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The 60-cycle hysteresis loop of guanidine aluminum sulfate hexahydrate (G.A.S.H.) has been measured 
as a function of hydrostatic pressure. It was found that the spontaneous polarization P8 and the coercive 
field strength Ec increase with pressure. It could be shown that to a first approximation Pa and Ec are a 
function of the volume change alone, regardless of whether this volume change is obtained by hydrostatic 
pressure or by lowering the temperature. The measurements suggest that the shortening of the polar c axis 
causes an increase of the dipole moment along this axis. 

I. INTRODUCTION 

THE effect of hydrostatic pressure on the ferro­
electric properties of Rochelle salt has been 

measured by Bancroft1; the effect on BaTi03 by Merz2 

and by Forsbergh.3 It was found that in Rochelle salt 
the upper Curie point increases linearly with increasing 
hydrostatic pressure1 whereas in BaTi03 the Curie 
point decreases linearly under the influence of a hydro­
static pressure2 and increases under the influence of a 
two dimensional pressure.3 Since these two materials 
behave so differently it is of interest to find out how 
guanidine aluminum sulfate hexahydrate (G.A.S.H.), 
the newly discovered ferroelectric material,4 behaves 
under hydrostatic pressure. This is not only of general 
physical interest but the results might show whether 
G.A.S.H. can be grown in the nonferroelectric state in 
case the Curie point is lowered enough by pressure. 

II. EXPERIMENTAL RESULTS 

We measured the 60-cycle hysteresis loop of G.A.S.H. 
as a function of hydrostatic pressure up to about 
5000 atmos. A series of hysteresis loops taken at room 
temperature is shown in Fig. 1. It can be seen that the 
higher the pressure, the larger the loop, that is, both 
the spontaneous polarization Ps and the coercive field 
strength E6 increase with pressure. Furthermore, the 
shape of the loop changes from reasonably square to 
very round ones. 

By plotting Ps versus pressure p, we find that P8 

increases linearly with pressure (Fig. 2). We thus can 

write 

p =4880 

FIG. 1. 60-cycle hysteresis loops of G.A.S.H. under different 
hydrostatic pressures at room temperatures. 
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APS/PS = X'AP, (1) 

where APS is the change in spontaneous polarization, 
Ap the applied hydrostatic pressure, and x' is a con­
stant which has the value x'=10X10~""5 atmos-1. From 
this linear shift in Ps, we might conclude that in 
G.A.S.H. the Curie point moves upwards linearly with 
pressure if we assume that the polarization versus tem­
perature curve, PS(T), which has been published before,4 

moves uniformly with pressure. It seems therefore very 
unlikely that G.A.S.H. can be grown in the nonferro­
electric state by applying hydrostatic pressure. 

If one looks at the sequence of hysteresis loops shown 
in Fig. 1, one is immediately reminded of the changes 
of the loops which take place when the temperature is 
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FIG. 2. Spontaneous polarization P8 of G.A.S.H. 
as a function of pressure. 

lowered. In other words, it seems that Ps and Ec in­
crease with hydrostatic pressure like they do by 
lowering the temperature. Also the shape of the loops 
changes the same way. The question thus arises whether 
the shape and size of the loops are a function of volume 
change alone, regardless of whether this volume change 
is obtained by hydrostatic pressure or by a temperature 
change. 

We therefore write 

APs/Ps=-a(AV/V), (2) 

where AV is a volume change and a is a constant. We 
can determine a in two ways, first from compressibility 
data and second from thermal contraction data. Using 
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compressibility data, we can write for Eq. (2) 

APS/PS = -a(AV/V) = +aXAp= +x 'A#, (3) 

where x is the volume compressibility of G.A.S.H. and 
x' = G!x. Experimentally we found from Fig. 2 and 
Eq. (1) x ' ^ l O X l O - 5 atmos-1. The compressibility % of 
G.A.S.H. is not known. However, for order of magni­
tude comparison we can take the compressibility values 
of Rochelle salt, a material which is similar to G.A.S.H. 
in mechanical properties. Thus, with x==5X 10~6 a tmos - 1 

(value for Rochelle salt), we obtain 

« = xVx=20. (4) 

On the other hand, using thermal contraction data, 
we can write Eq. (2) in the following way: 

APs/Ps=-a(AV/V) = -ayAT=y'AT, (5) 

where AT is the temperature change, y is the volume 
expansion coefficient, and y'= —ay. Experimentally we 
find from the PS(T) curves which we published before4 

that 7 ' = — 5 X 1 0 - 3 degree-"1. This value is not very 
accurate because the PS(T) curve is not a straight line 
but shows some curvature. The thermal expansion 
coefficient 7 of G.A.S.H. is not known. If we again 
take the value for Rochelle salt which is 7 = 2 X 1 0 - 4 

degree-1, we obtain 

a = - 7 ' / 7 = 2 5 . (6) 

Expressions (4) and (6) thus show that we obtain about 
the same value for a both from the pressure and from 
the thermal experiment. The absolute values should of 
course not be taken too seriously since we had to assume 
values for x and 7. However, since these two values do 
not vary much for similar crystals, it appears that the 
order of magnitude of a~20-25 is certainly right. 
Thus, the assumption that the change in Ps is pro­
portional to the change of the volume seems to be 
reasonable. 

A similar comparison can be made for the changes in 
coercive field Ec as a function of hydrostatic pressure 
or as a function of temperature. We obtain a values of 
the same order. 

III. DISCUSSION 

The most interesting result obtained from this pres­
sure experiment is not the fact that the Curie tempera­
ture probably increases when pressure is applied, but 
the fact that the spontaneous polarization Ps increases 
appreciably. This result cannot be explained by the 
increase in density, that is by the increase of the 
number N of dipoles per unit volume because in that 
case the change of Ps would be 

APS/PS=AN/N= -AVIV, (7) 

whereas we observe a change which is about 20-25 
times larger. Thus by applying a hydrostatic pressure 
the dipole moments themselves become larger. This is 
an unusual behavior both for ferroelectric and non-
ferroelectric crystals. In nonferroelectric materials the 
polarizability of the ions usually drops when pressure 
is applied and thus the dielectric constant usually drops 
except in some cases where the increase in density 
overcompensates the drop in polarizability. In ferro­
electric materials the situation is complicated by the 
fact that additional changes in Ps can be caused by 
the high piezoelectric coupling. Rochelle salt does not 
show any measurable changes in Ps when hydrostatic 
pressure is applied,5 in contrast to the case of a two-
dimensional pressure in the y-z plane. In that case Ps 

drops very fast5 because of the extremely strong piezo­
electric coupling between Ps in the x direction and the 
shear stress in the y-z plane. BaTi0 3 behaves very 
similarly in that under hydrostatic pressure, Ps drops 
only a little since the Curie temperature drops by a 
few degrees.2 Under two-dimensional pressure, Ps in­
creases in BaTi0 3 owing to the high piezoelectric 
coupling between Ps in the z direction and the normal 
stresses along the x and y directions. 

In G.A.S.H. the piezoeffect is small, and G.A.S.H. 
seems to be an exceptional material in that the dipole 
moment increases appreciably when hydrostatic pres­
sure is applied. Since it shows a very pronounced 
cleavage plane perpendicular to the ferroelectric c-axis 
we can assume that the compressibility is largest along 
this axis. Thus it appears that the increase of the 
dipole moment along the c axis is caused by a shortening 
of the unit cell along this axis. An explanation for this 
very unusual result cannot be given before the details 
of the structure of G.A.S.H. are known. We can assume, 
however, that the components of the hydrogen bonds 
along the c axis are responsible for this behavior. This 
indicates that in G.A.S.H. the components of the 
hydrogen bonds along the ferroelectric axis have to be 
large and that they are directly responsible for the 
dipole moment. This would be in contrast to KH2PO4 
where the hydrogen bonds are perpendicular to the 
polar axis and only act as a trigger for the motions of 
the K and P ions6 along the c axis which in turn deter­
mine the dipole moment. 
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F I G . 1. 60-cycle hysteresis loops of G.A.S.H. under different 

hydrostatic pressures at room temperatures. 


