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ABSTRACT 

4- 2-
Two distinct radical species (AsO )̂ and (AsO.) created by i r ­

radiation in crystals of ND,D_AsO, (OADA), clearly undergo (taking into account 
the deuterons) the following chemical reaction : 

.2-AsO-D +0D t Z As0 4D 2 

The effect occurs at the antiferroeiectric-paraelectric phase tran­
s i t ion of the compound. I ts essential feature i s that the reaction is cotnple-
tely reversible i . e . that i t can b e triggered by the phase transition. This 
phenomenon i s also observed on the same radicals in NH.H-AsO, (ADA). 

I 

A curious phenomenon! (]) has been clearly observed in single crystals 
of ND.D-AsO,, a member of the KDP family, during EPR and ENDOR studies of ra­
dical defects created by irradiation in the arsenate salts of this family. 

It corresponds to the fact that, between two types of distinct ra-' 
dicals identified by ESR, ..amely the (AsO,) and the (AsO.) radicals, there 
occurs a chemical reaction which happens in a reversible way (i.e. that its 
direction is determined by the direction of passage of the Curie point 
- Tc»31*C r) at the phase transition between the antiferroelectric and para-
electric phases of the crystal. 

The reaction is the following (taking into account the deuterons) : 
antiferroelectric—» paraelectric phase.. 

As0 3D • OD" ̂  * 
paraelectric antiferroelectric phase 

AsO-D, 

that is, an hydroxyl ion 0D~ can be detached from or rear, ached to the 
remaining (AsO-D) radical ion. 
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The following table shows the relative concentration of the two 
types of radicals in the two phases of four different DAM crystals. These 
concentrations have been measured by double integration of the ESR lines 
corresponding to the different radicals. 

CRTSTAL 

«OJ 
. F . plies* 

(fc) 

P. phot» 

CRYSTAL 2 CRYSTAL S 

K.f. phase 
(&> ii tft.) 

P. phase jlA.F. phase 

CRYSTAL * 

(Ai 

P. phr>e j U . f . phase 
(«J 

P. phase 

t 1AS0 4 ) radicals 
I 

2 0 * 63 % 31 t at » < 73,5 t I 25 J 67 J 

f CAsO.r radicals tot .35 S 69 t 38* 1̂ 1 26,5 ï g 75 f 33 J 

(a) The measurement temperatures are 25*C (A.F. phase) and 38*C (P. phase), 
close to T c but sufficiently far away to be out of the range of temperature 
where hysteresis of the Curie point occurs. 

We must notice that this reaction is reversible in the sense that 
it can be reversibly triggered by the phase transition (and repeated indefini­
tely in both directions), but that it is different from what is called usually 
* reversible chemical reaction. In effect, in usual chemical reactions, the 
dissociation occurs when, at sufficient temperatures, the thermal energy of 
agitation of the two bonded atoms overcomes the internal binding energy of 
the two atoms, which is a relatively continuous process with temperature. In 
our case, the process is radically different : it is the entire crystalline 
network which, at the phase transition, drives away in a stepwise process 
the two atoms of the radical defect undergoing breakage. Thus, the dynamics 
of the chemical reaction is here completely determined by the physical pro­
cess i.e. the local effects of the phase transition at the vicinity of the 
radical. 

Several comments have to be made concerning this effect. 

We have found an effect corresponding to a somewhat unexpected 
connection between two types of phenomena which are unrelated a priori i.e. 
phase transitions and chemical reactions. However, there exists a common 
feature to the phenomena in our case t ferroelectric or antiferroelectric 
phase transitions must involve atomic displacements which are, of course, 
necessary in .such a chemical reaction. But, at first sight, there seems to 
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exist a disproportion between the two types of phenomena, in particular 
concerning the magnitude of the atomic displacements expected in a chemical 
reaction and in a phase transition. 

The fact that this does not appear to be the case here can receive 
several explanations : 
- First, we must remark, that the effect is observed on defects which are 

-3 -4 diluted in the crystal at concentrations of order of 10 - JO M. 
- Secondly, we think that favourable chemical conditions exist in these 
crystals which can facilitate the occurrence of such a reaction. Looking 
at the Periodic Table, we can observe in effect that the Arsenic atom re­
presents in its column an intermediate situation where the coordination 
three and four with oxygen are both possible. This signifies that a fourth 
oxygen atom can be easily bound.to, or released from, the AsO^ entity. 

- Thirdly, we think that relatively large atomic motions are less unexpected 
in hydrogen-bonded crystals than in other types of solids. Moreover we must 
point out that the large atomic displacements which must be involved in the 
course of the chemical reaction can be provided by the large amplitude 
fluctuations occuring in the critical temperature range of the transition. 
This is also supported by the face that the chemical reaction is occuring 
essentially _in the phase transition itself but that it begins to happen 
close to the transition, the graphs of concentration with temperature 
beginning to be curved in the approach of the transition, especially in the 
antiferroelectric phase. 

Such an effect is also present in the other arsenate salts of the 
KDP family. It has been observed in KDA (2), where it happens only between 
certain particular varieties of the (AsC%)4~ and (As03>2~ radical. We have 
also observed that this reversible reaction exists also in ADA (3), where 
there is a marked increase of concentration of the (AsO,) radicals when 
passing from the antiferroelectric to the paraelectric phase of the crystal, 

2— and a consequent decrease of the (AsO.) radical. However, the effect seems 
not as clear and simple in this cast: than for the case reported above in 
DADA crystals. 

(1) B. LAMOTTE, Solid State Communications, in press 
(2) J. GAILLARD and P. GLOUX, Solid State Communications, in press 
(3) B. LAMOTTE, to be published. 


