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The ferromagnetic resonance spectrum was determined for a quasi-two-dimensional ferromagnet 
(CH, NH, ), CuCl, with the easy-plane anisotropy. The experimental results are explained by an 
unusual magnetic structure in which the difficult magnetic anisotropy axes have different 
directions in neighboring planes. 

1. INTRODUCTION 

In a short letter we reported earlier' that the ferromag- 
netic resonance (FMR) spectra of a quasi-two-dimensional 
ferromagnet (CH, NH3 ) , CuCl, cannot be described by the 
usual model of an easy-plane ferromagnet. We shall there- 
fore give the results of a more detailed investigation of the 
FMR in this compound. 

Copper chloride complexes with the general formula 
(C, H,, + , NH, ), CuCl,, where n = 1,2 ,..., 10 (Refs. 2 and 
3) occupy a special place among compounds which can be 
quite justifiably regarded as two-dimensional ferromagnets. 
Divalent copper ions ( S  = 4) are distributed between planar 
CuCl, layers separated by two layers of organic molecules 
(C, H,, + , NH, ). In each layer the copper ions are in an 
octahedron of C1 atoms and they form an almost regular 
square lattice. As n is increased, the separation between 
CuCl, layers increases, which reduces the interaction 
between the planes (at least in the range n23). In the whole 
of this class of compounds the exchange interaction in the 
copper layers is ferromagnetic ( 5 ~ 2 0  K )  and it is several 
orders of magnitude stronger than the exchange J' between 
the layers (5'-J X 10-4).3.4 

We investigated magnetic properties of the compound 
(CH, NH, ),CuCl, (n = 1 ) by the FMR method. We se- 
lected this compound from the rest in the same class for the 
following reasons: firstly, the interplanar (interlayer) ex- 
change constant J '  is small; secondly, in contrast to com- 
pounds with higher values of n, the exchange in question is of 
ferromagnetic nature. It  has been assumed earlier that the 
behavior of this compound can be described by a simple 
model of an easy-plane ferromagnet. This model is capable 
of providing a fairly simple interpretation of the resonance 
spectra and identifying the characteristics of the magnetic 
properties associated with the two-dimensional nature of the 
system. However, it has been found that the magnetic order- 
ing of the selected compound is more complex (see below). 

At room temperature the compound 
(CH3NH3 ),CuCl, has a face-centered orthorhombic cell 
(symmetry group D :; ) with the parameters a = 7.38 A, 
b = 7.29 A, and c = 18.66 A (Refs. 5 and 6).  At tempera- 
tures TS250 K this symmetry decreases to monoclinic 
(monoclinic angle 92.3").' The unit cell contains four for- 
mula units and, consequently, four magnetic c u 2  + ions. The 
ferromagnetic exchange interaction between the magnetic 
Cu2+ (S = 4 )  ions is nearly of the Heisenberg nature with 
J =  19.2 K (and the corresponding exchange field is HE 
= 550 kOe) .33597 A slight anisotropy (representing - 1 % of 
the exchange interaction) tends to align the spins in the basal 

plane; the corresponding easy-plane anisotropy field is H A  
-, 1.5 kOe (Ref. 4). A very weak uniaxial anisotropy in the 
plane of the layers (Ha ~ 8 0  Oe) reported in Ref. 4 and a 
weak ferromagnetic exchange between the spins in the 
neighboring planes (He =: 50 Oe), also reported in Ref. 4, 
ensure that below T, = 8.9 K (Ref. 3) the crystal is ferro- 
magnetically ordered. Electron spin resonance measure- 
ments' give the following values of the g factor: g, = 2.05 
(along the c axis) and gll = 2.27 (along the layer plane). 

Our (CH, NH, ), CuCl, crystals were grown from a so- 
lution of this compound in ethyl alcohol at 50 "C by the evap- 
oration method (Refs. 5 and 6) .  Samples were in the form of 
disks with their plane perpendicular to the crystallographic 
c axis. Experiments carried out on ten crystals yielded simi- 
lar results. We shall give the results obtained for a sample 
with a diameter 2.1 mm and 0.15 mm thick; the demagnet- 
ization coefficients were N, = 0.894 and NII = 0.053; hence, 
the demagnetizing fields in the plane of the sample and along 
the c axis had the following values at T =  0 K: 4 q l  
(gI1 /2)M0 = 26.5 Oe and 4rN1 ( g1/2)M0 = 450 Oe, where 
Mo = ps/uo = 40 Oe is the average saturation magnetiza- 
tion. 

We investigated the dependence of the FMR frequency 
of (CH, NH, ),CuCl, on an external magnetic field in the 
frequency range 100-4500 MHz at the lowest temperature 
T = 1.3 K achieved in our apparatus. At this temperature we 
could ignore the fluctuation effects and the resonance spec- 
tra were determined simply by the magnetic structure of the 
investigated compound. Measurements were deliberately 
carried out at low frequencies and correspondingly low 
fields, when the FMR spectra could be used to find readily 
the magnetic properties (anisotropy field, gap in zero field, 
etc.) of this ferromagnet. 

The FMR spectra were recorded on the basis of absorp- 
tion of high-frequency power. A crystal was placed directly 
either in a strip or a helical line. This made it possible to 
carry out measurements in a wide frequency range ( 100- 
4500 MHz) in the same experiment. The hf power supplied 
to the sample was less than 1 mW and the absorption at the 
resonance amounted to a few percent. An oscillatory mag- 
netic field h in high-frequency lines was directed along the 
plane of a sample and at right-angles to an external field H. 
A horizontal magnetic field was created by an electromagnet 
and a helium Dewar was placed inside the gap. Rotation of 
the magnet relative to the vertical axis through any angle 
and rocking by + 4" relative to the horizontal axis made it 
possible to orient the field along any direction. The magnetic 
field was measured with a Hall sensor. The width of the 
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FMR line expressed in terms of the field was no more than 1 
Oe; this was evidence of the high quality of the investigated 
samples. L 

a, 

2. MAGNETIC STRUCTURE 2 a 
-0 

As pointed out above, following the published results 435 a, 
9 

we can describe (CH, NH, ) , CuCl, by a model of a ferro- % n 
magnet with an easy-plane anisotropy. Applying the classi- 4: 

cal theory at T = 0 K, we find that the anisotropic part of the 
energy of such a system is9 

A a Ct 

Is' = - MZ2 - - 'M,2 - (HIM) + 2 n M N M ,  2 2 
(1)  

H, Oe 
where E is the energy per unit volume, A > 0 is the easy-plane b 
anisotropy constant, a > 0 is the easy-axis anisotropy con- 
stant in the planes of the layers; N ,  is the tensor representing 
the demagnetization coefficients. The directions of the co- 
ordinates x, y, and z in Eq. ( 1 ) are identical with the direc- zboo 
tions of the axes a, b, c. The effective fields corresponding to 
the anisotropy constants are as follows: 3053 

HA= [A+4n  ( N z - N u )  I Mng,/2, (2a) 
-70 0 10 30 

15'00 - 

Ha= [a+4n (N,-N,)  ]1M,g,,/:!=aM,g,,/2. (2b) 

If a magnetic field is applied along the difficult magneti- 
zation axis c, then in a field H = HA + H,  we should observe 
a reorientational phase transition corresponding to the es- 
tablishment of a magnetic moment along the field. The FMR 
frequency then vanishes. A similar reorientation transition 
occurs also for Hllb, when an increase in the field causes 
rotation of the magnetic moment M from the a to the b axis 
and then in fields H>H, the moment again becomes aligned 
exactly along the field. The resonance spectrum of an easy- 
plane ferromagnet can be described by the following expres- 
sions which apply to the three selected magnetic field direc- 
tions (see, for example, Ref. 9)  : 

for HJlc, then 

FIG. 1 .  a )  Profiles of the FMR lines obtained at different microwave field 
frequencies v: I )  1.2 GHz; 11) 2.0 GHz; 111) 4.0 GHz. Direction of an 
external magnetic field H i s  represented by the angle gi between H and the 
c axis (q, = O" corresponds to HI(c). b)  Dependence of the resonance field 
of two FMR modes at T = 1.3 K when v = 4.0 GHz. The inset shows the 
region near q, = 0 on an enlarged scale. 

ever, a study of the FMR spectra of (CH,NH, ),CuC14 re- 
vealed that the behavior of the system is more complex and 

Rz cannot be described by a simple model of an easy-~lane fer- 
v=y (a. (g.+gA) ) " [ i  - (-) '1 ', ~ ~ Z " R A + & ,  romagnet. ' 

for Hllb, then 

for Hlla, then 

- 
Here, y = 2.82 GHz/kOe is the gyromagnetic ratio; Hz 
= Hz gL/2; ax,Y = Hx,y gll12; & = HA gl /2; 
a, = H,  g, ,  /2. For simplicity, we shall in future omit the 
tilde sign in the case of fields. 

When H is oriented along the c and b axes, the FMR 
frequency vanishes in fields H = HA + H,  and H = H,, re- 
spectively, providing a natural method for determination of 
the anisotropy constants. In fields H > HA + H,  at a given 
frequency the resonance field is maximized if W is parallel to 
the difficult magnetization axis c. This allows us to orient the 
magnetic field exactly at right-angles to the easy plane. How- 

Figure l gives the experimentally determined depen- 
dence of the resonance field on the direction of the magnetic 
field in the cb plane at v = 4000 MHz. We can see from this 
figure that two resonances were observed and their positions 
varied with the direction of the field relative to the c axis 
(angle q,). There were three special directions of the magnet- 
ic field (Fig. 1b):p = 0 (Hllc), when the fields at both re- 
sonances were closest, and v~ + 5" (Hllc, ,c, ), when the 
field of one of the resonances reached a maximum. When the 
magnetic field direction approached q, = 0 (Fig. la) ,  both 
resonances began to interact on approach to one another: the 
lines became narrower and stronger. However, we were un- 
able to ensure full coincidence of the lines for any direction 
of the magnetic field. The resonance lines remained split 
(Fig. lb )  and the splitting decreased as a function of tem- 
perature and frequency. 

The dependence of the FMR frequencies of both lines 
on the magnetic field obtained for the e, = 0 direction at 
T = 1.3 K is plotted in Fig. 2. In a magnetic field H < H ,* we 
recorded only one resonance line and the second could not be 
detected. The resonance spectra v ( H )  could not generally be 
described by means of the expressions in Eq. ( 3). In particu- 
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lar, when the field was oriented exactly along the c axis 
( p  = O), the FMR spectrum became "softer" in a field H,* 
much lower than the easy-plane anisotropy field H A  which 
was found by extrapolation of the hf part of the spectrum 
( Y 2 3 GHz) using the dependence Y z y ( H  - HA ) (Ref. 1 ) . 
However, it was found that the expressions in Eq. (3) de- 
scribed the experimental results well if the angle between the 
field and the c axis was q, = + 5" (the direction p = 0" was 
the symmetry axis of the system). In fact, in this case we 
found (Fig. 3) that there were two different FMR modes 
and the field dependence of one of the modes (curve 1 in Fig. 
3 ) fully obeyed the classical expressions. The behavior of the 
second mode will be described later. 

The results obtained can be explained on the assump- 
tion that the investigated compound contains two weakly 

v. MHz 

FIG. 3. Ferromagnetic resonance spectrum for the Hllc, , q = 5.35" direc- 
tion at T = 1.3 K: 1 ) resonance mode corresponding to a system of planes 
(layers) for which the external field H in this geometry is directed along 
the difficult axis c ,  , i.e., pi = 0"; 2) resonance mode corresponding to a 
second system of planes (layers) for which the field H is oriented at an 
angle q, = 10.7'to the difficult anisotropy axis c , .  The continuous curves 
are calculated using Eqs. ( 13) and ( 14). 

FIG. 2. Ferromagnetic resonance spectra for the field direc- 
tion Hllc at T =  1.3 K. The points are the experimental re- 
sults obtained for two modes and the continuous curves are 
the results of calculation based on Eqs. (9)-( 12). The inset 
shows in greater detail the hf part of the spectrum. 

interacting systems of ferromagnetically ordered ions with 
the easy-plane anisotropy. In each system the normal to the 
easy planes makes an angle of $z f 5" with the c axis (Fig. 
4).  When the field is oriented at the angle p = $ = 5" (or 
- Y), then for one of the systems the field is exactly parallel 

to the difficult axis c, characterized by p, = 0 (or c,), 
whereas for the other system it is oriented at an angle 
p, = 2$ = 10" to the difficult axis c, (c,  ). The two reso- 
nance modes in Fig. 3 then correspond to a resonance in each 
of these systems. When the magnetic field H is parallel to the 
crystallographic axis c (this represents the symmetric direc- 
tion q, = 0 in Fig. 1 ), the two systems are in equivalent posi- 
tions. Then, if we ignore the interaction between the systems, 
the resonance spectra should be the same for both systems. 
However, we were unable to ensure coincidence of the two 
FMR modes in our experiments for any direction of the mag- 
netic field (inset in Fig. lb) .  Splitting of the resonance line 

FIG. 4. a )  Relative orientations of the magnetic easy planes in the neigh- 
boring layers of copper: the crystallographic plane ab correspond to the 
copper ion layers; ab, and ab, are the magnetic easy planes formed as a 
result of the magnetic anisotropy; the c axis is the crystallographic one; 
the directions c ,  and c,  correspond to the difficult magnetic anisotropy 
axes tilted relative to the c axis by angles + $. The tilt of the magnetic 
moments is also shown when the external magnetic field H is parallel to 
the c axis. b) Reorientation of the magnetic moments in the neighboring 
layers for three directions of an external field: I )  H((c; 11) H((a; 111) H((b. 
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into two modes even when for Hllc demonstrated that the 
systems in question interacted with one another. Hence, we 
concluded that (CH, NH, ), CuCl, consists of alternate 
magnetic layers of copper with the difficult magnetization 
axes rotated by f $ relative to the crystallographic axis c in 
the bc plane (Fig. 4). 

This magnetic structure appears for the following rea- 
sons: it is known (see, for example, Ref. 10) that materials 
with the orthorhombic symmetry group D admit the exis- 
tence of an invariant M,,M,, - M2,M2,, where MI  and M2 
are the magnetic moments of the neighboring layers. The 
presence of such a term had been confirmed experimental- 
ly'O9" for (C, H, NH, ), CuCl, which is a compound with a 
structure similar to that of the material investigated by us. 
Including an additional invariant, we can represent the ener- 
gy of a ferromagnet including not only the relativistic terms, 
but also a weak exchange along the c axis: 

This expression for the energy makes it necessary to intro- 
duce not only HA and Ha but also two additional fields: 
HD = dMo(gligl)"2/2 and He = JtM0." We recall that in 
our case we have HA )Ha ,HD. 

As pointed out already, if d = 0 and the external field is 
oriented exactly along the c axis, an increase of the field 
rotates the spins in the ac plane and when the field reaches a 
critical value H = HA + H a ,  the spins become oriented 
along the field. However, ford #O, the situation is radically 
different. Elementary calcuIations show that the presence of 
an additional anisotropic term which has opposite signs for 
the neighboring layers (planes) results in the HD2 <HA H, 
case in an effective separation of the directions of the diffi- 
cult axes c, and c, in the neighboring layers by angles + $, 
where 

The easy planes rotate similarly. We shall denote their new 
positions by ab, and ab,, In the absence of the field the com- 
plexity of the structure of (CH,NH, ),CuC14 is not mani- 
fested because the magnetic moments in the neighboring lay- 
ers are parallel to the common easy axis a. 

However, in a magnetic field applied exactly along the c 
axis, reorientation occurs in a manner completely different 
from that in the d = 0 case: since the magnetic field has finite 
projections along the b, and b, axes in the easy planes (Fig. 
4), the spins are tilted out of the ab, and ab, planes and at the 
same time become reoriented within the easy planes, so that 
in a field 

the x component of the magnetization disappears. We can 

easily show that in this case the whole macroscopic magneti- 
zation disappears in the xy plane, since they components of 
the magnetic moments in the neighboring layers are directed 
opposite to one another. At the transition point thez compo- 
nent of the magnetic moment is M, zM,( g1/2) (H,*/H, ). 
A further increase of the field causes continuous rotation of 
the spins toward the z axis. The most important point in our 
case is that HA 9 Ha and, therefore, even for a small angle $ 
the shift of the critical field is very considerable: for rC, = 53 
we have H 2 -0.4HA. The results of our measurements indi- 
cate that H, = 160 Oe for (CH, NH, ),CuCl,; for compari- 
son we can mention that in the case of (C2H,NH3 ) ,CuCl, 
(n  = 2) the corresponding value is HD = 1 19 Oe (Refs. 10 
and 11). 

Therefore, using the above model we cannot, strictly 
speaking, regard (CH, NH, ), CuCl, as a ferromagnet since 
the neighboring planes containing magnetic ions are 
inequivalent. However, splitting of this system into ferro- 
magnetic planes with different directions of the difficult axes 
seems to us a clearer interpretation than introduction of the 
ferromagnetic and antiferromagnetic vectors 
M = M I  + M, and L = M I  - M,, where M, and M, are 
moments in the neighboring planes. It should be pointed out 
that the tilt of the difficult axes $is independent of tempera- 
ture (within the limits of the experimental error). 

Naturally, when the directions of the anisotropy axes in 
the neighboring layers are not identical, the excitation spec- 
trum will have two branches. For the field directed exactly 
along the c axis, the resonance frequencies are as follows: 

i fH<H,*,  then 

i f H >  H,*, then 

v12=y2(H cos 6-Ha cos 20+2HD sin 28) 
X(B cos 8-HA cos2 6-H,+HD sin 28-He sin2 €I), 

vZ2=y2(H COS 8-HA cog2 8-Ha+HD sin 20+He cos2 6) 
(10) 

(H cos 8-.IfA cos 28+2HD sin 28+H, cos 28), 

where the value of the angle 0 (M, = 4 g, Mo cos 0) can be 
found from the following equation: 

H sin 8=IID cos 20+(HA-H,)sin 0 cos 8, (11) 

whereas the exact (deduced using the model in question) 
value of the critical field is 

For HIIcIIz, the difference between the frequencies is clearly 
due to the existence of the exchange interaction He between 
the planes (layers). It follows from Eqs. (9)-( 1 1 ) that one 
of the frequencies (v, ) vanishes in the critical field H = H ,*. 
At the same point we have v,, = ?He ( H i  - HZ2)/HA, 
and since the investigated substance is characterized by H, 
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-Ha ,  it follows that the upper branch of the oscillations 
does not demonstrate explicit softening in the vicinity of the 
critical point (field). In higher fields H )  H  2 the difference 
between the frequencies is practically constant: Avz yH,. 

It follows from Eqs. (9)-(12) that inclusion of the ex- 
change interaction is important only if the field direction is 
practically coincident with the c axis; if the field is directed 
at an angle q, to the c axis, then the mismatch of the anisotro- 
py fields in the neighboring layers makes the frequencies v, 
and v, different even in the absence of the interlayer interac- 
tion (for one of the frequencies the angle between the field 
and the true anisotropy axis is q, + $, and for the other fre- 
quency it is e, - $). Ignoring terms - H ; / H A  H, (when it 
is possible to reduce the effect of the additional invariant to 
rotation of the anisotropy axis) and H,  / H A ,  we find that the 
expression for the resonance frequency is as follows when 
the direction of the field is inclined at an anglex to the true 
anisotropy axis: 

and the angleb is found from the condition 

2 H  sin(8-x) = H A  sin 28. (14) 

In particular, when the external field is directed along 
one of the c, or c, axes (i.e., e, = + $) then for one of the 
modes we havex = 0 and the expressions in Eq. ( 13) reduce 
naturally to Eq. (3),  whereas for the second mode we have 
x = 2$. The experimental and calculated spectra for the 
Hllc, geometry are shown in Fig. 3. We find the exact values 
$ = 5.35", and the anisotropy fields HA = 1740 Oe and H, 
= 68 Oe, and the field HD = 160 Oe were determined from 
the condition of the best match between the experimental 
results (at T =  1.3 K )  and the theory. Allowance for the 
demagnetizing field yielded the following values of the ani- 
sotropy constants at T = 1.3 K: AM,, = 1320 Oe and aMo 
= 68 Oe. 

We must mention once again that when the FMR fre- 
quencies in the neighboring planes are very different, the 
resonances are completely independent and the weak inter- 
layer interaction can be ignored. If the frequency of an oscil- 
latory field is identical with the resonance frequency in one 
plane, then the magnetic moments in the neighboring plane 
are not in resonance and are not excited by the hf field. 

If the magnetic field is directed along the crystallo- 
graphic c axis, it is equivalent for all the magnetic layers 
(Fig. 4):  e,, = q,, = $ = 5.35". In this case the FMR fre- 
quencies of both systems of planes should coincide if there is 
no interaction: v, = v,. However, a weak exchange interac- 
tion between them lifts the degeneracy so that we have v, 
# v, (Fig. 1 ) . The initially independent oscillations of the 
moments in the neighboring planes are now coupled and this 
can be deduced from the change in the resonance line profile 
when H approaches the c axis (Fig. l a ) .  The resonance spec- 
trum then reveals the presence of two modes (Fig. 2): one 
mode corresponds to phase-locked oscillations of the mo- 

ments, whereas the moments in the other mode oscillate in 
antiphase. The continuous curves in Fig. 2 are the results of 
calculations based on Eqs. (9)-(12). We can see that, in 
general, the agreement between the theory and experiment is 
reasonable. Some difference between the theoretical and ex- 
perimental curves in the range of fields close to H  ,* is clearly 
associated with the fact that the weak interlayer interaction 
can be due not only to the exchange but also, for example, to 
the dipole forces and, therefore, can depend on the magnetic 
field. At frequencies v >  3 GHz the splitting is practically 
constant and amounts to A H  = 35 Oe (inset in Fig. lb  and 
Fig. 2). This is in agreement with the interlayer exchange 
field He = 45 Oe obtained in Ref. 4. 

Our explanation is, generally speaking not the only one 
possible. In particular, the transition to the monoclinic 
phase may be accompanied by thinning of a crystal, i.e., by 
the formation of macroscopic domains with rotate anisotro- 
py axes. Clearly, allowance for this effect will have practical- 
ly the same consequences as inclusion of the invariant M I ,  
MI, - M,,, M,, . The only difference is that in the case of 
twinning the interaction between two resonance modes may 
be due to the dipole forces and, in order to ensure that the 
interaction exists, in reality, the shape of the domains should 
differ considerably from that of a plate. This seems to be 
unlikely so that we shall consider a model with an additional 
invariant, especially as a similar invariant with a close value 
of HD had been confirmed experimentally for (C, H, NH, ) , 
CuCl, which with respect to the crystal structure resembles 
the material under investigation. lo.' ' 

We must stress nevertheless that the direct proof of the 
validity of the proposed model would be discovery, for ex- 
ample by the method of neutron diffraction, of an antiferro- 
magnetic moment induced by an external field Hllc. In fact, 
when a field is applied exactly along the c axis, as the spins 
rotate in the ab, and ab, planes (Fig. 4) the antiferromag- 
netic vector L = MI - M, appears and increases with the 
field (here, MI and M, apply to the neighboring layers); 
this vector is directed along the b axis. At the transition point 
when the field is H,* the antiferromagnetic vector reaches its 
maximum value (L z0.85M0 ) and decreases smoothly as 
the field increases further. 

The magnetic structure described above should have 
practically no effect on the FMR spectra in the case when the 
magnetic field is directed in the ab plane, i.e., Hlc. Figure 5a 
shows the experimental FMR spectra obtained for two di- 
rections of the field at T = 1.3 K: 1 ) H((a with the field along 
the easy axis in the plane of the layers; 2) H(lb, i.e., perpen- 
dicular to the easy axis in the plane of the layers. The contin- 
uous curves are plotted on the basis of Eqs. (4)  and ( 5 )  
applicable to an easy-plane ferromagnet. In fact, the agree- 
ment between the experimental and calculated curves is 
good. This is due to the fact that in the Hlc geometry the tilt 
of the magnetic difficult axes (Fig. 4) has less effect on the 
static and dynamic properties of the system than in the HJlc 
geometry described above. 

If the field H is directed along the easy axis a common to 
all the magnetic layers (i.e., if Hila) and consequently, it is 
directed along the magnetization in a crystal, the sample is a 
collinear ferromagnet. For Hllb, then in a weak field H  < Ha 
the magnetic moments are rotated in each layer plane. In a 
field H  = Ha the moments in some layers are directed along 
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v. MHz 

FIG. 5. Ferromagnetic resonance spectrum for two directions of the field 
H in the ab plane at T = 1.3 K: 0 )  Hlla; 0 )  Hllb. The continuous curves 
are calculated using standard expressions given by Eqs. (4) and ( 5 )  for a 
ferromagnetic resonance in an easy-plane ferromagnet. 

b, and along b, in other layers, as shown in Fig. 4 (Ha 9HA ) . 
In this case the corrections to Ha due to the tilt of the diffi- 
cult anisotropy axes are very small. Softening of the reso- 
nance should occur not in the field Ha ,  but in a very similar 
field H=Ha/cos $ = 0.996Ha. The angle between b, and b, 
amounts to 2$ = 10.7", as already mentioned. Therefore, a 
weak tilt of the moments in the neighboring layers appears in 
a crystal and a weak antiferromagnetic moment 
L z 2M, sin $ 5 0.2M0 is induced. In view of the smallness of 
the angle $ the induced antiferromagnetic moment is more 
difficult to detect in the Hllb geometry than in the Hl(c case 
(described above). Theoretically distinguishable directions 
of the difficult magnetic anisotropy axis in neighboring lay- 
ers, deduced allowing for the interaction between the layers, 
should give rise to two resonance modes for any direction of 
the external field [even zero field, where (CH,NH,), 
CuCl, is a collinear ferromagnet 1. However, in reality in the 

Hlc geometry the second mode (antiphase oscillations of , 

the moments in neighboring planes) is excited weakly and it 
is much more difficult to detect it than in the Hllc geometry. 
It is clear from Fig. 5 that in both geometries for Hlc there is 
only one resonance mode and no splitting. The FMR fre- 
quency does not vanish entirely for any direction of the field. 
In the Hllb geometry the residual splitting of the spectrum is 
estimated to be =: 500 MHz at T = I .3 K (Fig. 5); the value 
decreases on increase in temperature. The reason for this 
splitting is not clear. 

The authors are grateful to A.S. Borovik-Romanov, 
V.L. Pokrovskii, and G.V. Uimin for valuable discussions, 
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"In connection with our comments after Eqs. (3)-(5), note that we shall 
emit the tilde symbol also in the case of H, = H,( gllg,)112/2 and 
H ,  E H e ,  
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