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The (GHzn6N2)[Mn3(HPGs)4 (n = 3—8) compounds have been prepared by hydrothermal synthesis and
characterized by X-ray diffraction data and spectroscopic techniques. The crystal structugel @N{Mn -
(HPG;)4] has been solved from single-crystal X-ray diffraction. The unit-cell parametera &r8.502(1),b =
5.472(1),c = 14.523(4) A8 = 95.01(3}, monoclinic,C2/m, with Z = 2. The compound shows a layered structure
stacked along the-axis with the alkyldiammonium cations placed in the interlayer space. The sheets are formed
by MnzO1, trimer units extended in thab-plane and connected by (HB® anions. The study of the (Blon+6N2)-
[Mn3(HPGs)4] (n = 4—8) phases by X-ray powder diffraction indicates an isotype relation with the propanedi-
ammonium compound. The Dq and Racah parameters calculatedsférKG)[Mns(HPO;)4 are Dg= 880, B

= 660 andC = 3610 cnTl. The ESR spectra show isotropic signals with a g-value of 2.008. Magnetic measurements
indicate the presence of antiferromagnetic interactions inside thg(NP©s),4]%~ sheets. Thé/K value has been
estimated to be-15 K by considering that the system behaves like an isolated trimer at high temperatures.

Introduction
The types of microporous materials, tetrahedral- and mixe

framework compounds, with open structures continue to expand

in terms of framework-forming elementdhe most studied and

also largest classes of tetrahedral-framework compounds ar

aluminosilicatedand aluminophosphatésas well as their iso-

morphic substituted forms. Attempts to synthesize frameworks
with elements other than Al, Si, and P, especially with transition
metals, have resulted in many new classes, such as gallophos

phates! titanosilicates, beryllium?® zinc, cobalt® iron210
vanadiumt! nickel 12 and molybdenum phosphats.

Microporous materials containing transition metal elements

d- are a focus of comtemporary reseafct due to their novel

potential catalytic, electrical, optical, and magnetic properties
which are not accessible to the main group systems of tetrahedral

eframework zeolites. Furthermore, compared with tetrahedral

elements in zeolitic aluminum silicates (or phosphates), divalent
transition metals have a more coordination flexibility and a
stronger tendency to form edge-sharing linkages of metal
oxygen polyhedra. These properties usually lead to difficulties
in mimicking a zeolite-type structure, but can lead to the
possibility of yielding novel framework structures built from a
combination of various metaloxygen polyhedra. Among these
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major position. A number of works dealing with this system
has evidenced a considerable structural and compositional
diversity?15-20|n this way, three-dimensional, layered structure
or isolated single chains are knowh.The magnetic and
spectroscopic properties of some of these phases have been
studied!®1°Recently, open framework cobalt(1), nickel(ll), and
manganese(ll) phosphates have been prepared and their proper-
ties reported:12.2+25

The structural chemistry of phosphite with elements of the
first transition series reveals complex two-dimensional and three-
dimensional phase$.However, organically templated metal-
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Table 1. Reagents, Analysis, and Density for thefig+sN2)[Mnz(HPGs)4] (n = 3—8) Phases

analysis
mixture of reaction ICP-AES C, H, N-elemental analysis TGA Density
MnClz:4H,0 HsPO; CrHan+aN2 Mn P C H N diammonium (9

n (mmol) (mmol) (mmol) (%) (%) (%) (%) (%) cation (%) cm9)

3 0.77 3.8 3.8 28.5(29.4) 21.7(22.1) 6.2 (6.4) 2.8(29) 5.0(.00 12.8(13.2) 2.46(2)
4 0.78 3.8 3.9 28.0(28.7) 21.2(21.6) 8.2 (8.4) 3.0(3.2) 48(49 153(15.7) 2.45(2)
5 0.75 7.5 6.0 27.6(28.0) 20.6(21.0) 10.1(10.2) 3.2(3.4) 4.7(4.8) 175(17.7) 2.35(2)
6 0.75 7.5 6.2 26.9(27.3) 20.0(20.6) 11.7(12.0) 36(3.7) 47(4H 2.20(1)

7 0.75 7.5 6.2 259(26.7) 19.5(20.1) 13.3(13.6) 3.7(39) 4443 2.18(2)

8 0.75 7.5 6.2 25.8(26.1) 19.2(19.6) 15.0(15.2) 39(4.2) 4344 2.12(5)

a2 The numbers in the parentheses denote the calculated analitical values. The density was measured on single-crystal3gttase. In the
other compounds the measurements were performed on powdered sample as a pellet obtained aP Supdramposed steps.

Table 2. Crystallographic Data for (§112N2)[Mn3(HPOs)4] corresponding alkyldiamine in a volume of 30 mL of water:butanol
- (1:2) forn= 3 and 4 or water:ethanol (1:1) far= 5—8. The mixtures

gbgmlcal formula 9%15’?12)0 12PsMns were stirred up to homogeneity. After that, they were sealed in a PTFE-
b, A 5.472(1) lined stainless steel pressure vessels (fill factor 75%) and heated at
c, A 14.523(4) 170°C for 5 days, followed by slow cooling to room temperature. The
B, deg 95.01(3) pH of the mixtures did not show any appreciable change during the
v, A3 752.2(3) hydrothermal reaction and remained at ca. 7.0. The amount of the
Z 2 chemical reagents used in the synthesis and the percentage of the
fw (gmol™?) 560.9 elements in the products obtained by inductively coupled plasma atomic
space group C2/m(no. 12) emission spectroscopy (ICP-AES) together with C, H, N-elemental
T.°C. 20 analysis are presented in Table 1. The density of the products measured
radiation,A(Mo Ka), A 0.71070

by flotation in mixtures of CHGICHBI; is also given in Table 1. Well

Z"E’Rﬂ’o lfellgx)gr(r:\rrrri %ggg) 2.476 formed light-pink single crystals appeared in the case of the propanedi-
R[> 20(1}]2 R1=0.026, WR2= 0.052 amn’_lonlum-cpmpo_und. How_ever_, the other phases-(4—8) were
R [all data] R1= 0.052, WR2= 0.056 obtained as Ilght p|r_1k polycrlstalllne samples. '
Thermogravimetric analysis of compounds was carried out under
aR1 = [S(IFol — IF)I/YIFol; WR2 = [S[W(|Fol> — [Fc|?)?/ oxygen atmosphere in a SDC 2960 Simultaneous DSC-TGA TA
SIw(|Fol?)Y% w = 1/[0?|Fof? + (x p)3; wherep = [|Fol? + 2|Fc4/3; Instrument. Crucibles containing ca. 20 mg of sample were heated at
x=0.0282. 5°C min~! in the temperature range 3800°C. The results are given

phosphites have not been studied in a depth way as occurs within Table 1. The decomposition curves of theken:sN2)[Mns(HPOs)4]

the related phosphates. In this way, only four organically (n= 3—5) compounds reveal a weight loss between ca. 340 and 390
templated phosphite compounds with the V(IV), Co(ll), and Mn- °C, which corresponds to the calcination of the alkyldiammonium cation
(I) cations are knowd”"2® To explore the possibility of and agrees well with the calculated \_/alugs, given in parentheses in Table
obtaining open-framework metal phosphites, this work was 1- Bétween ca. 400 to 80T the oxidation process of the phosphite
focused on the manganesetBlkyldiamine-phosphite acid anion occurs without additional weight losses. The thermal decomposi-

- . . tion of the alkyldiammonium cation in the {B2n+6N2) [Mnz(HPGs)4]
system. In particular, we present a new series of layered hybrid (n = 6-8) phases starts at ca. 340 and takes place at the same time

inorganic-organic manganese(ll) phosphites with formula s the oxidation process. The X-ray diffraction patterns of the residues
(CoHan+6N2)[Mn3(HPO;)4] (n = 3—8), together with the spec-  obtained from the thermogravimetric analysis at 8@show in all
troscopic and magnetic properties of the propane-diammonium-the cases the simultaneous presence offMD; [C2/m space group

manganese(ll) phosphite. with a = 6.63(1),b = 8.58(1),c = 4.55(1) A and8 = 102.7(1}] and
. . Mn2P4O1, [C2/c space group witla= 11.88(1)b = 8.59(1),c = 10.14-
Experimental Section (1) A andp = 119.2(1)].%
Synthesis and CharacterizationThe (GHan+sN2)[Mna(HPOs)4] (n The thermal behavior of (#B12N2)[Mn3(HPGs)4] was also studied

= 3-8) phases were prepared under mild hydrothermal conditions by using time-resolved X-ray thermodiffractometry in air atmosphere.
starting from reaction mixtures of MnghH,O, HsPO; and the A PHILIPS X'PERT automatic diffractometer (Cu oKradiation)
equipped with a variable-temperature stage (Paar Physica TCU2000)
(21) Chen, J.; Jones, R. H.; Natarajan, S.; Hursthouse, M. B., Thomas, J.with a Pt sample holder was used in the experiment. The powder

M. Angew. Chem., Int. Ed. Engl994 33, 639. patterns were recorded irfSteps of 0.02 in the range 4< 26 <
@2 EfoBord,J.; Haushalter, R.; Zubieta]JSolid State Chenl996 125 60°, counting fo 1 s per step and increasing the temperature at 5
(23) CoWIey, A. R.; Chippindale, A. MI. Chem. Soc., Dalton Tran999 °C.min* from room temperatu_re up to 60C. The compound is stablg
2147. up to ca. 340C and the intensity of the monitored (001) peak remains
(24) Escobal, J.; Pizarro, J. L.; Mesa, J. L.; Arriortua, M. I.; RojoJT practically unchanged. At around 380, a strong decrease of the (001)
Solid State Chen2000Q 154, 460. peak intensity takes place (ca. 75% of the initial intensity) starting the

(25) Escobal, J.; Pizarro, J. L.; Mesa, J. L.; Lezama, L.; Olazcuaga, R.; decomposition of the compound. Between 400 and BDGo peaks

(26) g;losrgi)?é MF' !'b%?%%’szchﬁﬂrg'r Cl\ggte,\r/lzogq /irz;] c%g' b ThanR. were observed in the patterns. At temperatures higher than caC540

Beltran, D.Eur. J. Solid State Inorg. Cherti989 26, 603. (b) Marcos, ~ P€aks belonging to the MR;O; and MnP,O1, phases are observed,

M. D.; Amoros, P.: Beltran, A.; Martinez, R.; Attfield, J. Bhem. in good agreement with the thermogravimetric data. These results
Mater. 1993 5, 121. (c) Attfield, M. P.; Morris, R. E.; Cheetham, A.  indicate that the loss of the propanediammonium cation gives rise to
K. Acta Crystallogr.1994 C50, 981. (d) Marcos, M. D.; Amoros, P.;  the collapse of the layered architecture and forms condensed manganese-

Le Bail, A. J. Solid State Chen1.993 107, 250.

; . . : . . (i) phosphates.
@7 53?::”?@35’ ?ef'gogg'l' Haushalter, R. C.; Rose, D.; ZubieGhein. Single-Crystal X-ray Diffraction. A prismatic single-crystal of

(28) Fernandez, S.; Pizarro, J. L.; Mesa, J. L.; Lezama, L.; Arriortua, M. (CaH12N2)[Mns(HPGs),] with dimensions 0.1 0.10x 0.03 mm was
I.; Rojo, T.Int. J. Inorg. Mater in press.

(29) Fernandez, S.; Mesa, J. L.; Pizarro, J. L.; Lezama, L.; Arriortua, M. (30) Powder Diffraction File: Inorganic and Organic, ICDD, Files No. 77-
I.; Olazcuaga, R.; Rojo, TChem. Mater200Q 12, 2092. 1244 and 38-314, Pennsylvania, USA, 1995.
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Table 3. Selected Bond Distances (A) and Angles (deg) fofHGN2)[Mns(HPOs),4] (e.s.d. in Parentheses)
bond distances (A)

Mn(1)Os octahedron Mn(2)@octahedron
Mn(1)—O(2 )i v 2.222(3) Mn(2)-O(1)* 2.300(3)
Mn(1)—O(2) 2.229(3) Mn(2)-O(2) 2.293(3)
Mn(2)—0O(3) 2.100(4)
Mn(2)—O(4)* 2.116(3)
HP(1)G; tetrahedron HP(2)&xetrahedron
P(1-0(1)* 1.525(2) P(2yO(3) 1.513(4)
P(1)-O(2)! 1.528(3) P(2)-O(4)iix 1.515(3)
P(1y-H(1) 1.39(4) P(2)-H(2) 1.29(4)
(HaN(CH,)2NHz)2+ Mn(1)—Mn(2)' 3.001(1)
N(1)—C(1 1.497(8
Cglg—c 2 1.52829;
bond angles (deg)
Mn(1)Os octahedron Mn(2)@octahedron
O(1)—Mn(1)—O(2)" 97.67(9) O(1y-Mn(2)—0(2) 79.3(1)
O(1)—Mn(1)—0O(1)* 82.32(9) O(2)-Mn(2)—0O(3) 94.4(1)
O(1)—Mn(1)—0O(2) 82.36(9) O(1)-Mn(2)—0O(4) 95.65(9)
O(1)—Mn(1)—0(2)! 97.64(9) O(1)-Mn(2)—0O(1)¥ 78.99(9)
O(1)'—=Mn(1)—O(1)i 82.32(9) O(4y—Mn(2)—O(1)” 95.65(9)
O(1)'—Mn(1)—-0O(1)* 97.67(9) O(4Yy—Mn(2)—0O(2) 95.4(1)
O(1)'—=Mn(1)-0O(2) 97.64(9) O(4Yy—Mn(2)—0O(3) 90.4(1)
O(1)'—=Mn(1)—0O(2)' 82.36(9) O(4Yy—Mn(2)—0O(4 89.3(1)
O(2)—Mn(1)—O(Lyi 97.64(9) O(2-Mn(2)—O(1y¥ 79.3(1)
O(2)—Mn(1)—0O(1)” 82.36(9) O(2-Mn(2)—0O(4) 95.4(1)
O(1)'—Mn(1)—0O(2) 82.36(9) O(3)-Mn(2)—0O(1)” 94.4(1)
O(1)*—Mn(1)—0O(2) 97.64(9) O(3)-Mn(2)—0(4) 90.4(1)
O(1)—Mn(1)—O(1Y' 180.0(4) O(1)-Mn(2)—0(4)" 173.1(1)
O(2)—Mn(1)—0(2)" 180.0(4) O(2)-Mn(2)—0(3) 171.8(1)
O(1)i—Mn(1)—O(1y* 180.0(3) O(4)-Mn(2)—0(1)" 173.1(1)
HP(1)G; tetrahedron HP(2)&xtetrahedron
O(1)—P(1)-O(1y 113.2(1) O(3)-P(2)-O(4yi 110.7(1)
O(1)—P(1)-O(2)" 113.4(1) O(3)-P(2)-0O(4)~ 110.7(1)
O(1ly—P(1)-0O(2y! 113.4(1) O(4)i —P(2)-O(4)* 110.9(2)
O(1y—P(A)y-H@)" 105(1) OBy-P(2—-H(2)" 109(2)
O(1ly—P(1)-H(1)"! 105(1) O(4)ii—P(2)-H(2)"i 107(1)
O(2y'—P(1)—-H(1)" 106(1) O(4¥—P(2y-H(2)"i 107(1)
(H3N(CH2)2NH3 )2+
cf-clz-cl 1105(7)
110.6(7)
symmetry codes
iI=XYVz i=—-x -y, — ii=-xy,— =X, Y,z
v=x,~-y—1,2z vi —x—llz,y—llz, vii ——x—1/2,— — Y~z viii —X_llg,y+1/2,
iX=X—1 —y—1pz x=—-x+1y,—-z+1 Xi=X+Ypy+ sz Xii=X+ Y5,y — Y5,z

Xiii = x+ 1y =y — 15z

used for the data collection performed on a STOE IPDS (Imaging Plate eA-3. All drawings were made using ATOMS prograCrystal-
Diffraction System) automated diffractometer using graphite-mono- lographic data and selected bond distances and angles are listed in Table
chromated Mo K radiation. The total number of measured reflections 2 and Table 3, respectively.

was 2687, 783 reflections being independent:(R 0.04) and 547 Physical TechniquesThe XRPD patterns were recordered with a
observed applying the criteridn> 20(l). Correction for Lorentz and PHILIPS XPERT automatic diffractometer. The IR spectra (KBr

polarization effects were dofieand also for absorpéion taking into  hejiets) were obtained with a Nicolet FT-IR 740 spectrophotometer in
account the crystal shape by using the XRED progféifie structure the 400-4000 cn! range. The Raman spectra were recordered in the

was solved by direct methods (SHELXS $7)he metal ions and the 200-3000 cm range, with a Nicolet 950FT spectrophotometer

phobsphoruz ing the ox;;gen atomsf Wers _flrzt_f][ocated. ';I'he_ nitrogen, equipped with a neodymium laser emitting at 1064 nm. Luminescence
ca}r on, an y. rogen atoms were found in di grence ourier map;, measurements were carried out in a Spectrofluorometer Fluorolog-2
with the exception of the hydrogen atoms belonging to the propanedi- o .

. B . ) SPEX 1680, model F212I at 6.0 K. The excitation source was a high-
ammonium cation, which were not calculated due to the disorder ressure Xenon lamo emitting between 200 and 1200 nm. The diffuse
observed for the carbon atoms. The structure was refined by the full- ?eflectance spectrun? was re%istere d at room temperatur.e on a Cary
matrix least-squares method based h using the SHELXL 97 .

q g 2415 spectrometer in the 23@000 nm range. A Bruker ESP 300

computer prograrftt The scattering factors were taken from ref 35. d d the ES | li h
All non-hydrogen atoms were assigned anisotropic thermal parameters SPECtrometer was used to record the ESR polycrystalline spectra. The

The final R factors were RE 0.026 [wR2= 0.052]. Maximum and temperature was stabilized by an Oxford Instrument (ITC 4) regulator.
minimum peaks in final difference synthesis were 0.422 &00576 The magnetic field was measured with a Bruker BNM 200 gaussmeter
and the frequency inside the cavity was determined using a Hewlett-

Packard 5352B microwave frequency counter. Magnetic measurements
on powdered sample were performed in the temperature range 4.2

(31) Stoe IPDS Softwaré&/ersion 2.87; Stoe & Cie: Darmstadt, Germany,

1998. ; .
(32) XRED Stoe & Cie GmbH: Darmstadt, Germay, 1998. 300 K, using a Quantum Design MPMS-7 SQUID magnetometer. The
(33) Sheldrick, G. MSHELXS 97: Program for the Solution of Crystal ~ magnetic field was approximately 0.1 T, a value in the range of linear
Structures University of Gdtingen: Germany, 1997. dependence of magnetization vs magnetic field even at 4.2 K.

(34) Sheldrick, G. MSHELXL 97: Program for the Refinement of Crystal
Structures University of Gdtingen: Germany, 1997.

(35) International Tables for X-ray CrystallographiKynoch Press: Bir- (36) Dowty, E. ATOMS: A Computer Program for Displaying Atomic
mingham, England; Vol. IV, p 99, 1974. Structures Shape Software: Kingsport, TN, 1993.




(CoHant+6N2)[Mn3(HPOs)4] (n = 3—8)

Figure 1. Polyhedral view of (GH12N2)[Mn3(HPO;s)4], showing the

layered structure.

Results and Discussion

Crystal Structure of (C sH12N2)[Mn 3(HPO3)4]. The (GH12No)-
[Mn3(HPGs)4] compound exhibits a layered structure formed
by anionic sheets of formula [M(HPOs)4?>, which are

Inorganic Chemistry, Vol. 40, No. 14, 2008479

[Mn3(HPGs)4] phosphite, crystallizing this phase in the triclinic
P1 space group?

The structure of the [MgfHPOs)4]2~ inorganic sheets can be
described as a hexagonal close packing of oxygen atoms (Figure
2). In the layers there is a third of vacancies in the oxygen
positions being every oxygen atom surrounded only by four
neighbor oxygens in the same layer. The Mn(ll) ions occupy a
fourth of the interstitial octahedral sites. The phosphorus atoms
are located on the interstitial tetrahedral sites delimited by three
oxygen atoms belonging to a layer and a vacancy from an
internal sheet. The hydrogen of the (HJ© phosphite anions
and the nitrogens of the propanediammonium cations point
toward the vacancies on the internal and external sheets,
respectively. This result is similar to that observed for the
ethylenediammonium phase but the layers are tilted twith
respect to the-axis.

The Mn(ll) ions in the (GH12N2)[Mn3(HPGs)4] phase are
hexacoordinated through the oxygen atoms of the phosphite
anions. There are two different crystallographic positions for
the manganese ions, withr@andm symmetries for Mn(1) and
Mn(2), respectively. The Mngoctahedra are face-sharing and
give rise to a trimeric MgO1» unit, with Mn---Mn distance of
3.00(1) A. These trimeric clusters are bonded to six neighbor
trimer entities through the oxygen atoms of the phosphite anions
forming layers stacked along tleeaxis, as was observed in the
ethylenediammonium phase. It is worth mentioning that a
different feature between both phases is the existence in the
propanediammonium compound of a symmetry plane perpen-
dicular to the [MR(HPGs)4]2~ layers (Figure 3). The absence
of this plane in the ethylenediammonium compound determines
that the MRO;, units are rotated with respect to tbeaxis (see
Figure 3) as was mentioned before.

In the (GH12N2)[Mn3(HPOs)s] compound the Mn(1)@
octahedra belonging to the M@, trimer cluster are formed
by Mn(1) ions bonded to the O(1)0(1), O(1)#, O(1)", and
0(2), O(2)' oxygen atoms from the HP(1)@etrahedra (Figure
4). The mean Mn(BO bond distance is 2.224(5) A similar to
that found in the (@H10N2)[Mn3 (HPQOs)4] phase, 2.20(7) &?

In the Mn(2)Q octahedra the Mn(2) ion is bonded to the O(3)
and O(4)v oxygen atoms from the HP(2)Qetrahedra, being

extended along thab-plane. The propanediammonium cations the other positions of the coordination sphere occupied by the
are located between the layers existing both ionic interactions O(1)V and O(2) atoms of the HP(1)®tetrahedra. The mean
and hydrogen bonds with the anionic sheets (Figure 1). This bond length is 2.2(1) A. Theis- andtransO—Mn—0 angles

layered architecture has been also found in the relatgdh (S,)-

Figure 2.

Hexagonal close packing of the [MiIPQs)4]?~ sheets.

®

in the MnQ; octahedra indicate a topology near to octahedral
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Figure 3. Projection on the (001) plane of the [MHPGs)4)%>~ sheets, belonging to the (a) AioN2)[Mn3(HPOs)4] and (b) (GH12N2)[Mns-
(HPGs)4] compounds.

Scheme 1
N1
N 2
| |
G,
Possibility 1
o4 — — — Possibility 2
0@ 0O4)
° 03l - o3l
Figure 4. ORTEP drawing (50% thermal ellipsoids) of the M,
cluster of (GH12N2)[Mn3(HPOs),] with detailed labeling of the atoms.
(see Table 3). The MRO—Mn angles in the MgOx. unit of O © o
(CsH12N2)[Mn3(HPGs)4] are 83.12(8) and 83.1(1jor the Mn- m

(1)—0(1)-Mn(2) and Mn(1)-O(2)—Mn(2), respectively, simi-

lar to those found in the (Ei10N2)[Mn3(HPOs)4] phase® In
both compounds the Mn(2Mn(1)—Mn(2) angle is 180. 001) > ©on

In the HPQ tetrahedra, the PO and H-P bonds exhibit a g
mean value of 1.520(7) and 1.34(7) A, respectively. The _ z A A
O—P—-0 and H-P—0 angles show values usually found in the 3 *——'—,’/kl —
tetrahedral coordination. The propane-diammonium cation i': 35 4 45 5 55 6 652-Theta
exhibits disorder in the position of the carbon atoms with % n=8
occupancy factors of 50%, giving rise to two different possible g . n=7
orientations for this cation with respect to then2gymmetry £ . n=6
elements (Scheme 1). The-€ and C-N bond distances and A LA A n=5
angles are in the range usually found for this catitfihe C-N P n= 4
fragment is placed practically perpendicular to the §{#PO;)4]%~ ., n=3
layers, being the N(1) atom near to six different oxygen atoms e L e T
of the HP(2)Q anion (see Scheme 1). The bond lengths for the 1o 20 30 40 50 60 2-Theta
hydrogen bonds are as follows: N{ED(3)ixi —P(2), 2.963- Figure 5. X-ray powder diffraction patterns of the {B2,+sN2)[Mns-
(2) A; N(L)-+-O(4)V —P(2), 2.931(5) A; and N(1)-O(4yxii — (HPGs)4] (n = 3—8) phases.

P(2), 2.968(5) A. Scheme 1 shows the existence of two xrRpD patterns of the (EanteN2)[Mns(HPOs),] (n = 3—8)
possibilities for the hydrogen bonds between the propanediam-phases are shown in Figure 5. They have been refined with the
monium cation and the_ phosphi_te anion. However, the positions Rjetveld method (pattern matching routiffelsing, as the

of the oxygen atoms involved in these hydrogen contacts arestarting model, the unit cell parameters and the space group of
unknown because the hydrogen atomic coordinates of the (CzH,,N,)[Mns(HPOy)s], which were obtained from single-
propanediammonium cation were not found. crystal data. The lattice parameters obtained from the Rietveld

X-ray Powder Diffraction Study of the (CnHzn+eN2) [Mn 5- refinement are given in Table 4. In the diffractograms the (001)
(HPO3)4] (n = 3—8) Alkyldiammonium Compounds. The

(38) Rodriguez-Carvajal, FULLPROF, Program Rieeld Pattern Match-
(37) Gharbi, A.; Jouini, A.; Averbuch-Pouchot, M. T.; Durif, A. Solid ing Analysis of Powder Pattern&renoble: lllinois, 1994, unpub-
State Chem1994 111, 330. lished.
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Table 4. Lattice Parameters for the {82n+6N2)[Mn3(HPOy)4] (n = propane-diammonium compounds from single-crystal data. So,
4—8) Phases we can conclude that in the {Bzn+6N2)[Mn3(HPOs)4] com-
compoundi)  a(A) b (A) c(A)  p(deg) Vol (B pounds withN; being even the alkyldiammonium cation adopts

0.468(2) 5.478(3) 16.246(4) 94.4(1) 840.3(3) the arrangement shown in Figure 7a, with the-NC bond
9.463(1) 5.471(1) 16.740(2) 95.9(1) 862.02) perpendicular to the [MifHPOs)4]2~ sheets and the C-atoms
9.454(2) 5.465(1) 18.383(3) 96.3(1) 944.0(3) of the alkyldiammonium cation in trans form, being the tilt angle
9.475(2) 5.610(1) 18.552(3) 91.5(1) 985.8(3) with respect to the inorganic layers of ca®58he arrangement
9.455(1) 5.455(1) 20.242(2) 90.8(1) 1044.0(2) of the G-N bonds determines that for the alkyldiammonium
21 cations withN being odd, one C-atom cannot adopt the trans

O~NO 0D

E form being, in this case, the tilt angle of the organic cation of
20 & ca. 54 (Figure 7b). This fact could be the responsible of the
19F disorder observed for the carbon atoms of the propanediam-
18;_ monium cation in the crystal structure of @;oN2)[Mns-
_05 17 E Infrared and Raman Spectroscopies of the (GH2n+6N2)
16 [Mn 3(HPO3)4] (n = 3—8) Phases.The Infrared and Raman
15 spectra of the (fHan+eN2)[Mn3z(HPOs)4] (n = 3—8) phases
3 show the same features. The spectra exhibit in all cases the bands
14 F corresponding to the vibrations of the alkyldiammonium cations
135”,,,””,”,,,,,,,1,,,,,,“,,,,“,”,, and phosphite (HP?~ anions. Selected bands obtained from
1 2 3 4 5 6 7 8 N both IR and Raman spectra are given in Table 5, as average
. . . . values for all the studied compounds. The results are similar to
Figure 6. dooy interlayer distance vs carbon number of intercalated those found in the literature for other alkyldiammonium
alkyldiammoium cations in the (Elan+eN2)[Mn3(HPOs)4] (n = 2—8)

series. Thely; value for then = 2 phase was taken from ref 29. phaseg! 444

Luminescence and UV+Vis Spectroscopies of (gH12Ny)-
reflection exhibits a stronger intensity than that observed for [Mn3(HPO3)4. The emission spectrum of §81,Ny)[Mns-
the other peaks (see Figure 5). This fact is characteristic of (HPGOs)4] obtained at 6.0 K under a 365 nm excitation is shown
layered compounds. Furthermore, the (001) reflection is shifted in the inset of Figure 8. The spectrum is characteristic of an
to lower X-values when the number of the carbon atoms octahedral environment for the Mn(Il) Ydions with a unique
increases in the (Elon+6N2)[Mn3(HPO;)4] series (see insetin red emission peaking at 650 nm. The excitation spectium (
Figure 5). This shift is related to the interlayer distances. The = 660 nm) (Figure 8) reveals the spectral distribution of bands
relationship between the basal spacidgy{) and the number  corresponding to the excited levels of Mn(ll) in octahedral
of carbon atoms in the diammonium catidiY is shown in environment {T1(*G), 551 nm;*T,(*G), 446 nm;*A1,*E(*G),
Figure 6. These data can be described by the following 406 nm;*T,(*D), 366 nm;*E(*D), 342 nm]*>46 Furthermore,

expressions: the diffuse reflectance spectrum exhibits very weak spin-
forbidden d-d bands at ca. 335, 350, 405, 435, and 535 nm, as
dgo; = 11.965+ 1.0485N, characteristic of Mn(ll) & high spin cation in octahedral
symmetry. The Dq parameter is 880 chand the RacahB
Oyoy = 11.429+ 1.0275N, andC, parameters are 660 and 3610 énrespectively. These
values correspond with those usually found for octahedrally
for Nc-values even or odd, respectively. coordinated Mn(ll) compound&:2%4749 The B-value is ca. 69%
The mean increase of the basal spacings per carbon atompf that corresponding to the free Mn(ll) ion (960 cHwhich
Adoo/ AN, in these compounds is 1.05 or 1.03 fdg-values indicates a significant degree of covalence in the-NMnhbonds.

even or odd, respectively. The increase of alkyl chain length  ESR and Magnetic Properties of (GH12N2)[Mn 3(HPO3)4].

per carbon atom is 1.27 A for a straight trafisans alky- The X-band ESR spectra of §812N)[Mns(HPOs)4] were
lamine3® So, the mean increase per carbon atom observed inrecorded on powdered sample at room temperature and 7 K
these compounds involves that the alkyldiammonium chains (Figure 9). The spectra show isotropic signals withyavalue

must be tilted with respect to the [M{HPO;)4*" layers at  of 2.008 which remains unchanged with variation in temperature.
angles of 55.60r 54.0, for chains withNc-values even or odd,  This result agrees with an octahedral coordination for the Mn-
respectively. These angles agree well with those found for other (i) jons as was found from the structural data. The line width
layered hydrogen phosphat€such as 58.7in a-Ti(HPOg)2* and the intensity of the spectra show temperature dependence.
Hz0, 54.2 in a-Zr(HPQy)2'H:O, 66 in a-Sn(HPQ),-H:0, The intensity decreases with decreasing temperature whereas
59.6' in VOHPQ,:0.5H,0, and 53.2in HNiPO,-H 0 and also e line width increases from 36.5 up to 102.5 mT when the
with the theoretical tilt angle of 53&or the alkylamines in

which the G-N bond is nearly pgrpen@cular to the basal ptéhe. (42) Dolphin, D.; Wick, A. E.Tabulation of Infrared Spectral Dafalohn

The arrangement of the organic cation suggests that more than " yjley & sons: New York, 1977.

one H-bond may be stablished between th@H3z)* groups (43) Tsuboi, M.J. Am. Chem. S0d.957, 79, 1351.

and the layer-surface oxygen atoms of thegH&+sN2)[Mns- (44) Nakamoto, Klinfrared and Raman Spec.tra of Inorganic and Coor-
(HPO;),] compounds, as was observed in the ethyl&hand 45) %?ggfnl_.CE'Tpgﬂgﬂfgms\ﬂgg 2‘3185884.'\'9‘” York, 1997.

(46) Tanabe, Y.; Sugano, 8. Phys. Soc. Jprl954 9, 753.

(39) Lagaly, G.Solid State lonic4986 22, 43. (47) Lever, A. B. PInorganic Electronic Spectroscopilsevier Science
(40) Gulianst, V. V.; Benzinger, J. B.; SundaresanCBem. Mater1994 Publishers B. V.. Amsterdam, Netherlands, 1984.
6, 353. (48) Lawson, K. EJ. Chem. Phys1966 44, 4159.

(41) Gon, A.; Rius, J.; Insausti, M.; Lezama, L.; Pizarro, J. L.; Arriortua,  (49) Escobal, J.; Mesa, J. L.; Pizarro, J. L.; Lezama, L.; Olazcuaga, R.;
M. I.; Rojo, T. Chem. Mater1996 8, 1052. Rojo, T.J. Mater. Chem1999 9, 2691.
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Figure 7. Model proposed for the disposition of the alkyldiammonium cations inside the interlayer space oftthe {8,)[Mns(HPG;)4] phases,

(a) n being even; (bn being odd.

Table 5. Selected Bands (average values in-&nfrom the IR and
Raman Spectra for the (Ban+sN2)[Mn3z(HPGs)4] (N = 3—8)
Phase’s

assignment IR Raman
v(—NH3)* 3120 (w)

v(—CHz—) 2975-2555 (m) 2975-2870 (w)
v(HP) 2475, 2435 (m) 2475, 2435 (s)
O(NH3)* 1580 (m) 1560 (w)
O0(—CHy—) 1525-1465 (w) 1465-1340 (w)

Vad POs) 1105, 1085 (m,s) 1075, 1055 (w,m)
O(HP) 1035, 990 (s,m) 1025, 1010 (m,s)
v(PGs) 920 (m) 990 (M)

0(PQGs) 640, 610 (m) 650, 605 (w)
0a{POs) 490, 455 (m,w) 485, 450 (w)

ay = stretching = deformation; s= symmetric; as= asymmetric;
w = weak; m= medium; s= strong.
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Figure 8. Emission spectrumify. = 365 nm), inset, and excitation

spectrum fem = 660 nm) of (GH12N2)[Mn3(HPG;)4] at 6.0 K.

temperature ranges from 293 to 7 K, probably due to a strong

spin correlatior??-54
Magnetic measurements of 4&1,N2)[Mn3(HPO;)4] were

performed on a powdered sample from 4.2 to 300 K. The molar
magnetic susceptibility increases with decreasing temperature
in the range studied and thgT product decreases from 10.95
cmPK/mol at 300 K to 0.93 cr#iK/mol at 4.2 K (Figure 10).
These results indicate the existence of antiferromagnetic interac-

tions.

(50) Wijn, H. W.; Walker, L. R.; Daris, J. L.; Guggenheim, Bl. Solid
Sate Communl972 11, 803.

(51) Richards, P. M.; Salamon, M. Rhys. Re. B 1974 9, 32.

(52) Escuer, A.; Vicente, R.; Goher, M. A. S.; Mautner lfforg. Chem.
1995 34, 5707.

(53) Bencini, A.; Gatteschi, DEPR of Exchange Coupled Systems

Springer-Verlag: Berlin, 1990.
(54) Cheung, T. T. P.; Soos, Z. G.; Dietz, R. E.; Merrit, F.HRys. Re.
B 1978 17, 1266.
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Figure 9. Powder X-band ESR spectra of4&:N2)[Mn3(HPO;)4], at
293 and 7 K.
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Figure 10. Thermal evolution ofym and ymT curves of (GH12N)-

[Mn3(HPQOs)4). The solid lines show the fit of them and ymT
experimental data to a model for isolated trimers.

Taking into account that in the crystal structure the interlayer
distance is ca. 14 A and the absence of any maximum ighe
vs T curve we can disregard a three-dimensional model in the
analysis of the magnetic data. Furthermore, considering the
existence of sheets formed by linear trimer units, the Van Vleck
expression for the susceptibility of a trimer with non interaction
between the extreme ions could be a priori used for the magnetic
study of this compounéf,

x = [Ng®B%3kT[uu]

whereu = 3 g.sYS+ 1)(2S+ 1) exp—E(Si3,9/KT) andu’ =

> 5592S + 1) expE(Si3,9/KT). The results obtained in the

fit (solid lines in Figure 10) indicate that only the magnetic
data above ca. 90 K can be reasonably fitted to the above

(55) Kahn, O.Molecular MagnetismVCH Publishers: New York, 1993.
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expression, with a value of th&exchange parameter df= Concluding Remarks

—15 K'andg = 2.008 (from the ESR spectra). If we consider A new series of layered inorgamiorganic hybrid manga-
the existence of magnetic interactions between neighbor trimerspese(i1) phosphites with the formula@@n: sN2)[Mna(HPO)]
connected via phosphite anions, in the form of parameter (5 = 3-8) has been synthesized by using mild hydrothermal
in the expression of th.e magnetic susceptibility, the fit does ¢onditions. The (GH12N2) [Mn3(HPOs)4] phase was obtained
not show a substantial improvement. So, we can conclude thatin the form of single crystals whereas the other compounds were
at high temperatures this system could be considered as formegyrepared as powdered samples. The crystal structure of the
by isolated linear trimers, but at temperatures lower than 90 K propanediammonium compound consists of sheets with com-
a long magnetic ordering must be established, giving rise to a position [Mns(HPQs)4]2-, stacked along the-axis and with the
more complex system in which the magnetic interactions alkyldiammonium cation placed between the layers. These layers
propagated via phosphite anions inside the layers are predomi-are constructed from face-sharing Man@ztahedra which give
nant in the compound. This hypothesis seems to be supportedise to trimeric MO, entities interconnected by (HRP®"
by the value of 0.93 cAiK/mol found for theymT product at phosphite anions in thab-plane. The analysis of the X-ray
4.2 K, instead of the value of 4.37 éKimol expected for an powder diffraction patterns of the {Ban+sN2)[Mn3(HPOs)4)
uncoupled Mn(ll) ion withS = 5/, andg = 2.0. (n = 4-8) phases indicates that they are isotypes with the
TheymT values observed for the propanediammonium phase Propanediammonium compound. The tilt angle of the lineal
are slightly higher than those obtained for the ethylenediam- alkyldiammonium cation with respect to the inorganic [i¢-
monium compound (10.48 and 0.87 ¥&mol, at room tem- PQ)4]2_* sheets is ca. 55allowing to the organic cations the
perature and 4.2 K, respectiveB)These results together with ~ formation of three hydrogen bonds with the oxygen atoms of
the estimated-exchange parameters indicate the presence of the phosphite anions. This fact favors the layered structure of
slightly smaller antiferromagnetic interactions in the propanedi- theése compounds. The thermogravimetric analysis ¢fi{&l)-
ammonium compound. This fact could be attributed to the [Mn3(HPOs)s] shows that the crystal structure collapses after
presence of slight differences in the bond angles implicated in the |0Ss of the propanediammonium cation. The values calcu-
the exchange interaction pathways corresponding to theselated for the Dg and Racah parameters in theH(@N2)[Mns-
alkyldiammonium phases, as was observed from the crystal-(HPQ)“] phase agrees with the existence of I\_/In(I_I) lons in an
lographic data. octahedral symmetry. The_ magnetic be_ha\_/lor mdu_:ates the
. . . presence of antiferromagnetic interactions inside the trimer units
The magnetic exchange inside the mz trimer clusters of of (CsH1.N2)[Mns(HPQs),], which at low temperatures are also
these compoupds can take place_ thro(igtthe oxygen atoms propagated along the [M(HPOy)4?~ sheets via phosphite
of the phosphite anions which link the sharing faces MNO

octahedra; the mean values of the-In—0O angles are of ca. anions.
83° and 84, in the propane- and ethylene-diammonium wOWIE o e ° h
compounds, respectively, and could give rise to ferromagnetic the Ministerio de Educacioy Ciencia and Universidad deIBal_
interactions(ii) a direct intratrimeric interaction involving the ~YaSCO/EHU (Grants PB97-0640 and 169.310-EB149/98), which
de 2 and d, orbitals of the Mn(ll) ions at ca. 3.0 A. The we gratefully acknowledge. We thank F. Gw!len and E.
dihedral angle between the Ma@quatorial planes is of ca. Marquestaut (1.C.M.C.B., Pessac, France) forlummescence and
121° and 119, for the propane- and ethylene-diammonium ESR measurements at low temperature and Dptic&de la

compounds, respectively, which should lead to antiferromagnetic Materia Condgnsgda of the UPV/EHU for use of the STOE.
couplings. These exchange pathways inside the trimer units IPDS automatic diffractometer. S. Fernandez thanks the Gobi-
together with the intertrimeric interactions propagated through erno VaS?O/EUSkO J.aurlarlt.za for a doctoral fellowship. _

the oxygen atoms of the phosphite anions in #ieplane, Supporting Information Available: Four X-ray crystallographic
determine the antiferromagnetic overall behavior observed for files, in CIF format, are available. This material is available free of
the (GHioNs) [Mna(HPO:)4 and (GHiN2)[Mna(HPOs)d] charge via the Internet at http://pubs.acs.org.

compounds. IC010166G
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