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v e r y  feeble p iezoe lec t r ic i ty  b u t  also d i rec t ly  wi tness  t he  
po la r i ty  of the  p h e n o m e n o n .  The  po la r i t y  m a y  be d e d u c e d  
by  c o m p a r i n g  the  osci l lograms o b t a i n e d  by  press ing the  
c rys ta l  f irst  on one side a n d  t h e n  on the  oppos i te  side. 
W e  see, for example ,  t h a t  a phase  shif t  of j u s t  180 ° 
t akes  place in t he  osc i l lograms of t o u r m a l i n e  pressed  in 
this  w a y  (Fig. 1 (a), (b)). The  po l a r i t y  is f u r t h e r  e v i d e n c e d  
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Fig. 1. Oscillograms of tourmaline (a) on a face (00.1); (b) on 
the face opposite to (a); (c) two slips (00.1) superimposed, 
the same sides of (00.1) being in contact;  (d) two slips (00.1) 
superimposed, the different sides of (00.1) being in contact.  

b y  t he  tes t  as fol lows:  W e  cu t  t he  spec imen  in to  two 
pa r t s  a n d  exe r t  the  pressure  on t h e m ,  super impos ing  t h e m  
so t h a t  f irst  t he  same  a n d  t h e n  the  d i f fe ren t  sides come 
into  con tac t .  W h e r e a s  w i t h  t he  l a t t e r  a r r a n g e m e n t  we 
ob ta in  an  osci l logram (Fig. l(d)) iden t ica l  w i t h  one of 
the  single slips, w i t h  t he  fo rmer  we observe  t h a t  t he  
charge  has  van i shed ,  t he  two  oppos ing  charges  be ing  
c o m p e n s a t e d  (Fig. l(c)). This  tes t  is especia l ly  useful  
w h e n  the  charge  deve loped  is ve ry  small  a n d  we c a n n o t  

tell  w i t h  c e r t a i n t y  t h a t  i t  a c t u a l l y  arises f rom piezo- 
e lec t r ic i ty .  W e  have  d e t e r m i n e d  t h u s  t h a t  h a r m o t o m e ,  
Ba2Sil~A14Os2.12H20, is def in i te ly ,  t h o u g h  v e r y  weak ly ,  
piezoelectr ic .  

The  m e t h o d  can  be used  on a n y  t i ny  c rys ta l  f r a g m e n t  
to  w h i c h  the  pressure  h e a d  (needle) of the  v ib r a to r  can  
be appl ied .  (This m a y  e v e n t u a l l y  be m a n i p u l a t e d  u n d e r  
a microscope. )  Usua l l y  c rys ta l  f r agmen t s  are  e m b e d d e d  
in res in  or o the r  su i tab le  m a t r i x  a n d  a slip is m a d e  so 
t h a t  two paral le l  faces are  cu t  or g r o u n d  f rom a single 
f r agmen t .  

W e  have  w o r k e d  also w i th  Cady ' s  a n d  Giebe & Scheibe 's  
'cl ick'  p h e n o m e n a  (Cady,  1922; see also Cady,  1946, 
p. 231; Giebe & Scheibe,  1925) d i sp layed  visual ly .*  The  
tes t  desc r ibed  above  has,  however ,  p roved  to be m u c h  
m o r e  c o n v e n i e n t  a n d  sa t i s fac tory .  

The  wr i t e r  wishes  to express  his g r a t i t u d e  to Prof .  I to ,  
who  has  g iven  h i m  gu idance  a n d  e n c o u r a g e m e n t  t h rough-  
ou t  t he  p resen t  work .  
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1. G o n i o m e t r l c  m e a s u r e m e n t s  

P a p a v e r i n e  or 6: 7 -d ime thoxy-  1 - [3 ' :  4 ' - d ime thoxy-benzy l ]  
i soquinol ine  (C20H2104N) is an  a lka lo id  of the  isoquino-  
line g roup  (Beilsteins Handbuch, 1935). Sui tab le  c rys ta ls  
for e x a m i n a t i o n  were  ob t a ined  by  slow e.vaporat ion of 
a solut ion in a lcohol  and  wa te r .  

Some in fo rma t ion  concern ing  c rys ta l lograph ic  d a t a  of 
t he  th ree  subs tances  c i ted  above  is to be found  in Gro th  
(1906-19);  no f u r t h e r  descr ip t ions  were  found  in the  
l i t e ra ture .  Resu l t s  of gon iomet r i c  m e a s u r e m e n t  are  l is ted 
in t h e  fol lowing tables.  

(a) Papaverine 
Need le - shaped  crysta ls ,  o r t h o r h o m b i c  sys tem,  class 222. 

Forms ~ Q 

110 72 ° 18' 90 ° 00' 
011 0 ° 00' 23 ° 1 l '  
100 90 ° 00' 90 ° 00" 
120 57 ° 33" 90 ° 00" 
010 0 ° 00" 90 ° 00" 
112 72 ° 18' 34 ° 45' 

F o r m s  in order  of d e v e l o p m e n t :  110, 011, 100, 120, 
010, 112. 

a:b:c ---- 0.3267: 1 :0 .4252 .  

B a r k e r  angles  (Barker ,  1930; Terps t ra ,  1946): 

cr = 56 ° 49', am = 33 ° 27', bq = 32 ° 27'. 

The  axia l  rat ios ,  de r ived  f rom the  X - r a y  resul ts ,  a re :  

a:b:c = 0.3175:1:0-2122.  

The  gon iomet r i c  a n d  X - r a y  se t t ings  are  di f ferent .  Trans-  
f o r m a t i o n  d e t e r m i n a n t s  for  Gro th ' s  (G), Ba rke r ' s  (B) a n d  
t h e  rSn tgenograph ic  (R) se t t ings  a re :  

R -~ B 002/200/010 R --~ G 100/010/002 

B --~ R 010/002/100 G - ~  R 200/020/001 

B -~ G 010/002/200 

G --~ B 001/200/010 

(b) Papaverine chlorhydrate 
P r i s m a t i c  crysta ls ,  monoc l in ic  sys tem,  class 2/m. 
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Forms  9 

110 50 ° 04' 90 ° 00' 
011 3 ° 31' 30 ° 32' 
121 32 ° 17' 54 ° 03" 
121 330 ° 22' 53 ° 23' 
111 311 ° 19' 41 ° 29' 
111 51 ° 37' 43 ° 08' 
100 90 ° 00' 90 ° 00' 
211 293 ° 07' 56 ° 09" 
120 31 ° 08' 90 ° 00' 

F o r m s  in o rde r  of  d e v e l o p m e n t :  110, 011, 121, 121, 
i l l ,  111, 100, 311, 120. 

a:b:c ---- 0 .8370:  1 : 0 . 5 8 4 5 .  

Xo = 0.0367, # = 2 ° 0 6 ' ,  fl = 92 ° 0 6 ' ,  d = 59 ° 3 1 ' ,  
f = 5 3  o 4 3 ' .  

T h e  B a r k e r  s e t t i n g  co inc ides  w i t h  G r o t h ' s  s e t t i n g  a n d  
w i t h  t h e  cell d e r i v e d  f r o m  r b n t g e n o g r a p h i c  d a t a .  

B a r k e r  ang les :  

cr--- 34 ° 1 1 ' ,  za = 53 ° 4 3 ' ,  a m =  39 ° 5 6 ' ,  bq = 59 ° 31'.  

(c) Papaverine bromhydrate 

I s o m o r p h o u s  w i t h  p a p a v e r i n e  c h l o r h y d r a t e .  

Fo rms  ~ 

110 50 ° 07' 90 ° 00' 
120 31 ° 01' 90 ° 00' 
100 90 ° 00' 90 ° 00" 
011 3 ° 58' 30 ° 08' 
111 51 ° 52' 43 ° 08' 

F o r m s  in o rde r  of  d e v e l o p m e n t :  110, 120, 100, 0 1 1 , 1 1 1 .  

a:b:c-= 0 - 8 3 1 4 : 1 : 0 . 5 7 8 9  

Xo = 0.0405, /z = 2 ° 19', fl = 92 ° 19', d = 59 ° 56',  
f ---- 53 ° 36'.  

He re ,  too ,  t h e  B a r k e r  s e t t i n g  co inc ides  w i t h  G r o t h ' s  
s e t t i n g  a n d  w i t h  t h e  r S n t g e n o g r a p h i c  cell. 

B a r k e r  ang les :  

cr = 34 ° 0 5 ' ,  za = 53 ° 3 6 ' ,  am---- 39 ° 5 3 ' ,  bq= 59 ° 56' .  

2. X - r a y  data 

L a u e  d i a g r a m s  of  all  t h r e e  s u b s t a n c e s  c o n f i r m e d  t h e  
s y m m e t r y  as d e r i v e d  f r o m  t h e  g o n i o m e t r i c  m e a s u r e m e n t s .  

T h e  g iven  va lues  of t h e  ang le  fl we re  c a l c u l a t e d  f r o m  
t h e  g o n i o m e t r i c  m e a s u r e m e n t s  a n d  f r o m  ze ro- layer  Weis -  
s e n b e r g  d i a g r a m s ,  t a k e n  w i t h  t h e  b ax is  as r o t a t i o n  ax i s  
( C u K a  r ad i a t i on ) .  T h e  d i m e n s i o n s  of t h e  u n i t  cell 
(Table  1) we re  d e t e r m i n e d  f r o m  r o t a t i o n  a n d  W e i s s e n b e r g  
p h o t o g r a p h s  a b o u t  all t h r e e  axes .  

T a b l e  1 

a(A) b(A) c(A) ~ V(A a) (Tc Z 

Papaver ine  9.50 29.22 6"35 - -  1805 1.248 4 
Papaver ine .HC1 13.10 15.80 9.22 92 ° 36' 1902 1"312 4 
P a p a v e r i n e . H B r  13.82 15-94 9.28 92o36 " 2042 1.350 4 

ac = calculated dens i ty ;  Z = number  of molecules in cell. 

P a p a v e r i n e  g ives  s y t e m a t i c  e x t i n c t i o n s  for  h00 w i t h  
h odd ,  0k0 w i t h  k o d d  a n d  001 w i t h  1 o d d ;  t h e r e f o r e  t h e  
space  g r o u p  is P2z2z2 z. 

B o t h  o t h e r  i s o m o r p h o u s  d e r i v a t e s  g ive  absences  for  
hO1 w i t h  1 o d d  a n d  0k0 w i t h  k odd .  T h e  space  g r o u p  is 
t h e r e f o r e  P21/c. D e t e r m i n a t i o n  of t h e  s t r u c t u r e  is in  
p rogress .  

W e  t h a n k  D r  A. V a n  R y s s e n  w h o  s y n t h e t i z e d  t h e  
s u b s t a n c e s  e x a m i n e d .  
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T h e  n o m o g r a m  e v a l u a t e s  t h e  e x p r e s s i o n  

e x p  [ ( - - 2 B  sin 2 0)/2 ~] - - f t / / o ,  

w h e r e  t h e  s y m b o l s  h a v e  t h e  u s u a l  s ign i f icance .  I t  h a s  
f o u r  scales,  A ,  B ,  C a n d  D.  A a n d  D a re  l o g a r i t h m i c  
scales  w i t h  1 cyc le  = 10 in. ; t h e y  a re  e q u i d i s t a n t  f r o m  C, 
w h i c h  is t h e  l o g a r i t h m i c  scale  h a v i n g  2 c y c l e s - =  10 in. 
r e q u i r e d  for  m u l t i p l i c a t i o n .  S ince  

f t  = fo e x p  [ ( - - 2 B  sin ~ 0)/22] 
2B sin2~ B sin2 0 

_--fol0 1ogeZ0 ~2 _--fol0 1.15 j12 , 

t h e  D scale  ha s  i t s  o r ig in  d i s p l a c e d  to  t h e  lef t ,  so t h a t  t h e  

r e fe rence  l ine c a r r y i n g  t h e  or ig ins  of  t h e  A a n d  C scales  
c u t s  t h e  D scale  a t  t h e  v a l u e  1.15. T h u s ,  if t h e  v a l u e  of  
(sin 2 0)/29 is f o u n d  o n  t h e  A scale,  a n d  t h e  v a l u e  of  
B = 8~t2fi~/3 is f o u n d  on  t h e  D scale,  t h e  l ine j o i n i n g  
t h e s e  p o i n t s  will  c u t  t h e  C scale  a t  t h e  p o i n t  (B/1.15)  
× (sin ~ 0)/22. T h e  a n t i l o g a r i t h m  of  th i s  v a l u e  is n o w  re- 
qu i r ed ,  a n d  t h e  B scale,  w h i c h  is a l inear  i n c h  scale,  
p e r f o r m s  th i s  o p e r a t i o n  a g a i n s t  t h e  A scale.  N o t e  t h a t  
t h e  v a l u e s  on  t h e  B sca le  inc rease  f r o m  r i g h t  t o  le f t ,  

* Sponsored by  the  O.N.R.,  the  A r m y  Signal Corps and 
the  Air Force unde r  O.N.R. contracts  /q5ori-07801 and  
N5ori-07858. 


