FHY# %X
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Teruya SHINJC
Department of Chomistry, Faoulty of Soiencs

Kyoto University, Kyoto

{ Recaived January ¥ ,1966 )

M8asbauer measurements were made on the fine particles of
antiferromagnetic «=FaO0H of various particle sizes to examine
the MYssbauer speotra in fluctuating fields. In the ultra fine
sanples, the collspee of the intermal field due to superparamag-
netlsrz was observed. The ecritiecal volume at 294°K was found to
be 3 X IGHITcmE and the oritiecal temperature for the sample of
1X 10'17cm3 to be 210°K. The effective mnisotropy comstant can
be eatimated to the order of 104erg/bm3. The obteined spectra
in the intermediate region between &-line and 2~-line were
discusszed and the assignment of the doublet in paramagnetic state

was attempted in comparison with Blune's prediction.



§ 1, Introduction

A great number of magnetic matexisls has been inyestigated by
the MBesbauer offect and the magnetic hyperfine field mcting on
the nucleus (internal field) was observed in variocus cpsesl).
Since the internal field is ceused by unpaired electrons
surrounding the nucleus, whether the internmal field is ¢bservable
or not by the MUssbauer measurement depends on tha relaxation time
of the electron epin. To observe the internal field, the
relaxation time of the electron spin should be much longer than
the nuclear Larmor preceasion time, which is the order of 10"8390
in the usual iron compounds or alloys.

Prom the view point of the relaxation time, almost all
subjects éf the MYassbaver experimenta =0 far can be classified
into two groups; the one ip magneticelly ordered where the
relaxation time of the electron spin (magnetization) is infinitely
long and the other i1s paramagnatic whers the relaxation time ie
very short, The obaervation of the Missbauer effect under
fluctuating fields as & funotion of relaxation time seoms to be of
great interest but there have been few works to try to clarify the
intermediate situation between the iwo extrenmes.

2)

In & previous letter of the suthor's group *, the collapse of
internal field du; to superparamagnetiom was reported on a sample
of ultra fine a-Pezﬂ3 {about 50A in diametexr) at 3DD°K3).

On the other hand, et 110°k, the spectrum was similar with that of

bulk a-Fezﬂs. These results show that the relaxation time of



the antiferromagnetic aspin in the particle becomes shorier than
the nuclear Larmor precession time between 110%¢ and 302?1.
Independently of us, the collapse of internal field on
ferrimagnetic fine particles was reported by Schuele et n1.4}
The fine particles, therefore, seema %o be auitaﬂle materials for
obesrving the MBssbauer effeect in fluetuating fields.

According to Néel's diacuasiun5), the relaxation time of the

superparamnagnetism, T, ocan be expressed by the following relation,

T » (1/f0)exp(KV/kT) (1)

where fo is a temperature inaeneitive constent with approximate
ordar of 10100/5, K the effective anisotropy conatant and V the
partiole volume, Here, the anisotropy 1s assumed to be uniaxial
and therefore KV meana the potential barrier separating two easy
directiona. Thig kind of treatment was shown to be reasonable
by the suoceeding study of Browns} and & refinement for the ultra
fine particle region, EV kT, was carried out by A.haroni”-
As T phould decrease with increasing temperature and with
decreasing particle size, the systematic neasurements as a
function of temperature and particle size were intended.

This paper reporis the observation of MBasbauer epectira in
fluctuating fields in sntiferromagnetio a=-FeOOH with varioua

particle sizes at various temperature®. a-FeOOH iz an

antiferronagnetic material with Néel temperature of about 4COOKB’9)



8ince the quadrupole interaction 1s existing at Fb57 nucleus in
a-Fe00H, the obtained spectra in the magnetic relaxation can be

discussad with Blume's pradictionla)

and the sssignment of the
doublet in paramagnetic state may de possible.

Anpother fect reported in the previouws letter on a-€f203 ie
the partiole size dependenoce of the internal fieldjl; It is not
clear as yet whether the magnetization or magnetic transition
tenperature hee the parti¢le slize dependence or not, Generally,
measurements et elevatad temperatures give rise to the grain growth
of particles but in the present case, the particle size dependence
of the Internal field may be observed because the Féel temperature
of a-FalOH is not far sbove the Toom temperature. A gimilar

11) on wltra thin £filmse of iron and

trial was made by Lee et al,
the redaction of To and Ms was concluded. The NPasbauer effect
is useful iool for the study of megnetism in small systems
especially in entiferromegnetioc cases.
Ths next section presenta the experimental results for the
examination of the aamples and the MUssbauer results of various
(

)
partlcle sizes at various temperatures. The obtaeined spectra

are diseussed in Section 3.



§ 2, Experimental prooedures end results
a) Sample confirmation
Samplea of a=Fe0O0H were prepared by the oxidation of ferrous

solution as follows;

PeSO4 + 4N=s0E + 02 =3 a-Fa(OH.
The particle size was oontrolled by the cation soncentration.
Obtained samplea were examined by X-rgy diffraction, electron
misroscopy and thermal analyeis. The particle size estimated
straightforwardly from the broadening of the X-ray diffraction
peaks are lieted in Table 1, Two examples of esleotron micrograph
are phown in Fig. 1l. We can ses that the particle shape is of
needle type and that almost all particleas have the same erystal
shape, The particie size seems to be satisfactorily uniform.

The msan particle volume of tﬁe sample was obtalned as listed in

*
the table. Thene wvalues agree with the results obtained from

* Zeparately, ‘Kiyama will report the method of particle shape

determination and the detell of particle volume eatimation.

the gas absorption method (BET method) within the factor of two.
The reaults of magnetic susceptibility measurements are ghown

in Fig. 2. " With decrease of particle size, the susceptidility

increases grpdually and the superparamagnetic bahavior becomes

apparent. The increase of the suaceptibility In antiferrcmagnetic



wnswal
fine particles 1s not weuald; Feel has acsounted for this

phenomenon to be originated from the uwnballance of the two
1 12)
magnetic sublattices in the particle, Thue the samples were

proved %o be fairly reliable.

b). M3gsgbauer apparatus and results
EBssbauer effect measuremonts were made by & conventiongl
-~ -

mul tichannel type apparatus which is the same ag the previously

13)

reported one by Nakamure and Shimizu
ColT

exoapt minoy modification.
For the Y-ray source, was electroplated onto a coppér plate
and diffused in it. The source was vibrated sisusoidally with
65¢/a by an electric vibrator. A Nal scintiliation counter was
uged a8 B detecter and 14.4 keV.¥-ray signals selected by s esingle
channel anslyser were fod to m 400 channel pulse height analyser
(TMC) after a time o pulse height conversion with saw tooth mods,.
The velocity ssale of the obtained epectra waa calidbrated by the
peak positions of the standerd absorbers, Fe snd stainless steel
foils,

The temperature control device is as followsi a doughnut
shaped sample holder of copper block was covered by styYofomm
and a small heater and a ring of copper fine pipe were mttached on
it. The sample was cooled by liquid nitrogen which was pumped
out through the pipe. The temperature was ;agulated.with the

on~off control of the heater ourrent. The fluotvation of

temperature during the messurement was aboutjlox.and the abasolute



values may have 2 systematis error within 3°K.. The source was
always at room tomparature.

In Fig. 3, the MUsabauver absorption specira of Sample A, B, D,
E, P an% L at 294°K are shown, The counts accumulated per
each channel were sbout TX 104 and afterwards thé background was
subtracted. The oentral pert$of the specitra om Semple C at
various temperaturea are shown in Fig. 4. The gounts per channel

wore about 4 X 104

¢ 3. Discusaion

From the ppectrum of Sample L in Fig, 3, the internal field
at 294°K is evaluated to be 365 kOe. Rossiter and Eodgsonlfa
rgported the internal field in a-FeGCH at room temperature to be
364 kOe and v. Ooeaterhoutg) got 368 kOe, According to

Hrynkiewicz et al.IS}, however, thare are two internal fields in

a=FeO0H and the values sre 342 ke and 283 ke. \ As far as the
reseont Tesult concerns, almost all Fe belonge to a well resolved
B=line and therefore it seems impossible that this material has
four sublattices,

The feature ¢f the transition from &-line to 2-line is shown
as the particle gize dependence (Pig.3) and as the temperature
dependencs (Pig. 4}. In Pig, 4, only the two middle lines of

10}

the six are shown. Recently Blume discusesed the ahape of

M8asbauer spectrum in a fluctuating field and a fixed electris



field gradient. Although he considered the case of paramagnetic
ion, the situation of superparamesgnetic case ¢an be discussed quite
analogously. The narrowest limit of the absorption lines is
decided by the intrinsic observation time which is the mean life
time of the nuclear excited state (1.4 X 10" Tses in case of Fe57}-
When the relsxation time becomes short and reaches to this exient,
the broadening of the lines ocours. If it bacomeas shorter than
the nuclear Larmor precession time, the collapse of the 6-line begins
and finnlly the spectrum turns out to be purely paramagnetic.
When a fixed electric field gradient is coexistiﬁg, however, the
fluotuation of magnetio field has a different effect on the two
conponents of the gquadrupole aplit-li.ne. As 1l]lustrated in Fig. 5,
the transition from the 1/2 level of ground state to tha.E/E level
of excited gtate, which makes up the one component of the quadrupeole
doublet, has a larger splitting in a magnetic field then the
transition from the 1/2 to the 1/2 which makes up the other
~eomponent. We may therefore expect to find a particular range of
the relavation time in which the 1/2-1/2 line is fully narrowed
while the 1/2-3/2 line is still broad, ‘ Thia asymmetry of the
doublet iz not to be averaged out even if the relaxation time has
a distrivution to a certain degree.

If the asymmetry is observable, of & great interest is a
comparigon of the gquadrupole intersction in pa:amagnetic state
with that in antiferromegnetic state. Let us conpider the simple

case where the electric field gradient ia uniaxial,



This approximation is good for most cases because the asgymmetrice
parametsr of the field gradient appears g a quadratic'term and
is uwsually small, The splitting in paramagnetic state, E, is

than ‘given by,
[E[=|(1/2)e%qa| (2)

where eq i3 the electric field gradient aloug.the principal axis
and @ the nueclear quadrupole moment.

While in the entiferromsgnetic state, for the internal field
is very large, the quadrupole interaction may appcar as a small
pertubation of the Zeeman splitting and its magnitude depends on
the relative angle, @, between the internal field and the electria
field gradient axis. The quadrupole interaction can be expreassed
conventionally by the difference of aplitiings, Sl - 32, s showm
in Fig., 5, when it is not very large. 5, -‘32 is represented

by the relation,
2 2
8, - 8, = =(1/2)eqq(3c0s°8 - 1). (3)

If the slgn of E is known from the msymmetry caused by the magnetic
relaxetion, we cen estimate the angle G coiliparing E with Sl - 82
bacausge aqu should be a common factor in the two equations.

From the experimental results shown in Fig. 3, the eritieal

volume where the collapse of the internal field begine is found to



be about 3 X 10"17cm3 at 294°K. According to the results in

Fig.4, the criticel temperature for the sample of 1 X 10-1?

cm3 is
obtained to be roughly 210%K. Inserting these values inte the
equation (1) and essuning fo = lﬂlocfa and T =2 X lﬁ-aseo, the
effective anisotr;py congtant tums oul to be 1 X 104 and 1.5 X 104
erg/cm5, respectively. There 1a no torque measurement to examine
this resmlt but the order of these values 1s not unreasonable,

The MUsstauver effect sgems to be & useful method of particle size
eptimation in the u}tra fing particle rééion where the other
methods give no reliable values, The absolute value of the
particle volume is fairly difficult to estimate, because the
enisotropy depends complicatedly upon tha particle ghape and the
temperature, But; sometimes, the relatively obtained values by
the Mdasbaver effect may furnish & valusble information,

Next, let us txy to look for the asyometry and sasign the
doublet., Although the spectra in the intermediate region between
6-line and 2-line are quite complicated and b;oadened, it seems
natural to choose the lower energy component as due to the 1/2-1/2
transition, because it ie nerrower in some caaés than the higher
energy component. Then we find that qQ is positive in sgign.

E and 5

1
respactively. Using these vaiues, the relation (3) turns out to

- 52 ean.be derived as 0,59 * 0.05 and 0.6 + 0.1 mm/mec

be 3c0929 -1 =], This conclusion, cos§ ia equal to zero,
puggesta thet :the gxis of the electric field gradient is

perpendisular to the direction of the intermal field,



v: Ocesterhout determined the spin direotlon of a-FeQOH to ba
in ceaxis by the susceptibility measurement on single cryatag)and
therefore the axis of the electric field gradient may lie in the
c-plane, The crystsl structure was reported alraadyle’lﬂ but
there are still ambipuities in the accuracy of the atomic positions.
The estimation of the eleciric field gradient is rather difficult
and no further discussion is possible et present.

Ap far as the present experiments comcern, it is not definite
whether {the magnitude of the intermal field has s particle eize
dependence or not.- Aceording to the reeults in Flg. 3, tha
internsl field of Sample E and F ies gpproximately the same to the
bulk's one in spite of spectrum broadening. For this problem,
more accurate and more systematic measurements should be required,

Although our attention was not paid for the partisle size
dependence of the recoilless fraction and the second order Doppler
shift, they might show an unique informaticn on the phonon state in

fine particles. Problems of lattice dynamics in fine particles are

algo attrective for the MBssbauer effect study in future.
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¢ 70 50 89 1 x x0T

B 58 71 64 7 X 10718

A 51 3 % 10718



Figure captiona

Fig.

Pigo

Fig.
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Electron miorographa of Sample C and F
Magnetic suecoeptibility es & function of teumperoture
M¥sabaner absorption epoctra of Ssmple A, B, D, E, F and I

st 294K,

. MYssbaver sbsorption spectra of Sample € es & function of

temperature, The c¢entral parta of the gpectra are showm,
Compariegon of the enexgy schemes in aptiferromagnetic and
in superpsramagnetic situwaiion. The apectra to ba
expected are illustrated sechematically, Here, % is the
relrxation time of superpersmagnetism and € the angle
botween the electriec field gradient axie and the internal

field direction.



Samf le



2 9.2,

X (XIEFC-&S.::.J.;H)

<o
‘\‘?0 I \ \Sarﬂf)/e A
20 ¢
\ 8
\ .
ro} o
——— .
—_— **--—:ﬁiz
A . e L
/oo /5o 260 25D

Tem F&Yﬂ‘t&( Ye (OK)



{6c0

n

/000

N

[oo0

1

A

1

s s v e -

o - b= ; s

1./’5,,?.".".““" :.._{m"‘t"/,. )




Ls] o o]
o Q
OF ° Sig o oob\"‘a};% oot 000 00
. : . s o
H’?TS 0\3 o <
5 e 214K
/900 5 \ﬂ/
=~ [}
o ° o o
OF ooooo"oooooogo Fa\o % © o0 o
] a® o®o
(]
: (-]
L
focor e '
2 il 227 K
o0 |

0%

0 @ © °‘%oo ;
°o o - ;\o
S0 Talpl

oanoa%b %0-99’0-5 o

o) DO‘}D

QO?K

VR

° R J—ofo-"r "oo-O-"oOw o
00 mp’ | b\jéo

,or"oo

8K

2

=~/ 0 /

Veloc: 7‘/ (%“}/Sec;).

2

3



T<</O_§'ec e >> 1’6 23‘9.:
/
I’ i
Isth——— < %
i,/é _-‘\-(\ ! :
\\‘ l ._/5
\ m3
A &
%z ﬁ:i’*'frél’-:-i‘
. i
:t}"z : <
‘ %
S/)ectmm.
E Sy ' Sz

I'EI:i-:é—g%Q' _ 3:“#3..9_:—'—12-62?6? (3(,05:3 .—.])



	R273_0
	R273a

