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' F NMR studies of polycrystalline NH4FeF4, RbFeF4, and KFeF4 in the paramagnetic phase re-
veal the existence of two distinct types of fluorine sites. From the line-shift measurements together
with the available magnetic susceptibility data, the value for the transferred hyperfine coupling be-
tween the fluorine nuclear spin and the neighboring iron electron spin has been derived. The values
of the hyperfine tensor components indicate the almost isotropic nature of the Fe—F bond in the
three compounds. Furthermore, the hyperfine fields at both types of fluorine sites are found to be
almost temperature independent in the paramagnetic phase, which is in agreement with the suscep-
tibility behavior of these compounds. Thus apparently no difference is reflected in the behavior of
the time-averaged local properties as a function of temperature among the three compounds. How-
ever, an essentially different behavior of the linewidth with temperature of the fluorine atoms [(F(l)]
bonded with one iron neighbor and fluorine atoms [F(2)] bonded with two iron neighbors is ob-
served. In all the compounds the resonance lines for both types of fluorines are broadened anoma-
lously below certain temperatures and finally both the lines disappear at T&. Although the transi-
tion temperatures {Tz) of the three compounds are very close among themselves (T& lie in the
range 133.5—136 K), the anomalous line broadening appears in widely different temperature regions.
These results are compared with those reported earlier for CsFeF4. Moreover, an attempt has been
made to correlate the temperature-dependent linewidth of the F(1) line with the effect of a critical
slowing down of the fluctuations of the electronic spins of the Fe'+ ion with a lowering of the tern-

perature. The temperature-dependent linewidth 5H&(T) is found to fit well with the relation
5H&(T) ~ e in the critical regions, where e=(T —T&)/T~ is the reduced temperature. The ex-

ponent w involves, besides two static exponents y and v, the dynamic exponent z and is related by
w = —y+v(d —z). A comparison of the values of w with that predicted by the current theory of
critical dynamics indicates that the magnetic interactions in NH4FeF4, RbFeF4, and CsFeF4 are
three dimensional in nature, whereas in KFeF4 the two-dimensional (2D) interactions are predom-
inant. Nevertheless, the presence of a broad critical region even in each of the first three systems as
observed from the linewidth data indicates that the 2D interactions are still present there.

I. INTRODUCTION

The magnetic properties of a system of paramagnetic
ions coupled in a linear chain ( ld ) or within a plane (2d ),
d being the effective lattice dimensionality, have been
studied' both theoretically and experimentally over the
past few years due to great simplifications which one ob-
tains with respect to the three-dimensional (3D) systems.
The topological restrictions alter dramatically the spin
dynamics. In these systems, even at higher temperatures,
i.e., comparable to the exchange interaction within the
plane (2d) or in the chain (ld), short-range order tends to
develop and one can observe phenomena associated to
fluctuation of the local order over a relatively large tem-
perature range.

Recently, we have studied using nuclear magnetic reso-
nance (NMR) the paramagnetic phase of some members
of the ABF4 series of compounds, where A =NH4, Rb,
K, and Cs and B=Fe, V, etc. These compounds are iso-
morphous with TlAlF4, and are known to be layered an-
tiferromagnets. In particular, ' F cw NMR studies
in CsFeF4 and 'H-pulsed NMR studies in NH4FeF4 pro-
vide much useful information regarding the spin dynam-
ics. In the present paper we shall report the detailed re-

suits of ' F cw NMR studies (temperature range 100—300
K) of polycrystalline KFeF4, RbFeF4, and NH4FeF4 sys-
tems (with antiferromagnetic transition temperatures Tz
of 136, 133.5, and 135 K, respectively); particular em-
phasis will be placed on the differences of the spin corre-
lations among the various members including CsFeF4 of
this isomorphous series.

In these compounds, the fluorine ions being covalently
bonded with the Fe ions, the fluorine nuclear spin would
then experience a strong local magnetic Geld via
transferred hyperfine interaction I A S with the magnetic
moments of the Fe + ions, where A is the hyperfine cou-
pling tensor and I and S are the nuclear and electronic,
spin respectively. Moreover, the crystal structure of this
system offers the opportunity of probing the effect of
magnetic fluctuation at two types of fluorine sites: axial
fluorine atoms F(1) having one magnetic ion neighbor
with the Fe—F(1) bond directed along the c axis (the
transferred hyperfine interaction will then be written as
Hts=S A&. I) and planar fluorine atoms F(2) having two
equidistant magnetic ion neighbors within the magnetic
planes [Hts =(S&+S2) Att I]. Thus the two classes of nu-
clear spins should give rise to two distinct resonance
lines. Interestingly in the present case the resonance lines
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for the two types of fluorine atoms even in the polycrys-
talline samples are well resolved and thus one can obtain
reasonably accurate hyperfine interaction parameters us-
ing usual powder pattern analysis.

Method of sample preparation and the experimental
arrangement have been described earlier. For the sake
of clarity and self-explanation, we shall mention only that
the shifts have been measured with respect to the refer-
ence field, Hz corresponding to the ' F NMR line in
NH4F solution.

II. EXPERIMENTAL RESULTS

A. Behavior of the shift parameters

At room temperature in all the three compounds, two
distinct resonance lines appear (similar to that of
CsFeF4), which are shifted to the low-field side with
respect to the position of HIi (Fig. 1). As discussed in
Ref. 6, the line that suffers the smaller shift is attributable
to the axial fiuorine atoms F(1) having one magnetic ion
neighbor with the Fe—F bond directed along the c axis.
As in these compounds the lattice parameters a and b are
almost equal; the symmetry of the F(1) site may be fully
axial. However, the almost symmetric nature of the line
reveals that the anisotropic shift IC,„(2P, the intrinsic
width. Thus the shift AH from Hz has been measured
from the zero crossing of the derivative of the absorption
spectrum. The values of hH are found to be linear with
0„. This supports the assumption that the anisotropic
magnetic interaction is negligible for this site. Neverthe-
less, the dipolar contribution to the total shift has been
computed using the magnetic susceptibility data, for the

FIG. 1. ' F NMR spectra (using 12 scans) of polycrystalline
NH4FeF4, RbFeF4, and KFeF4 at T=297 K and vz = 15 MHz,
showing the various features as mentioned in the text.

cases when the Fe-F(1) bond is parallel to the magnetic
field and when it is perpendicular to the magnetic field.
It has been found that consideration of up to 20 nearest
iron lattice sites is su%cient for the calculation of the di-
pole sum. Although the values (Table I) correspond to
axial symmetry (bHdi= 2bH—di), the anisotropy is not
large enough to be discernible in the powder pattern of
the F(l) line. Thus, only the isotropic component A, of
the hyperfine coupling tensor has been obtained from the
value of isotropic shift K;„and is given in Table I.

The highly asymmetric line (Fig. 1}, which has a step
(Hi ) at the down-field side with the intensity maximum
at H2 and appearing at a lower field than the F(1} line
does, corresponds to the planar fluorine atoms F(2) hav-
ing two distinct magnetic ion neighbors. According to
the site symmetry of the F(2) site, even if a =b, there
must be a departure from the axial symmetry. Thus
ideally, the F(2) line should correspond to a powder pat-
tern having two steps interposed about the intensity max-
imum in contrast to the situation for cylindrical symme-
try where only a single step appears as well as the max-
imum. In the present case the step corresponding to the
high-field side of the maximum may overlap the F(1) line.
Thus only the step at the low-field side can be located in
the derivative spectra in the whole frequency range stud-
ied. As the field changes, the position of the step Hi (Fig.
1) and the intensity maximum H2 with respect to H„
change linearly with the field. From this variation the
values of the isotropic shift I(;„and the anisotropic shift
E,„are determined. The fractional shifts hH/Hz for
the cases when Fe—F(2) bond axis is parallel (Ho~~a) and
perpendicular (Hola) to the magnetic field have been ob-
tained by the method used in the case of CsFeF~ (Table
I). The dipolar contribution to the total shift is computed
as discussed earlier. It is seen from Table I that the F(1)
site departs (not very appreciably) from axial symmetry.
Nevertheless, the contribution due to the hyperfine field

Hhf has been separated out by subtracting the average
value for bHdi/Hri in order to comply with the assump-
tion of axial formulation of the shift tensor. The
hyperfine interaction constants A, and A thus deter-
mined are given in Table I. The A, values determined
directly from K;„are also given in Table I for compar-
ison.

During measurement of shifts at low temperature it is
observed that the resonance lines of both types of
fluorines in all the compounds are appreciably broadened
below certain temperatures. Thus in Table I the values of
the shift parameters of the three compounds are given at
those temperatures whereupon, decreasing further, the
lines begin to overlap and also the step at the low-field
side of the F(2) line is not discernible. A detailed discus-
sion regarding the behavior of the linewidth will be given
in Sec. II B. The almost unchanged values of the shift pa-
rameters of the F(1) and F(2} lines in the paramagnetic
phase resemble the susceptibility behavior of the com-

pounds in those particular temperature ranges. Thus
there is no apparent difference in the behavior of the
time-averaged local properties as a function of tempera-
ture among the three compounds as T~ is approached.
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B. Behavior of linewidth with temperature

The NMR linewidth is an important parameter in the
phase transition problem since it yields direct informa-
tion regarding the fluctuation of the electronic spins. In-
formation on the short-range magnetic ordering above
T~ may be obtained from the observed temperature
dependence of the fluorine resonance linewidth. The best
result could be obtained from the linewidth data in a
single-crystal specimen. However, in certain favorable
cases, it is also possible to have reasonably good informa-
tion from the powder pattern analysis. In the present
case for the resonance line shape of F(1) which is nearly
symmetric, the distance D (Fig. 1) is taken to be a mea-
sure of the linewidth, where E,„(2P. However, this
straightforward definition does not apply to the asym-
metric line of F(2). Nevertheless, the distance W, as
shown in Fig. 1, is considered to be a measure of the
linewidth for comparison purpose. In fact, 8' is a func-
tion of 2P and K,„. For general description, henceforth
we shall use 5H for linewidth tneasurement instead of D
and W. Figures 2(a) —2(c) show the behavior of the
linewidths of the F(1) and F(2) lines with temperature in

NH4FeF4, RbFeF4, and KFeF4, respectively. It is in-
teresting to see that though the shift parameters of both
types of fluorines do not change significantly, even at
temperatures close to T~, the linewidths show anomalous
broadening, which starts at certain temperatures and
continues down to T~. At Tz both the lines disappear.
Attempts to detect the ' F NMR lines at temperatures
below T~ (up to 100 K) under the same experimental
conditions failed in all the compounds. Furthermore, the
behavior of linewidths with temperature are not the same
for the three compounds and also with respect to that ob-
served earlier in the case of CsFeF4. For example, the
feature of line narrowing of the F(2) line in the three
compounds with the lowering of temperature is the same
as that in CsFeF~. However, in CsFeF4 (T~ =160 K) the
anomalous broadening of the F(2) line has been observed
in a small temperature interval 5T= T —T~ —5 K,
whereas AT in NH4FeF4 and KFeF& as observed here is
—35 K, which is comparatively large. For RbFeF4 the
value of AT is —15 K. Moreover, as the transition tem-
peratures in the three compounds are very close among
themselves, i.e., they lie within a temperature interval of

TABLE I. Shift parameters of ' F NMR in NH4FeF&, RbFeF4, and KFeF& at two different temperatures. 0 is the angle between
the direction of the external magnetic field Ho and the bond axis.

System

NH4FeF4

Fluorine

F(1)

F(1)
F(2)

F(2)

T
(K)

297

144
297

144

E„, (%)

0.80+0.03

0.75+0.05
2.16+0.05

2.03+0.07

Field
direction

Hollc
Hole

Ho]/a
Hola

Holla
Hola

8
(deg)

0
90

0
90

0
90

hH/Hq

0.0307
0.0171

0.0371
0.0152

bHd /Hq

0.003 02
—0.001 51
—0.001 51

0.005 93
—0.002 63
—0.003 29

0.006 71
—0.002 74
—0.003 43

A, and A~X10
(cm ')

A, = 19.12+1.0'

A, = 17.08+1.0'
A, =25.6+1.0'
A, =25.6+1.0
Ap =1.86+0.5

A, =23.2+1.0'
A, =23.2
Ap =2.37

RbFeF4 F(1)

F(1)
F(2)

F(2)

297

144
297

144

0.80+0.03

0.78+0.05
2.08+0.05

2.03

Ho//c

HO!.c

Holla
Hola

Ho][a
Hola

0
90

0
90

0
90

0.0295
0.0168

0.0309
0.0149

0.003 17
—0.001 58
—0.001 59

0.005 87
—0.002 64
—0.003 23

0.005 68
—0.002 55
—0.003 13

A, = 18.5+1.0'

A, = 18.04+1.0'
A, =24. 17+1.0'
A, =24.35

Ap =1.49+0.5

A, =24.22+1.0'
A, =24.22

Ap =2.97

KFeF4 F(1) 297 0.74+0.003 Ho[[c
Hole

0
90

0.003 19
—0.001 59
—0.001 60

A, = 17.12+1.0'

F(1)
F(2)

F(2)

150
297

150

1.98

1.81

no F(1) line

Ho][a
Hola

Ho]]a
Hola

0
90

0
90

0.0274
0.0157

0.0287
0.0128

0.005 96
—0.002 69
—0.003 27

0.005 87
—0.002 65
—0.003 22

A, =22.97+1.0'
A, =22.7

Ap = 1.03+0.05
A, =21.27'
A, =21.27

Ap =2.78

' A, is calculated from K„,=z' A, (S, ) /y ~AHo, where z' is the number of nearest magnetic neighbors.
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133.5 —136 K, the anomalous line broadening may be ex-

pected to start from nearly the same temperature region,
and this is more or less observed in the linewidth behav-
ior of the planar ffuorines. However, by probing the F(1)
site, it is observed that there is a drastic difference in the
behavior of the linewidth with temperature in the three
compounds [Figs. 2(a) —2(c)]. In KFeF4 the broadening
of the F(1) line starts from a considerably higher ternper-
ature of 220 K and the line disappears near 170 K; in
contrast, the broadening of the F(1) lines in NH4FeF4 and

RbFeF4 starts from 170 K. It may be pointed out that
this difference in the behavior of the linewidth with tem-
perature in KFeF4 compared to those in NH4FeF4 and

RbFeF4 could not be observed by probing the linewidth

of the planar fiuorine [F(2)].

C. Theory of linewidth

The shape and width of the fluorine resonance absorp-
tion lines in single crystals of this type of compounds will
be governed by the two different contributions: (1) in-
teraction between ' F nuclear spins and Fe + electron
spins resulting in a Lorentzian line shape with
temperature-dependent width and (2) interaction between
' F nuclear spins and other ' F nuclear spins giving a
Gaussian line shape of temperature-independent width.
The linewidth for the iron-fluorine interaction follows
from an expression for 1/T2 given by

T2
' =(&n/2)[nS(S+1))/[6R co(T)]g (1+cos 8; )2;

where co(T), in the high-temperature limit, is the ex-

change frequency co, =co(oo), n is the number of Fe +

neighbors. The summation is over the three principal
axes of the hyperfine interaction tensor; 8, is the angle be-
tween the ith axis and the direction of the external mag-
netic field. A; = A, +2A along the Fe—F bond axis and

A, = A, —A perpendicular to this direction. Although
the interactions of the ' F nuclear spins with the Fe +

electron spins are much stronger than those with the oth-
er ' F nuclear spins, the resulting linewidths are of the
same order of magnitude, because Fe—F linewidth is
strongly narrowed by the very high fluctuation frequency
of the exchange-coupled iron spins (of the order of J/h at
T» Tz). A temperature-dependent linewidth corre-
sponds to a decrease of this exchange fluctuation frequen-

cy (increasing degree of short-range order)
In a polycrystalline specimen an inhomogeneous distri-

bution of the homogeneous linewidth (governed by the
above two interactions) is obtained due to the interaction
I.A.S. The hyperfine coupling tensor includes both non-
classical contact and dipolar interactions. Thus the
strength of the anisotropic interaction in comparison
with the homogeneous linewidth determines the line
shape of a powder pattern. In the present case, the
linewidth of the powder pattern should be a complex
function of homogeneous linewidth and the degree of an-
isotropy as mentioned earlier. Furthermore, the spread
of the line due to anisotropic interaction is proportional

to the average static component of the magnetic moment
(y, ) (which is proportional to the applied magnetic field)
and thus in a normal paramagnetic system, the linewidth
for the powder system follows directly the magnetic sus-
ceptibility and is also proportional to the applied magnet-
ic field. Therefore, in a polycrystalline sample, the total
width (5H ) is given by

5H=5HO+5H, (T)+5H2(y, H), (2)

D. Discussion

The narrowing of the F(2) line in all three compounds
up to a certain temperature, as seen from Fig. 2, could be
explained by the position of this site half-way between
two iron sites. For short-range ordering, the spins of two
magnetic ion neighbors become mutually antiparallel,
which evidently will influence the linewidth of the
fluorine atoms in between. This result is in conformity
with that reported earlier in CsFeF4 (Ref. 6) and
K2NiF&-type compounds from ' F NMR studies. How-
ever, observation of the broadening of the F(2) line over a
large temperature interval in NH4FeF4, RbFeF4, and
KFeF4 is not only in contrast to that of isomorphous
CsFeFz but also with the F(2) linewidth data reported in
the literature for the K2NiF4-type 2D antiferromagnets.
One may ascribe the broadening of the F(2) line to the
magnetic susceptibility behavior since the contribution
5H2(&, H ) of Eq. (2) to the total width is appreciable for
the F(2) line, as has been discussed earlier. However, in
the present case, increase in the F(2) linewidth appears in
a temperature region where there is a decreasing trend in
the magnetic susceptibility with a lowering of the temper-
ature. ' Thus, the anomalous broadening of the F(2)
line could not be associated with the susceptibility behav-
ior. However, the reason for divergence in the F(2)
linewidth, despite the cancellation of the hyperfine field
due to antiferromagnetic coupling, is not clearly under-
stood.

In order to study the critical behavior from the ' F
linewidth data in the present case, we have to first
separate out the contribution 5H, arising from the elec-
tronic spin fluctuation from the total width 6H by using
Eq. (2). For this purpose we have chosen the F(1) line
which is nearly symmetric, so that one can expect a corn-

where 6H, and 5HO are the two contributions mentioned
above (in case of a single crystal) with the orientation-
dependent part being averaged out in powder system.
5Hz is the contribution due to anisotropic magnetic in-
teraction. Thus, in a polycrystalline system, the observed
temperature-dependent linewidth could not be directly
associated to the effect of slowing down of co(T) with
temperature as in Eq. (1) and may also arise from the
magnetic susceptibility y(T). Interestingly, as in the
compounds NH4FeF&, RbFeF4, and KFeF4 the variation
of y( T) with temperature in the range T~ (T (297 K is

very small, there is an opportunity to relate the observed
anomalous increase in 5H to the effect of slowing down of
exchange fluctuation frequency with temperature, as
given by Eq. (1), i.e., the dynamics of electron spin fluc-
tuation.
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paratively smaller contribution to the total width arising
from the susceptibility-dependent and/or magnetic-
field —dependent part (5Hz ). Nevertheless, in order to es-

timate 5Hz we have studied the magnetic-field depen-
dence of the F(1) linewidth for the three compounds at
297 K. It may be seen from Fig. 3 that though there is a
field-dependent part to the total width of the F(1) line,
this part is not significantly large. The zero-field extrapo-
lated value 5H' (Fig. 3) of the total width contains the
two contributions 5Hp and 5H, , as may be seen from Eq.
(2). We have also computed 5HO, the contribution due to
the nuclear-nuclear dipolar interaction and it lies in the
range 4—5 Oe for the four compounds including CsFeF4.
Moreover, in order to check whether the zero-field extra-
polated value of 5H agrees well with the sum of 6Hp and

T= 297K

to

O—e
cg

40 2 3
H (kOe)

FIG. 3. Variation of the linewidth, QH(=D) of F(l): 0,
CsFeF4, k, KFeF4,' H RbFeF4, X, NH4FeF4, ' with the external
magnetic field {H& ) at 1 =297 K. 5H' is the zero-field extrapo-
lated value, shown in the case of CsFeF4.
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FIG. 2. Plots of the linewidths (6H) of F{1){6H=D): (0)
and F(2) (5H= W): {4) of (a) NH4FeF4, {b) RbFeF4, and (c)
KFeF4 (as defined in the text) as a function of temperature at
vz =15 MHz.

5H& we have also computed the contribution 6H& to the
linewidth due to electronic spin fluctuation in the case of
NH~FeF4 for which the J/k value ( —26 K) is known
from the magnetic susceptibility data. Then estimating
the exchange frequency from the relation
A' co, = ', J nS(S—+I)with S=—'„we obtain co, =3.3X10'
sec '. 5H, (T) is then determined from the relation
5H&(T)=2/(&3yvTz) by using Eq. (1) for T2

' with the
0-dependent part being averaged out for all possible
orientations of the crystallites in the polycrystalline speci-
men. The calculated value of 5H, for the F(1) line in

NH4FeF4 is found to be 2.7 Oe and that of 5Ho is 5.0 Oe.
So the value of 5Hp+5H, in this case is -7.7 Oe, which
is in close agreement with the zero-field extrapolated
value (5H') of the F(1) linewidth in NH4FeF~ at 297 K.
Thus by subtracting 5H' from the total width 5H, we
have estimated the susceptibility-dependent contribution
5Hz to the total width at room temperature for the three
compounds. Since the variation of g with temperature in
the range T~ & T & 297 K is very small, one can assume
that the contribution 5H2 to 5H remains the same in the
whole temperature range. Thus by subtracting the
room-temperature value of 6H2+6Hp from the total
width of the F(1) in the whole temperature range
T~ & T &297 K, we have estimated the contribution
5H, (T) to the F(l) linewidth arising from the electronic
spin fluctuations of the Fe + ion.

In Figs. 4(a) —4(c), the log-log plots of 5H, (T) versus
the reduced temperature e=(T Tz)/T& are sho—wn for.
the F(1) lines in NH4FeF4, RbFeF&, and KFeF4. In Fig.
4(d) we have also shown the same plot in the case of
CsFeF4 using the F(1) linewidth data reported earlier.
The two curves in each figure correspond to the cases
where (I) 5H, ( T) is calculated by subtracting from the
total width (5H } the sum of the values of 6Hp and 5Hz
and (2) the contribution of 5Hz is neglected so that
5H

&
( T) =5H —5Ho. It is seen that in all compounds, the

values of 50, (T} are well described by straight lines
within certain temperature intervals obeying the power
law 6H&{T)~e "'. From the slopes of the linear region
the values of the exponent w are determined (Table II) for
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the two cases mentioned above and are found not to differ
significantly if the contribution 5H2 (due to anisotropic
interaction) to the total width is neglected. It may be
pointed out that in a 3D magnetic system, the anomalous
increase in the linewidth takes place in a very narrow
temperature range 1 K. ' Close to the transition tem-
perature, where the Auctuation q =q, dominate (q, being
the critical wave vector) 5H, ( T) is related by"
5H, (T) o- e r '" ' where d denotes the lattice dimen-
sionality, y=(2 —r))v (ri being the critical exponent in-
troduced by Fisher' as a correction to the behavior of
the static pair correlation function) v are the static criti-
cal exponents, and z is the dynamic exponent. Thus, in
this case, w is given by w = —y+ v(d —z).

The value of the exponent w in the case of NH4FeF4 is
very close to that reported from our 'H spin-lattice relax-
ation studies. In the case of RbFeF4 the value of w is
found to agree well with that reported by Keller and Sav-
ic' from the study of characteristic line broadening of

Fe Mossbauer line due to critical spin fluctuations ob-
served within a very narrow temperature interval of
10 (e ( 10 using a single-crystal specimen. Though
in the present case the ' F NMR experiments cannot be
done as close to Tz as it was done in Mossbauer experi-
ments, due to excessive line broadening, yet the close

TABLE II. Values of the critical exponent w of the F(1)
fluorine in NHFeF4, RbFeF4, and KFeF4 as estimated from
linewidth measurements.

System

Critical exponent w estimated from
5H, (T) 5H(( T)

= (6H —6Ho —6H2 ) (5H 6Ho)
vs e curve vs 6 curve

NH4FeF4'
RbFeF4
KFeF4
CsFeF4b

0.6
0.8
1.S
0.9

O.S

0.7
1.4
0.8

'm=O. S, from 'H spin-lattice relaxation data (Ref. 6).
m in CsFeF4 is estimated using the earlier linewidth data (Ref.

6).

agreement of the value of w from both the measurements
seems to indicate that there is not much error involved in
the present ' F NMR results obtained for RbFeF4 in

polycrystalline form. For CsFeF4, the exponent has not
been previously determined from any other experiment.
The values of the exponent in NH4FeF4, RbFeF4, and
CsFeF4, when compared to those predicted by the
current theory of critical dynamics, ' indicate that as Tz
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is approached in the paramagnetic phase, each of them
behaves more like a 3D system rather than a 2D system.
This means that the ratio of interplanar exchange and in-
traplanar exchange is not sufficiently small to allow 2D
magnetic ordering. Nevertheless, the existence of a
broad critical region as observed from the behavior of the
linewidth in these compounds indicates the presence of
2D magnetic interactions.

In the case of KFeF~ since the F(1) line disappears near
170 K, which is far away from T~=136 K, we do not
have the linewidth data as close to T~ as we have for
NH4FeF4, RbFeF4, and CsFeF4. Even in this case
5H, ( T) is found to fit well with the relation e in the in-
terval 0.3~a 0.9 with w=1.4. The value of this ex-
ponent is very close to that predicted by the 2D Ising
model (to=1.5), indicating that in case of KFeF4 the in-

traplanar exchange interaction is much greater than the
interplanar exchange interaction. This fact is further
supported by the value of the static critical exponent
f3=0.151 for KFeF4 deterimed from the temperature
dependence of the hyperfine field at the Fe site deter-
mined from Mossbauer studies' performed in a very nar-
row region 10 ~ e 10 . Thus from the present ' F
NMR results it emerges that the three compounds
NH4FeF4, RbFeF4, and also CsFeF4 have an essential
difference with KFeF4 in respect to the strength of the in-
teraction between the adjacent magnetic planes. This is
also in agreement with the results of neutron scatter-
ing, ' ' which shows that in contrast to RbFeF4 the ad-
jacent magnetic layers in KFeF4 are shifted by half a lat-
tice constant with respect to each other, leading to stag-

gered magnetic structure. Since the interaction within
the layers is antiferromagnetic, this configuration causes
a cancellation of the magnetic interaction between neigh-
boring layers. As a result the interaction can take place
only via the next-nearest planes leading to much weaker
interlayer interaction.

III. CONCLUSIONS

' F NMR studies in polycrystalline NH4FeF4, RbFeF4,
and KFeF4 indicate the existence of two types of fluorine
sites, viz. , F(1) bonded with a Fe + ion and F(2), bonded
with two Fe + ions. The time-averaged value of the
hyperfine field (as obtained from the shift values) at both
sites remain almost unchanged as T~ is approached in
the paramagnetic phase in all cases. However, the
linewidth, which reflects the behavior of the fluctuating
part of the hyperfine field, increases drastically as T~ is
approached and interestingly the nature of this change
differs significantly in different compounds.

Ah attempt has been made to correlate the behavior of
the linewidth with the effect of critical slowing down of
the electronic spin fluctuation of the Fe + ion as T~ is

approached. The values of the critical exponent m deter-
mined from the linewidth behavior of the axial fluorine
F(1) indicate that the 2D magnetic interactions are
predominant in KFeF4, whereas in NH4FeF4, RbFeF4,
and CsFeF4 the 3D characters are much stronger. How-
ever, the existence of a broad critical region even in each
of the last three compounds indicates the presence of the
2D magnetic interactions.
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