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T h e  anomalous -d i spe r s ion  m e t h o d  for  t he  d e t e r m i n a t i o n  
of phases  requi res  t he  obse rva t ion  of t h e  abso lu te  va lues  
of in tens i t ies  of t he  (hkl) a n d  (hkl) ref lexions.  These  
in tens i t ies  m a y  be  in e r ror  because  of sy s t ema t i c  er rors  
i n t r o d u c e d  b y  incor rec t  scal ing or incor rec t  abso rp t ion  
cor rec t ions  a n d  because  of r a n d o m  errors  i n h e r e n t  in t he  
m e t h o d  of obse rva t ion .  R a m a c h a n d r a n  & R a m a n  (1956) 
h a v e  shown  t h a t  if the  a n o m a l o u s  d ispers ion is due  to  
a pa i r  of c e n t r o s y m m e t r i c a l l y  r e l a t ed  a n o m a l o u s  scat-  
te rers  (e.g. a pa i r  of h e a v y  a t o m s  in t he  space g roup  P2~), 
t h e n  the  i n t ens i t y  co r rec ted  for a n o m a l o u s  sca t t e r ing  
(on the  abso lu te  scale) is g iven  b y  

F 2 = I  =½(I1 +12) - (AB) 2 

w h e r e  I i=I (hk l ) ,  12 =l(hkl) ,  a n d  AB =(Fa.s./fa.s.)Af" is 
t he  c o n t r i b u t i o n  of t he  a n o m a l o u s  sca t t e r ing  to  t he  
i m a g i n a r y  p a r t  of t he  s t r u c t u r e  fac tor .  

The  real  a n d  i m a g i n a r y  pa r t s  of t he  s t r u c t u r e  fac tors  
a re  t h e n  g iven  by  

(I1 --12) ~" 
F~t = ½(I~ +I2) - (~e)2 16(AB) 2 

a n d  
(11 - 12) 

F B - -  4AB 

(The a m b i g u i t y  of phase  is, in prac t ice ,  reso lved  b y  
choos ing  the  phase  nea r e s t  to  t h a t  of t he  a n o m a l o u s  
sca t te rer . )  

T h u s  sy s t ema t i c  a n d  r a n d o m  errors  in 11 a n d  I~ will  
p r o d u c e  er rors  in t he  phase  angle  d e t e r m i n e d .  

S y s t e m a t i c  e r r o r s  

I f  I~ a n d  I2 are  the  obse rved  intensi t ies ,  t h e n  

k(I~ - I~) 
F B - - - -  4AB 

a n d  
.F 2 = ½k(Z; + I~) - (AB) 2 

w h e r e  k is a f ac to r  necessa ry  to  b r ing  the  obse rved  
in tens i t ies  to  abso lu te  values .  N o w  

FB 
sin a = - -  

F 
a n d  

da 1 dFB FB dF 
c o s a - ~ = ~  dk --_F 2 dk 

1 FB FB ½(I; + I ; )  

F k F ~ 2F  
p 

d a  t a n a  t a n a ( I ~ + 1 2 )  

dk k 2F  2 2 

t a n  1 - 
- k ~ ~ J 

* Colombo Plan Fellow, on deputat ion from A.E .E .T . ,  
Bombay.  

o r  

(The second  t e r m  of { ( 1 - ( A B / F )  2} m a y  usua l ly  be 
neglec ted . )  

Tab le  1. da for values of ~ and dk/k 
(AB/F = 0.2) 

dk/k 

a ; '10 0"20 0"30 0"4; 

10 o 0.5 ° 1.0 ° 1.6 ° 2.1 ° 
20 1-1 2.2 3.2 4.3 
30 1.7 3.4 5-1 6.8 
40 2.5 5.0 7.5 10.0 
50 3.6 7-1 10.6 14.2 
60 5.2 10.4 15-5 20.7 
70 8.2 16.4 24.6 32.8 

The  errors  (da) in  t he  phase  angle  are  shown  in Tab le  1 
for  var ious  va lues  of a a n d  the  f rac t iona l  e r ro r  (dk/k) 
in t he  f ac to r  k;  t he  va lue  of A B / F  is he re  t a k e n  as 0.2. 
I f  dk/k is due  to incor rec t  scal ing t h e n  it  wil l  be a c o n s t a n t  
for  all ref lexions,  b u t  if i t  is due  to  an  inco r rec t  abso rp t i on  
cor rec t ion  t h e n  it  will  d e p e n d  on the  d i rec t ions  of t h e  
inc iden t  a n d  re f lec ted  beams .  T h e  t ab le  shows t h a t  even  
for  m o d e r a t e l y  large va lues  of dk/k t he  e r ro r  in t he  
phase  angle  is small ,  excep t  w h e n  a app roaches  90 °. 

R a n d o m  e r r o r s  

The  va r i ance  of FA will  be g iven  b y  

~2(fA) = \ ~ / ~ / o 2 ( I i )  + \ 0I~/~2(I2) 

w h e r e  a2(I1) a n d  a9(I2) are  t he  va r i ances  of 11 a n d  12. 
Thus  

~2(FA) = ½ 1 6 ( A B / 2 j ~  o~(Ii) 

2(11-12)  ] 1 2 

a n d  s imi lar ly  
1 

a2(F~) = 16 (AB) - - - - ~  (~2(I1) + ~2(i2)). 

I n  t he  case cons idered  I1 a n d / 2  a re  of n e a r l y  t he  s ame  
m a g n i t u d e  a n d  it  m a y  be  a s s u m e d  t h a t  ~(I1) = ~(I2) = a(I)  ; 
this  is especia l ly  so for  a n o m a l o u s  sca t t e r ing  w h e n  special  
p r ecau t ions  are  usua l ly  t a k e n  in t he  i n t ens i t y  measu re -  
m e n t  (e.g. r ecord ing  11 a n d  12 close t o g e t h e r  on the  film). 

(11_i.~)2]a2(i) 
~2(FA) = ½ + 32(AB)4 J 4F~ 

a n d  
~2(I) 

~2(FB) = - - -  
8(AB) ~- 
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~ O W  

a ~ ' ( tana)  = ~AA a~(FB) + ~ )  a (FA) 

1 1 F~ ½ + a~(i ) 

o r  

= - -  + - -  ½ + o ( x )  a (tan a) F cos a 4_F~ 2(AB)~JJ 

{ tana a }  ½ 1 1 tan9 c~ ~ - 8 ( ~  a(1). 
F cos o, s(~ + s~o~ 

Now 
1 

a(a) = - -  a (tan a) 
sec ~ c~ 

c°s ~'{S(~B~ ~ ~(~) = - ~  + -  
t an  2 ~ tan  4 a ~½ + / ~ ( / ) .  

s~'~ c o s  ~ s ( - 2 - ~ f  

If  s = a (F) /F  is the  fractional error in F then 

{ ( F )  ~" tan9 a~ ½ 
a ( a ) = c o s a  ~ ( l + t a n ' a ) + ~  s .  

The var ia t ion of a(a) wi th  c~ is shown in Fig. 1; the 
error in a is reasonably constant  up to a phase angle of 
about  55 °, bu t  increases rapidly  as a approaches 90 °. 
The value of a(a) for the 'constant '  port ion will depend 
on s and the rat io F/AB; Table 2 shows the value of 
~(a) for this port ion for values of e and the ratio F/AB. 

Table 2. o'(a) for values of ~ and F/AB 
g 

.F//1B "0.01 0"02 0 .03  0 .04  0 .05  

2 1.1 ° 2-3 ° 3-4 ° 4 .6  ° 5.7 ° 
5 2.9 5.7 8-6 11.5 14.3 

10 5.7 11.5 17.2 22-9 27-6 
20 11.5 22 .9  34-4 45 .8  57 .3  

¢ ( a )  ° 

~0 

0 45 9O 
Ct ° 

Fig. 1. A graph of a(a) against a for F/zIB=5 
and e = 0-03. 
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A sample of 4-aminopyridine was k indly  furnished by  
Dr  K . G .  Stone of Michigan State  Univers i ty .  The 
mel t ing point  was 159-161 °C; the mel t ing point  reported 
b y  Heflbron (1953) is 158 °C. Small irregular crystals of 
4-aminopyridine were grown by  evaporat ion of an 
aqueous solution a t  room temperature .  

Weissenberg and precession photographs (Cu K a  radia- 
tion) were t aken  of a single crystal  mounted  along the 
c axis of the orthorhombic system found to describe the 
crystal .  Since the only sys temat ic  absences noted were 
the h00 reflections for odd h, the 0k0 reflections for odd k, 
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and the 00l reflections for odd l, the space group appears 
uniquely  determined as P212121. 

The cell dimensions derived from measurements  of 
the film are:  a=5 .57 ,  b=7.32,  c=12.1  /~, all _+l~o. The 
dens i ty  calculated for Z=4 is 1.27 g.cm-3; the densi ty  
observed, by  the f lotat ion method,  is 1-25 g.cm -s. 

No crystal  specimens were obtained which yielded 
films suitable for in tensi ty  est imation.  Diffraction spots 
were characterist ical ly elongated and drawn out into 
streaks, evidencing some disorder in growth of the 
crystals.  The s t ructure  analysis  originally p lanned was 
not  under taken.  
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