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Expressing the extinction-free integral breadth
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Secondary extinction (SE) is inherently related to the pole density, P. The latter represents a crystalline volume
fraction normalised to random distribution that contributes to reflection. In fact, any measured point inside the reflec-
tion range 2A0 is affected to a different extent by the SE due to variation of both pole density and energy distribution
of the incident beam intensity, /,. However, to evaluate a SE effect of the reflection as a whole, its integral intensity
must account for pole density, P, being dependent on integral breadth of reflection. Thus, the aim of the present study
is to develop a technique for calculating the integral breadth of reflection using extinction free data of both its integral
intensity and maximal intensity. The reformed data can be used for sensitive treatment of the SE effect in textures and

powders including nanoscale materials as well.
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INTRODUCTION

The effect of extinction is subject to extensive
research in characterizing domain size and shape of
real crystals in single-crystal diffractometry [1-4],
while there is only little interest in conventional
X-ray diffractometry, despite that extinction is an
intrinsic property of textures. Knowing that second-
ary extinction effect on reflection profile distortion
of textures is not justified, this compromises the
correct assessment of the microstructure param-
eters. As a first step to adequate characterization of
the microstructure, one needs a method for elimi-
nating the extinction-induced profile distortion,
since this distortion causes a respective reflection
enlargement. Thus, the aim of the present study is to
convert measured (extinction-affected) profile into
a kinematical (extinction-free) one and thus to cor-
rectly assess the physical effect due to size-strain
broadening controlled by integral breadth [5, 6]. In
this context, by treating the SE problem we recon-
sidered and specified the behaviour of the coeffi-
cient k, empirically introduced earlier [7].
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WHAT IS COEFFICIENT £?

Based on the relationship & = (g/PI,)(2p/S) be-
tween diffraction and extinction, we have found that
the coefficient & is an irrational quantity [cm] of
the scattering space (Fig. 1). In the real space, 1/k
is a crystalline volume [cm?®] covering those crystal-
lites in the Bragg condition that do not contribute
to an increase of the reflectivity and, hence, to the
diffraction process. Just the ineffectiveness of this
crystalline volume, 1/k, weakens the level of inter-
action of the diffraction process by, P/, where P
represents a crystalline volume fraction normalised
to random distribution that contributes to reflection.
By its very nature, the relationship between diffrac-
tion and extinction specifies the behaviour of the SE
coefficients, £ and g. We have specially proved that
the constancy of & may exist only under the same
structural condition, i.e. P = const., and proper vari-
ation of /; alone [8]. Let us analyse this problem.

To distinguish between the behaviour of k£ and g,
we suppose a set of levels of interaction defined in
particular. In this context, whereas the pole density
P is held to be a constant, the incident beam inten-
sity varies from level [, to level [ ;. caused by vari-
ation of the generator current from 7 to i*. Then the
above relationship is rewritten as

k,= (g/PI, )W), (1a)
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Fig. 1. Diffraction and extinction treated by means of scattering
and real spaces. The scattering of X-rays ‘operates’ at the cross-
section of the Evald’s and projection spheres (P). The origin,
O, of the real space is there, where the sample under study is
situated, ¢ is the SE correction.

ks = (g:/Pl,;-)(21/S), (1b)

where it is accounted that g, and g,. are proportional
to /,; and [, .., respectively, i.e.

&/, (g x) = 1 ()
Dividing (1a) and (1b) by considering (2) yields

k=k., 3)

1 1

where £ is an invariable independent of the level of
interaction of the diffraction process. Therefore, any
variation of /,; does not change the value of k coefTi-
cient under P=const. and otherwise equal condition.
To reveal the straight proportional dependence of
g on (Pl), one has to rewrite the same relationship
between diffraction and extinction as

g = (PL)(kS/2w). “)

Evidently, at lower limiting values of either
(P1,—0) it is clear that only in the case of absent
diffraction (/,,,—0), there is no extinction (g—0)
(4). This is in accordance with Matheson’s state-
ment that ‘extinction is only zero, in absolute sense,
when diffracted power is identically zero’ [9].

APPARENT EXTINCTION

One may show an apparent SE effect, i.e. a vis-
ible effect such as it is. To this end, a data acquisi-
tion technique called ‘compensative condition’ is

L: I8k, — ————— I, =4i(V=V,)"
k, =k, i i=2i*

ILE 1 i Quile, = Ly e =AP*(V=V)"
kiv=kiu (1 T [R=2p

I0: I, s 8eskine ————— Iy =AP**V -V, )"
Kiww =kjon i P [ RE=D RS

IV 4 Ly gt Gpoaailinns Iy = Ai***(V =V )"

Fig. 2. Relationship between four levels of interaction defined
by variation of the incident beam intensity from /; t0 /... In
the equations 4 is a constant, V. is the critical excitation poten-
tial of the Ko radiation, and n= 1.5 [6].

elaborated. This condition requires XRD measure-
ments of a reflection to be carried out by using a
four-step design presented in Figure 2. To compen-
sate a stepwise decrease of [, intensity controlled
by the generator current density i=i,i* i**i*** the
time 7=7,7% t¥* t*** for data collection is step by
step increased to give the same product of 7 per a
scanned step and current density i:

=T R=p R PRR= kR R R R =0 o g1, 5)

Profiles were measured by a step scanning mode
with conventional X-ray diffractometer using CuKa
radiation separated by nickel filter. Figure 3 illus-
trates the apparent extinction effect. An extinction-
free condition means that diffraction would be kin-
ematical and then the profiles should overlap each
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Fig. 3. A four-step measurement procedure applied to 200 re-
flections of Ni sample illustrates the apparent extinction effects
such as they are.
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other, i.e. they would be indistinguishable. Thus, for
any of the neighbour levels of interaction, R, . ratios
of the following type are valid:

[O,i/IO,i* = kin,i/[kin,i* = gi/gi* = i/i *= Ri,i* (6a,b,c,d)
where,

Ik[n,[/lk[n,[* = Ri,[* = {lulm,i/[/u -k ]m,i (pZ/plz)]}/

(7a,b,c,d).
fdy o = 1, (po /02

Here, (a, b, ¢, d) denotes equations corre-
sponding to different combinations. Combining
the ratios, R, ;. Ripee R oFRiwivry R iR jinns
R, ;=R s r. among themselves and then solv-
ing them for k=const., i.e. k'=k=k.=k,..=k... and
k"*=k=k,.=k,..=k,... yield expressions of the type:

[N(I:r.i‘lr;,i** =L il e )]

Lyod L+ 1 )= 1 0 (14 1 s 1) (8a,bc.d)

k' =

- P e v e |
- max ymax max max max ymax max max 2
R Y N TN (T )| P

£ (9a,b,c,d)

These coefficients are used for calculation of
kinematical intensities and thus to correctly assess
the physical effect due to size-strain broadening de-
fined accordingly by integral intensity /}, ; [rad] and
maximal intensity (/%) of reflection, both affected
differently by SE:

Ilfin,i = {fd;’[/[y—kv;’[(pﬁplz)]} (10a,b,c,d)

1z = =k (o, p? ) (11a,b.c,d)

The latter two equations are used to express ex-
tinction free integral breadth:

B =1, /I (12a,b,c,d)

To illustrate the relationship between &, 1/k, and
P, it may be instructive to use a heuristic device [11].
Heuristic refers to experience-based techniques for
problem solving, learning, or discovery that find a
solution, which is not guaranteed to be optimal or
perfect, but sufficient for immediate goals. In this
context, Figures 4a, 4b and 4c represent the behav-
iour of £* and k™ as well as 1/k* and 1/k™ of a sharp
texture (Ni38) and powders (both microstructured
and nanocrystalline CeO,). We have shown that de-
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Fig. 4a. A heuristic device used to illustrate the relationship
between k, 1/k, and P. Highly textured Ni: B = 0.2413 [rad].
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Fig. 4b. A heuristic device used to illustrate the relationship
between k, 1/k, and P. Nanosized CeO, : B =1.1322 [rad].
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Fig. 4c. A heuristic device used to illustrate the relationship be-
tween k, 1/k, and P. Microstructured CeO, sample: B = 0.1806
[rad].
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pending on P (0 < P < ), k and 1/k vary in differ-
ent ways. Whereas the coefficient k reaches to its
limits (—oo < k£ < 0) asymptotically, its reciprocal 1/k
is straight proportional to P in the whole interval
(0 < 1/k < ). These curves demonstrate how the co-
efficients k and 1/k depend on microstructure (crys-
talline size and strain) in terms of P. In particular,
the behaviour of the coefficients &* and A" proves
complete homogeneity of the nanosized sample.
However, in case of microstructured sample CeO,,
the behaviour of 1/k™ exhibits a nearly defect-free
structure.

CONCLUDING REMARKS

1. Under pole density P = const., the SE coeffi-
cient k is an irrational constant corresponding to the
scattering space.

2. In the real space, 1/k defines crystallite vol-
ume in the Bragg condition that does not contribute
to an increase of reflectivity.

3. Based on the constancy of £, a reformed meth-
odology to observe, estimate, and nullify the SE ef-
fect is elaborated.

4. The main advantage of this methodology is
that it allows for the capability of internal experi-
mental checks revealing simply the real ability of
the XRD apparatus to supply precise and accurate
data.

5. The accuracy can only be achieved by care in
experiment design and experiment realisation.
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(Pesrome)

Bropuunara excrunkuus (BE) e HeotnennMo cBbp3aHa ¢ nojrocHaTa mirbTHOCT, P. Ilocnennara npencrasisBa
HOpPMHUpaHa B KPaTHOCT Ha XaOTHYHO pasIpejielicHne o0eMHa (pakiys Ha KPUCTAINUTH, KOSATO JaBa MPUHOCH KbM
PEHTIEHOBO OTpakeHue. B jeficTBUTENHOCT, BCIKAa M3MEpeHa TOYKa BbTpe B obiacTra 2AH Ha PEeHTICHOBOTO OTpa-
JKEHHE € Bb3/IeHCTBaHa B pa3nuuHa creneH oT BE, nbimxkaina ce Ha 1BeTe: MOMOCHATA IUITBTHOCT U PA3NpPEIEIeHUETO
Ha eHeprusara (MHTEeH3UTeTa) Ha MaJlallius CHOII pEHTIeHOBU J1bul, /. Obade, 3a 1a Obae oueHeH edexra Ha BE Bbpxy
PEHTTEHOBOTO OTPAKEHHE KaTo IS0, HErOBHS MHTErpajleH HHTEH3UTET TPAOBa Ja OTYHTA MOJIOCHA IUTBTHOCT, P,
KOSITO € 3aBUCHMa OT MHTErpajiHaTa MMprHa Ha PEHTI€HOBOTO oTpaxkeHue. Taka neuHNpaHa, [eNTa Ha HaCTOSIIETO
M3CJIE/IBAHE € Ja Ce pa3BUe TEXHMKA 3a M3UMCIISIBAHE HA MHTErpallHaTa MIMPHUHA, U3IT0JI3BAKH CBOOOIHH OT €KCTHHK-
LSl IaHHU Ha JIBaTa My IlapaMeThpa: WHTErpajieH HHTEH3UTET U MaKCHMalleH HHTeH3uTeT. Pepopmupanure nannu
Morar jia Ob/aT M3I0JI3BaHU 32 YyBCTBHTEJIHO TpeTupaHe Ha edekra Ha BE B TekcTypu m mpaxoBe, BKIIIOYBAHKH

HaHO-Ppa3MEpPHU MAaTCpUaIn CbIUIO TaKa.
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