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Considerations about the variability of the Bragg’s law fulfilment

L. Pérez-Arrieta and C. Tabares-foz
Instituto de Fsica “Luis Rivera Terrazas”, Universidad Abihoma de Puebla,
Apartado postal J-48, 72570 Puebla, Pueé&hito,
e-mail: tabares@sirio.ifuap.buap.mx

Recibido el 9 de mayo de 2002; aceptado el 25 de septiembre de 2003

On working with an X-ray powder diffractometer, due to practical difficulties, the surface of the specimen some times is not accurately
placed on the working plane of the goniometer. This disagreement produces an asymmetric broadening of the diffraction line profile, and
also a shift in the peaks positions. In this work we expose some considerations about the way each diffracted beam fulfils the Bragg's law,
addressed to its possible application for correctingthehifts caused by the specimen-displacement error of polycrystalline samples.
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Al trabajar con un difraéimetro de rayos X para polvos, algunas veces, debido a dificultadesicps, la superficie de la muestra no

gueda colocada con predisi en el @rculo focalizador del godimetro. Este error produce un ensanchamientoé&sito del perfil del pico

difractado, ascomo un desplazamiento de las posiciones de los picos. En este trabajo exponemos algunas consideraciones acerca de |
manera caractestica con que cada haz difractado cumple la ley de Bragg, para su posible aplieada correcéin, en difractogramas de

muestras policristalinas, de los desplazamientos angulares causados por el desplazamiento de la muestra.

Descriptores: Difraccion de rayos X; policristales.
PACS: 61.80.Cb; 33.20.Rm; 06.30.Bp

1. Introduction a) A20 =-(1/6)a? cot 6, in which « is the angular aper-

. ture of the divergence slit, and
The quality of X-ray measurements depends on several fac-

tors; among them we can find: b) A20 =- 2s (cosO/R), where; is the displacement of
the specimen from the focusing circle, aRds the go-
a) the specimen quality [1,2], niometer radius.

b) the specimen preparation [3], This error gives an absolute shift 28 peak position, which

c) the specimen holder [4], and amounts approximately 0.0120 per each 15:m displace-
d) the geometry deviations [5]. ment.

In connection with the last factor, we find the flat-specimen

error and the specimen-displacement error; these two erro%' Development

cause asymmetric broadening of the diffraction line profile_l_h B i

towards low26 angles. € bragg equation
The specimen-displacement error additionally causes a

shift in the peaks positions, which can significatively com-

plicate the symmetry determination process, particularly incan be used to obtain a wide set of related angular values by

thg cases of low symmgtry Specimens. Genera”y’ thése using a specific value of the wavelength  and a series of
shifts are corrected by displacing the diffraction pattern as aluesN \s whereN = 0.1. 0.2 0.3 09 10 11 1.2
whole to the most convenient position, which is determined | doing ;0 the Bragg éduéti,on.te;kéé t.he’ fo.rr‘,n e

by using an internal standard; but displacing the diffraction
pattern in this way, one c.an.not bring the complete set .of the nNA, = 2dsin6, @)
standard’s peaks into coincidence with the repog#g@osi-

tions for it; only one experimental peak can be brought i_”tOWhence we can calculate t18 angles for the first order
very good agreement, while the rest of them come only '”tctnzl) maxima by means of the following expression:
an approximate agreement.

The specimen-displacement error occurs because the sur-
face of the sample is not co-concentric with the goniometer
focusing circle, due to practical difficulties in accurately plac-
ing the sample at this level. According to Ron Jenkins [5], By applying Eq. (3) to the (111) Silicon planes
the flat-specimen error and the specimen-displacement erré ;1) = 3.1354,&), using Ay = 1.541783A, we obtain the
have respectively the following forms: set of values shown in Table I.

nA = 2dsin 6 Q)

29:23rcsin(1*N)\1>.

= ®)
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TABLE |. Calculated angular valueZ) for beams diffracted by 1904 Soe i
Si (111) planes as function of °_o’°/ ,-/ * —m—(1D
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0.6 0.925070 16.966 28.277 Lk DTTTTvoTY L s .
0.8 1.233426 22.687 28.359 e 1
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1.2 1.850139 34.320 28.600 x 1 = 3 a4 o 8 =
x
1.4 2.158496 40.267 28.763 !
16 2. 466853 46.331 28.957 FIGL.JRE 2. Normalize.d angular value®d/N, of a set of silicon
family planes as function of;.
1.8 2.775209 52.535 29.286
2.0 3.083566 58.909 29.454 this same displacement will correspond to a bigger error in
3.0 4.625349 95.055 31.685 the cases of beams diffracted by other planes families, even

in this “normalized” situation.

The third column shows that, in principle, we can direct I Practice, to correct the diffraction pattern line by line,
the beams diffracted by one family of planes, along a direcV& €ncounter two main dlﬁlcultlgs to find out the b_ehawor
tion having the angular value of our choice, if we can mod-of e_ach dlffracted_ beam as function bf The first one is the _
ify accordingly the wavelength value. Figure 1 shows thisdifficulty of changing the wavelength value, t.he secpnd oneis
idea, applied to various Silicon planes families; here, we cafhat we need to know the values of the specimen’s interplanar
see that each one of these curves has its own slope, in otheacings. _
words, we can say that: each curve has its own way of obey- HOwever, we can avoid these two problemsand d),
ing the Bragg’s law and it is for this reason that one cannot'Sing the following system of equations:

correct properly the diffraction pattern just by displacing itin (@) nA; = 2dsinf;,

the 26 direction in one movement.
From this, it turns out, that to correct a diffraction pattern, (b) nAg = 2dsin0s, (4)

we must perform the process one peak at a time. in which we can express, asQ times);; doing so, we ob-
The last column of Table I, corresponding to the “nor- tain

malized” angular valueg0) /N, shows also that there is not .

a linear dependence betwegfhand \. Figure 2 illustrates (a) nAi=2dsin,,,

the behavior of these “normalized” angular values, which in () nQA; = 2dsinfgy, . (5)

the case of the beams diffracted by the (111) family planes _ _
present a small deviation that suggests a small angular error The solution of the system of Egs. (5) is

on displacing the diffraction pattern in ti2 direction, but sinfgy, 6
@= sin 6y, ©
W r— T = 1T v T & T % T % T % | Applying this equation to the internal standard, for which
. . we have both, the set of experimental diffraction anglgs
,/'f ] and the reported (PDF),,,, we obtain a set of correction
- ] factors > Qs:q, for which we can find a mathematical ex-
pression as a function di; this expression is the correction
e ]| function wich allows us to find the correction factQr, for
s (2201 a given26 value, which can be the angular value of a speci-
et L1 I men’s peak.
:::Sg; 1 Rearranging Eq. (6), we obtain
:::Eg;g% ] 200, = 2arcsin(Q *sin 6y, ). @)
— By means of this equation we can find the corrected angu-
5} 7

lar position 26, of the specimen’s diffracted beams. Let us
evaluate Eq. (7), with a known specimen like Silicon, which
FIGURE 1. Calculated angular value for beams diffracted by  is widely used as internal standard for correcting experimen-
various families of silicon planes, as function)f tal diffraction patterns, for this it is useful to build up Table II.
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TABLE Il. This table shows the experimental valugs 2 of a Silicon specimen (using= 1.54056&), the extended reported value® r,
the correction factor§) and the corrected value$2, .

hkl 20, 20ppr Q 200x,

111 28.440 28.4421748058 1.00007489321 28.4421748056
220 47.275 47.3022578510 1.00054346388 47.3022578512
311 56.083 56.1205290628 1.00061481484 56.1205290628
400 69.105 69.1301411514 1.00031857611 69.1301411516
331 76.341 76.3771771120 1.00040156479 76.3771771120
422 87.990 88.0261167604 1.00032638390 88.0261167602

In Table Il, we can see that the corrected values giverused to obtain an equation or correction function which is
in the fifth column coincide with high accuracy with the ex- solved to get the correction facto€,,.. for each experi-
tended values in the third column obtained from data reportethental value2d,, of the specimen. These two values allows
in the PDF for Silicon. us to solve Eq. (7) to obtain the set of corrected valifes,,

for the specimen.

3. Conclusion
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