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Introduction 
Mat th ia s ,  Miller & R e m e i k a  (1957) have  r e c e n t l y  dis- 
cove red  t h a t  g lyc ine  sulfa te  is ferroelect r ic .  T h e  ferro- 
e lectr ic  p roper t i es  of th is  m a t e r i a l  are  be ing  inves t iga t ed  
b y  J .  P .  R e m e i k a ,  a n d  large c rys ta l s  are  be ing  g r o w n  
f rom a q u e o u s  so lu t ion  b y  C. E .  Miller.  

Unit  cell and formula  

Zero- a n d  f i r s t - layer  precess ion  p h o t o g r a p h s  were  t a k e n  
a r o u n d  c a n d  a r o u n d  b, a n d  a zero- layer  Wei s senbe rg  
p h o t o g r a p h  was  t a k e n  a r o u n d  b, all w i t h  m o l y b d e n u m  
rad ia t ion .  The  la t t i ce  cons tan t s ,  checked  b y  gon iomet r i c  
m e a s u r e m e n t s ,  a re  : 

a o ---- 9.15, b o = 12.69, c o ---- 5 .73±0 .03  fix; 
fl = 105 ° 4 0 ' ± 2 0 '  . 

The  v o l u m e  of t he  u n i t  cell is 640 fixs a n d  the  
m e a s u r e d  dens i ty  is 1-69 g.cm. -a. I f  t h e  fo rmu la  were  
(CH~NH~COOH)2HeSO 4, t h e  ca l cu la t ed  dens i t y  for th is  
v o l u m e  w o u l d  be 1-28 g .cm.  -a for two  fo rmula -we igh t s  
in t he  u n i t  cell. T h e  s imi lar ly  ca l cu la t ed  dens i ty  w o u l d  
be 1.66 g .cm.  -a if t h e  fo rmu la  were  

(CH2N-H2COOH)2H2S04 . 4H~O 

a n d  1.68 g .cm.  -a for t h e  fo rmu la  (CH2NH~C00H)aH2S04 .  
Chemica l  ana lys i s  b y  H .  E .  J o h n s o n  gave  12.77 we igh t  % 
n i t rogen  a n d  9-93 w e i g h t %  sul fur  (a tomic  ra t io ,  2.94) 
in a g r e e m e n t  w i t h  t h e  second  fo rmu la  b u t  n o t  t h e  f irst .  
This  resul t  was  conf i rmed  b y  C. F.. Miller b y  isola t ing 
a n d  we igh t ing  t h e  g lyc ine  f rom a we ighed  sample  of 
g lycine  sulfate .  B o t h  chemica l  ana lyses  ind ica te  t h a t  t he  
cor rec t  fo rmula  is (CH~NH2C00H)aH2S04 .  

Space group 
The  L a u e  s y m m e t r y  is 2/m, w i t h  0k0 ref lect ions  p re sen t  
on ly  for k ---- 2n. The  monoc l in ic  space groups  w i t h  th is  
cond i t ion  a lone a re  C~-P21 and  C~/~-P21/m. The  absence  
of a cen te r  of s y m m e t r y ,  as shown b y  fe r roe lec t r ic i ty  
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a n d  e t ch -p i t  shapes,  e l imina tes  t he  second  a l t e rna t i ve ,  
l eav ing  C~-P21 as t he  m o s t  p robab le  space group.  

Optical properties  

The  opt ic  p lane  m a k e s  an  angle  of a p p r o x i m a t e l y  93 ° 
w i t h  t he  c axis,  a n d  t h e  a c u t e  bisectr ix ,  X ,  is para l le l  
to  b. T h e  opt ic  p l ane  is t h u s  a p p r o x i m a t e l y  para l le l  to  
(i02).  ( - - )2V = 4 0 1 5  °. 

Cleavage 

There  is good  c leavage  paral le l  to  (010), i.e. n o r m a l  to  
t h e  fer roelec t r ic  axis.  

Discuss ion of the unit cell and structure 

The  la t t i ce  cons t an t s  are  such  t h a t  ce r t a in  special  
r e la t ionsh ips  ob ta in ,  as i l lus t ra ted  in Fig .  1. The  p lane  
(i02) m a k e s  an  angle  of a b o u t  93 ° w i t h  t he  c axis,  as 
does t he  opt ic  p lane ,  w i t h i n  e x p e r i m e n t a l  error .  The  shor t  
d i agona l  of t he  rec iproca l  cell is a lmos t  t he  same  l eng th  
as c* a n d  m a k e s  an  angle  w i th  a* t h a t  is close to fi* 
(see Fig .  1). W e  the re fo re  consider  w h e t h e r  th is  shor t  
d iagona l  shou ld  be chosen  as c*. I n  real  space this  m e a n s  
choos ing  the  a axis  a long [101] ins tead  of [100]. The  
p e r t i n e n t  d a t a  are  shown  in Tab le  1. 

Tab le  1 
Translation 

d(100) 
Spacing Angle 'fl' t = cos (fl--90 °) 

d000)----8.81 A (001) : (100)----105 ° 40' Along [100] 9.15 A 
d(100)=8-81 A (i01) : (100)--110 ° 20' Along [101] 9.40 A 

Since fl is nea re r  90 ° a n d  the  a t r a n s l a t i o n  is sho r t e r  
for t h e  p re sen t  choice t h a n  for t h e  a l t e r n a t i v e  w i t h  t h e  
a axis  a long t h e  p resen t  [101] d i rec t ion ,  t he  p re sen t  
choice is r e t a ined .  T h e  m o r p h o l o g y  of m o s t  of t he  large 
c rys ta l s  c u r r e n t l y  be ing  g rown  would  favor  t he  o the r  
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choice since their  prominent  faces are {hkO} faces, ter- 
mina ted  by  large {~01 } faces. However,  a smaller crystal  
on which most  of the X- ray  work was done showed only 
{hkO} and {001} faces. 

Glycine has the latt ice constants 

a =  5.10, b = 11.96, c = 5.45 A; f l =  111 ° 38' 

and the crystals have good cleavage parallel to (010). 
The near ly  flat  glycine molecules lie in sheets, parallel 
to (010), wi th  four molecules to the uni t  cell (Albrecht 
& Corey, 1939). Tha t  the sheet-like structure is also 
present in the glycine sulfate described here is indicated 
by  the good (010) cleavage and is suggested by  the op- 
tical properties. 

When  crystals are grown from a solution containing 
glycine and sulfuric acid in equal molecular proportions, 
t hey  are orthorhombic with  the formula 

(CH2NH~COOH)~H~SO 4 . 

These crystals are not  ferroelectric and may  correspond 

to an orthorhombic glycine sulfate listed by  Groth 
(1909). Crystals of the orthorhombic 

(CH2NH,COOH)~H~SO4, 

the orthorhombic (CH2NH2COOH)2H2SeO 4, and the 
monoclinic (CH2NH2COOH)3H~SeO 4 have all been grown 
and are current ly  under investigation.  The selenates and  
the sulfates are isomorphous. 

The writers wish to t h a n k  Mr Val  Bala for assistance 
in obtaining the data  reported. 
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The crystal  s tructure of anthraquinone,  C~aHsO2, was 
determined by Banerjee & Sen (1938) and by  Sen (1945) 
by  the two-dimensional :Fourier synthesis  method.  In  
deriving Fc, Sen (1948) used the carbon scattering-factor 
curve of benzoquinone (Robertson, 1935) and the oxygen 
scattering-factor curve of magnesium oxide (Wollan, 
1930). The agreement between Fo and Fc was not very  
sat isfactory:  the R value was 21% for the (hOl) projec- 
tion, which is very  well resolved. In  spite of careful 
in tens i ty  measurements  a t  temperatures  ranging between 
25 ° C. and 35 ° C., and refinement of the atomic positions 
by  a difference synthesis,  Fc's being calculated by Har t ree  
curves corrected for temperature,  it was still found tha t  

the R value remained quite high (R was 23% before 
refinement and 24 % after  refinement).  This necessitated 
the determinat ion of f curves for carbon and oxygen in 
anthraquinone.  The publicat ion of f curves for oxygen 
where it is bonded to a carbon a tom of an aromatic 
benzene ring is expected to be useful for the determina- 
t ion of structures of aromatic compounds with  C--O 
bonds. 

Considering a part icular  atom, its scat tering factor in 
any  direction is given by  

f+ro 
f = ,,_roO(r) exp [i/lr] dr,  
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Fig. ]. The (b0/) projection of anthraquinone. Contours are drawn at intervals of 1 e.A -2, the I-electron line being broken. 

The division lines for different atoms, the projected ~/C=O bond and the major axis of the oxygen atom are shown as chain 
lines. / 


