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STRUCTURAL AND MAGNETIC INVESTIGATION OF BIS
(QUINOLINIUM) BIS (MALEONITRILE DITHIOLATO)
CUPRATE(II) - (Quin),Cu(mnt)2

B. L. RAMAKRISHNA, U. GEISER, and R. D. WILLETT
Department of Chemistry, Washington State University,
Pullman, WA 99164, U.S.A.

Abstract The title compound (Quin),Cu(mnt), was
synthesized by metathesis of the sodium salt of EU(mnt)2
with quinoline hydrochloride, and its structural and
magnetic properties were examined. The X-ray crystal
structure reveals the segregated stacking of the Cu(mnt),””
anions and the quinolinium cations and indicates aniso-
tropic properties. The magnetic susceptibility studies show
that the exchange interaction is very weak as the Curie-
Weiss fit holds down to 2.5K. The dynamics of the exchange
interaction as probed by EPR linewidth analysis yield
detailed information about the strengths of the various
magnetic interactions.

2w

INTRODUCTION

Considerable interest has been focused on square-planar
transition metal complexes because of their ability to form
stacked crystal structures exhibiting low-dimensional
cooperative behavior.1 Complexes with 1,2-dithiolato
ligands,l’2 [M(SchXQ)O]n—[R+]n, possess a number of char-
acteristics which maie_them particularly attractive can-
didates for forming low dimensional charge-transfer
complexes-~-overall planar geometry, large delocalization of
the highest occupied molecular orbital of 7-symmetry,

ability to undergo reversible electron transfer reactions,
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and chemical variability by changes in the metal M, ligand
substituent X, or counter ion R+ to study systematic
influences of the molecular features on the solid state
properties.

For Cu(mntz)z- (X=CN) one observes different magnetic
interactions among the dg, S = 1/2 anions depending on Rt
{Table 1).

In the search for new structural motifs and magnetic
properties we have used several planar cations with differ-
ent size, symmetry, and abilities of electron transfer. In
this paper we report the X-ray crystal structure, magnetic
susceptibility and electron paramagnetic resonance of the

quinolinium compound.

EXPERIMENTAL

(Quin)2Cu(mnt)2 was prepared according to standard methods,4
and the reddish brown crystals for X-ray and EPR studies
were grown from an acetonitrile solution by slow evaporation.

3169 unique reflections (20 ¢ 60°, MoKe) with FObs > 2¢
were used for the structure determination. Atomic positions
were found by direct methods and difference maps. The full
matrix least-squares refinement of 194 parameters gave R =
0.063. (For programs used see reference 5).

The magnetic susceptibility measurements were performed
on a PAR vibrating sample magnetometer and the data col-
lected between 2.5 and 300K.

The EPR studies were carried out at X-band on a Varian
E-3 spectrometer and on a home assembled instrument at
Q-band.



449

STRUCTURE AND MAGNETICS OF (QUIN),CU(MNT),

*¥dd 4q pe3osaep
UOT30BISJUT IJWIpP-I3WEp Yeam

eg fs3Tun 9jefayd> [eisw ieue[d-uou pazZTidW(Q I wo g7 +m=~m aulTAYyIaK
*UOTI0RISIUT 88uByoxd eam YIa
Pc joeas louop-iojdeddoe~iouop PIXIK wo 0= JInTuTZEUayd
- TAqaau-N
° *suotrjTsod sufl
¥Ydd woij [ JO UOTIRUTWISIAIP MmO[[e Bildads
¥dd peledrTdwod {uoT3DEIdIUT SuTFaadAy
o¢ 13ddod 03 a1qeaedwod iajsuweaed adueyoxy 1 w> £00°0 +caﬂzu=aucvz
*s31tun 33elayd felsuw orisudeweaed
q¢ po1efosT A{reniaita pue Jurjeynsul I wd 2000 0> +qﬁﬁzaoualcvz
eg *M0Qg B wo moH = 0 YiTa 1032Npuodiuag H|Eu I= +qﬁﬂzsuwvz
souazajay syaeway ch ¥ ‘uorae)
(1935uweied +
edueyoxae
J138ulden
-0118313UY)
*s3Tes Nﬁucsv:uNm Telsass Jo soTizedoagd I olqel

€T0c Aeniged 0z €G°TT e [o1pey pue sweisAS [04u0D Jo AisleAiun amels yswo 1 ] Aq papeojumoq



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:53 20 February 2013

450 B. L. RAMAKRISHNA, U. GEISER AND R. D. WILLETT

RESULTS AND DISCUSSION

I. CRYSTAL STRUCTURE

The title compound is triclinic, P1l, with unit cell
parameters, a = 7.404 (3)&, b = 7.452 (3)A, c =13.090 (5)4,
¢ = 106.71 (2)°, 8 = 109.99 (3)°, y = 91.19 (3)°, z =1
molecule/cell.

The copper atom occupies the inversion center at
(0,0,0) and hence the CuSa core is strictly planar. The
complex, however, is not planar, the ligand frame-

work forming an angle of 7.3° with the CuS4 plane (Fig.l).

N\ ‘57 +17/»,31
\ “ \99/ \ 5 ¢

\/ \/25\
s

+10 +25

o

FIGURE 1 The Cu(mnt ) ~ unit with deviations from the

least squares plane for each atom (Angstroms x 10 ).

There are only two other examples in the literature
with a non-planar Cu(mnt)22_ unit: 1. (Methylene
Blue)ZCu(mnt)2 3e where the dihedral angle between the
ligand planes is 47°. 2. (MethylaN)ZCu(mnt)z6 where the
ligand planes make an angle of 20°. The essentially planar
quinolinium cation is not exactly parallel to the metal
chelate plane, but at an angle of 10.1°. Bond distances and
angles in both the anion and the cation compare well with
those found in other compounds with these units.

Although there are some short contacts between atoms of

the anion and the cation, there is no significant lateral
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overlap between these units, thus showing that there is at
best very weak charge transfer interaction.

Each Cu(mnt)zz— is surrounded by twelve quinolinium
ions, of which four lie in nearly the same plane as the
complex. Two of these form hydrogen bonds to cyano-nitrogen

in the anion (gee Fig. 2).

FIGURE 2 A view perpendicular to the Cu(mnt)zz- plane
showing three neighboring anions along the 2 axis and
four quinolinium cations in the plane of the center

anion. (Dashed lines: Hydrogen bonds).

Fig. 3 shows the stacking of the anions and the cations
in the ab plane. Due to the tilt of the anionic molecular
plane with respect to the crystal axes, the perpendicular
distances between the best planes of the units separated
along 2 and 4 are quite different: 3.17 R along 2 and
6.36 X along b. One could therefore imagine the S = 1/2
copper units to be stacked in a chain along # with the major

magnetic exchange in this direction. Fig. 2, a view
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FIGURE 3 Stereoscopic view (& vertical, & horzontal)

showing the stacking of the anions and cations.

perpendicular to the Cu(mnt)zz_ plane, showed three
neighboring units along a4 and the lateral overlap of the
complexes.

The quinolinium units stack as dimers with an inter-
planar distance of 3.64 A but with little lateral overlap.
The distance between the quinolinium and the metal chelate
planes is 3.4 & but again with little lateral overlap. A
quinolinium molecule lies nearly halfway between two

neighboring metal chelate units along the 4 axis.
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IT. MAGNETIC SUSCEPTIBILITY

The magnetic susceptibility (Fig. 4) shows Curie-Weiss x =
C/(T-8) behavior almost down to the lowest temperature
measured with a slightly negative Weiss constant 6 = -1°K
implying a small antiferromagnetic exchange interaction.
However, the magnitude of the exchange constant J cannot be

determined accurately without going to lower temperatures.

"
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FIGURE 4 Plot of xm-l vs temperature with Curie-Weiss
fit (solid line).

IT1I. ELECTRON PARAMAGNETIC RESONANCE

A single EPR line is observed at all orientations in both
X- and Q-bands, in accordance with the fact that there is
only one orientation of the Cu(mnt)oz- unit in the crystal.
The g tensor values agree well withhthose reported for the
diamagnetically diluted (NBUQ)ZCU/Ni(mnt)2 with ey = 2.023
g

yy
within ~3° those calculated from the crystal structure.

= 2,022 g, = 2.091, and their direction cosines match
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Angle and frequency dependence of linewidth and
lineshape yield a detailed picture of the various coopera-
tive magnetic phenomena in solids such as dipolar and
exchange interaction. The loss of hyperfine structure and
the observation of a single Lorentzian line indicates a
lower bound of the exchange interaction of about 0.05 cm-l.

The linewidths did not show any change on going from X
band frequency to Q band frequency. This insensitivity of
linewidth to Zeeman frequency can occur in two limiting
situations: i) exchange frequency by ¥ J/fh > w or ii)

Zee
o, K w . From the susceptibility results the latter

ee
situatign must prevail, and an upper bound for the exchange
interaction is therefore 0.3 «:m-1 (X-band frequency), i.e.,
0.05 € J < 0.3 cn .
The general theories of magnetic resonance in exchange

coupled systems7 start with a zero order Hamiltonian
H =% + X , (1)
o Zee ex

with local dipolar and hyperfine fields being treated as a
perturbation to Wo leading to small deviations Aw from
deviations wo(Aw < wo). The local field correlation

., 8
function

$(1) = <Aw(Ae(0)> (2)
is related to the relaxation function

o(t) = expl- S (t-v)u(t)de] (3)

]
and the resonance absorption is given by the frequency
Fourier transform of ¢(t). For strong exchange narrowing,

the peak to peak derivative linewidth Aﬂpp is given as

[T

M= ST uod (4)
pp &
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We have used the method outlined by Socos er a].g to
obtain, from the angular and frequency dependence of line-
width, the Fourier components of the spin correlation
function for kT >> J with the knowledge of the local field
magnitudes.

The method used is applicable to any exchange coupled
system with magnetically equivalent sites and provides a
direct test for theoretical models of the spin correlation
function. The individual contributions to Apr are obtained
as the product of that particular second moment with the
corresponding Fourier component of the auto-correlation

function C(t),

N
B =@ e+ 0D £ + 1, Pe20 )
2 “pp 2 2 o 2 o
+ a(O) g(0) + a(l)g(wo) (%)
. i i 2. .
g(w) = 1/2 L% ™% c(trdt; £o) = 1/2_f% ™ S(t)ar
2
MZ(O) and a(O) are the secular, and Mq(l), M7(“) and a(l)

the non-secular dipolar (Am = *1, Am*2) and hyperfine second
moments, respectively.

By solving equation (5), using a nonlinear least-
squares procedure, for measured Apr and computed second
moments, the five unknowns are evaluated as

g(0) = 9.2 x 107%71 f£0) =8 x 1074 7!

glw ), flw ), and (26w ) < 5 x 10-5G_1.
o o o

Figure 5 shows the fit obtained with the final parameters.
We can extract the exchange parameter from these
Fourier components using the Blume-Hubbard form of the

10

auto-correlation function,



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:53 20 February 2013

456 B. L. RAMAKRISHNA. U. GEISER AND R. D. WILLETT
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FIGURE 5 Experimental EPR linewidth (x) in the abk

plane and calculated linewidth (solid line) using

theoretical second moments and Fourier components.

-2
CB_H(t) = cosh (1/2 3v) (6)
which yields,

2 mwll . L2

g™/ = 5 Sioh(awrs) ¢ Epen(®) = 3
2
LN 'Y A R w_ ] . 4

F3.u™/9) = 33 Sinh(aurd) [1* 2 ]’ fp.p(0)= 33 (D

From the secular components, J % 1900 G or 0.18 cm_1 is

obtained. The very small non-secular terms are in keeping
with the independence of linewidth with Zeeman frequency.
thus obtained is the root mean square of all pairwise
exchange interactions, and if we assume two nearest neigh-
bors (as seen from the crystal structure) the exchange
parameter between two sites is estimated to be 1340 G or

0.124 cm L.

J
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