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Abstraet--A closed-form equation was derived that describes the powder-ring distribution factor as a 
function of 20, soller slit collimation, and or*, which is defined as the standard deviation of an axiaUy 
symmetrical Gaussian orientation function. Methods were developed for measuring a* in the reflection 
mode by means of a 0/20 diffractometer. Six experimental arrangements for a sedimentary chlorite showed 
widely different intensity ratios of the 001/005 reflections and gave a standard deviation of • 5.8% when 
corrected by the theory. The absolute integrated intensities of the 003 reflection from eleven illite samples 
provided an eight-fold maximum range which, when corrected, yielded a standard deviation of • 

The intensity distributions within each of two X-ray powder diffraction patterns obtained from instru- 
ments with different soller-slit configurations could not be directly compared at low diffraction angles 
unless corrections, based on a*, were introduced to allow for the differences in axial divergence. 
Key Words--Chlorite, Illite, Intensity distribution, Lorentz factor, Orientation, Soller slits, X-ray powder 
diffraction. 

I N T R O D U C T I O N  

The Lorentz-polarization factor is the most impor- 
tant of the experimental quantities that control X-ray 
intensity with respect to diffraction angle. Its evalua- 
tion is essential to any analysis that depends on the 
intensities of X-ray diffraction maxima. Practical ex- 
amples of such applications include one-dimensional 
crystal structure analysis, modeling interstratified clay 
diffraction patterns, computation of the MacEwan di- 
rect-Fourier transform (MacEwan, 1956), and quan- 
titative analysis of clay mixtures. 

The Lorentz-polarization factor E, is given by 

1 + COS220~ 
, (1) 

sin 20 

where 1 + cos220 denotes the polarization factor, sin 
20 describes the change in irradiated volume of a crystal 
as a function of 20 (the single crystal Lorentz factor), 
and ~ is the powder ring distribution factor, the quan- 
tity that is the subject of this report. ~ is proportional 
to 1/sin 0 for a random powder, and its value is constant 
for a single crystal. 

The usual procedure is to select either the single 
crystal or the random powder form of~b, but as will be 
shown below, either may be inappropriate at low dif- 
fraction angles. The low-angle values for ~b depend 
strongly on the degree of preferred orientation of the 
crystallites that make up the sample and on the soller 
slit divergences of the diffractometer. The elimination 
of one of the soller slits on some newer instruments 
means that relative intensities cannot be directly com- 
pared between these "newer" and most "older" ma- 
chines unless provision is made for differences in the 
effective Lorentz factors. 
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An analysis of ff was undertaken earlier (Reynolds, 
1976), but that work is unsatisfactory in several respects. 
Corrections were applied to low-angle Debye-Scherrer 
arcs that were slit-length limited. Further consideration 
has convinced the writer that such a procedure is in- 
correct for clay minerals which characteristically give 
broad diffraction maxima, though it should be appli- 
cable to coarse-grained micas whose diffraction lines 
are sharp. The correction has been eliminated here. 
The earlier work required numerical solutions of the 
requisite integrals, and the computat ion t ime required 
made such a procedure impractical for many appli- 
cations. The present work shows the derivation of a 
closed form equation which, though it contains ap- 
proximations, is accurate to within a few percent. Fi- 
nally, the earlier work is incomplete because no con- 
sideration was given to the axial divergence of the 
primary incident beam. The importance of this omis- 
sion was brought home to the writer with the imple- 
mentat ion of a new Siemens D-500 diffractometer 
which employs no primary-beam soller slit. Important  
differences in relative intensities of low-angle peaks 
from well-oriented samples were noted between pat- 
terns from the D-500 instrument  and patterns pro- 
duced by an older Diano (General Electric) XRD-5 
apparatus which utilizes two soller slits. 

The discussion here applies only to the 001 or basal 
reflections from a clay aggregate, the crystallites of which 
have a mean plate orientation that parallels the surface 
of the specimen. No lineation is assumed, thus the 
orientation function is symmetrical about an axis that 
is normal to the sample surface. Such an orientation 
is produced by any of the standard preparation meth- 
ods that involve gravity or centrifuge settling methods, 
or pressure or filtration techniques. The smear method 
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produces an essentially unknowable orientation func- 
tion, and the theory discussed here is inapplicable to 
such preparations. 

THEORY 

Figure 1 shows two Debye-Scherrer rings, generated 
by a parallel incident beam impinging upon an incre- 
ment  of  powder that is located on a line normal  to P = 
0. The distr ibution of  diffraction spots within the rings 
is meant  to depict  preferred orientation of  the type 
described above. The two vertical lines separated by 
D represent two plates o f  a diffracted-beam soller slit 
assembly. D is a length, and it is related to the angular 
divergence o f  the diffracted beam soller slit, s2, by 

D = rotan s2, (2) 

where ro is the goniometer radius. The usual nomen-  
clature for slits gives the angular divergence as the sum 
of  the values for the plus and minus directions. Here, 
one-half  of  such values will be used. The quanti ty A20 
depicts the small angular increment within which dif- 
fraction can occur. 

A vector between the projection of  P = 0 and the 
powder ring has the length rosin 20 (Reynolds, 1976), 
and the port ion of  the ring intercepted by the detector 
is given by 

�9 [rotans2] sin_l[ sz ]. (3) 
a = s l n - l / ~  [ Lsin 20J 

Soller slit divergences are always small  (<  5~ so angles 
can be accurately substituted for tangents and sines. 
The arcsine can also be replaced by its argument for 
the same reason, although considerably larger errors 
are involved which are evaluated later and found to 
be acceptable. Mult ipl icat ion by cos O is necessary to 
obtain the number  of  crystallites oriented in such a 
way as to diffract into D (Reynolds, 1976); thus, 

S2COS 0 S 2 
a ~ - -  - . ( 4 )  

sin 20 2 sin 0 

Suppose that the orientation ofcrystal l i tes in a pow- 
der is such that a Gaussian form describes the fre- 
quency o f  tilt angles about  the plane defined by the 
sample surface. The function is completely described 
by the standard deviation,  a*. Let the intensity dif- 
fracted into D be ~b, the powder  ring distr ibution factor. 

is the integral of  the orientation function between 
the l imits zero and a, or 

f x  x=a g' = =o exp(-xV2(~r*)2 dx 

x/g~ 
- erf(a/V'2#*), (5) 

2 

where erf  is defined by Eq. (11) below. 
The intensity intercepted from each ring, ~, is given 

by the number  o f  spots that  lie within D, according to 

D=rotans z 

~ " ~ ' ~ / _  rosin 2e 

IO /  / 

/ .L 
P=O 

Figure 1. Debye-Scherrer rings from a sample located on a 
line normal to the figure and intersecting P = 0. Vertical lines 
are soller slit plates; r 0 is the goniometer radius; s~ is the 
angular divergence of the diffracted beam soller slit. 

Eq. (5). Suppose that s2 is small and that 0 is large; then 
a is small (Eq. (4)). If, in addit ion,  ~* is large, 

erf  ~x a ~x sin 0 ' (6) 

and ~ has the random powder form. For  opposi te  con- 
ditions, small ~*, small 0, and large s2, the value of  the 
error function approaches a constant quantity for the 
infinite integral, and this defines r for the single crystal 
Lorentz factor. Between these extremes, however, the 
integral (Eq. (5)) must  be solved. 

The t reatment  thus far considers only the diffraction 
of  a parallel incident  beam from a small increment  of  
powder. Eq. (5) is the first o f  three integrations that are 
required. The other two involve integration over  the 
powder surface and integration over the range of  in- 
cident angles provided by the pr imary or incident  beam 
soller slit, s~. 

Figures 2a and 2b are views of  the geometry o f  Figure 
1 as seen from above. For  a three-dimensional  projec- 
t ion of  the system, see Reynolds (1976). The axis of  
the diffracted beam soller slit lies in the horizontal  
direction, and two plates from this assembly are located 
by the two heavy horizontal  lines. An increment  o f  
powder  is located at Ps2 where P is the decimal fraction 
of  the angle sv A port ion of  the incident beam makes 
the angle A with respect to the axis of  the soller slit, 
and the max imum value of  A is equal to sl, the angular 
divergence of  the incident  beam soller slit. 

Figures 2a and 2b treat, respectively, the lower l imit  
(x 0 and the upper  l imit  (x2) of  the integral of  Eq. (5). 
The lower l imit  of  integration, x~, is given by (see Eq. 
(3) and Eq. (4)) 

�9 _ rrotan A - r0P tan s~] 
x, = cos 0 sm '[ J (7) 

A - Ps~ 

2 sin 0 " 
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Here, tan A - roP tan s2 has been substi tuted for tan 
s2 in Eq. (3), and the arcsine has been mult ipl ied by 
cos 0 (Eq. (4)). The upper l imit  o f  integration (Figure 
2b), using similar  arguments, is 

A + (1 - P)s2 
x2 - (8 )  

2 sin 0 

The final result requires addit ional  integration of  Eq. 
(5) over the ranges A = 0 to A = Sl, and P = 0 to P = 
1. In addition, a correction must  be applied to account 
for the flux of  X-radiat ion t ransmit ted by the incident  
beam soller slit at an angle A. A and s~ are small, so 
no appreciable error is involved in substituting argu- 
ments for tangents, and the correction is s imply 

A 
1 - - -  ( 9 )  

St 

The final form for ~, then, is 

l rA=.l L.=I ~..=,a+.-.,.,,,~,~., 
= a "-~ LJA=0 =0 ~'x=(A--Ps2)/2sin8 

exp(-x2/2(r - A/sI) dx dP dA. (10) 

Multipl icat ion by l /a* is necessary to account for the 
concentration of  diffraction spots that  lie within A20 
(Figure I). The integration makes use of  the following 
relations which are either well known or are given by  
GeUer and Ng (1969) in the forms shown below or by 
more general expressions from which the requisite in- 
tegrals can be derived. 

2 t~,fx 
err(x) = ~ o e x p ( -  t 2) dt, (11) 

erf(-x) = - er f (x ) ,  ( l  2 )  

5 l eft(x) dx = x eft(x) + ~ exp(-x2),  (13) 

f X 2 X x erf(x) dx = ~- erf(x) + ~ e x p ( - x  2) 

- l/a erf(x), (14) 

f X3 X 2 
x~erffx) dx = ~- erf(x) + ~ e x p ( - x  2) 

+ ~/3 exp( - x2), (15) 

tf,=x t e x p ( - t  2) dt  = V2(1 - exp(-x2)).  (16) 
J t  =0 

The integrations are accomplished by substitution 
and parts, and the proliferation of  terms makes the 
procedure too long and tedius for a description here. 
After collection of  terms and simplification, the solu- 
tion is 

l [St + S2 ( ~ @ )  
erf (2(st + s2) 2 + 3Q 2) 

s s2 ( s s 2 )  
+ ~ erf  ~ (2(sl - %)2 + 3Q2) 

6Sl erf (2s2 ~ + 3Q0 

I erf (2Sl; + 3Q 2) 
6s2 

Q 
+ 6X/~sls----~ exp( - ( s l  + s2)2/Q 2) 

"((sl + s2) 2 + Q2) 

Q 
+ 6N/~rsls---- ~ exp(-(Sl  - s2)2/Q 2) 

�9 ((Sl __ S2)2 .~ Q2) 

Q 
3V~sls2 exp(-(sjQ)2)(s22 + Q 0  

Q 
3v~zsts2 exp( - ( s JQ)2) ( sd  + Q0  

- -  , ( 1 7 )  

+ 3k/~s,s2 

where Q = 2 k / ~ *  sin 0. The values for st, s~, and ~* 
have the units of  degrees. The function erf(x) must  be 
evaluated by an accurate method,  such as the poly- 
nomial  approximat ion given by Abramowitz  and Ste- 
gun (1970, Formula  7.1.26). 

Eq. (17) should be evaluated by digital computer ,  
though any type o f  mini  or micro computer  is suitable 
for very quick results. The equation is easily incor- 
porated into other computer  programs that  reduce in- 
tensities to F values, or model  X-ray diffraction pat-  
terns. I f  the results are appl ied to General  Electric 
(Diano) or older Norelco diffractometers, Eq. (17) can 
be considerably simplified because, for these instru- 
ments, st = s2 = 1. 

Eq. (17) was checked for errors by comparing many  
solutions for different values o f  0, s ,  s2, and a* with 
the results obtained by computer-calculated numerical  
integrations of  Eq. (10). In all comparisons  agreement 
was better than 0.1%, and that  difference is easily ac- 
counted for by the finite values that  must  be assumed 
for dx, dA, and dP by the numerical  method.  In short, 
F-xt. (17) is an accurate representat ion of  Eq. (10), and  
the details of  the der ivat ion of  the latter have been 
given here for the reader 's  scrutiny. 

A simplified version of  Eq. (10) was developed large- 
ly on intuit ive grounds. The integration over  the pow- 
der arc for P = 0 is retained (Eq. (5)), and the soller 
slits are treated as a mean square composite,  

g --  X/s~ 2 + s d .  ( 1 8 )  

The correction for beam flux (Eq. (9)) is set equal to 

1 - 2 sin Ox/K 
and the final form is 
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[= = a = ~ / 2 s i n O  

oc e x p ( -  x2/2(o*) 2 ) 
o 

�9 (1 - 2 sin 0x/g) dx. (19) 

The beam flux correction diminishes the X-ray inten- 
sity with respect to x so that the flux equals zero at the 
l imit  of  the integration. 

Integration is accomplished by parts and by substi- 
tution. For  the first step, Eq. (19) is expressed by two 
parts, namely 

[x~/2~m0 exp(-xE/2(a*) 2) dx, (20) 
= 0  

and 

- 2  sin 0 (- =~/2si.0 
s g~=0 x e x p ( -  x2/2(~*) 2) dx. (21) 

Eq. (20) is integrated by making use o f  Eq. (I 1) and by 
the substitution, 

t = x/X/2~*, or x = V~to*. 

Then, 

f 
t ~ / 2 x / ~ s i n 0 o *  

V~a* e x p ( - t  2) dt 
*.1 t = 0  

V~-~o* 
- - -  erf(~/2V~ sin Oa*). (22) 

2 

The solution of  Eq. (21) makes use of  Eq. (16) and the 
same substitutions, so 

*,t=o t exp(--C) dt  

_ 2 sin 0(0*) 2 (1 - e x p ( - ( g / 2 V ~  sin 0a*)2)). 

(23) 
Multiplying by SlSz/g(o*) 2 makes the absolute values 
properly dependent  on ~* and s] and s2, and when Q 
is substituted for g /2V~ sin 0a*, the final result is 

s,s2 [ x / ~ o *  
= ~ L ~  erf(Q) 

"1 

_ 2 sin .0(0") 2 (1 - exp(-Q2) / .  (24) 
S J 

The derivat ion of  Eqs. (17) and (24) involves the 
simplification of  substituting the argument for the arc- 
sine of  the argument that defines the upper  integration 
l imit  of  the first integral. In addition, the simplified 
form of  Eq. (24) is an approximat ion.  To test the over- 
all errors involved,  calculations were made  for ~ by a 
numerical,  computer  procedure that util ized a form of  
Eq. (10) that included the correct arcsine variable. These 
were compared with solutions of  Eq. (24). Results are 
based on two values o f  soller slit collimation, 3.3 ~ and 
1", and 1 ~ and 1 ~ and for values ofo*  of  4 ~ 10 ~ 20 ~ 
and 30 ~ . The range of  condit ions covers two different 

~ . ~ . . . ~ .  - ro ~ rotanA DTs~ 

Psz I ~ ~  Protan% 

cb) 
Figure 2. Diffraction geometry leading to the limits of in- 
tegration (xl, Xz) of text Eq. (10). A is angle of incident ra- 
diation; s2 is the divergence of the diffracted beam soller slit; 
ro is the goniometer radius; P is the position of a diffracting 
increment of powder, expressed as a decimal fraction of the 
spacing of the plates in the diffracted beam soller slit. 

and currently used diffraction optics, and the range of  
preferred orientations likely to be encountered in ori- 
ented clay aggregates. The agreement between the two 
methods for computat ion of  ~ was evaluated between 
3 ~ and 80*28. For  all comparisons save one, all differ- 
ences are less than 3%. The one exception is the most  
extreme case, sl = 3.3, s2 = 1, and a* = 30 ~ for which 
errors of  4 to 5% occur below 5~ 

The comparison demonstrates that the simplified and 
approximate  form of  Eq. (24) is adequate for most  work 
that utilizes X-ray diffraction intensities, and that  the 
use of  the cumbersome expression of  Eq. (17) is un- 
warranted. Eq. (17) is included here, however, because 
it is entirely justifiable on simple geometric grounds, 
whereas Eq. (24) is not. 

E X P E R I M E N T A L  

Diffraction patterns 

Chlorite from the Silurian Bertie Format ion  o f  
northeastern New York  State was used to test the the- 
ory developed above. The l imestone was crushed and 
treated with HC1 to remove carbonate,  and  the insol- 
uble residue was washed to dispersion with water. The 
< 1-tzm e.s.d, fraction was recovered by centrifuge and 
treated with Chlorox to remove organic material. X-ray 
powder diffraction studies o f  the clay show it to consist 
of  a high-magnesium chlorite mixed with illite. Com- 
parisons between a/r-dr ied and ethylene glyeol-solvat- 
ed preparat ions disclosed that  the chlorite is slightly 
expandable,  based on changes o f  peak height and shape 
after glycolation. 

X-ray powder  diffraction mounts  were prepared by 
three different methods:  (1) centrifugation onto an un- 
glazed ceramic tile, (2) vacuum filtration through a tile, 
and (3) vacuum filtration through a Mil l ipore GA-6 
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Table 1. Intensity data for chlorite from the Bertie Forma- 
tion, New York State. 

Sj = 1 ~  S2 = 1 ~ s~  = 3 . 3 * ;  S z  = 1 ~ 

Reflec- Raw da ta  Corr.  da ta  ~ R a w  data  Corr. da ta  I 
t ion  (count/see) (count/see) (count/see) (count/see) 

a* = 4.3 (centrifuged onto a porous plate) 
001 5037 970 11,020 1037 
002 4837 716 13,820 787 
004 4588 613 17,030 668 
005 997 131 4007 146 

~* = 6.1 (sucfionMillipore fil~r-glasstransfer) 
001 3654 1162 7920 1113 
002 3452 953 9780 892 
004 3067 807 11,080 784 
005 680 177 2490 169 

a* = 12.8 (suction through a porous plate) 
001 861 969 2277 834 
002 674 765 2291 693 
004 561 640 2105 596 
005 126 143 471 132 

x Corrected values refer to sl = sz = 1 ~ and or* = 12 ~ 

0.45-#m filter, followed by inversion o f  the clay film 
onto a glass slide. The preparations were thick enough 
(~20 mg/cm 2) to eliminate the effects of  the surface 
texture of  the tiles, and, in conjunction with the rela- 
tively high mass absorption coefficient (~t* ~ 45), to 
ensure infinite thickness for X-ray diffraction at the 
max imum angles recorded. Ethylene glycol solvation 
was accomplished by exposure to the vapor at 60~ 
for 24 hr. 

X-ray diffraction measurements were made with an 
automated Siemens D-500 diffract,  meter  equipped 
with a copper tube and a graphite monochromator .  
Tube settings were 40 kV and 30 mA. All intensities 
are integrated values obtained with step-scanning pro- 
cedures, corrected for the effects of  an interpolated lin- 
ear background. One-degree divergence slits were used 

for the range above 12~ and 0.3 ~ slits were employed 
at smaller angles to ensure that the spread of  the in- 
cident beam defined an area smaller than the sample 
surface. The low-angle intensities were normalized to 
that of  the 002 reflection. Data were obtained with two 
different soller slit arrangements. One set was measured 
with the standard Siemens geometry which consists of  
a one-degree diffracted beam slit, and no incident beam 
slit. The other was measured with one-degree soller 
slits in both positions. 

The accuracy of  the intensities depends on the peak 
to background ratio and on the number  o f  counts re- 
corded during peak integration. The count total was 
adjusted for each of  the peaks in each run so that the 
standard deviation is < 2% (Klug and Alexander, 1974, 
p. 362). The estimated standard deviation is 3.3% for 
the chlorite 005 reflection from the sample prepared 
by vacuum filtration onto a ceramic tile, measured with 
both soller slits in place. The intensity data are shown 
in Table 1. 

Eleven specimens ofi l l i te or highly illitic illite/smec- 
tite, < 1- or <0.5-~m e.s.d., were prepared as suspen- 
sions and were centrifuged onto porous ceramic tiles 
and solvated with ethylene glycol, and the integrated 
intensity was measured for the illite 003 (or illite 003/ 
smectite 005) reflection. A one-degree divergence slit 
was employed with the primary beam soller slit not in 
place. The results are shown in Table 2. During the 
period of  data collection, the instrument gave a peak 
intensity of  18,700 count/see for the quartz reflection, 
at 26.65~ from a Diano Permaquartz standard. 

The standard Siemens D-500 diffract .meter  was not 
equipped with a primary beam soller slit, so the effec- 
t ive axial divergence o f  the incident beam was mea- 
sured. I f  a* and 20 are large, intensity is proportional 
to s~s2. Integrated peak areas for the quartz reflection 
at ~ 26.6" were obtained with and without a one-degree 
primary beam soller slit that is available from Siemens. 
The ratio of  the quartz intensities without/with s~ in 

Table 2. Integrated intensities in count/see for the reflection near 26.6*20 from illite and illite/(glycolated) smectite. 

R a w  data  Corrected to ~r* ~ L 2 ~ 
F o r m a t i o n  Locatity,  age % Expandab le  a* I(003) I(003) 

Duvemay Alberta, Devonian ~0 6.03 15,020 3860 
Silver Hill Montana, Cambrian 0 8.09 7500 3430 
Kalkberg New York, Devonian 10 6.02 17,180 4420 
Sylvan Oklahoma, Ordovician ~5 8.40 7840 3860 
Gunflint Minnesota, Precambrian 10 6.90 12,520 4180 
Onondaga New York State, Devonian 10 5.94 16,080 4000 
Madison Wyoming, Mississippian 0 4.45 27,790 3950 
Mancos New Mexico, Cretaceous 10 12.5 3540 3820 
Interlake Montana, Silurian 0 5.90 13,840 3400 
Salona Pennsylvania, Ordovician 10 5.31 19,340 3870 
Gros Ventre Wyoming, Cambrian ~ 5 6.59 13,580 4140 

Mean 14,020 3900 

Standard deviations +46.6% ___7.7% 
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~ _ _  ~ Crystallite 
Figure 3. Diffraction geometry for measurement of preferred 
orientation, w is the tilt angle of the sample from the normal 
0/20 condition. 

place was 4.07. The primary slit (Sl) had a clear area 
of 81%, that is, 19% was obstructed by the edges of 
the 24 plates in the assembly. So the effective value of 
st with the one-degree slit absent was 

4.07 x 0.81 = 3.3 ~ . 

Corrections for intensities obtained with or without sl 
in place required the use of 1 ~ and 1 ~ or 1 ~ and 3.3 ~ in 
Eq. (24), with the additional step of dividing by 0.81 
the results obtained with the one-degree slit. Correc- 
tions for slit area (81%) were required only if absolute 
intensities were to be compared for the two soller-slit 
configurations. 

Preferred orientation 

The D-500 diffractometer provides separate control 
of the incident angle 0 by means of a computer-con- 
trolled stepping motor. This arrangement makes pos- 
sible the measurement of the orientation function by 
means of procedures used in preparing a one-dimen- 
sional pole figure. Figure 3 shows a schematic of the 
geometry. The horizontal dashed line represents the 
sample surface for the normal  mode of diffractometry. 
The powder sample has been tilted by the angle 0), thus 
bringing into the reflection condition a crystallite in 
the powder whose basal plane makes the angle 0) with 
respect to the powder surface. The standard deviation 
of the orientation function was measured by obtaining 
intensities from a single reflection for the successive 
values of 0). For these measurements, the incident beam 
soller slit and the diffracted beam scatter slit were re- 
moved from the diffractometer. The intensities were 
integrated because the diffractometer focus deteriorat- 
ed as 0) departed more and more from zero. In addition, 
a correction was applied to account for the asymmet- 
rical path lengths of the incident and diffracted beams, 
and for the change in area i l luminated as a function of 
0). The correction consisted of multiplying the mea- 
sured intensities by (James, 1965, p. 334) 

sin(0 + 0)) 
1 + sin(0 - 0))' (25) 

Ln [(oJ) 
9 

to I.." 

--. . 0"%J2.8 

I I I I I I I I I I I I ~ l 

20 40 60 
~ 2  

Figure 4. Plot of intensity as a function of tilt angle (I(w)) 
vs. w2. ~. is the standard deviation of the orientation function, 
and is given by the reciprocal of two times the slope. Data 
refer to the Bertie chlorite. 

where 0 is the Bragg angle, in this case, the position of 
the chlorite 004 reflection or 12.5". 

Suppose an array (1(0))) of corrected, integrated in- 
tensities at different values of 0). Intensity is propor- 
tional to the number  of crystallites, N(w), that are ori- 
ented in such a way as to diffract into the detector 
aperture. If  the orientation function is Gaussian, 

I(0)) ~ N(w) = k exp(-w:/2(cr*)2), (26) 

where k is a constant. Taking the logarithms of both 
sides yields 

0) 2 
In(I(0))) - -  + Ink .  (27) 2(~*) 2 

A plot of  I(0)) vs. 0)2 gives a straight line whose slope 
is V2(~*) 2 and whose intercept is Ink .  The slope easily 
yields **, the standard deviation of the orientation 
function. 

Figure 4 shows such plots for the three samples de- 
scribed here. The excellent fit of the data to straight 
lines verifies that the orientation function was indeed 
Gaussian. These findings are in agreement with those 
of Taylor and Norrish (1966), Lippmann (1970), and 
Hall et al. (1983) who, using different experimental 
arrangements, concluded that a Gaussian function ad- 
equately explains the orientation state of well-oriented 
clays. The present writer has made more than 100 
determinations on other clay samples, and, based on 
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Table 3. Intensity data for chlorite from the Bertie Forma- 
tion, New York State. All values are normalized to a constant 
intensity for the chlorite 005 reflection. 

sa  = 1"; s 2  = 1 ~ sx  = 3 . 3 * ;  s 2  = 1 ~ 

Reflec- R a w  data  Corr.  da ta  ~ R a w  data  Corr.  da ta  t 
t ion (count/see) (count/see) (count/see) (count/see) 

g* = 4.3 
001 758 1111 413 1065 
002 728 820 517 809 
004 690 702 638 721 
005 150 150 150 150 

~* = 6.1 
001 806 985 477 988 
002 761 808 589 792 
004 677 684 667 696 
005 150 150 150 150 

g* = 12.8 
001 1025 1016 725 948 
002 802 802 730 788 
004 668 671 670 677 
005 150 150 150 150 

1 Corrected values refer to sl = s2 = 1", and g* = 12". 

this experience, the impressive fit shown by Figure 4 
is by no means exceptional. Note that for the first few 
points 0~ = 0 and w = 1, the data fall off of the lines 
and, indeed, have been disregarded in fitting the lines. 
In the writer's experience, this phenomenon is always 
present and its cause is unknown. It was exacerbated 
if the diffracted beam scatter slit was left in place. 

Values of a* obtained by these procedures for the 
three preparations of the Bertie chlorite and the eleven 
illite samples are listed in Tables 1-3. 

DISCUSSION 

Table 1 shows the raw intensity data for the Bertie 
chlorite and corrected versions of the same. The in- 
tensities measured with the primary soller slit absent 
were diminished by 19% to compensate for the area 
of s~ obscured by the plate assembly. Then all inten- 
sities were corrected by means of Eq. (24). For each 
set, the appropriate value of ff was removed by divi- 
sion, and the data set was then multiplied by ~ for ~* = 
12 a n d s l = s 2 =  1 ~ 

Inspection of the raw data in Table 1 shows the very 
large variation in intensity caused by the soller slit 
configurations and by variations in a*. The corrections 
went a long way toward eliminating these differences, 
though the corrected data still retained significant vari- 
ability. The Bertie sample studied here was not an ideal 
one to demonstrate that the theory accounts for ab- 
solute intensity variations, inasmuch as the material is 
a mixture of chlorite and illite, and particle size sep- 
arations during sample preparation could have intro- 
duced other variables in the intensity data. Still, a very 
large portion of the scatter has been eliminated by the 
application of Eq. (24). 

A more appropriate test of the validity of absolute 
intensities was provided by the results for illite (Table 
2). The column labelled I(003) shows a wide range in 
intensity values, approximately a factor of eight; how- 
ever, when corrected to the common base of ~* = 12 
by Eq. (24), the standard deviation about the mean 
amounted to only +_7.7%. No account was taken of 
possible variations in ~* or of the effects of Fe or K 
substitutions that differ from nominal  values. The re- 
suits indicate that absolute intensities were controlled 
primarily by preferred orientation, and that the theory 
described here is adequate to account for differences 
in illite peak intensities from sample to sample. 

The primary goal of this work was to evaluate the 
angle-dependent character o f f  or of the Lorentz factor. 
Table 3 shows raw and corrected data that have been 
normalized to a constant integrated intensity for the 
005 reflection. The low diffraction angles were most 
sensitive to variations in soller slit divergence and in 
~*, and the raw data show that a factor of 2.5 was 
present in the extreme cases for the intensity of the 
001. Inspection of the raw data reveals the kinds of 
errors that can be involved if different instruments and 
different methods of sample preparation are utilized. 

The corrected data sets were very similar to one 
another. The worst case discrepancy was a factor of 
1.17 for the 001, and the standard deviation of the six 
001 intensifies about the mean amounted to + 5.8%. 
This value is probably very close to the precision which 
is realized by routine measurements of low-angle dif- 
fraction intensities, for these are sensitive to sample 
smoothness, flatness, and small errors in the 2:1 align- 
ment  of the sample. 

The agreement between theory and experiment im- 
plies the fundamental  correctness of Eq. (24). Further 
refinements could have been made by incorporating 
the effects of other geometrical factors, but any im- 
provement  is likely to be of the same order as the 
precision with which intensities were measured from 
sample to sample. At the present time, such additions 
to the theory seem unwarranted. 

PRACTICAL APPLICATIONS 

The random-powder Lorentz factor appears to be a 
good approximation for samples with poor (~* > 15) 
degrees of preferred orientation that are analyzed by 
means of instruments that incroporate 2 one-degree 
(factory designation, two-degree) soller slits. This ex- 
ample provides an error of 10% at 5~ and, of course, 
much smaller errors at high values of 20. If  orientation 
is good, as evidenced by unusually high recorded in- 
tensities, simply solving Eq. (24) for ~* = 12 is likely 
to provide satisfactory values for ~b. In the writer's 
experience, the centrifuged porous plate method pro- 
duces very high preferred orientations (g* = 5 to 10), 
and this method should be avoided unless ~* is mea- 
sured. 
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Such simple solutions are not  feasible i f  the diffrac- 
t ion geometry contains only one soUer slit. The Lorentz 
factor then is much more dependent  on a* within the 
range of  values commonly  encountered for that vari- 
able. The poorest  choice, but  one that is better than 
either the single crystal or random powder  options, is 
simply to assume that a* = 12, and correct the data  
accordingly. 

Another  opt ion used in the writer 's laboratory pro- 
duces estimates o f  g* that  are useful for correcting rel- 
ative intensities on a given diffractogram. Repeated 
solutions of  Eq. (24) show that, to a very good ap- 
proximation,  the intensity of  a reflection at moderate  
values of  20 (~25 ~ is proport ional  to 1/(o'*) 2. This 
relation suggests that, with proper  instrumental  cali- 
bration, the absolute intensity of, e.g., the illite 003 
reflection, in a pure monomineral ic  aggregate is a sen- 
sitive measure o f  a* (see Table 2). 

Let QI be the quartz reference intensity (peak height 
in count/sec at 26.64~ "permaquar tz"  standard), 
I(003) the integrated intensity of  the illite 003 reflec- 
tion, and/2* the mass absorpt ion coefficient of  the sam- 
ple (CuKa radiation), and assume a nominal  value of  
45 for the mass absorption coefficient o f  illite. Then, 

~* = \ /  KQI  45 
V I(003) ~ * '  (28) 

where K is a constant which can be evaluated from the 
data  in Table 2, viz. 

\ / K 1 8 , 7 0 0  45 
1 2 =  V ~ ~-~, K =  30.1. 

The utility of  Eq. (28) can be extended by making use 
of  mineral  intensity factors for other clays. Reynolds 
(1980) showed that, at constant ~*, the integrated in- 
tensities of  the (glycolated) smectite 005, the illite 003, 
and the interstratified illite/(glycolated) smectite 003/ 
005 reflections are very similar. The kaolinite 002 re- 
flection is about twice as intense as the chlorite 004 
reflection for types of  chlorite commonly  found in sed- 
imentary rocks. Consequently, I(003) in Eq. (28) can 
be replaced with I(26.6) + I(25)/2, where the quantities 
in parentheses refer to 20 values, and 

\ / .  30.1QI 45 
tr* = V I ( 2 6 . ~ - ~  I ~ 5 ) / 2 ) ' #  - ~ "  (29) 

Such a procedure gives values of  ~* that are unaf- 
fected by soller slit configurations, divergence slit se- 
lection, tube operating conditions,  etc., because these 
variables are compensated for by changes in the quartz 
reference intensity (QI). The method will work for clay 
aggregates composed essentially of  illite, smectite, in- 
terstratified illite/smectite, kaolinite, and chlorite. I f  
quartz is present, its contribution to the ~26.6  ~ reflec- 
tions must  be el iminated by making use of  the quartz 

peak at 20.8~ The procedure may  seem too full o f  
approximat ions  and/or  unknown quantit ies to be o f  
much use, but  it succeeds because the square-root de- 
pendence means that  errors in the quotients do not  
seriously affect ~*. 

CONCLUSIONS 

(1) The geometrical components  of  angle-dependent 
and absolute intensity variat ions can be described 
by a closed-form equation that  depends on soller- 
slit col l imation and the degree o f  preferred orien- 
tation in oriented clay aggregates. 

(2) Clay mineral  specimens belonging to the same 
species give very similar  diffraction intensities. In- 
ter- and intralaboratory differences are caused by 
variable instrumental  parameters  and, most  im- 
portantly, by differences in preferred orientat ion 
which is controlled by sample preparat ion proce- 
dures and by crystallite morphology.  For  chlorites, 
variations in chemical composit ion may cause large 
changes in peak intensities that  are independent  of  
instrument or orientat ion factors. 

(3) The preferred orientat ion of  clays produced by 
evaporation,  centrifugation, or suction methods 
follows an axially symmetr ical  Gaussian function. 

(4) Preferred orientation produced by the above meth- 
ods can be completely described by a single pa- 
rameter, ~*. 

(5) ~* can be measured by means  of  a one-dimensional  
pole figure determinat ion,  or  it  can be approxi-  
mated  by considerat ion o f  absolute diffraction in- 
tensity. 
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