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1 References

1. Introduction
The present text documents the modules made available by the DANSE software for SANS.

Readers are also referred to the SANANSE wiki page:
http://danse.us/trac/sans
Note: Our model uses the form factor calculations implemented in aldrary provided by
the NIST Center for Neutron Research and thus some content and figures in this document

are originated from or shared with the NIST Igor analysis package by permission (S. Kline,
NIST, 2006).



2. Shapes (Scattering Intensity Models)

This software provides form factors for various particle shapes. After giving a mathematical
definition of each model, we draWwd list of parameters available to the user. Validation plots for
each model are also presented. Instructions on how to use the software is available with the
source code, available from SVN:

svn co svn://danse.us/sans/releases/sansmadels

To easily compare to the scattering intensity measured in experiments, we normalize the form
factors by the volume of the particle:
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P(q) F@)F ()
with
F(g)= | || dVp(r)e ™

wherePy(q) is the uanormalized form factog, 1) is the scattering length density at a given point
in space and the integration is done over the voMmikthe scatterer.

For systems without intgrarticle interference, the form factors we provide can be related to the
scattering intensity by the gee volume fraction (@ =0Ng

Our sacalled 1D scattering intensity functions proviel) for the case where the st is
randomly oriented. In that case, the scattering intensity only depends on the length of g. The
intensity measured on the plane of the SANS detector will have an azimuthal symmetry around
g=0.

Our sacalled 2D scattering intensity functions prawfél(q, (i) for an oriented system as a

function of a gvector in the plane of the detector. We define the aingle the angle between
the q vector and the horizontal (x) axis of the plane of the detector.

2.1. Sphere Model
This madel provides the form factor, P(q), for a monodisperse spherical particle with uniform
scattering length density. The form factor is normalized by the particle volume as described
below.

1.1. Definition

The 1D scattering intensity ealculated in the following way (Guinier, 1955):
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where scale is a scale factor* volume fraction, V is the volume of the scatterer, r is the radius of
the sphere, bkg e background level and sldXXX is the scattering length density (SLD) of the
scatterer or the solvent.

Note that if your data is in absolute scale, the 'scale’ should represent the volume fraction
(unitless) if you have a good fit. If not, it should regent the volume fraction * a factor (by
which your data might need to be rescaled).

The 2D scattering intensity is the same as P(q) above, regardless of the orientation of the g
vector.

The returned value is scaled to units of f¢rand the parameteof the sphere model are the
following:

Parameter name | Units Default value
scale None 1

radius A 60

sldSph A~ 2.0e6
sldSolv A 1.0e6
background cm™ 0

Our model uses the form factoalculations implemented in dibrary provided by the NIST
Center for Neutron Research (Kline, 2006).

2.1. Validation of the sphere model
Validation of our code was done by comparing the output of the 1D model to the output of the

software proided by the NIST (Kline, 2006). Figure 1 shows a comparison of the output of our
model and the output of the NIST software.
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Figure 1: Comparison of the DANSE scattering intensity for a sphere with the output of the NIST SANS
analysis software. The parameters were set to: Scale=1.0, Radius=60 A, Contrast&1& 2, and
Background=0.01 cmi’,

2.2. BinaryHSModel

This model (binary hard sphere model) provides the scattering intensity, for binary mixture of
spheres including hard sphéngeraction between those particles. Using Pelterck closure,
the calculation is an exact muttomponent solution:

) = - O£ (@)Sule) + A1 - 1" £(@) @)@ + 5 @S (a)

where § are the partial structure factors andre the scattering amplitudes of the particles. And
the subscript 1 is for the smaller particle and 2 is for the larger. The number fraction of the larger
particle, k = ny/(n;+ny), n = the nmber density) is internally calculated based on:

e @& +Ha
A& IHHE D)
$=¢ t¢ =total volume fraction

ax=R{R, =size ratio




The 2D scattering intensity is the same as 1D, regardless of the orientationq wétter which

q=.qF 2 t+g :
is defined a r L

The parameters of the binary hard sphere are the following (in the names, | (or Is) stands for
larger spheres while s (or ss) for the smaller spheres):

Parameter name | Units Default value
background cm™ 0.001
|_radius A 100.0
ss_sld A~ 0.0
Is_sld A~ 3e6
solvent_sld A~ 6e6
s_radius A 25.0
vol_frac s A 0.1
vol_frac_ss A 0.2
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Figure. 1D plot using the default values above (w/200 data point).
Our model uses the form factoalculations implemented in dibrary provided by the NIST
Center for Neutron Research (Kline, 2006).
See the reference for details.
REFERENCE

N. W. Ashcroft and D. C. Langreth, Physical Review, v. 156 (19676825
[Errata found in Phys. Rev. 1§6968) 934.]

2.3. FuzzySphereModel
This model is to calculate the scattering from spherical particles with a "fuzzy" interface.
1.1. Definition

The 1D scattering intensity is calculated in the following way (Guit@$5):
The returned value is scaled to units of {trer1], absolute scale.

The scattering intensity I(q) is calculated as:
scde
I(q) = T(Aﬂ)’xiz(q)s@) + kg

where the amplitude A(Q) is given as the typical speeattering convoluted with a Gaussian to
get a gradual drepff in the scattering length density:

_ 3lsn(qR)—qReos(qr)] [~ (Cpc)’
Aq) = @B’ HP[T
HereX(q) is the form factor, P(qgq). The o6scal e6 i

each of volume, V. Contrasty ) is the difference of scattering length densities of the sphere
and the surrounding solvent.

The polydispersion in radius and in4ziness is provided.

(direct from the reference)



The "fuzziness" of the interface is defined by the parameter (sigsma)he particle radius R
represents the radius of the particle where the scattering length density profile decreased to 1/2 of
the @re density. The (sigmay,y is the width of the smeared particle surface: i.e., the standard
deviation from the average height of the fuzzy interface. The inner regions of the microgel that
display a higher density are described by the radial box @mfiiending to a radius of

approximately Rbox ~ R2(sigma). the profile approaches zero as Rsans ~ R + 2(sigma).

For 2D data: The 2D scattering intensity is calculated in the same way as 1D, wipvedtoe

2 2
) . = .,l' +
is defined &1'!ir 9 Ty )

REFERENCE
M. Stieger, J. S. Pedersen, P. Lindner, W. Richtering, Langmuir 20 (2004)29283

TEST DATASET
This example dataset is produced by running the FuzzySphereModel, using 200rdata po
gmin = 0.001 A, gmax = 0.7 A and the default values:

Parameter name | Units Default value
scale None 1.0
radius A 60
fuzziness A 10
sldSolv A~ 3e6
sldSph A~ 1e-6
background cm™ 0.001
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Figure. 1D plot using the default values (w/200 data point).



2.4. Core Shell (Sphere) Model

This model proudes the form factor, B, for a spherical particle with a ces@ell structure. The
form factor is normalized by the particle volume.

1.1. Definition

The 1D scattering intensity is calculated in the following way (Guinier, 1955):

[l g7, ) — g7, cos{(g7, )]
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wherescaleis a scale factoil/s is the volume of the outer shéll; is the volume of the coresis

the radius of thelell, r. is the radius of the corgg is the scattering length density of the cqke,

is the scattering Jnasrhg scatterigelength dengity of the doltieat, s h e | |
andbkgis the background level.

The 2D scattering intensity is the same as P(q) above, regardless of the orientation of the g
vector.

For P*S: The outer most radius (= radius + thickness) is used as the effective radius toward S(Q)
when P(Q)*S(Q) is applied.

The returned value is ated to units of [cil] and the parameters of the cateell sphere model
are the following:
Here, radius = the radius of the core and thickness = the thickness of the shell.

Parameter name | Units Default value
scale None 1.0

(core) radius A 60

thickness A 10

core_sld A~ 1e-6
shell_sld A~ 2e6
solvent_sld A~ 3e6
background cm™ 0.001




Our model uses the form factor calculations implementectilbaary provided by the NIST
Center for Neutron Research (Kline, 2006).

REFERENCE

Guinier, A. and G. Fournet, "Smalingle Scattering of XRays", John Wiley and Sons, New
York, (1955).

2.1. Validation of the core-shell sphere model

Validation of our code was done by comparing the output of the 1D model to the output of the
software provided by the NIST (Kline, 2006). Figure 1 shows a comparison of the output of our

model and the output of the NIST software.
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Figure 7: Comparison of the DANSE scattering intensity for a coreshell sphere with the output of the NIST
SANS analysis software. Thgparameters were set to: Scale=1.0, Radius=60 A, Contrast=6eA 2, and
Background=0.001 cm™.

2.5. CoreSecondMomentModel

This model describes the scattering from a layer of surfactant or polymer adsorbed on spherical
particles mder the conditions that (i) thparticles (cores) are contrasimatched to the

dispersion medium,(ii) S(Q)~1(ie, the particle volume fraction is dilute), (ithe particle

radius is >> layer thicknesg(ie, the interface is locally flat), and (iv) scaitg from excess
unadsorbed adsorbate in the bulk medium is absent or has been corrected for.

Unlike a coreshell model, this model does not assume any form for the density distribution of
the adsorbed species normal to the interface (cf, astmié modéwhich assumes the density
distribution to be a homogeneous stepction). For comparison, if the thickness of a (eshell



like) step function distribution is t, the second moment, sigma = sqgrt((t*2)/12%idrha is the
second moment about the medithe density distribution (ie, the distance of the cenfrmass
of the distribution from the interface).

1.1. Definition

The 10 is calculated in the following way (King, 2002):

& I
Iy(Q) = scale- (P — Pus)'L ’g‘;“ 57 O background

wherescaleis a scale factoy,,ay is the sld of the polymer (or surfactant) layegy is the sld of
the solvent/medium and cores, phi_cores is the vofumeéon of the core paraticles, and
Gamma and delta atlke adsorbed amount and the bulk density of the polymers respectively.
The sigma is the second moment of the thickness distribution.

Note that all parameters except the 'sigma’ are correlatedtifog 8o that fittinghose with

more than one parameters will be generally failddd note that unlike other shape models, no
volume normalization was applied to this model.

The returned value is scaled to units of f¢rand the parameters are tldidwing:

Parameter name | Units Default value
scale None 1.0
density_poly gl/cnt 0.7
radius_core A 500
ads_amount mg/m*® 1.9
second_moment | A 23.0
volf_cores None 0.14
sld_poly A~ 1.5e6
sld_solv A~ 6.3e6
background cm™ 0.0

REFERENCE
S. King, P. Griffiths, J. Hone, and T. Cosgrove, "SANS from Adsorbed Polymer Lyaers",
Macromol. Symp190, 3342 (2002).
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2.6. CoreMultiShell(Sphere)Model

This model provides the scatterifigm spherical core with from 1 up to 4 shell structureka#
a core of a specified radius, with four shells. The SLDs of the core and each shell are
individually specified.

1.1. Definition
The returned value is scaled to units of {ter1], absolute scale.

This model is a trivial extension of the CoreShell function to a larger number of shells. See the
CoreShell function for a diagram and documentation.

Be careful that the SLDs and scale can be highly correlated. Hold as many of thess fixe
possible.

The 2D scattering intensity is the same as P(q) of 1D, regardless of the orientation of the g
vector.



For P*S: The outer most radius (= radius + 4 thicknesses) is used as the effective radius toward
S(Q) if P(Q)*S(Q) is applied.

The eturned value is scaled to units of [§hand the parameters of the CoreFourshell sphere
model are the following:

Here, rad_core = the radius of the coit@ck_shelli = the thickness of the shell i and sld_shelli =
the SLD of the shell i.

And the sld_cre and the sld_solv are the SLD of the core and the solvent, respectively.

Parameter name | Units Default value
scale None 1.0
rad_core A 60
sld_core A~ 6.4e6
sld_shelll A~ 1le-6
sld_shell2 A~ 2e6
sld_shell3 A~ 3e6
sld_shell4 A~ 4e6
sld_solv A~ 6.4e6
thick_shell1 A 10
thick_shell2 A 10
thick_shell3 A 10
thick_shell4 A 10
background cm™ 0.001

Our model uses the form factoalculations implemented in dibrary provided by the NIST
Center for Neutron Research (Kline, 2006).

REFERENCE
See the CoreShell documentation.
TEST DATASET

This example dataset is produced by running the CoreMultiShellModel uindp?® points,
gmin = 0.001 A1, gmax = 0.7 Al and the above default values.
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Figure: 1D plot using the defaut values (w/200 data point).

The scattering length density profile for the default sld values (w/ 4 shells).
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Figure: SLD profile against the radius of the sphere for default SLDs.



2.7. VesicleModel

This model provides the form factor,gp,(for an unilamellar vesicle. The form factor is
normalized by the volume of the shell.
The 1D scatring intensity is calculated in the following way (Guinier, 1955):

Scde

P(g) = I:Erl(pl — ;)0 (qhy) T V(P2 — Pow)hi(al,)

gk, qR,

[

2
[ e

wherescaleis a scale factolsnheis the volume of the sheN; is the volume of the cor& is

the total volumeR; is the radius of the core; is the outer radius of the shall,is the scattering
length density of the core and the solvepis the scattering length density oétkhell, andbkg

is the background level. AnH = (sinx - xcos))/x%. The functional form is identical to a "typical”
coreshell structure, except that the scattering is normalized by the volume that is contributing to
the scattering, namely the volumetloé shell alone. Also, the vesicle is best defined in terms of

a core radius (= R1) and a shell thickness, t.

P1

The 2D scattering intensity is the samé &y above, regardless of the orientation ofdghe

2 2
L ) = .,l' +
vector which is defined & ¥ Ty )

For P*S: The outer most radius (= radius + thickness) is used as the effective radius toward S(Q)
when P(Q)*S(Q) is applied.



The returned value is scaled to units of f¢rand the parameters of the vesicle model are the

following:

I n the parameters, the O6ij)adndsdheepRlsternessb
shell thickness.

Parameter name | Units Default value
scale None 1.0
radius A 100
thickness A 30
core_sld A~ 6.3e6
shell_sld A~ 0
background cm*t 0.0
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Figure. 1D plot using the default values (w/200 data point).

Our model uses the form factor calculations implemented ihbaacy provided by the NIST
Center for Neutron Research (Kline, 2006).

REFERENCE

Guinier, A. and G. Fournet, "Smalingle Scattering of XRays", John Wiley and Sons, New
York, (1955).



2.8. MultiShellModel

This model provides the form factor,qp,(for amulti-lamellar vesicle with N shells where the
core is filled with solvent and the shells are interleaved with layers of solvent. For N = 1, this
return to the vesicle model (above).

Multi-Shell Spherical Model

(e.g. multilamellar vesicles)

shell
thickness

t;

solvent layer
thickness

The 2D scattering intensity is the same as 1D, regardless of the twienfaheq vector which

q=.'qF 2 +q :
is defined a r L

For P*S: The outer most radius (= core_radius + n_pagsthickness+ (n_pairs-1) *
w_thickness) is used as the effective radius toward S(Q) when P(Q)*S(Q) is applied.

The returned value is scaled to units of f¢rand the parameters of the mdtiell model are the
following:

I n the parametere, shleé | 6 hi ckolksessswhiile the
thickness, and the n_pair is the number of shells.

(@)



Parameter name | Units Default value
scale None 1.0
core_radius A 60.0
n_pairs None 2.0
core_sld A~ 6.3e6
shell_sld A~ 0.0
background cm™ 0.0
s_thickness A 10
w_thickness A 10
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Figure. 1D plot using the default values (w/200 data point).

Our model uses the form factor calculations implemented ilbaary provided by the NIST
Center for Neutron Research (Kline, 2006).

REFERENCE

Cabane, B., Small Angle Scattering Methods, Surfactant Solutions: New Methods of
Investigation, Ch.2, Surfactant Science Series Vol. 22, Ed. R. Zana, M. Dekker, New York,
1987.



2.9. OnionExpShellModel

This model provides thi®rm factor,P(q), for a multishell sphere where the scattering length
density (SLD) of the each shell is described by an exponential (linear,-tod)dunction. The
form factor is normalized by the volume of the sphere where the SLD is not idémticalSLD
of the solvent. We currently provide up to 9 shells with this model.

The 1D scattering intensity is calculated in the following way:

PE"-T) = [JF]:-;.[;’,:‘JE.":':'EL'E

where, for a spherically symmetric particle with a particle demgiy{L.A. Feigin and
D.1.Svergun, OStr tAngeXxRayAnaldydlestbypnS®ahtter:i
New York, 1987],
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Here we assumed that the SLDs of the core and solvent are constantragai’iéto w | et 6 s c o

the SLD of a shellyshen, defineded by
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An example of a possible SLD profile is shown below where sld_in_shgl)ignd thick_shelli
(Osheti) st and for the SLD of the inner side of t
the egation above, respectively.

For |A]>0,
"Tshelli AT — 7y e sin(gr) |
feneni = 4;IJ Sex;@[ ( —— 1j)—C a j?'dﬁ*
o chellios v Dt qr
ﬂ:ou:‘ Sin(fgou:‘j - JBDL::‘ C‘OS(JGD:;:':I
a2+ B )6
=3BV (1) | €% (oue” + Boe )P

(@oue® = Bone ) SIN(Bone) — 264t Bz €0S (Boe)
(“o:r: o J'Qo;;r:):ﬁour
& Sin(ﬁ:-_,,!:l - 1'9" C’GS(JS:'H) _
[:ﬂ::'r!: _18"2}18"
(et® = Bi’ ) sin(B,,) — 26,8005 (Byy,)
(ﬂ::'.v!: _18:'.1'!:):18:'."!

_SCV(?"EI,:E“:-:I lsm (180:::':' ;J'go:;rcc's [189:::')]
_SCFETE,B:E“;'_-lj [51n(£"j ;18:'33'!605 I:J'gﬂjl

For A~0 (eg., A = 0.0001), this function converges to that of finear SLD profile (ie,
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For A = 0, the exponential function has no de
(rouy) is ignored this case) and becomes flat. We set the constanfdoconvenience, and thus
the form factor contributed by the shells is
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Finally, the form factor can be calculated by
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An Example of a SLD Profile w/ # of Shell = 4

sid_solv
A<D
|A]=0 -
A=0
sl _out_ shell3
sld_core
i thick_sheli3
core ! shelll i shell2 |  shell3 | shell4 i  solvent
0 Feare FshalL Mihaliz stz Fshella r

(=r:heiio)

The 2D scattering intensity is the samé>&y above, regardless of the orientation ofghe
vector which is defined 89 = v~ T 5",

For P*S: The outer most radius is used as the effective radius toward S(Q) when P(Q)*S(Q) is
applied.

The returned value is scaled to units of f¢rand the parameters of this neddre the following:

I n the parameters, the o6rgadaocdr ¢eber & RREsé&ntséhe
is the thickness of the shelll, etc.

Note: Only No. of shells= 1 is given below.

Parameter name | Units Default value
A_shelll None 1

scale None 1.0
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Figure. SLD profile from the default values.
REFERENCE
L.A. Feigin and D. | . Sver gAngle X-RaysahdrNeutronur e Anal ys
Scatteringo, Pl enum Press, New York, 1987

2.10. SphericalSLDModel

Similarly to the OnionExpShellModel, this model provides the form faéXgy), for a multi

shell sphere, where the interface between the each neighboring shells can be described by one of
the functions including error, powdaw, and exponential functions. This model is to calculate

the scattering intensity by building a continuousteosSLD profile against the radius of the

particle. The SLD profile is composed of a flat core, a flat solvent, a number (up to 9 shells) of

flat shells, and the interfacial layers between the adjacent flat shells (or core, and solvent) (See
below). UnlikeOnionExpShellModel (using an analytical integration), the interfacial layers are
subdivided and numerically integrated assuming eachaydrs are described by a line

function. The number of the sddyer can be given by users by setting the integeregabf
onpts_inter#6 in GUI. The form factor is norm
The 1D scattering intensity is calculated in the following way:

P("—Tj = [f]:.-"lll";m':':'cn's



N
f = Jﬁ:o:'s Ll Z f""w T Z f_f:.::—_;‘ _fsotzrsnr
inter_i=0 Fi

where, for a spherically symmetric particle with a partit#asitys(r) [L.A.Feigin and
D.

| . Svergun, O0Str tAngexX-RayAnaldydestbpynSRahtter.]

New York, 1987],

T sin (gr) .
f= 4HJ p(r)————r=dr

a qr
so that
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Here we assumed that the SLDs of the core and solvent are constantragéiessLD at the

interface between shellsy ;, is calculated with a function chosen by an user, where the
functions are:

1) Exp;



(+A(r — 7700 ;
= Sex;a(_ [I;L T"E"‘})— C for A0

=5(L—M)_C for A=0

‘ﬂr:'r!:'sr i

2) PowerLaw;

: A

T~ Tflari
=:5(; +C  for A=0
. ‘ﬁ'r:'r!:'s."_:'

= Priar+1 for A=0

J':':'.v!rs."_:'[T:I

3) Erf;

-”_4 ET - T‘L'E:'.-j
=Serf[,—“ +C for A=0

'\1'*:2 "ﬁ'r:'r!:'sr i
J':':'.v!rs."_:'[T:I K(IT" — } -

"ﬁ'r:'."!:'sr i

Then the funtions are normalized so that it varies between 0 and 1 and they are constrained such
that the SLD is continuous at the boundaries of the interface as well as edayessland thus

the B and C are determined.

Once theriner i is found at the boundanf the sublayer of the interface, we can find its

contribution to the form factor P(q);

. ”Z 1J:_;-+,_p:.mri [:?j-}smqijﬂ?:d?
o o) _p Ejfr:.-}J () lﬁ(fo’) = (b’ =2 .:.:.swm:ll_
wresnir=t| 23 (g (1en) = Poven () V (1 — ]‘f w2 colh)]
e W
~30 e, (1)V (1) lSiHEﬁ:n) ;EZCDS (ﬁ:n)l




where we assume that rho_inter_i (r) can be approximately linear withinlaysuh.

In the equation,

Via) =
5 Tisq
; o ——
o (7"1—1 T":' o (7"1—1 T:'

JB:'?’: = qer and JBDL'I‘ = qr_.‘—i

Finally, the form factor can be calculated by

P(q) = [f1*/Voareee

where

Voarticte = V{7 snenn)-

An Example of a SLD Profile w/ # of Shells= 1

func_inter0 determines the shape and
1 Al=nu_inter0) determines the steepness

\ sid_flat1

SLD

sld_soly
sld_corel : i
] i S
: : Ll nptSuud, ||
rad_core0 thick_inter0 | thick_flatl thick_inter1 ;
core :interQ shelll ! interl i solvent

0 radius



The 2D scattering intensity is the samé &y above, regardless of the orientation ofghe

vector which isdefined 849 = Ja.© + 'fF:.-:.

For P*S: The outer most radius is used as the effective radius toward S(Q) when P(Q)*S(Q) is

applied.

The returned value is scaled to units of f¢rand the parameters of this model are the following:
I n the parameters,

Note: Only No. of shells= 1 is given below.

t he

0rad_core0d

Parameter name | Units Default value
background cm™ 0.0
npts_inter 35
scale 1
sld_solv A~ 1e-006
func_interl Erf
nu_inter 2.5
thick_interl A 50
sld_flatl A~ 4e-006
thick_flatl A 100
func_interO Erf
nu_inter0 2.5
rad_core0 A 50

sld_ core0 A~ 2.07e06
thick_ core0 A 50

represents
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Figure. 1D plot using the default values (w/400 point).
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Figure. 9D profile from the default values.
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2.11. LinearPearlsModel

This model provides the form factor for pearls linearly joined by short strings: N pearls
(homogeneous spheres), the radius R and the string segment length (or edge separation) | (= A
2R)). The A is the center to center pearl separation distance. The thiokeash string is

assumed to be negligable.

1.1. Definition

The output of the scattering intensity function for the linearpearls model is given by (Dobrynin,
1996):

)1

si(qﬂ)msil(qﬂ)—qﬂmﬂ(ﬂﬂ)

scle 1
o) =" 4 2 (- = T -

where the mass grs (sld(of a pearl) sld(of solvent)) * (volume of the N pearls), V is the total
volume.

The 2D scattering intensity is the same as P(q) above, regardless of the orientation of the g
vecor.

The returned value is scaled to units of f¢rand the parameters are the following:

Parameter name | Units Default value
scale None 1.0

radius A 80.0
edge_separation | A 350.0
num_pearls (integer) 3

sld_pearl A~ 1e-6




sld_solv A= 6.3e6

background cm™ 0.0
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REFERENCE
A. V. Dobrynin, M. Rubinstein and S. P. Obukhov, Macromol. 29, 22579, 1996.

2.12. PearINecklaceModel

This model provides the form factor for a pearl necklace compisea elements: N pearls
(homogeneous spheres) freely jointed by M rods (like strings) (with a total mas$/Mm, +

N * mg, the radius R and the string segment length (or edge separation) 2R))AThe A is the
center to center pearl separationatice.



1.1. Definition

The output of the scattering intensity function for the pearinecklace model is given by
(Schweins, 2004):

scale (5.(q)+5,(@)+5.@)

@)= v (M- -m +N-m) £
where
N N 1-(an(gh)iqH” su(qd]]
b = 2myr? - - .

_ 2 (sl qti2) 2M5°(q) 1— (sinl g4){ g 4)"
Sn(q)—m,[u{wq) [ 12 ]}+l_s._(mm ﬁ‘()ﬂ dmrm]

_1—(sn{ gA){ g™ s-:(m]
1- m(qA)qu Q-so(gd/gdy’ qd

sl gR) — (qR)- cos(gR)

5. (@) =m Mg m w@)“[

y(g) =3- @h
-.'Sﬂ(t)
Alg) =" =
and
![Tnﬂ:ﬂ
m)=L

gl



where the massnis (sld(of i)i sld(of solvent)) * (volume of the N pearls/rods)jsvthe total
volume of the necklace.

The 2D scattering intensity is the same as P(q) above, regardless of the orientation of the g
vector.

The returned value is scaled to units of f¢rand the parameters are the following:

Parameter name | Units Default value
scale None 1.0
radius A 80.0
edge_separation | A 350.0
num_pearls (integer) 3
sld_pearl A~ 1e-6
sld_solv A~ 6.3e6
sld_string A~ 1e6
thick_string A 2.5
(=rod diameter)

background cm™ 0.0
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REFERENCE
R. Schweins and K. Huber , 6Particle Scatterin
Symp., 211, 2512, 2004.

2.13. Cylinder Model

This model provides the form factor for a right circular cylinder with uniform scattering length
density. The form factor is normalized by the particle volume.

1.1. Definition

The output of the 2D scattering intty function for oriented cylinders is given by (Guinier,
1955):

Pla.0)= 2% 12 @)+ big

F@)=2AAp)WV sl gLcosa /D) (gLcosa! Z)M
{gr=n a)



whereUis the angle between the axis of the cylinder and thectpr, V is the volume of the
cylinder, L is the length of the cylinder, r is thelites of the cylinder, andy (contrast) is the
scattering length density difference between the scatterer and the salietite Jirst order
Bessel function.

To provide easy access to the orientation of the cylinder, we define the axis of thermidinde
two angles theta and phi. Those angles are defined on Figure 2.

Figure 2a. Definition of the angles for oriented cylinders.

Angles Front view Top View Side View
¥4 ) 4
Y
=7/2 2
$=0 [—] > o] oP.
y
Y
0= 7w/4 e
¢= /2 X I » 2

Figure 2b. Examples of the angles for oriented cylinders against the detector plane.



For P*S: The ¥ virial coefficient of thecylinder is calculate based on the radius and length
values, and used as the effective radius toward S(Q) when P(Q)*S(Q) is applied.

The returned value is scaled to units of f¢rand the parameters of the cylinder model are the
following:

Paraneter name Units Default value
scale None 1.0

radius A 20.0

length A 400.0
contrast A 3.0e6
background cm™ 0.0

cyl_theta degree 60

cyl_phi degree 60

The output of the 1D scatterimgtensity function for randomly oriented cylinders is then given
by:

P =" ff’(q,a)ﬁadawkg
1]

Thecyl_thetaandcyl_phiparamegr are not used for the 1D output. Our implementation of the
scattering kernel and the 1D scattering intensity use-tibeacy from NIST.

2.1. Validation of the cylinder model
Validation of our code was done by comparing the output of Bheddel to the output of the
software provided by the NIST (Kline, 2006). Figure 3 shows a comparison of the 1D output of
our model and the output of the NIST software.

In general, averaging over a distribution of orientations is done by evaluatirailtherfg:

I -
P(g) = | do| p(0.9)F,(q.@)sn 848
1] 1}



wherep ((d is the probability distribution for the orientation aPg{q,U) is the scattering
intensity for the fully oriented system. Since we have no other software to compare the
implementation of the intensity for fully oriented cylinders, we can compare the result of
averaging our 2D output using a uniform distribugoi (J 5 1.0. Figure 4 shows the result of

such a crossheck.

100 — O DANSE
—— NIST SANS analysis
F'E 10 —
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5 '
=
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0.0 0.1 0.2 0.3 0.4 0.5 0.6
-1
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Figure 3: Comparison of the DANSE scattering intenity for a cylinder with the output of the NIST SANS
analysis software. The parameters were set to: Scale=1.0, Radius=20 A, Length=400 A, ContrastsFe?,

and Background=0.01 cm®.
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Figure 4: Comparison of the intensity for uniformly distributed cylinders calculated from our 2D model and
the intensity from the NIST SANS analysis software. The parameters used were: Scale=1.0, Radius=20 A,
Length=400 A, Contrast=3e6 A2, and Background=0.0 cm".

2.14. Core-Shell Cylinder Model

This model provides the form factfor a circular cylinder with a corghell scattering length
density profile. The form factor is normalized by the particle volume.

1.1. Definition

The output of the 2D scattering intensity function for oriented-sbedl cylinders is given by
(Kline, 2006):

Pg.@)= }Ef"(qhbkg

X

J,[grsin a]
[g7sn a]

+Up, — pu IV, sl q(L+eosai TMa(L + Hoos o2 I H ) 2]
[g(r + H=n ]

F@=Ap, - p IV, sl gloosal 2|{gqlcosa! 2]

whereUis the angle between the axis of the cylinder and thectpr,Vs is the volume of the
outer shellV, is the volume of the coré,is the length of the core,is the radius of the coreis
the thickness of the shelj is the scattering length density of the cgegs the scattering length



densi ty osyis thérseatterimgdehgth,density of the solvent, lakgis the background
level. The outer radius of the shell is givenrily and the total length of the outer shell is given
by L+2t. J is the first order Bessel function.

SLD solvent

SLD shell

SLD core

L=2H

Y

L total = 2H + 2t

To provide easy access to the orientation of the-sledl cylinder, we define the axis of the
cylinder usi ng.Simiady todhe gakeeokthe dylingear, those angles are defined
on Figure 2 in Cylinder Model.

For P*S: The P virial coefficient of the solid cylinder is calculate based on the
(radius+thickness) and 2(length +thickness) values, and used as the effective radius toward S(Q)
when P(Q)*S(Q) is applied.

The returned value is scaled to units of f3rand the parameters dfe coreshell cylinder
model are the following:

Parameter name | Units Default value
scale None 1.0

radius A 20.0
thickness A 10.0

length A 400.0
core_sld A~ 1e-6
shell_sld A~ 4e6
solvent_sld A~ 1e-6
background cm™ 0.0
axis_theta degree 90




axis_phi degree 0.0

The output of the 1D scattering intensity function for randomly oriented cylinders is then given
by the equation above.

Theaxis_thetaand axis phiparameters are not used for the 1D output. Our implementation of
the scattering kernel and the 1D scattering intensity uselthexcy from NIST.

2.1. Validation of the core-shell cylinder model

Validation of our code was done by comparingdhgut of the 1D model to the output of the
software provided by the NIST (Kline, 2006). Figure 8 shows a comparison of the 1D output of
our model and the output of the NIST software.

Averaging over a distribution of orientation is done by evaluatingdj@tion above. Since we
have no other software to compare the implementation of the intensity for fully oriented core
shell cylinders, we can compare the result of averaging our 2D output using a uniform
distributionp (0d 5 1.0. Figure 9 shows the rek of such a crossheck.

100 — © DANSE
—— NIST SANS analysis
','—' 10 —
£
2,
=
2 1
@
=
0.1 <
0.01 —
|
0.0 0.1 0.2 0.3 0.4 0.5 0.6

q[A7]

Figure 8: Comparison of the DANSE scattering intensity for a coreshell cylinder with the output of the NIST
SANS analysis software. The parameters were set to: Scale=1.0, Radius=20 A, Thickness=10 A, Length=400
A, Core_sld=1e6 A, Shell_sld=4e6 A2 Solvent_sld=1e6 A and Background=0.01 cm'.
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Figure 9: Comparison of the intensity for uniformly distributed core-shell cylinders calculated from our 2D
model and the intensity from the NIST SANS analysis software. The parameters used were: Scale=1.0,
Radius=20 A, Thickness=10 A, Length=400 A, Core_sld=%A 2, Shell_sld=4e6 A2, Solvent_sld=1e5 A2,
and Background=0.0 cni'.

2.15. HollowCylinderModel

This model provides the form factor,dgp,(for a monodisperse hollow right angle circular
cylinder (tube) where the form factor is normalized by the volume of the tube:

P(q) = scale*<f2>/\4,erbackground where the averagix > id applied only for the 1D
calculation. The inside and outside of the hollow cylinder have the same SLD.

The 1D scattering intensity is calculated in the following way (Guinier, 1955):

P(q) = (scale}V u (AP fw’[q,xﬂu—x’)“,xmu—r’)“{%] e

¥@.r.)= 1 M) -7 Aa)

A =27 (a)]a
r=R_ R,
Vs = F Ry’ — R )

wherescaleis a scale factor; is the £ order Bessel functiord (x)= (sirx - xco)/5C.



SLD solvent

SLD shell

SLD core = SLD solvent

R shell /

-+ >

To provide easy access to the orientation of the-sledl cylinder, we define the axis of the
cylinderisi ng t wo @ Sigiladyso thé caserofithe cylinder, those angles are defined
on Figure 2 in Cylinder Model.

For P*S: The ¥ virial coefficient of the solid cylinder is calculate based on the (radius) and
2(length) values, and used as theetive radius toward S(Q) when P(Q)*S(Q) is applied.

I n the parameters, t he -8LD@Govem)ardthéradiuefp esent s
while core_radius = Be

Parameter name | Units Default value
scale None 1.0

radius A 30

length A 400
core_radius A 20

sldCyl A~ 6.3e6
sldSolv A~ 5e-06
background cm* 0.01
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Figure. 1D plot using the default values (w/1000 data point).

Our model uses the form factor calculations implemented ilibaiasy provided by the NIST
Center for Neutron Research (Kline, 2006).

REFERENCE

Feigin, L. A, and D. I. Svergun, "Structure Analysis by SrAalfjle X-Ray and Neutron
Scattering", Plenum Press, New York, (1987).

2.16. FlexibleCylinderModel

This model provides the form factor,gp,(for a flexible cylinagr where the form factor is
normalized by the volume of the cylinder: Intadinder interactions are NOT included. P(q) =
scale*<f"2>/V+background where the averaging ss>applied over all orientation for 1Dl he
2D scattering intensity is the sameléy regardless of the orientation of #peector which is

defined 89 =+ 4=~ T 45",



Kuhn Length, b=2Ip —»2Re+—

<« Ip —»

Contour Length = L

The chain of contour length, L, (the total d¢gim) can be described a chain of some number of
locally stiff segments of length Ip. The persistence length,lp, is the length along the cylinder over
which the flexible cylinder can be considered a rigid rod. The Kuhn length (b = 2*Ip) is also used
to descibe the stiffness of a chain. The returned value is in units ofljcimn absolute scale. In

the parameters, the sldCyl and sldSadpresent SLD (chain/cylindegnd SLD (solvent)
respectively.

Parameter name | Units Default value
scale None 1.0

radius A 20

length A 1000

sldCyl A~ 1e-06
sldSolv A~ 6.3e06
background cm™ 0.01
kuhn_length A 100
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Figure. 1D plot using the default values (w/1000 data point).

10

Our model uses the form factor calculations implemented ilbaacy provided by the NIST

Center for Neutron Research (Kline, 2006):

From the reference, "Method 3 With Excluded Volume" is used. The model is a parametrization
of simulations of a discrete representation of the witkenchain model of Kratky and Porod
applied in the pseudocontinuous limgee equations (13,2&7) in theoriginal reference for the
details.

REFERENCE
Pedersen, J. S. and P. Schurtenberger (1996) .
with and without excluded vol761e effects. 0 Ma

Correction of the formula can be fourd i
Wei-Ren Chen, Paul D. Butler, and Linda J. Magid, "Incorporating Intermicellar Interactions in
the Fitting of SANS Data from Cationic Wormlike Micelles" Langmuir, August 2006.

2.17. FlexCylEllipXModel

Flexible Cylinder with Elliptical Cross-Section: Calculates the form factor for a flexible
cylinder with an elliptical cross section and a uniform scattering length density. The non
negligible diameter of the cylinder is included by accounting for excluded volume interactions
within the walk of a single cylinder. The form factor is normalized by the particle volume such



that P(q) = scale*<f*2>/Vol + bkg, where < > is an average over all possible orientations of the
flexible cylinder.

1.1. Definition

The function calcul&d is from the reference given below. From that paper, "Method 3 With
Excluded Volume" is used. The model is a parameterization of simulations of a discrete
representation of the woritke chain model of Kratky and Porod applied in the pseudo
continuous Imit. See equations (13, Z&) in the original reference for the details.

NOTE: there are several typos in the original reference that have been corrected by WRC.
Details of the corrections are in the reference below.

- Equation (13): the term {&(QR)) should swap position with w(QR)

- Equations (23) and (24) are incorrect. WRC has entered these into Mathematica and solved
analytically. The results were converted to code.

- Equation (27) should be g0 = max(a3/sqrt(RgSquare),3) instead of
max(a3*b/sai(RgSquare),3)

- The scattering function is negative for a range of parameter valuesvahaeg that are
experimentally accessible. A correction function has been added to give the proper behavior.

Kuhn Length, b=2 Ip —»2Re+—

<« |Ip —»

Contour Length = L

The chain of contour length, L, (the total length) can be described a chain of some number of
locally stiff segments of length Ip. Tipersistence length, Ip, is the length along the cylinder
over which the flexible cylinder can be considered a rigid rod. The Kuhn length (b) used in the
model is also used to describe the stiffness of a chain, and is simply b = 2*Ip.

The cross section difie cylinder is elliptical, with minor radius a. The major radius is larger, so
of course, the axis ratio (parameter 4) must be greater than one. Simple constraints should be
applied during curve fitting to maintain this inequality.

The returned valuesiin units of [cral], on absolute scale.



The sldCyl =
multiplicative factors in the model and are perfectly correlated. One or both of these parameters
must be held fixed durgqymodel fitting.

| f

t he
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dSol v =

SLD
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efqtheadturnedovalue Is the quadterddi c | e

intensity per unit volume, I(q) #P(q). However, no inteparticle interference effects are
included in this calculation.
For 2D dataThe 2D scattering intensity is calculated in the same way as 1D, wheygdbtor

2 2
) . = .,l' +
is defined aqr 9 Ty )
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Corrections are in:
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Wei-Ren Chen, Paul D. Butler, and Linda J. Magid, "Incorporatingrntailar Interactions in
the Fitting of SANS Data from Cationic Wormlike Micelles" Langmuir, August 2006.

TEST DATASET
This example dataset is produced by running the Macro FlexCylEllipXModel, using 200 data

points, gmin = 0.001 A, gmax = 07 A-1 and the default values below.

Parameter name | Units Default value
axis_ratio 1.5
background cm™ 0.0001
Kuhn_length A 100
(Contour) length | A le+3

radius A 20.0

scale 1.0

sldCyl A~ 1le-6

sldSolv A~ 6.3e6

Y]
(1996) . S
effects. 0 Ma
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Figure. 1D plot using the default values (w/200 data points).

2.18. StackedDisksModel

This model provides the form factor,gp,(for stacked discs (tactoids) with a core/layer structure
whetre the form factor is normalized by the volume of the cylindessuming the next neighbor
distance (espacing) in a stack of parallel discs obeys a Gaussian distribution, a structure factor
S(q) proposed by Kratky and Porod in 1949 is used in this fundtiote that the resolution
smearing calculation uses 76 Gauss quadrature points to properly smear the model since the
function is HIGHLY oscillatory, especially around thegjues that correspond to the repeat
distance of the layers.

The 2D scattering tensity is the same as 1D, regardless of the orientation givbetor which

2 2
) . = .,l' +
is defined a'!ir 9 Ty .

P olvent

Layer (d;pl)
Core {Zh;pc)
Layer (d;pl)

2R



The returned value is in usiof [cm® srY], on absolute scale.
The scattering intensity 1(q) is:

r
Q=N BaW.L@-V.,@)+A0Y.1,@)] Sa)sn ada + background

where the contrast,
Af: =0 — P it

N is the number of discs per unit volunagis the angle between the axis of the disc and g, and
Vt and Vc are the total volume and the core volume of a single disc, respectively.

B 2
2, o =7 (S g(d + Wcosa)Y 2(gRsn @) Y| .
(F@) =, [ q(d + B cosa I gRsn ]]mmﬂ
B 2
2 72| [ ol ghoosa) § 27 (gR o ) .
{.ﬁ (ﬂ)}_ =_E [ homs @ ;dl!s'na ]] an adea

where d = thickness of the layer (layer_thick), 2h= core thickness (core_thikR = radius
of the disc (radius).

S@ :l+§i(n—i:)l:m(kﬂqa)c:p[—k(qa)za'nfll
=1

where n = the total number of the disc stacked (n_stacking), D=the next neighbor center to cent
distance (espacing), andp = the Gaussian standard deviation of themhcing (sigma_d).



To provide easy access to the orientation of the stackeddisks, we define the axis of the cylinder
usi ng t wo (aSingldrlets thedcasa af the cylinder, those angles are defined on
Figure 2of CylinderModel.

For P*S: The ? virial coefficient of the solid cylinder is calculate based on the (radius) and
length = n_stacking*(core_thick +2*layer_thick) values, and used as the effective radius toward

S(Q) when P(Q)*S(Q) is applied.

Parameter name | Units Default value
background cm™ 0.001
core_sld A~ 4e-006
core_thick A 10
layer sld A~ 0
layer_thick A 15
n_stacking 1
radius A 3e+003
scale 0.01
sigma_d 0
solvent_sld A~ 5006
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Figure. 1D plot using the default values (w/1000 data point).

Figure. Examples of the angles for oriented stackeddisks against the detector plane.

Our model uses the form factor calculations implemented ilibaasy provided by the NIST
Center for Neutron Research (Kline, 2006):

REFERENCE

Guinier, A. and FourrteG., "SmallAngle Scattering of XRays", John Wiley and Sons, New
York, 1955.

Kratky, O. and Porod, G., J. Colloid Science, 4, 35, 1949.
Higgins, J.S. and Benoit, H.C., "Polymers and Neutron Scattering”, Clarendon, Oxford, 1994.



2.19. ParallelepipedModel

This model provides the form factor,dp,(for a rectangular cylinder (below) where the form
factor is normalized by the volume of the cylinder. P(q) = scale*<f*2>/V+background where the
volume V= ABC and the averaging <is applied over all orientation for 1D.

B

The side of the solid must be satisfied the condition of A<B<C in order for the calculation to be
correct: where A = short_a, B=short_b, and C=long_c for the fitting parameters.

By this definition, assuming

a = A/B<1; b=B/B=1; c=C/B>1, the form factor,

P =% (g e A= @ JsGeo 9] do

2
0 (1.2) = fH;:mms(;u)]-S{mmsi(;u)]} d
whers S0 =%~

The contrast is defined as

Ap; = P — P



The scattering intensity per unit volume is returned in the unit ofJicidq) = f P(q).

For P*S: The ¥ virial coefficient of the solictylinder is calculate based on the averaged
effective radius (= sqrt(short_a*short_b/pi)) and length( = long_c) values, and used as the
effective radius toward S(Q) when P(Q)*S(Q) is applied.

To provide easy access to the orientation of the parajpelépwe define the axis of the cylinder
t waialYig!l Ssmdl arly to
defined on Figure 2 of CylinderModel. The anyles the rotational angle around its own long_c
axis against the q @he. For examplé; = 0 when the short_b axis is parallel to thaxis of the

using

detector.
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Figure. Examples of the angles for oriented pp against the detector plane.
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Parameter name | Units Default value
background cm™ 0.0
contrast A~ 5e-006
long_c A 400
short_a A~ 35
short_b A 75
scale 1
4
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Figure. 1D plot using the default values (w/1000 data point).

1 \Validation of the parallelepiped 2D model

Validation of our code was done by comparing the output of the 1D calculationaoghlar

average of the output of 2 D calculation over all possible angles. The Figure below shows the
comparison where the solid dot refers to averaged 2D while the line represents the result of 1D
calculation (for the averaging, 76, 180, 76 points dtertaver the angles of theta, phi, and psi

respectively).
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Figure. Comparison between 1D and averaged 2D.

Our model uses thetfim factor calculations implemented in-ilarary provided by the NIST
Center for Neutron Research (Kline, 2006):

REFERENCE

Mittelbach and Porod, Acta Physica Austriaca 14 (1961)21185
Equations (1), (1:34). (in German)

2.20. CSParallelepipedModel

Calculates the form factor for a rectangular solid with a-sbedl structure. The thickness and
the scattering length density of the shell or "rim" can be different on all three (pairs) of faces.
The form factor is normalized lige particle volume such that P(q) = scale*<f*2>/Vol + bkg,
where < > is an average over all possible orientations of the rectangular solid. An instrument
resolution smeared version is also provided.

The function calculated is the form factor of the regtdar solid below. The core of the solid is
defined by the dimensions ABC such that A<B < C.



There areectangular "slabs" of thickness tA that add to the A dimension (on the BC faces).
There are similar slabs on the AC (=tB) and AB (=tC) faces. The projection in the AB plane is

tA+ J l_
?

b
T B

- |-

tB

The volume of the solid is:

V = ABC +2¢ BC + 21, AB
meaning that there are "gaps" at the corners of the solid.

The intensity calculated follows the parallelepiped model, with thesiuek intensity being
calculated as the square of the sum of the amplitudié® @bre and shell, in the same manner as
a coreshell sphere.

For the calculation of the form factor to be valid, the sides of the solid MUST be chosen such
that A < B < C. If this inequality in not satisfied, the model will not report an error, &nd th
calculation will not be correct.



FITTING NOTES:

If the scale is set equal to the particle volume fraction, f, the returned value is the scattered
intensity per unit volume, I(q) = f*P(q). However, no interparticle interference effects are
includedin this calculation.

There are many parameters in this model. Hold as many fixed as possible with known values, or
you will certainly end up at a solution that is unphysical.

Constraints must be applied during fitting to ensure that the inequalit] A € is not violated.
The calculation will not report an error, but the results will not be correct.

The returned value is in units of [ef), on absolute scale.

For P*S: The P virial coefficient of this CSPP is calculate based on the averatgdieé
radius (= sgrt((short_a+2*rim_a)*(short_b+2*rim_b)/pi)) and length( = long_c+2*rim_c) values,
and used as the effective radius toward S(Q) when P(Q)*S(Q) is applied.

To provide easy access to the orientation of the CSparallelepiped, wetdefaeas of the

cylinder wusiapdYt.woSiamiglaersl yd t,o0 t he casand of t he
U ,are defined on Figure 2 of CylinderModel. The angles the rotational angle around its own

long_c axis against the q plane. For example 0 when the short_b axis is parallel to the x

axis of the detector.
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Figure. Definition of angles for 2D
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Figure. Examples of the angles for oriented cspp against the detector plane.

TEST DATASET
This example dataset is produced by running the Macro Plot_CSParallelepiped(), usiata100 d
points, gmin = 0.001 A, gmax = 0.7 Al and the below default values.

Parameter name | Units Default value
background cm™ 0.06
sld_pcore A~ 1e-006
sld_rimA A~ 2e006
sld_rimB A~ 4e-006
sld_rimC A~ 2e006
sld_solv A~ 6e006
rmA A 10
rimB A 10
rmC A 10
longC A 400
shortA A 35
midB A 75
scale 1
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Figure. 1D plot using the default values (w/256 data points).
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Figure. 2D plot using the default values (w/(256X265) data points).



Our model uses the form factor calculations implemented ilbaasy provided by the NIST
Center for Neutron Research (Kline, 2006):

REFERENCE

see: Mittelbachrad Porod, Acta Physica Austriaca 14 (1961)-2&%.
Equations (1), (1:34). (yes, it's in German)

2.21. Elliptical Cylinder Model
This function calculates the scattering from an oriented elliptical cylinder.
For 2D (orientated system):
The angles theta and phi define the orientation of the axis of the cylinder. The angle psi is
defined as the orientation of the major axis of the ellipse with respect to the vector Q. A gaussian

poydispersity can be added to any of the orientatigles, and also for the minor radius and the
ratio of the ellipse radii.

- H >

Figure. a= r_minor and n=r_ratio (i.e., r_major/r_minor).

The function calculated is:

Ig) = ’:,i‘" | duw | dgf P(6.¢.9)F (g, @, p)sn 640 + kg
o

with the functions:



J(@) sin()

Flg.ay)=27=-—
o =q- S QY rige S0 > @) 7, cos@)]"”
b= q%ms(a]

(13)

and the angle psi is defined as the orientation of the major axis of the ellipse with respect to the
vector Q.

For 1D (no preferred orientation):
The form factor is averagexer all possible orientation before normalized by the particle
volume: P(q) = scale*<f*2>/V .

The returned value is scaled to units of fgm

To provide easy access to the orientation of the elliptical, we define the axis of the cylinder using
twoangl éand. ,Simil arly to the casandloafedefihed cy !l i n
on Figure 2 of CylinderModel. The angfeis the rotational angle around its own long_c axis

against the q plane. For exampte= 0 when the r_minor axis isapallel to the xaxis of the

detector.

All angle parameters are valid and given only for 2D calculation (Oriented system).

F \’ v

Cross section ar
- /=
~y Oand #=0

Figure. Definition of angels for 2D
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Figure. Examples of the angles for oriented ellipticatylinders
against the detector plane.

For P*S: The 2%virial coefficient of the solid cylinder is calculate based on the averaged radius
(=sqrt(r_minor"2*r_ratio))and length values, and used as the effectideus toward S(Q) when

P(Q)*S(Q) is applied.

Parameter name | Units Default value
scale None 1.0

r_minor A 20.0

r_ratio A 1.5

length A 400.0

sldCyl A~ 4e6

sldSolv A~ 1e:006
background 0




Figure. 1D plot using the default values (w/1000 data point).

1 \Validation of the elliptical cylinder 2D model

Validation of our code was done by comparing the output of the 1D calculation to the angular
average of the output of 2 D calculation over all possible angles. The Figure below shows the
comparison where treolid dot refers to averaged 2D while the line represents the result of 1D

calculation (for 2D averaging, 76, 180, 76 points are taken for the angles of theta, phi, and psi
respectively).

Figure. Comparison between 1D and averaged 2D.













































































































































































































































