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I n  co l lec t ing  i n t e n s i t y  d a t a  b y  t h e  v i sua l  m e t h o d ,  i t  is 
u sua l  to  e s t i m a t e  t h e  p h o t o g r a p h i c  dens i t y  of each  reflec- 
t ion,  us ing  a s t a n d a r d  i n t e n s i t y  scale.  A t  smal l  angles  
Ka~  a n d  Ka2 emerge  in to  a single s p e c t r u m  a n d  a t  ve ry  
la rge  angles  t h e y  a re  comple t e ly  s epa ra t ed .  B e t w e e n  
these  two  ex t r emes ,  these  doub le t s  a re  p a r t l y  ove r l apped  
so t h a t  one  has  to cons ider  th is  effect  if he  wishes  to ge t  
i n t e g r a t e d  in tens i ty .  T h e  sp l i t t ing  depends  n o t  on ly  
u p o n  t h e  angle  of re f lec t ion  b u t  also u p o n  the  co l l ima to r  
a n d  the  size of t h e  c rys ta l ,  a n d  it  is usua l  to  use some 
c o n v e n t i o n a l  m e a n s  to  c o n v e r t  t he  obse rved  va lues  in to  
i n t e g r a t e d  in t ens i ty .  T h e  i n a c c u r a c y  caused  b y  these  
c o n v e n t i o n a l  m e a n s  can  be  r e m o v e d  b y  the  use of t h e  
i n t e g r a t i n g  t y p e  of We i s senbe rg  camera .  H o w e v e r ,  th is  
t e c h n i q u e  requ i res  cons ide rab le  t i m e  of exposure  a n d  
m o r e o v e r  t he  wide ly  s e p a r a t e d  doub le t s  a p p e a r i n g  n e a r  
t h e  edge of a f i lm c a n n o t  be  i n t eg ra t ed ,  if one  has  to  
use  a v e r y  smal l  c rys ta l ,  w h i c h  is o f ten  t h e  case.  

W e  h a v e  been  us ing  Cu Kc~ as wel l  as Cu Kfl in col- 
l ec t ing  i n t ens i t y  d a t a  in a s y s t e m a t i c  way .  This  s y s t e m a t i c  
use  of t he  two  r ad ia t ions  has  p r o v e d  n o t  on ly  to  increase  
t h e  n u m b e r  of ref lec t ions  b u t  also to  give a re l iable  
co r re l a t ion  fac to r  for  those  p a r t l y  sp l i t t ed  spec t ra .  T h e r e  
a re  some m o r e  a d v a n t a g e s  in th is  t ech i l ique  as desc r ibed  
in  t he  following.  

I f  t h e  i n t e n s i t y  of spec t r a  is e s t i m a t e d  a long  w i t h  
those  due  to Cu K s  as wel l  as Cu Kfl in t he  s ame  pho to -  
g raph ,  two  series of i n t ens i t y  d a t a  can  be  o b t a i n e d  s imul-  
t aneous ly .  I n t e n s i t y  d a t a  f r om Cu Kfl m u s t ,  of course,  
be  o b t a i n e d  b y  us ing  a s t a n d a r d  i n t e n s i t y  scale m a d e  of 
Cu Kfl, w h i c h  can  be  o b t a i n e d  s i m u l t a n e o u s l y  on t h e  
s a m e  f i lm w h e n  an  i n t ens i t y  scale of Cu K a  is p r epa red .  
T w o  series of r e la t ive  [Fo[ 2 va lues  co r r e spond ing  to  
Cu K a  a n d  Cu Kfl can  be  o b t a i n e d  if a p p r o p r i a t e  geo- 
m e t r i c a l  cor rec t ions  a re  m a d e .  T h e  l inear  abso rp t i on  co- 
eff ic ients  p (Cu Kfl) for  heav i e r  a toms ,  if necessa ry ,  can  
be  o b t a i n e d  us ing  W a i t e r ' s  ~i -a rule.  
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Fig. 1. Schematic representation of ]Fo]I/lFo[~ 
versus (sin 0/2) 2. 

March 1960) 

P l o t t i n g  t h e  ra t ios  of t h e  two  series of r e la t ive  ]Fo] 2 
va lues  versus  (sin 0/2) 2, a co r re la t ion  fac to r  of Cu K a  1 a n d  
Cu K a  e can  a u t o m a t i c a l l y  be  ob ta ined .  T h e  ra t ios  to  be  
o b t a i n e d  a re  s c h e m a t i c a l l y  shown  in Fig .  1. T h e  crosses 
in t h e  reg ion  A are  t h e  ra t io  ]Fo[~/LFo]~, w h e r e  t h e  
n u m e r a t o r  is o b t a i n e d  f rom pa r t i a l l y  ove r l apped  spec t r a  
due  to  K a  1 a n d  K a  e. T h e  va lues  de s igna t ed  as crosses 
decrease  g r a d u a l l y  w i t h  increase  of (sin 0/2)L T h e  c u r v e  
a o b t a i n e d  is n o t h i n g  b u t  a cor re la t ion  cu rve  for  Cu K a  1 
a n d  Cu K a  2. T h e  smal l  circles in t he  C region  in Fig .  1, 
w h e r e  t he  sp l i t t ing  is pe r f ec t ,  show t h e  ra t io  of 
(IFol~1 + 2 [Fo[~,~)/]Fo]~. T h e  curves  c a n d  a m u s t  i n t e r sec t  
w i t h  each  o the r  a t  (sin 0/~) 2 = 0 ,  s ince t he  IFo[ u va lues  
o b t a i n e d  f rom t h e  two  w a v e  l eng ths  shou ld  be  t h e  same.  
T h e  va lues  in t he  i n t e r m e d i a t e  region B are  those  w h e r e  
t he  in tens i t ies  a re  e s t i m a t e d  in t he  two  ways ,  as pe r fec t  
sp l i t t ing  (o)  a n d  as pa r t i a l l y  s u p e r i m p o s e d  ( × ) .  

T h e  final  re la t ive  [Fo[ 2 values  can  be  o b t a i n e d  b y  
ave rag ing  t h e  two  series of va lues  p u t t i n g  an  a p p r o p r i a t e  
w e i g h t  for  each.  F o r  those  spec t r a  whose  in tens i t ies  are  
too w e a k  to  be  e s t i m a t e d  for  Cu Kfl, t he  in tens i t ies  are  
e s t i m a t e d  b y  t h e  Cu K a  spec t r a  and  t h e y  a re  r e d u c e d  to  
t h e  IFol 2 va lues  us ing  t h e  cu rve  a or  c, a cco rd ing  to  t he  
w a y  b y  w h i c h  t h e y  a re  e s t ima ted .  F o r  those  spec t r a  
w h i c h  lie ou t s ide  or  n e a r  t h e  sur face  of t he  l imi t ing  
sphere  of Cu Ka,  t h e  in tens i t ies  are  e s t i m a t e d  f rom t h e  
Cu Kfl spec t ra .  I t  is wel l  k n o w n  t h a t  t he  spots  d u e  to  
Cu Kfl for (10h, 10k, 10/) lie so closely to  those  due  to  
Cu Ka2 for (9h, 9k, 9/). F o r  such g roups  of spec t ra ,  t h e  
in tens i t ies  can  well  be  e s t i m a t e d  b y  t h e  Cu K a  1 a n d  
Cu Kfl spec t ra  for (9h, 9k, 9/), a n d  by  Cu K a  1 a n d  Cu K a  z 
for  (10h, 10k, 10l), t h o u g h  t h e y  a re  few in n u m b e r  for  
c rys ta l s  whose  axia l  l eng ths  a re  of t h e  o rde r  of 10 A. 

The  dev ia t ions  f rom t h e  m e a n  va lues  of IFo!~ a n d  ]Fo]~ 
can  be t a k e n  as er rors  of [Fo[ ~ values .  T h e  er rors  of f i lm 
fac tors  can  also be  checked  in t he  course  of i n t e n s i t y  
e s t ima t ion ,  because  t h e  ra t io  of t he  f i lm fac tors  for  
Cu K a  to  Cu Kfl m u s t  be  a cons t an t ,  

exp (-~u~r) /exp (-~u~r) , 

w h e r e  r is t h e  p a t h  of X - r a y s  a n d  ~ua and/tt~ a re  t h e  l inear  
abso rp t i on  coeff icients  of Cu K a  a n d  Cu Kfl for  t h e  f i lm 
respec t ive ly .  Moreover ,  a cc iden t a l  errors ,  if any ,  in t h e  
course  of i n t e n s i t y  e s t i m a t i o n  can  easi ly  be  found .  

F o r  t h e  s a m e  t i m e  of exposure ,  m o r e  spec t r a  can  b e  
o b t a i n e d  w i t h  u n f i l t e r e d  C u K  r a d i a t i o n  t h a n  w i t h  
f i l te red  Cu K a  r ad i a t ion .  T h e  n u m b e r  of spec t r a  w i t h  
h ighe r  angle  ref lec t ions  can  be  cons ide rab ly  increased  b y  
v i r t u e  of t h e  sho r t e r  w a v e  l eng th  of Cu Kfl. This  fac t  
seems to h a v e  been  over looked ,  or  a t  least ,  n o t  w i d e l y  
used .  W i t h  t h e  b-axis We i s senbe rg  p h o t o g r a p h s  of m o n o -  
clinic an i l ine  h y d r o b r o m i d e ,  t h e  n u m b e r  of ref lec t ions  
obse rved  (hOl) was  inc reased  f rom 140 to  160. 

I n  t h e  p rac t i ca l  course  of s t r u c t u r e  analys is ,  par -  
t i cu la r ly  in t h e  r e f i n e m e n t  s tage,  m o r e  i n t e n s i t y  d a t a  
are  of ten  des i rable .  I n  such  a case, t h e  use  of Mo Kc~ 
is u sua l ly  r e c o m m e n d e d .  H o w e v e r ,  Mo K a  requi res  h igh  
app l ied  vol tages ,  assoc ia ted  w i t h  m o r e  w h i t e  r ad i a t i ons  
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and  its sensit ivity to photographic emulsions is far less 
than  tha t  of Cu K. Moreover, the denser background will 
result  from the Compton scattering and fluorescent 
radiations. At  present,  there is not  any appropriate anti- 
cathode mater ial  available between copper and molyb- 
denum.  Under  these circumstances, we believe tha t  the 
combined use of both  radiations Cu K a  and Cu Kfl in the 
Weissenberg technique is far superior to the  use of the  
fi l tered radiat ion when structure analysis is a t t empted  to 
carry out of crystals, particularly organic ones, whose 
axial parameters  are of the  order of 10 A or longer. 

Finally the  mult iple  reflections associated wi th  the  
strong reflection of lower Bragg angle are so sensitive to 
wave length tha t  the simultaneous use of the  two radia- 
tions will be effective in detect ing these (Jellinek, 1958). 
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Phase relationships in the  system potassium oxide-  
boron oxide have been reported by Roller (1935, 1936). 
Unit-cell  data  have previously been given for three 
phases in this system, namely  K~O. B203 (Zachariasen, 
1937), a K 2 0 . 5  B203 (Krogh-Moe, 1959a) and flKe0. 
5 B203 (Krogh-Moe, 1959b). In  the following, data  will 
be given for three other phases in the system. 

1. Potassium diborate, K 2 0 . 2  B203. Crystals of potas- 
sium diborate were prepared by fusing together  stoichi- 
ometric amounts  of p.a. potassium carbonate with p.a. 
boric acid in a p la t inum crucible at  1000 °C. for a short  
t ime and then  annealing the resulting glass mel t  below 
800 °C. Single crystals of sufficient qual i ty  for X-ray 
work could be found in the devitrified glass. Since the 
crystals are rather  hygroscopic, they  were mounted  inside 
a protect ing capillary tube. X-ray Weissenberg and oscil- 
lat ion photographs showed a triclinic cell. The photo- 
graphs were taken  (with Cu Ka-radiat ion)  around the  
b and c axes of the reduced cell. F rom the information 
thus obtained,  the following unit-cell dimensions of the 
direct lattice were computed :  

a--6.46,  b=9.56,  c = 1 0 . 3 8 A ;  

a = 90"7, fl = 102.6, ? = 101.2 °. 

The calculated densi ty  is 2-53 g.cm. -3 with 4 formula 
units of K~O. 2 B203 in the cell. 

2. Potassium triborate, K 2 0 . 3  B203. Potassium-borate  
glasses of the tr iborate and the te t raborate  composit ion 
were prepared in the same manner  as the diborate glass 
described above. I t  was assumed tha t  the composit ion 
was de termined by the weights of the original powders, 
t housh  a slight chan~e in composit ion due to preferential  
evaporat ion of one compound should not  be overlooked. 
Whereas  a glass of the tr iborate composition refused to 
crystallize within a couple of weeks at a tempera ture  
be tween 700 and 800 °C., a glass of the  te t raborate  
composit ion was readily crystallized at 780 °C. I t  was 
first believed tha t  the resulting crystalline phase was a 
tetraborate.  (See the phase diagram by Roller (1935)). 
The observed densi ty of the phase, however,  can be rec- 
onciled with the densi ty calculated from the X-ray data  
only if the  phase is a triborate.  This result does not  
disprove the existence of a potassium tetraborate,  but  it 
does indicate tha t  a reinvestigation of the phase diagram 
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in the region around 20 reel .% potassium oxide would 
be desirable. 

Weissenberg and rotat ion single-crystal X-ray  photo-  
graphs were taken around three non-coplanar  rat ional  
axes (of which two turned  out to be the b and c axes of 
the reduced cell). F rom these photographs,  the  phase 
was established as triclinic with the  following cell dimen- 
sions: 

a = 1 0 . 6 3 ,  b = 1 0 . 6 4 ,  c = 1 3 . 0 1  A ;  

a=90 .7 ,  fl=95.2, 7=114 .2  ° . 

The calculated densi ty is 2.26 g.cm. -3 with 6 formula 
units  of K 2 0 . 3  B203 in the cell. The observed density,  
2.23 g.cm. -3, was determined by flotation of the crystal- 
line powder in heavy liquid mixtures.  

I t  might  be pointed out tha t  the potassium tr iborate  
cell approaches hexagonal  symmetry ,  and has a cell 
content  of 6 formula units. 

3. ~ potassium pentaborate, yK20 .5  B20 a. The uni t  cell 
and the space groups of the two stable modifications of 
potassium pentabora te  are known. Roller ment ions ,  
however,  a third metas table  modification, which is ob- 
ta ined from the a-modification below 690 °C. A crystal- 
line phase obtained accidentally in the pentabora te  region 
during the present  investigation is conjectured to be 
identical with the metas table  phase reported by Rollet .  
A single crystal of this new material  was oriented along 
the c-axes, and from a rotat ion photograph and from 
Weissenberg zero and first layer photographs,  the  follow- 
ing monoclinic uni t  cell was deduced:  

a=11.59 ,  b=17.80,  c=12 .99 /~ ;  fi=95-8 °. 

The cell contains 8 formula units of K 2 0 . 5  B203, 
corresponding to a calculated densi ty  of 2.20 g.cm. -a. 
Systematic extinctions in the general hlcl reflections for 
h + ]c = 2n + 1 were observed. 
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