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Tab le  2. Powder pattern of Na2SO 4 ( I I I )  

hkl sin 20c Ic sin 20o Io 
110 0.0265 27 0.0265 m 
020 0.0298 12 0.0299 w 
111 0.0388 168 0.0386 s+ 
021 0.0421 148 0-0423 s+ 
002 0.049~ 103 0.0495 s 
112 0.0757 336 0.0759 vs 
200 0"0760 169 - -  - -  
022 0.0790 2 - -  - -  
130 0-0861 224 0.0861 s + 
131 0.0984 3 0.0986 vw 
220 0.1058 95 0-1060 s 
221 0.1181 0 - -  - -  
040 0.1194 34 0.1194 w 
202 0.1252 5 0.1250 w-  
041 0.1317 22 0.1317 w+ 
132 0.1353 26 0.1356 w 
113 0.1372 26 0.1373 w+ 
023 0.1405 18 0.1406 w 
222 0.1550 89 0.1548 s 
042 0.1686 50 0.1684 m 
310 0.1786 1 - -  - -  
311 0.1909 25 0.1907 w 
240 0.1954 8 - -  - -  
004 0.1968 180 0.1967 s 
133 0.1968 5 - -  - -  
150 0.2055 5 - -  - -  
241 0.2077 15 0.2078 w 
223 0.2165 0 - -  - -  
151 0.2178 0 - -  - -  
114 0-2233 1 0.2237 vw 
024 0.2266 4 0.2269 w 
312 0.2278 10 - -  - -  
043 0.2301 11 0.2301 w-  
330 0.2382 43 0-2378 8- 
242 0.2446 61 0.2446 8- 
331 0.2505 3 - -  - -  
152 0.2547 23 0.2543 m 
060 0.2686 3 - -  
204 0.2728 10 0.2725 w-  
061 0.2809 0 - -  - -  
134  0.2829 46 0.2829 8 
332 0.2874 11 0.2872 w-  
313 0"2893 4 - -  - -  
224 0.3026 2 - -  - -  
400 0-3041 27 0-3041 m -  
243 0.3061 0 ~ - -  

T h e  index ing  of t h e  p o w d e r  p a t t e r n  of Na2SO 4 ( I I I )  
g iven  in Tab le  2 was  e s t ab l i shed  b y  c o m p a r i s o n  of dia- 
g r a m s  f r o m  the  series Na~SO4-Na2CrO 4 a n d  f r o m  t h e  

su l fa te - r ich  p a r t  of a series NasSO4-Na2CO a. T h e  di f feren-  
t ia l  v a r i a t i o n  of t h e  l a t t i ce  d imens ions  w i t h  inc reas ing  
c h r o m a t e  or c a r b o n a t e  c o n t e n t  al lows t h e  u n e q u i v o c a l  
a s s i g n m e n t  of indices.  I t  was  f o u n d  t h a t  t h e  t e t r a g o n a l  
i ndex ing  as g iven  b y  Das  G u p t a  ( 1 9 5 4 ) b r e a k s  d o w n  a t  
r a t h e r  s l ight  d e f o r m a t i o n s  of t h e  cell, in c o n t r a s t  to  t h e  
o r t h o r h o m b i e  indexing .  Moreover ,  in tens i t i es  c a l c u l a t e d  
w i t h  F reve l ' s  p a r a m e t e r s *  agree  well  w i t h  t h e  e s t i m a t e d  
in tens i t i es  g iven  in  t h e  tab le .  

On t h e  basis  of th i s  s t u d y ,  i t  a p p e a r s  e v i d e n t  t h a t  
Na~SO4 ( I I I )  is i s o m o r p h o u s  w i t h  Na2CrO4, t h e  o r tho-  
r h o m b i c  s y m m e t r y  of w h i c h  was  e s t ab l i shed  b y  Miller 
(1936), us ing  s ing le -c rys ta l  m e t h o d s .  I n  th i s  connec t ion ,  
a t t e n t i o n  m a y  be d r a w n  to  Niggl i ' s  co r rec t ion  (1954) of 
t h e  space -g roup  desc r ip t ion  for  Na2CrO4, a n d  t h u s  for  
Na~SO4. T h e  space  g roup  is c o r r e c t l y  desc r ibed  as Cmcm. 

All p o w d e r  p a t t e r n s  in th i s  s t u d y  w e r e  t a k e n  w i t h  
Cu Kc~ r a d i a t i o n  in  a Guin ier  c a m e r a  c a l i b r a t e d  w i t h  
NaC1 on t h e  basis  of t h e  fol lowing c o n s t a n t s :  

~CuK~ ---- 1"54179 ~ ,  aNaC! ---- 5"63984 A .  

T h e  d i f fe rence  in scale b e t w e e n  t h e  p r e s e n t  va lues  of 
sin 2 0 a n d  those  of Das  G u p t a  (1954) a n d  F r e v e l  (p r iva te  
c o m m u n i c a t i o n )  m a y  be due  to  a d i f f e r en t  ca l ib ra t ion  
s t a n d a r d .  F i l m  s h r i n k a g e  was  a u t o m a t i c a l l y  c o r r e c t e d  
for b y  t h e  p r o c e d u r e  of H ~ g g  (1947). 

T h e  a u t h o r  is i n d e b t e d  to  D r  I. L i n d q v i s t  for  sugges t ing  
t h e  p r o b l e m  a n d  for  his  c o n t i n u e d  in te res t ,  a n d  to  Mr 
A. W e s t l u n d  for  e x p e r i m e n t a l  help.  T h e  i nves t i ga t i on  was  
s u p p o r t e d  b y  a g r a n t  of t h e  Swedish  N a t u r a l  Science 
R e s e a r c h  Counci l  (S ta tens  N a t u r v e t e n s k a p l i g a  For sk -  
ningsr&d) wh ich  is g r a t e f u l l y  acknowledged .  F ina l ly ,  t h e  
a u t h o r  wishes  to  express  his g r a t i t u d e  to  Prof .  G. H~gg  
for t h e  facil i t ies p l aced  a t  his disposal.  

R e f e r e n c e s  

DAS GUPTA, D . R .  (1953). J.  Chem. Phys. 21, 2097. 
DAS GUPTA, D . R .  (1954). Acta Cryst. 7, 275. 
FLACH, E.  (1912). Disse r t a t ion ,  Leipzig.  
FREVEL, L . K .  (1940). J. Chem. Phys. 8, 290. 
H:~cc,  G. (1947). Rev. Sci. Instrum. 18, 371. 
MILLER, J . J .  (1936). Z. Kristallogr. 94, 131. 
NmGLI, A. (1954). Acta Cryst. 7, 776. 
RASSONSKAYA, I . S .  ~5 BERGMAN, A . G .  (1953). Zh. 

obshch. Khim. 23, 7. 

* The author  is indebted to Dr L. K. Frevel for a table of 
f values used in his original computations.  

Acta Cryst. (1954). 7, 777 

A d y n a m i c a l  t h e o r y  of  the  s i m u l t a n e o u s  re f l ex ion  by  t w o  lat t ice  p lanes .  III. E x p e r i m e n t a l  
ver i f icat ion .  B y  KYOZ~BURO KAMBE,* Tokyo Institute of Technology, Oh-Okayama, Tokyo, Japan 

(Received 10 June 1954) 

I n  p rev ious  no tes  ( K a m b e  & Miyake ,  1954; M i y a k e  & it  was  s h o w n  t h e o r e t i c a l l y  t h a t  t he  r e l a t ive  phase  angle  
K a m b e ,  1954; h e r e a f t e r  r e f e r r ed  to  as P a r t  I a n d  P a r t  I I ) ,  of t h e  s t r u c t u r e  a m p l i t u d e s  of two  la t t i ce  p lanes  of a 

' 'h' ' crys ta l ,  s ay  h(hlh2ha) a n d  h (hi 2hz), m a y  be o b t a i n e d  
* Now at Electrotechnical Laboratory,  Tanashi, Tokyo, f r o m  d i f f r ac t ion  p a t t e r n s  in w h i c h  t h e  -Bragg re f lex ions  

Japan.  b y  these  l a t t i ce  p lanes  occur  s i m u l t a n e o u s l y .  I n  t h e  



778 S H O R T  C O M M U N I C A T I O N S  

h ' - -h  = (1210) h'--h = (1100) 

I r ! ! 

J 

ii 

I , P -  

v 

II 

J 

f 

! - -  

0 4  

v 

U 

I 

T "  

T "  

0 4  

II 

(i) ( i i )  

Fig. l. Convergent-beam electron-diffraction patterns of graphite, showing the anomalies at the position of the simultaneous 
ref]exion. (Accelerating voltage 41 kV.; crystal thickness -~ 1000 A.) The exposure of the pr imary spot is diminished by 
covering it with a disc. Kikuchi  lines appear as elongations of extinction lines in the primary spot and of the bright diffracted 
lines. Kikuchi  bands associated with the reflexions h, h', and h ' - -h  are indicated in the margin. 

(i) h = (2131), h ' =  (31-21), h ' - -h  = (1210). 
(ii) h---- (2131), h ' =  (1231), h'--h---- (i l00).  

p re sen t  no te  an  e x p e r i m e n t a l  ve r i f i ca t ion  of t he  above  
resul t  is p r e sen t ed  b y  t a k i n g  an  example  in e lec t ron-  
d i f f rac t ion  p a t t e r n s  f rom a t h i n  g r aph i t e  crys ta l .  

W e  have  used  a c o n v e r g e n t - b e a m  m e t h o d  or ig ina ted  b y  
Ko~uel & MOllenstedt  (1939). I n  this  m e t h o d ,  the  e lec t rons  
pass ing  t h r o u g h  the  c rys ta l  p roduce  a p r i m a r y  spot  
h a v i n g  a ce r ta in  e x t e n d e d  a rea  in t he  p a t t e r n .  T h e  direc-  
t ions  of inc iden t  b e a m  sa t i s fy ing  the  B r a g g  cond i t ion  
for a ce r t a in  la t t ice  p lane  are  m a r k e d  as an  ex t i nc t i on  
l ine in this  spo t ;  t he  b r igh t  line due  to  th is  ref lexion 
appea r s  e l sewhere  in t he  p a t t e r n .  W h e n  t h e  ex t i nc t i on  
lines for t he  two ref lexions  h a n d  h'  cross each  o t h e r  
m the  p r i m a r y  spot ,  t he  s i m u l t a n e o u s  ref lexion t akes  
place.  The  fo rmula t ions  g iven  in P a r t  I a re  p a r t i c u l a r l y  
useful  in f inding  the  i n t ens i t y  d i s t r i bu t ion  a r o u n d  the  
crossing poin t .  

W h e n  the  s t r uc tu r e  amp l i t udes  (or the  Fou r i e r  coeffi- 
c ients  of the  per iodic  po ten t i a l  in t he  crys ta l )  for  t he  
r e l e v a n t  ref lexions sa t i s fy  I Wh'-hl > I Vhl, I Va'I,  the  two  
ex t inc t ion  lines do no t  a c tua l l y  cross each  o the r  b u t  fo rm 
a h y p e r b o l a  by the  effect of m u t u a l  coup l ing  of t he  two  
ref lexions (Fues,  1939). W h e n  ce r t a in  geomet r i ca l  con- 
d i t ions  a s sumed  in P a r t  I I  are  sat isf ied,  the  p a r t i c u l a r  
cross-sect ion of the  dispers ion surface  (c---- 1) u sed  in 
P a r t  I I  cor responds  to a l ine ( X X  in  Fig .  2) in t he  
p r i m a r y  spot  jo in ing  the  ve r t i ces  of the  h y p e r b o l a  
(A+, A_ in Fig .  2). Along  this  l ine the  i n t e n s i t y  (more  
p roper ly ,  the  a m o u n t  of its decrease)  var ies  in t he  same  
w a y  as a cu rve  shown  in Fig.  1 of P a r t  I I .  As p r o v e d  in  
P a r t  I I ,  a t  the  ver t ices  of t he  hype rbo l a ,  co r r e spond ing  
to the  two peaks  in Fig.  1 of P a r t  I I ,  t he  i n t e n s i t y  
( in tegra ted  a long the  a b o v e - m e n t i o n e d  line) is p ropor-  
t ional  to e i ther  I Vh+ Vh, I or I Vh--Va'I,  acco rd ing  to 
w h e t h e r  t h e  angle  b e t w e e n  the  d i rec t ion  of t he  cor- 
r e spond ing  inc iden t  beam a n d  the  re f lec t ing  ne t -p l ane  is 
s m a l l e r o r  la rger  t h a n  the  exac t  Bragg  angle  for b o t h  
ref lexions;  in o the r  words ,  acco rd ing  to w h e t h e r  t he  
ve r t ex  conce rned  lies inside or outs ide  bo th  of the  two 

K i k u e h i  b a n d s  w i th  t he  indices  h a n d  h' .  (Here  t he  t e r m  
' b a n d '  m e a n s  a region b e t w e e n  a pa i r  of b r igh t  a n d  d a r k  
K i k u c h i  lines in the  pa t t e rn . )  

I n  t he  p resen t  obse rva t ion ,  two  ref lexions particip_ating 
in t he  s i m u l t a n e o u s  ref lexion are  chosen  f rom (2131} of 
g raph i t e .  A m o n g  var ious  c o m b i n a t i o n s  of the  ne t -p lanes ,  
t h e  fo l lowing n e a r l y  sa t i s fy  I Vh'-hl > I Vhl, I Vh'l, satis- 
fy ing  also t he  geomet r i ca l  cond i t ions  a s s u m e d  in P a r t  I I :  

(i) The  c o m b i n a t i o n  of (2131) a n d  (3i21).  h ' - - h  = 
( 1 ~ ] 0 ) ,  I Vn,-hl  = I Vx,ol = 3 .29  v .  

(ii) The comb ina t i on  of (213])  and (1231). h'--h = 
( i l 0 0 ) ,  I Vh'-hl = I Vlool = 1.47 V.  

I n  bo th  eases I Vhl = I .Vh'l = I V , u l  = 0.63 V. I n  the  
usua l  choice of coo rd ina t e  axes  in the  crys ta l ,  Vfil0 a n d  
Vii00 are  real  a n d  posi t ive ,  V=x-al, Vaii~, a n d  Va2ix have  
r e spec t ive ly  t he  phase  angles  +½~, +½~, a n d  --½~. I n  
case (i), t he  s t r u c t u r e  a m p l i t u d e s  of t he  r e l e v a n t  two 
ref lexions have  the  same  phase  angle ,  i.e. t h e y  have  the  
same sign. I n  case (ii), t h e y  h a v e  opposite signs. 

I n  t he  above  two cases we have  

/ A ~ , , - " ~ ( 2 1 3 1 ) - ~ ~ I  A_ 

x x 
(i) (iO 

Fig. 2. Sketches of the primary spots in Fig. 1. X X  is a line 
joining the vertices A+, A_ of the hyperbola. Double arrows 
at tached to the Kikuchi  lines indicate the inner side of the 
bands. 
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(i) IVh+ Vh'I = 2lV~xxl, IVh--Vh'[ = O, 
(ii) IVh+Vh'l = O, IVh--Vh, I = 21V~x~l, 

so t h a t  we can expect  t h a t  the  in tens i ty  relat ion between 
the two vertices of the hyperbola  is reversed for the two 
cases. This is verified exper imenta l ly  very  well, as shown 
in Figs. 1 and 2. In  case (i), the ver tex lying inside bo th  
of the Kikuchi  bands  (2131) and  (3i21) (A+ in Fig. 2) 
is ac tua l ly  found to be s t rengthened.  Whereas  in case (ii) 
the  outside ver tex (A_ in Fig. 2) is s t rengthened.  I t  is 
Seen t h a t  the  br ight  lines appear ing in the diffracted 
spots behave in a corresponding manner .  B y  observing 
such effects, the relat ive sign of the two s t ructure  
ampl i tudes  can be determined uniquely.  

We see in Fig. 1 t h a t  an  in tens i ty  dis t r ibut ion similar 
to t h a t  of the ext inc t ion  lines in the p r imary  spot is 
found a t  the crossing point  of Kikuchi  lines which lies 
outside the diffraction spots (indicated by  an  arrow). In  
fact,  by  apply ing  our scheme given in Par t s  I and  I I  

to the theory  of Kikuchi  pa t t e rn  (Laue, 1935; Kainuma, 
1954) we find t h a t  a similar effect of the phase-angle 
relat ion is expected in the in tens i ty  dis t r ibut ion of 
Kikuchi  pat terns .  This effect can be observed also a t  the  
crossing points  of Kikuchi  lines in reflexion pa t te rns  from 
na tura l  and cleavage faces. 

I wish to t h a n k  Prof. Shizuo Miyake for his guidance 
th roughout  this  work. 
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The crystal  s t ructure  of dibiphenylene-ethylene (bi- 
fluorene) has been subject  to par t ia l  three-dimensional  
analysis  by  Fenimore (1948), who concluded tha t  the  
X- ray  da ta  were sat isfactori ly accounted for by  centro- 
symmetr ic ,  essential ly p lanar  molecules. 

In  the planar  molecule, the d i s t ance  between starred 
carbon a toms would be only 2.5 ~k and al though,  as 
pointed out  by  Fenimore,  there is chemical and spectro- 
scopic evidence indicat ive of steric interact ion here, there 
is the  more serious problem of the hydrogen a toms 
a t t ached  to the conflict ing carbon atoms. Assuming the 
C - H  bond to be 1.0 • in length and coplanar wi th  the 
rest  of the molecule, the  distance between hydrogen 
centres is only 0.7 ~ .  The van  der Waals  diameter  for 
hydrogen  is about  2.4 /k and it  is evident  t h a t  unless the 
C-H bonds are severely bent  out of plane the steric re- 
pulsion should dis turb the molecular p lanar i ty .  At ten t ion  
has also been drawn to this  by  Bell (1952) in connexion 
wi th  the possibi l i ty  of producing stereoisomeric deriva- 
tives. 

The crysta l lographic  data ,  according to Fenimore,  are:  

Sys tem:  o r thorhombic .  
a = 17.22, b -- 36.9, c---- 8.23 /~.  

Space group:  Pcan, uniquely  de te rmined .  
Z =  12. 

Four  of the molecules are centred on special repeats  
of t ha t  a t  the origin and  are necessari ly centrosymmetr ic .  
The remaining eight are centred on general repeats  of t ha t  
a t  approximate ly  (½, 16, 0.434) and, a l though not  required 
to be centrosymmetr ic ,  were assumed to be so. 

All the molecules lie close to (031) and (051) planes  
so t h a t  i t  is the x project ion which is critical in deciding 
the p lana r i ty  question. Fenimore 's  analysis  of this  projec- 
t ion was two-dimensional  and the resolution too poor for 
this  question to be set t led wi th  cer ta inty .  A (051) section 
of the molecule at  the origin was fairly well resolved, 
bu t  again this  is not  decisive evidence for or against  
str ict  p lanar i ty .  

Accordingly, i t  was decided to use all Fenimore 's  Fo's 
and  calculated phases to analyse the s t ructure  fur ther  
by  three-dimensional  x sections. 

Fig. l(a) shows superimposed x sections chosen to pass 
th rough (or near ly  through) the a toms in the region of 
the origin. As far as the (left-hand) molecule at  the origin 
is concerned, resolution was sufficiently good to fix the 
coordinates with  reasonable cer ta inty.  Resolut ion on the 
other  molecule, which wi th  Fenimore 's  parameters  is 
centred on (0, 1 ~, ½+0"434), was not  quite so good. This 
was cer tainly due to some exten t  to the fact  t ha t  the 
or ientat ion is not  exact ly  t ha t  proposed. All the sections 
for this  molecule were consistent  wi th  it being ro ta ted  
s l ight ly  in the (031) plane so t ha t  the x coordinates of 
a toms C n and C12 are closer to 0-040 than  to 0.048 and 
0.058 respectively.  

Fig. l(b) shows the positions of some of the a toms 
derived from the corresponding sections. Regardless of 
imperfect resolution in specific instances, the results can 
be unambiguously  interpreted.  

The molecules are, wi thin  the imposed limits, identical  


