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Novel cobalt phosphonates [Co(H20)4(H4L)][H2L]-2H,0, 1, and Co,(H20),(L), 2, have been synthesized from 1,8-
octylenediphosphonic acid (HsL). 1 has been fully characterized by X-ray single-crystal data, TGA, IR spectroscopy,
and chemical analysis. The compound crystallizes in the triclinic space group P1 with a = 5.5415(8) A, b =
8.6382(8) A, c = 16.794 (2) A, a. = 87.694(2)°, B = 80.859(2)°, v = 76.005(2)°, V = 770.11(19) A% and Z =
1. A cobalt atom lies in the center of symmetry and is octahedrally coordinated by two oxygen atoms from two
undissociated diphosphonic ligands HyL and four molecules of water. The cobalt atom and undissociated ligand
H,L are combined to form polymeric chains along the c-axis, resulting in the formation of a one-dimensional framework.
The positive charge on the cobalt atom remains upon coordination and is balanced by a negatively charged
uncoordinated ligand (H,L) found as a clathrate in the lattice. Two lattice water molecules, hydrogen-bonded with
the coordinated and uncoordinated ligands, complete the structure. The metal phosphonate chains are held together
and bridge the uncoordinated anionic ligands by a number of strong hydrogen bonds, which make the structure
possible. Cobalt phosphonate 2 has been characterized by TGA measurements, IR spectroscopy, and chemical
analysis. The compound has a layered structure with an interlayer spacing of 14.26 A. Metal phosphonate layers
are cross-linked by hydrocarbon chains. The water molecules are coordinated to the metal atom. According to IR
data, compound 2 contains two equivalent PO bonds and one different PO bond, which may be a result of the
different types of Co—O—P connectivity within one phosphonic group.

Introduction nuclearity! and linear one-dimensioraland layeregi'?
structures. It has been recently shown that polyvalent metals
and diphosphonic acids can give porous materials, which can
be utilized as catalysts in a number of organic reactféns.

In this connection phosphonic acids with two phosphonate
groups are very attractive for creation of new classes of such
compounds. In the literature alkyldiphosphonic acids are
well-known as a precursor of self-assembled monolayers
* Author to whom correspondence should be addressed. E-mail: (SAMS) and multilayer films on high surface area silica and

Metal phoshonates represent an important class of organic
inorganic compounds with potential applications in catalysis
and ion exchangg&: Due to great interest in the molecular
design of structures with such specific properties, a consider-
able variety of metal phosphonates have already been
prepared: 1 Among them there are compounds with variable
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Cobalt Phosphonates

employed as building blocks in supramolecular chemistry. solution was held at room temperature for 2 days. Pink crystals
Thus, the acid with two members in alkyl chains forms were collected, washed with water, and air-dried (0.13 g, 51%).
hydrogen-bonded adducts with a pillar-layered framewbrk. Anal. Found: C, 27.03; H, 6.87; P, 18.21; Co, 8.66. Calcd for
On the other hand, transition metals, such as cobalt andCsHsiOePsCo: C, 26.94;H, 7.06; P, 17.37; Co, 8.26. IROH),
nickel, are known to give coordination polymers with Y<OH)3525-3117 cmi (ms);vadCHy), vd(CH,) 2022-2846 et

. L 5 . . L (s, ms);¥(PO—H), 20(POH) 2800-2100 cn1! (mw, w); 6(HOH)
different organic ligand$’ These interesting abilities can be 1638 et (mw): 0(ChHy) 1466 e (mw), 6(CH,P) 1414 cm?

used for deS|gn anq construction of new supramolecular (W): 7(CHy), »(CHy) 1334-1185 cnr! (w): »(P=0) 1129 cnrt
compounds with various structures and properties. (s); 8(POH) 1070 cm®; »(P—OH) 1000, 942 cmt (vs).

In this paper we report on the synthesis, characterizati_on, Synthesis of Ce(H;0)(L) (2). HaL (3.68 mmol) was suspended
and structural features of novel cobalt phosphonates derivedn 40 mL of water under vigorous stirring. The solution of cobalt

from 1,8-octylenediphosphonic acid. acetate tetrahydrate (Aldrich, 7.37 mmol) in 12 mL of(Hwas
_ _ added to the suspension. The pH value was lowered to2%by
Experimental Section addition of acetic acid. The final mixture was transferred into a

medium-sized Teflon-lined pressure vessel and left for 3 days at
125°C. The purple solid was filtered off, washed with water, and
dried at 60°C (1.44 g, 79%). Anal. Found: C, 22.67; H, 4.58; P,
14.85; Co, 27.87. Calcd ford8l,00sP,Coy: C, 22.66; H, 4.75; P,
14.61; Co, 27.80. IRw,dOH) 3456 cm (s); v(OH) 3414 cm?
(ms); vadCHy), v(CH,) 2940-2847 cnrt (ms); 6(HOH) 1626 cntt
(mw); 0(CH,) 1466 cnTt (mw), 6(CH,P) 1411 cm? (w); 7(CHy),
w(CH,) 1333-1188 cmt (w); »(PGs) 1108, 999, 942 cmt (s,

VS).

Crystallography. Data collection for the compound [Cof8)4-
(H4L)][H 2L] -2H,0O (1) was carried out on a Bruker SMART 1000
CCD platform diffractometer equipped with monochromated Mo
Ka radiation and an OXFORD cool stream low-temperature control
unit. Data collection and reduction were performed with a Bruker
CCD SMART 5.4 and SAINT 6.0 from Bruker AXS2° Crystal-
lographic computing was performed using the SHELXTL 5.10
package’!

A pink crystal of compound., of dimensions 0.42 0.40 x
0.18 mn¥, was mounted on a Bruker AXS CCD platform diffrac-
tometer with Mo Kx (A = 0.71073 A) radiation at-163°C. A
full sphere of data with 2424 frames was collected with a scan
width of 0.3 in w and an exposure time of 20 s. Final cell
parameters were obtained by refining tkyz centroids of 7101
strong reflections witH/o > 10 to yielda = 5.5415(8) A,b =
8.6382(8) A,c = 16.794 (2) A,a. = 87.694(2}, B = 80.859(23,

y = 76.005(23, andV = 770.11(19) & An absorption correction
was performed with SADABS and led to a transmission parameter
between 1 and 0.93. Of the 8725 reflections collected, 3485 are
unique Ry = 0.0153). A summary of crystallographic data is given
in Table 1.

Structure Solution and Refinement. Structure solution was
performed in space groupl (No. 2) with SHELXTL2! The
positions of Co and P atoms were located by Patterson methods
XS 2L All other atoms were located from successive different Fourier
synthesis. All non-hydrogen atoms were anisotropically refined by
full-matrix least squares oR? using the XL prograni! Hydrogen
atoms were located from a difference Fourier map and set to
idealized positions.

The X-ray powder data were collected with a Bruker Advance
powder unit by the step scan method with Cua kadiation ¢ =

Materials and Methods. The chemicals were purchased from
commercial sources and used as received.

The IR spectra were recorded in KBr pellets on a Nicolet Nexus
470 FTIR spectrometer with a spectral resolution of 2.000%m
Thermogravimetric studies were carried out with a DuPont TGA
951 instrument and TA Instruments TGA Q-500 at a heating rate
of 10 °C/min under compressed air and argon, respectively. The
resulting TGA residue of compourj cobalt pyrophosphate, was
identified from the International Center for Diffraction Data (ICDD
No. 34-1378). Microprobe analysis was performed at the Depart-
ment of Geology & Geophysics, Texas A&M University, College
Station, TX. The elemental analysis data were obtained from
Galbraith Laboratories, Inc., Knoxville, TN, and Robertson Microlit
Laboratories, Madison, NJ. BSE SEM images were taken at the
Department of Geology & Geophysics, Texas A&M University.

Synthesis of 1,8-Octylenediphosphonic Acid (k). The ligand
was synthesized by an Arbuzov-type reactibi:1° 1,8-Dibro-
mooctane (Aldrich, 37 mmol) was mixed with triethyl phosphite
(Alfa Aesar, 93 mmol) with vigorous stirring under a nitrogen
atmosphere. The solution was heated and left at®Tofor 6—7 h.
Then the temperature was lowered, and air was allowed into the
flask. The final tetraethyl phosphonate was hydrolyzed by refluxing
with concentrated hydrochloric acid (125 mL) for-8 h. The
resulting yellow liquid was left at room temperature overnight. The
stirring of this saturated solution resulted in the formation of a white
solid. The solid was filtered off, washed thoroughly with deionized
water and acetone, and air-dried (6.7 g, 67%). #R{CH,) 2930
cm~1 (s); vs(CHy) 2851 cn1? (s); »(PO—H); 26(POH) 28006-2100
cmt (m, mw, w); d(CH,) 1466 cmt (mw); 0(CH,P) 1403 cm*

(w); 7(CHy), w(CHp) 1339-1298 cn1! (w); »(P=0) 1238, 1216
cm 1 (s); 6(POH) 1082 cm? (s); »(P—OH) 1008, 949 cm! (vs).

Synthesis of [Co(HO)4(H4L)][H 2L] -2H,0 (1). A 0.37 mmol
sample of cobalt(ll) acetate tetrahydrate (Aldrich) was dissolved
in 5 mL of deionized water. Diphosphonic acidlH(0.36 mmol)
was suspended in 10 mL of,8, and the stirred suspension was
slightly heated. HF (EM science, 48%) was added dropwise to
dissolve the diphosphonic acid. Then the hot clear solution was
mixed with previously prepared cobalt acetate under stirring. The
reaction mixture was heated for an additiona-P® min, maintain-
ing the temperature below the boiling point. Then the resulting pink

1.5418 A).
(14) Van Alsten, J. GLangmuir1999 15, 7605. Results and Discussion
15) Hong, H.-G.; Sackett, D. D.; Mallouk, T. EEhem. Mater1991, 3,
(1) 5201n.g acke atod em. Mater1991 Crystal Structure of [Co(H 20)4(H4L)][H 2L] -2H,0 (1).

(16) Wheatley, P. S.; Lough, A. J.; Ferguson, G.; Burchell, C. J.; Glidewell, The representation of the unit cell of the compound is shown
C. Acta Crystallogr.2001, B57, 95.

(17) Zhu, H.-F.; Sun, W.-Y.; Okamura, T.; Ueyama, Morg. Chem. (20) SMART version 5.0 and SAINTF version 6.01 area detector instru-
Commun 2003 6, 168. ment control, data acquisition and area detector data integration

(18) Arbuzov, K.; Kushokova, LJ. Gen. Chem. (USSRP36 6, 283. software, Bruker AXS, Inc., Madison, WI.

(19) Alberti, G.; Murcia-Mascaros, S.; Vivani, B. Am. Chem. S04998 (21) Sheldrick, G. M. SHELXTL (SADABS, XS, XL) Crystallographic
120 9291. Software Package, Version 5.1, Bruker AXS, Madison, WI, 1998.
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Table 1. Crystal Data and Structure Refinement of Compoand

Bakhmutova et al.

empirical formula GeHs0018P4Co vV, A3 770.11(19)

fw 713.37 z 1

temp, K 110(2) Decaica Mg/m? 1.538

A(Mo Ko, A 0.71073 w, mm1 0.838

cryst syst triclinic no. of refins collected/unique 8725/34B%(= 0.0153)
space group P1 no. of data/restraints/params 3485/0/180

a, 5.5415(8) GOF oif? 1.123

b, A 8.6382(13) R1, wR2(l > 20(1)) 0.0356, 0.0929
c A 16.794(2) R1, wR2 (all data) 0.0365, 0.0937
o, deg 87.694(2)

S, deg 80.859(2)

y, deg 76.005(2)

aR1= SIIFy| — [FAUY|Fol. WR2= { T[W(Fo? — FA2/ S[W(FAT} M2 w= 1/[0%(Fs?) + (aP)? + bP].

Figure 1. Unit cell representation of compourid

in Figure 1. The cobalt phosphonate crystallizes inRhk Table 2. Selected Bond Lengths (A) and Bond Angles (deg) of
space group (Table 1). The cobalt atom (Col) lies on the Compoundl®

center of symmetry and is octahedrally coordinated with two  Co(1)-0(2wW) (2x) 2.0350(12) O(1)yP(1)-0(2) 113.72(7)
oxygen atoms (O5) from two undissociated phosphonate 838)):8%’?23)” gﬁ%gg% 88%8))38 igg:gfgg
ligands HL and four molecules of water (O2W, O3W). The  P(1)-0(1) 1.5043(12) O(1yP(1)-C(1) 109.04(8)
O5 oxygen atoms occupy the axial positions of the octa- ﬁg;gg; ig;’ig&g; gggg)):ggg %8?:?3%
hedron. The CotO5 bonds are slightly longer (2.138(1)  P(1)-C(1) 1.7999(18)  O(5;P(2)-0O(6)  114.26(7)
A) than the Ce-OW equatorial bonds (Table 2). In the  pEl o) i R < A S e )
neutral phosphonate ligandyHthe P2-0O5 bond length P(2)-0(4) 1.5624(13)  O(5;P(2)-C(8)  110.41(8)
(1.514(1) A) is shorter than the other two (1.550(1) and ~@¢® 1.7866(17)  O(E}P(2)-C(8)  106.07(8)
1.562(1) A), indicating that oxygens O4 and O6 are proto- O(2W)—Co(1)-O(2W)#1 180.00(7) O(4)P(2)-C(8)  107.68(8)

O(2W)—Co(1)-0(3W) (2x) 91.73(5) P(2YO(5)-Co(1) 133.66(7)

nated. It should be noted that the second uncoordinated ojowjx1-Co(1)-0@EW) (2x)

88.27(5)
diphosphonate ligand H was found as a clathrate in the = O(2W)—Co(1)-0(5) (2x) 90.19(5)
structure. The charge on the cobalt ion is satisfied by a proton 8%%%:828)):8% (2x) 882_'%1((55))
displacement from each acid group in the clathrated ligand. O(3W)-Co(1}-0(5) (2x) 93.23(5)

O(2W)—Co(1)-O(5)#1 89.81(5)

This arrangement is evident from the fact that the-BB
bond distance (1.571(1) A) is significantly longer than the
other two P-O interatomic distances (1.504(1) and 1.531-
(1) A) in the P1 tetrahedron. to thec-axis at'/,b (Figure 1). A network of hydrogen bonds
Cobalt atoms, together with coordinated phosphonic connects the infinite chains to water molecules and un-
ligands HL form infinite polymeric chains, running parallel  coordinated clathrated ligands,lH(Table 3). The charge-

a Symmetry transformations used to generate equivalent atoms:x#1,
+1,-y+1,-z+ 1 #2,—x,—-y+1, -z #3,—x+ 1, -y, —z

7048 Inorganic Chemistry, Vol. 42, No. 22, 2003
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Table 3. Hydrogen Bond Distances (A) and Angles (deg) for

Compound1?

D—H---A d(D—H) d(H..A) d(D---A) O(DHA)
O(4)—H(4)---O(1)#4 0.84 1.73 2.561(2) 169.3
O(2W)—H(2WA)---O(1)#5 0.84 1.85 2.669(2) 166.3
O(2W)—H(2WB)---O(2)#6 0.84 1.92 2.748(2) 169.0
O(6)—H(6)---O(2)#6 0.84 171 2.516(2) 160.8

O(BW)—H(3WA)---O(5)#6  0.84 213 2967(2) 177.3
O(3W)—H(3WB)---O(3)}#7  0.84 2.04 2.873(2) 174.9

O(3)—H(3)---0O(1W)#8 0.84 1.73 2.565(2) 172.8
O(1W)—H(1WB)---O(2) 0.84 1.96 2.773(2) 164.2
O(IW)—H(1WA):--O(5) 0.84 2.19 3.014(2) 168.6
a Symmetry transformations used to generate equivalent atoms:=»#1,
+1,-y+1,-z+ L #2,—x -y+ 1 -z#3,—Xx+ 1, -y, —z #,XYy Figure 3. View of the crystal structure of compouridalong thea-axis.
+ 1,z #5 —Xx+1,-y,—z+ 1, #6,x+ 1,y,z #7,x + 1,y + 1,z #8,
x—1,yz

Figure 4. BSE SEM image of compoun2

nated ligand KL acts as a counterion to the positively
Figure 2. Polyhedral representation of the crystal structure of compound Charged [Co(RHO)s(HaL)]** motif. Similar behavior of
1 along theb-axis. diphosphonic acids has been observed in the 1:1 adduct of

piperazine and 1,2-ethylenediphosphonic acigHGN2]*"-
compensating bL ligands are located a@ = 0 with the [HO3P(CHp),POsH]2 .26 In the adduct anionic diphosphonic
midpoint of the alkyl chain at = 0. Figure 2 is a view |igands are linked together and with the corresponding cations
down theb-axis direction and shows that the alkyl chains of py hydrogen bonding. It should be noted that the bond
the clathrated uncoordinated ligands slope in the direction distances and angles in-®0; moieties of the adduct are
opposite those of the infinite chains. Furthermore, the two very close to those observed in the Compound [QW

types of alkyl chains alternate in theaxis direction. (HiL)][H2L]-2H,0 (Table 2), even though no metal is
The hydrogen bonds between the infinite chains and the inyolved in the adduct
uncoordinated phosphonic acid dianions are—@Gi4:-O1 Cou(H20)4(L) (2). According to the SEM photographs,

(2.561(2) R) and O6H---02 (2.516(2) R). These @0 this compound crystallizes as thin platelets (Figure 4). The
distances are quite short because O1 and O2 may share thg._ray powder pattern yields an interlayer spacing of 14.26
negative charge resulting from displacing a proton from the A (Figure 5). It is very likely that metal layers are cross-
P1 phosphonic acid groups. The hydrogen-bonded latticejinked by hydrocarbon chains. It has been reported that
water molecules are located above and below the (020)copper phosphonates, £id;0),(OsP(CHy)POs)-xH-0 (n =
planes (Figure 3) and are related bysgmmetry. These  2-5) with similar composition, have an average increase
molecules are hydrogen bonded to O5 of the infinite chains of 1.32 A in interlayer spacing per carb&hAssuming
and O2 of the anionic phosphonate groups. Additionally the similarity of the structures, we compare the calculated value
water molecules coordinated to cobalt also act as hydrogenior an eight-carbon chain (15.29 A) with the experimental

donors to the phosphonate oxygens (Figures 1 and 3).  result in cobalt phosphonag(14.26 A). It is possible that
Such an arrangement results in the formation of a one-
dimensional framework in which the clathrated uncoordi- (22) Arnold, D. I.; Ouyang, X.; Clearfield, AChem. Mater2002, 14, 2020.
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300 °C.1%The observed weight loss (39.2%) is higher than the
theoretical value of 31.45%, indicating some loss gDf
§ Assuming the final end product is Co(B)& the total weight
N loss should be 69.59% as opposed to an observed value of
66.40% at 80C°C. This could result from the retention of
P,Os at this temperature as shown by further loss of weight
to 1000°C.
The TGA curve of layere@ exhibits two weight losses
(Figure 6, curve 2). First, the metal phosphonate loses its
0 water at 146-207°C. This high temperature of dehydration
5 12 2 3 4 s e 1 shows the thermal stability of the compound, which can be
2-Theta-Scale attributed to a strong bonding of water molecules with the
Figure 5. X-ray powder pattern of compourgi metal atom'322426 The observed weight loss (8.3%) is in
agreement with the calculated value of 8.5% for two water
molecules. The second loss occurs at-3600 °C. It can
be assigned to the decomposition of the organic part and
phosphonic group condensatitin?® The process is complete
S 2 with a total weight loss value of 30.9%. The blue residue
£ ] was determined to be cobalt pyrophosphate;Pg0;. The
s

14.255

200 1

Lin (Counts)

-

o

o
1

100 ~

formula weight calculated from these results is 422.0. The
ideal formula weight of 423.9 (the expected total weight loss
40 1 1 is 31.2%), calculated for ¢E1,00sP-C0,, is in good agreement

1 with the TGA result.
20 — IR Study. The IR studies of the starting ligand,H

0 200 400 600 800 1000 demonstrate all characteristic vibrations typical of anhydrous

Temperature (°C) phosphonic acids with hydrocarbon chains (Figure 7). The

spectrum shows a number of bands with strong to very strong

the chains in2 are slightly tilted to account for the 1 A intensities in the PO stretching vibration region. Thus, the
difference. However, th@mre; space group, reported for strong band near 1216 cmiqdicates the presence of the
another layered metal phosphonate, GHOH)(H,0) 2 hydrogen-bonded+0O group in HL.%” A number of br_oad
seems to be more reasonable for cobalt phosphodiate 2nd weak bands observed in the 28@100 cnt* region
because of the spectral identity of both compounds. The Can be assigned to th¢PO-H) and 2(POH) vibrations’®
compound is not crystalline enough to solve its structure from Symmetrical and asymmetrical stretching vibrations  of

the X-ray powder pattern data, but some structural featuresP~OH Qrougs ¢(P—OH)) appear at 1008 and 949 ch
of compounc2 can also be revealed from TGA and IR data "€SPectively? The band around 1082 cthprobably belongs
(see the following sections). to the POH bending vibrationd(POH))2” The correspond-

Thermogravimetric Study. The thermogravimetric stud- N9 Strétching (29222846 cm”) and bending (14661185

. . e -1) vibrati

ies of 1 demonstrate a number of weight losses, indicating €™ ) Vibrations of CH groups have also been detected.

a complex process of the decomposition (Figure 6, curve Solid-state IR spectra of the synthesized compaliade

1). According to the structural data, there are lattice and In 9ood agreement with single-crystal data and TGA studies.

coordinated water molecules in the compound. The TGA According to X-ray data cobalt phosphonaterystallizes

diagram shows that the stepwise dehydration begins at 24With two molecules of water in the lattice. Additionally four

°C. The first step (5.9%) corresponds to a loss of two lattice molecules of water are present in the coordination sphere of
i 1

molecules of water. Then the release of four water molecules0balt. The high-frequency broad bands at 322517 cm

coordinated to the metal atom at higher temperature takestan be attributed to the stretching vibrations of hydrogen-

place (9.3%) (Figure 6, curve 1). The total weight loss for bonded lattice water molecules superimposed with sym-

the whole process (15.2%) is in good agreement with the metrical and asymmetrical vibrations in coordinated water

value of 15.1% for 6LO calculated from the formula (24) Poojary, D. M., Zhang, B.: Bellinghausen. P.. Clearfield. o

CieHs50018P4Co. Surprisingly this process is complete at Chefwn_]){’ggé 35'"4942;9’ K 9 o "rorg:

around 90°C, a temperature much lower than expected for (25) Eﬁ"jar{g,g?é gﬂs.;szgsarg, B.; Bellinghausen, P.; Clearfield,Iorg.

H H em. 3 .
coordlngted water. There are several small weight Iosses(ze) Menaa, B.: Shannon. |. J. Mater. Chem2002 12, 350.
(7.1%) in the temperature range 17390 °C. They can (27) Bellamy, L. JThe Infrared Spectra of Complex Molecyléshn Wiley
i i and Sons, Inc.: New York, 1958; Chapter 18.

prObabl.y be aSSIQned to a .Condens.atlon of th? hydrqul (28) Cabeza, A.; Aranda, M. A. G.; Bruque, &.Mater. Chem1999 9,

groups in both phosphonate ligands with a theoretical weight 571.

loss value of 7.6%. The burning of organic chains and (29) Barjla, B. C.; Herszage, J.; Santos Alfonso,Rélyhedron2001, 20,

Figure 6. TGA curves for compound$ and 2.

. . .. 18

transformation of phosphonic moieties occur at 3982 (30) Silverstein, R. M.; Bassler, G. C.; Morrill, T. CSpectrometric
Identification of Organic Compoung3ohn Wiley and Sons, Inc.: New

(23) Cao, G.; Mallouk, T. Elnorg. Chem.1991 30, 1434. York, 1981; pp 95-137.
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100 T——= — vs(OH)) (Figure 7)i%a2431.82G5econd, the sharpening of all
1HasL \\N& e other bands is observed. This fact can be explained by the

90 - N /"WW absence ofattice water, which contributes some disorder
11 s in the structure due to a number of hydrogen bonds. The

80 : v(PO) range exhibits three sharp vibrations at 1108, 999,
\ and 942 cm! (Av is 109 and 57 cmt). Two bands at lower
frequency can probably be assigned to the symmetrical and
; asymmetrical stretching vibrations of the equivalent PO
60 - v(CH) bonds in compoung. The high-frequency band at 1108 tn
corresponds to a PO bond different from those mentioned
: v(OH) . above (Figure 7b). Such a variation in-B distances occurs
3800 3400 3000 2600 2200 1800 probably due to the different G&O—P connectivity within
the PQ group in the compound. As has been noted, the IR
spectrum oR is very similar to that reported for Co{PCHg)-
100 —— _ (H20), especially in the/(PO) regior?® Assuming similar
W““““%g””w“‘”‘%f“‘g N A 7 V %afgl symmetry of C-PO3 moieties and close composition of both
‘ Y f - compounds, we could suggest tRenr2; space group for
cobalt phosphonat2.
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Conclusion

New metal phosphonatdsand2 have been synthesized
from H,L and characterized by TGA measurements, IR
spectroscopy, and chemical analysis. The structure of

3(HOH)
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] compoundl has been solved from X-ray single-crystal data.
as been demonstrated that the octahedrally coordinate
ol L—_hP it has been demonstrated that the octahedrally coordinated
1800 1600 1400 1200 1000 800 600 400 cpbalt f';\tom and undis;ociat§d4u4ligand§ form a one-
v, cm™! dimensional framework, in which uncoordinated ligand.H
(b) is clathrated and acts as a counterion to the positively charged
Figure 7. IR spectra in the/(OH), »(CH) (a) andv(PO) (b) ranges. [Co(H,0)4(H4L)]?" motif. Co—HyL polymeric chains and

(Figure 7a). The corresponding(HOH) band appears at counterions [HL]*~ are held together by strong hydrogen
1638 cml. Very important changes occur in the PO bonding.

stretching vibration region. Thus, théP=0) band (1216 The layered character of the compouRdtructure has
cmY) is low-frequency-shifted Av = 87 cnt?) due to been revealed from the X-ray powder pattern data. It has
coordination of the oxygen atom with cobalt. Indeed the P been shown that the compound crystallizes with one water
O bond of the HL ligand elongates upon coordination (see Molecule coordinated to each metal atom, and the presence
the single-crystal data). The insignificant low-frequency shift of nonequivalent PO bonds has been exhibited by IR
and broadening of the(P—OH) bands (1000 and 942 spectroscopy. Most striking is the similarity of the IR
cm )29 are expected due to a number of strong hydrogen spectrum to that of Co(PCH;)(H:0). All of these features
bonds in the system. Such a broadening can also be explaine@lus the space group strongly indicate that compa2ihds

by the presence ofPOH groups in both coordinated §H) the same layer structure as M&sHs)(H-0) 3320
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attributed tov(PO—H), 26(POH), and6(POH) vibrations,
respectively, since the POH groups remain protonated upon
reaction with cobalt (Figure 715§:2°

TGA studies of the layered compour® reveal the
presence of a water molecudeordinatedto the metal atom. ~ 1C0301425
The IR data support these resuIFs (Figure 7a)_. Indegd the IR(31) Hix. G. B.. Harris, K. D. M.J. Mater. Chem1998 8, 579,
spectra dramatically changed with the formatiorRoFirst, (32) Deemie, R. W.: Rao, M.; Knight, D. Al. Organomet. Chen1999
a sharp band appeared at 3456 ¢mith a shoulder at 3414 585 162.
cm . These bands can undoubtedly be attributed to the (%9 (& S20, G Lee, il v. M Maloul 7. o, Chemioee
stretching vibrations afoordinatedwater moleculesig{OH), Acta 1989 155, 7.

Supporting Information Available: One X-ray crystallographic
file, in CIF format. This material is available free of charge via the
Internet at http://pubs.acs.org.
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