This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 08:59

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Rutile and Layered Magnets
Based on Transition Metal
Complexes Containing
Dicyanamide and
Tricyanomethanide

Mohamedally Kurmoo 2

% Institut de Physique et Chimie des Matériaux de
Strasbourg- (GMI), CNRS-UMR 7504, 23 rue du Loess,
67037, Strasbourg Cedex, France

Version of record first published: 24 Sep 2006

To cite this article: Mohamedally Kurmoo (2000): Rutile and Layered Magnets Based
on Transition Metal Complexes Containing Dicyanamide and Tricyanomethanide,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 342:1, 167-176

To link to this article: http://dx.doi.org/10.1080/10587250008038261

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008038261
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 08:59 16 August 2012

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 08:59 16 August 2012

Mol. Cryst. Lig. Cryst., 2000, Vol. 342, pp. 167-176 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gerdon and Breach Science Publishers imprint.

Printed in Malaysia

Rutile and Layered Magnets Based on Transition
Metal Complexes Containing Dicyanamide and
Tricyanomethanide

MOHAMEDALLY KURMOO

Institut de Physique et Chimie des Matériaux de Strasbourg- (GMI), CNRS-UMR
7504, 23 rue du Loess, 67037 Strasbourg Cedex, France

The synthesis, characterization and the magnetic properties of MIX,, Colls(OH)gX,-nH,0,
and M'L,(OH)3X-nH,0, where M = Cu, Ni or Co and X = N(CN), or C(CN),, are reported.
Long range ferromagnetic magnetic ordering is observed for M“(N(CN)Q)Z, M =Ni and Co
and for Nil'(OH)3X-nH,0, while Co''s(OH)gX,-nH,0 exhibits ferrimagnetism. Short range
ferromagnetic interaction is observed for Co“(C(CN)3)2 and antiferromagnetic for
Ni"(C(CN)3)2A The copper compounds behave as paramagnets with small antiferromagnetic
exchange interaction. The magnetic hardness spans the range of coercive fields from 400 to
12000 Oe at 2 K.

Keywords: cobalt; copper; dicyanamide; magnetism; nickel; tricyanomethanide
INTRODUCTION

There is continuing interest in the design of magnetic materials!’!. On the
one hand there is a school of chemists interested in theory while on the

other hand, there is a wider group of experimentalists searching for
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materials which exhibit long range ordering Our own interest in the area
is to create new structures by using small multitopic ligands to control
structural and consequently, magnetic dimensionality!?!. In other words,
ligands which have several coordination groups that can assemble
moment carriers into infinite lattices. We have recently employed
polycyanides'** such as dicyanamide and tricyanomethanide!” and
alkyl- and aryl-dicarboxy lates!®!. The latter provide a mean of tuning the
exchange interaction by changing the length of the alkyl group between
the two carboxylate groups. These studies have resulted in a range of
materials exhibiting long range magnetic orderings at temperatures as
high as 58 K and one family of metamagnets displaying an
unprecedented magnetic hardness with coercive fields in excess of 5
Teslal®. Here, we review the structural and magnetic properties of two
structural types: rutile-related structures with the ligands in bridging

position and the other is layered with the ligands as spacers.
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FIGURE 1 Rutile structures of M(N(CN),), ! and M(C(CN)), !,

The structure of M(N(CN),),/ and M (C(CN),),'*! are shown in figure

1. The former adopts a simple rutile-related structure based on pseudo
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orthogonal chains of doubly bridged metals, while the latter displays
two interpenetrating rutile-related networks. The metal centers in both
cases adopt distorted octahedral coordination through the nitrogen
atoms of the 3-connecting ligands. In the former, the shortest bridge

between the metals consists of the three atom unit N=C-N while in the

latter it is a five atom unit, N&C-C-C=N.
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FIGURE 2 Proposed  structures of Co''y(OH)gX,;nH,0  and
M";(OH)%X-nH,0

Two slightly different Brucite-related structures are encountered
in the layered compounds depending on the metal centers. For copper
and nickel, the structure is a singe M-OH layer interleaved by the
cy ano-ligands coordinating through only one of its cyanide groups(®”.
All the metals adopt octahedral or distorted octahedral coordination.
Consequently, they display bands in the visible absorption spectra
corresponding to d-d transition characteristic for the blue and green color
of divalent copper and nickel, respectively, in an oxygen crystal field.
For the cobalt compounds, one in four of the metals in the Brucite layer

is replaced by two tetrahedral coordinated cobalt!® While three sites in
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the tetrahedron are occupied by three OH of the layer, the fourth site is
coordinated by one of the cyanide group of the ligand. These
compounds are deep green due to a weak broad absorption band at
~20200 cm™* originating from octahedral cobalt and two spin-orbit split
sharp bands at lower energy, ~15500 and ~17000 ¢cm', from tetrahedral
cobalt.

EXPERIMENTAL

The binary complexes, M"X,, were synthesized by the reaction
of M (H,0)¢(NO;), and NaN(CN), or KC(CN);!*! in water and a molar
ratio of 12.2. Co''s(OH)eX,.nH,0 were prepared by the reaction of
aqueous solution of the above binary complexes with ammonia and by
the reaction of a suspension of Co',(OH);(NO;) in water with
NaN(CN), or KC(CN);. Ni" ,(OH);X-nH,0, were obtained by addition
of ammonia to a solution of NiX;. Cu")(OH);X:nH,0 were obtained by
exchange of the acetate group in Cu';(OH);(CH;CO,)'H,0!" by the
cyano-ligands. All compounds were correctly analyzed for C, H, N, and
the metal content by thermogravimetry.

Single crystal structures were determined from data collected on a

Enraf-Nonius DIP2000 (Mo Ka) diffractometer!?). Powder XRD were

performed on Seimens 500 (Co Ka) and 5000 (Cu Ka) diffractometers,

and on the Neutron D2 diffractomer at ILL.
Magnetization as a function of temperature and ac and dc

magnetic fields were measured by use of a SQUID (Quantum Design
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MPMS). A Princeton Applied Research VSM was used to measure the

hysteresis loops at T> 4.5 K. 2¢!
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FIGURE 3 Temperature dependence of T for the rutile compounds.

RESULTS AND DISCUSSION

The temperature dependence of the magnetic moments,
represented by the product of xT (= p.g/8), for the rutile compounds
are shown in figure 3% and a summary of the magnetic data is given in
Table 1. The copper-dicy anamide compound behaves as a paramagnet.
The cobalt and nickel compounds exhibit long range ferromagnetic
ordering below 9 and 21 K, respectively. These transitions were further
characterized by cooling in small ac and dc fields and by specific heat,
and hysteresis measurements!?). The hysteresis loops are dependent on
particle size and attain 710 and 7975 Oe at 2K for the finest particles of
Co(N(CN),), and Ni(N(CN),),, respectively. The magnetization
approaching the expected saturation values gS of 2 and 3 pg in high field
(Figure 5).

The tricy anomethanide complexes behave quite different to the

dicyanamide ones; no long range magnetic ordering is observed!**]. Both
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exhibit antiferromagnetic coupling, although for the cobalt complex this
may be due to the lifting of degeneracy by spin-orbit coupling,
stabilizing an s=1/2 state at low temperatures!'”. However, at low
temperature there is sign of short range ferromagnetic coupling in

Co(C(CN););. Our data are consistent with those found by Batten et al.
[Sa]
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FIGURE 4 Field dependence of the magnetization for the rutile
compounds.

The difference in behavior for the two different sets of compounds
is most likely associated to the number of atoms in the bridge between
the moment carriers. A clear correlation exists for the critical temperature
and the number of atoms in the bridging unit. For pure metals (no
bridging unit) T¢ is greater than 1000 K, for those with one atom
connector (e.g.: oxides) T¢ can reach up to 800 K and for those with two
atoms connectors (e.g.: cyanides of the Prussian blue family!"!) T is
nearly 400 K. For the M(N(CN),); family which has a three atoms
bridge, ---N-CmN---, the highest T observed is 21 K4,
Consequently no long range ordering is observed for the M(C(CN)),
family which contains the five atom bridges, - - - NeC-C—CmN- - - .
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The two series of layered compounds with dicyanamide and
tricyanomethanide behave in a similar manner. The copper compounds
exhibit short range antiferromagnetic coupling and no long range
ordering!”!, The nickel compounds show continuous increase of moment
on lowering temperature as expected for ferromagnets, while the cobalt
compounds have a minimum around 100 K, typical of ferrimagnets.

Long range
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FIGURE § Temperature dependence of T for Co''s(OH)gX,.nH,0
and M",(OH);X.nH,0; X=N(CN), (left) and X=C(CN); ( right).

ordering were established for the latter two sets at Tc= 58 K for
Co''s(OH)§(N(CN),),-6H,0, 38 K for Co''s(OH)s(C(CN)3),-4H,0, 25 K
for Ni',(OH);N(CN),-H,0 and 23 K for Nil',(OH);C(CN)s-H,0. These
transitions were further confirmed by the observation of spontaneous
magnetization in a small applied field of the order of 1 Oe and by the
presence of both in-phase and out-of-phase components in the ac-
susceptibilities. The short range super-exchange interaction (M-O-M)
between the metals within a layer results in large effective moments
which interact with neighboring layers via small dipolar interaction to
achieve long range ordering!®).
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Below the Curie temperatures, the isothermal magnetization
exhibits hysteresis (Figure 6). The coercive field increases on lowering
temperature  and  attains 12000 Oe at 2 K  for
Co"s(OH)(N(CN))»6H,0, 1600 Oe at 45 K  for
Co'sS(OH)(C(CN))4H,0, 600 Oe at 45 K for
Ni'ls(OH);N(CN),H,0 and 400 Oe-at 4.5 K for Ni',(OH);C(CN)3-H,0.
The magnetization of the cobalt compounds reaches 3 pp per formula

unit in agreement with the proposed structure and the expected resultant
moment for a two-sublattice ferrimagnet having one sublattice with three

octahedral high spin cobalt and the other with two tetrahedral cobalt. For

the nicke! compounds the magnetization is tending to the expected 4 up.

T

7 { i L 3 3 pur T — ' T T ”
o CoLBR | fansd gredt* g ' ;
2t Ni 4K /f‘j 2F Tk -
=z 1k < - = g ]
) = ] ar 4 E
g By 8 g’n. J 3

N " g ‘éw
] ﬁ {y

A q"’ 1 F

A ] o ¢ 3

: g Co-OH-C{CN), ]

2 b N.:"yﬂ M OH-{N(CN) | 2t / A (CN), r
[ 4&8s 3 4 ;
Ry X1 e — R e

1 - NOTN I TR A
-8 6 4 -2 0 2 4 6 8 -l 0 ¥ 2
Tield (Tesla) Field (Tesln)

&

FIGURE 6 Field dependence of the magnetization of
Col's(OH)eX,nH,0, and M, (OH), X -nH,0.

TABLE 1 Summary of magnetic data

Compound C em’K/mol) @ (K) Tc(K) Heoer (Oe)
Cu(N(CNY), 0.44 2

Ni(N(CN),)s 1.21 23 21 7975
Co(N(CN),), 2.82 10 9 710

Ni(C(CN)3), 1.17 -5
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Co(N(CN),), 2.90 -13
Cu,(OH);(N(CN),) 0.77 2
Niy(OH);(N(CN),) 2.50 +25 25 600
Cos(OH)¢(N(CN),), 13.45 -58 58 12000
Cu,(OH)3(C(CN),) 0.80 -45
Niy(OH);(C(CN),) 2.42 +24 23 400
Cos(OH)«(C(CN)s3), 13.60 -15 38 1600
CONCLUSION

Dicy anamide and tricy anomethanide, have been used to synthesize
novel magnetic compounds. Dicy anamide is found to be an active three
atom pathway for long range ferromagnetic ordering in the rutile-related
M(N(CN),),. On the other hand, the polycyanides have been used as
innocent spacers between metal-hy droxide lay er which derive their long
range magnetic ordering via dipolar interaction between large effective
moment within the layer.
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