R-space efftects of Q-space resolution:
Deconvolution of neutron diffraction data from a reactor source
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For a reactor-source neutron diffractometer: The +/- scattering | - ———————— - Dela(c)d of DA for § mm sampl for diferent takeoff and aiphat
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geometry leads to “Q-space focussing” that improves the FWHM ot | fitto FWHM for 2theta > 30 deg P [T Dac_s.00mm_0.5A_23 50t_Cuz30_25 67at cag’ u 13 ——
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Bragg peaks and the resolution: Ad/d =AQ/Q =A08 e ctg(0) where 20 5| =.25:672 4): 0.202 (min) : . osl 11 *Dac_5.00mm 0.5A 22,501 Cu220_10.00a1 cag u 13
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is the diffraction angle. The 26-dependence of AB is described by S P i
coefficients U, Vand W [1,2]; e.g: U,V,W =9.3805,-1.9033, 0.2029 for | ihmono = 22.36 (deg)
one of the standard contigurations (0.5 A, Cu220, ¢5mm sample) of |

the ILL's D4c diffractometer for liquids and glasses.
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The “umbrella effect”: At small diffraction angle 26, the diameter ot / T " $00e pro
Debye-Scherrer rings becomes comparable to, or smaller than, the |

detector-cell height of a 1-D position sensitive detector, leading to a
modification of the Lorentz factor [3] and to an asymmetry+shift in the
Bragg peak profile [4,5] that should be included in Rietveld refinement.
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General deconvolution of the 1-D diffraction pattern: Although a detector of 2-D sensitivity permits ' ! —
following or “straightening” the Debye-Scherrer rings, this only corrects for the umbrella effect, and not 2 e | Ao =M= (Unn WL R0 1 (| = T |
for other resolution effects coming from sample size, incident beam dispersion and detector resolution. | ' o M D
In addition, diffraction data for liquids and glasses cannot be Rietveld-retined since there is no spatial

periodicity, and since the diffraction peaks are of intrinsic width and not resolution-limited. Finally, no
FT deconvolution tricks are possible because the resolution function depends on 20. In the general case

then, the measured intensity [(20) can be written as a convolution of the true intensity S(20) :
[(26) =Int[R(p,20) S(26-p) dp] where R(p,20) is the profile or resolution function at diffraction angle 26.
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A Taylor's expansion of S(20-p) about 20 and integration of each term leads to the moments of R(p,20):
M (20) = (1/n!) eInt[ (-p)" R(p,20) dp] which can be normalisedas A =M /M  and J(20) =1(20)/M, .
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For M_locally constant w.r.t. 20 and considering only the first 4 derivatives of ] w.r.t. 26, we derive: [ e e L em + c3pmole ca-pom o —— pchoppecsbpppecelpopp | G
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This “moments method” [6] of general deconvolution has already been applied to data for liquid Li [7] as
well as for liquid and glassy ZnCl [8], among other samples. Our software is named
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Tests of deconvolution to an original gaussian peak of FWHM = 0.4 deg Tests of deconvolution to an original gaussian peak of FWHM = 0.4 deg Tests of deconvolution to an original gaussian peak of FWHM = 0.4 deg
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Gaussian tests: As a stringent test of our deconvolution algorithm, |+ original gaussian peak shape | orginal gaussian peak shape |+ original gaussian peak shape
we convolved a Gaussian peak of FWHM = 0.4° by a typical D4c e decamoluton using 2 i cecamolsion vaing 2 ams ceoamvolaion uaing 2 s
profile function at different 20 angles and then used to try o o T °T °T
to deconvolve the peaks back to the original Gaussian. At the
lowest 26, the Taylor's expansion breaks down and the higher-
order correction terms diverge (although the use of 2 correction
terms remains quasi-stable). At the highest 26, more than 4

correction terms would be needed for complete convergence.
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Deconvolution of D,O data (D4c, lambda = 0.7 A, 0.5 A, 0.35 A) Deconvolution of D,O data (D4c, lambda = 0.7 A, 0.5 A, 0.35 A) Deconvolution of I-ZnCI2 data (D4c, lambda = 0.5 A)

Applied to the structure factor of liquids/glasses: The main effect N D I R S N N A N N N N A
of the deconvolution procedure is to shift and sharpen the First sl e e | A PR A o\
Sharp Diffraction Peak (FSDP) where the resolution function is | 035 A before deconvolution —— ___ | ., Oesafterdeconioluton | 2 oo T Dée XRD" deconvelved .
worst, especially at short wavelengths for a reactor-source R | -
diffractometer. The results converge after 2 or 3 correction
terms and not only agree for ditferent wavelengths (D20 data),
but also approach the high Q-space resolution that would be

obtained from a synchrotron x-ray diffractometer (I-ZnCI2 data).
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Applied to PDF analysis of powder diffraction data: Here the Bragg | | | S | | , ,
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peaks are resolution-limited, thus offering an even harsher test of o) it i b | | Vidan (7o da
. . . - Ni " "Ni ) . { ! "Ni_2terms.sqc"
the deconvolution method. For this Ni powder data, we see that o e F o N T i_{_ e B i
the Bragg peaks continue to be sharpened on applying all 4 i NLgtemssqet o Lsterms sq 5 » O Nemsse
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correction terms, although some noise becomes evident, and the it i LANSCE data A , .

final resolution is still less than that of spallation-source data, and

certainly less than the theoretical limit of a d-function.

Perhaps more interesting are the effects in r-space after Fourier
transform of the powder diffraction pattern (i.e. PDF analysis).
In the special case of a Gaussian resolution function [9] with the
same FWHM OfAQ at all Q = (4T[/)\) = sm(@) ; the PDF inr -SpacCe 1S PDF of deconvolved Ni powder data (D4c, lambda = 0.5 A) - , -0, PDF of deconvolved Ni powder data (D4c, lambda = 0.5 A)
modulated (i.e. multiplied) by a Gaussian centred at r = 0 and with ; " Ni data (7 mm dia) ' " Nidata (7 mm dia)
a FWHM of about Ar = 5.55 / AQ corresponding to the neutron | NLpia_ e st o - | NLp_Strma s tor
coherence volume size [10]. For D4c at A= 0.5 A, FWHM_Ar =60 A IR Lf‘NSCE e e | ] | | - I R
and thus at r = HWHM = 30 A the intensity of the PDF already falls | 1L PR R IV TR T i (IR I W I L I O NP
by a factor of 2. Application of 3 correction terms has the effect of
“extending” the coherence volume: the D4c PDF then has an

amplitude resembling the spallation-source PDF out to r ~ 30 A. A i 2 A AL | Nidata 7 m e
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