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A novel one-dimensional manganese(ll) azido complex, [Mny(N3)4-
(phen)], (1), in which the azido bridging ligands take on an unusual
new type of combination with the metal center as the sign of [-EO—
EO-EO-EE-],, has been hydrothermally synthesized, and its
magnetic properties have been studied.

magnetic behavior®? In these kinds of compounds, so-called
“magnetic systems alternating in sign”, two or more exchange
coupling parameterg) are necessary to fit the experimental
results, in contrast to the “uniform magnetic systems” in
which all azido bridges have both the same coordination
mode and the same structural parameténshese systems,
different combinations of EO and EE modes have resulted

) o in some unusual alternating chains withHO—EO—EO—
The azide anion is one of the most commonly employed EO—EE-], [-EO—EE-], and FEO—EE—EE-], se-

pseudohalide bridging ligands in the design of polynuclear quences showing interesting magnetic propeftié&#10To
transition-metal complexes with characteristic and tunable the pest of our knowledge, the sequence 6EP—EO—
physical propertie$.It has been widely stated that the EO-EE-], has not yet been reported. We successfully
exchange is, with some exceptions, generally ferromagnetic
in nature for the end-oruf . or EO) mode and antiferro-
magnetic for the end-to-engy(s or EE) mode’® At the same
time, structural parameters (bond angles and lengths, etc.)
greatly affect the nature and magnitude of the magnetic
exchange interactions in these systénkarthermore, dif-
ferent bridging modes of the azido ions may simultaneously
exist in the same species, leading to novel topologies and

(5) (a) Gao, E.-Q.; Bai, S.-Q.; Wang, C.-F.; Yue, Y.-F.; Yan, Chidrg.
Chem. 2003 42, 8456. (b) Abu-Youssef, M. A. M.; Escuer, A,;
Gatteschi, D.; Goher, M. A. S.; Mautner, F. A.; Vicente, IRorg.
Chem 1999 38, 5716. (c) Escuer, A.; Cano, J.; Goher, M. A. S;
Journaux, Y.; Lloret, F.; Mautner, F. A.; Vicente, Rorg. Chem
2000 39, 4688.

(6) (a) Abu-Youssef, M. A. M.; Escuer, A.; Goher, M. A. S.; Mautner, F.
A.; Reiss, G.; Vicente, RAngew. Chem., Int. EQ00Q 39, 1624. (b)
Abu-Youssef, M. A. M.; Drillon, M.; Escuer, A.; Goher, M. A. S;
Mautner, F. A.; Vicente, RInorg. Chem.200Q 39, 5022. (c) Gao,
E.-Q.; Bai, S.-Q.; Wang, Z.-M.; Yan, C.-H. Am. Chem. So2003
125 4984.

*To whom correspondence should be addressed. E-mail: buxh@ (7) (a) Villanueva, M.; Mesa, J. L.; Urtiaga, M. K.; CosteR.; Lezama,

nankai.edu.cn. Fax:86-22-23502458. L.; Arriortua, M. |.; Rojo, T.Eur. J. Inorg. Chem2001, 1581. (b)

T Nankai University. Liu, F.-C.; Zeng, Y.-F.; Jiao, J.; Li, J.-R.; Bu, X.-H.; Ribas, J.; Batten,
* Departament de Qmnica Inorgaica, Universitat de Barcelona. S. R.Inorg. Chem.2006 45, 6129 and references cited therein. (c)
§ Departament de Qmnica Inorgaica and Centre de Recerca en'Qica Zeng, Y.-F.; Liu, F.-C.; Zhao, J.-P.; Cali, S.; Bu, X.-H.; Ribagziem.

Tetrica, Universitat de Barcelona. Commun2006§ 2227.

(1) (a) Kahn, O.Molecular MagnetismVCH: New York, 1993. (b) (8) (a) Gao, E.-Q.; Bai, S.-Q.; Yue, Y.-F.; Wang, Z.-M.; Yan, C.khbrg.
Miller, J. S., Drillon, M., Eds.Magnetism: Molecules to Materials Chem 2003 42, 3642. (b) Ribas, J.; Escuer, A.; Monfort, M.; Vicente,
Wiley-VCH: Weinheim, Germany, 2002. (c) Woodward, J. D.; R.; Cortes, R.; Lezama, L.; Rojo, TCoord. Chem. Re 1999 193—
Backov, R. V.; Abboud, K. A.; Dai, D.; Koo, H.-J.; Whangbo, M.- 195 1027 and references cited therein. (c) Viau, G.; Lombardi, M.
H.; Meisel, M. W.; Talham, D. RInorg. Chem.2005 44, 638. G.; Munno, G. D.; Julve, M.; Lloret, F.; Faus, J.; Caneschi, A.;

(2) For examples, see: (a) Hong, C.-S.; Do,Ahgew. Chem., Int. Ed. Clemente-Juan, J. MIl. Chem. Soc., Chem. Commuad®97, 1195.
1999 38, 193. (b) Mukherjee, P. S.; Dalai, S.; Zangrando, E.; Lloret,  (9) (a) Monfort, M.; Resino, I.; Ribas, J.; Solans, X.; Font-Bardia, M.;
F.; Chaudhuri, N. RChem. Commur2001, 1444. (c) Hong, C. S; Rabu, P.; Drillon, M.Inorg. Chem.200Q 39, 2572. (b) Escuer, A.;
Koo, J.-E.; Son, S.-K,; Lee, Y. S.; Kim, Y.-S.; Do, €hem—Eur. J. Vicente, R.; Goher, M. A. S.; Mautner, F. fnorg. Chem1998 37,
2001 7, 4243. 782.

(3) For examples, see: (a) Escuer, A.; Harding, C. J.; Dussart, Y.; Nelson, (10) (a) Abu-Youssef, M. A. M.; Escuer, A.; Goher, M. A. S.; Mautner, F.
J.; McKee, V.; Vicente, RJ. Chem. Soc., Dalton Tran$999 223. A.; Vicente, R.J. Chem. Sag¢ Dalton Trans 200Q 413. (b) Corts,
(b) Maji, T. K.; Mukherjee, P. S.; Mostafa, G.; Mallah, T.; Cano- R.; Lezama, L.; Pizarro, J. L.; Arriortua, M. I.; Solans, X.; Rojo, T.
Boquera, J.; Chaudhuri, N. Rhem. Commur2001, 1012. Angew. Chemnt. Ed Engl. 1994 33, 2488. (c) Corts, R.; Drillon,

(4) For examples, see: (a) Ruiz, E.; Cano, J.; Alvarez, S.; Alemardy, P. M.; Solans, X.; Lezama, L.; Rojo, Thorg. Chem 1997, 36, 677. (d)

Am. Chem. Sod998 120, 11122. (b) Liu, F.-C.; Zeng, Y.-F.; Jiao,
J.; Bu, X.-H.; Ribas, J.; Batten, S. Rorg. Chem.2006 45, 2776.
(c) Manson, J. L.; Arif, A. M.; Miller, 3. SChem. Commun1999
1479.

1520 Inorganic Chemistry, Vol. 46, No. 5, 2007

10.1021/ic061892s CCC: $37.00

Abu-Youssef, M. A. M.; Escuer, A.; Goher, M. A. S.; Mautner, F.
A.; Vicente, R.Eur. J. Inorg. Chem1999 687. (e) Ribas, J.; Monfort,
M.; Resino, I.; Solans, X.; Rabu, P.; Maingot, F.; Drillon, Kngew.
Chem., Int. EJEngl. 1996 35, 2520.

© 2007 American Chemical Society
Published on Web 02/01/2007



2N

./

+%

===

Z—=Z—=

N,
AN

z—=—2=

N

Js

=—Z—=

J

hat n\

=

EZ— =

COMMUNICATION

\\M/N_J

2

N

N—RN

N

1

—N

AN

tuin

/s

n

Figure 3. Schematic representation of the alternation pattern in complex

Figure 1. Unique crystallographic unit of complelxwith atoms labeled. 1, showing theJ pathways.
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Figure 2. 1D chain of complex. -
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isolated, for the first time, a one-dimensional (1D) manga-
nese(ll) azido complex, [MiiN3z)4(phen)], (1), with this new
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[-EO—EO—EO—EE—], sequence. T

Complex1 was synthesized from Mn(OAeAH,O, NaN, ®
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and phenanthroline under hydrothermal condititns-ray
analysi#? reveals that the unique crystallographic unitlof
contains two MH ions, four azide anions, and two phen
molecules, in which each Mnion is coordinated in distorted 55 [FEO(1)-EO(2)-EO(1)-EE-},, indicating by 1 and 2
octahedral geometry (Figure 1). Mn1 is coordinated by two two different distortions in the same kind of bridge. 1D
N atoms from phen, two N atoms from two azide anions of manganese(”) azido Systems present a great Variety of
the EE mode, and two N atoms from two azide anions of stryctures. In a very recent papém study of all of these
the EO mode. Mn2 is coordinated by two N atoms from stryctures related to their magnetic behaviors has been
phen and four N atoms from four azide anions of the EO reported. We can, thus, summarize the different kinds of
mode. Selected bond lengths and angles are given in Tablestryctures as{EE—], (all bridges EE); - EO—],, (all bridges

S1 in the Supporting Information. As shown in Figure 2, EQ): [-EO-EO-EO-EO—EE—-],; [~-EO—EE-], (being

the overall aspect of is a 1D chain, which is constructed  EE single or double);{EO—EE—EE—],. Thus, the pattern
by tetranuclear units. In this basic unit, one metal center is shown in1 is new and not reported so far—EO—EO—

bonded by double EO azides, while adjacent units are joinedEO—EE—],,. This pattern is schematized in Figure 3. In this

by double EE azides. scheme, the threkvalues (magnetic parameters) have been
From a magnetic point of view, complexrepresents a  ndicated. Plots ofT vs T and reduced magnetization vs
novel kind of 1D Mrf system with alternating EE and EO  H at 2 K (inset) for complex are shown in Figure 4. Taking
azide bridging ligands. The alternation may be representedinto consideration the 1D structure, magnetic data are given
for one Mr' ion. yuT starts at 4.50 cfmol~ K at 300 K,
which is the typical value for one isolated Mion (g =
2.03). This value is almost constant to 100 K, decreasing
rapidly to 0.5 crd mol~ K at 2 K. This feature is indicative
of global antiferromagnetic coupling among the 'Mons.
The plot of M/NS vs H at 2 K corroborates this fact: the
magnetization®b T achieves only 2.0i3 instead of 5Ng,
which corresponds to a noncoupled 'Mon. Complexl is,

Figure 4. Plots ofymuT vs T and M/Ng (inset) vsH for complex1. The
solid line represents the best-fit calculation.

(11) Complex1 and some unknown black powder were hydrothermally
synthesized under autogenous pressure. A mixture of Mn ,
NaNs, phen, and KO in a ratio of 1:1:1:2000, in which a small amount
of nicotinic acid or pyrazine-2-carboxylic acid and Gd(j9was
added for improving the purity and yield, was sealed in a Teflon-
lined autoclave, heated to 14C for 2 days, and cooled to room
temperature at 18C h~1. The crystals were obtained in ca. 30% yield
based on Mn. Elemental analysis is satisfacta@aution! Azide
complexes are potentially explosi Only a small amount of the
materials should be prepared and handled with care.

(12) Crystal data fod: triclinic, P1, a = 10.286(2) Ab = 11.324(3) A,
¢ = 13.701(3) A,a = 94.593(4, B = 107.180(4), y = 116.760-
(3)°, V = 1318.3(5) R, Z = 2, A(Mo Ka) = 0.710 73 A, 7340
reflections collected, 5217 unique reflectioi&{ = 0.0249), R1=
0.0506, wR2= 0.1263 [ > 2¢(l)]. CCDC no. 617038.

(13) Cano, J.; Journaux, Y.; Goher, M. S. A.; Abu-Youssef, M. A. M,;
Mautner, F. A.; Ref, G. J.; Escuer, A.; Vicente, Rlew J. Chem
2005 29, 306 and references cited therein.
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Table 1. Main Structural Data of Complek (o and 6 in Degrees),
Exchange Coupling Constantd;(Figure 3) Obtained in This Work
Compared to the Experimental Data Found in the Literatdiig for

Similar Geometrical Parameters

uniti o 0 Jilem™1 Jiie./emt
1 —5.4 —7/-15
2 101.5 32.8 +2.1 +1.8
103.5 13.5
3 102.8 0.3 -0.1 +2.07

aValues estimated by a mathematical interpolation using the structural
and magnetic experimental data found in the literature.

thus, a 1D extended system with two kinds of connections

between the metal ions, present in a ratio 3:1: (i) a double-

bridge EO azide and (ii) a double-bridge EE azide. A more

where

D =4+ 2u, + 4u, + 2u; + 4u,u, + 4u,u, + 2u,U5 +

203U, + 4u,U,Us + AU, UdU,
The best fit was obtained with the exchange paramekers
=-54+13cm? J,=21+05cn} andls=—-0.1+

0.1 cnT!; g = 2.03 £ 0.005 with an agreement factd¥,
defined as

F= Z[(XMT)obsd_ (XM-I-)calchZ/Z[(XMT)obst]Z

equal to 8.8x 1075 Owing to the standard deviatiod;

detailed analysis shows that the EO azido ligands are nots5n, pe taken as zero. Another sefloflues have been tried:

equivalent through the chain (Table 1). There is a more
regular connection where the two MiN(azido)-Mn angles

(o) in Mn,N3 unity are equivalent. However, there are two
equivalent asymmetrical units with two differemtvalues.

however, the results did not improve the previous fit. These
J values are comparable to those reported for similalf Mn
systems. Indeed); is antiferromagnetic, such as all EE
conformation mode¥ J, is ferromagnetic, in agreement with

Despite that the average for these values is very close oy,e g coordination mode. The value close to zero (or very

that found in symmetrical unit, we have decided to use the
topology displayed in Figure 3 with the spin Hamiltonian
shown in eq 1. Because of the large value of the local spin

00

H=—= 3 [31S:1Si2 + 1S4+ T JaSuisaSina T
=
:S4i+4S+6l (1)

moment for M ions, S = %/,, we can consider them as

slightly negative) forJ; seems more peculiar. The average
Mn—N-—Mn angles (see structural section and Table 1) for
the moieties corresponding #g andJ; are almost the same.
The only difference lies in the inversion center in the central
part Js), where the azido ligand (N) is placed in the plane
of the MnpN, core @ = 0°), which usually does not occur.
In the two parts corresponding t#, the azido bridging
ligands are not coplanar with the M, core @ = 32.8
and 13.5; see Table 1). With the MaN—Mn angle being

classical spin moments, i.e., as vectors. An exact law thataimost the same (average), the non-coplanarity of the azido
describes the magnetic behavior of classical regular 1D pridges enhances the ferromagnetic component, such as has

systems was obtained by FisHét.ater, Abu-Youssef et al.
and one of us found similar exact laws for classical
alternating chain&!® Following this methodology and

Figure 3, we can express the wave-vector-dependent sus

ceptibility in terms of Langevin’s functions:

[ee]
S(q) = UNKT4 + $ 2™ U ug
|‘=
r+1 2r+1 r ro o 2r+1 r+1
+2u; U, U+ 2u;U; U+
ug+1+ url+1 U§r+2 ur3+

uli+l u§T+2 ul’3+l)] (2)

ro2r+l o
+2upu; Ut
TTATAS

2ur+1 2r+1  r+1

2r+2
1 U U

r
+Ul u,

wherer is an integer number that allows us to consider the
different pair correlation functions generated for our topol-

ogy. Langevin’s function depends on the exchange coupling
constants as follows:

u; = cothP §(S+ 1)/T] — T3S+ 1) 3)

been shown by Ruiz et &.

To date, it is not possible to correlate the alternated
structure with the blocking ligands used in the synthesis. We
have tried to do a first approach, which is shown in Table
S2 in the Supporting Information. It is very complicated to
draw any conclusion. It is worth mentioning that all more
alternated systems, such asEO—EO—EO—EO—EE-,
—EO—-EO—-EO—-EE—, and —EO—EE—EE—, only appear
when using monodentate ligands. Maybe this is totally
serendipitous, but it would be a great challenge for the
experimentalist to synthesize a new system with the alterna-
tion —EO—EO—EE—, which is lacking so far.
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The integration of this series (eq 2) allows us to deduce the  Supporting Information Available: Tables of selected bond

expression for the bulk susceptibility per site:

_ NgS(S+1)
N 12k

D
2
1—uusu,

T (4)

(14) Fisher, M. EAm. J. Phys1964 32, 343.
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lengths and angles of complé&and different types of alternating
manganese(ll) azido chains and their blocking ligands and corre-
sponding references and X-ray crystallographic data in CIF format.
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