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We have studied the temperature dependence of linewidths in the quasi-two-dimensional magnet-

ic crystals C2H5(NH3)2MnC14. .Cu + with different concentrations of paramagnetic Cu + ions with

the use of electron spin resonance between 295 and 30 K. We have measured the linewidths at X-

band microwave frequency at 0=0' and 55' where 0 is the angle between the steady magnetic field

Ho and the normal to the plane of the crystal. The linewidths initially decreased as the temperature
was lowered from room temperature towards the antiferromagnetic ordering temperature TN,

passed through a minimum, and then increased rapidly as T& is approached. We have interpreted
our results in the light of the theory which assumes the diffusive motion of spins for the longtime

dependence of the time correlation functions. We have studied also the line shapes in the four sam-

ples, including the one with no impurity present, at room temperature, and at 0=0', 55, and 90.
At all three angles of orientation 0, the line shapes in all four samples were observed to be pure
Lorentzian for up to 1.5 —2.5 linewidths from the center of resonance line. However, the non-

Lorentzian character was observed to increase with the impurity concentration at all three angles of
orientation 0 in all four samples.

INTRODUCTION

We have measured the temperature dependence of the
linewidths (hH) in the quasi-two-dimensional (2D) anti-
ferromagnetic crystal CzH&(NH3)2MnC14 (Refs. 1 —4)
doped with different concentrations of paramagnetic
Cu + ions with the use of electron spin resonance (ESR)
at the X-band microwave frequency, between 30 and 295
K. We have studied the linewidths as a function of tem-
perature at 8=0' and 55' where, 8 is the angle between
the steady magnetic field Ho and the normal to the mag-
netic plane of the crystal. In the four crystals containing
0, 3.0, 8.0, and 30 at. % of Cu + impurity concentrations
(hereafter referred to as samples 1, 2, 3, and 4, respective-
ly), we have observed the linewidths initially to decrease
as the temperature is lowered from room temperature
(295 K) towards the antiferromagnetic ordering tempera-
ture Ttv which is about 50 K for a pure crystal (sample 1),
pass through a minimum (between 60 and 55 K) and then
increase very rapidly as Tz is approached. Such a tem-
perature dependence of ESR linewidths was observed in
pure 2D antiferromagnet K2MnF4 by Richards et al. ,
and in Rb2Mn, Mg, ,F4 by Walsh et al. Richards'
theory to explain the results in K2MnF4 was based on
spin diffusive motion for the long time dependence of the
time correlation functions. There is a good agreement
between the theory and the experimental results in
K2MnF4. At room temperature we have measured the
linewidths (b,H) in all four samples as a function of 0 and
all four were observed to have the following 0 depen-
dence
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where a and P are constants, characteristic of a quasi-2D
magnetic crystal. Walsh et al. had to add another term

FIG. 1. Linewidth EHp p (peak-to-peak width) of the deriva-
tive of resonance line as a function of 0 at room temperature
295 K.
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FIG. 2. Linewidth hHp p (peak-to-peak) width af derivative

of resonance line as a function of temperature T (K) at 8=0'.

to Eq. (1) to explain their results in R12Mn, MgI, F~ at
very low temperatures, when the concentration of Mn is
at the percolation threshold. As the temperature of the
crystal was lowered they observed the onset of antiferro-
magnetic correlation in the percolation clusters. The ad-
ditional term in Eq. (1) was to account for this effec.
They have observed 0 to be very nearly temperature in-
dependent in R12Mn, Mg&, Fz, which seems to agree
with our results in CIH&(NH&)IMnCl~:Cu. However, in

Rb&Mn, Mg, ,F„, they have observed a to have a
moderate lllcrcasc wltll dccrcaslllg temperature T. On
the other hand, in our samples we observed a to decrease
shghtly with decreasing temperature. P contributes
significantly to the linewidth hH from the room tempera-
ture 295 K to fairly low temperature 60 K in

RbzMn, Mg, ,F4 (Ref. 5) which seems to agree with our
results in CIH, (NH3)IMnCl„:Cu crystals. Therefore, we
have interpreted our results on the basis of Richards
theory" and Eq. (1) without the additional term of Walsh
er al One. important difference between the two 2D
magnetic crystals RbzMnF4 and CIH&(NHI)MnCl~ is
that the former was doped with a diamagnetic impurity
Mg+ unlike the paramagnetic Cu+ impurity in
CIH5(NHI)2MnC14. Walsh et al. have assumed the line
shapes in RbIMn, Mg, ,F4 to be qualitatively 1.orentzi-
an, and no special effort was made to study the deviations
of line shapes from the Lorentzian character. In this
present work, we have studied also the line shapes in all
four samples at room temperature which were observed
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FIG. 3. Linewidth d Hp p (peak to peak) width of the derivative of resonance line as a function of temperature T (K) at 8= 55 .



9566 C. TIEN, J. S.. KARRA, AND Q.D G. KEMMERER 37

tobe Lor
' c arentzian in cha

h
ggai

ers the spin-d'5' n onstant Di usio
es in 2D systems

T}1

impur'
d to

p rity concent ration at 11 th 1

with the i

ga 1 ientation

re tzian than those

d th d'e i usivem
served to b

n- orentzia

od 1 of R' hic ards 4pred

EXPERIMENT

Single cr st

icall

f llo t hod suggest-
ystal

p
rations. The

0
e crystals

nis studied herere by ESR have th
0, 3, 8, 8, and 30 at. % s

5(NH ) M
rom t ese crystals, th

as

a plane M +

, and 21.18 A
w ere we ob o 1 to

ave rec
rt erne

ati es of th
e n of the s usin

et the helium v
lo

ue of tern

p

y al is reached b
ine was

ig. (1) we h

e before an

presented th
e - o peak linewidth b,H r

p ature I F
f"n't p

ESR 1'

have
at room tern

s in all 1

e prese

te urt p e absorpt'
or the

'

ion mod
line shap es we

e of ESR 1'ines

a O%,

~ 3,

o 8~

~ 30%

500—
g =55 dog

50 I-

~ o

~ 0
CP

0

~ 0

~0

~o
~ 0

0
I I

10
I

20
I

30

FIG. 4. - a. Line-sha
f y o resonance

room tern er
d =0' e~ter of b

e lin

n line sha e
a sor

orentzia

h

ape at 8=55' . coisth
is half width maximum



It has been sh a

9567

en sh at the exchange n

electron

37

without the ma ne
'

agnetic 6eld
n of the line sha e e

h causes the
e ve presentede we hav
l erent valueuesof 0, at

of the fo

co r, ln(J/(h~ )' )

(the vg alue of M
electron)

n is ver as t

(2

, where (hen tic
as that of a free

a lc second mo

n constant, and J
e ex-

he preci related tant, or large s l

1 l2 2

owing equation. '

RKSUI.TS AND DISCUSSION

At roam tern perature w h
four samin all

we ave
ples (Fig. 1)

the linewid h

(within 10% e
nstic of 2D

ex error)

erefore w ho, and the

y em . va ues of

e ave li
ierb

was low d

ya out 2S
r

'
vaue, the

o essth
Or flolTl arge facto

K (Table I).
for a sq ice

) Ja S(g+ 1)]1/2

square latticesq ice where the 1
'

nsta

(3)

nstant a =7.4 A
ever, Disa fev, '

a unction of

TEMpERATU EPEN DENCE

adulation wh.

CS IN THE ~ ~

a 3%

8 'jb

o 30k
o

)QO—

0

I

10 20 30

FIG. 5. Line-sha e —90

(,„)

-s apedataat 0= r
on ance d

90 r perature (295 K). The soli

e
' of the line at

straight liine is the Lorentzi
t er e ineathalf '

um

ig tofther
a maximum

resonance l ine.



9568 C. TIEN, J. S. KARRA, AND G. KEMMERER 37

o 0 %

o 8

~ 3O 'lo

100—
g=o deg

0
M M

50
~o

0

~ 0

0
0

I

10
I

20
I

30

FIG. 6. Line-shape data at 8=0 and room temperature 295 K. The solid straight line is the Lorentzian line shape. co is the angu-
lar frequency of resonance and co=0 is the center of the resonance absorption line. hen is the half width of the line at half maximum
intensity. I is the height of the line at co, and Io is the maximum height of line at ~=0.

TABLE I. Line widths EHpp measured at T=295 and 60 K in the impurity doped samples of
C2H5(NH3)2MnC14. .Cu'+ at 8=0', 55', and 90'. The error in the measured values of linewidths

)AH p p

is less than +
2

G. The error in the measured values of temperature T is about +1 K. The error in 8 is

+ 1'.

No.

Sample
Cu + conc.

(at. %)

30

T (K)

295
60

295
60

295
60

295
60

lakH
p p (G )

8=0'
44(b)

1 8(c)

40
16
42
16
32
13

leLHp p ( Q ) (G)
8=55'

18
12.5"'
16.5
11
18.3
12.1

18.5
12.1

EHp p (G)
8=90'

21

21.3

22

22.5

pla)

6.5

5.9

5.9

3.4

"'Values of P obtained at 8=0 and 90' from Eq. (l) are not equal, and hence we used only the values
calculated at 8=0'. At 8=90' the P values di(fer from those at 8=0' by 55% for pure sample (Ref. l),
by 18%%uo for samples 2 and 4, and by 36% for sample 3.
' 'These 295-K values are in agreement with those measured by Boesch et al. (Ref. 2).
"'At 80 K, those measured by Boesch et al. (Ref. 2) to be 18 and 13 at 8=0 and 55', respectively.
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temperature and D(T)/D(T=OO)~1/T as well as a
function of impurity spin (S=—,

' for Cu + ion). There-
fore, the terms (b,co )r„and J in Eq. (2) will have to be
modi6ed in order to account for the presence of impurity
ions. To account for the effect of impurity ions on the
linewidth in 1D tetramethyl manganese trichloride
(CH3)4NMnC13 (Ref. 7) Richards has suggested that the z
component of Cu + spin S'

&+ be replaced by zero at the

sites occupied by Cu + ions, because the value of
( (S* &+ } ) is —", greater than that for Cu + ion. As a re-

sult, the mean square value of S*of the Mnz+ ion, when
averaged over all sites, was shown to be

(4)

where x is the impurity ion concentration. Therefore, we
have replaced S(S+ 1) in the equation for the second
moment of the resonance line" of the pure sample
(bm )~„«byS(S+1)(1—x):

(b~') „„=—,', y~RzS(S+1)g(r,, ')z(1 —3 cos28}2,

()
(he@ ) =(1—x)(he@ )~„«,

where ( b co ) is the second moment of the resonance
lines in impure sample due to secular part of the dipolar
interaction.

However, the effect of impurities on the spin diffusion
constant seems to be small as estimated from the mea-
sured linewidths at 8=0' in samples 1 and 4, with x =0
and 0.3 at. % concentration of impurity Cu + ion. In Eq.
(2), a 20% change in the term J/(b, co )' results in less
than 5% change in the logarithmic term ln( J/( b,co ) '~ ).
For a pure sample the value of J /( b,aP ) '~ is approxi-
mately 127. Therefore the main contribution to the
change in linewidth bee (observed) in Eq. (2) comes from
the changes in the value of terms (b,co ) and ~, due to
the impurity, and ~, is inversely proportional to D:

bH; /bH „„,=(1—x)D/D, (6)

where D and hH;I, respectively, are the effective
diff'usion constant and the linewidth in the impurity
doped sample. From the Eq. (6) our estimate of the ratio
D/D =0.96 in the sample 4 at 8=0, a 4%%uo change in the
value of D and at 8=55' our estimate of D/D=0. 74
nearly 36% change in D. In samples 2 and 3 the changes
in the value of D are much smaller. As the temperature
T is decreased, the linewidth too decreases but only slow-

ly in all four samples because of the inverse T dependence
of diff'usion constant D as shown in Eq. C7 of Ref. 4 for
the linewidth by Richards. " In addition, the angular part
3cos 8—1 of the linewidth also decreases as the relative
strength of wave vector q =0 modes decrease with the
decrease in temperature. The observed decrease in
linewidth by a factoI of 2.4 when T changes by a factor of
5 (295—60 K) at 8=0' suggests that the temperature
dependence of angular term is not as strong as that of the
diffusion constant in all four samples. It has been sug-
gested by Huber that as we approach Tz, the wave vec-
tor qo terms, characteristic of staggered susceptibility, be-
come dominant and the angular dependence of the

linewidth (b,co) close to T~ was shown to be of the form

h~ ~ 1+cos 0 .

Therefore, according to Eq. (7} no minimum in the
linewidth is expected at 8=cos '(1/&3). However, we
have observed minima in linewidths in all four samples at
around 60 K. And also from Eq. (7), we have
hco(8=0')/hen(8= 55 ) = 1.5. However, the observed
value is about 1 at 60 K in all four samples.

LINE SHAPES

The rapid modulation provided by cos(Mcoot) terms in

the nonsecular part of the dipolar interaction, where
M = 1 or 2 and mo is the Larmor frequency of resonance
results in a Lorentzian line shape if the secular part of the
interaction is zero in either 1D or 20 system. Therefore,
we have recorded the line shapes at 8=55' at which secu-
lar contribution to the line width is very small in all four
samples. The presence of impurity in the samples alters
the spin diff'usion constant D by interrupting the spin
diffusion and should have an effect on the line shape, un-

like the 1D systems. However, the observed shapes at
8=55' (Fig. 4) are Lorentzian in character for up to 2.5
line widths from the center of resonance line in only the
samples (1-3) with low impurity concentration. The
non-Lorentzian character appears in sample 4 after only
1.S line widths away from the center of the resonance
line. The tendency to deviate towards Gaussian line
shape increases with the increase in impurity concentra-
tion. Even in the pure sample the line shape is non-
Lorentzian after only 2.S line widths from the center.
However, the line shapes at 8=90' (Fig. 5) in the samples
1-3 were observed to be Lorentzian for up to three line
widths from the center of the resonance line. Even in the
sample 4 at 8=90' the line shape is Lorentzian up to 2.5
line widths from the center of line. Here also, we have
observed the effect of impurity concentration on the line
shape, which tends then to be more non-Lorentzian with
increase in impurity concentration. At 8=0' in all four
samples (Fig. 6) the line shapes were observed to be
Lorentzian only up to 1.5 line widths from the center of
the line. The anomalies in line shape which occur pri-
marily due to the secular part of the dipolar interaction
are dominant in all four samples at 8=0' and the devia-
tion toward Gaussian shape is much more pronounced.
The line shapes of 3 and 4 (Fig. 6) samples are almost
overlapping as they start deviating towards Gaussian
shape from the point, three line widths away from the
center of resonance line.

CONCLUSIONS

The temperature dependence of linewidth in the quasi
2D system C2H5(NH3)2MnCI~:Cu + doped with different
concentrations of Cu + impurity was observed to be in
qualitative agreement with the Richards model where he
assumed the diffusive motion of spins for the long time
dependence of time correlation functions. However, the
line shapes in all four samples at all three angles of orien-
tation 8, seem to be dependent on the presence of impuri-
ty ion. The higher the concentration of Cu + ion was
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present, the more pronounced was the deviation of the
line shape from Lorentzian to non Lorentzian character.
We have observed the Lorentzian character to persist for
much longer times (three line widths from the center of
the resonance line} at 8=90' than at 8=55 or 0' in all
four samples. However, at 8=0, where the secular part
of the dipolar interaction is the primary cause of the
anamolies in the line shapes of resonance lines in 1D and
2D systems, we have observed the line shapes to deviate
from Lorentzian character at much lower angular fre-
quencies in all four samples. This seems to be the case in

KzMnF4 also where the line shape at 0=0' in Fig. 7 of
Ref. 4 at room temperature, tends to deviate from
Lorentzian shape at about 1.5 line widths away from the
center of resonance line. Therefore, the diffusive model
of Richards seems to be the appropriate one to explain
our experimental results in C2H~(NH3)zMnC14. Cu +.
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