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Piezoelectric, Dielectric, and Pyroelectric Constants of LiH3(SeO3)2 

BY DON B E R L I N C O U R T ,  W. 1:~. COOK,  JR., AND ~[ARY ELLEN RANDER 

Electronic Research Division, Clevite Corp., Cleveland, U.S .A .  

(Received 28 August 1961 and in revised form 14 May 1962) 

The complete sets of dielectric, piezoelectric, and pyroelectric constants and a partial set of elastic 
constants are given for ferroelectric lithium trihydrogen selenite, the first crystal of monoclinic class 
m for which such data  have been obtained. The ferroelectric moment  is 15/~coul/cm/ directed 3 ° 
from the normal to the (001) plane. I t  decreases by 6"6% in magnitude and shifts to an angle of 1.1 ° 
at  85 °C. The two principal axes of the dielectric tensor in the symmetry plane are nearly 45 ° from 

t ! t the ferroelectric axis and the principal dielectric constants are Q/e0 = 13.0, %/e0 = 12.9, and e3/e 0 --46. 
The strongest piezoelectric effect is given by a constant d~a =46 x 10 -12 coul/newton relating to a 
direction about 60 ° from the ferroelectric axis. Prolonged application of a strong d.c. electric field 
parallel to the ferroelectric axis reverses the sign of all piezoelectric constants but  leaves the magni- 
tudes unchanged confirming that  the non-ferroelectric reference structure has symmetry 2/m. 

Introduction 

Li th ium t r ihydrogen selenite LiHs(SeOa)2 is a ferro- 
electric crystal  of s y m m e t r y  class m (Pepinsky & 
Vedam, 1959; Vedam, Okaya  & Pepinsky,  1960) with 
the  only s y m m e t r y  element a plane which mus t  con- 
ta in  the ferroelectric direction. The other  monoclinic 
crystal  classes, class 2 and  class 2/m, have respectively 
a two-fold axis and  a center of symmet ry .  The former 
is a piezoelectric class, and  it m a y  be ferroelectric 
wi th  the ferroelectric axis along the two-fold axis. 

There are ten  independent  piezoelectric constants  
in a class m crystal  and eight in a class 2 crystal .  The 
nonzero constants  for one correspond to those which 
vanish for the other.  Piezoelectric measurements  
have  been made  for several class 2 crystals  (Mason, 
1946; Bechmann,  1959), bu t  none have  previously 
been made  on a crystal  of class m. 
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:Fig. 1. Choice  of o r t h o g o n a l  a x e s  fo r  l i t h i u m  t r i h y d r o g e n  
se len i te .  

We choose here the normal  to the s y m m e t r y  plane 
as :Y-axis, and  following Pepinsky & Vedam (1959), 
the  normal  to the (001) cleavage plane as Z, (Fig. 1), 
a l though this l a t te r  definition does not  conform to a 
suggestion in the I R E  Standards on Piezoelectric Crys- 
tals (1949).* 

* T h e  d ie lec t r i c ,  e las t ic ,  a n d  p i ezoe l ec t r i c  t e n s o r s  a r e  
i d e n t i c a l  in f o r m ,  b u t  t h e  v a l u e s  of  t h e  c o n s t a n t s  a r e  d i f f e r e n t  
( b y  a 15 ° r o t a t i o n  a b o u t  Y).  

Measurement  procedure 

All piezoelectric measurements  were made  on eight 
oriented bars  using the resonance m e t h o d  ( I R E  Stand-  
ards, 1957 and  1958). Each  bar  was approx imate ly  
15 ram. long, 3 mm.  wide, and  1 ram. thick,  with silver 
electrodes on the  3 by  15 mm. faces. Orientat ion of 
each bar  was within _+2 °. Wi th  thickness Z'  and  
length X' ,  the piezoelectric coupling factor  k~l is given 
by" 

: ( a 3 1 ) ' / ( F _ , 3 3 8 1 1 )  , (1) 
o r  

t 2 t 2 
(kal) /(1--(k31) )-=½~(fa/fr) t an  (½~(Af/fi)), (2) 

where 
s'~---1/(4Qfl2) , (3) 

and  

f i  = fundamenta l  resonance frequency,  
fa = fundamenta l  ant iresonance frequency,  

Af =fa--fr, 
1 = bar  length, and  
e -- densi ty  = 3-391 g.cm.-3. 

Descriptions of the  bars  are l isted below" 

1) Length  Y, thickness X. 
2) Length  Z, thickness X. 
3) Length  X,  thickness Z. 
4) Length  Y, thickness Z. 
5) Length  in X Y plane, 45 ° between + X and + Y, 

width  Z. 
6) Length  in Z:Y plane, 45 ° between + Z  and  - Y, 

width  X. 
7) Length  in Z X  plane, 45 ° between + X  and  + Z ,  

width  Y. 
8) Length  in Z X  plane, 45 ° between + Z and  - X ,  

width Y. 

d12, d18, d31, and  d3~ were directly determined from 
d~l for bars 1), 2), 3), and  4) respectively. For  bar  5) 
d~i=-¼1/2((dll-d26)+d12)}, so from bars 5) and 1), 
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the constant (dn-d~6) is obtained. For bar 6) d'  3 1  - - "  

¼V2{(d38-d24)+d3~}, so from bars 6) and 4), the con- 
s tant  (da3-d24) is obtained. For bar 7) d~l= 
¼V2{-(d3a-d~5) +d~3-da~ + (dn-d35)}, and for bar 8) 
d~ --- -¼~/2{(d~3-d~5) + d~,~ + d3~ + (dn-d35)}. From 
bars 7), 8), 2), and 3), the constants (d33-d15) and 
(tin-d35) are obtained. Bars 1) and 4) were subjected 
to a calibrated hydrostatic stress, and the short- 
circuit outputs were measured {dt,=(aD/aTh)~}. For 
bar 1) d~ = dn + d~. + d~, and for bar 4) d~ = d~ + 
da~. +daa. This allows separation of the four combina- 
tions ( d n -  d~6), (dsa- de4), ( d ~ -  d~), and (d~ - da~). 
The signs of the piezoelectric constants d'  a~ for bars I) 
through 8)and the signs of the hydrostatic d-con- 
stants for bar i) and 4) were determined from pressure 
tests. 

Pyroelectric effects in lithium trihydrogen selenite 
include a change in the direction as well as the magni- 
tude of the polarization with temperature. There is no 
unique direction of the polarization vector, symmetry 
merely requiring that it be in the mirror plane. 
Pyroelectric effects (constant-stress) were measured 
on (101) and (I01) plates, whose normals make angles 
of 34 ° 16' and 47 ° 24' respectively with Z. These 
plates were poled and then successively heated in 
steps to 40, 55, 70, and 85 °C. while connected in 
parallel with a 0.1 /if Capacitance and an electronic 
electrometer. Coercive field and remanent polariza- 
tion values of these plates were measured at 25 °C. by 
means of charge-field hysteresis loops. The angle 0 by 
which the polarization at  25 °C. deviates from + Z  
toward + X was then determined using the following 
relationships : 

P(lO1)/P(lO1)=cos (0434  ° 16')/cos (47 ° 2 4 ' - 0 ) ,  (4) 

and 

Ec(lO1)/E~(lO1)=cos (47 ° 24 ' -0 ) / cos  (0434  ° 16') .  (5) 

÷ Z  

In  this work it  was found tha t  the piezoelectric re- 
sponses of a plate normal to the Z- and the X-axes 
could be quanti tat ively reversed by exposure to elec- 
tric potentials of opposite polarity. This was shown by 
measurement of the signs of the piezoelectric charges 
developed on the faces perpendicular to Z by com- 
pression along X, Y, and Z(d31, d32, d33), and the signs 
o~ the p~ezoelectr~e charges developed on the ~aces per- 
pendicular to X by compression along X, Y, and 
Z(dn, d~, d18). In  each of the six cases the sign with 
respect to a given face was reversed by reverse poling 
along Z. By accurate resonance measurements it was 
shown tha t  the magnitudes of these piezoelectric 
constants are not changed by reverse poling. From 
this it was concluded, in agreement with Vedam, 
Okaya & Pepinsky (1960), tha t  the reference structure 
midway between the two equivalent ferroelectric con- 
figurations is class 2/m, has a center of symmetry,  

CONSTANTS OF LiHa(SeOa) 2 

and hence is not piezoelectric. This is in contrast to 
the case with Rochelle salt, which is ferroelectric of 
symmetry  class 2 between its two Curie points (Jaffe, 
1937). In  the absence of ferroelectricity, as above the 
upper or below the lower Curie point, its symmetry  
class is 222. Ferroelectricity in Rochelle salt enhances 
the piezoelectric effect in the strong face shear mode 
excited by an electric field along the ferroelectric axis, 
but is not the basis for it. I t  is, however, the basis for 
the weak extensional modes excited by a field parallel 
to the polar axis, and these disappear at  temperatures 
above the upper and below the lower Curie points. 

R e s u l t s  a n d  d i s c u s s i o n  

The piezoelectric g- and d-tensors and the dielectric 
tensor are shown in Table 1. Three elastic constants 
and four combinations of others were also obtained. 
These are s~1=2"94, sE2=3"41, sea=8"67, 2S~2+sE6 = 
2 0 . 7 ,  = 2 3 . 6 ,  + 7 .5 ,  a n d  = 
10"8, all in 10 -11 m2/newton. 

Table 1. Piezoelectric and dielectric tensors for 
LiH3(SeO3)2 

10 -12 coulombs/newton or l0 -12 meters/volt 
d-tensor 

+23.2 --22.3 --12.1 0 --46.6 0 ] 
0 0 0 -- 12.8 0 -- 14.6 

--18.4 +5.5 +19.9 0 +53.2 0 

e T/so.tensor e0f t T-tensor 

[ 29066 0 --16.5] [0.0493 0 0-02771 
12.9 0 0 0.0780 0 

-- .5 0 29.4 0.0277 0 0-0495 

Volt meters/newton or meters~/coulomb 
g-tensor 

+0.0778 --0.107 --0.0051 0 --0.0935 ~1 ] 
0 0 0 - -0 -113  0 - - 0  29 

--0.0302 --0.0391 +0.0734 0 +0.152 

0 

40 

R e v e r s i b l e  p i e z o e l e c t r i c i t y  i n  L i H a ( S e O a ) 2  

+ x  

Fig. 2. e'~/eo versus orientation in XZ plane of lithium 
trihydrogen selenite. 
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' T  :Fig. 2 is a polar  plot showing e83/e0 as a funct ion 
of or ientat ion in the  X Z  plane. The dielectric ellipse 
in this plane is shown in :Fig. 3. The principal axes 
are also noted in :Fig. 3; the  m a x i m u m  permi t t iv i ty  
occurs over 45 ° a w a y  from the ferroelectric direction. 

polarization, directed 3 ° from + Z  toward  + X  in 
the Z X  plane at. 25 °C. The t empera tu re  var ia t ions in 
magni tude  and direction of the polarization, calculated 
f rom pyroelectric measurements  on these plates are 
shown in Fig. 5. 
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Fig. 3. Dielectric ellipse in X Z  plane of lithium 
trihydrogen selenite. 

Q1X ~ + ea3Z 9 + 2QaXZ = s 0, or 
e ' l lX  "2 + e'33Z "~ = % 
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Fig. 5. Magnitude and direction of remanent polarization 
versus temperature for lithium trihydrogen selenite. 0 meas- 
ured from +Z toward + X  in X Z  plane. 
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Table 2. Lat t i ce  cons tan t s  f o r  LiH3(SeOa)2 
at  25 and 80 °C. 

a = 6.2534+0.0005/~ 
b = 7.8830+0.0002 
c = 5.4335+- 0.0011 
/~ ---- 105 ° 18.6"+_0.6' 

Density: 0 = 3.391 g.cm. -a 

a ---- 6.2711_+ 0.0008/~ 
b = 7.8944+--0.0003 / °C" 
c ---- 5.4371 +_0.0021 80 at 
fl =- 105 ° 25'_+2½' 

(Pepinsky & Vedam, 1959) 

6"25s / 
7"886 at 25 °C. 
5.433 

105.2 ° 

Lat t ice  constants  for l i thium t r ihydrogen  selenite 
are shown in Table 2 for 25 and  80 °C. :For these 
measurements ,  the  crystal  was oriented in a par t icu la r  
plane within  a few minutes  of its surface. These planes 
were (100), (010), (001), (101), and  (i01). Orders of 
reflection were measured  using Cu radiat ion,  and  the  
values were ex t rapo la ted  to sin 9 0 = 1. 

Fig. 4. g'3a and d'aa versus orientation in X Z  plane of 
lithium trihydrogen selenite. 

Fig. 4 is a polar  plot showing d '  33 and  g3a as functions 
of or ientat ion in the  X Z  plane. This shows t h a t  the  
m a x i m u m  longitudinal  or parallel  response (dja= 
46 × 10 -12 coul/newton) is not  associated with the  di- 
rection of the  polarization. There is considerably more 

d'  an iso t ropy  in the  short-circuit  (33) t h a n  in the open- 
circuit (g~a) longitudinal  response. 

Measurements  of hysteresis loops on the (101) and  
(101) plates led to a value of 15 #coul/cm. 2 for the  
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