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Rdsum6.- Nous avons mesurd la chaleur specifique C des compos6s B ~ C O ~ ( A ~ O ~ ) ~  et B ~ C O ~ ( P O ~ ) ~  
qui prCsentent un ordre hdlimagndtique quasi-bidimensionnel (2-D) du type X-Y. Pour T<2 K, 
C est proportionnelle P T' confomdment h la theorie des ondes de spin. A plus haute temp+ 
rature C a un comportement exponentiel caractdristique d'une barriPre de potentiel. La cha- 
leur spdcifique de BaCo2(As04);! prssente une anomalie lambda dtroite P TN = 5,29 K tandis 
que pour B ~ C O ~ ( P O ~ ) ~  on observe seulement un maximum arrondi vers 5,5 K. 

Abstract.- We measured the magnetic specific heat of two quasi-two-dimensional (2-D), XY 
helimagnets, B ~ C O ~ ( A S O ~ ) ~  and BaCo~(P04)~. At temperatures T<2 K, C is proportional to T~ 
as expected from spin wave theory. At higher temperatures C has an exponential form charac- 
teristic of a potential barrie~. The specific heat of BaC~~(AsO~)~exhibits a sharp anomaly 
at TN = 5.29 K whereas only a bump is observed around 5.5 K in B~CO~(PO~)~. 

INTRODUCTION.- The isomorphous compounds BaCo2(As0& sist. 

and &Co2 crystallize with a rhomtohe&al mchrre 

(space group R?) / l/. The CO 2+ ions are located in 

a honeycomb lattice with a parameter a/& = 2.89 ;( 

and 2.80 respectively; the large distance between 

neighbouring magnetic planes (c/3 = 7.82 and 

7.73 L )  is suitable for a quasi 2D-magnetic beha- 
viour. Magnetic measurements on single crystals 

/2,3,4/ have shown that the magnetic moments lie 

within the basal plane (X-Y model). Neutron dif- 

fraction experiments /2,3,4/ have evidenced a pla- 

nar helical magnetic ordering, incommensurable for 

Bac0~(As0,,)~ (3 =[0.261,0,-4/37) and nearly com- 

mensurable for BaCo2 (P01+)2 (+k = [0.252,0,1 /a ) . 
The interplanar magnetic coupling is non collinear 

but comrmensurable with the lattice. In this paper 

we report low temperature specific heat measure- 

ments in order to precise the phase transition and 

the 2D magnetic interactions. 

RESULTS.- The specific heat experiments have been 

done on sintered polycrystallin samples. The non 

magnetic compounds BaMg2 (As% and BaMg2(P04)2 

have been measured in order to determine the latti- 

ce contributign. The results obtained for the four 

compounds are reported in figure la. A sharp 

lambda-type anomaly is observed at TN = 5.29 K for 

BaCo p(AsO$ whereas for BaCo2(POq) 2 only exists 

a rounded maximum near 5.5 K. Above the transition 

temperature an important magnetic contribution is 

present indicating that strong correlations per- 
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Fig. I : Specific heat 0fBaCo~(As0~)~, ~ a ~ g ~ ( A s 0 4 ) ~  
(la) and BaCo Z(PO$ 2, BaMg2(P04)2(lb). In inset is 
drawn the magnetic structure. 

Neutron experiments on BaCo2(As04)2 single crystal 

/4/ have shown an abrupt decrease of the staggered 

magnetization at TC = 5.33 K and the existence of 

2LFcorrelations up to 40 K. In order to analyse 

the analyse the magnetic contribution to the spe- 

cific heat C we have plotted in figure 2a c,/T~ 

versus T. Below T = 2K a Cm = AT2 law is observed, 

the parameters A are given in table 1. However 

above T = 2K the specific heat increases much fas- 

ter than a Tzlaw. This additional contribution 

has in fact an exponential temperature dependence 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19786339

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19786339


(figure 2b) and Cm can be written : cm=~T2 + Bf(T)e 
-A/T 

Fig. 2 : cm/T2 versus T plot (2a) and semi-log plot to evidence 
the exponential contribution (2b). 

The exponential behaviour does not allow The observation of botha power and an expo- 

us to determine uniquely the function f(T). Some nentiallaws is unusual for magnetic systems ; 

fits are given in figure 2b for a function ~(T)=T-" however this behaviour has been observed for su- 

with 11 P 1,3/2, 2 ) .  the corresponding parameters perfluid helium where the exponential contribution 

are reported in Table I. arises from the roton excitations. 

Table I : Specific heat parameters DISCUSSION.- The term in T? can be accounted for 

by spin wave excitations. Spin waves in a helima- 

gnet have a linear dispersion law, for small wave 

vector, which give rise to a low temperature spe- 

cific heat proportional to TD, where D is the ' 

lattice dimensionality. So the T~ law means that 

for low temperatures spin waves propagate only 

within the magnetic planes, indicating that the 

interplanar coupling is very weak. Using the 



exchange i n t e g r a l  r a t i o s  determined i n  /2 /  f o r  

BaCo2(As01+)~ (J2/J1=0.12, J3/J1=-O.51), t h e  

A-coeff ic ient  can be  accounted f o r  q u a n t i t a t i v e l y  

wi th  J1 = 49 K. The exponen t i a l  c o n t r i b u t i o n  

observed above 2 K  is  very  s u r p r i s i n g  i n  t h e  pre- 

s e n t  system (because o f  t h e  cont inuous  magnetic 

syrwetry)  and cannot be expla ined by o t p i c a l  ma- 

gnons, which vould l e a d  t o  a too l a r g e  energy gap 

(A = 130 K) .  Yet o t h e r  types  of  e x c i t a t i o n s  can 

appear  i n  the  system i f  we no te  t h a t  t h e  magnetic 

s t r u c t u r e  can be  desc r ibed  by quasi - fer romagnet ic  

cha ins ,  coupled toge the r  n e a r l y  a t  90°. The cou- 

p l i n g  between neighbouring cha ins  is ve ry  weak 

and the  magnetic e x c i t a t i o n s  c o n s i s t  i n  tu rn ing  

t h e  moments of  segments o f  cha ins .  

These e x c i t a t i o n s  look l i k e  s o l i t o n s  and 

may be compared wi th  v o r t e x  e x c i t a t i o n s  which have 

been p red ic t ed  i n  2D-XY magnetic systems. 
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