is 0.5 for charge balance. Similar behavior has been observedamily put also shows a new type of chain structure in

for all atoms within the framework atoms farare listed in jiterature). Even though the SBU of the chain is observed in
Table 5 of the Supporting Information and confirm the some tancoite-like compourfds(Figure 2c), the linked
valence assignme#it. fashion is different between the two chains. For tancoite-

may be understood in terms of an unusual secondary buildingconstituted by a string of metal octahedra linked by their

unit (SBU), the heptamer, with a formula ofsf(bipy),- trans oxygen (or fluorine) apexes. However, forthree
(HPQy)3(H2PQy), built from four PQ (HPQ,, HoPQ)) tetra-  ingjum octahedra are linked together by the bridging F atoms
hedra, two In(2)FGN; octahedra, and one central In(3%  jy trans position to form a trimer and then linked by PO

octahedron, as shown in panels a and b of Figure 2. Thetetrahedra to generate an “interrupted tancoite” chain. The
InFO;N, and Ink0, octahedra are linked together by the propable explanation is that the bipy ligands that exist in
bridging fluorine atoms in trans position to form a trimer, ne reaction coordinate to all of the surplus In sites such that
InsF2010N4. Four PQ tetrahedra then cap the trimer by the  he steric hindrance of bipy groups decorating the chain
bridging oxygen atoms to generate the heptamer. Theseprevents the indium molecules in the central core from

(2)0O4 group to construct the infinite neutral chain along the

a axis. The two pyridine rings in the 2;Bipy molecule
decorating the chain are almost coplanar with a dihedral angle
of about 7.68, and both rings are roughly perpendicular to
the chain. Neighboring 2\bipy ligands from two adjacent
chains have a structure of offset parallel stacking and are

separated by 3.9 A, indicating significant attractive inter- shows the asymmetric unit & The structure consists of

molecular aromatic interactic. Thus, indium phosphate :
) . . . two independent In atoms and two phosphorus atoms. In(1)
chains are extended into a three-dimensional supramolecular

array viar— stacking interactions of the 2;Bipy ligands. 's coordinated by one bidentate 2{py and four HPQ

. L . . groups, whereas octahedral In(2) coordinates two bridging
In addition, the weak intra-/interchain hydrogen bonding oxygen atoms with adjacent P atoms ({2, = 2.073

(26) (a) Sung, H. H-Y.. Yu, J.. Williams, 1. D1, Solid State Chen1998 A) and two bridging F atoms with another In(1) atom, leaving

140, 46. (b) Chen, C. Y.: Lo, F. R.; Kao, H. M.; Lii, K. HChem. the other ligands as a terminal F (I(5(2) = 2.071(4) A)
Commun200Q 1061.
(27) (a) Brown, I. D.; Altermatt, DActa Crystallogr., Sect. B985 41,

Unlike compoundl with a chained structure, compounds
2 and3 are neutral layered networks with the same inorganic
framework topology, the only difference of which is that
the organic ligands o are 2,2-bipy, whereas that 08
corresponds to 2)bipy-5-amine. Here, we describe only
the structure of compoun? as a representative. Figure 1b

244. (b) Brese, N. E.; Keeffe, M. Q\cta Crystallogr., Sect. B991 (29) (a) Frank, C. HActa Crystallogr., Sect. B994 50, 481. (b) Richard,
47, 192. I. W.; Franck, M.; Dermot, OChem. Mater200Q 12, 1977. (c) Zoe,
(28) Ferguson, S. B.; Sanford, E. M.; Seward, E. M.; Diedericl, Am. A. D. L.; Philip, L.; Russell, E. M.; David, S. W.; Paul, A. W.

Chem. Soc1991 113 5410. Solid State Cheml999 142, 455.
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OO

(b)

Figure 3. Description of the structural fashion @f (a) Intercalation of the layers into a three-dimensional supramolecular array via the lateral bipy groups
(perspective view along the [110] direction). (b) Stick view of the inorganic laye&r @bng thez axis (the bridging oxygen atoms and carbon atoms are
omitted for clarity). (¢) Unique edge-sharing dimer,@gF,. (d) Corner-sharing-corner chain (CSC chain).

and a water molecule (In(2)0(1) = 2.205(5) A). All the adjacent layers are almost parallel to each other; there are
coordination tetrahedra around the P atoms have somepossibler—a interactions between them, as reflected in an
deformation because of the presence of an OH group. Theyaverage distance of 3.45 A. It should be noted that there is
link through oxygen to three adjacent indium atoms (P(1) H-bonding between adjacent layers, which performs a certain
Oa = 1.521 A and P(20, = 1.518 A), with the fourth  function on stabilizing the structure @ The stick repre-
coordination site in each case corresponding to a terminalsentation of the inorganic layer @falong thez axis is shown
P—OH group, as shown by the longer-B distances (P(%) in Figure 3b. It is helpful to view this layer as being built
O(7) = 1.573(5) A and P(2)0O(9) = 1.570(5) A). These  from an infinite 1D chain and a dimer, as shown in panels
results are close to those observed previously in indium ¢ and d of Figure 3. First, a four-membered ring (4-MR),
phosphates; bond valence calculations for all atoms within In,P,Oy, is formed from two InGN, and two HPQ groups
the framework atoms are listed in Table 6 of the Supporting via a corner-sharing mode. The 4-MRs then fuse together
Information®-20 through their vertexes to form a classical corner-sharing-
The polyhedral representation of struct@reiewed down  corner chain (CSC chair Finally, through P sites, the CSC
the [110] direction is shown in Figure 3a. It consists of a chains link with a unique edge-sharing dimepQsF,, giving
puckered inorganic indium phosphate layer staking in an rise to a 4,10-membered ring undulating net structure. The
AAAA fashion; organic 2,2bipy ligands decorate the dimer, which has not been observed in indiumphosphates
inorganic layer and project above and below into the
interlamellar regions. Neighboring 2Ripy ligands from two (30) Yu, J.; Xu, RAAcc. Chem. Re003 36, 481.
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Figure 4. Building-up description of the influence of the In:P ratio on the structure. (a) Corner-shared four-membered,Pu@uNn (b1) Trimer of
InP,F,010. (c1) Building block constructing into the chains hfNote that the bridging F atoms are in trans positions. (d1) Representation for the structure
of 1. (b2) Edge-sharing dimer, 1@sF4. Note that the bridging F atoms are in cis positions. (c2) Building block constructed into a |&/€d2j Representation

for the structure oR.

before (but a similar edge-sharing octahedral dimer has been Characterization. The ICP and elemental analysis results
observed in the fluorinated iron (gallium) phosphate sys- are in good agreement with the values from the single-crystal
tems1), consists of four bridging O atoms with adjacent P structure analysis. Calcd fdr(wt %): In, 31.90; P, 11.47;
atoms, two terminal F atoms, a terminal molecular water C, 22.25; N, 5.189. Found: In, 32.25; P, 11.49; C, 24.13;
projecting into the 10-MR, and two bridging F atoms in cis N, 5.26. Calcd for2 (wt %): In, 36.23; P, 9.77; C, 18.95;
position. N, 4.42. Found: In, 37.18; P, 10.55; C, 17.25; N, 4.76. Calcd
Influence of the In:P Ratio on the Structure. Interest- for 3 (wt %): In, 35.39; P, 9.55; C, 18.51; N, 6.48. Found:
ingly, different In:P ratios for the reactant addition lead to In, 36.45; P, 10.32; C, 19.86; N, 6.97.
the formation of different structures (Ins 1:6 for structure The powder X-ray diffraction patterns for the three

1 and In:P= 1:4 for 2). To understand the relationship compounds are entirely consistent with that simulated on the
between the structure and the role of the In:P ratio, we give pasis of the single-crystal structure (Figure 5). The diffraction
a building-up hypothesis in terms of a corner-shared four- peaks on both patterns correspond well in position, indicating
membered ring, WP,O4N,, presenting in the structure of both  the phase purity of the as-synthesized samples. Some
compounds, and the coordinate environment of In octahedragifference in reflection intensities between the simulated and
in the solution. In the case of the +sPO,—2,2-bipy— experimental patterns is due to the variation in crystal
HF—H>0O SyntheSiS SyStem, thez?tO4N2 4-MRs, as shown orientation for the powder Samp|es_

in Figure 44, is a common motif in this system and is always thermogravimetric analysis curves of the three com-

forrr_u_ed |n|t_|ally. With dnfferent ratios of In:P for reactant pounds show that the composition bfemained stable up
addition, different coordinate environments of In octahedra , 359°c. On further heating, a two-step weigh loss was

forms in the solution. For compound, an amount of  ,pqared The initial weight loss between 350 and B50
phosphate groups coordinate to the octahedral In atoms.gpould correspond to the departure of 2By ligands.

forming the trimers as shown in part bl of Figure 4, ever the observed weight loss (24.15%) was much
progressively condensing with the 4-MRs through phosphate ey than the expected value (calcd: 28.93%). The lower

bridges and F bridges in trans positions to construct the o4, ction in this stage was due to the retention of carbon in
chained structure (parts c1 and d1 of Figure 4). With an yno oqjig residue (black in color). The same phenomenon

increasing In:P ratio, the In source is dominant in the reaction was observed in a GaPOs syst¥mThe second step,
solution and a great quantity of In octahedra coordinate to occurring between 650 and 90C with a weight loss of
each other through the F bridges in cis positions to form 7 979, should be attributed to the removal of HF, hydroxyls,
edge-sharing dimers, 40¢F4, as shown in part b2 of Figure 54 carhon from the black solid residue. The total observed
4. Subsequently, the initial 4-MRs and the dimer fuse \ qight j0ss (32.12%) for the two steps compared well with
together through P sites to form the building block presented y, " caiculated on the basis of the above interpretation. The

in part c2 of Figure 4. Finally, the building blocks construct XRD patterns of the post residue corresponded to dense
the two-dimensional network of compougd

(31) Chang, W.; Chen, C.; Lii, K. HJ. Solid State Chen2003 172 6. (32) Lin, Z.; Zhang, J.; Sun, Y.; Yang, Gnorg. Chem.2004 43, 797.
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Figure 5. Experimental and simulated powder X-ray diffraction patterns

of (a) 1, (b) 2, and (c)3.

INPQy (crystobalite form and JCPDS 08-0052) together with

an amorphous phase. Farand 3, the thermogravimetric

analyses show that the weight loss of the compound is ca.

23.1% for 2 and 26.39% for3 from 100 to 650°C,

corresponding to decomposition of the '2¢py (calcd:

24.61%) and 5-N-2,2ipy (calcd: 26.36%), respectively.

Afurtherweightlossof10.18%f02and 9.24% for3 at o [ . L P [ R LR 2L i
650-850 °C is consistent with the removal of HF and » 1 0 -10 -20
molecular water from the compound. At that temperature,
the compounds collapse and convert to an amorphous phaserigure 6. 31P MAS NMR spectra for (a}, (b) 2, and (c)3.

At 900 °C, the amorphous phase recrystallizes to form an

InPO, phase (JCPDS 08-0052), as confirmed by powder 3P MAS NMR spectra of the as-synthesized compounds
X-ray diffraction. are shown in Figure 6. They show two signals—&2.70,

pom
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Figure 7. UV —vis absorption spectra of ligands 2/fipy and 2,2-bipy-
5-amine and compoundis-3.

Wavelength / nm

Figure 8. Solid-state fluorescence spectra at room temperature for three
compounds and ligands: (&) (b) 2, (c) 3, (d) 2,2-bipy, and (e) 2,2bipy-
5-amine.

—3.52;—-0.40,—9.40; and—3.39,—6.87 ppm, respectively,
for 13, with an intensity ratio of about 1:1. On the basis Figure 8 presents the emission spectra of the title compounds
of the previous studies in phosphaté%} we assigned the  in the solid state at room temperature, together with those
NMR peak at—0.70 ppm to the BPO, group and the other  for ligands 2,2bipy and 2,2-bipy-5-amine. When illumi-
peaks to the HPOgroups. The¥P signals of the three  pated with a wavelength of 352 nn, displays a strong
compounds are in agreement with the crystallographically fluorescence emission band centered at 385 nm, whéreas
distinct P sites in the structure and are characteristic for the presents an emission band at 368 @ € 327 nm), blue-
tetrahedral phosphate sites. shifted in comparison td. This may be due to the better
The IR spectrum ofl showed broad bands at 3135 and overlap between adjacent bipy ligandslafompared to that
3067 cnt!, corresponding to the stretching vibrations of of 2, increasing ther—x stacking interactions ol and
C—H and N-H bonds. The sharp peaks at 1611, 1563, 1483, |eading to the red-shift phenome#azor 3, an emission band
1437, and 1322 crt were assigned to the bipyridyl ring in the range of 486590 nm (e = 463 nm) is observed,
stretching vibrations. The broad bands at 1052 and 929 cm dramatically red-shifted compared to thaptlespite having
were associated with the asymmetric stretching vibrations the same inorganic framework. The probable explanation is
of In=0 and P-O bonds. The absorption at 530 and 485 that the conjugate effect of the asymmetrical amine to the
cmt appeared as well, which may be due to bending pipy rings in 2,2-bipy-5-amine molecules leads to this red-
vibrations of phosphate groups. The absorption bands ap-shift phenomena. Because the title compounds are thermally
peared at 3124, 3079, 1605, 1573, 1470, 1440, 1322, 1203stable and insoluble in common polar and nonpolar solvents,
1108, 1073, 1031, 915, 859, 776, and 520 tfior 2; the they might be promising candidates for further application
bands appeared at 3372, 3121, 3079, 1603, 1598, 1472, 14405 blue- or green-light emitting materials.
1108, 1066, 1024, 915, and 509 chior 3, which included
characteristic bands of pyridyl rings, phosphate groups, and
In—O bonds. The assignment of these bands is similar to
that for compound. Employing 2,2-bipy and 2,2-bipy-5-amine as organic
Luminescence Properties.Having the same organic ligands, three novel fluorinated indium phosphates with
ligand but different inorganic frameworks (compouhénd neutral frameworks have been synthesized hydrothermally.
2) or the same inorganic framework but different organic Their fascinating structure and synthesis conditions were
ligands @ and 3) leads to the diverse photoluminescence compared, a possible relationship between the structure and
properties. The UV-vis absorption spectra of the three In:P ratio for the reactant addition were discussed. Impor-
compounds and organic ligands are shown in Figure 7. Ontantly, comparison of the photoluminescence properties of
the basis of the absorption spectra of the free ligands as wellthe three compounds presents some distinct qualities, giving
as those of the closely related title compounds, we assignedan approach for obtaining different solid-state photolumi-
the dominant absorption bands in the 220 nm region  nescence emitting materials by optimizing the inorganic
to the intraligandz—x* transition of the bipy unit. The  framework or the decorating organic ligand. This is also the
absorption spectra of the three compounds are red-shiftedfirst report of photoluminescence phenomena in indium-
relative to the ligands, which may be due to perturbation of phosphate systems. Extended studies are underway to reveal
ther—az* transition of the bipy ligands by the metal atéfn.  the synthetic requirements and explore their attractive
properties.

Conclusion

(33) Nakayama, H.; Eguchi, T.; Nakamura, N.; Yamaguchi, S.; Danjyo,
M.; Tsuhako, M.J. Mater. Chem1997, 7, 1063.

(34) Fan, R.; Zhu, D.; Mu, Y.; Li, G.; Yang, Y.; Su, Q.; Feng,Bur. J. (35) Miller, D.; Swenson, D.; Gillan, EJ. Am. Chem. SoQ004 126,
Inorg. Chem.2004 4891. 5372.
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