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T h e n  

dF 

T h e  m e a n  va lue  of  X,  requ i red  for eva lua t ing  R, is 

(x)= f:xQ(x)ax 

d.F 

= 2[( I .F I ) -  (G(F) } -  (I .F I} + a(oo) N(oo)- (G(F)}] 
=2(I F I}-  4 (G(.F)}. (5) 

The  rel iabi l i ty  index  is therefore  

<G(.F)> 
R = 2 - 4  <l -F I---~;-" (6) 

Since G(.F) is necessari ly  posi t ive,  R <  2 w h a t e v e r  the  
probabi l i ty  d i s t r ibu t ion  of  t he  s t ruc ture  ampl i tudes .  

Fo r  the  usual  centr ic  and  acentr ic  d i s t r ibu t ion  funct ions  
(G(.F)) can be eva lua t ed  in  t e rms  of  Z, t he  average  value  
of  I .F I ~" (Wilson, 1949), and  more  precise numer ica l  values 
cart be  ass igned to  t he  probable  value  of  R. 

I n  t he  eentr ic  case 

(i) G('F) = (~-r-~) ' f : "F exp {- "F~/2Z} d'F 

= ( ~ ) '  [1 -- exp {-- F2/2Z}], 

[ i - exp { - F~/2Z}] exp { - -F~/21~} d.F , (G(.F)}=~ 0 

= [42-1] ,  (7) 

(Y) R =  2 4 2 -  2 -  0.828, (8) 

since ( F )  = (2Z/zr)½. 

I n  the  acentr ic  case 

F (1) G(-F) = 22  -~ -Fe exp { - -F~/Y~} d F  
o 

= - - F  exp { --F2/Z} + ½(TrZ)½ erf(E/Z~), 

F (G(F) )  = -- 2Z - t  F 2 exp { -- 2F2/Z} dF 
0 

+(~) ! f :Fer f (F /Z~)exp{ -F2 /Z )dF ,  

which  gives, on in tegra t ion  by  parts ,  

(G(-F)) = - ~  (9) 

The  value  of  R is therefore  

(1) R = 2 - ~/2 - 0 .586 ,  (10)  

since (I -F I) = ½(TrZ)½. Thus  R for an  en t i re ly  wrong  cent re-  
symmet r i c  s t ruc ture  is ~/2 t imes  as big as for a wrong  non-  
een t rosymmet r i c  s t ructure .  

Opinions of  crysta l lographers  differ w h e t h e r  0.586 a n d  
0,828 are surpris ingly small  or abou t  w h a t  wou ld  be 
expec ted  for en t i re ly  incorrect  s t ructures ,  bu t  t he  fo rmer  
v iew appears  to  be t he  more  prevalent .  Cer ta inly  it  seems 
t h a t  even  correct  non -cen t ro symmet r i c  s t ruc tures  and  
project ions  will give inhe ren t ly  lower  values of  R t h a n  
cen t rosymmet r ic ,  mere ly  because of  t he  lower dispersion 
of t he  acentr ie  d i s t r ibu t ion  funct ion.  I t  is therefore  neces- 
sary to  achieve a grea ter  measure  of  ag reemen t  b e t w e e n  
observed  and  calcula ted .F's before a non -cen t ro symmet r i c  
s t ruc ture  can be regarded  as established.  

I a m  i n d e b t e d  to  Dr  D. Rogers  for several  helpful  
criticisms. 
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I n  a discussion of t he  value  of  t he  re l iabi l i ty  index  for 
wrong  s t ruc tures  (Wilson, 1950), i t  was sugges ted  t h a t  R is 
inhe ren t ly  h igher  for re flexions w i th  a centr ic  dis t r ibut ion,  
even  w h e n  the  s t ruc ture  is near ly  correct,  mere ly  because 
of  t he  h igher  dispersion of t he  d is t r ibut ion  funct ion.  Two 
other  proper t ies  of  t he  centr ic  d i s t r ibu t ion  t e n d  in the  
same direct ion:  t he  smaller  value of  (] F I), and  the  larger 
p ropor t ion  of  w e a k  re flexions (and therefore  ordinar i ly  
the  larger p ropor t ion  of accidenta l  absences).  The  former  
reduces the  d e n o m i n a t o r  of  R and  the  la t te r  acts ma in ly  
by  increasing t he  numera to r ,  t hough  it  has a smaller  effect 
on  the  d e n o m i n a t o r  as well. 

Fo r  s impl ic i ty  R will be calcula ted for a group of  re- 
flexions w i th  approx ima te ly  the  same va lue  of  sin 0/A, so 
t h a t  var ia t ion  of t he  f ' s  and  t he  t e m p e r a t u r e  factor  can 
be neglected.  The  var ia t ion  of R wi th  sin 0/2t is m e n t i o n e d  
briefly below. The  effect of  <I-F I) on the  d e n o m i n a t o r  is 
t h e n  simple;  <1 2 ' 1 > -  0.798]E~ for centr ic  d is t r ibut ions  and  
0"887Z~ for acentr ic  (Wilson, 1949). Other  th ings  be ing  
equal ,  therefore,  R for cen t rosymmet r i c  s t ructures  or 
pro jec t ions  will be abou t  10 % of its va lue  larger t h a n  for 
non -cen t rosymmet r i c  s t ructures  or project ions.  

The  effect of  accidenta l ly  absen t  reflexions is a l i t t le  
more  complicated.  I f  the  pho tograph ic  t echn iques  are 
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similar, i t  may  be assumed tha t  the  min imum structure 
ampli tude observable (F~) is the  same for both  distribu- 
tions at  the same sin0/~.  The absent reflexions then  (i) 
increase R by  a direct contr ibut ion R' ,  and (ii) increase 
the value of R tha t  would otherwise be obtained by  a 
fraction approximate ly /~ ' ,  where 

G(F~) 
R'= (1) <IFI>-G(F~)' 

and G(.F) is the function introduced in the preceding com- 
munication.  In  practice ~ -  Fm/Z~ is usually small com- 
pared wi th  uni ty ,  so t ha t  series expansions for R '  are more 
convenient  t han  the explicit functions. For  an  acentrie 
dis tr ibut ion 

(1) R ' -  e r f ¢ -  21r-i ¢ exp ( - ¢2) 
1 + 2~-t  ¢ exp ( - ¢~) - e r f¢  

= ~ ¢ a [  1 3¢~5 4¢3+3~ ...~, (2) 

and for a centric distr ibution 
(Y) R ' =  exp (½¢2)- 1 -  ½-¢~[1 + ¼ ¢ ' + . . . ] .  (3) 

In  typical  problems ¢ is 0.1-0.3, giving a contr ibut ion to 
R of 0.001-0.02 units  for (1) and 0.005-0.05 units  for (1), 
and the  same fractional increases. Both  effects give a 
relat ively larger R for centric distributions. 

In  general ¢ increases wi th  sin 0/A, though there m a y  
be a decrease again for 0 close to ½7r. The increase in R 
through absent  reflexions is therefore likely to be notice- 
able for the higher orders of reflexion, par t icular ly  for 
centric distributions. :Further, the high-order reflexions 
form a larger fraction of the whole hkl array  than  of any 
zone, so t ha t  values of R calculated for all reflexions are 

l ikely to be higher t han  those calculated for zones. This 
effect m a y  be overshadowed if a zone is centrie bu t  the 
general reflexions are acentric. 

Differences of the order of 0.05 uni t  between the values 
of R for non-centrosyrrmaetrie and centrosymmetric  pro- 
jections have in fact been noticed. Fowweather  & Har-  
greaves (1950) found (1)R---0.13 and ( i ) R - 0 . 1 7  in 
m-tolidine dihydrochloride. There is a similar difference 
between the values of R calculated from the data  of 
Crowfoot, Bunn,  Rogers-Low & Turner-Jones (1949, 
p. 310) for the (1)0kl and (Y)h0l zones of sodium benzyl- 
penicillin, though the sparsely populated (1)hk0 zone is 
anomalous, approximat ing more closely in its stat ist ical  
parameters  to the (i) hO1 zone. Some prel iminary work on 
the intensit ies of ephedrine hydrochloride (Phillips, un- 
published) indicates, however, t ha t  the two factors dis- 
cussed here are insufficient to account in detail  for the 
differences between (1)R and (i) R, and t ha t  the  average 
value of[[ Fobs. [ -- [ ~'¢a~¢. [I is larger for (Y) than  for (1). This 
m a y  perhaps be another  manifesta t ion of the greater 
dispersion of the centric distribution, or due to a greater  
effect on Fca~" of errors in the atomic parameters .  
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I m  Ansehluss an  die Bearbei tung des Nat r iumte t rameta-  
phosphates  (Andress & Fischer, 1949) wurde die S t ruktur  
des hSher symmetr ischen Ammoniumte t rametaphosphates  
in Angriff genommen. Bis zum Erseheinen obiger Arbeit  
wurden unabh~ngig davon folgendo Resul ta te  gewonnen, 
welche die von MacGillavry & Romers (1949) vollauf  
besti~tigen: 

Habi tus :  rhombisch-holoedrische Bipyramiden.  
a -  10,35 .+ 0,02, b -  10,85 -+_ 0,02, c-- 12,50 _+ 0,03 A. 
pew.=l ,77 (15°C.), p~=1,84.  
Z : 4 (NH4)4[(POa)4]. 
Raumsys tem:  D~-Cmca. 
Struktur :  P4012-Ringe der Eigensymmetr ie  C~h. 

Besetzte Punk t lagen  (gleiche Bezeichnung wie in obiger 
Arbeit (MacGillivary & Romers,  1949)) und deren x-Para- 
meter: 

Atomart Punktlage x-Wert 
PI 8f 0 
Pit 8d 0,209 _+ 0,003 
Oi 8f 0 
Oii 8f 0 
OHI 10g 0,273.+0,003 
Oiv 16g 0,116-+ 0,001 
N I 8f 0 
N H 8e 0,250 

Als Grundlagen der Punkt lagenbesetzung dienten neben 
Raumerf 'f i l lungsbetrachtungen die am Natr iumtet ra-  
metaphosphat  (Abdress & Fischer, 1949) gewonnene 
Erkenntnis ,  dass es sich beim Anion um einen P4012-Ring 
handelt .  

Bei der E rmi t t lung  der x-Parameter  wurde wie folgt 
vorgegangen: 

(1) e ly  ist als Ringglied des Anions in seinem x-Wert  
auf  Grund des Ionenradius des Sauerstoffions ffir die 
Koordinat ionszahl  2 s tark  eingeschr/inkt: 

0,11 < x(Oiv) < 0-125. 

(2) Da (12,0,0) zuf/illig ausgelSscht ist und die x-Koor- 
d inaten yon PI, Oi, Oi1, N1 und NII festgelegt sind, muss 
die Summe der Tei ls t rukturvektoren yon PH, OIlI, OIv 
gleich dem negat iven Wer t  der Summe der Teilstruktur-  
vektoren der fibrigen ffinf Atomar ten  sein. Dies schr/~nkt 
die MSglichkeiten ffir x(OIv) welter ein: 

0,116 < x(Oiv) < 0,134. 

Insgesamt ist also x(Oiv) nur  noch zwischen 0,116 und 
0,125 variabel. 

(3) x(Olv) wurde nun  systematiseh variiert ,  und f~r 
jedes x(Oiv) wurde x(Oin) ais Funk t ion  yon x(Pii) auf- 


