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OVERHAUSER SHIFT ON RADICAL CATION SALTS OF FLUORANTHENE

G. DENNINGER, W, STOCKLEIN, E, DORMANN and M, SCHWOERER
Physikalisches Institut and Bayreuther Institut fiir Makro-
molekiilforschung (BIMF), Universitdt Bayreuth, D-8580 Bay-
reuth, BRD

Abstract Hyperfine interaction, proton spin relaxation and
dynamic proton spin polarization were determined for the

and (FA);SbF

6

radical cation salts of fluoranthene: (FA)gPF 6

by observation of the Overhauser shift,

INTRODUCTION

The radical cation salts (FA)ZPF and (FA)ZSbFé, respectively are

6
conducting crystals with a good 2:1 stoichiometry, They show a
quasi metallic phase above Tc ~ 180 K and a semiconducting phasel
below Tc' Their strong single line ESR spectrum originates from

’ It is motionally narrowed with a width

the charge carrier52
Apr=10mGaussfor T = 300 K and 7.5 mGauss for T = 190 K. Due to
this extremely narrow line its shift due to the nuclear field of

the protons (Overhauser shift) can be analyzed in detailh.

EXPERIMENT

After recording a conventional ESR spectrum the external field B,is
fixed to the center of the line, By applying an additional radio-
frequency field and sweeping through the range of the proton Lar-
mor frequency a shift of the ESR resonance field is observed. This

shift ABOV, predicted by Overhausers, is due to switching off the

233



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:36 20 February 2013

234 G. DENNINGER et al.

average nuclear field of the protons by saturating the proton NMR.
In first order approximation the shift ABov produced by N protons

(N = 20 for (FA)ZPF6) per electron is given by

= - L] . -1. . .—
ABOV = -(2 geuB) NP Azz (1

where Xzz is the averaged z-component of the proton's hyperfine
tensors. If the ESR is saturated the polarization P 1is a dynamic
nuclear polarization (DNP) and thus exceeds the thermal nuclear

spin polarization 'po.

RESULTS

1. The magnitude of the shift (X 1 mGauss at T = 293 K for
(FA) 2PF6) yields the product :p-Kzz. We observe a dependence on the

incident microwave power P: | [ I S e S a—
W & :
- aP o expl-t/Ty )
B =X [1+v: = <
BB =P (14 =] (2) o= L. - 809ms
: T=175K T

y=2 /P -1 is the Overhauser
max’* o

enhancement factor. By measuring

AB (P) down to small microwave | i
ov | . difterence

powers P the enhancement factor . ] 25 s’

V was determined, For (FA),PF, at . o]
2°76 « "

T = 185 K we deduced a value of b, . _,/ .

o
V = 40060, This yields Kzz/geuB /,,./

-1.1 Gauss.

2. After sudden switch-off of the 1 Korringa - law

1 1 1 1 1 i 1
160 200 240 280
se of the shift is observed (inset TIK

rf-field a monoexponential decrea-

fig.1). It can be shown experimen- FIGURE 1 Proton 1/TP versus T
determined by the Ovérhauser
shift method. (e) (FA)ZSbF6’
observes directly the longitudinal (X) (FA)ZPF6

spin lattice relaxation time Trl’

tally and theoretically that one

of the protons. Fig. 1 shows lng versus T. The straight line indi-
cates the Korringa law TT-T = const. to be obeyed for T > 200 K,

Below TC the relaxation rate rises because further relaxation me-
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chanisms for the proton56 become important. A consequence is the
decrease of AB__ (fig.3).

ov
3. By applying rf-pulses of variable length T the DNP can be mani-
pulated as usual in NMR spectroscopy. Fig. 2 shows the variation
of the ESR line shift with the pulse length 1. The experimental
data (e) are fitted by:

eff

P TeT
ABOV(T) = ABOV(w)Ll-cos{T 0} «exp(-1/2 T, )] (3)
180
where ABov(m) is the shift for an infinitely long rf pulse. T1800
is the time for an 1800-pulse. The T T T T
. . T = 200K
fit yields Teff % 16 pys. The value o P 51 W
2 £f £ 121 ){' =01m R
is in good agreement with the T; iy [ \ .
deduced from the line width of the ﬂ'm

shift signal (T;ff 2 13 us). o / \ /\ A

. \ o
4. It should be pointed out that o \ / \ [ Y
all the results are obtained with |
tiny single crystals and show a

clear anisotropy with respect to 27 . g

the crystal axis. We observe

P P 0 Tius
Tu-/Tlu 1.15 and (ABOV)_L/(ABOV)"

® 3, where "L and "|" denote the piGURE 2 shift AB_ versus

direction of the needle axis with rf-pulse length t

L
10 20 30 50

respect to BO.

5. The temperature dependence of ABOV shows a strong variation
near T = 185 K, Above 190 K one observes (l/ABOV) = T + const,
Below 190 K the shift decreases similar to the decrease of the
ESR-intensity (fig, 3).

6. The ratio ve/vp is independent on the magnetic field which acts
on the electrons and protons. Thus the anisotropy of \)e/vp re-
flects the anisotropy of the spin orbit coupling and is unaffected
by demagnetization effects.

7. No shift ABOV induced by the phosphorus or fluorine nuclel was
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detected outside the error li- o L L A L B %
€ -, c
mit of 0.5 % of the proton value.g ' 2
] // 71. o0 + e
N [+ 4
CONCLUSION e a
e e Lo
The Overhauser shift method is ? ' L ?\
t .
highly sensitive to determine P \n_¥\* s
t ! N -
the proton spin relaxation times 2 ! ; %o
eff . b4 Cea
T, and T and their angular Sm .
dependence in tiny single cry- b o 0.
. .9 ! | L | !
stals of organic conductors. 160 700 %0 20«
Furthermore the Overhauser en- FIGURE 3 AB versus T for

ov

nancement and the average hyper- (FA) PF, (+) and (FA)ZSbF (0)
. () %SR intensity for (FA9 PF,
fine tensor components can be de- 2

termined directly. Thus the experiments yield specific informations

T T T T T l ! ¥

-y on the interactions of
>
= e {FA);PFg Jip the almost free charge
2 94  carriers.
<ot | o

-
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