This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 11:16

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

The Correlation of Proton-
NMR, Fluorine-MMR and
ESR-Experiments on Some

+ -
[ gy 2
(Fluoranthenyl), " XF ¢ Salts

W. Héptner  , M. Mehring ®, J. U. Von Schiitz % ,
H. C. Wolf?, B. S. Morra® , V. Enkelmann ® & G.
Wegner b

% Universitat Stuttgart, Physikalisches Institut,

Pfaffenwaldring 57, D-7000, Stuttgart, West-
Germany

® Universitat Freiburg, Institut fur Makromolekulare
Chemie, Stefan-Meier-Stralle 31, D-7800, Freiburg,
West-Germany

Version of record first published: 17 Oct 2011.

To cite this article: W. Hoptner , M. Mehring , J. U. Von Schiitz , H. C. Wolf , B. S.
Morra , V. Enkelmann & G. Wegner (1983): The Correlation of Proton-NMR, Fluorine-

MMR and ESR-Experiments on Some (Fluoranthenyl), * XF ¢ ~ Salts, Molecular Crystals
and Liquid Crystals, 93:1, 395-406

To link to this article: http://dx.doi.org/10.1080/00268948308073543

PLEASE SCROLL DOWN FOR ARTICLE

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308073543
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:16 21 February 2013

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 [Tomsk State University of Control Systems and Radio] at 11:16 21 February 2013

Mol. Cryst. Lig. Cryst., 1983, Vol. 93, pp. 395-406
0026-8941/83/9304-0395/$18.50/0

© Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America
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2XF6 salts (X = P,As,Sb) the tempera-

ture dependent proton relaxation rates are due to three

In (fluoranthenyl)

processes, namely the interaction with (i) mobile para-
magnetic species (above 160 K), with (ii) fluorine nu-
clei linked to the anions (between 160 and 40 K) and
with {(iii) fixed paramagnetic centers (below 40 K). In-
serting As or Sb for P, the center atom of the anion,
leaves the high temperature properties of the crystals
unchanged but results in higher hindering potentials
for the reorientational motion of the anions and in a

shift of the phase transitions to lower temperatures.

INTRODUCTION

Open questions on the highly conductive radical-cation salts
are, among others, concerned with the dimensionality of the
conduction and the kind of stack in which the carriers mi-

1,2
grate” '”. We have addressed the latter question via nuclear-

395
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magnetic-resonance studies of the protons (linked to the
fluoranthene cations) and of the fluorine nuclei of the XF6
anions (X=P,As,Sb). These ! H and 19F nuclei both "see" -
but probably in a different manner - the spins of the loca-
lized and mobile electrons via hfs-interaction. Some of their
dynamical properties should therefore be reflected in the
temperature dependence of the longitudinal relaxation rates.
These can be compared with the ESR-intensity in the same
temperature range in order to distinguish different relaxa-
tion processes. An outstanding feature is the width of the
ESR-line which is the smallest ever found, so far in solids
3'4. T2—values of about 10 psec are accessible easily by
means of a pulsed NMR apparatus (applying very low Bo—fields)
which on the other hand allows monitoring the nuclei as well.
In a previous paper we have discussed the results of
NMR and ESR on (fluoranthenyl);PF_

6
predominantly one dimensional motion of the paramagnetic

which have pointed to a

spins within the anion stack.

In this paper, we like to present further experiments
on (fluoranthenyl);—XFg salts in which the anion (X=P so far)
is replaced by the larger atoms As and Sb. We can show that
qualitatively comparable results are obtained which confirm

therefore our models applied recently5 to the nuclear rela-

xation.

EXPERIMENTAL

All NMR measurements were performed with a conventional broad
band pulse spectrometer (at 44 MHz and partially at 22 MHz),

which is described in detail elsewheres. The probe consisted

of a single coil arrangement used for both frequencies. A

commercial helium vapor cryostat (Leybold Heraeus) was used
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to cool the sample in the temperature range from 15 toc 300 K.
The nuclear-spin-lattice relaxation rates were measured

with 90°-1-90° pulse sequences. Tzl was deduced either from

the slope of ln (M_-M(T)) versus T in the case of a single
exponential behavior or evaluated as a mean value of a T;l—
distribution. Pulsed ESR experiments were performed with the
same set up using lower BO and Bl—fields, cw-measurements
were performed with a conventional Varian X-Band Century-

Line ESR spectrometer E 1009,

+ -—
(FLUORANTHENYL)ZXF6

The stable radical-cation-salt crystals, shiny black needles,
were grown by anodic oxidation of the fluoranthenes in the
presence of the XF;—anion as described in the literature™’
They exhibit a phase transition at about 180 K as found by
X-ray analysis7, ESR3 and conductivity measurements

The fluoranthene molecules (FA) are arranged in stacks
along the a axis with unusually small distances of about
3.3 8. The stacks are packed leaving channels in which the
XF;—octahedra are located. The aromatic rings are alterna-
tingly rotated by 180° giving rise to the unusual molecular

overlap shown below.

L ——
==
°-—_ @ %
3.28 A
— t — — ] = =
3.33 A
— . — 4 )( b —— =
===

FIGURE 1. The molecular arrangement in the stacking direc-

tion of (fluoranthenyl)2XF6 salts.
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EXPERIMENTAL RESULTS

a) NMR The proton- and fluorine-spin-lattice relaxation

rates Tzé and T1F at 44 MHz as function of the reciprocal

temperature are given in fig. 2 for (FA)2PF6 and fig. 3 for
(FA)2AsF6 and (FA)2SbF6.
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FIGURE 2- Proton-(e) and fluorine-(o) relaxation rates as
function of the reciprocal temperature of (FA)2PF6. In the
lower part, the separation of three relaxation processes is
shown, each being predominant in one of the temperature

ranges I-III,
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FIGURE 3. Proton-(e) and fluorine- (o) relaxation rates as
function of the reciprocal temperature for (a) (FA) 2AsF6 and
(b) (FA)2SbF

6
In all cases, the relaxation curves show - at least
qualitatively - a similar behaviour: quite a temperature in-
dependent slope above about 160 K (range I), two more or less

pronounced maxima in range II at 95/62 K (FA2PF6)’ 110/80 K
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(FAZASFG), 140/90 K (Fa SbFG) and at temperatures lower than

2
40 K (range III} the convergence of all rates to a constant
value of about 0.4-0.2 sec_l. This description holds for
both, the proton and the fluorine relaxation as well, but in

the absolute values there are striking differences, depen-

ding on the range of temperature: whereas the proton relaxa-

1F
its maxima (range II) are much lower than that of the

tion is an order of magnitude larger than T in range I,
fluorines.

b) ESR The amplitude of the cw-ESR signals at 9.5 GHz
as a function of the reciprocal temperature is represented

in fig. 4.
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FIGURE 4. EPR-intensity as function of the reciprocal tem-

perature for the three cation salts.
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The signals - intensity and linewidth - are nearly constant
T = P -

above TC ( c 183 K ¢ F6), 176 K (ASF6), 166 K (SbF6) and de

crease below this temperature with nearly identical activa-

tion energies of about 0,12 eV.

DISCUSSION

In the previous papers, the proton relaxation was attributed
to a superposition of three processes, each being predomi-
nant in one of the three temperature ranges mentioned above
and shown in fig. 2, lower part.

In range I we observe the interaction between the pro-
tons and mobile paramagnetic species which can be described
in case of a preferential quasi l1-dimensional electronic
motion according to ref. 9 by a frequency dependent Korringa

{Ky-relation

2 (1 + (wym, )2)

(M) ' =0¢C [ +C, (1)

C, is the product of 4 factors: the bare Korringa-relaxation

1
. , . . . . -1/2
rate, the electronic diffusion time within the chain T, 1/ ’

-1/2

the escape time T, and the enhancement factor KO due to

multiple electron-nucleus scattering. C, represents the li-

2
miting high-field relaxation rate, which is attributed to
the sum of scalar contribution and of the dipolar inter-
action.

In range II, the origin for the relaxation was identi-
fied as anisotropic reorientational jumps of the XF6—octa-
hedra due to their hindering-potential in the crystalline
state, whereas the cations are fixed in the lattice. Relaxa-

tion of nuclear spin-pairs undergoing isotropic or anisctro-
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. . . . . , 10-13
pic reorientation is well known in the literature .
1

3
-1 _ o
Tin = Zga1,2 KiF "'ﬁr(1 ™ ((w—wr)Tﬁr)2+ T (wn"'ﬁr)2+

6
TF (oo R (2)

and for the fluorine nuclei:

1 3
T =2 Kgy T8 + +
1F o=1,2 FHTHF(1 T ((m;—w,.i)'rﬁ,.»)z 1 + (C-’F‘Tﬂr?
6
) + K& 78 (—L——+
T+ (o e T+ (o)
4
2I
T+ 2B R ) @)
with KgH = (NH/NF) KgF, wi = nuclear Larmor frequencies,

T?i = correlation time for like and ng unlike spin pair

interactions, K?i = amplitude factors, containing the magne-

togyric ratios of the moments and their separation, with

o = 1.2, meaning a twofold reorientation of the anion.
Turning now to the case of fixed paramagnetic centers

(range III) spin diffusion limits the relaxation rate of the

bulk nuclei14 and we apply as usually:
Tiaoe = 4mNDp (3)

with N = number of the fixed paramagnetic centers, D = diffu-
sion constant and 0 = geometrical factor containing the mag-
netic field Bo' The contribution of each of these processes
(1)-(3) to the total relaxation is represented schematically
in fig. 2 (lower part) for the proton relaxation rates of

(FA)ZPF The values of the individual parameters are given

6
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FIGURE 5. Comparison of the experimental and calculated re-

laxation rates of (a) (FA)zPF {b) (FA)2AsF and (c) (FA)2—

6 6
SbF6.
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in table 1, the superposition of (1)-(3) is drawn in fig. 5

through the experimental points.

fluorantheny!3 PFg AsFg SbFg

T, K 183 £ 1 176 + 2 166 ¢ 2
Tuq s 0.13:10"13  o0.6:107"* 0.8:1078
AE, eV 0.126 0.164 0.224

Tug s 0.3=1071° 0.1x10~" 0.3:10712
AE, eV 0.045 0.065 0.073

Kur s72 0.6=108 0.6:10° 0.6:108
Ker 572 0.8:10° 0.56:102 % 0.32:10°"
Ne e /FA 1.2:1072 1.3xn,(PF) 1.2xn,(PFg)

N mole/mole

121074

0.7+N(PFg)

1.25:N(PFg)

TABLE 1 Parameters of the calculated curve in fig. 5. n,
represents the number of mobile paramagnetic species/fluor-
anthenyl which is taken from ref. 5. *These values are cal-
culated using the ratios of fluorine-fluorine separationsls.
As far as process (1) is concerned, (’I‘1K T)_1 just follows
the concentration n, of the mobile species (fig. 4) because
the diffusion and escape times do not vary in the tempera-
ture range of interest.

If we compare now the proton and fluorine relaxation it
is obvious that the fluorine nuclei do not see these mobile
paramagnetic states (process (1) in range I) at all, which
led to the conclusion that the mobile species reside in the
fluoranthenyl stacks onlys. Therefore, the fluorine relaxa-
tion can be fit by eqn. (2') and eqn. (3) solely. In range II
of course, T_1 exceeds T-; due to the strong fluorine-fluo-

1F 1 1

rine interaction which does not contribute to TIH'
Applying now the scheme discussed for (FA)2PF6 to the

salts with AsF6 and SbF6 as anions, there are no further
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parameters for the fit of their data. The relaxation due to
paramagnetic spins is given by the temperature dependence of
the ESR-signals (fig. 4), the amplitude factor KHF is kept
fixed and KFF depends reciprocly on the sixth power of the
fluorine-fluorine distance which increases from P to As and
Sb15.

"Free" variables are the activation energies AE and the
T,'s of the anisotropic reorientational motion, which how-
ever determine the shape only, not the amplitudes of the
curves. In fig. 5 the solid lines represent the theoretical
curves for all three salts. The individual parameters are
listed below the figure.

If one bears in mind that the proton- and fluorine-rela-
xation is coupled via eqn (2) and (2'), the fits can be con-
sidered satisfying, all the more so since no correlation time
distribution is used16.

The exchange of the anions seems not to alter signifi-
cantly the properties of this kind of crystals, although
there are clear trends with increasing size of the anions.

The anisotropy of the reorientational motion increases
for heavier anions as indicated by the increasing separation
of the two maxima in range II, due to the difference in the
hindering potentials.

The anion octahedra seem to be more "squeezed" between
the fluoranthenyl stacks which may explain the occurance of

the phase transition at lower temperature.
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