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Abstract. The magnetic dimensionality of paramagnets is responsible for the long
time behaviour of their spin dynamics, where the decay of the correlation functions
is governed by spin diffusion. To study this problem we have performed EPR mea-
surements in single crystals of the copper complexes of I, and DL racemic mixtures
of the amino acids methionine and 2-aminobutyric acid. In all these systems the
copper aloms are arranged in layers with Cu~Cu interlayer distances which are two
or three times longer than those within the layers. In the DL compounds the cop-
per atoms are located at inversion centres. There each copper atom is connected
to four magnetically non-equivalent coppers via four identical pathways. In the L
compounds this symmetry is broken and there are two distinct pairs of pathways
connecting the four magnetically non-equivalent coppers. Consequently, each type of
lattice (L or DL) has a different exchange network. That is, the DL compounds ex-
hibit two-dimensional characteristics, while in the L, compounds there is a preferred
directton for the exchange coupling. This behaviour is manifested in the broader EPR
linewidths of the L-type crystals as compared with those of the DL-types. To describe
the changes in the spin correlation functions we introduce a model which allows for
the quantum evolution of the spin system until many-hody effects break down the
quantum coherence, This time is of the order of A fw., where w, is the exchange fre-
quency. In the long-time regime, our model allows one to pass with continuity from
correlation functions which are solutions of the diffusion equation in one dimension
to those corresponding to two or three dimensions, The model explains successfully
our experimental data and it may be applied to systems where the magnitude of the
exchange coupling varies along different directions.

1. Copper—amino acid complexes: model systems for low-dimensional
magnetic behaviour

In recent years great efforts have been made to correlate the sign and magnitude
of exchange ioteractions between paramagnetic metal centres with their structural
data [1]. The exchange interaction (J) is usually obtained from static susceptibility
measurements performed at low temperatures. However, there are systems with mag-
nitudes of J in the order of 0.1 K, where electron paramagnetic resonance (EPR) at
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room temperature is a well suited simpler technique. Consequently, theories relating
experimental parameters such as the EPR linewidths with the exchange interaction
constants are necessary.

The spin dynamics of a paramagnet are characterized by the latter’s magnetic
dimension. Its behaviour can be identified by EPR because spin diffusion, which is the
mechanism that governs the spin dynamics at long times, has a strong dimensionality
dependence, and produces characteristic changes in the linewidth and lineshape [2].
This dimensionality is generated by the network of exchange couplings and it does
not necessarily coincide with that given by the crystallographic arrangement of the
paramagnetic ions. This is particularly relevant in systems where the space symmetry
is low. For example, in a structural 3D system, a two dimensional behaviour may ap-
pear if the exchange pathways between paramagnetic ions in a plane are more effective
than those connecting ions in different planes. A further reduction in dimensionality
would occur if there were a preferred direction for exchange within a layer. Thus, by
analysing the dynamical behaviour of a spin system it is possible to draw conclusions
about the effectiveness of the chemical paths for superexchange.

Copper-amino acid complexes (Cu{AA),) provide a convenient set of compounds
to study changes of the low-dimensional magnetic behaviour around 2D. This is because
they are structurally 2D and it is possible to crystallize several Cu(AA), differing
either in the interlayer exchange couplings or in the exchange network within a layer.
In order to select the Cu(AA), more suited to analyse the low-dimensional magnetic
behaviour, we have taken into account the following facts.

(i) Correlations between the exchange coupling constant and the structural data in
Cu(AA), indicate that the length of the copper-apical oxygen bond of the carboxylate
bridges is the major contributing factor to the strength of the superexchange inter-
action [3-5]. Besides, in several Cu(DL-AA),, the distances between one copper and
its two apical oxygens are equal, while in the corresponding Cu(L-AA), they differ by
about 0.1 A.

(ii) Magnetic susceptibility measurements at very low temperatures in the struc-
turally 2D copper derivative of L-alanine, Cu(L-ALA),, indicate antiferromagnetic 1D
chains [6].

Here we report single-crystal EPR measurements in Cu(L-MET),, Cu(L-BUT),,
Cu(DL-MET), and Cu(DL-BUT),, the copper derivatives of the amino acids L-
methionine, L-2-aminobutyric acid, and of their racemic mixtures respectively. In
all of them, the copper ions are arranged in layers. The L and DL complexes of the
same amino acid have very similar crystal structures. However, in the DL compounds
the coppers are at inversion cenires, where the connections between one copper and
its four copper neighbours are equal, while in the L. compounds this synunetry is bro-
ken and there are two distinct pairs of identical pathways. These features suggested
that the dimensionality of the exchange network might change from two in the DL
compounds to a lower one in the L compounds because the latter have a preferential
direction for exchange coupling. This change in the dimensionality produces large
differences between the EPR linewidths of the L. and DL compounds, which are readily
observed in our experiments. In order to interpret our experimental results, we In-
troduced a model for the high temperature spin correlation functions which desecribes
the short and long-time regimes in terms of the microscopic parameters. This model
is applied to cases where the exchange network is anisotropic, allowing us to handle
systems where the behaviour of the spin diffusion ranges from 1D to 3D.
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2. Magnetostructural correlations in copper—amino acid complexes

Crystallographic data of Cu(DL-MET), {7], Cu(L-MET), [8] and Cu(DL-BUT), [9]
have been reported. Since no previous data existed for Cu(L-BUT), we performed
its structural determination [10]. The relevant crystallographic information for the
four compounds is displayed in table 1. Their structures consist of isolated sheets
of Cu(Il) ions with tetragonal N,O, ligand sets, formed by trans coordination of
two molecules of the corresponding amino-acid. The apical Cu—O bonds result from
interactions with carboxylate ions from neighbouring molecules. The two molecules
of copper complex per unit cell (Z = 2) are related by a 180° rotation around the
b axis, plus a translation. Then, there are two types of copper atoms chemically
equivalent but magnetically non-equivalent which are called A and B in figure 1. The
magnetically non-equivalent copper ions within a layer are connected by very weak
N-H...O hydrogen bonds and by carboxylate bridges. In the Cu(AA), studied here,
as in others [3-4], the EPR resonances corresponding to magnetically non-equivalent
species A and B are collapsed to a single line due to the exchange interaction. However,
there is 2 contribution to the linewidth due to the difference between the gyromagnetic
tensors of each type of copper. This contribution has well characterized angular and
frequency dependences which allow its isolation. Then, it is possible to evaluate the
exchange coupling constant between non-equivalent coppers |J| using a model based in
the Kubo-Tomita theory for magnetic resonance in coupled spin systems [11]. As this
model does not consider low-dimensional effects, |J| is evaluated with a systematic
error which does not affect the main results if the interlayer distances are similar
for the different systems under study, as will be shown later. Figure 2 displays the
values of |J| obtained using this method as a function of the shortest copper—apical
oxygen bond length in three antiferromagnetic Cu(L-AA),: the copper derivatives
of the amino acids L-phenylalanine, L-leucine and L-methionine. These Cu(AA),
have in common that they are magnetic layered systems with practically the same
interiayer distances (around 15 A). The strong correlation observed in figure 2 leads
us to conclude that carboxylate bridges are the main paths for superexchange. On
the other hand, no correlation was cobserved between the |J| values obtained and the
relevant parameters involved in H bonds. Therefore, we will neglect the contribution
of hydrogen bonds to superexchange [5].

Table 1. Crystallographic data for the copper(If) salis of L-methionine {8], DL~
methionine [7], L-2-aminobutyric acid [10] and DL-2-aminobutyric acid [9]. In the
pair of complexes Cu{L-BUT)2 and Cu{DL-BUT); the layers of coppers are in the
ab and bc planes respectively. Comparisons must be made between the a(c) lattice
parameter of Cu{L-BUT); and the ¢{a) of Cu(DL-BUT)2.

Cu(lL-MET); Cu(DL-MET), Cu(L-BUT); Cu(DL-BUT),

a (&) 9.487(5) 9.482(5) 9.464(3) 11.138(6)
b (A) 5.061(3) 5.018{(4) 5.060(2) 5.065(1)
e (&) 15.563(8) 16.035(13) 11.189(4) 9.487(6)
B (deg) 92.46(3) 93.78(4) 90.60(3) 92.15(8)
Space group P2 P2a P2 P2;c

z 2 2 2 2
Cu-0,, (A}  2.678 2.679

2,751 2.7113 2.787 2.758
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Figure 1. Orthogonal projection of a copper

layer in a Cu(L-AA); crystal lattice, showing the
carboxylate sheet structure. The two types of
carboxylate bridges are labelled as I and II.
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Figure 2. Variation of |J| as a function of the
shortest copper-apical oxygen bond length.

It is worthwhile to remark that, as can be seen in table 1, the DL compounds belong
to the space groups P2;a and P2,c where the copper atoms are at inversion centres
and the pathways between each copper and its four non-equivalent copper neighbours
are equal. The L compounds, by contrast, belong to the space group P2, where the
copper atoms are not at inversion centres and the paths between each copper and its
four non-equivalent copper neighbours are only equal by pairs. This structural feature
is of great importance in making the hypotheses concerning the exchange networks,
and it is sketched in figure 3. The pairs of Cu-O,, bond lengths of the L compounds
given in table 1 together with the data displayed in figure 2 allow us to estimate the
anisotropy of the exchange network arising from the broken symmetry.

e

0

D.L
Figure 3. Schematic view of the exchange networks in L and DL systems.

3. Comparative analysis of the EPR data

Single-crystal EPR measurements of Cu(L-BUT),, Cu(DL-BUT),, Cu(L-MET), and
Cu(DL-MET), were performed in the Q-band (34 GHz) and at room temperature.
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The experimental details were described in [4]. To allow comparisons of the data, each
sample was mounted on a sample holder, with the copper layers in the zy plane of
an zyz reference systern, and the § axis coimcident with the crystallographic unigue
axis b.

A single EPR line was observed in all cases for every orientation A = (sin @ cos ¢,
sin @ sin ¢, cos #) of the magnetic field B. The squared gyromagnetic tensors were cal-
culated from the position of the EPR line at each orientation. Figure 4 shows the
experimental values for the squared gyromagnetic factor g*(8, ¢) obtained for Cu(DL-
MET),. Experimental results for Cu(L-MET), were reported in [4]. It is worthwhile
to remark that the squared gyromagnetic tensors correspending to Cu(L-MET), and
Cu(DL-MET), are nearly equal, reflecting the very similar copper coordination and
the same molecular axis orientation in the crystals. There is a smali difference be-
tween the gyromagnetic tensors of Cu(L-BUT), and Cu(DL-BUTY), due to the slightly
different molecular orientation (approximately 3°). The angular variations of the peak-
to-peak linewidths in both pairs of systems are displayed in figures 5 and 6. In all
cases the linewidth data were least-square fitted to the function

AB(f,¢) = A, sin® 6 cos® ¢ + A, sin® @sin® ¢ + Ay cos® 6+ A 2sin 6 cos pcos f
+ Ay (sin® @ cos ¢ sin ¢)? + Ag(sin ¢sin 6 cos8)% + A, cost 6. (1)

The parameters A; obtained from the fittings are given in table 2. The function in
equation (1) involves the contributions to the broadening arising from the magnetic
dipolar, hyperfine, residual Zeeman and antisymmetric exchange interactions [12}. Un-
fortunately, it is not possible to isolate the contribution of each of these interactions
because of the strong correlations between the angular dependences of some of them
(for example between the hyperfine and antisymmetric exchange interactions). There-
fore, we will not attempt a detailed analysis of each contribution to the linewidth in
this work, where we are mainly interested in understanding the striking difference be-
tween the EPR linewidths observed for the L and DL copper complexes of each amino
acid. It is clear that the interactions mentioned above are mot able to change the
linewidth by themselves in the way shown in figures 5 and 6. The second moments
of the magnetic dipolar, residual Zeeman, and hyperfine interactions do not change
between L and DL systems because of the close similarity of the crystallographic
arrangement of the copper ions and that of the molecular gyromagnetic and hyper-
fine tensors. In the case of the antisymmetric exchange, the contribution arising on
the interaction between magnetically equivalent coppers vanishes in the DL systems.
However, this contribution has a pure second-order angular variation, with an upper
limit for its magnitude [13], which allows us to discard this contribution as the main
source of the difference. As we will show in the next section, the experimental results
indicate that the large changes of the linewidths between the L and DL complexes of
the same amino acid are a manifestation of a change in the spin dynamics.

In order to obtain an experimental parameter accounting for the general features
of the EPR linewidths, we performed the spherical average of the linewidth data. The
ratio between these mean linewidths for the DL and the L complexes is ABDL/ABL =
0.40 £ 0.02 for both pairs of systems.

4. Simple theory for spin diffusion

The EPR linewidth, AB(8, ¢), of an exchange-coupled spin system in the paramag-
netic phase depends on the interactions producing local fields at each spin site and on
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Table 2, Values of the parameters 4; (in gauss) obtained by fitting equation (1) to
the experimental values of the inewidths measured at 34 GHz and 300 K, displayed in
Figures 5 and 6. The uncertainties of these values were obtained from the dispersions

of the fittings,

Cu(L-MET), Cu(DL-MET)2 Cu(L-BUT); Cu{DL-BUT)a
A7 TB2E2 T T T 48.6%08 10141 38.440.5
Az 69£3 68.9+£0.6 8341 52.3+0.6
Az 91414 33+3 1148 2643
Ay 4442 3.010.5 4241 3.940.5
As 262+15 5643 4548 55+3
Ag 598418 90k4 197+10 87+14
A7t 179£15 14043 206+3 10443
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Figure 5. Angular variation of the peak-to-peak
linewidths measured at 300 K and 34 GHz in
the three principal planes of Cu(DL-MET); and
Cu(L-MET)z single crystals. The full curves
were obtained from least-squares fits of the
linewidth data in each system to equation (1).

Figure 4. Angular variation of the squared
gyromagnetic factor measured at 300 K and
34 GHz in three orthogonal planes of a Cu(DL~
MET)z single crystal. The solid lines correspond

‘to a least-squares fitting with a second order
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the dynamics of these fields imposed by the exchange interaction. Following the per-
turbative approach introduced by Kubo and Tomita {11,12], and considering that the
EPR data were taken at 34 GHz, the non-secular contributions [14] can be neglected.
Then AB(#,$) can be expressed as:

2B, = 7 [ Pl T ) g, )

The argument of the integral is the exchange modulated local field correlation
function corresponding to H.,., the secular component of perturbative interactions
H'. In these systems [12], H’ consists of the dipole-dipole, hyperfine and residual
Zeeman interactions. The time dependence of H._ (¢} is produced by the exchange
Hamiltonian,

H. () = exp(iH 1/ hYHL,. exp(—iH,,t/)
with

Hexzéz‘]ijss'sj- (3)
if

For the present purpose 2N + 1 spins 1/2 are arranged on an orthorhombic lattice.
Only the exchange constants J;; = J, (v=1, 2, 3) for the z, nearest neighbours in
the 1 direction are considered to be different from zero. The corresponding lattice
parameters are a,,.

In order to give an insight into the essential features governing the spin dynamics,
we are going to treat interactions linear in electronic spin operators as the hyperfine
interaction. In this case we obtain,

([Maec(t), STIS ™ Heae) /(ST ™) = ME<(8,9)ST(1ISTH/(SIS7)  (4)

where M3°°(8,¢) is the secular component of the second moment of the considered
interaction and

SE(t) = exp(iH, t/h)S? exp(—iH, t/h). (5)

Then the EPR linewidth is proportional to the integral of the self-site spin correlation
function:

88,0,6) = 2o, o) [ S o ®)

where the subscript 1 indicates contributions to AB{#, ¢) linear in spin operators. The
evaluation of this self-site spin correlation function (or local magnetization) has been
discussed by a number of authors [15] and it is not free of conceptual and mathemat-
ical difficulties. In 3D it leads to integro-differential equations which must be solved
numerically [15a]. On the other hand, Richards [2] has shown that these results are
not applicable to low-dimensional magnetic systems because they fail to deseribe the
intermediate and long-time regimes, which determine the time integral of the correla-
tion function. In the L-systems the relation between the exchange coupling constants
in the different directions verifies approximately J; ~ 4J, ~ 24J,. Here, the relation
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between J, and J, was evaluated from the correlations displayed in figure 2, and the
Cu-O,,, lengths given in table 1. The relation between the intralayer couplings (J; and
J,) and the interlayer one (J3) was estimated using the magnetic susceptibility data
taken on a single crystal of Cu(L-ILE), , the copper derivative of L-isoleucine {16].
Therefore, a simple description giving the diffusive time dependence in a complete
range of exchange magnitudes is crucial.

In order to analyse the dynamics of the 2N+1 spins, it is convenient to separate
the exchange Hamiltonian into two parts H,, = H, + H,,,. We call %, the part
determining the quantum evolution of a single spin which is originally at site ¢ in
a lattice with all the other spins frozen in each of the (2N¥1)/(N!)? possible initial
configurations. Each configuration generates an independent subspace of dimension
N or lower, in which the 7, has an upper bound for the connectivity given by the
number of nearest neighbours 2 = z; + 2z, + z3. This one-body part governs the
short-time evolution but it is unable to produce spin diffusion because of quantum
interference, as proved by Anderson for spin dynamics [17a] and generalized in the
context of quantum localization [17b,c]. In the ‘many-body’ part, M, we include
all other configurations and matrix elements not included in H;. We will analyse how
the phase breaking of the one-body guantum evoluiion manifests itself on the time
dependence of the magnetization in the high temperature limit. The lowest order of
the series expansion of equation (5} which contributes to the self-site spin correlation
function, has contributions from H, only and gives

_ S®sh

2
SEVOALL SRFTARE SNC
where {z,} is the thermal average of the number of sites available for the exchange
in the v direction i.e. {z,}) = 1 is the mean of 2(once), 1{twice} and O{once). An
essential point to observe is that in absence of %, this average involves individual
evolutions in the range [1, 2m(t} — 1], corresponding to the 2* possible configurations
of nearest neighbours. These individual evolutions are mixed by the H_,, terms which
appear in the ¢4 order. Therefore, for the time at which m = 1/2 there are individual
magnetizations dispersed in the whole range (1,0) because of the ‘many-body’ effect.
This is the phase-breaking time, which results in:

Ty = h/\/(zl JE+ 2,02 + 2303)/2 = 10, (8)

This time can be regarded as a characteristic clock’s tick at which the modification of
the frozen environment occurs (a phase breaking collision). Therefore, the one-body
quanturn probability must be evaluated [18] and a new one-body quantum evolution
starts until a subsequent ‘collision’. This process can be taken as a discrete-time
random walk or as a continuous-time random walk with an exponential distribution
of waiting time [19]. Both give a diffusive behaviour for the magnetization {20]. At
the first ‘collision’, quantum and classical hopping probabilities must be identical,

Muane(Te) ™ 1= %le'rf/hz 12T /ﬁz - %J§T§/h2
= Mepp(74) = 1 - 2Dy 7y /a] — 2D,y /a3 — 2D57, /a} 9)

and from this identity we extract the spin diffusion constants:

D, =alJir,[4h’. (10)
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Thus, the key for the irreversible decay of the local magnetization is that the time evo-
lution of a single spin occurs in a fluctuating environment produced by its neighbouring
spins, which change at the same rate. Because of the number of states involved, these
play the role of a ‘thermal bath’ which determines the characteristic time 74 at which
the quantum coherence of the single-particle description breaks down.

A convenient continuous-time description of m(t) can be given as the weight
over the unit cell of a density C,C,C,, which behaves diffusively in each direction:
C,(z,,t) = (47D, 1)~ /2 exp(—z? /4D, t). This gives

m(t) = m, (t)my(t)my(2) (11)

with

m(t) = f_a:;c (z,,1)ds, _erf(4 \/__)

This description of the local magnetization, although not very accurate for short times,
avoids the short-time divergences and maintains a consistent normalization which
allows the evaluation of other pair spin correlation functions (S (1)SF).

In order to apply the present theory to our systems we must take into account
that the interlayer exchange is very weak [16}, (J; — 0) and therefore, my(t) = 1 for
the times of interest (t < a2/D;). Another consideration is that at every time of the
random walk, the self correlations in the lattices of figure 3 are equal to those of a
square lattice even when J, # J,. Hence, the experimental situation corresponds to
that analysed above.

To perform a microscopic evaluation of the asymmetry in the L compounds, we
resort to the Anderson result for the superexchange constant. Thus, the antiferro-
magnetic contribution to J [L7b] is 2[V[2/ U. Here U is the Hubbard repulsion for
two electrons in the same copper and ¥ is the nearest neighbour effective hopping
parameter which sums up contributions from the different chemical paths [21]. In our
systems the main contribution comes from the carboxylate bridges [5) and V results
proportional to Sg, o ~ exp(—R/}), the overlap between the copper d2_,2 and the
apical-oxygen sp? orbitals; here R is the Cu-0,, bond length and A is the attenuation
constant. The distance R is the only parameter which changes significantly from L to
DL complexes. This variation AR produces, at first order, a variation of J,

AJ m —2JAR/M. (12)

Therefore, we should expect that if the displacement of the apical oxygens in the L-
systems (as compared to DL} conserves the arithmetic mean, as it is approximately
the experimental situation (see table 1), the same should hold for the exchange con-
stant J. Then, in an L system J; = J + AJ and Jy = J — AJ, where J is the
exchange constant in the respective DL-system. Besides, using the magnetostructural
correlations displayed in figure 2 , which fit to a value of A & ay/3 (g, is the Bohr
radius), it can be estimated that J, a2 4J,. Hence, from equations (8)-(10), it results
that D, fa? = 0.39 J/B and D,/aZ = 0.024 J/h, and in the corresponding DL-system
D,/a? = D,/a} = 0.18 J/h. The time dependence of {5 (t)5}/(S?S?) obtained
with these parameters is shown in figure 8. The faster quantum decay in the L-system
implies an earlier start of the diffusive behaviour, leading to a slower decay and a
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Figure 8. Diffusive spin correlation functions for L and DL systems with the values
of Dy, given in the text.

consequent cross with the DL decay. Although in the L-systems the decay is approx-
imately 1D (m,(t) = 1) until times of the order of a,a,,/D, D,, we can consider,
within a good approximation, that the correlation function behaves two dimensionally
at times in the range h/J < t < a3/D; = 10°h/J. Thus, the product of the error
functions in equation (11) decays with (D.qt/a,a,)"! where Dog = /D, D,.

In order to evaluate the linewidth equation (6) we separate the integral in the
integration ranges: [0,A/J], [h/J,1034/J] and [10%A/J,00]. The integral over the
third range may be neglected because, having a 3D decay, it converges very quickly.
Also, it can be seen in figure 8 that the integral over the first zone is approximately
equal in L and DL systems and it gives a negligible contribution when compared
with the second integral. Thus, in order to describe the relationship between the L
and DL EPR linewidths we can consider only the integral over the intermediate range
[h/J,10°R/ ). The result is:

AB(8,8)pL/ BB, (8,9), = D/ Deyr (13)

Note that the linewidth ratio is determined by the functional expression of 'r¢, a.nd it
is independent of any constant factor in equation (8). When the result DLy /DPE
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0.54 is compared with the value 0.40 % 0.02 obtained from the experimental data, it
shows the consistency of the microscopic model for superexchange, which led us to the
relations between the values of J,, and the description of the spin dynamics.

5. Discussion

The result obtained using the present model and magnetostructural correlation data
reproduces well the differences between the experimental linewidth data on L and DL
systems. In contrast, a gaussian decay, exp(—w2t?/2), for the spin correlation func-
tion as that obtained for the short-time regime, t < h/w,, using the Kubo and Tomita
formalism, would lead us to predict a faster decay, and consequently a narrower line,
for the L compounds. This is because w, o \/2,Jf + 2,J% + 23J2 is larger for the
L systems when the arithmetic or the geometric mean of the exchange coupling con-
stants (J,) is conserved from the DL to the L systems. Hence, it is clear that the
low-dimensional effects cannot be negiected and the theory must be able to follow the
details of the exchange network even in the cases where its dimensionality is not one
or two but something in between. Our model satisfies this condition, and allows us to
determine the classical diffusion constant as a function of the Heisenberg exchange cou-
plings in their whole range of variation. We should mention, however, that this model
fails to describe the angular variation of the experimental ratioc AB(f, ¢)p1,/AB(8,6);
which can be estimated from figures 5 and 6. This limitation arises from the fact that
the model only considers interactions linear in electronic spin operators, while the ex-
perimental linewidths also contain contributions from interactions bilinear in electronic
spin operators, such as the magnetic dipolar and antisymmetric exchange. These in-
teractions are the source of the angular variation of the experimental ratio because
even when the arrangement of coppers is almost identical in the L and DL systems
of the same amino acid, the difference in the exchange networks produces different
angular variations for the dipolar contribution in each system. This problem has been
recently investigated by Calvo et al [6b]. They show the different angular variations
for the dipolar contribution in square lattices of spin 1/2 resulting on changing the
exchange network from 2D to 1D. Besides, we have calculated the time evolution of the
angular variation of the correlation functions for the dipolar interaction in the simpler
case of a square lattice of spins 1/2 with an isotropic exchange network [22]. From
those works, we conclude that even when the model introduced here can be refined
to deal with interactions bilinear in electronic spins, this would require a numerical
approach involving the evaluation of spin correlation functions of different pairs, which
for these systems of low symmetry implies a computational effort beyond the scope of
this work.

Using our simple model, it is also possible to explain the difference in linewidth
between both DL systems. As can be seen in table 1, the interlayer distance in Cu(DL-
BUT), is around 5 A shorter than in Cu(DL-MET),, leading to a larger exchange
coupling J between layers, in the first complex. This produces an earlier cut-off of the
zone with 2D decay and consequently a narrower line for Cu(DL-BUT), with respect
to Cu(DL-MET),.
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