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THE THREE DIMENSIONAL MAGNETIC STRUCTURE OF CsNiF3: COMPARISON 
OF THE MEASURED SHORT RANGEORDER WITH DIFFERENT MODELS 
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(Received 4 April 1972 by E.F. Bertaut) 

The neutron-diffraction below 4K from a CsNiF3-single crystal shows 
a N4el-point at 2.6SK. The three dimensional order and the tempera- 
ture dependence of the sublattice magnetization is discussed. 

In the second part the already published experimental data for 
the susceptibility 1,2 and the correlation length are compared with 
different models. The discrepancy between the experimental and the 
theoretical data is briefly discussed. 

I. NEUTRON DIFFRACTION FROM SINGLE 
CRYSTAL AT T < 4.2K 

AT T = 1.74K the following magnetic Bragg- 
peaks were found (indexed in the chemical cell): 

(1/2,0,0), (3/2,0,0) 

(- 1/2,1,0) 

The ( - I /2 ,1 /2 ,0)- ref lec t ion is absent. The 
(I/2,0,0)-reflection was found every 60 ° rotating 
the single crystal around the c-axis. This fact 
shows the existence of domains according to the 
hexagonal c-axis. From these magnetic reflec- 
tions one can deduce the magnetic order; its 
projection onto the a-b-plane is shown in Fig. I. 
The ferromagnetic order in the c-direction still 
exists. Therefore the three dimensional magnetic 
order is built up by ferromagnetic planes, which 
are coupled antiferromagnetically. This order is 
typical for systems with strong dipolar forces. 
The magnetization also shows that dipolar forces 
are important in the three dimensionally ordered 
CsNiFs" 3 

Figure 2 shows the temperature-dependence 
of the integrated intensity for the (1/2,0,0)- 
reflection. These measurements show a N6el- 
point at 

~V = 2.67K + 0.05K 

on a relative scale. The absolute error may be 
about _+ 0.1K. A recent specific heat measurement 
done by Lebesque 4 shows a N4el-point at 

T N = 2.61K +- 0.01K, 

which is in good agreement with the neutron 
diffraction result. 

Fitting the neutron diffraction data to a power 
law of the form 

I/1o = (TN - T ) 2 ~ / T  m 

one finds for 1.74K-< T ~< 2.45K 

# : 0.3 

and for 2.45K < T < 2.64K 

# = o .s .  

From the low temperature region a value for 
= I(T = OK) is found, which corresponds to a 

magnetic moment per Ni2+-ion of 2.25~z B. This 
value is in good agreement with the saturation - 
moment per ion found from the magnetization 
measurements of 2.2/z B. 2 

The deviation of /~ from the expected value 
1/3 in the temperature-range 2.45K < T ~ 2.64K 
perhaps depends on the highly developed 
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FIG. 1. Three dimensional magnetic order projected onto the a-b-plane. 
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FIG. 2. Temperature-dependence of the integrated 
intensity for the (1/2,0,0) magnetic Bragg-peak. 

ferromagnetic short range order, which leads to 
strong dipolar forces.  But the determination of 
/~ must be done with more accuracy by new 
measurements to d i scuss  this problem in more 
detail. 

2. COMPARISON OF THE SUSCEPTIBILITY 
AND NEUTRON DIFFRACTION DATA FOR 
T > 5K WITH DIFFERENT THEORETICAL 
MODELS FOR THE FERROMAGNETIC LINEAR 
CHAIN 

i. The suscept ibi l i ty  data are compared with 
the resul ts  for the MFA, the c lass ica l  Heisenberg 
model, the c lass ica l  planar Heisenberg model and 
the Ising model for S = 1. 

(a) MFA 

The MFA-results are identical  with the high- 
temperature expansions of the linear models. 

Using the formulas given by Domb and 
Miedema s the experimental data for T >t 100K 
give an effective moment of 

/~df = 3.6 

and an averaged exchange interaction [/kMF A of 

I/kMF A = 3.5K 

//kMF A should be the interaction in the chain, if 

the interchain-interaction is small compared with 

the intrachain-interaction. 

(b) l s i n g  model  with S = 1 

Using the formula of Obokata, s Oguchi or 
Suzuki et al .  7 the experimental data for 
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7K ~ T ~<40K give 

[/kt, s = 2.5R. 

(c) Classical Heisenberg model 

Fisher ' s  formula s gives with the experimental 
data for 7K ~ T ~ 40K 

l/kH, s = 6.5K. 

(d) Classical planar Heisenberg model 

Using Wegner's formula for the pair correla- 
tion 9 one can calculate the susceptibility. A fit 
for l / k  gives 

[/k~H.s = 7K. 

All results for the intrachain-interaction evaluated 
from the susceptibility-measurements are shown 
in Table I. 

Table 1. I /k evaluated from the susceptibility 
with different models 

Model I /k  [K] 

MFA 3.5 
Ising, S = 1 2.5 
Class. Heisenberg 6.5 
Class. planar Heisenberg 7.0 

2. From the neutron-diffraction data measured 
in the one-dimensional temperature-range 
4K < T ~< 1SK the correlation length in the ferro- 
magnetic chains were evaluatedJ ° These correla- 
tion lengths are compared with the Ising model, 
the classical  Heisenberg model and the classical  
planar Heisenberg model using the pair-correlation 
function. 

(a) Ising model with S = 1 

Using the formula of Lieb, Schultz and 
Mattis 11 with S = 1 the experimental data give 

I / ~ c  = 4.1K. 

(b) Classical Heisenberg model 

Fisher ' s  formula for the pair-correlation 
function s gives 

l/ka, c = 19.SK. 

(c) Classical planar Heisenberg model 

Wegner's formula for the pair-correlation 
function 9 gives 

l/kpH.C = 18.1K. 

In Table 2 all results for l /k  are shown together. 

Table 2. Values for I/k for different models 
evaluated from different experimental methods 

Susceptibility 

Correlation length 

Model l /k  [K] 

MFA 3.5 
Ising 2.5 
Heisenberg 6.5 

Planar Heisenberg 7.0 

Ising 4. i 
Heisenberg 19.5 
Planar Heisenberg 18. I 

DISCUSSION 

The first point, which should be emphasized, 
is: the MFA and the Ising model for S = I give 

nearly consistent values for I/k from the sus- 
ceptibility and from the correlation length, where- 

as the Heisenberg model gives very divergent 
values for I/k from the susceptibility and the 
correlation length. The second point is: the 

results of the fits show 3 that in both cases the 

Heisenberg model describes the functional de- 
pendence over a great temperature-range quite 
well, whereas the Ising model fits the experi- 

mental data only in a small temperature-range. 

Although the Ising model gives consistent 
values for l /k ,  one cannot say that the Ising 
model describes the one dimensional order in 
CsNiF 3 , because the anisotropy measured in the 
magnetization 2 is typical for the planar 
Heisenberg model. Therefore the discrepancies 
in the values presented above for the intrachain 
interaction indicate that other effects like dipolar 
forces and perhaps a three dimensional short 
range order are important. New and more accurate 
measurement of the short range order and new 
theoretical calculations are necessary to explain 
the ferromagnetic short range order in CsNiF 3. 
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Es wird fiber aeue Ergebnisse  der Neutronenbeugung bei Tempera- 
turen unter 4K berichtet.  Diese Messungen ergeben einen N6el- 
Punkt bei 2,65K. Die dreidimensionale Ordnung wird diskutiert.  

Im zweiten Tell  werden frfiher verSffentlichte experimentelle 
Ergebnisse  ffir die Suszeptibili t~t und Korrelationsl~nge mit 
theoret ischen Aussagen fiir verschiedene Modelle verglichen. Der 
Unterschied zwischen theoret ischen und experimentellen Aussagen 
wird diskutiert.  


