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STUDY OF COLLOIDAL SUSPENSION OF /3-FeOOH PARTICLES 

D .Hanzel , F .Sevsek 
J .  Stefan Institute , University of Ljubljana , Ljubljana ,  Yugoslavia 

In the 
)

resent work it is  shown that the Mossbauer spectra
of � -FeOOH( l can be

1 

fitted with theoretical spectra comp�ted using 
the model of ionic spin relaxation of Van de� Woude and Dekker( 2) . In 
this model the 

_
electronic s�ins are assumed to flip stochastically

between discrete Zeeman l evels due to the interaction with local 
fluctuating field . In order to simplify the calculation we considered 
the spin of iron to be S = 1/2 though the actual one is 5/2 . Sinc e  
only Sz = 1/2 ....,. gz :s -1/2 transitions are possible in this case the 
intensity distribution of Mossbauer peaks depends upon spin flip 
frequency .n in the following manner:  

· 2 2 . 2 
I(x) . = _ l A( 1- "1 ) + G( l+x -2-,x+A )

o ( l-x2 ) + A2( x-7) 2 + AG(x2+21x+l)
( 1 )  

where A =  <f.:°-)15 i s  the effective spin flip frequency , 1 magnetic 
order parametlr, G = 1/r 6 the re la ti ve natural line width , 2 6' the ener­
gy difference between the two states and x :s v /5. Supposing that ? « l  
and G m  O the positions o f  the peaks are given with 

2 1/2 
A2 .,, + ( 1 A2 . 

) -· 
.. , 1.· f A < 1 4 dx = 2( 2-K) ' ' an 

X = � 21L i! A > 1 ,  4 

_ ( 2)  

( 3) 

In the region of  slow relaxation rate A « l , each nuclear transition 
corresponds · to two lines at x = :t1 with the in�ensity r(!l) =.ft (iti�2
and the width : 2 r  = A( 1-a, ) .  Thus , the experimental spectra would 
have the peaks of equal intensity not taking into account the rela­
tive intensity ratio of 4 : 3 : 2 . The width of peaks is approximately 
inversely proportional to 6. When A and '? are small the two peaks 
corr�sponding to + 6 and - 0 are separated by A"!/1-A 2 • 

For the case that spin flip frequency becom�s comparable to 6 , 
more compl ex spectra are obtain�d . T·,io p eaks for eac h nuc les.r ti:·a.n­
s i  t i o n  are obtained i f  1? < 0 ,  3 and only one if  '7 > 0 ,  3.  :Por '"? = 0 and 
A =  1 the t�-10 p,::,3.ks app8ar  at x = ! 0 , 7  and have an intens i ty of  , .. ;, 0 
and a w idth .of o {2. '!'here for ,: the inn� r p�a':-:s in  spa.: tra ar� hL�he r 
And n�rrow�r th� n th� ou te r  on� s. Inc re� q i � �  .� . th0 p�a�n �� 'le 
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towards x a - '7 and their in­
tensity becomes I( -1) • 
• - f A/( 1- �2 ) .  The shape or
the spectra depends mainly upon 
J1., 6, and /1/ • Using the above 
derivation for the shape of the 
spec tra of 57Fe in � -FeOOH 
measured in temperature region 
77 to 250 K, it is observr·d that 
correlation frequencies are 
comparable with the LarmoT 
frequency. In order to  ob tain 
quantitative parameters of J1. , 
o, '7/ , a least square computer 
fit was made. For this  purpose 

we took into account the following parameters : the width of peaks 
0.4 mm/s, relative line intensity 4 : 3 : 2 ,  separation of the peaks 
o1 = 6.59 mm/s and o1 : o2 : o3 • l : 0 · 579 :.0 · 157 taken .from the spectra at 
77 K where fluctuation effect can be neglected. By treating the para­
meters of .0.. , 1 , and scaling factor as free in least square fitting 
of experimental Mossbauer data to equation ( 1 ), the electron spin 
flip frequencies .n were obtained as given for some typical spectra 
in the figure . 

The strong temperature dependence o f  the relaxation frequency 
can also be interpreted in terms of a fluctuation of the magneti­

zation vector between two easy directions of the superparamagnetic 
particle : iJ = v0 exp - (KV/kT )= Sl, • The spectra in the region 107-200K 
can correspond to the condition " ==- f; with the supposition that dis­
tribution of !requencies is caused by the distribution of volumes .  

Therefore we can conclude that both above relaxation theories 
• lead to a good understanding o f  the spectra of � -FeOOH. Van der

Woude treatment !its well the behaviour of superparamagnetic par-

t' ticles if the atomic spin flipping frequency is  ide
.
ntified with t: -l,

where , is  the relaxation time of the magne tization vector of the 
particle . 
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