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The magnetic properties ot ter~masnets are determined b.l the type ot o~~ 
and strength ot couplings ot their masnetic atoms. 'The saturation magnet~t1on 
and the Curie temperature obtained trom masnetometric measurements are usuaLq 
treated ascharacterist~c parameters ot a sample under investigation /1/. ~s. 

is certainly correct tor concentrated terrimasnets, however, it may be not so for 
diluted ones, particularly at elevated temperatures. Diluted ferrimasne~are 
not homogeneous as tar as the strength ot masnetic coupiings between ions~ con­
sidered. This is due to the random distribution of non-masnetic atome imSWle 
a given type ot crystallographic position.

, ' 

A bulk material is otten considered to be divided into small regions Q~\Wbich 
the dimensions are widely varying throughout the crystal /2/. Magnetic cn::!hring 
exists within these regions, whereas the magnetic interactions between n~ 
bouring regions are supposed to be rather small, depending on the degree ~ di­
lution. There are thermally activated fluctuations ot masnetic moments ~th1n 
regions and/or fluctuations of magnetization vectors ot the regions, whidm are 
usually d'escribed in terms of magnetic /3-51 or superparamagnetic /6-6/ relax­
ation processes. They cause the saturation magnetization of a ssmpleand cxmse­
quenUy its Curie temperature to be, from the microscopic point of view, it1IlIe 
dependent tunctions. Thus, the experimentally determined saturation masnet­
ization and Curie temperature are values averased not only over the volume of the 
sample but also over the time interval of the measurement. Particularly t!r:f.s is 
the oase tor a masnetometric method, because it is a macroscopic method with the 
observation tjme of the order at least a few seconds. Masnetometric measurements 
are performed .for external magnetiC fields usually of the order ot up to about 
100 kOe. Such fields have strong influence on the rateot masnetic or superpara­
magnetic rel&%8tion processes. Moreover, the application of high external mas­
netio fields maJ even chenge the ordering of ionic magnetic moments in ferrimng­
nets 19,~0/, similarly as is Observed in antiferromagnets /11,12/. Thus, the 
values of.saturation masnetitation and Curie temperature determined for diluted 
ferrima&nets by means of the masnetometric method maJ not necessarily hays the 
ssme physical meaning as those determined for concentrated terrimagnets. 
Comparison of the results obtained for diluted ferrimasnets by the masnetometric 
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method ,with those resulting. from compl~ent&r7 methods are therefore of great 
importance. 

The Messbauer spectroscopy ~s proved to be a ver,y good microscopic tool for 
studying the properties of diluted ferrimagnets 11),14/. This is due to its 
high energy resolution and short observation time. The 57Pe M8ssbauer spectro­
scopy can, for example, resolve two Zeeman patterns originating from hypertine 
magnet1c fields which differ by about 6 kOe. Thus, in contrast to the magneto­
metric method, M8ssbauer spectroscopy 1s used for studying sublattice magnet­
izations 115/. and even their structure caused b,Jthe random distribution of 
non-magnet1c atoms 116-19/. Such investigat10ns do not require the application 
of external magnetic fields. However, if the 'external magnetic field is used 
its influence on the sublattice hyperfine fields can be directly observed. 
Moreover. the MGssbauer spectroscopy can register the fluctuation of hypertine 
fields provided that its rate is of the order of the Larmor frequency labout 
10S Hz for 57'el of a nuclear msSnetic moment. . . 

Diluted ferrimagnets often show M8ssbauer spectra with shapes strongly d~ 
pendent on temperature and on applied external magnetic field. Such behaviour 
is explained either by a random distribution of non-magnetic atoms and/or by re­
laxations of the magnetic or superparamagnetic type. Nickel ferr1t~alum1nates 
NiFe2 Alt 04 10<' t <21 are good representatives of diluted ferrimagnets since_t 
non-magnetic Al)+ ions enter both the tetrahedral I AI and the octahedral IBI 
sites 120/. 

In this paper we report some new results of 57,e and 61Ni M8ssbauer effect 
investigations of Ni'e2 Alt 04 series performed in a wide temperature range and_t 
in high external magnetiC fields. The results of our earlier stUdies have been 
published elsewhere 121/. In the present study speCial attention has been paid 
to the influence of temperature and external magnetic field on the ahape of the 
M8ssbauer absorption spectra. The 57'e measurements·have been performed for the 
t • 0.2, 0.75, 1.0, 1.25, 1.). 1.)5. 1.5. 1.75 and 1.9 samples in a temperature 
range from 4.2 K to temperatures above appropriate Curie temperatures. For the 
t • 1~25 sample additional 57Fe spectra have been taken at )01 K in the trans­
verse external magnetic fields of 1 kOe and 4 kOe, while the t • 1.5 sample has 
been measured at 4.2 X in the longitudinal external magnetic field of 60 kOe. 
The 61Ni meaaur~ents at 4.2 X have been done for the t =0.2, 1.0. 1.5 and 1.9 
samples. For the t • 1.0 and 1.9 samples additional 61Ni spectra have been ob­
tained at 4.2 X in Hext • 60 kOe parallel to the gamma-ray direction. Some 
typical 57'e M8ssbauer spectra of weakly It • 0.21 and highly It • 1.51 diluted 
samples are shown in Figs. 1 and 2. respectively. 

Low temperature 57Fe spectra of all the investigated samples are interpreted 
as composed of tetrahedral and ootahedral Zeaman patterns. The influence of the 
random distribution of Al)+. Ni2+ and Fe)+ ions in the A and B sublattices on 
the internal magnetic fields HI AI and HlB! corresponding to A and B sites. mani­
fests itself as the broadening of Zeeman components. The observed Zeeman pat­
terns are treated as not influenced by relaxation processes as long as the ratio 
r, .. ~16/~)4 (or r 2 • 6 25/6)4) is temperature indepepdent; ~ij denotes the 
distance on the velocity scale between the i-th and j-th Zeeman line. The 
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values of r 1 and r 2 for static Zemnan patterns 	are 6.33 and ~.67. respectively. 

The above procedure is justi1'ied 
!J!..~ 

J'~ 

.,• , 
. since the spectra exhibiting 

Zeeman pajoterns show no apparent 
• quadrupole interaction. It is 

also the oase for most investi ­
gated hitherto diluted spinels. 
This 1'act can be explained b)r 

o taking into account the direc­

~ ' . tions 01' easy magnetization and 
......\~ of the EPa prinCipal axes 122/ • 

~ ~ At elevated temperatures re­
• I 

laxation processes begin to pla1 

Pig. 1. 57Fe M~ssbauer spectra 01' 
NiFe1.8AlO.204 at the tempera­
tures 01'1 A - 77 g. B - 601 K. 
o - 700 K. D - 750 K. E - 770 K. 

an important role. They appear 
at lower temperatures 1'or highlJ 
diluted samples than 1'or weakly 
diluted ones. This is re1'lected 

o in the Massbauer spectra in the 
f 1'orm 01' Zeeman line broadanings. 

~.!..."!~! larger than the broadaning at low~~~~~i:.~, 
. temperatures IFigs. 1 and 2/. and" in a distinct increase in the 

values 01' r 1 and r 2 lPigs. 3. 4/. 

Fig. 2. 57Fe Massbauer spectra of 
NiFeo.5Al1.504 at the tempera­
tures 01'1 A - 82 K. B - 92 K, 
o - 138..K, D - 162 K. E - 185 K. 

., oS .. of • J t , 

The magnetic relaxation M~ssbauer spectra are characterized by rather narrow and 
intense inner lines as compared with the broad outer ones. The growth of the 
inner lines at the expense of the outer ones is observed as temperature in­
creases. The inner lines are the part of the relaxation Zeeman pattern and can 
not be treated as the superparamagnetic doublet Originating 1'rom the superpara­
magnetio clUsters /231, unless the distinct structure 01' the inner lines can be 
clearly seen /24/. The shape of the relaxation spectrum changes in an applied 
e%ternal magnetiC 1'ield. even 01' the order of a 1'ew kOe lFig. 51. The described 
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influenoe of temperature and of a relativelJ weak external magnetic field on the 
ehape of the Desbauer speotra"is treahd as evid'ence of the existence 01 relax­
stion prooesses of the magnetic t1pe in the investigated series. 

• 
A relaxation spectrum is ful11 transformed 

into a quadrupole doublet at the temperature
1 abo~e'which the separation of the inner 11nes £\34 

is found to be on11 s11ghtlJ dependent on the 
" 	

I temperature /Pig. 6/. 80me Kessbauer absorption 
spectra of each of the investigated samples show 

• relaxation features over some temperature regions
It below its Curie 	temperature. These regions aret 	 II 

" 	
narrow'for .eaklJ diluted sampies and relativelJ• wide for highlJ diluhd 	ones. This ie olearlJ

• 	 seen 1.11 lig. 7, 1.11 which three temperature reo­
I 'g1ons A,' B and C ,are distinguished. In region A 

s 	 I normal/static/ Zeeman patt6rns are observed. 
'2 ' Relaxation Dssbauer spectra are found in region 

• 
II, 

~ lig. 3. 1"1 /e/ and 1"2 /0/ versus reduced tempera­
10 Q:l 1M l1li WI 	 11 

,ture T/Tc for lliJe1.8I10.204' 

1fJ 

,I 
B, while in region C quadrupole doublets are reg­
istered. Jor each of the invest~gated samples a 

14 
quadrupole doublet is observed below the magneto­
metric Curie temperature. 'S1m11ar behaviour was 

12 
reported for the other ferrimagneh /2,8,25,26/. 
This seems to be olear evidence of the influenoe 

111 
of the external magnetio field on the results d~

fIi Ii rived from magnetometrio measurements. Jor con­
I 

I I ' centrahd ferrimagnets this influence is removed 
•• b.F the extrapolation of saturation magnetization

I 
values, for a given temperature, to zero external

I 
'2 . I' 

liS. 4. 1"1 /e/ and 1"2 /0/ versus reduced tempera­
Q:l 1M WI oaGO 	 ture T/To for lliP'o.5Al1.504'

TIft. ­

magnetiC field. However, this can not be correctlJ done for diluted ferrimag­
nets ainoe their m8gnetic properties, investigated in an external magnetio. 	 ,
HeU, strong11 depend on the value of the field s strength and are disUnctl1 
diUerent from those in a zero external magnetic field. This fact is due par­
ticular11 to the stabilizatioa'of relaxation processes b.F the applied external 
magneUo field. 

The broadening of tim...independent Zeeman spectra /region A in Jig. 7/ can be 
explained b.F a random distribution of Je3+. lf12+ and A13+ cations in 'the tetra.. 



he4ral aD4 a the ootahedral 81lb1.U1.oes. A 'tetrahedral ion bas twelve nearest­
,......~~---.-..........,. , -neighbour .B-e1te ions and four nearest-neighbour A-site 

, ioDa. while an octahedral ion bas a1x neareat-neighbour 
A-site iona aDd six nearest-neighbow: .B-atteions /27/. 
The d1&tr1buUon of .,;J+. 1l12+ and £1>+ ions between the 
A- and .B-sUes has been determined previolls17 /20,21/. 

c 	 'fak1..D,g 1t ato accoat, the probabilities of VariOIl. 

possible neareat-neighbour i or A, or i aDd A. t7pe con­
fipraUo~ arollDd a Siven tetrahedral or octahedral site 
ion can be caloillated from tbe well mown bionOlld.al for­
mUla. asllWll1J:\s a staUstical distribution of tbe ions in 
the tetrahedral and octahedral sublattices. In princip16 
one Ze(IIDaD spect:rllD1 mill be aUributed to each of tbe 
nearest-neighboltr cOnfigurations aroad tbe ferric ion in 

~ .r 
• 

\ . 
V!!~...;

',. Pig. 5. 57,e Ilassbauer spectra of BiPeO•75£1,.25 at )01 Kto" 

~t when the traDsverse extemal magnetio field Hezt • 0 /AI.-- 1 1t0e /BI and Hext • 4 1t0e /0/.Hext • 

•, tbe 	A or i sih. In order to explain 
the 	influence of the random dist~bu­
tion of .,;J+. Hi2+ and £13+ ions on 
the 	h7pert1ne magnetic fields HIAI 
and 	RIB! acting on 57,e nllclei at tbe 
A aDd B positions. respective17. one 
has 	to consider the ,strength of all 

,. 
CIA 	 Pig. 6. Separation between innemost 

...b---04t-:----,:!,u..----:lur--'ur--:2.0fr--,uti:' linea l::& 34 veralls reduced temperatltre 
TIT. - 'lITo for HUeO.5£11.504' 

ng. 7. The diagram of the t7pes of Ilaasballer 
spectra for the Ki'e2_t£1t04 aeries. Three tea­

I perature reg10na are diatingllishedt A - tim... 
rindependent ZeemaD pathms region, B - rela:z­
~tion region aDd 0 - quadrupole doublets reg1on. 

1- ~e dashed line. indicate extrapolation. 

http:BiPeO�75�1,.25
http:bionOlld.al


coupUDc_ bet.e. JUSIletic iOnS. In I80st of the Dssbauer effect 1nvesUgationa 
of apinels pefomed hitherto, it '... usuallJ a88W1ed that .1.-4 and B-B couplings 
are negUgible when cOllpared with a strong 4-B coupling. This is not the caee 
for the .~e2_t41t04 ser.1~s. since besides antiferrom&gnetic ~elAI-~e/i! and 
~elAI-.ili! couplings, also theferromagnetio ~e(i!-.i/i! coupling of cOllparable 
strength, ensts 111. This ... at least nWlericalll' verified for the t • 0.0 
s_ph 115.28/. 

It is a .ell established fact in the Daabauer spectroscopy of spinels that 
the distribution of Hli! is much larger than that of HlAi 114,25,29,,)0/.' This 
is also Observed in the 1nvestigated series. Therefore, one HlAi value is used 
1n a fitting proced\lre. The small distribution of HlAi values is included in 
linewidthS of the Zeell&n pattern corresponding to the A sublattice. The dis­
tribution of Bli! values is caused by the weakening of ~eIAI-FelB/, ~eIAI-.i/i! 
and ~eli!-Ni/i! couplings when the s_ples are diluted with Al atoms. For a 
given neare8t-neighbo\lr configuration of the A and B type ions around the octa­
hedral ferric ion, the Q7perfine magnetic field acting on 57Fe nuclei at the B 
positions may be approximated by the fOrllulal 

lIB(k,l,m,n) • lIB(O) + k.dll, + It.1I2 + m6H3 + nll1l4 ' 

where lIB{0) is the lQ'perfine field at the B site corresponding to the nickel 
ferrite It • 0.01 configuration, while kl1l1,. ll1112 and ml1H, characterize 
changes of Hli! when k ~eIAI. 1 peli! and m .ili! atoms are replaced by k, 1 
and m Al atoms. respectivelJa naH4 accounts for the replacaen'te of n Fe/A! 
atoms by n NilA! ones. Each set of k, 1, m and n integera corresponds to a 
given configuration of nearest-neighbo\lr 4- and B-site ions around an octahedral 
ferric ion. The SWI of probabilities of configurations which are taken into ac­
count 1n the HB(k,l,m,n) fitting procedure is close to unity. The area under a 
Zeellan patte:r.n corresponding to a given configuration is proportional to the 
probability of th8t configuration. The quadrupole interaction is ,assWled tobe 
zero, both for the A and B sublattices. Three linewidths and one isomer shift 
are used as fit parameters for all B-site Z88IIan patterns. ~ig. 8 shows, a8 an 

e:Eample. the spectrWI of the t • 0.2 8ample at 404 /[ fitted with o,ne A-site and 
twenty five B-site Zeell&n pattern8. The proced\lre for deriving LlBt values from 

....-_.---.----,,----,,----,--.---.-.........---.--..., i the fitted spectra, which i8 1n prog­

ress, will make it possible to 1nves­
tigate the changes in LlBt par_eters 

I_ with temperature and concentration of 
i 41 atoms. These parameters are very
! importants1nce they characterize the
! supertransferred lQ'perfine fields in 
I- the investigated aeries 125,,)1.32/ • 
...,. 
~ ... lig. 8. 57~e Dssbauer SpectrWI ot
II! 

;.iFe1.8AlO.204 at 404/[. The solid 
1:;.;-::Ir-::t;r--=t.~::fir-d'-T---tJ;--a-;--;III&;-' line is a tit according to a procedure 

described 1n the tut. 
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The Van Der Woude - Dekker description of the magnetic relaxation in MeS8­
bauer spectra /)1 is being adopted for o.ur spectra from the region B IFig. 11. 
We hope to obtain some infomation on the influence of temperature and sample 
dilution on .the relaxation time. ~ 

,. 	 The 57'1.'; spectra of the t·. 1.5 sample 
.	measured at 4.2 It in zero and 60 1t0e longttudi­
nal magnetio field lPig. gl show several inte~ 
esting features. The spectrum in Fig. 9A is de­
composed into three, while that in Fig. 9B­
.- into four components ITable II. Component I 
of the zero external masnetic field spectrum is 

8 	 the most intense one. It is concluded from its 
intensitl and linew1dth that both tetrahedral 
and octahedral Zeeman patterns are contained in 
this component. In order to elucicqtte on the..,~.----------------------, 
broadening of the spectrum lines the fitting 
procedure for spectra from the temperature re­
gion A in Fig. 7, deSCribed above,is to be used. 

Fig. 9. 57"e M8ssbauer spectra of Ni.,eO.5Al1.504 
at 4.2 It in a zero external magnetic field IA! 
and in a longitudinal field of 60 1t0e! IBI. 

Table I. Results of data analyses bJ the· transmission integral method based on 
the zero-field spectrum in Fig. 9A and on the applied-tield spectrum in Fig. 9B. 
Notations USedl Q - traction of the total intensity of a component Iderived from 
areas/. d - isomer shitt with respect to pure Fe at 4.2 K, u - unpolar.1zed frac­
tion; r and MalH) reter to absorber widtha lsee ret. /))11. Values marked with 
jotwere kept constant· dUring the tit. Standard deViations are given in parenth­
eses. 

I A! Hed • 0 

Component c{~) 0' (ws) (Hht) (kOe) l(ws) ~(kOe) 

I 86(21 0.215(0.006) 452.9(0.5} 0.)5(0.04) 14.7(0.8) 
II 4(2) 0.)5(0.0)) 522(2) 0.1* O· 
III 	 . 10 (2) 0.25(0.02) 0 0.72(0.091 ­

Component c(~} 6" (." s) .(Hht>(kOe) 1("'s) "'~(Hl (ltOe) u 

Ia 55(2l 0.213 (0.009) 478 (1.4) 0.35» 22.8h.4} 0.84(0.03 

Ib 27(2} 0.213(0.009) 412.1(1.3) 0.35­ 11.5(2) 0.16(0.06 

II 2 (1) 0.35JJ 585() } 0.1* O· 0" 

III 16(2/ 0.25(0.05) 65(2J 0.7· 0" 0" 
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Component II oomes from those .&-site ferri.oions who.e nearest-neighbour ooordi­
nation shell is lIlore rioh in Pe and lfi atoms than on the averase. It is to be' 
noted that suoh a oomponent is observed thro~out the whole composition range 
10<t<2/ and its intensit, "deoreases with dilution t, as should be expected. 
The oomponent III is situated near sero velooit,. It m81 oome frOm Pe atoms 
which have been exoluded ·from macnetio ordering due to the high .u dilution of 
the t • 1.5 sample orland from Pe impurities in the ber71ium sample holder. 
The vert weak lof the order of 1 ~ of the total intens,1tyl non-magnetio oompo­
nent is also indicated in the 61:1'1 spectru:m of this sample. The above mentioned 
alternative is to be solved in the following experiments. The external magnetio 
field increases the Zeeman splitUng of oomponent II by a value directly oorre­
sponding to Bext • .60 kOe and induoes a Zeeman splitting of non-magnetic compo­
nent III. Component I is split into two parts Ia and lb. 

As is known from our macnetometrio data IPlg. 6 in ref. 211 the· saturation 
magnetio moment per molecule has a negaUve value for samples with 0.63<:: t <.1.6. 
Therefore, the A sublattioe macnetisation is parallel, while the a sublattioe 
macnetization is ant1parallel to the external magnetio field vector, provided 
that oollinear ordering of atomio masneUo moments exists. The collinear ordel' ­
ing has been proved for samples with t ~1.25 by our macnetometric and neutron 
diffraction measurements 121/. In a collinearl, ordered sample from the 
0.63" t <1.6 region, with domains aligned parallel to the external magneUc 
field vector, the value of Hext should be added to .the BIB! value. This is ex­
actly the case for component II of the Bext • 60 kOe spectrum. Thus, at least 
component II corresponds. to iron a sites in which iron masnetic moments are col­
linearly ordered and aligned antiparallel to the external masnetic field vector. 

The non-zero intensit, of fl m • 0 lines of components Ia and Ib IPig. 9Bi is 

certa.1.nly direct evidenoe that iron macnetic moments are not aligned parallel to 
the h1pertine masnetio field direct10~. Bowever, this need not be necessarily 
treated as a proof of the non-Collinear ordering of the t • 1.5 sample. Since 
the component II has .been shown to be assigned to such .&-site positions which 
are occupied by iron a'toms with collinearly aligned magneUc momenta. it is 
rather unlikely that non-collinear1ty will occur for iron atoms with a nearest­
-neighbour shell less rich in macnetio a,olll8. !he diluUon process, which ef­
fects both the A and a sublatUces 121/. diminishes all int&l'-.aDd intrasublat­
tice macnetic couplings. proDably without aI11 distinot preference. The compoei­
tion t • 1.5 is vert near the oompensation point composition It .1.6/. i.e. for 
the t • 1.5 sample the A sublattice masneUsaUon only slightly surpass.. the a 
sublattioe masnetisation. A small external masnetio field of the order of a few 
kOe will caUse partial alignment of masneUc domains, if a collinear ordering of 
the sample is assumed. The. A-site masnetization will be approximatel, parallel, 
while the .&-s1te masneti.a~ion will be approximate11 antiparallel to the extel' ­
nal masnetic field vector. Therefore. the A-site masneUsaUon will be in. an 
equilibrium enel'(g' state, but the'&-site macnetisaUon will not. AA inorease in 
the value of Bert will Wbend" the ant1ferromasnetio coupling between the" and a 
&ublatUoe masneUsaUons 19.11,341. The lII8P,1eUo 1I0000ct vectors of the A and a 
sublatUoes ImA and JIll will lII.8ke the angles oC.A and 180 - o(.a with if re­ext • 

specUvely IPlg. 101. «'a 18 larger than O(,A sinoe IIA" ma. If a sample is oon­
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sidered as oomposed of small regions with various cation environments around the 
A and a sites, then the wide distribution of the ~~ and ~~ angles, now de­

soribing the directions of A and a magnetic moments in 
, 	 .",.. 

,these regions relative to Hext ' is expected. The result ­
....,l .-I ~ling magnetic moment of a given region m • mA + ilia and the 

angles ~~ and ~~ ~epend on the strength of the applied 
magnetic field. The observed effective hyperfine magnet­
io field ithf in a given crystallographi~ position is the 
vector sum Hhf "' Ko of the hyperfine field K '+ itext 	 o 
as observed in this position in zero applied field, and 
the applied external magnetic field H'ext. When Ho"" Hut 

,.1\ t hen the angles G(.A and G(.B close to,90 degrees will give
I \ 
1 \ 	 'Bhf values not much different from H while those closeI \ o 
I \ 

'A;...i \ 
I 
I 

Fig. 10. The orientation of tetrahedral and octahedral 
,magnetization vectors relative to !rut vector. 

to 0 degrees will give two well resolved Ze..an patterns. Intermediate situ­
ations are to be also considered while fitting the measured spectruIJI. The as­
sumption of non-collinear ordering of the t 1.5 sample has not given a satis­2 

factory f1 t I solid line in Fig. 9B/ of the components Ia and Ib even when a 
large portion of non-polarized magnetic domains was taken into account. The 
spectruIJI in Fig. 9B appears to be explained by the influence of Hext on the A 
and B magnetization vectors, as discussed above. In order to prove this inter­
pretation, Massbauer spectra are to be taken at 4.2 K in various external lIIag­

netic fields. The influence of Hext on 'the shape of Messbauer spectra, as re­
ported in 110/, is supposed to be explained b.J the interpretation discussed 
above. 

The results derived from 61Ni Messbauer spectra IFigs. 11-131 are compiled in 
Table II. For the t, = 0.2 and 1.0 samples Ni atoms were assumed to occupy only 
the B sites, while for the t c 1.5 and 1.9 samples the occupation of both the A 
and a positions by Hi atoms was taken into account in a fitting procedure. 

Table II. Results of data analyses based on the 61Hi spectra in Figs. 11-13. 
The symbols are the same as those used in Table I. 

t Hut (.II:Oe) IBfa)! (.II:Oe1 l~lB,a)1 (.II:Oe) IB(AlI (.II:Oe) 1~(B(A)J (leOe) 

0.2 	 0 94.5(0.9) 6.7(0.2) 

0 99.1(-0.2) 5.1(0.)
1.0 

60 161(2) 5.8(0.4) 
1.5 	 0 84.6(0.2) 7.2(0.4) 101.9(1.3) 0 


0 68.2(0.) 9.4(0.4) 87.0(1.3) 0

1.9 

60 59.7(0.)) 22.6(0.5) 1'1.4(0.9) 0 

.0. 
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Pig. 11. 61N1 spectra at 

ot N1Fe1.aAlO.204 IAI and 
NiFeo.5Al1.504 lEV. 
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'~1g. 12. 61 N1 spectra at 4.2 lC of l'U;e.u04 
in zero external magneUc field I AI and in 
a lOngitudinal external magnetic tield of 
60 tOe lB!. 

The h1pertine magnetic tields acting on 61Ni nu­
clei at the D sUes BIB! were tound to have 
values similar to those observed for other 
spinels /35/. The,. are smaller as compared with 
A-sih h1pertine-tields BlAI, which however are 
not so great as those reported in the literature 
/35/. Both fields decrease wUh diluUon t. the 
:S-sUe h1pertine fields fashr than the A-sih 
ones. The collinear ordering ot magneUc 180­

mente for the t • 1.0 sample was shown b1 taking 
a 61Ni spectrum at 4.2 lC in the 10ngitndinal ex­
ternal magnetic field Hext • 60 1t0e IPig. 12B/. 
This spectrum 18 interpreted as baing due to Ni 
atoms occup,-ins onl,- the D positions with mas­

61 ­
lig. 13. Hi spectra at 4.2 lC of Hileo.1Al1.904 
in zero external magnetic field / AI and in • 
longitudinal _external magnetic field ot 60 to• 

"')0 /BI. 



netio moments a11gned antiparallel to the exterQ8l magnetio field vector. !he 
But value was found to be added to the B-site h,ypert1ne field value and it 

,means that the sign of the B-site hyperfine field 18 negative. !he 61!f1 JI!ss­
bauer spectrum of the t • 1.9 sample measured in But. 60 leOe /Fig. 1.3B/ has 8 

peculiar shape which can not be well fitted assuming a collinear alignment of Ni 
magnetio moments parallel to the external magnetic field vector. It m81 reflect 
the influence of But on the ordering of the A. and B sublattice magnetizations. 
as has been discussed earlier for the 57'e spectrum of the t = 1.5 sample 
measured in But- 60 kOe. The comparison of spectra in Fig. 1.3 shows that Bext 

.diminishes the B-site ,hyperfine field /larger line intensity in the center of 
the spectrum/ and increases the A-site hyperflne field /amaller line intenSity 
in the outer parts pf the spectrum/. Taking into account that for the t '" 1.9 
sample mB"mA.' it m81 be concluded that the signs of hyperfine fields at B and 

• I
A sites are both negative. A. distribution of the angles ~A. and ~ has to be 

taken into account in order to get a satisfactor,J fit in Pig. 1.3. 


Further M!ssbauer effect investigations of'NiFe2_tAlt04 series are in 

p~gress. 

lI'e 	would 11ke .to thank Dr. W. Zarek for providing us with the samples. 
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