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Naphtoquinone 1-4 

La Naphtoquinone  1-4 cristallise dans le systbme mono- 
clinique sous forme de prismes jaunes allong~s suivant  
la direction [100]. Les param~tres de maille ont  4t~ 
d6termin6s ~ part i r  des clich6s de De Jong  et de Bragg: 

a = 8,27 + 0,02, b = 7,86 +_ 0,03, c = 12,03 ± 0,03 A; 
fl = 80 o + 30'. 

Densit6 calcul~e: 1,37 g.cm. -3. 
Nombre  de mol6cules par  maille : 4. 
Groupe spatial:  P21/c. 

B r o m o  2 - n a p h t o q u i n o n e  1-4 

La bromo 2-Naphtoquinone 1-4 cristallise dans le 
syst6me monoclinique sous forme de plaquet tes  j aunes 
allong6es suivant  la direction [010]. 

Les param&tres de maille sont les suivants:  

a = 13,88 + 0,03, b = 3,98 + 0,02, c = 15,74 + 0,03/~;  
fl = 104 ° + 1 °. 

Densit6 calcul6e: 1,87 g.cm. -s. 
:Nombre de molecules par maille:  4. 
Groupe spatial:  P21/c. 

Chloro 2-naphtoquinone 1-4 

Ce compos6 donne difficilement des cristaux propres 
l ' examen aux rayons X;  il se pr~sente sous forme de 
plaquettes  brunhtres allong6es suivant  la direction [010]. 

Param~tres de la maille or thorhombique:  

a = 23,84 + 0,04, b = 3,88 +_ 0,02, c = 9,12 + 0 ,02 /~ .  

Densit~ calcul6e: 1,52 g.cm. -3. 
Nombre  de mol6cules par maille:  4. 
Groupe spatial: P212~2 ~ ou P21221. 
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When  a set of X-ray intensities is measured using a non- 
integrat ing camera, the  shape of the  spots is observed 
to vary  over the  film. Four  factors may  be involved:  
irregular crystal shape, disorder in the  crystal, imper- 
fectly focused X-rays, and increasing separation of the 
a 1, a~ doublets. If  a micro-photometer  is used to measure 
the intensities, allowance must  be made  for this change 
of shape by  integrat ing the  area under  the  photometer  
trace of each reflection. Brentano (1945) and Buerger 
(1960) suggest dividing each peak into a n u m b e r  of 
narrow strips, bu t  these methods  are tedious because a 
large number  of measurements  are required for each 
reflection, and are inaccurate when  the  breadth  of the 
peaks is small. The authors '  experience of a number  of 
compounds shows that ,  in this lat ter  case, the  shape of 
a resolved peak  is very frequent ly  tr iangular to a close 
approximation.  I n  this paper,  i t  is assumed tha t  a 
resolved reflection can be represented by a triangle and 
that doublet separation is the only factor contributing 
to the variations in line width. The individual al and a~ 
traces of a reflection will then be triangles of equal base 
and the base size will be constant for all reflections. 
A correction function C(O) is derived by which the 
maximum height of the trace obtained from a reflection 
of Bragg angle 0 should be multiplied to give a measure 
proportional to the intensity of the reflection. 

There are three eases to be considered: 

(I) at fairly low Bragg angle where the al, a2 doublets 
axe unresolved; 

(2) where resolution occurs but  is not  complete;  
(3) where the doublets are completely resolved. 

Case 1 
Fig. l(a) shows the result of combining two tr iangular 

peaks of equal base and of heights in the  ratio of 1-82:1 
(corresponding to the  ratio of the  peak intensities of 
Cu Ka 1 and Kae radiations respectively) whose centres 
are separated by a distance A < b where b is half the 
base of either triangle and/1  is the angular separation of 
the al and a2 peaks. I t  is seen tha t  the position of max- 
imum occurs at the point  P.  The m a x i m u m  height  H 
is given by 

H =h 1 +h2 - h 2 A / b ,  (1) 

where h 1 and h~ are the heights of the al and a2 peaks 
respectively. Now the total  area o~ both triangles is 
given by 

A = b(h 1 +he) .  (2) 

Thus combining (1) and (2), wi th  r =hl/h ~, 

A =bH(1 + 1/[(1 +r)b/A - 1]).  (3) 

Now, from the Bragg equation, A =2d sin 0, 

/1 --(2A2/2) tan  0, for /1 small, (4) 

A). =difference in wavelength  between al and a 2 radia- 
tions. 

The factor 2 appears because the  angular m o v e m e n t  
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of t h e  re f l ec ted  b e a m  is twice  t h a t  of t h e  re f lec t ing  p lane .  
Thus ,  subs t i t u t i ng  in (3) 

A = b H { 1  + 1/[(1 +r)(b~/2A~) cot  0 -  1]}. (5) 

Case 2 

I n  Fig .  l(b) is shown  the  case w h e r e  b < A  <2b.  H e r e  
t h e r e  are  two  m a x i m a  a t  pos i t ions  B i a n d  B e a n d  of 
he igh t s  h i a n d  h e . As  A = b ( h i + h e ) ,  t h e  s u m  of t he  
m a x i m a  is p r o p o r t i o n a l  to  t h e  in t ens i ty ,  as is t h e  a~ 
m a x i m u m  w h e n  mu l t i p l i ed  b y  (1 + I/r). T h e  l a t t e r  is m o r e  
d e p e n d a b l e  as, especia l ly  n e a r  A =b ,  h2 is d i f f icul t  to  
m e a s u r e  re l iably .  

P 

i 

B2 

Ai  A~D i D2C1 C 2 A i DiA ~ C1Dg C~. 
(a) (b) 

Figs. l(a) and l(b). The traces obtained from two triangular 
peaks, unresolved in l(a) and incompletely resolved in l(b). 
In  Fig. l(a), PDi----H and in both l(a) and l(b), AiDi= 
A2D2=b , DiD2=_d , BiDi=h i and B2D2=h9 .. 

c(°) I 
1.00L i 

0 sin 0 0"866 

Fig. 2. C(O) against sin 0 with 00----60 °. The discontinuity at 
0 = 6 0  ° (sin 0----0.866) is clearly shown. 

Clear ly  Case 3 wil l  l ead  to  resul ts  iden t i ca l  w i t h  those  
in Case 2. 

Thus  if H is t h e  m a x i m u m  h e i g h t  of t he  p h o t o m e t e r  
t r ace  of a re f lec t ion  a t  a n y  B r a g g  angle,  0, t h e n  A,  
a n d  the re fo re  t he  in tens i ty ,  wil l  be p ropo r t i ona l  to H .  C(O) 
w h e r e  

{1 + 1/[(1 +r)(bA/2zJA) cot  0 - 1]}, 0 _< 00 
C(O) I ( l + I / r ) ,  0 >_ 0 o 

w h e r e  00 is t h a t  angle  a t  w h i c h  A = b 

i.e. t a n  Oo=b~/2A2 f rom (4). 

Fig .  2 shows a p lo t  of C(O) aga ins t  sin 0 for 00 = 60 °, 
~t=1.5418 A, A=0.00382  A, r = l . 8 1  and ,  therefore ,  
b =0 .00858  rad ians .  I t  is seen t h a t  cons iderab le  errors  
wou ld  arise, p a r t i c u l a r l y  n e a r  0 = 00, if t he  i n t ens i t y  we re  
s imply  t a k e n  as p ropo r t i ona l  to  H .  I n  fact ,  even  a t  
0 = 2 0  ° (sin 0=0 .342) ,  t h e  e r ror  i nvo lved  is a b o u t  8%.  

Evaluation of b 
I t  can  be  shown  tha t ,  in  Case 1, t he  b r e a d t h  of t h e  

t r ace  a t  ha l f  he igh t ,  a, is g iven  b y  

= b + K  t a n  0, for  0 _< t a n  - i  [{(I +r ) / (1  +2r)}  t a n  00], 

w h e r e  K = 2AA/2(1 + r ) .  
T h u s  b shou ld  be  f o u n d  b y  m e a s u r i n g  t h e  b r e a d t h s  

a t  ha l f  h e i g h t  of a n u m b e r  of low-angle  t races ,  p lo t t i ng  
aga ins t  t a n  0 a n d  e x t r a p o l a t i n g  to  t a n  0 = 0. I n  p rac t ice ,  
howeve r ,  K t a n  0 ~ b for  0 ~< 00/3; t hus  t h e  a r i t h m e t i c  
m e a n  of t h e  b r e a d t h s  of a n u m b e r  of low-angle  l ines 
wil l  g ive  qu i t e  a good  v a l u e  for  b. I t  shou ld  be  n o t e d  
t h a t  b m u s t  be  expressed  in  rad ians .  

Tab le  1. Comparison of H .  C(O) with A ,  
the area of the trace measured by the method of Brentano 

hk sin 0 C(O) H H.  0(0) A A/H.  0(0) 
040 0.168 1.09 201 219 613 2.80 
060 0.253 1-11 243 269 687 2.55 
280 0.413 1.27 208 264 685 2.59 
510 0.598 1-53 246 376 1,003 2.67 

3,15,0 0-726 1.55 207 321 828 2.58 
840 0.970 1.55 119 184 476 2.59 

T h e  m e t h o d  has  been  successful ly  app l i ed  to  b o t h  
s ingle-crys ta l  a n d  p o w d e r  X - r a y  d a t a .  T h e  shape  of t h e  
p h o t o m e t e r  t r ace  a t  va r ious  va lues  of 0 agrees  well  w i t h  
t h a t  o b t a i n e d  f rom c o m b i n i n g  two  t r i ang les  in t he  m a n n e r  
desc r ibed  above .  M e a s u r e m e n t s  h a v e  been  m a d e  of t he  
in tens i t ies  of t h e  hk0 ref lec t ions  of su lphani l ic  ac id  us ing  
Cu K a  r ad ia t ion .  00 was  f o u n d  to  be  38 ° a n d  Tab le  1 
compares ,  for  severa l  t yp i ca l  ref lect ions,  H .  C(O) w i t h  A,  
t h e  a rea  of t h e  t r ace  m e a s u r e d  b y  subd iv id ing  i t  in to  
s t r ips  as desc r ibed  b y  B r e n t a n o  (1945) a n d  B u e r g e r  (1960). 
I t  is seen t h a t  t h e  ra t io  A/H.C(O)  is c o n s t a n t  w i t h i n  a 
r ange  of a b o u t  10%. This  is cons ide red  sa t i s f ac to ry  as t h e  
t races  we re  n a r r o w  (about  2 or 3 mm. )  a n d  t hus  could  n o t  
be subd iv ided  accu ra t e ly .  
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