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We have measured by means of neutron inelastic scattering the spin-wave 
dispersion in the pseudo 1-d ferromagnet RbFeC^ at T« 1.5 K. The obser
ved dispersion in the hexagonal plane is found to disagree both with the 
planar triangular magnetic structure and with the small interchain ex
change previously assumed. A new model with conical structure (6» 54 e) 
and Spin Hamiltonian parameters J« 4.2 K J' - -1.2 K D*» 8 K is propo
sed. 



Since it was discovered from neutron dif
fraction experiments that RbFeCl3 is one of the 
few pseudo 1-d ferromagnet*, this compound has 
been the subject of a variety of experimental 
studies. From the results of susceptibility2.3 
and Mossbauer 3 -^ experiments it was concluded 
that the dominant parameters in the Spin Hamil-
tonian were the ferromagnetic intrachain nearest 
neighbour interaction J and the planar anisotro
py D, the interchain J* being much smaller. Ho
wever there was a great scatter in the values 
proposed since values of 4 K 3 ai.2 16 K for J 
and 12 K 3 and 17 K 4 for D have been found.No di
rect determination of J' has been performed and 
its only experimental pvidenc - is in trie finite 
value of the 3-d ordering temperature (Tjg»2.55K). 
The only reliable information on J* is its anti-
ferromagnetic nature which is responsible of the 
triangular ordering of the chains' below T N . Far 
infrared measurements of the magnetic field" and 
temperature dependence? of the uniform spin-wave 
mode have been reported,the interpretation of 
which would call for a better understanding of 
the low energy magnetic excitations. 

In this paper we report an inelastic neu
tron scattering study of the spin-waves in the 
3-d phase of RbFeCl^. As we shall see below this 
leads us to a reexamination of both the magnetic 
structure and the Spin Hamiltonian parameters. 

The material was prepared by careful dehy-
dratation of Ferrous and Rubidium chloride pow
ders in anhydrous HC1 gas. Separate single crys
tals of FeCl2 and RbCl were grown and dehydrated 
again. A stoichiometric Lie It of the two crystals 
was made in silica ampoules. RbFeCl3 single crys
tals were grown using the Bridgman technique at 
a speed of 2.7 mmh -'. This method allows us to 
obtain the large single crystals (= 5 cm 3) of 
high quality required for inelastic scattering 
measurements. The sample was mounted in a pumped 
*He cryostat with the c-axis horizontal so that 
the (hOl) plane was in the scattering plane. 

The neutron inelastic scattering experiments 
were carried out on the triple-axis spectrome
ters IN3 (thermal neutron beam) and IN 12 (cold 
neutron beam) at the ILL high flux reactor. The 
measurements were performed at constant Q and 
at fixed incoming neujron wave vector kj 
(1.25 Â" 1 < k£ < 2.3 A " 1 ) . Typical resolutions 
thus obtained wereeAe = 0.02 THz at e-0.1 THz 
(IN12 at k.« 1.25 A - 1 ) and Ae * 0.15 THz at 
e-1 THz (IN3 at k£ « 2.3 A - 1 ) . Pyrolytic gra
phite was used for both monochromator and ana
lyser. 

Fig.l shows the spin-wave dispersion for 
scattering vectors § " 0 ' V) (Reciprocal lattice 
points are indexed in the hexagonal nuclear cell), 
that is to say the dispersion as a function of 
q c for an in-plane component q a * 0 . Because the 
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Fe-Fe distance along the c-axis is half the c 
parameter, the zone boundary for the magnetic 
excitation occurs at Ç*q c/c* = 1. Fi t.l shows 
that spin-waves exhibits a gap of 0.36 THz at 
Ç'O and a maximum energy of 0.90 THz at £* 1. 
Though the first value has already been obtained 
by Infrared®, this is a quite surprising result 
from a theoretical point of vue, since spin-
waves theory predict no gap and a linear disper
sion for small q c. This has been demonstrated 
for an easy-plane 1-d ferromagnet^ , let us now 
show that this should also be true in the 3-d 
phase of RbFeCl^ for a Spin Hamiltonian 
H « D Î (Sf)2-2J Y (3.S.-ÔS?S?) -r l ..*•.. l j l j l (13) J J 

- 2J* T (S.S.-6S?S?) (1) 
(ij) x J x : 

D is the single ion anisotropy, J 'he ferroma
gnetic interaction between nearest neighbours 
in the chain and J' the antiferromagnetic inter
actions between nearest neighbours in the hexa
gonal plane. £ is a measure of the anisotropy 
of the exchange between pseudo spins S (S* 1). 
Because D and 6 both originate from the trigonal 
crystaline field on the F e + + ion they are not 
independent parameters. Obviously this Hamilto
nian is invariant by an arbitrary rotation 
around the c-axis and, accordingly to the Golds-
tone rule, this should lead to a zero energy 
k= 0 mode. 

In order to clarify the origin of this gap 
we investigated the dispersion along a (ÇÇ0) 
line. The results shown on Fig.2 reveal : 

a substantial dispersion with q a with a 
maximum at q« 0 instead of a minimum. 

a splitting in two brancher» around the ma
gnetic superstructure Bragg points q • (1/3 1/30) 
and -q 0 • (2/3 2/3 0) where one mode linearly 
goes to zero whereas the other one has a gap of 
0.095 THz. 

Finally we measured the dispersion along 
the (2/3 2/3 Ç) line, that is to say the disper
sion along c* with an in-plane component °.a"-q0« 
Fig.3 shows that the two branches can be seen 
up to Ç«0.2 an then seem to merge in a single 
one.'»In this direction also the lower branch 
linearly goes to zero towards the (2/3 2/3 0) 
magnetic Bragg point. In fact the whole disper
sion of the lower branch exactly ressemble that 
of a planar ferromagnetic chain with a linear 
departure at small q c followed by an upwards 
curvature and finally a downwards curvature near 
the zore-boundary. Furthermore this branch can 
be satisfactorily fitted with the dispersion 
relation of a ferromagnetic linear chain with 
anisotropic exchange and planar anisotropy : 

C Q - ( A 0 " B Q ) 1 / 2 ( 2> 

J 



where 
B - 2J6 Cos(Qc/2)+ D/2 
A Q« B0+4.3(1-Cos (Qc/2)) (3) 

with the only two .; ajustable parameters J=4.9K 
and D-10 K. We used in (2) 6*0."4 which is the 
value associated to D* 10 K for a spin-orbite 
parameter* X-112K. 

This suggests that in the 3-d ordered phase 
the dispersion characteristic of the chain is 
seen by neutrons when q,»i q Q rather than when 
q a = 0 . In order to investigate this pecular point 
we calculated both the eigenvalues and the neu
tron cross-section associated to Hamiltonian(l) 
for the planar triangular structure. A detailed 
discussion of this calculation will be published 
elsewhere and we shall only give here the main 
results. 

First the neutron cross section was shown 
to have the following form : 
o+(Q,e) - I°(Q)6(e-eQ) + l +(Q)5(e-E Q + q ) + 

• I~(q)ô(e-e ) (4) 
where EQ IS the eigenvalue of Hamiltonian (1) 
for wavevector Q. This shows that neutrons does 
not see the only EQ curve but also the two trans
lated EQ+q0 and £Q-q0 curves. Furthermore it is 
found that the intensities. I+(-q0) and I~(q0) 
aie infinite whereas I°(0)»0. Since the energy 
of this modes is just E o»0, this explains that 
the vanishing energy branch can be observed only 
around the superstructure vectors ±qQ. At Q»0 
only I+(Q) and I~(Q) have non zero intensities 
which means that the measured energy of 0.36 THz 
is in fact e„ » E..n . 

However this calculation cannot account for 
the observed in plane dispersion because: 
i) it does not predict a branch having a mini
mum at Q-T ± q 0 as obse^'ed (c « 0.095 THz). 
ii) it predicts that if a spin-wave is seen at 
{Q«T, c-0.36 THz} with a given intensity then 
one must also see a spin-wave at the same ener
gy for Q«T ± q 0 with half an intensity. But we 
have carefully checked that there was no excita-
tionvat Q- (1/3 1/3 0) and Q- (2/3 2/3 0) for 
e « 0.36 THz. 

In fact one cannot explain the simultaneous 
observation of excitations at { Q * T , £ * 0 . 3 6 THZ} 
and at 0«T±q o, E-0.095 THz} with a symmetric 
dispersion relation. But since the condition 
Eg» C_Q is a consequence of the planar magnetic 
structure^ we must conclude that this if an 
experimental evidence that the planar triangular 
structure is not the correct one. 

We shall now see that from the many possi
ble structuresthere is one which is consistent 
with the existence of the T ± q 0 magnetic Brap.R 



reflections and with the observed spin-wave 
dispersion. This is the conical structure d e f i 
e d ivy ;„ p 
(<SJ> • i<sj>) - S Sin fc e ° * 
<S*> - S Cos è (5) 

The stability of such a conical structure 
is described by a phenomenological parameter D* 
which now gives for the single-ion contribution 

Hj - D*S 2 Cos*(6-6) . (6) 
If the eigenvalues and the dynamical structure 
factor of Hamiltonian (1) are computed in the 
conical structure and after the first term has 
been replaced by (') one obtain a good agreement 
with the observed spin-waves energies for 

S = 54 e 

J - 4.2 K 
J'- -1.2 K 
D*= 8.0 K 
The value 6 = 0.20 has been self consistently 

determined as above from the value of the ratio 
D*/> which also gives the spectroscopic g fac
tors : 

g x « 3.7 

It must be emphasized that in this model 
the simultaneous observation of excitations 
with energies of 0.095 THz at both (1/3 1/3 0) 
and (2/3 2/3 0) is associated to the existence 
of the two domains corresponding to conical 
angles 6 and ir-6. 

* 
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FIGURE CAPTIONS 

Fig.l - Spin-wave dispersion along c* axis starting from a nuclear Bragg 
point, measured on IN3. 

Fig.2 - Dispersion in the a*+b* direction measured on IN 12. Crosses (+) 
indicate a transverse phonon measured in a (Ç £ 2) configuration. 

Fig.3 - Spin-wave dispersion along the c* axis starting from a magnetic 
superstructure Bragg point measured on IN3(0) and IN12(f). 
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