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Contribution to the X-Ray  Diffraction Methods 
for Precision Determinat ions  of Polycrystal  

Lattice Parameters  

The purpose of our present s tudy was to establish the 
effect of local film shrinkage on the accuracy of the lattice 
parameter determinations using the peak, line-width mid- 
point and centroid points of the X-ray diffraction line 
profile on the photometrical  curve, and also to point out  
that  i t  is advisable to employ, in the case of photographic 
recording too I, the radiation wave-lengths corresponding 
to the line-width mid-point  and centroid of the incident 
spectral distribution in the lattice parameter  calculations 
from line-width mid-point and centroid of photometrical  
line profile, instead of commonly used in such calculations 
peak wave-lengths. 

(1) Examinat ion of X-ray film shrinkage. As is known, 
the non-uniform film shrinkage when processed yields an 
essential error in precision determinations of lattice para- 
meters 3. The use of the local shrinkage factor a i makes it 
possible to reduce considerably errors as compared to 
those obtained when using the mean film shrinkage 
factor qa v. 

We examined the variations of the film shrinkage 
factor along the length of a film strip. For this purpose, 
the fiducial marks were scratched along the equatorial  
line of the film strip and also along the line parallel to it 
and 2 mm distant  from the strip edge, using a special 
slitted pattern-rule. The spacings between the fiducial 
marks symmetrical  about  the central hole of the film 
were measured using comparator  ISA-2 with accuracy of 
0.005 ram, by the red light. Each film strip was measured 
5 times. All the measurements before film processing 
were performed at  a time, the temperature variations 
when measuring not exceeding 0.5 °C. All the films were 
processed simultaneously. A portion of the films was 
dried after 5 rain water  rinsing and the rest after 1 h 
rinsing. The films dried, the spacings between the fiducial 
marks were measured a t  the same temperature as before 
film processing. 

The analysis of the experimental  data  obtained indi- 
cated the absence of any regularity in the film shrinkage 
variations along the strip. Also, the values of shrinkage 
factors determined along the film strip equatorial line 
are not  the same as those determined along the strip 
near its edge for equal spacings between the fiducial 
marks. The rinsing t ime affects the film shrinkage factor 
as well. 

The data obtained make it evident tha t  any averaging 
in the film shrinkage factor determinations are inadmis- 
sible because the film shrinkage variations along the film 
strip are not regular and may be affected by many 

random factors, in particular by changes in the film 
processing conditions. Therefore, in precision determina- 
tions of the lattice parameters it is necessary to establish 
the local shrinkage factors, that is the shrinkage factors 
for each particular Debye ring and not for the given 
X-ray photograph as a whole, the measurements being 
made strictly along the film strip equatorial line. This 
last condition is not taken into account in 4. 

(2) Determination of local shrinkage factors on X-ray 
diffraction photographs. A special device (Figure) was 
constructed for the determination of the local shrinkage 
factors on X-ray diffraction photographs. 2 films - one 
processed and the other unprocessed before the exposure 
- are placed together into the groove made in the cover I. 
Pinholes serving as fiducial marks are pierced by means 
of a pin (2) of 0.08 mm diameter near the Debye rings of 
substance under investigation in such a way that the 
spacing between one pair of marks (inside) be a little less 
and tha t  between the second pair (outside) a little greater 
than the Debye ring diameter, the work being carried 
out by the dark-red light. The spacings between the 
marks are measured on a processed film using the com- 
parator, at  the temperature the film was exposed in the 
X-ray camera. The spacings between the corresponding 
marks on the second film after its exposure, processing 
and drying should be measured at the same temperature.  
The comparison is made in Table I of the aluminium 
lattice parameters calculated from X-ray diffraction 
photographs taken with CuK-radiation employing both 
the local and the average film shrinkage factors. The data  
show that  in all the cases the standard deviations are 
greater for the parameters calculated with the average 
film shrinkage factor than for those calculated with the 
local one, the differences between parameters determined 
by the above 2 methods being greater at  middle O angles 
than at  high ones (see Table I, No. 1, 5, 9 for 422 cq and 
No. 4, 8, 12 for 333 ~,). 

(3) Determinat ion of the cristaIline lattice paxameters 
using the different points of the X-ray diffraction line 
profile on the photometrical  curve. As mentioned above, 
3 methods of lattice parameter  estimations are compared : 
from the positions of the peak, line-width mid-point and 
centroid of the X-ray diffraction line profile on the photo- 
metrical curve using the wave-lengths corresponding to 

1 Wave-lengths corresponding to the incident spectral distribution 
centroid have been employed, for example, in ~ for the diffracto- 
meter method of X-ray diffraction pattern recording. 

2 j. TAYLOR, M. MACK and W. GARRISH, Acta Cryst. 17, 1229 (1964). 
a M. E. STRAUMANIS, Acta Cryst. 13, 818 (1960). 
a F. I. BOCHKAEV, Zav, Lab. 5, 591 {1965). 
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Table I. 

No. hkl l l" aloc 0 ° aA  A a  l l " a a .  0 ° a A  A a  

1 422 ~1 127.590 127.721 68 .760 4 .04858  0 .00001 127.590 127.682 68 .766 4 .04828 0.00018 
2, 422  ~z 125.402 I25 .532 69 .124  4 .04862  0 .00003 125.402 125.492 69.131 4 .04843 0.00003 
3 333 O~ 1 52.073 52 .123 81.332 4 .04858 0 .00001 52.073 52.110 81 .334 4 .04856  0 ,00010 
4 333 ~x~ 46.108 46 .164 82.323 4 .04860 0 .00001 46 .108 46.141 82.327 4 .04856  0 .00010  

a = 4 .04859 ::]: 0 .00002 a = 4 .04846  4- 0 .00013 
acorr  = 4.04862 4- 0 . 0 0 0 0 2  acorr  = 4 .04849 ::j:: 0.00013 
are  a = 4.04925 =[= 0 .00002 area  = 4.04912  =t= 0.00013 

5 422  cq 127.601 t 27 .733  68.753 4 .04855 0 .00007 127.601 127.693 68.765 4 .04836 0 .00014 
6 • 422  ot~ 125.372 125.502 69 .129 4 .04865 0 .00003 125.372 125.462 69 .136  4 .04845 0 .00005 
7 333 Oq 52.091 52.141 81 .329 4 .04866  0 ,00004 52.091 52 .128 81.331 4 .04864 0.00014 
8 333 ct~ 46,011 46 .067 82.339 4.04861 0.00001 46.011 46 .044 82.343 4 .04856 0,00006 

a = 4 .04863 -4- 0 .00005 a = 4 .04850 q- 0 .00012 
acorr  = 4.04865 ~ 0 .00005 aeorr  = 4.04853 -4- 0 .00012 
a r e  a ~ 4.04928 ± 0 .00005 a r e  a = 4.04916  :k 0 .00012 

9 422tz 1 127.673 127.805 68 .746 4 .04893 0 .00011 127.673 127.765 68.753 4 .04874 0.00003 
10 422~X~ 125.384 125.514 69.127 4 .04870 0,00012 125.384 125.474 69.134 4.04851 0 .00020 
11 333o~ 1 52.163 52.213 81.317 4 .04884 0 .00002 52.163 52.201 81.319 4 ,04882 0.00011 
12 333¢t~ 46.132 46 .188 82.319 4.04881 0 .00001 46.132 46.165 82.323 4 .04878 0.00007 

a = 4 .04882 :j= 0 ,00009  a = 4.04871 :]: 0 .00014  
acorr  = 4.04885 :J= 0 .00009  acorr  = 4 .04874  ~ 0 .00014 
a r e  d = 4.04948 -I- 0 .00009  a r e  d = 4 .04937  =t: 0 .00014 

gay = 1.00072, a 1 = 1.00103, a~ = 1.00104, a a = 1.00096, ~4 = i .  00122,  t = 19°C 

the equivalent points of the incident spectral distribution 
employed. 

X-ray diffraction patterns were obtained from 99.99 % 
puri ty  aluminium powder. During preparation and 
exposure of the samples, precautions were taken to 
minimize the effect of the factors distorting the X-ray 
diffraction line profile such as the block size, the lattice 
parameter variations s, instrumental  factors etc. The 
aluminium powder was recristallization-annealed for 1 h 
at 350 °C with subsequent cooling in the furnace. 

X-ray powder photographs were taken with CuK~- 
radiation and a Preston-type powder camera RKF-86 
of 86.15 mm diameter having the beam-limiting aperture 
0.2 • 3 ram. The X-ray uni t  URS-70 with the tube BSV-2 
was used operating at the 35 kV voltage and 18 mA 
current intensity. The tube focus-to-specimen distance 
was 160 ram. The specimens were prepared by coating a 
layer of a luminium powder on a strip of paper with a 
small amount  of an adhesive and clamped in place so that  
they accurately fit the cylindrical surface of the X-ray 
camera (i.e. the focusing circumference). 

Fiducial marks were pierced on the films before 
exposure in the way described in section (2). 

X-ray powder photographs after film processing and 
drying were measured on the microdensitometer MPh-4 
having logaxithmical converter and automatic strip-chart 
recorder type EPP-30M2. The microdensitometer carriage 
motion rate was chosen minimal and that  of the strip 
chart was 9600 mm]h. The density maxima corresponding 
to the X-ray diffraction lines were recorded on the dia- 
gram chart  together with the fiducial marks density peaks. 

The spacings between the pin-marks on the X-ray 
diffraction photograph were measured on the comparator 
immediately after microdensitometer photographic den- 
sity measuring to avoid the possible film temperature 
variations. Each photograph was measured 5 times. The 
spacings on the diagram chart were measured with sliding 
calipers to an accuracy of 0.1 ram. 

To determine the Debye ring diameters, to the spacings 
between inside pin-marks on the photograph were added 

the distances from a pin-mark to one or another point 
selected on the diffraction line profile peak, line-width 
mid-point or centroid, measured on the diagram chart 
and converted into the photograph distances by appro- 
priate calculationL Local conversion scale factors esti- 
mated from the spacings between the pin-marks located 
on either side of the doublet were used for both doublet 
positions {on each side of the central hole of the film). 

As a peak-point of diffraction line profile, an intercept 
was taken of the diagram chart line profile with the 
straight line tha t  passes through the mid-points of chords 
traced parallel to the background line. Tracing the back- 
ground line, the amount  of doublet separation was taken 
into account: with a sufficiently separated doublet, the 
background lines for each doublet component were 
traced and with a close doublet the common background 
line for both components was traced. 

The diagram chart  line profile centroid position was 
determined from the well-known formula 

X ¢ =  i = l  

where X, is an abscissa of the elementary interval cen- 
troid and I~ is its ordinate. The number  of intervals, n, 
was chosen between 30 and 35. 

The CuK-radiation wave-lengths used in  lattice para- 
meter calculations from the line profile peak were taken 
from L 

To obtain the wave-lengths corresponding to the mid- 
point and centroid of spectral distribution employed, the 

6 G.  V. DAVYDOV~ G. F.  BELYAEVA a n d  P.  DZEKANOVSKAYA, Phys ,  
S t a r .  Sol. 12, K 29 (1965). 
JA. M. GOSOVCmNER, Zav .  L a b .  6, 710 (1964), 

7 L.  I.  MIRKZN, S p r a v o t c h n i k  p o  r e n t g e n o s t r u k t u r n o m u  ana l i zu  
po l ik r i s ta l lov ,  F .M.L.  (1961). 
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Table II 
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No. Line-peak Line-width mid-point 

kkl 0 ° '~ a k  A a 0 ° a k  A a 

Cen troid 

0 o aA A a  

1 422 ~ 68.752 4.04867 0.00003 68.748 4.04883 0.00003 
2 422 ~ 69.122 4,04868 0.00004 69.122 4.04883 0.00003 
3 333 ~1 81.331 4.04859 0.00005 81.324 4.04872 0.00008 
4 333 ~ 82.323 4.04860 0.00004 82.318 4.04880 0.00000 

a = 4.04864~0.00004 a = 4.048804-0.00005 
acorr = 4.048674-0.00004 acorr = 4.048834-0.00005 
are a = 4.04930=[=0.00004 b are a = 4.049454-0.00005 

68.747 4 . 0 4 8 9 1 1  0.00010 
69.127 4.04870 0.00009 
81.316 4.04885 0.00004 
82.320 4.04878 0.00003 

= 4.048814-0.00008 
corr= 4.04884=t=0.00008 
ared= 4.04947:[:0.00008 

The 0-angle values are the arithmetic means determined from 4 X-ray photographs. ~ Temperature during exposure t = 19 °C. 

spect ra l  d i s t r ibu t ion  curve  was  a p p r o x i m a t e d  as a t r iangle  
hav ing  the  a l t i tude  Imo ~. One ob ta ins  f rom t h e  t r iangle  
the  re la t ions  : 

~ (y -  ~) 
2av = ,~ + 2 ( r +  I)  " 

2 A ~ ( 7 - 1 )  ~ = ~ , p  + 
3 (y + l )  ' 

where ;tar is the  l ine-wid th  mid -po in t  wave- leng th ,  ;to is 
the  cen t ro id  wave - l eng th  of spec t ra l  d i s t r ibu t ion  employed ,  
d ~l is spec t ra l  line b read th ,  and  7 is a s y m m e t r y  index  8. 

The  fol lowing wave - l eng ths  were ca lcula ted  f rom the  
above  fo rmulae :  

~avcz~ = 1.54053~, Aav~, = 1.544392~, ~c~ = 1.54054A, 

~ea, = 1.54441~k. 

The errors  due to  t he  obl ique inc idence  of  rays  on  the  
fi lm and  those  due  to  spec imen  absorp t ion  were e l imina ted  
b y  the  p r o p e r  re la t ive  pos i t ions  of t he  fi lm and  spec imen  
in the  camera  ~. 

The  ver t ica l  and  hor i zon ta l  d ivergence  correc t ions  were  
no t  employed ,  be l ieving t h a t  w i th  t h e  i n s t r u m e n t a l  ge- 
o m e t r y  chosen  t h e y  can  be neg lec ted  ~0. 

The  cor rec t ion  of la t t ice  p a r a m e t e r s  for r e f rac t ion  and  
the i r  r educ t ion  to  t h e  t e m p e r a t u r e  25°C were  m a d e  b y  
the  fo rmulae  

a~orr = a (1 + 6), 

area = a . . . .  [1 + ~ (25 ° -- t ) ] ,  

where  6 = I - - R ,  R is t he  re f rac t ive  index,  t is t he  
t e m p e r a t u r e  of exposure ;  e is t he  coeff ic ient  of t h e r m a l  
expans ion ,  

The  la t t ice  p a r a m e t e r s  ca lcu la ted  b y  use of the  3 above  
m e t h o d s  are  g iven  in Table  I I .  T h e  compar i son  " of t h e  
d a t a  o b t a i n e d  b y  d i f fe ren t  m e t h o d s  show t h a t  t he  pa ra -  
m e t e r  values  e s t i m a t e d  f rom the  X - r a y  line b r e a d t h  mid-  
po in t  precise ly  coincides  w i th  those  e s t i m a t e d  f rom line 
cent ro id ,  whereas  t he  p a r a m e t e r s  e s t ima ted  f rom the  line 
peak  differ  cons ide rab ly  f rom the  cen t ro id  pa rame te r s .  

I t  should  be  no ted  t h a t  t he  a lumin ium la t t i ce  para-  
m e t e r  ca lcu la ted  in t h e  p re sen t  work  f rom the  d i a g r a m  
cha r t  l ine profi le  cen t ro id  w i t h  t h e  use of cor responding  
wave - l eng th  a n d  w i t h  due  rega rd  for  local f i lm shr inkage  
was cons i s t en t  w i t h  t he  va lue  ob t a ined  in ~ accu ra t e  to  
0.00004. 

The  la t t ice  p a r a m e t e r  va lues  e s t i m a t e d  f rom cen t ro id  
and  l ine -wid th  m i d - p o i n t  of d i f f rac t ion  line profi le  b u t  
w i th  t he  use of the  w a v e - l e n g t h  co r r e spond ing  to  t h e  
spect ra l  d i s t r ibu t ion  peak  are  l is ted in Table  I I I .  As is 
ev iden t  f rom these  da ta ,  in th i s  c a s e  as well, t h e  para-  

Table III. 

No. hkl 0 ° Line-width Centroid 
mid point 

aA Aa O ° ,~A Aa 

1. 422~ 1 
2. 422a~2 
3. 333~ 1 
4. 333~ 

68.748 4.04878 0.00009 68.747 4.04880 0.00012 
69.122 4.04868 0.00001 68.127 4.04854 0.00014 
81.324 4.04866 0.00003 81.316 4.04874 0.00006 
82.318 4,04864 0,00005 82.320 4.04863 0.00005 

a = 4.04869 4- 0.00006 a = 4.04868 4- 0.00012 
acorr = 4.04872 4- 0.00006 acorr = 4,04871 4- 0.00012 
are d = 4.04935 4- 0,00006 are  d = 4.04934 4- 0,00012 

me te r s  e s t i m a t e d  by  the  above  2 m e t h o d s  coincide 
precisely.  H o w e v e r  the  p a r a m e t e r  values  f rom Table  I I I  
differ  cons ide rab ly  f rom those  f rom Table  II .  Moreover ,  
t he  s t a n d a r d  dev ia t ions  for the  la t t ice  p a r a m e t e r  va lues  
given in Table  I I I  are  s o m e w h a t  g rea te r  t h a n  those  in 
Table  II .  

In  conclusion,  i t  should  be n o t e d  tha t ,  w i t h  the  use of 
t he  t echn ique  out l ined  in t he  p r e s e n t  ar t icle ,  t he  X - r a y  
d i f f rac t ion  m e t h o d  w i t h  p h o t o g r a p h i c  f i lm records  makes  
i t  possible  to  d e t e r m i n e  t h e  la t t ice  p a r a m e t e r s  of po ly -  
c rys ta ls  to  t h e  suff ic ient  accuracy  emp loy ing  re la t ive ly  
s imple  a n d  n o t  t ed ious  ca lcula t ions  x2. 

BbmojIbL j~aH cnoc06 onpeReneH{m J{oKaJlbHOr0 KO:~qbtl)H- 
RneHTa yca~Kn peHTreHOBCK0fi n~eHKn. 3KcnepnMeHTa~b~io 
con0CTaB~eHm Tpn cnoco6a onpe~eneHnn napaMeTpoB: no 
MaKcnMyMy, no cepe~nHe mHpnu~x n no RenTpy T~>KeCTH 
~0TOMeTpHqeCKOfi Kp~u0fi. rlpH 3TOM/~rm pacqeTa napaMeTpoB 
npHMeH~HCb BblqHcY/eHHble HaMH ~YlHHbI BOFIH CuKa-H3~yqe- 
HH~I, COOTBeTCTByIOIIIHe cepe~HHe mHpHHM H tieHTpy T~>KeCTH 
KpHB0fl cneKTpa,qbHoro pacnpe~enenHa. 
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s The values of z] 2, and 7 for the line components ~x and 0% are taken 
from 7. 
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