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A GPU-accelerated numerical method has been developed to calculate angle-
dependent transmission factors A(26) for small- and wide-angle X-ray scattering
(SWAXS) data collected with a Kratky-type camera using a line-collimated
beam and a horizontal cylindrical capillary with a vertically oriented detector.
The procedure extends path-length-based absorption correction to the Kratky-
type geometry by averaging Beer—-Lambert attenuation over the constrained
illuminated scattering volume and by including experimentally measured
primary beam profiles and capillary-wall absorption. Sensitivity analysis shows
that the vertical illumination geometry dominates the calculated angle-depen-
dent transmission factor, whereas the horizontal beam-width effect is negligible.
Using measured beam profiles makes the correction instrument specific and
avoids introducing an effective uniform beam height as an approximation. For
strongly absorbing nonafluoro-zert-butanol, the conventional scalar primary
beam transmission correction fails after subtraction of empty-capillary scat-
tering, while the numerical correction enables physically meaningful absolute-
scale data reduction. Comparisons between independently calculated theore-
tical SWAXS intensities and the two reduced experimental datasets obtained
sequentially using two different detectors in the same experiment on the same
Kratky-type SWAXS camera provide a direct experimental cross check for the
data-reduction workflow based on calculated transmission factors. They indicate
that the observed limitation is associated with transmission measurement of a
spectrally modified primary beam, rather than with the Kratky-type geometry
itself. Importantly, the results show that the limitations of conventional scalar
transmission corrections are not confined to extreme cases but may also affect
routine water-based absolute-scale SWAXS calibration. A simple Beer—
Lambert-type numerical scalar correction can still provide a useful qualitative
approximation, whereas reliable quantitative analysis requires the full angle-
dependent A(20) correction.

1. Introduction

When performing X-ray scattering measurements on a series
of samples, reliable absorption correction is essential for basic
data reduction, because subsequent background subtraction
and data interpretation critically depend on it. We focus our
attention on small- and wide-angle X-ray scattering (SWAXS,
including both SAXS and WAXS) measurements of liquid and
soft-matter samples in cylindrical quartz capillaries performed
using line-collimated Kratky-type cameras (Fritz & Berg-
mann, 2006), which remain established laboratory instruments
in colloid and soft-matter research. The broader motivation
for this study is summarized in Appendix 1 of the supporting
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information (Cerar et al., 2020; Tomsi¢, Jamnik et al., 2007,
Lajovic et al., 2010; Cerar et al., 2021; Cerar et al., 2019; Tomsic¢
et al., 2019; TomSic€ et al., 2018; Cerar et al., 2017; Lajovic et al.,
2012; Lajovic et al., 2009; Tomsic, VIcek et al., 2007). Note that
the supporting information is a substantial document that
forms an integral part of this paper, providing extensive details
on all aspects of the discussion, and is intended to be read
alongside the main text. As such, frequent references to it are
made in the following.

In a conventional SAXS/SWAXS workflow, each raw curve
I; raw(20) is first corrected using an experimental scalar
transmission factor 77,

1 raw(26)

4y

I/‘,T(29) = (1)
where I; 7(260) represents the absorption-corrected curve, and
j=s, sol, w or ecap denotes the sample, solvent, water or
empty-capillary measurement, respectively. In Kratky-type
cameras with a semi-transparent beamstop, the factor Tj is
determined from the primary beam transmission measured
for the corresponding measurement, i.e. derived from the
measured primary beam intensity at zero scattering angle,
I; raw(0). The corresponding background scattering (solvent or
empty capillary) is then subtracted, yielding the background-
corrected SWAXS data for the sample I.(26) and water
Ly e(26),

Is,bc(ze) = IST(ZG) - Isol,T(29)7
Iw,bc(ze) = wT(ze) - Iecap,T(ze)‘

The latter expression is important if the SWAXS data need to
be put on an absolute scale, as the absolute scaling factor F
can be calculated using water as a secondary standard
(Orthaber et al., 2000) as

1 dx
)., v

Here, (dX/d€2)y, 1(0) is the known theoretical scattering cross
section of water at zero scattering angle (1.632 x 10™% cm™ ! at
293 K) (Orthaber et al, 2000) and I ,(0) is obtained by
extrapolating the experimental I, ,.(26) data to the zero
scattering angle. Absolute scaling is then performed as

(55) @0 = Fricn, @
where (dX/dQ2),(20) is the absolute-scale differential scat-
tering cross section of the sample. For interested readers,
additional comments are provided in Appendix 2 of the
supporting information (Orthaber et al., 2000; Pauw, 2013;
Bergmann et al., 2000).

This conventional procedure usually works well in SAXS/
SWAXS on Kratky-type cameras when the attenuation of all
measurements in a series is similar, for example for dilute
samples and their corresponding solvent. However, it may
become unreliable when the X-ray absorption differs
substantially between the measured samples. Thus, the issue is
not the conventional data-reduction workflow itself but rather

@

the practical limitation of experimentally determining reliable
scalar transmission factors 7;. We attribute this limitation
primarily to differences in the degree of primary beam
radiation hardening between samples with substantially
different attenuation properties, an effect further enhanced by
the absorption of the semi-transparent beamstop in Kratky-
type instruments. SAXS/SWAXS position-sensitive detectors,
including modern ones, generally provide no or only limited
photon energy discrimination for the detected beam, so the
measured primary beam intensities can become strongly
biased in such cases (Baur et al., 2019; Hovelmann et al., 2019).
We discuss primary beam radiation hardening in more detail
in Appendix 3 (Bergmann et al., 2000; Oberta et al., 2012;
Kirschbaum et al., 1997; Shimizu & Omote, 2008; Baur et al.,
2019; Brooks & Di Chiro, 1976; Van de Casteele et al., 2002;
Hovelmann et al., 2019; Wu & Li, 2024; Polikarpov et al., 2014;
Chen et al., 2018). Appendix 4 presents a practical example of
the failure of the conventional procedure for the strongly
absorbing liquid nonafluoro-zert-butanol (NFTB). NFTB is
therefore used as a representative test case in this study.

A way of overcoming such experimental problems is to
resort to calculated transmission factors from numerical
absorption correction procedures, which can also include more
sophisticated treatments, e.g. angle-dependent self-absorption
correction. Numerous numerical procedures have been
developed and tested over many decades to correct scattering
data for X-ray absorption. These methods place particular
emphasis on sample geometry and the X-ray path through the
material in different experimental setups, as reviewed in
Appendix 5 (Claassen, 1930; Bradley, 1935; Bond, 1959;
Dwiggins, 1975; 1972; Ritter et al., 1951; Mgller & Jensen,
1952; Schmitt & Ouladdiaf, 1998; Bowden & Ryan, 2010;
Pauw, 2013; Pauw et al., 2017; Bendert et al., 2013; Van Hoesen
et al., 2019; Jeffries et al., 2021; Sulyanov et al., 2012). Here we
focus on the procedure of Bowden & Ryan (2010), who
treated absorption in cylindrical and annular specimens and
their containers or supports within a powder diffraction
framework based on cross-sectional path-length integration.
This makes their work the closest reference point for the
cylindrical capillary geometry relevant to line-collimated
Kratky-type SAXS and SWAXS instruments.

The novelty of our work is the extension of this type of
path-length-based correction towards the actual geometry of
line-collimated SWAXS instruments using routinely available
instrument-specific information, namely the experimentally
measured non-uniform primary beam profiles. In this way, the
finite constrained illuminated scattering volume is retained,
but its contribution is weighted by the measured primary beam
intensity distribution rather than being treated as uniformly
illuminated. In addition, we do not treat the capillary wall only
as an absorbing medium along the photon path but also
consider its scattering contribution separately in the empty-
capillary measurement. These elements are then incorporated
into the usual data reduction sequence, in which the experi-
mental scalar transmission factor is replaced by calculated
angle-dependent transmission factors before background
subtraction and absolute scaling.
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The objective of the present work is therefore to formulate,
implement and evaluate a numerical angle-dependent
absorption correction procedure directly applicable to line-
collimated SWAXS measurements of liquid samples in thin-
walled cylindrical capillaries. The procedure is designed to
address the limitations of scalar transmission-based data
reduction and absolute scaling that we encountered in our
SWAXS studies of strongly absorbing samples, as discussed in
detail in Appendix 4. We evaluate the procedure by testing the
numerical convergence of the calculated transmission factors
and by analysing their sensitivity to beam geometry, measured
beam profiles and sample attenuation in Appendix 8. We
further apply it to experimental SWAXS datasets from
chemically diverse systems in Appendix 10 (Pi et al., 2009;
Cerar et al., 2021). These applications also provide an impor-
tant model-based consistency check by comparing corrected
experimental SWAXS data with independently calculated
theoretical SWAXS intensities for the same systems, obtained
using the ‘complemented system approach’ (Cerar et al., 2020;
Tomsic¢, Jamnik et al., 2007; Lajovic et al., 2010). These theo-
retical intensities are calculated from molecular simulation
results and are not fitted, scaled or otherwise adjusted to
match the experimental data, thereby representing a fully
independent reference dataset within the limitations of the
chosen molecular force field. In addition, measurements
performed on the same sample in the same capillary and on
the same Kratky-type camera, without changing the sample/
capillary arrangement but with a Dectris Mythen 1K detector,
are used as a direct experimental cross check of the proposed
absorption correction workflow, as discussed in Appendix 11.

2. Formulation of a realistic SWAXS absorption
correction model

We focus on Kratky-type cameras and similar modern line-
collimated SWAXS geometries (Glatter, 2018) in which a thin-
walled horizontal quartz capillary is illuminated by a hori-
zontally collimated primary beam passing through its central
axis. In such instruments, the capillary is consistently aligned
to ensure it is always centrally illuminated. The detector is
positioned perpendicular to the capillary axis and oriented
vertically, with the scattering signal recorded in the upward

DETECTOR

PRIMARY
BEAM

M

X CAPILLARY
WITH SAMPLE

Figure 1
Schematic representation of the considered experimental geometry.

direction, as depicted schematically in Fig. 1. For this
geometry, we extend the existing path-length-based absorp-
tion correction framework (Bowden & Ryan, 2010) by incor-
porating weighting functions based on experimentally
determined primary beam profiles, constraining the scattering
volume vertically by the beam’s ‘height’ and horizontally by its
‘width’ profile, both of them perpendicular to the beam
propagation direction. Here, beam height and beam width
denote the beam height in the vertical (zy) plane and the beam
width in the horizontal (xy) plane, respectively. The intro-
duced weighting functions provide a direct way to connect
idealized path-length calculations with the actual illumination
conditions in a line-collimated Kratky-type SWAXS instru-
ment. In contrast to uniform illumination or small-beam
approximations, the transmission factor is averaged over the
finite illuminated region and weighted by the experimentally
measured primary beam profiles. Additionally, we explicitly
account for attenuation in the quartz capillary wall and use a
full three-dimensional correction model. These features
become particularly important for highly absorbing samples.
To the best of our knowledge, this specific combination of
constrained illuminated volume, capillary wall attenuation and
experimentally measured beam profile weighting has not
previously been implemented for absolute-scale line-colli-
mated SWAXS data reduction in thin-walled capillaries.

The experimental geometry is defined in a Cartesian coor-
dinate system with the primary beam propagating along the y
axis, the horizontal direction along the x axis and the vertical
direction along the z axis. A schematic representation of this
geometry, including the sample, the capillary wall and the
detector arrangement, is shown in Fig. 2(a).

The scattering-angle-dependent absorption correction is
applied directly to the measured raw scattering intensity
I,.w(20), analogously to equation (1), using the relation

I.,.,(20)

(20) = “AQD) %)

ICOIT

where 26 is the scattering angle, /.,.(20) is the corrected
scattering intensity, and A(20) is the angle-dependent trans-
mission factor calculated for the relevant absorbing material
and experimental geometry. The geometric meaning of this
correction is clarified by the definition of the transmission
factor A(20), introduced in the following. In a general 3D
geometry, the transmission factor can be expressed as a
volume integral over the illuminated part of the sample (and
its container, if included among attenuation contributions),
accounting for attenuation along the incident path to the
scattering point and along the scattered path from that point
to the detector:

AQ20) = % / exp[—p L(r, 20)]dV, (©)

Vv

where u is the linear attenuation coefficient of the material,
L(r, 20) is the X-ray path length through the material at a
scattering angle 26 and V is the illuminated volume. Equation
(6) is essentially the Beer-Lambert attenuation law averaged
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(@ z22+y?=d*’x=0 (b)
E = (0,d cos 260 ,d sin 20)

Figure 2
Visualization of the sample and detector geometry considered in our derivation of the path lengths, (a) without considering the capillary wall absorption
and scattering, (b) considering only the scattering and absorption in the capillary wall, and (c) considering scattering inside the sample and absorption in
the sample and capillary wall.

over all the corresponding incident and exit X-ray paths
relevant for the detected scattering at each 26. Accordingly,
A(26) represents the average transmission coefficient defined
solely for photons contributing to the detected scattering
intensity at a given 20. For SAXS data, it is often even more
natural to express the angular dependence in terms of the
length of the scattering vector ¢, defined as

—4—7[s'nﬁ (7)
=5y )

where XA is the wavelength of the X-rays. To facilitate
comparison with previous absorption correction studies, we
compute and present the correction primarily as a function of
the scattering angle 26, but also provide scattering-angle-
dependent transmission correction factors A(q) where rele-
vant (see Table S3 in Appendix 7).

Note that the wavelength of the X-rays does not enter this
absorption correction formulation explicitly. Its influence on
the absorption correction coefficients is fully accounted for
through the wavelength dependence of the linear attenuation
coefficient p, which is treated as an input material parameter
(Hubbell & Seltzer, 2004).

In our SWAXS experimental configuration, the incident
beam exhibits an experimentally determined non-uniform
intensity distribution, which is measured as two orthogonal
profiles: (i) a ‘width’ profile P,;4(x) along the horizontal axis x,
and (ii) a ‘height’ profile Py.;(z) along the vertical axis z, as
shown in Fig. 3. These two profiles are incorporated into the
absorption correction scheme through the corresponding
dimensionless weighting function W(x, z). The latter is inde-
pendent of the beam-propagation coordinate y and is defined
for the primary beam path lengths through the capillary with
the sample as

P g (%) Ppei(2)
K 9

nor

W(x, z) = ®)

where the normalization factor is given by

22+y?=d>x=0
©
F = (0,d cos 26, d sin 20)

72 +y% = R?
72 +y2=(R+1t)?

1
Knor = V/Pwid(x) Phei(z) dV, (9)
v
ensuring that
1
‘—//W(x, z)dV =1. (10)
4

The transmission coefficient A(20), which accounts for
attenuation in both the capillary wall and the sample, is then
calculated as

Irel.

-0.2 0.1 0.0 0.1 02
z [mm]

(b)

0.8 — P (%)

. 0.6

Irel

0.4+

0.2

0.0

2 % 4 0 4 8 n

x [mm]
Figure 3
The experimentally obtained (a) height Py.;(z) and (b) width Py,;q(x)
profiles of the horizontal line-collimated primary X-ray beam in our
SWAXS setup.
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N (R =22

aon=1 / [ wes
7T VRt -22

X exp [—,u,cw L.,(x,y,2,20) — u, L(x,y, z, 20)] dy dz dx,
(11

where V' is the constrained illuminated volume defined by the
limits of integration, i, and ug are the attenuation coeffi-
cients of the capillary wall and the sample, respectively, and
Ly(x, y, z, 20) and Ly(x, y, z, 20) denote the corresponding
path lengths contributing to the scattering at an angle 26. In
these path-length terms, the coordinate y denotes that the
scattering event may occur at any position along the y axis,
including within the capillary wall, as depicted schematically in
Fig. 2(b).

The cylindrical capillary has an inner radius R and a wall
thickness t. It is illuminated non-uniformly, with the illumi-
nation represented by W(x, z) over the constrained cross-
section region z € [—a, a] and x € [—b, b], while the primary
beam propagates along the y axis. The limits a and b define the
constrained illuminated scattering volume cross section used
in the numerical integration and were chosen from the
measured extent of the experimental beam profiles, i.e. from
the regions where their intensities remain significant. A scat-
tering event occurs at a point C(x, y, z) within the constrained
scattering volume — either within the capillary wall or within
the sample [Fig. 2(c)]. Due to the non-uniform illumination of
the scattering volume, the corresponding path lengths must be
weighted by the actual local intensity of the primary beam to
obtain the weighted average transmission factor in equation
(11). To keep the geometric description consistent with the
actual experimental setup used in this work, the detector is
positioned vertically at a distance d from the central capillary
axis and is curved such that the detector points lie on the
cylindrical surface:

v+ 72 =d2 (12)

The path length through the sample, Ly(x,y, z,26), is
[Fig. 2(c)]

Ly(x,y,2,20) = |BC| +|CD| (13)
and the total path through the capillary wall, L (x, y, z, 260), is
L. (x,y,2,20) = |AC| + |CE| — L(x, y, z, 20). (14)

Given the general coordinates of point B(x, —v/R* — 72, z),
the magnitude of the incident segment inside the sample is

|BC| = VR> — 22 +y. (15)

For the scattered beam path length towards the detector,
|CD|, we consider the ray from point C in the direction
towards the detector point at the scattering angle of 20,

X —X
vip)= |y | +p| dcos20) —y |, (16)
z dsin(20) — z

which intersects the inner cylinder y* + z> = R* of the sample.
This yields the quadratic equation for parameter p,

p*{[d cos(20) — yI + [dsin(26) — Z]z}
+ p{2y[d cos(20) — y] + 2z[d sin(20) — z]}
+ (z2 +y? — Rz) =0. 17)

Of the two roots, the larger, p,, corresponds to the sample
exit point, giving the magnitude

|CD| = p+\/[d cos(20) — yI* + [dsin(20) — z]* + x2.  (18)

The magnitudes of |[AC| and |CE| are computed analogously
using the outer radius (R + 7).
For scattering events occurring within the wall,

R* <y 4+ 22 <R +1), (19)

the beam segments through the inner sample cylinder must be
treated conditionally: (i) if y > 0 and |z| < R, the incident beam
intersects the inner surface, yielding

Linner, inc — 2 R? — ZZ’ (20)

but (ii) if two positive T00tS p, inner > P— inner €Xist for the
scattered ray intersecting the inner sample cylinder, then

Linner, dift — (p+,inner - p—A,inner)

x /2 +[dcos(26) — yI* + [dsin(26) — 2.

eay)

In summary, we note that, in the present context, the
transmission factor A(26) is not a general material property
but rather a numerically determined geometry-specific quan-
tity. It is used here as a calculated, angle-dependent and
geometry-specific Beer-Lambert transmission factor for the
detected scattering intensity, not as an experimentally
measured direct-beam transmission factor. It effectively
encapsulates information about the specific experimental
configuration of the instrument — derived from the primary
beam profiles — as well as information on the sample material
through its linear attenuation coefficient. In our case, this
corresponds to a Kratky-type line-collimated SWAXS setup
equipped with a focusing Gobel mirror. In the calculations,
only two absorption contributions are considered: (i)
attenuation of the X-ray beam within the capillary up to the
position of the scattering event, and (ii) attenuation of the
scattered ray along its exit path through the remaining capil-
lary material towards the detector. Consequently, the trans-
mission factor A(260) accounts exclusively for these two
contributions and does not include additional instrumental
effects such as detector response, multiple scattering or
spectral changes in the incident beam. In a practical sense,
A(20) represents a weighted average over all individual path-
length contributions arising from the different possible scat-
tering positions within the illuminated scattering volume.
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3. Experimental and computational methods

Full details of the materials, SWAXS measurements, mol-
ecular dynamics simulations and calculation of the angle-
dependent transmission factor A(260) using the developed
Python software are provided in Appendix 6 (Glatter, 2018;
Jorgensen et al., 1996; Watkins & Jorgensen, 2001; Dodda et
al., 2017; Jorgensen et al., 1983; Abascal & Vega, 2005;
Mahoney & Jorgensen, 2000; Berendsen et al., 1987; Abraham
et al., 2024).

4. Results and discussion

As a starting point for treating absorption correction in our
Kratky-type SAXS/SWAXS instrument, we used the work of
Bowden & Ryan (2010), since their approach is conceptually
closest to the capillary geometry considered here. In their
terminology, the relevant case corresponds to a cylindrical
specimen inside an annular support, treated in powder-
diffraction capillary geometries. We adapt this geometry to the
one shown in Fig. 1, which is commonly used in SAXS and
SWAXS experiments on liquid systems contained in thin-
walled cylindrical capillaries, as is typical in colloidal and soft-
matter research. Although Bowden and Ryan considered an
incident beam smaller than the specimen diameter and offset
from the cylindrical axis, they discuss this aspect only in
relation to 260-dependent offsets in experimental peak posi-
tions in their specific powder-diffraction geometry (Bowden &
Ryan, 2010). However, we explicitly define and analyse the
constrained illuminated scattering volume for the symmetric
capillary alignment typical of the Kratky-type geometry to
study its effect on the transmission correction factor in a
systematic way. This is introduced through the integration
limits @ and b in equation (11), where a defines the vertical
half-height of the constrained illuminated volume and b
defines the horizontal half-width along the capillary axis.

To gain a better understanding of the practical conse-
quences of this adaptation, we first examined how the calcu-
lated transmission coefficient A(26) changes when the main
geometric and material parameters of the model are varied
separately. The effect of varying the beam half-height a in the
vertical z direction is analysed systematically in Fig. 4(a) for a
constant beam half-width b =12 mm and uniform central
illumination of the capillary. Overall, it is evident that
increasing the vertical beam height results in a higher trans-
mission coefficient at a given scattering angle. This is because
illuminating a larger proportion of the capillary in the z
direction increases the fraction of shorter path lengths, which
contribute less to the total attenuation. These results highlight
that the beam height has a significant influence on the trans-
mission coefficient. Therefore, it is crucial to determine it
carefully and include it as realistically as possible in the
calculation of the coefficient A(20).

The effect of varying the beam half-width b from 2 to 12 mm
for a constant beam half-height a = 0.1 mm is presented in Fig.
4(b). The two curves (black open circles and red crosses)
practically coincide, indicating that the horizontal width of the

a [mm)]
0.40 A 0.05
0.10
0.381 0.15
0.20
0.25
< 0.36
0.30
0.35
0.34 4 0.40
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0.324 1 0.50
0 30 60 9 120 150 180
20[°]
0.38 T T T
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Figure 4

(a) The effect of increasing the primary beam half-height a at constant
beam half-width b = 12 mm, capillary-wall thickness ¢ = 0.01 mm and
linear attenuation coefficient 4 = 1.0 mm ™~ '. (b) The effect of changing
the beam half-width b and including the experimental beam profiles, all at
constant £ = 0.01 mm and g = 1.0 mm ™", (¢) The effect of increasing the
linear attenuation coefficient @ on the angular dependence of the

transmission coefficient A(20) at constant ¢ = 0.1 mm, » = 12 mm and ¢ =
0.01 mm.

primary beam has almost no detectable effect on the trans-
mission coefficient. Note that, although variations in the
primary beam profile in the horizontal plane strongly affect
the projection of scattering intensity onto the detector, leading
to considerable instrumental smearing effects in the SAXS
regime (Glatter, 2018), they evidently have only a negligible
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influence on the absorption correction. This is because, for
fixed material attenuation coefficients, the absorption depends
directly on the path length of the X-ray beam within the
absorbing material, i.e. the sample and the capillary wall. Since
the incident beam propagates along the y axis, displacements
of the scattering event along the capillary axis (x) do not
change the incident path length through this material. They
affect only the exit path, and even this effect is small because
the sample-to-detector distance (267 mm in our setup) is much
larger than the horizontal displacement within the illuminated
beam. The corresponding change in the total path length
within the absorbing material is therefore small and has a
barely noticeable effect on the absorption correction, as
demonstrated in Fig. 4(b). To test this point further, we also
considered the limiting case where the primary beam width is
reduced to values comparable to the beam height, as may
occur in experimental setups with strongly reduced slit width;
an example with a = b = 0.1 mm is provided in Section 8.1 of
Appendix 8.

The green curve with open squares in Fig. 4(b) represents a
key result of the presented extension of the absorption
correction procedure. It shows the A(20) data obtained by
applying both experimentally measured primary beam profiles
as weights within the constrained illuminated scattering
volume, while also accounting for the capillary-wall attenua-
tion. The fact that this curve does not deviate substantially
from the other two curves in Fig. 4(b) may be somewhat
misleading when assessing the importance of this extension.
However, this only means that the selected value a = 0.1 mm is
rather close to the appropriate effective primary beam half-
height in our Kratky-type camera.

The message of Fig. 4(b) is one of the most important
messages of this study and is twofold. First, properly
accounting for the vertical illumination geometry of the
primary beam is crucial for absorption correction, and
including the non-uniform experimentally measured height
profile of the primary beam in the correction procedure is the
most reliable way to do this. Second, even when only a
uniform primary beam is considered, there exists an effective
beam half-height value that can closely approximate the effect
of the primary beam height on A(260). However, this effective
value is not known a priori and would have to be estimated
correctly. The most realistic solution is therefore to incorpo-
rate the experimentally obtained incident beam profiles
directly into the procedure, as implemented through the
weighting function W(x, z) in equation (11).

Having established this key geometrical point, we next
consider the material parameter entering the correction.
Therefore, Fig. 4(c) illustrates the effects of increasing the
linear attenuation coefficient of the sample. Higher attenua-
tion not only reduces the overall transmission but also
enhances the angular dependence of the transmission coeffi-
cient. The latter occurs because increasing p amplifies the
differences between the contributions from different path
lengths within the illuminated scattering volume. At small
scattering angles, the average total path length through the
absorbing material remains similar to the corresponding

forward-transmission path length, whereas at larger angles the
distribution of total path lengths broadens. Correspondingly,
over the scattering angle range up to about 50° in Fig. 4(c) —
roughly matching the SWAXS range of our Kratky-type
instrument — this effect on the angular dependence is still
moderate but becomes increasingly pronounced at higher
angles.

The numerical reliability of the numerical integration in
equation (11) and geometrical robustness of the procedure are
examined further in Appendix 8. The root-mean-squared
error of A(260) falls below 0.1% for all tested attenuation
coefficients, while the influence of capillary conicity was found
to be negligible even for unrealistically large conicities.

In practice, the purpose of the proposed procedure is to
correct measured SWAXS curves only over the measured
angular range from 26,;, to 26,,.. Therefore, only the calcu-
lated A(26) values within this range are required in equation
(5), thereby avoiding the practical problems associated with
primary beam transmission measurements discussed in
Appendix 3. Nevertheless, it is useful to relate the calculated
A(26) to the scalar factor 7; from equation (1). In equation
(11), the Beer-Lambert attenuation is averaged over the
incident and exit paths of the photons that contribute to the
detected elastically scattered intensity at a given 26. The
forward-scattering limit A(0) in equation (11) follows from the
same reasoning. Nonetheless, the photon paths in the forward-
scattering limit are the same as those of the directly trans-
mitted photons recorded in primary beam transmission
measurements. Therefore, A(0) could also be applied consis-
tently to correct I; 1,(0) from equation (1), provided that the
latter can be measured reliably (Appendix 3).

Consequently, for weakly absorbing samples with negligible
angular dependence of the absorption correction, A(0) can be
used as an approximate scalar numerical correction factor,
analogously to T; in equation (1). This is a useful qualitative
alternative when 7 cannot be measured reliably. It also raises
the question of whether A(0) could be approximated even
more simply and still provide a satisfactory qualitative
approximation. A straightforward option would be to use a
deliberately simplified numerical correction based on the
Beer—Lambert attenuation law, which considers only the
sample and capillary-wall thicknesses and a single effective
path length for all photons (Appendix 9).

We evaluate this simplified scalar correction strategy
against the full A(260) transmission coefficients in Fig. 5. It
shows the A(26) values (full lines with symbols) together with
the corresponding simplified Beer—Lambert scalar estimates
(horizontal dotted lines) for the empty capillary, water and
NFTB, for several capillary radii. The simplified Beer—
Lambert scalar estimate is not physically equivalent to the full
angle-dependent correction because it neglects the finite
illuminated volume, beam-profile weighting and angle-
dependent exit paths. Nevertheless, its values remain very
close to the corresponding A(0) values for all tested cases,
indicating that this similarity is not an artefact of the selected
capillary radius. At larger scattering angles, however, the full
A(20) curves increasingly deviate from this scalar value.
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The angular dependence of the transmission coefficient A(20) at constant a = 0.1 mm, b = 12 mm, ¢ = 0.01 mm, quart, = 8.099 mm ™, fhyater = 1.01 mm™
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1

and pnprs = 2.20 mm™ ! for the empty capillary (green solid line), water (blue solid line) and NFTB (black solid line) compared with the corresponding
simplistic model values (dotted lines) for capillary radii of (a) 0.24 mm, (b) 0.34 mm, (c¢) 0.49 mm and (d) 0.74 mm.

Fig. 5 therefore supports two very important practical
conclusions. First, the simplified Beer-Lambert-type scalar
transmission estimate is a qualitatively useful approximation
when the angular dependence of the transmission function is
negligible, but it cannot replace the full angle-dependent
correction when quantitative SWAXS data reduction is
required. Second, the transmission functions for water and the
empty capillary differ substantially, both in their absolute
transmission level and in their angular dependence. This
indicates that the water/empty-capillary correction step must
be executed with care. If unreliable experimental transmission
factors are used, this step may introduce notable errors into
absolute-scale calibration using water as a secondary standard.

The practical consequences of these correction strategies
are briefly summarized here and documented in detail in the
supporting information. Appendix 4 first shows the failure of
the conventional scalar primary beam transmission correction
for the strongly absorbing NFTB sample. Section 10.1 of
Appendix 10 then shows a successful SWAXS data reduction
for this sample using the proposed numerical correction
procedure. The water/empty-capillary correction relevant to
absolute-scale calibration is presented and discussed in
Section 10.2 of Appendix 10, a diverse range of Brij 35/
alcohol/water systems in Section 10.3, and the simplified Beer—
Lambert-type scalar approximation in Section 10.4. Appendix

11 provides further direct experimental cross checks of the
proposed correction procedure for the water and NFTB
datasets. These checks use independent Mythen 1K SAXS
detector measurements performed on the same sample, in the
same capillary and on the same Kratky-type camera, without
changing the sample/capillary arrangement. Together, these
examples and cross checks support the practical applicability
of the calculated transmission workflow for background
subtraction and absolute scaling in the experimental cases
considered here.

5. Conclusions

The central result of this study is that, when experimentally
determined scalar primary beam transmission factors become
unreliable, the corresponding transmission correction problem
can be bypassed using calculated geometry-specific transmis-
sion factors A(20) based only on the experimental geometry,
measured primary beam profiles and tabulated attenuation
coefficients. For the line-collimated Kratky-type SWAXS
geometry considered here, the vertical illumination profile is
the key geometric parameter controlling the absorption
correction, whereas the horizontal beam width effect is
negligible. Using the measured primary beam profiles removes
the need to choose an effective uniform beam height as an
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additional approximation. The performance of the proposed
angle-dependent transmission correction procedure has been
demonstrated for the strongly absorbing NFTB sample. For
this sample, the conventional scalar transmission correction
led to a physically inconsistent result after background
subtraction, while the numerical correction resolved this
problem and enabled physically meaningful absolute-scale
SWAXS data reduction.

The results also show that the bias in experimentally
determined scalar transmission factors associated with
primary beam radiation hardening is not limited to strongly
absorbing samples. Such bias can become important whenever
a measurement series contains samples with substantially
different X-ray attenuation. One example is the water/empty-
capillary measurement pair used in routine absolute scaling
with water as a secondary standard. The proposed correction
procedure successfully bypasses the corresponding transmis-
sion correction problem in this absolute-scaling step as well.
Comparisons of independent model-based theoretical
SWAXS curves (Lajovic et al., 2010) with the reduced
experimental data, and additional measurements with the
Mythen 1K detector, provide consistency checks of the
corrected data-reduction procedure. Importantly, neither the
correction factors nor the corrected experimental SWAXS
curves were fitted, tuned or adjusted to improve the agree-
ment between the compared data.

Taken together, the presented results suggest the following
practical hierarchy of correction strategies: (i) conventional
primary beam transmission correction is adequate when the
measured transmission factors 7 are reliable and absorption
differences between measurements are small; (ii) a simplified
Beer-Lambert-based scalar correction can be useful as a
reasonably fast qualitative or approximate correction when
the angular dependence is weak; and (iii) the full A(26)
correction is required for physically consistent quantitative
SWAXS analysis when absorption differences between
measurements are significant. This practical distinction is not
specific to the Kratky-type geometry considered here and is
relevant more generally whenever SAXS/SWAXS data
reduction relies on experimentally determined scalar trans-
mission factors whose reliability cannot be ensured.

6. Related literature

For further literature related to the supporting information,
see Merck Life Science (2025), Niirnberg et al. (2016), Prince
(2004), Rodriguez et al. (2001) and Tanaka et al. (2001).

Acknowledgements

We are most grateful to Professor Otto Glatter for his
generous contribution to the light-scattering instrumentation
of our laboratory.

Conflict of interest

We have no conflicts of interest to declare.

Data availability

The experimental data reported in this article are provided as
a zip archive in the supporting information.

Funding information

We acknowledge support from the Slovenian Research and
Innovation Agency (research core funding No. P1-0201,
project No. N1-0308 ‘Nanoplastics in Aqueous Environments:
Structure, Migration, Transport and Remediation’, and project
No. N1-0483 ‘Tonic Liquids and Nanoclays in Aqueous PFAS
Removal’) and from the National Research, Development and
Innovation Office (project Nos. SNN142258 and SNN152145).

References

Abascal, J. L. & Vega, C. (2005). J. Chem. Phys. 123, 234505.

Abraham, M., Alekseenko, A., Bergh, C., Blau, C, Briand, E.,
Doijade, M., Fleischmann, S., Gapsys, V., Garg, G., Gorelov, S,,
Gouaillardet, G., Gray, A., Irrgang, M. E., Jalalypour, F,, Jordan, J.,
Junghans, C., Kanduri, P, Keller, S., Kutzner, C., Lemkul, J. A,
Lundborg, M., Merz, P, Mileti¢, V., Morozov, D., Pall, S., Schulz, R.,
Shirts, M., Shvetsov, A., Soproni, B., van der Spoel, D., Turner, P,
Uphoff, C., Villa, A., Wingbermiihle, S., Zhmurov, A., Bauer, P,
Hess, B. & Lindahl, E. (2024). GROMACS Archive , https://doi.org/
10.5281/zenodo.11104865.

Baur, M., Uhlmann, N., Poschel, T. & Schroter, M. (2019). Rev. Sci.
Instrum. 90, 025108.

Bendert, J. C., Blodgett, M. E. & Kelton, K. F. (2013). Acta Cryst.
A69, 131-139.

Berendsen, H. J., Grigera, J.-R. & Straatsma, T. P. (1987). J. Phys.
Chem. 91, 6269-6271.

Bergmann, A., Orthaber, D., Scherf, G. & Glatter, O. (2000). J. Appl.
Cryst. 33, 869-875.

Bond, W. L. (1959). Acta Cryst. 12, 375-381.

Bowden, M. & Ryan, M. (2010). J. Appl. Cryst. 43, 693-698.

Bradley, A. (1935). Proc. Phys. Soc. 47, 879-899.

Brooks, R. A. & Di Chiro, G. (1976). Phys. Med. Biol. 21, 390-398.

Cerar, J., Jamnik, A., Pethes, 1., Temleitner, L., Pusztai, L. & Tomsic,
M. (2020). J. Colloid Interface Sci. 560, 730-742.

Cerar, J., Jamnik, A., Szilagyi, I. & Tomsi¢, M. (2021). J. Colloid
Interface Sci. 594, 150-159.

Cerar, J., Jamnik, A. & Tomsi¢, M. (2019). J. Mol. Lig. 276, 307-317.

Cerar, J., Lajovic, A., Jamnik, A. & Tomsi¢, M. (2017). J. Mol. Liq.
229, 346-357.

Chen, Y., Wei, L., Qian, F,, Yang, Z., Wang, S., Wu, Y., Zhang, Q., Fan,
Q. & Cao, L. (2018). Chin. Phys. B 27, 024101.

Claassen, A. (1930). London Edinb. Dubl. Philos. Mag. J. Sci. 9, 57—
65.

Dodda, L. S., Vilseck, J. Z., Tirado-Rives, J. & Jorgensen, W. L. (2017).
J. Phys. Chem. B 121, 3864-3870.

Dwiggins, C. W. (1972). Acta Cryst. A28, 219-220.

Dwiggins, C. W. (1975). Acta Cryst. A31, 146-148.

Fritz, G. & Bergmann, A. (2006). J. Appl. Cryst. 39, 64-71.

Glatter, O. (2018). Scattering Methods and Their Application in
Colloid and Interface Science. Amsterdam: Elsevier.

Ho6velmann, J., Stawski, T. M., Besselink, R., Freeman, H. M., Diet-
mann, K. M., Mayanna, S., Pauw, B. R. & Benning, L. G. (2019).
Nanoscale 11, 6939-6951.

Hubbell, J. & Seltzer, S. (2004). X-ray Mass Attenuation Coefficients,
NIST Standard Reference Database 126, National Institute of
Standards and Technology, Gaithersburg, Maryland, USA. https://
doi.org/10.18434/T4D01F.

J. Appl. Cryst. (2026). 59

Jure Kovac et al.

9 of 10

+ Angle-dependent absorption correction in SWAXS


https://doi.org/10.1107/S1600576726006837
https://doi.org/10.1107/S1600576726006837
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB2
https://doi.org/10.5281/zenodo.11104865
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB11
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB11
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB13
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB15
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB15
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB16
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB16
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB17
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB17
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB18
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB19
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB20
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB21
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB22
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB22
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB22
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB23
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB23
https://doi.org/10.18434/T4D01F

research papers

Jeffries, C. M., Ilavsky, J., Martel, A., Hinrichs, S., Meyer, A.,
Pedersen, J. S., Sokolova, A. V. & Svergun, D. I. (2021). Nat. Rev.
Methods Primers 1, 70.

Jorgensen, W. L., Chandrasekhar, J., Madura, J. D., Impey, R. W. &
Klein, M. L. (1983). J. Chem. Phys. 79, 926-935.

Jorgensen, W. L., Maxwell, D. S. & Tirado-Rives, J. (1996). J. Am.
Chem. Soc. 118, 11225-11236.

Kirschbaum, K., Martin, A. & Pinkerton, A. A. (1997).J. Appl. Cryst.
30, 514-516.

Lajovic, A., Tomsi¢, M., Fritz-Popovski, G., Vicek, L. & Jamnik, A.
(2009). J. Phys. Chem. B 113, 9429-9435.

Lajovic, A., Tomsi¢, M. & Jamnik, A. (2010). J. Chem. Phys. 133,
174123.

Lajovic, A., Tomsi¢, M. & Jamnik, A. (2012). Acta Chim. Slov. 59,
520-527.

Mahoney, M. W. & Jorgensen, W. L. (2000). J. Chem. Phys. 112, 8910—
8922.

Merck Life Science (2025). Brij 35 Material Data Sheet. Sigma-—
Aldrich.

Mgller, E. & Jensen, E. (1952). Acta Cryst. 5, 345-348.

Niirnberg, F, Kithn, B. & Rollmann, K. (2016). Laser-Induced
Damage in Optical Materials 2016, pp. 42-54. SPIE.

Oberta, P, Platonov, Y. & Flechsig, U. (2012). J. Synchrotron Rad. 19,
675-681.

Orthaber, D., Bergmann, A. & Glatter, O. (2000). J. Appl. Cryst. 33,
218-225.

Pauw, B. R. (2013). J. Phys. Condens. Matter 25, 383201.

Pauw, B. R., Smith, A. J., Snow, T., Terrill, N. J. & Thiinemann, A. F.
(2017). J. Appl. Cryst. 50, 1800-1811.

Pi, H. L., Aragones, J. L., Vega, C., Noya, E. G., Abascal, J. L.,
Gonzalez, M. A. & McBride, C. (2009). Mol. Phys. 107, 365-374.
Polikarpov, M., Snigireva, I. & Snigirev, A. (2014). J. Synchrotron

Rad. 21, 484-487.

Prince, E. (2004). International Tables for Crystallography, Vol. C,
Mathematical, Physical and Chemical Tables, ch. 6.3, pp. 599-608.
Heidelberg: Springer.

Ritter, H., Harris, R. & Wood, R. (1951). J. Appl. Phys. 22, 169-176.

Rodriguez, A., Canosa, J. & Tojo, J. (2001). J. Chem. Eng. Data 46,
1506-1515.

Schmitt, D. & Ouladdiaf, B. (1998). J. Appl. Cryst. 31, 620-624.

Shimizu, K. & Omote, K. (2008). Rigaku J. 24, 1-9.

Sulyanov, S., Gogin, A. & Boysen, H. (2012). J. Appl. Cryst. 45,93-97.

Tanaka, M., Girard, G., Davis, R., Peuto, A. & Bignell, N. (2001).
Metrologia 38, 301-309.

Tomsi¢, M., Cerar, J. & Jamnik, A. (2018). J. Mol. Lig. 259, 291-303.

Tomsi¢, M., Cerar, J. & Jamnik, A. (2019). J. Colloid Interface Sci. 557,
328-335.

Tomsi¢, M., Jamnik, A., Fritz-Popovski, G., Glatter, O. & VIcek, L.
(2007). J. Phys. Chem. B 111, 1738-1751.

Tomsi¢, M., VIcek, L., Jamnik, A. & Fritz-Popovski, G. (2007). Acta
Chim. Slov. 54, 484-491.

Van de Casteele, E., Van Dyck, D., Sijbers, J. & Raman, E. (2002).
Phys. Med. Biol. 47, 4181-4190.

Van Hoesen, D. C., Bendert, J. C. & Kelton, K. F. (2019). Acta Cryst.
AT5, 362-369.

Watkins, E. K. & Jorgensen, W. L. (2001). J. Phys. Chem. A 105, 4118-
4125.

Wu, H. & Li, Z. (2024). J. Synchrotron Rad. 31, 1197-1208.

10 of 10

Jure Kovac et al.

+ Angle-dependent absorption correction in SWAXS

J. Appl. Cryst. (2026). 59


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB24
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB24
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB24
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB25
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB25
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB26
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB26
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB27
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB27
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB28
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB28
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB29
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB29
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB30
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB30
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB31
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB31
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB51
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB51
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB32
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB52
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB52
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB33
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB33
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB34
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB34
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB35
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB36
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB36
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB37
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB37
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB38
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB38
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB53
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB53
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB53
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB39
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB54
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB54
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB40
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB41
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB42
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB55
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB55
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB43
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB44
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB44
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB45
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB45
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB46
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB46
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB47
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB47
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB48
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB48
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB49
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB49
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=jl5129&bbid=BB50

	Abstract
	1. Introduction
	2. Formulation of a realistic SWAXS absorption correction model
	3. Experimental and computational methods
	4. Results and discussion
	5. Conclusions
	6. Related literature
	Acknowledgements
	Conflict of interest
	Data availability
	Funding information
	References

