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The centroid 0e of an X- ray  dis t r ibut ion is defined by  the 
expression 

Oc= ITooOP(O)d(O)/I_iP(O)d(O ) (1) 

where P(O) is the  in tens i ty  distr ibution.  The impossibil i ty 
of using infinite l imits  has  been discussed and various 
t runca t ion  procedures for determining acceptable finite 
l imits have been proposed by  Ladell,  Parr i sh  & Taylor  
(1959); Pike & Wilson (1959); Zevin, Umanski i ,  Kheiker  
& Panchenko (1961). Difficulties were encountered in 
applying each of these procedures to Ka reflections 
pr imar i ly  because of the presence of Kc¢ satellites near  
the t runcat ion  l imit  on the low angle side of the Ka~ 
line (Parrish, Mack & Taylor,  1963), and consequent ly 
i t  was necessary to develop a more sat isfactory procedure. 
The method  described below has  points  of s imilar i ty  to 
both  the 'simplified' and 'unsimplified'  methods  of Pike 
& Wilson (1959), bu t  el iminates their  horizontal  t runca- 
t ion and defines the background as in the methods  of 
Ladell,  Parr ish & Taylor  (1959) and Zevin et al. (1961). 
A detailed comparison of the various methods  is being 
prepared for publication.  
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Fig. 1. Truncation limits and the resultant centroid shown 
schematically for an X-ray powder diffraction profile. For 
convenience the distribution is shown as a smooth curve, 
but in practice the line is step-scanned in equal angular 
increments /10. The hatched portion denotes the area 
~,[I(O)--B(O)]AO used in the calculation of the centroid. 

We define the in tens i ty  dis t r ibut ion P(O)=I(0)-B(O), 
where I(0) is the observed line profile in tens i ty  distribu- 
tion, and B(O) is the  background in tens i ty  distr ibution.  
In  our exper imental  a r rangement  we record I(0) b y  
step-scanning wi th  equal angular  increments  A20 which 
can be varied from 0.01 to 0"05 ° (20) bu t  mus t  be small  
compared wi th  the b read th  of the profile. We establish 
the  background by  measuring the intensit ies B~ and B~ 
a t  the  angles Oa and 0~ and assuming a l inear var ia t ion  
of B(O) with  0; the angles 0~ and 0o lie beyond the region 
where the profile merges into the background (Fig. 1). 

* Sponsored in part by U.S. Air Force Office of Scientific 
Research under Contract :No. A~F49(638)-620. 

Since A O is small compared wi th  the range over which 
the continuous funct ion I(0) has appreciable value, the  
integrals of equat ion (1) m a y  be replaced by  summat ions :  

Oc= .~, Oj[I(Oj)--B(0j)] 1(01)--B(0j)] (2) 
j--0 

where Oj=Ot_l+AO. Equa t ion  (2) defines the unique 
centroid of P(O) consistent  wi th  equat ion (1) whenever  
the dis t r ibut ion P(O) is such t ha t  P(Op)~_0 for p > N  
and p < 0. 

As in the other approximat ions  based upon t runca t ion  
procedures, we determine l imits  of integrat ion Ogn and 
O'~n (in place of 00 and ON) and calculate a centroid 0on 
in such a manner  as to eharaeterize uniquely  the d istribu- 
t ion P(O) in terms of a corresponding range R(2) of the 
incident  wavelength  distr ibution.* 

In  our procedure the l imits of integrat ion mus t  be 
symmetr ic  (with respect to a wavelength  scale) about  
the centroid. The centroid of an X- ray  diffractometer  
profile is determined b y  a successive approximat ion  
process as follows: 

1. A wavelength  range R(2) is selected so t h a t  the  
value of P(O) at  the l imits is approximate ly  1% of 
the Ka 1 peak intensi ty .  This criterion ensures t h a t  the  
range is sufficiently large to include the significant detai ls  
of the profile. The value of R(2) used for a powder line 
depends upon the radiat ion,  the  aberrat ions,  and the  
diffraction angle and is of the order of 0.015/~ at  160 ° (20) 
and  0.030 A a t  70 ° (20). 

2. The range and the requirement  of symmet ry  on a 
wavelength  scale establish wavelength  values 

20 =2e  +R(2)/2 and 2~ = 2c - R ( 2 ) / 2 ,  (3) 

where 20 is the  centroid of the spectral  dis t r ibut ion for 
the selected range B(A). These wavelength  values can 
be t ransformed to angular  l imits  00, 0N by  means of the 
relat ion 

~c/sin 0c =20/sin Oo=~N/sin ON =2dh~ • (4) 

Since dh~z is no t  known, ten ta t ive  l imits  are calculated 
using an  approximate  value of 0c (denoted below by  Oco). 
The effect of aberrat ions is to displace the observed 
profile and therefore a modificat ion is required to preserve 
the  correspondence between the angle and wavelength  
scales explicit  in equat ion (4) (Pike & Wilson, 1959). 
The relat ion between l imits  0~, 0~v on the observed scale 
and the l imits  00, 0N on the ' t rue '  scale is: 

Of = Oo - A n  and 0~v = 0N - A n  (5) 

where /lq is the  sum of the zero-angle and goniometer  
angle corrections (Parrish & Lowitzsch, 1959) and 

* In the following discussion, unprimed quantities refer 
to 'true' values (i.e. free of aberrations and displacements) 
and primed quantities refer to the experimentally observed 
values. The first subscript indicates the variable (i.e. trunca- 
tion limit or centroid) and the second subscript denotes the 
step in the iteration. 
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the corrections for all the aberrations (see for example, 
Wilson, 1963) except for dispersion and the Lorentz- 
polarization factor. 

Thus for the first iteration, we obtain the limits 

O°i=sin-~{ ['~c+R(1)/2]~c sin 0c0} _A G 

0 ~ =  sin-~{ []~o-R(]O/2]~c sin 0c0} _ A a .  (6) 

! 

The angles 0~1, 0~vi are rounded to the nearest  0 /values ;  
because of this rounding an exact knowledge of the 
spectral distr ibution is not  required and only an ap- 
proximate  value of 2c need be used in equations (6). The 
accuracy of 2c required for equations (6) depends of 
course both  on the  Bragg angle and on the magni tude  
of A 0; the  weighted mean  of the published peak values 
of a 1 and ae is sufficiently accurate for the  back reflec- 
t ion region and the  3 0 values given above. 

3. The centroid 0~ of the distr ibution between the  
(rounded) limits 0~i and 0~vl is calculated from equat ion 
(2) (replacing the unpr imed by the pr imed values) and 
an adjusted centroid 0cl is found from 

0cl = 0~1+ A a .  (7) 

4. If  0Cl* 0c0, then  0c~ replaces 0c0 in equations (6) 
to calculate new limits 0~2, 0~v~. A new centroid 0c~ is 
then  calculated as in step 3. 

5. The process is i terated i t imes unti l  0c~ = 0c(~-~)= 
Ocn, at which point  the limits are symmetr ic  on a wave- 
length scale about  the centroid. In  practice, i is small - -  
at  most  two or three i terations are required. 

6. Finally, the corrected centroid 0c(R) is found from 

Oc(R) = OCn + AL (8) 

where AL is the correction of the centroid to account 
for the effects of dispersion and the Lorentz-polarization 
factor (Ladell, Mack, Parrish & Taylor, 1959). 

The necessity of using an equivalent  measure of line 
position for the  powder diffraction line and the spectral 
line has been discussed by Ladell, Parrish & Taylor 
(1959) and Pike & Wilson (1959). Because of this require- 
ment ,  the centroid ;tc of the incident  spectral distribu- 
t ion for the same wavelength range as tha t  u s e d  in 

determining Oc(R) must  be known accurately in order 
to solve the Bragg equation for dhk l. 

To determine 2c for a selected wavelength range 
R(2), the procedure is as follows: 

1. An approximate  centroid 2c, is chosen and the  
centroid 2Cl of the spectral distr ibution between the  
limits ~o1=2co+R(2)/2 and 2Nl=2co--R(2)/2 is calcu- 
lated. 

2. The difference D~ =~c~-2c0 is used to determine 
new limits 202--;t01+D 1 and 2lv2=2gl+D~, and a new 
centroid 2c~ is calculated. 

3. The process is i terated i t imes unti l  Di=Dn= 
2Cn-2c(n-1)=O, at which point  the centroid ~cn lies 
midway between the limits. Then ~cn--,~c is the spectral 
centroid for the range R()~). 

I t  should be noted tha t  experimental  two-crystal  
spectrometer  spectral distributions may  require correc- 
tions for aberrations and tha t  these corrections, if known, 
may  be applied in a manner  similar to tha t  used for 
0c(R). Standard values of 2c for a given radiation need 
be tabula ted only once for a series of ranges for use in 
solving the Bragg equation. Results of the determinat ion 
of 2c for various ranges for Cu K a  and Fe Ka spectral 
distributions and the  application of the above me thod  
to the de terminat ion  of lattice parameters  are being 
prepared for publication. 
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Le perf luoxymolybdate  monohydrat4  de potassium (Pic- 
cini, 1892) cristallise en lamelles monocliniques; les 
formes les plus courantes sent :  {001}, {301}, (301}, {021}, 
{031}. 

L ' interpr4tat ion des diagrammes de cristal tournant  et  
du diagramme de poudre de K2MoO3F4,H20 , conduit  
une maille monoclinique de param6tres:  

a = 6 , 3 1 ± 0 , 0 1 5 ,  b=6 ,28±0 ,015 ,  c = 1 8 , 1 5 + 0 , 0 1 5 A ;  

fl = 98 ° 09' _+ 10'. 
a: b : c -- 1,0048 : 1 : 2,8901 

Cu Ka = 1,5418 A. 

Cette maille est reli4e ~ celle trouv4e par 4rude mor- 


