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A hydrothermal reaction of a mixture containing iron powder, phosphorus acidbipyzidine, and
water at 125°C for 7 days gave colorless rods of a new hybrid iron phospitesphate, [F&(2,2-
bipyridne)(HPQ)(H.POy)], |. The structure consists of an edge-shared four-membered ring formed by
the connectivity between FgR, octahedra, pseudo-pyramidal HPGnits. 2,2-Bipyridine and PG
(OH), tetrahedra are grafted onto the Fe center and hang into the interchain spaces. This is the first
observation, to our knowledge, of a one-dimensional edge-shared chain structure in iron phosphite/
phosphate. The structure appears to have close similarity to an iron arsenate-oxgi\gte; J{Ee(OH)-
(HASO4)(C204)]-H20, and a cadmium phosphate, [Cd(2Py)(H.POr),.. Magnetic investigations reveal
that the iron is present in th€3 oxidation state and shows antiferromagnetic interactions with typical
low-dimensional behavior. The magnetic interactions between theiies are modeled using classical
uniform chain solution with a single coupling constantformulated by Fisher involving nearest and
next-nearest neighbor exchange interactions, based of #h&/, Heisenberg antiferromagentic chain.

Introduction

pared and characterized. Recently, the pseudo-pyramidal
phosphite, HPg group has been investigated as a possible

Open-framework transition metal phosphates are an im- rgpjacement for the traditional phosphate tetrahedra with
portant class of compounds investigated in great detail du””ggreat success. A new series of organic amine incorporated

the past decade or $drhe continuing interest is primarily

due to the possibility of investigating the interplay of

metal phosphites with extended network structures have been
prepared. Thus, open-framework phosphites of*\

structure, dimensionality, and magnetism in these com- Cr22-24 \In,25 Fe2326 Co27 Zn 2846 Al 47 Ga® Be° and

pounds. Thus, iron phosphates with ofi¢-two-5"1* and

three-dimensionalfy 18 extended structures have been pre- (14) Cavellec, M.; Riou, D.; Grenenche, J.-M.; Ferey JGMagn. Magn.
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Mo®% have been synthesized and characterized. Although the Table 1. Crystal Dﬁllta and Structure Refinement Parameters for
synthesis of phosphite framework has been accomplished [Fe™ (C10NaHg)(HPO3)(HoPOL)], |

the investigations on mixed ligands are rare. As far as we ?mpifilca' fo,mr:tU'a §$28§C10N2H11
. ormula welig .
are aware, there have been onlyl three previous reports ¢ g system monoclinic
incorporating both the pseudo-pyramidal phosphite, [)JPO space group P2:/m (No. 11)
and the tetrahedral phosphate O oxoanions as part of a(A) 10.541(1)
. . 46,47 ; o b (A) 6.430(1)

the inorganic skeletoff¢4’We have been investigating the c(A) 10.617 (1)
formation of novel iron phosphites in the presence of organic B (deg) 113.89 (1)
amine molecules employing hydrothermal methods. During \éo'ume ) 257-93 ®)
the course of these investigations, we have now isolated a T 293(2)
new iron phosphite phosphate, [F&(C1oN2Hg)(HPOs)(H.- Pealc (g €M 3) 1.878
PQy))], |, possessing one-dimensional structure. To our p(mm) 1.418
knowledge, this is the first report of a one-dimensional edge- g range (deg) 21023.25

nowledge, _ P . g A (Mo Ka) (A) 0.71073
shared chain structure in an iron phosphite/phosphate system.  Rindexes [ > 20(1)] Ry = 0.0385, R, = 0.0944
In this paper, we describe the synthesis, structure, and  R(alldata) Ry = 0.0495, wR, = 0.101
magnetic behavior of this compound. 3Ry = 3 [IFol = IFdll/3|Fol; WRe = { Z[W(Fo? — FAZ/ 3 [W(FoH)Z} Y2

w = 1/[04(Fo)? + (aP)2 + bP], P = [max.(F.%0) + 2(Fc)3/3, wherea =
. . 0.0460 andb = 1.5472.
Experimental Section

(IR) measurements. An EDAX analysis on the single crystal
. indicated an Fe:P ratio of 1:2, consistent with the single-crystal
phosphate, [F&(CioNaHs)(HPO3)(HPQy)], 1, was synthesized —gar, The powder XRD patterns were recorded on crushed single
under hydrothermal conditions using iron metal powder as the crystals in the 8 range 5-30° using Cu Ko radiation (Rich-Seifert
source of i_ron. In a typi_cal_synthesis, 0'108,9 of Fe-powder was 3000TT). The XRD pattern was entirely consistent with ’the
dispersed in 7 mL of deionized water. To this was added 0.636 g yr,ctres determined using the single-crystal X-ray diffraction.

of HPO;. Finally, 0.909 g of 2,2bipyridine (2,2-bpy) was added Thermogravimetric analysis (TGA) has been carried out (Mettler-

tohthe m:xtu.re and h(;mﬁgenized f(.)r. 30 m(;n et room.;e(r)npz)ezrature. Toledo, TG850) in nitrogen atmosphere (flow rate50 mL/min)
The final mixture with the composition 1.0Fe:4.g#0;:3.0(2,2- in the temperature range 2800 °C (heating rate= 5 °C/min-1).

bpy):200HO was transferred into a 23-mL acid-digestion bomb 1,0 o dies show broad weight losses in three overlapping steps,

and heated at 12%C for 7days. The resulting product, containing which begin gradually at 256C and are complete at 70C. The

Iargi qduantrl]tlc(jes. Of, co(!jorless rodlcljkgz.sl:?gle crgetals, wg.s. flltere(:], total weight loss of 42.6% corresponds to the loss of the bonded
washed with deionized water, and dried at ambient conditions. T € amine molecule and the condensation of the terminal hydroxyl

yield of the product was-70% based on Fe. The initial and final group of the HPO, units (calc.= 44.9%). The calcined sample

pH of the reaction mixture was2. was amorphous to powder XRD

_The initial characterization was carried out using powder X-ray |nfrared (IR) spectroscopic studies carried out in the range-400
diffraction (XRD), thermogravimetric analysis (TGA), and infrared 400 cpy2 using the KBr pellet method (Bruker IFS-66v) exhibited
typical peaks corresponding to the 2y, HPO,, and HPQ
(32) Lin, Z. E.; Zhang, J.; Zheng, S. T.; Yang, G. ¥licroporous moieties. IR bandsw(NH) = 3037 cnt?, »(CH) = 3110 cnt?,

Synthesis and Initial Characterization. The iron phosphite

Mesoporous Mater2004 68, 65. - 1 = 1 = 1
(33) Shi. S. H.; Li, G. H.; Xin, H. M Ding, H.; Xu, J. N; zhu, 6. 5, “(PH)= 2388 o, o(NH) = 1598 cnr, o(CH) = 1476 e,
Song, T. Y.; Qiu, S. JChem. J. Chin. Uni. 2004 25, 230. 0(HP)= 940 cm™%, 0s (PQ) = 599 cm*, das (PQ) =542 e,
(34) Wang, L.; Shi, Z.; Fu, W. S.; Li, G. H.; Zhang, D.; Dong, W. J.; Dai, The temperature variation of the magnetic susceptibility studies
Z. M.; Chen, X. B.; Feng, S. H). Solid State Chen2004 177, 80. has been carried out on powdered single crystals in the rangec®
(35) Zhang, D.; Shi, Z.; Dong, W.; Fu, W. S.; Wang, L.; Li, G. H.; Feng, K with SOUID t t t Desi MPMS7
S. H.J. Solid State Chen2004 177, 343. with a SQUID magnetometer (Quantum Design
(36) Lin, Z. E.; Zhang, J.; Zheng, S. T.; Wei, Q. H.; Yang, G. Solid SQUID). Measurements were carried out when the sample had been
@7) SDtate SVCViZSOCaL_S,GME'S.SH 7 Fu W, S 7h D Chen. X. B through both a zero-field cooled and a field-cooled procedure.
ong, N o B C R o P l, £.; FU, L., ang, D.; en, X. b.; H _ H : H
Dai, Z. M.. Wang, L.; Feng, S. Hnorg. Chem. Commur2003 6. _ Single-Crystal Structure Determination. A swtaple colerless
776. single crystal was carefully selected under a polarizing microscope
(38) Wang, Y.; Yu, J. H.; Li, Y.; Du, Y.; Xu, R. R.; Ye, LJ. Solid State and glued to a thin glass fiber with cyanoacrylate (superglue)
Chem 2003 170, 303. ; inati . ; :
(39) Liang, J.. Wang, Y.. Yu, J. H: Li, Y.: Xu, R. Rchem. Commun adhesive. Crystel structure determlnatlo_n by X-ray dlffracyon was
2003 882. performed on Siemens SMARF CCD diffractometer equipped
(40) Harrison, W. T. A_; Phillips, M. L. F.; Stranchfield, J.; Nenoff, T. M.  with a normal focus, 2.4 kW sealed tube X-ray source (Mo K
1) 'SOfg_- CheV'\T-; 2190;: |4(t)’ §9|5 Mater 2001 3, 187 radiation,A = 0.71073 A) operating at 40 kV and 40 mA. A
arrison, . I ANt J. Inorg. Mater y . : : . .
(42) Harrison, W. T. A.J. Solid State Chen2001, 160, 4. hemisphere of _|nten5|ty date was collected at room temperature in
(43) Harrison, W. T. A.; Phillips, M. L. F.; Nenoff, T. Mint. J. Inorg. 1321 frames withw scans (width of 0.30and exposure time of 10
Mater. 2001 3, 1033. s per frame) in the@range 3-46.5". Pertinent experimental details
(44) S;rtgf]c’%a\’xs' ;boAi' lellgps, M. L. F.; Nenoff, T. MJ. Chem. Soc., oy the structure determination dfare presented in Table 1.
(45) Rodgers, J. A.; Harrison, W. T. Ahem. Commur200Q 2385. An empirical absorption correction was applied using the
(46) Wang, Y.; Yu, J. H.; Du, Y.; Shi, Z.; Zou, Y. C.; Xu, R. B. Chem. SADABS progranP! The structure was solved and refined using
Soc., Dalton Trans2002 4060. the SHELXL suit of program& The direct method solution readily
(47) Harvey, H. G.; Hu, J.; Attfield, M. PChem. Mater2003 15, 179.
(48) Fernandez-Armes, S.; Mesa, J. L.; Pizarro, J. L.; Lezama, L.; Arriortua,
M. I.; Rojo, T. J. Solid State Chen2004 177, 765. (51) Sheldrick, G. M.SADABS Siemens Area Correction Absorption
(49) Fu, W. S.; Wang, L.; Shi, Z.; Li, G. H.; Chen, X. B.; Dai, Z. M,; Correction Program University of Gdtingen, Gatingen, Germany,
Yang, L.; Feng, S. HCryst. Growth Des2004 4, 297. 1994.
(50) Lyxell, D. G.; Bostrom, D.; Hashimoto, M.; Petterson Acta Chem. (52) Sheldrick, G. MSHELXL-97 Program for Crystal Structure Solution

Scand.1998 52, 425. and RefinemenUniversity of Gdtingen, Gidtingen, Germany, 1997.
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Table 2. Selected Bond Distances and Angles in
[Fe" (2,2-bpy)(HPO3)(HPOy)], 12

distance distance
bond A) bond A

Fe(1}-0(1) 1.919(4) P(1r0O(3) 1.505(3)
Fe(1}-0(2) 1.938(4) P(LyO(3)#2 1.505(3)
Fe(1-0(3) 1.989(3) P(1yO(2)#3 1.511(4)
Fe(1}-O(3)#1 1.989(3) P(2)0(1) 1.479(5)
Fe(1)-N(1) 2.177(5) P(2y0(4) 1.510(5)
Fe(1)}-N(2) 2.178(5) P(2y0(5) 1.577 (4)
P(2-0O(5)#1 1.577 (4)

angle angle

moiety (deg) moiety (deg)

O(1)-Fe(1)-0(2) 102.2(2)  O(IFFe(1)-O@)#1l  92.52(10)
O(2)-Fe(1-O(3)#1  93.60(8) O(HFe(1)-0(3) 92.52(10)

O(2)—Fe(1)-0(3) 93.60(9) O()#tFe(1)-0O(3) 170.1(2)

O(1)-Fe(1)-N(1) 91.8(2) O(2y-Fe(1)-N(1) 166.0(2)

O(3)#1-Fe(1-N(1)  85.69(8) O(3)}Fe(1)-N(1) 85.69(8)

O(1)-Fe(1y-N(2) 166.4(2) O-(2)—Fe(1)-N(2) 91.3(2) Figure 1. ORTEP plot ofl, showing the asymmetric unit. Thermal
O(3)#1-Fe(1)-N(2) 86.56(10) O(3)yFe(1)-N(2) 86.55(10) ellipsoids are given at 50% probability.

N(1)—Fe(1)}-N(2) 74.6(2) O@#2P(1-0(3) 110.1(2)

O@B)#2-P(1)-0O(2#3 114.0(2) OBYP(1)-OQ#3 114.0(2)

O(1)-P(2)-0(4) 111.8(3) O(1)yP(2)-0O(5) 109.8(3)

O(4)-P(2)-0(5) 114.3(3) O(1)yP(2-O(5)#1  109.8(3)

O(4)-P(2-O(B)#1  114.3(3) O(BYP(2-O(B)#l  95.8(6)
P(2-O(1)-Fe(1) 172.1(3) P(1)#30(2)-Fe(1) 138.5(3)
P(1)-0O(3)—Fe(1) 141.5(2) C(5yN(1)—Fe(1) 117.6(4)
C(1)-N(1)—Fe(1) 124.4(4)  C(10)N(2)-Fe(l) 124.2(4)

aSymmetry transformation used to generate equivalent atomsx, #1,
—y + Yy, Z, #2,%, =y — Yo, Z, #3, =X, =y, —z + 1.

revealed sufficient fragments of the structure (Fe, P, and O) and
enabled the remainder of the non-hydrogen atoms to be located
from difference Fourier maps and the refinements to proce®l to

< 10%. The hydrogen atom in the— group and all other
hydrogen positions were initially located in the difference Fourier
map, and for the final refinement the hydrogen atoms were placed
in geometrically ideal positions and refined using the riding mode.
The last cycles of refinements included atomic positions, anisotropic
thermal parameters for all of the non-hydrogen atoms, and isotropic
thermal parameters for all of the hydrogen atoms. Full-matrix-least-
squares structure refinement agailfg was carried out using the
SHELXL package of progranfs. Selected bond distances and
angles forl are presented in Table 2.

Results and Discussion

The asymmetric unit df contains 19 non-hydrogen atoms, Figure 2. Polyhedral view of the structure dfin the bc plane showing
of which one iron and two phosphorus atoms are crystallo- the arrangement of the one-dimensional edge-shared chains. Hydrogen atoms
graphically independent (Figure 1). Except for one oxygen °" e 2:Zbpy molecules are not shown for clarity.
atom, O(3), all of the other atoms in the asymmetric unit i . ) o
are situated in the mirror plane. The iron atom is octahedrally {€rnating, connected through their vertices to give rise to a
coordinated by two nitrogen atoms of the ‘2y ligand four-me-mbered ring. The fogr-membered rings are connected
and four oxygen atoms. The F© bond averages a distance ©€dge-wise to form a one-dimensional chain structure. The
of 1.959 A, and the FeN bonds average 2.177 A. Theiron P(2)Q(OH), tetrahedra and 2:bipyridine molecules are
atom is connected to two distinct phosphorus atoms throughdrafted onto this one-dimensional structure by bonding with
Fe—O—P bonds. The two P atoms, P(1) and P(2), have the iron center (Figure 2). Looking down the one-dimensional
pseudo-tetrahedral and tetrahedral connectivity with respectstructure, one can see that the'ypyridine molecules do
to the oxygen atoms. While P(1) is connected to iron through not lie exactly one over the other, but are slightly shifted.
three P-O—Fe bonds and possesses the termiraHbond, The 2,2-bipyridine ligands from two different one-dimen-
P(2) is connected by two-PFO—Fe bonds and possesses two sional chains, projecting into the interchain spaces, are
terminal P-O bonds. The PO bonds average a distance of separated by~7 A, indicating little interactions between
1.499 A to the oxygen atoms without bonded hydrogen them. The hanging P{DH), with the two terminal P-(OH)
atoms, and 1.577 A to oxygens bonded to hydrogen atoms.bonds, on the other hand, can be potential donor and acceptor
The structure ofl consists of a network of octahedral groups and interacts through-®i---O hydrogen bonds
FeQN, and pseudo-tetrahedral HP(%)Onits, strictly al- (O—0 contact distance: 2.78 A). Thus, the one-dimensional
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Scheme 1
I
chainl - i: ™ g "
= Y W
i DO I -
., s
chain 2 27N — A
I

line in Figure 4). The fit of the susceptibility to a forgn=
(CIT — 0) in the temperature range 16800 K gives a value
of 7.0 and 69 K forC and 6, respectively.

In 1, the broad maximum gf(T) at 20(1) K indicates low-
dimensional antiferromagnetic interacticid.he Fé*-ions
(classicalS = 5/, Heisenberg moments) form a zigzag chain
with two kinds of O-P—0O bridges, one within a chain with
coupling J, and another between the Fe-species of the
neighboring independent chain with coupligg(Figure 3).
This geometrical arrangement of ¥dons can lead to spin
Figure 3. Structure of in theab plane showing the one-dimensional chains. frustration for negative, andJ, of similar magthdeS' Ina

The 2,2-bpy molecules are not shown for clarity. The dotted lines represent Preliminary model, fotJz| > |Jy|, this spin-frustrated chains
possible hydrogen-bond interactions. Note that the hydrogen-bond interac-can be approximated by the classical uniform chain solution

tions between the hanging R@H), tetrahedra create a layerlike structure. with coupling J. formulated by Fishe®® For a classical
Heisenberg linear periodic chain with the spin vector of
magnitude §S + 1)]*2 the Fisher’s zero-field magnetic
susceptibility is given by the equation:

2IN = [gPS(S+ L)ug 3k TI(L + W)/(1 — u)]

where

ooood
pooooood

lalal=ly
nood

-1

X (mole )

U= coth[YS+ 1)ksT] — kg T/[2JIS+ 1)]

The leading terms in the high-temperature expansion of
this equation agree quite well with those derived by Rush-
brooke and Wood for a linear Heisenberg chain model.
This model has been successfully employed to explain the
0 100 T 20 300 antiferromagngti_c. bghavior of CSM@H20.57v58This form
Figure 4. Temperature variation of the magnetic susceptibility.@urie— of the Sl-jsceptlblhty 'S cc_>mmon 0 |_nf|n|te one—@mensm_nal
W%iss fit (solid line) and Fisher’s formula fit (classical= %> He'isenberg chain with an exponentially decaying gorrelatlon function
moments, dashed line) (see text). The inset shows the temperature variatio] (%S~ exp(—r/§)], where the correlation lengttE) and
of the magnetic momenfér). the parameteu are related by the expressida] = exp(—
1/€). AssumingS = 5, andg = 2, we have fitted the above
equation with our data by adjusting the single coupling
constant, (dashed line in Figure 4). The fitting gave rise to
a value ofJ = —4.42 K. Becausd is antiferromagnetic, the
susceptibility exhibits a rounded maximum and approaches
a finite value of~0.61 asT — 0. It may be noted that this
value ofJ nicely mimics the temperature and shape of the
maximum in they—T curve.

To understand the frustration in such a quasi one-
dimensional system as shown in Scheme 1 above and also
to evaluate the strength of the interactions, we have made a
careful investigation of the exchange pathways within the

0

chains are supramolecularly linked through the hydrogen
bonds forming a two-dimensional layer as shown in Figure
3.

The magnetic investigations show thatrders antiferro-
magnetically (AFM) at low temperatures. The temperature
variation of the magnetic susceptibility is given in Figure 4.
It is quite clear that the system shows a broad maximum
aroundT = 20 K, below which the susceptibility drops quite
sharply. At high temperatures, the susceptibility value
saturates to the paramagnetic spin-only value of &h §gn
(5.91ug). The observed.s is within the range expected for
high-spin Fé" compounds and corresponds well with the
spin-only value (5.92; typical Value,s _5_'656'1,0f{4853)' The . (54) Haffield, W. E.; Estes, W. E.; Marsh, W. E.; Pickens, M. W.; ter Haar,
high-temperature magnetic susceptibility exhibits a behavior, L. W.; Weller, R. R. InExtended Linear Chain Compounddiller,

which can be approximated by a Cutri#/eiss law (solid J. S., Ed.; Plenum: New York, 1983; Vol. 3.
(55) Fisher, M. EAm. J. Physial1964 32, 343.
(56) Rushbrook, G. S.; Wood, P.Nlol. Phys 1958 1, 257.
(53) Konig, E.; Kinig, G.Landolt-Banstein, New SerieSpringer: Berlin, (57) Schriempf, J. T.; Friedberg, S. A. Chem. Phys1964 40, 296.
1984; Vol. 12/4a. (58) Smith, T.; Friendberg, S. Ahys. Re. 1968 176, 660.
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system. The exchange interactions between tfiédeaters (a)

are not linear but are zigzag with nearest and next-neighbor

exchange couplinggd{andJ,). The preliminary model gave '1 1 ’1
an idea of the system with a single exchange consthant, HPO,

From the structural point of view, there appears to be two <
direct possible exchange pathways within the chain as shown L v
in Scheme 1, but both are through the phosphite groups with

the distances involved being different. This situation gives

rise to two parallel chains of Eeions that are offset by

half a unit cell along the chain axis. Thus, arfF&n in

one chain is identically connected to two3Féons in the
neighboring chain (shown by the dotted line in Scheme 1).

This gives rise to two types of interactions. The next-neighbor  (b)
superexchanges then correspond to the exchanges between
these two chainslf) of Fe** ions, the physical superexchange
distance of which is almost 1.5 times the nearest-neighbor
diagonal superexchange distandg.(Interestingly, a model

of such a lattice structure is quite well studied in the  FeO,(OH)
literature®®:69 Because obtaining two independent coupling

constants is quite difficult, the fitting in Figure 4 was carried

out with classical spin limits with a single exchange

parameter. We have performed long-chain calculations using

quaqtum many l?ody nonpertabative method (DMRG, Qensity Figure 5. () View of a single chain i, [Fé"(2,2-bpy)(HPQ)(HPON]
m.atrlx renormalization gr_ouﬁf)ez ‘?f quanFum spwﬁlz chains . b?View'of a single chain ig the iron alisenate—’oxalzl){ej\{g}ilz][Fé(OH).-

with nearest and next-neighbor interactions (Scheme 1), with (HAs0,)(C;04)]-H-0. Note the close similarity between the two structures
one parametera(, the ratio of the two exchange constants (see text).

(oo = J,/3,). Note that a quantum spfit, zigzag chain with ) ] ) ) )
only nearest-neighbor coupling has a gapless spectrum. It isyvhereln the final structures are highly polyme_rlzed res_ultlng
the next-nearest neighbor coupling that introduces frustrationin extended networks (3D) or sheets (2D), irrespective of
and thereby spontaneously dimerizes this system. It is thisOther variables that may influence the stoichiometry and
frustration-induced dimerization that causes the correlation Structure. In the present case, the use bf Right have
function of the system to decay exponentially (given above). facilitated the formation of this unusual one-dimensional
Keeping the nearest-neighbor exchange at unity, we find thatStructure.

the next-nearest neighbor coupling is then approximately 0.4. Of the many transition element phosphates, a one-
This naively explains the strength of frustration in this dimensional cobalt phosphate, [NBH)sNHs][Co(HPQy)2],
system. with an edge-shared four-membered ring structure has been
reported® The cobalt atoms are in tetrahedral coordination,
and in a sense they are similar to the many one-dimensional

L

One of the most striking aspects bis the presence of
the one-dimensional edge-shared four-membered rings. X )
Although one-dimensional iron phosphates have been pre-2luminum phosphate edge-shared four-membered ring struc-
pared and characteriz&d to our knowledge, this is the first tures reported in the literatufe.Yet the structu_re of _the
report of the chain structure. Most of the one-dimensional present compound appears to have some relationship to the
iron phosphates tend to form with the tancoite structurg; M iron arsenate-oxalate structureA[QHl.z][Fe(OH)(HAsQ‘)-
(TO4) (M is an octahedrally coordinated element, T is a (C204)]-Hz0, reported recentl§’.In the iron arsenate-oxalate
tetrahedrally coordinated element, ané an anionic ligand; ~ Structure, the strictly alternating Fe(OH) octahedral and
e.g., G-, OH-, F-, etc.)s The lack of one-dimensional iron AsO;(OH) tetrahedral are linked to give rise to edge-shared

phosphates may be explained using the bond valence theoryn€-dimensional chains. TheOH and the oxalate groups
For the tetrahedral®, every oxide ligand receives a bond ang as pendant from the iron center! Jwe have FeGN;
valence contribution of 1.25 valence units (v.u.), and the °ctahedraand HPnits linked to form the one-dimensional
remaining 0.75 v.u. for change balancing criterion needs to cnain with the 2,2bpy and PQOH), molecules replacing
be supplied by the Fe in the structure. This creates a situationtn® oxalate and the-OH group (Figure 5). The present
structure is also similar to the recently reported cadmium
: — — _ _ phosphate, [Cd(2;2py)(H.POy),].6” In the cadmium phos-
(59) F?,?;‘:"F{F;;’ga;g Ty gy namurthy, H.R.; Sen, D Ramasesha, S. hate structure, Cdfii; octahedra and PDH), tetrahedra
(60) Pati, S. K.; Chitra, R.; Sen, D.; Krishnamurthy, H. R.; Ramasesha, S. strictly alternate and form edge-shared one-dimensional

Europhys. Lett1996 33, 707.
(61) Pati, S. K.; Chitra, R.; Sen, D.; Ramasesha, S.; Krishnamurthy, H. R.

J. Phys.: Condens. Matter997, 9, 219. (64) Cowley, A. R.; Chippindale, A. Ml. Chem. Soc., Dalton Trant999
(62) Pati, S. K.; Ramasesha, S.; Sen, D.Magnetism: Molecules to 2147.

Materials IV, Miller, J. S., Drillon, M., Eds.; Wiley-VCH: Weinheim, (65) Yu, J.; Xu, R. RAcc. Chem. Ref003 36, 481.

2003; p 119. (66) Chakrabarty, S.; Natarajan,Axgew. Chem., Int. EQ002 41, 1224.
(63) Ramik, R. A.; Sturman, B. D.; Dunn, P. J.; Poverennykh, AC&n. (67) Lin, Z. E.; Sun, Y. Q.; Zhang, J.; Wei, Q. H.; Yang, G. X.Mater.

Mineral. 198Q 18, 185. Chem 2003 13, 447.
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chains. The 2,2bpy molecule and P£OH), units hang from molecules might give rise to many new solids with novel
the Cd center, just like ih. structures. We are currently pursuing this theme vigorously.
The hydrothermal synthesis offers a convenient method
for the preparation of organi@norganic hybrid compounds.
The uniqueness of the organic and inorganic components
may be complemented with each other in such materials to

give risg to new solid-state structures and in some Casesship. S.N. thanks the Department of Science and Technology
composite structures. Ih the use of 2-bpy molecule as (DST), Government of India, for the award of a research grant.

the ligand creates a situation wherein the traditionally \ye aiso thank the reviewers for their helpful suggestions.
octahedral iron centers bond with P to create a one-

dimensional edge-shared chain structure. The partial oxida-
tion of PP* to P°*, in |, is unexpected and may be due to the
high acidity of the reaction mixture, and such instances have
been noted befor&:*¢ It is likely that the combination of
low temperature and the use of polyfunctional aromatic CM049064P
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