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Two new fluorinated microporous cobalt phosphates, (Hzen)os[Fo25C0(HosPOx4)o5(PO4)os]+0.25H,0 (1) and
(Haen)o5[Fx(H20)0.25-xCO(HPO3)(PO4)1-,+0.25H,0 (x = 0.17; 2), have been synthesized from different P sources,
HsPO, and H3POs, in the presence of ethylenediamine and F ions. Both structures of 1 and 2 are based on the
similar secondary building unit of a double four ring (D4R). 1 crystallizes in the orthorhombic space group Cmcm
with a = 14.895(1) A, b = 9.7133(9) A, ¢ = 13.688(1) A, V= 1980.4(3) A%, and Z = 16 and is built up from fully
F-occluded double-four-ring units via corner-sharing Co and P polyhedra and edge-sharing Co polyhedra. 2 crystallizes
in the tetragonal space group /42m with a = 10.2033(4) A, ¢ = 9.5545(9) A, V = 994.7(1) A3 and Z = 8 and
adopts an ACO-type framework with strict alternation of corner-sharing Co and P polyhedra. On the basis of the
evidence from ion chromatography studies and elemental analyses, 2 contains both phosphate and phosphite
ions, and the amount of F ions in 2 is the same as the amount of phosphite ions. This implies that some PO4~
groups in 2 are substituted by HPOs?~ groups with the same amount of F~ occlusion in the center of D4R as
charge compensation. Magnetic susceptibility measurements of both 1 and 2 appear that they contain mainly
antiferromagnetic interaction (6 = —27.8 K for 1 and —35.0 K for 2). However, the magnetic coupling is much more
complicated in compound 1 because of the Co—O—Co linkages in it. Low-field temperature-dependent magnetization
curves of 1 showed spontaneous magnetization in the form of two continuous bumps, one sharp and one broad.
This may be related to the temperature dependence of two related but different types of spin canting. At 2 K, 1
also showed a large coercive field of about 5000 Oe.
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efforts have led to a substantial number of reports on the also used to partially or fully replace Ga and Al in the
Co(ll)-doped alumino- or gallophosphates with zeolitic F-containing systems. It has shown that F ions can be
structure types such as ABW, CHA, GIS, SOD, THO,f. incorporated into the structure as bridging and/or terminal
Recently, efforts were also made to synthesize pure organicligands to the metal atormg;?2242%¢or they can stabilize a
amine-templated open-framework cobalt phosphaté<n secondary structure building unit such as the D4R units in
the basis of the copious structure data reported, it appearshe framework!l-23252830Fgr example, cloverite is a well-
that the types of secondary building units in cobalt phos- known 20-ring gallophosphate containing center-fluorinated
phates are similar to those found in known open-framework D4Rs in its structuré® Clearly, F ions in the reaction system
aluminum (or gallium) phosphates. However, violations of may play a role in altering the preferred coordination of metal
the strictly alternative connection of Co and P tetrahedral ions and also the amine-templating effeétsyhich may
units such as interrupted structures, flexible coordination result in tuning of the charge density of the final F-containing
numbers for Co ions, and Gd—Co linkages were fre-  frameworks. With these ideas in mind, we have continued
quently observed in these structures. Stucky et al. haveour efforts in studying the structural chemistry of organically
ascribed the difficulty for purely divalent metal phosphates templated cobalt phosphates and tried to prepare cobalt
adopting a zeolitic structure to the more negative charge phosphates containing F ions. To our knowledge, these types
density of the divalent metal phosphate framework than that of compounds remain rare in the literature. Herein, we report
of alumino- or gallophosphates. It turns out that charge our preliminary success, two organically templated cobalt
matching between the divalent metal phosphate framework fluorophosphates, @gn) {Fo 24C0o(HosPOy)os(POr)o5*0.25H0

and the common organic templates becomes intractable. Thig1) and (Hen) gF«(H20)0.25-xCo(HPQ)«(POy)1- *0.25H,0
assumption is consistent with only a very small number of (x = 0.17;2).

organically templated cobalt phosphates with an analogous ) )
zeolitic structure®4.17 Experimental Section

Since first developed by Kessler, the introduction of  Synthesis of (Hen) {Fo.2:Co(Ho.sPOs)os(PO4s)o5-0.25H0 (1).
fluoride into a framework skeleton has been a successful A reaction mixture of Co(OH) (1.0 mmol), HPO, (85%, 4.0
strategy to expand the variety of new zeolitic structures mmol), HF (40%, 0.5 mL), ethylenediamine (8.0 mmol), ethylene
especially in alumino- and gallophosphat&s? Following glycol (5.0 mL), and distilled water (5.0 mL) was stirred for 30

this success, other metals such a¥% W;j,32 and F&34were mi_n Wi'Fh an_ initial pH of 5.6. It was then sealed in a Teflon-lined
acid digestion bomb and heated to 180 for 3 days under

autogenous pressure, followed by slow cooling &C#h to room

(8) Neeraj, S.; Noy, M. L.; Rao, C. N. R.; Cheetham, A.XSolid State

Chem.2002 167, 344. temperature. The final pH of the reaction solution was 6.0. The
(9) Rao, C. N. R.; Natarajan, S.; Neeraj,JSAm. Chem. So€00Q 122, resulting solid was filtered off and washed with distilled water. It
10 2Rle'C N R. Nataraian. S Choudhurv. A Neerai. S.- Avi. A a CONSISts of purple columnar crystalsTos the major product (yields
(10) Afg " Chem. Fé'eéagoa{aéinéo." oudhury, A, Neerd, S A¥L A A of 90% based on Co), together with a little unidentified pink
(11) Oliver, S.; Kuperman, A.; Ozin, G. AAngew. Chem., Int. EA.998 powder.1 can be purified by a repeated washing and decantation
37, 46. o process. The X-ray diffraction (XRD) pattern of the purified sample
83 gﬁg‘fg]" é'-Eihgrg'pg'ﬁgﬁq'?oéd hglgalltggsTrans.1999 2141. agreed well with that calculated from single-crystal data (vide infra).
(14) Bu, X.; Feng, P.; Gier, T. E.; Stucky, G. I.Solid State Chen1998 Synthesis of (Henk dFx(H20)0.25-xCO(HPO3)x(PO,)1-+]-0.25H0
136, 210. (x = 0.17; 2). A reaction mixture of CoGI5H,O (1.0 mmol),

(15) DeBord, J. R. D.; Haushalter, R. C.; Zubieta).JSolid State Chem. 0, 0 0
1006 125 270. H3PGO; (98%, 3.6 mmol), HPO;, (85%, 0.4 mmol), HF (40%, 0.2

(16) Chen, J.; Jones, R. H.: Natarajan, S.; Hursthouse, M. B.: Thomas, J.ML), ethylenediamine (8.0 mmol), ethylene glycol (5.0 mL), and
M. Angew. Chem., Int. Ed. Engl994 33 (6), 639. distilled water (5.0 mL) was stirred for 30 min with an initial pH

(17) Yuan, H.-M.; Chen, J.-S.; Zhu, G.-S.; Li, J.-Y.; YU, G.-D.; Xu, R-R. of 6.0. It was then sealed in a Teflon-lined acid digestion bomb
Inorg. Chem.200Q 39, 1476.
(18) Natarajan, S.; Neeraj, S.; Choudhury, A.: Rao, C. NnBirg. Chem. and heated to 160C for 3 days under autogenous pressure,

200Q 39, 1426. followed by slow cooling at 8C/h to room temperature.
(19) Walton, R.1.; Millange, F.; Bail, A. L; Loiseau, T.; Serre, C.; O'Hare The resulting solid was filtered off and washed with distilled

(20) ?gisFee;Sy'qugreeT g]on&n;tir:z%)ﬁerznog% 6 (6), 1073 water. The product contairsas the major product in the form of

(21) Loiseau, T.; Ferey, Gl. Solid State Cheni994 111, 403. blue pyramidal crystals, together with a little unidentified blue
(22) Loiseau, T.; Riou, D.; Taulelle, F.; Ferey, Stud. Surf. Sci. Catal. powder. Crystals of can be isolated by a repeated washing and
©3) %egegir?e?t‘,l’;?gétarin, J.: Loiseau, T.: Ferey, . KessleMieroporous decantation process (Eigure S1inthe Supporting Information). The
Mesoporous Materl99§ 22, 43. XRD pattern of the purified sample agreed well with that calculated
(24) Loiseau, T.; Ferey, Gl. Mater. Chem1996 6 (6), 1073. from single-crystal data (vide infra).
(25) zTgé’ie!%gFiﬁOb'et’ J.-M.; Ferey, G.; Benard, MAm. Chem. Soc. Single-Crystal Structural Analyses.Crystals of dimensions 0.45
(26) Matijasic, A.; Paillaud, J.-L.; Patarin, J. Mater. Chem200Q 10, % 0.40 x 0.35 mm forl and 0.45x 0.45x 0.40 mm for2 were
1345. selected for indexing and intensity data collection at 293 K. The
(27) Reinert, P.; Patarin, J. Mater. Sci.200Q 35, 2965. diffraction measurements were performed on a Bruker Smart-CCD

(28) Schott-Darie, C.; Patarin, J.; Le Goff, P. Y.; Kessler, H.; Benazzi, E.
Microporous Mater 1994 3, 123.

(29) Renaudin, J.; Ferey, @. Solid State Chenml.995 120 197.

(30) Schreyeck, L.; Caullet, P.; Mougenel, J. C.; Patarin, J.; Pailaud, J. D. (33) Choudhury, A.; Natarajan, S. Solid State Chen200Q 154, 507.

diffractometer system equipped with a normal focus, 3-kW sealed-

Microporous Mater 1997, 11, 161. (34) Cavellec, M.; Riou, D.; Ninclaus, C.; Greneche, J.-M.; Ferey, G.
(31) Riou, D.; Taulelle, F.; Ferey, Gnorg. Chem.1996 35, 6392. Zeolites1996 17, 250.
(32) Guillou, N.; Gao, Q.; Nogues, M.; Morris, R. E.; Hervieu, M.; Ferey, (35) Estermann, M.; McCusker, L. B.; Baerlocher, C.; Merrouche, A.;
G.; Cheetham, A. KC. R. Acad. Sci., Ser. llc: Chirl999 387. Kessler, H.Nature 1991, 352, 320.
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Table 1. Crystallographic Data for Compoundsand 2

Chang et al.

on the basis of single-crystal data. A postulate2ofontaining
phosphite ions is proposed, and this leads to a possible formula,

1 2
(Henh {FCo(HPQ)x(POy)1-4]*0.25H,0, in which PQ3~ ions were

;\czlrmula E)T,Zaé:o%,zd\lo4,2d3 ?g%ei%oﬁlﬂo‘md: replaced by the same number of HPOand F ions based on the
space group Cmem Hom charge compensation. This is probably the reason for the systemati-
a, 14.895(1) 10.2033(4) cally larger temperature factors of compouthan of compound
b, A 9.7133(9) 10.2033(4) 1. To confirm the presence of phosphite aniong,ithe IC (Dionex
c, A 13.688(1) 9.5545(9) ) : . ;
v A2 1980.4(3) 994.7(1) DX-100 equipped with an AS12A column) experiments of a
7 16 g8 dissolved sample o2 were carried out, and the results indicated
total no. of refins 5954 [5750] 3269 [3269] that 17.2% of phosphates were replaced by PQFigure S2 in

collected the Supporting Information). The molar ratio of HEOto F is
- }[:2‘7(')] 205(2 294(2 0.99 by IC. To ensure that the sample preparation in the IC methods
PR 0_71(0)73 0_7§0)73 can preserve the number of phosphite ions in the solid state, the
P'calcd. glen® 2.609 2.539 IC experiments were also carried out on samples of compaund
u, mmrt 3.721 3.696 (containing only phosphate ions) and (N¥Co,(HPOs)3 (containing
R1# 0.0226 0.0464 only phosphite ions), and the results indicated no transformation
wR2 0.0626 0.1295

between PG~ and HPQ?~ in these experiments. The F content
of compound2 by IC (1.62%) was also consistent with the F
elemental analysis (1.61%) by Galbraith Laboratory. From a
literature search, a known ACO-type cobalt phosphateertht
[Co4(POy)4]-H-0,183% has attracted our attention. It crystallized in
in 1271 frames with increasing (0.3°/frame). Unit cell dimensions theP2,2:2; space group and is built by much less regular and empty
were determined by a least-squares fit of 1243 reflections. After D: R uhnlts. Thg LOIW symmfetry 0:] thf's F-;ree hACC(:)-type EOZaIt_
Lorentz, polarization, and empirical absorption corrections, inde- phosphate proba 'y arose from the _act that t 1€ Lo tetrahedra in
pendent reflectionga, = 28.30) were obtained, and among these the_ empty D4R units seek extra bonding to stabilize its empty D4R
reflections, the ones with> 20(1) were considered observed. The gnlts. ASOt%eg re(l;aiedl ACO-t)t/plﬁ C%balttﬁ hosphateae(H[Alle_;),sz-
empirical absorption correction was performed based on 1243 01,7_st 81 -SHO* also crystallized in € space groupiexm
symmetry-equivalent reflections using tS&DABSrogrami On and is built by water-occluded D4R units. Considering the high

the basis of systematic absences and statistics of intensity distriby Symmetry oL, we speculate that the DAR units demand occupation

tion, the space groups were chosen. Direct methods were used tOof small molecules inside to support their high symmetry. Because

S . ;
locate Co, P, and a few O atoms, with the remaining non-H atoms the F elemental analysis indicated that only 68% of the D4R units

found from successive difference Fourier maps. The atom inside in 2 are occluded with F, we suggest that the rest of the DARs in
the D4R unit, which is coordinated to four Co atoms, was identified

AR1=3||Fo| — |Fell/X|Fol. ®WR2=[SW(|Fo|? — |Fc|)?/ T W(|Fe|H)F 2,
w = [04(Fo?) + 0.026F]2 + 7.4%P for 1 andw = [0?(Fo?) + 0.0846°)2 +
1.02P for 2, whereP = (Fs? + 2F2)/3.

tube X-ray sourceA(= 0.710 73 A). Intensity data were collected

2 are occluded with water molecules. Consequently, the formula
as F in bothl and 2 based on the combined analytical evidence of 2 is suggested as gan F«(H20)o 25 COHPQ)(PQ1)1--

(see below). Their occupancies were 100% faand 76% for2 0.25H0 with X_: O',17‘ ) ) )

based on the elemental and ion chromatography (IC) analyses. The 1hermogravimetric analysis (TGA) was carried out i & a
results of bond-length and bond-strength calculafionere used ~ heating rate of 10°C/min (Perkin-Elmer Instruments TGA 7).
to identify the F ions, hydroxo O atoms, and water molecules. The Magnetic susceptibility was measured under 5000 Oe from 2 to
atomic coordinates of all H atoms were located directly on a 300 K (Quantum Design SQUID).

difference map. Structural parameters were refined basefi?on
The final cycle of refinement converged Rt= 0.0226 forl and

R = 0.0464 for 2. Corrections for secondary extinction and
anomalous dispersion were applied. All calculations were performed
by using SHELXTLprograms®® Crystallographic data of and2

are given in Table 1. The final atomic coordinates and selected
bond distances and angles are individually presented in Tabtes S1 SPace groucmem Co_l, P1, 01, and_ O2 are located on the
S3 in the Supporting Information. mirror plane perpendicular to treaxis, and Co2, P2, O4,

Formula Determination. The F elemental analyses (Galbraith and O6 are located on the mirror plane perpendicular to the
Laboratory, Knoxville, TN) ofl indicated that it contained one F € axis. F1 and O7 are located on the intersectional axis of
ion per formula (anal. found/calcd: 2.48/2.44%). The F ions are the two mirror planes. Each Co atom is coordinated to the
most likely located at the center of the D4R units. O7 oxygen atoms central F and four other O atoms to form a distorted ¢F©O
were assigned as water molecules. The short distance in O2- - -O2rigonal bipyramid with Ce-F bond lengths of 2.285 and
(2.566 A) implied a symmetric H bond @H—02. Consequently, 2 303 A and Ce-O bond lengths in the range of 1.943(2)

Ehe f)or;]““'a ofl was deterlmined 5}5 @Hr;b-S[FO-Zlf?CO('"'O-SfPO“)OdS‘ A 2.143(2) A. The distances offO are in the range of
P0Oy)o5-0.25H0. CHN elemental analysis also confirmed this - -
formula of 1 (anal. found/calcd: C, 6.20/6.17; N, 7.02/7.20; H, 1'5;4(2)_.1'556(2) A. Of the Sever? unique O at_oms]m
3.05/2.98). The F elemental analysegafdicated that it contained O7isassignedas a Watef molecule; the 02. atpm is connected
1.61% F. However, this cannot derive a reasonable formula for only to one P atom; O1 is of the® type, bridging t\_NO_CO
atoms and one P atom; the rest are of ghé¢ype, bridging
one Co atom and one P atom. The significantly longer bond
distance of P+02 [1.556(2) A] suggests that 02 is

Results and Discussion

Structure of 1. The asymmetric unit of consists of two
unique Co atoms and two unique P atoms by which a D4R
unit is formed (Figure 1). The structure is crystallized in the

(36) Sheldrick, G. M.SADABS Siemens Analytical X-ray Instrument
Division: Madison, WI, 1995.

(37) Brown, I. D.; Altermatt, D Acta Crystallogr 1985 B41, 244.

(38) Sheldrick, G. M.SHELXTL ProgramsVersion 5.1; Bruker AXS:
Madison, WI, 1998.

(39) Baur, W. H.; Fischer, R. XDalton Trans.2002 630.
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The framework topology of is different from the above-
mentioned structure type but is related to the ACO structure
in which each D4R is covalently connected to eight other
D4R units to form a framework with eight-ring channels.
The introduction &a F ion in 1 has the effect of altering
the framework charge. It is interesting to interpret how the
cobalt phosphate system responds to this alteration. A cobalt
phosphate framework with strictly alternation of corner-
sharing CoQand PQ tetrahedra has a formula of (Tef)p
CoPQ. In 1, the formula can be rewritten as fh) s
CoPQFg23Ho25 in which the negative charge of Fis
compensated for with H The phosphates respond to this
alteration, and the templates remain still. The phosphate can
Figure 1. Asymmetric unit of1 showing the alternation connection of play a charge-compensating role by changing its form to
PQ, and CoQ tetrahedra. hydrogen phosphates such agsPiO,, HPQ,, and HPO,.
However, this will sacrifice its bridging function and cause
the framework to become interrupted. Nevertheless, the
framework integrity ofl is still cleverly maintained by the
symmetrical H bonds (54POy) and the Ce-O—Co linkages.

Structure of 2. We have mentioned earlier in the
Experimental Section how the formula & (H.enys
[Fx(H20)0.25-xCo(HPQ)x(POy)1-4] -0.25H,0, was determined.
Putting aside the complicated derivation of this formula, the
crystal data o2 are easy to follow. The structure @fby
the single-crystal data reveals an ACO-type structure. The
framework type can also be clearly confirmed by the program
ZeoTsites'! Both of the coordination sequences of Co and
P for the first 10 coordination shellseadt 9 19 35 52 72
100 131 163 201, and the vertex symbol is,48&.4.8,.
This topology has also been found in an aluminum cobalt
phosphate, ACP-1, reported by Stucky’s group. The asym-
Figure 2. Polyhedral view ofl showing the symmetric H bonds and-€o metric unit of2 Cont.ams one unique Co atom, one umque.P
0—Co linkages between D4Rs. atom, and three unique O atoms (O1, O2, and O3), by which

a D4R unit is built (Figure S3 in the Supporting Information).
protonated. Furthermore, the short distance in O2---02 Moreover a F atom is assigned to occupy the center of the
(2.566 A) implies that a symmetric H bond ©2—02 may D4R units. Alternatively, the framework topology &fcan
exist A H atom was located by the observation of a peak be viewed as a body-centered-cubic arrangement of vertex-
on a special position in a difference Fourier map equally sharing D4R units via the CeO—P bonds. The:? oxygen
distant from two symmetrically equivalent O2 atoms. 03 has two disordered positions. This may result from 4.25%

Each D4R unit in the structure is interconnected covalently (17%/4) of the O atoms of P{being replaced by H atoms
to six other D4R units, four of which are through alternatively because of HPgsubstitution. The framework has eight-ring
corner-shared Co and P polyhedra, leading to layers parallelchannels in each of the three axial directions, and diproto-
to the (001) planes. Theses layers are further interconnectedhated ethylenediamine cations are located inside the eight-

N1

c1

into three-dimensional network and are related trygide ring channels and adopt two statistical orientations. Water
plane perpendicular to theaxis. The connecting modes are molecules are also located inside the eight-ring channels
remarkable, which are through edged-shared f£aégonal without significant H bonding with the framework (Ow1

bipyrimids along thec axis and P-O—H—O—P symmetric 02 = 3.355 A). The effect of organic templates on the
H bonds between the neighboring D4R chains (Figure 2). symmetry of the structure & is clearly shown. The chain
An 8-ring channel along the axis and a 10-ring channel direction of organic amine i is along [100] and [010],
crossed by H bonds are thus formed, in which both and the framework in the andb axes is thus expanded.
diprotonated ethylenediamine cations and water moleculesThis leads to the symmetry @being lower than that in an
reside (Figure 3).
Several D4R-based zeolitic structure types are known such(40) Baerlocher, Ch.; Meier, W. M.; Olson, D. Hitlas of Zeolite

as ACO, LTA, VFI, AFY, and AST® None of them is Framework Typesbth ed.; Elsevier: New York, 2001. Available from

<http://www.iza-structure.org/databases
formed from purely I+-V systems such as cobalt phosphate. (41) Sastre, G.; Gale, J. Blicroporous Mesoporous Mate2001, 43, 27.
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Figure 3. Polyhedral view ofl showing projections along [010] and [001], with H atoms omitted for clarity. Color code;, Y&llow; CoQF, purple; C
atoms, gray; N atoms, blue; O atoms, red.
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ideal cubic framework. The same situation has also been — 0.044 3
found in the mixed-valence compounds€Hy[Fe,0(PQ),]* 0.02] S 20
H,0 42 0.00 s
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TGA. All TGA experiments are carried out in a flow of
N, at a heating rate of 18C/min and about 10 mg of samples Temp (K)
used. Forl, the interstitial water molecules and organic Figure 5. Variable-temperature magnetic susceptibilitied ¢fop) and2
ethylenediamine were not removed until 3TD (Figure 4) (bottom).
because the H bonds between the interstitial water and Magnetic Properties.Powder samples (71.5 mg foand
framework O atoms are present (Table S4 in the Supporting21.7 mg for2) were used to collect variable-temperature
Information). The two continuous weight loss steps should magnetic susceptibility(T) data (Figure 5) from 2 to 300
be attributed to the sequential removal of interstitial water K in a magnetic field of 0.5 T using a Quantum Design
molecules (calcd 2.3%), organic ethylenediamine (calcd SQUID magnetometer. The linear behavior gf(I) above
15.4%), HF (calcd 2.6%), and water from condensation of 50 K follows well the Curier-Weiss law 1y = (T — 0)/C
HPQO, groups (calc. 4.6%). The total observed weight loss (C = 2.41 emuK/mol andf = —21.9 K for1 andC = 2.95
(25.5%) is consistent with the calculated value (24.9%) basedemuK/mol andé = —34.5 K for 2). The negative and high
on the above interpretation. After heating to 10@) the value of the Weiss constant indicates strong antiferromagnetic
solid residue was identified as €®0O; by powder XRD. near-neighbor superexchange between the Co ions. The
Because botll and2 contain similar D4R units, interstitial ~ Weiss constants of the two compounds are consistent with
organic amine, and water molecules, the TGA curve4 of the presence of antiferromagnetic interactions between the
and2 are similar. However, the interstitial water molecules Co ions, as observed in the related tetranuclea(/Ze)
in 2 are not incorporated with strong H bonds; the release cluster?® Such antiferromagnetic interactions presumably
temperature of water molecules started as early a3C30  originate by the high CeF—Co bond angles between
The total observed weight loss of 25.4% is similar to that of 107.70 and 113.2. The effective magnetic moments per
1. After heating to 1000°C, the solid residue was also Co atom calculated from the Curie constant (4ui@%or 1
identified as CgP,0; by powder XRD. and 4.86ug for 2) correspond to the experimentally observed

(42) DeBord, J. R. D.; Reiff, W. M.; Warren, C. J.; Haushalter, R. C.; (43) Jaitner, P.; Veciana, J.; Sporer, C.; Kopacka, H.; Wurst, K.; Daniel,
Zubieta, J.Chem. Mater1997, 9, 1994. R.-M. Organometallics2001, 20, 568.
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Figure 6. Low-field (10-Oe) temperature-dependent magnetization curves
(top) and field dependence of magnetization at 2, 5, 7.5, and 10 K for
with its origin shifted by 6, 4, 2, and 0 T, respectively (bottom).

moment for high-spin Co(ll) ions. They values of1
increase smoothly upon cooling until 8 K, with a sharp rise
and fall at about 5 K. This indicates a magnetic moment

sharp one starts from 8.3 K and drops to a zero point at 7.3
K, and the broad one starts right after the finish of the former
and rises slowly to reach its maximum at 4.0 K, followed
by a slow decline to 2 K. This may be related to the
temperature dependence of two related but different types
of spin cantings. The MH curves were also done at 2, 5,
7.5, and 10 K (Figure 6). At 10 K, it shows paramagnetic
behavior, which is consistent with the previous measurement.
At 7.5, 5, and 2 K, it shows small saturation values, which
correspond to the canting behavior. At 2 Kalso showed

a large coercive field of about 5000 Oe originating from
anisotropy.

In summary, two new fluorinated microporous cobalt
phosphates] and 2, based on the secondary building unit
of D4R were successfully synthesized. The results exemplify
the complicated structural chemistry in the transition-metal
phosphate family. The framework integrity dfis cleverly
maintained by the combination of symmetrical H bonds
(HosPOy) and Co-O—Co linkages. The coexistence of
phosphate and phosphite species in compduisdunavoid-
ably formed because of the charge compensation on the
partial F occlusion in the D4R units. The magnetic properties
of the above two compounds also reveal the structure-
directing behavior.
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