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Soft Matter — Timeline

« Di

07.05.2019

09.05.2019

14.05.2019

16.05.2019

21.05.2019

23.05.2019

Soft Matter studies I: Methods & experiments
Definitions, complex liquids, colloids, storage ring and FEL experiments,
setups, liquid jets, ...

Soft Matter studies Il: Structure
SAXS & WAXS applications, X-ray cross correlations, ...

Soft Matter studies IlI: Dynamics
XPCS applications, diffusion, dynamical heterogeneities, ...

XPCS and XCCA simulation and modelling

Case study I: Glass transition

Supercooled liquids, glasses vs. crystals, glass transition concepts,
structure-dynamics relations, ...

Case study II: Water

Phase diagram, anomalies, crystalline and glassy forms, FEL
studies, ...
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XPCS modelling

Diffusing particles

» Real space particle placement
* Model scattering — SAXS

« Correlation functions

Use Matlab for simulation — many alternatives availble, e.g. Octave, FreeMat, Python
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Matlab basics

Vector and matrices

« v=[1,2,3]=[1 2 3] s alinevector

e w=[1;2;3] IS a row vector

e A=[1,2;3,4;5,6] generates 3x2 matrix
 Transpose: v=w"

« Scalar: x=1 as 1x1 vector

Basic algebra

« A+B, A-B :Addition/Subtraction of vectors/matrices of same type
« A*B, A/B : Matrixproduct/-division

« A.*B, A./B :point-wise Product/Division

e .7 point-wise exponent

« Example: A=[1 2;0 4]; B=[-2 1;3 -1].

e A*B=[4 -1;12 -4] - Matrix-Multiplication
e A.*B=[-2 2;0 -4] —> point-wise Multiplication
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Matlab basics

Functions
« Lots of basic vector/matrix functions, e.g.: abs, max, min, size, length,
sum, mean, ...
* |In addition, pre-defined function such as: sin, cos, tan, exp, log, logle,
... and many more
 How to use: y=abs(x). X can be a number, vector, matrix etc. for most
functions. Attention: operation may be done point-wise or column-wise!
« Example:B=[-2 1;3 -1].
e abs(B)=[2 1;3 1] —> absolute value of each entry
« mean(B)=[0.5 0] - mean of each column
e min(B)=[-2 -1] = minimum of each column

« One can define any type of function

« Information about any function can be obtained by typing ,help
FUNCTIONNAME®, e.g. help mean
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Matlab basics

Scripts
Typically, scripts are used to work with matlab. Simple example:

% This is a comment.

x=[0:1:6]; % define vector x=[0 1 2 3 4 5 6]
y=sin(x); % calculate sinus of x

figure(1l) % open a figure

plot(x,y,'o"') % plot y vs. x as open circles

« Scripts are save as .m file and can be called from the Command Window

 The same script can be written more flexible as function, e.g., to change input
parameters
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Matlab basics

Write simple functions

function y=plot sin square(x)

% This functions plots the squared sinus of x. y as defined in
% the function is the output.

y=(sin(x)).”2; % calculate squared sinus of x
figure(l) % open a figure
plot(x,y,'o") % plot y vs. x as open circles

» Like scripts, functions are stored as .m file, but input parameters.
« Example: x=0:0.1:6; out=plot _sin square(x);
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SAXS and XPCS from 2D diffusing discs

 How to design a 2D system?
« How to simulate diffusion?

« How to simulate scattering?
 How to analyze?
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SAXS and XPCS from 2D diffusing discs
Placing particles in 2D

1.
2.

Place particles on lattice points
Iteratively move particles inside their Voronoi
region
Repeat some times
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SAXS and XPCS from 2D diffusing discs
Results from xpcs.m

Summed 2D pattern 1(a)
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SAXS and XPCS from 2D diffusing discs

Results

from xpcs.m

Two time correlation function g- functions
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SAXS and XPCS from 2D diffusiong discs

Results from xpcs.m

Relaxation rate I' = Dg?
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clean up

close all
clear all

some parameters

mat si ze=100; % voronoi paraneters
mat di st =10;

radi us=5;

f akt or =10;

st eps=100; % tinmes steps for XPCS
gi nt =0. 002; % steps for integration

g=0. 002: gi nt: 0. 2;
gpi ck=1: 4: 40; % i ndi ces of g-values for XPCS anal ysis

place particles -- use function voronoiplacing

n=vor onoi pl aci ng(mat si ze, matdist, 5,0);
n=n*f akt or;

define gmap

center=[ mat si ze*f akt or matsi ze*faktor]/2+1,; % beam posi tion on
pattern

pi x=50e- 6; % pi xel size in m

sdd=5; % sanpl e- det ect or
di stance in m

| anbda=1. 5e- 10; % wavel ength in m

[ X, y] =meshgri d(1: mat si ze*f akt or, 1: mat si ze*f akt or) ;
r=hypot (x-center(1),y-center(2))*pix;
gmap=4*pi /| anbda*si n(atan(r/sdd)/2)*1le-9; %in nm-1




gi nd=cel | (I ength(q), 1); % 1ist indices for
particul ar g-val ues
for j=1:1ength(q)
gi nd{j }=find(gmap>=q(j)-qint/2 & gmap<q(j)+qgint/2);
end

Brownian motion and XPCS

i rgal | =zer os(mat si ze*f akt or, mat si ze*f akt or) ; % pre-defi ne sumed
i mage

for j=1:steps
patt=zeros(matsi ze*faktor, matsi ze*faktor); % pre-define real
space pattern

vec=nor nr nd(0, radi us/ 10, | engt h(n), 2); % vector defining
nmovi ng st eps

si g=round(rand(l ength(n), 2));

si g(si g==0) =-1;

n=n+vec. *si g;

for k=1:1ength(n) % pl aci ng particles of
type "circ" -- use function getcircle. m
circ=getcircle(n(k,1),n(k,2),5, matsi ze*faktor, mat si ze*faktor);
patt=patt+circ;
end

% figure(1111)

% i mgesc(patt)

% xl'i m([ 300 600])
% yli m([ 300 600])
% title(nunm2str(j))

i rg=abs(fftshift(fft2(patt)))."2; % "diffraction" --
absol ute square of 2D fft
i ngal | =i ngal | +i ng; % sum up for

i ntegration

for k=1:1ength(qgpick)
i nten{qpi ck(k)}(:,j)=i my(qi nd{gpick(k)}); % intensity at
g-rings for XPCS
end
end

2D integration: SAXS

for jj=1:1ength(q)

iq(jj)=mean(imgal | (qmap>=q(jj)-qint/2 & qmap<q(jj)+qgint/2));
end




figure(2)

I ogl og(q, iaq)
set(gca, ' Fontsize', 16)
xlabel (" g (nn{-1})")

ylabel ("intensity 1(q) (arb. u.)")
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calculate two-time correlations

c=zeros(l engt h(gpi ck), st eps, steps);
correlation function

for I=1:1ength(qpick)
correlation function
ii=inten{qpick(l)};
for j=1:steps
for k=1:steps
c(l,j,kK)y=mean(ii(:,j).*ii(:,k)/
(mean(ii(:,j))*mean(ii(:,k))));
end
end
end

figure(3)

i mgesc(squeeze(c(5,:,:)))
axis xy

col or bar

% pre-define two-tine

% cal cul ate two-tine
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get g2 from two-time correlations

g2h=zeros(I| engt h( gpi ck), st eps, steps);
for I=1:1ength(qgpick)
for j=1:steps
g2h(l,j,1l:end-j+1)=c(l,j,j:end);
end
g2hh=squeeze(g2h(l,:,:));
92(1,:)=sum(g2hh)./fliplr(1l:steps);
end

for jj=1:steps
g2norn(:,jj)=(92(:,jj)-1)./(92(:,1)-1);

end
plotting & fitting
tau=1: 99; %tine steps
col =j et (I engt h( gpi ck)); % define sone colors

for jj=1:1ength(qgpick)
g2fit{jj}=fit(tau' ,g2nornm(jj,2:end)’'," exp(-2*a*x)"'," StartPoint",
[0.1]); % performfit.




gamma(j j)=g2fit{jj}.a;
ganme_err_h=confint(g2fit{jj});
ganme_err (jj)=ganme_err_h(1)-gamma(jj);

figure(4)
hol d on

senm | ogx(tau, g2norm(jj,2:end), ' o' ,"'color',col(jj,:)," Markerfacecolor',col (jj,:))
end
for jj=1:1ength(gpick)
plot(tau, feval (g2fit{jj},tau), color',col(jj,:)," linewidth',2)
end

ylim[-0.1 1.1])

set(gca, ' Xscale','log','Fontsize', 16)
box on

xl abel ('t (steps)')

ylabel (" g_2")

| eg4=Il egend( nunstr (q(qpick)'));

| eg4. Locati on=' Nort hEast Cut si de'
title(leg4,' q (nmM{-1})")

ganfit=fit(q(qgpick)', gamma',6 ' D*x"2");
relrate=feval (ganfit,q);

figure(b)

errorbar (q(qgpi ck), gamra, gamma_err, ' ob', ' markerfacecolor',"'b")
hol d on

plot(qg,relrate,"-r',"linewidth',2)

set (gca, ' Fontsize', 16)

xl'im([O 0.08])

xlabel (" g (nn{-1})")

yl abel (" Rel axation rate \ Ganma')

| egend('data',['D = ', nunRstr(ganfit.D)], "' Location','best');

Warni ng: Start point not provided, choosing randomstart point.
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function newfi nal =voronoi pl aci ng(boxsi ze, st epsi ze, r eps, pl ot on)

% Generates 2D randonmly ordered, non-overl appi ng point arrangenent
usi ng

% voronoi cells starting froma quadratic lattice. Open cells at edges

% avoi ded by additional points set on edges.

%

% | nput :

% si ze = size of quadratic sinmulation box

% st epsi ze = lattice constant of starting round. Nunber of
particle is

% then given by: (sizelstepsize)"2

% reps = nunber of iterations of voronoi placing.

% pl ot on = 1, to show plots; other, don't show plots
ATTENTI ON

% Fi gure handling adapted to Matlab R2014b, will
likely not

% wor k for ol der version.

%

% Qut put: newfinal - coordinates of final positions.

%
% Version 1.0: FL, 07/11/2014

if nargin < 3

error (' Not enough input paraneters! Provide box size, step size
and nunber of repetitions."')
el seif nargin ==

pl oton = O;
el seif nargin > 4
error(' Too much input paraneters...!")

end

xs=st epsi ze/ 2: st epsi ze: boxsi ze- st epsi ze/ 2;
ys=st epsi ze/ 2: st epsi ze: boxsi ze- st epsi ze/ 2;

[ coox, cooy]=meshgrid(xs,ys);

startorg=[coox(:) cooy(:)];

fill=[0:round(stepsizel3):boxsize]'

zer=zeros(length(fill),1);

hun=ones(l ength(fill), 1) *boxsi ze;

filler=[ [fill zer]; [zer(2:end) fill(2:end)]; [fill hun]; [hun
filll 1;

start=[startorg; filler];

for cou=1l:reps

i f ploton==1
figure(l)
clf
title([' Rep. #',nunstr(cou)])
hol d on
voronoi (start(:,1),start(:,2))




end

[v,w =voronoin(start);
new=zer os(l ength(startorg), 1);

ji=0;
while jj<length(startorg)
Ji=ii+n
try
p=pol y2mask(v(w{jj},1),v(wWjj},2), boxsi ze, boxsi ze);
catch err
end

if ~exist('err")

[indl,ind2] =find(p==1);

r=max([1, round(rand(1,1)*length(indl))]);
new(jj,2)=indl(r);

new(jj,1)=ind2(r);

i f ploton==
figl=figure(l);
figl.Position=[40 650 560 420];

plot(start(jj,1),start(jj,2), ' ob")
plot(new(jj,1),new(jj,2), +r")

fig2=figure(2);
fig2. Position=[40 100 560 420];
title(' current Voronoi cell")
i magesc(p)
axi s xy
pause(0. 02)
end
el se
clear err
end
end

start=[new, filler];

end

if ploton==
fig3=figure(3);
clf

fig3. Position=[700 300 560 420];
title(' Final placenent')
plot(startorg(:,1),startorg(:,2),"'+")
hol d on

plot(new(:,1),new(:,2),'0")

ylim([O boxsize])

xl'i m([0 boxsize])

| egend('start', " final result")




end
newf i nal =new;

Error using voronoiplacing (line 21)

Not enough input paraneters! Provide box size, step size and nunber of
repetitions.
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function A=getcircl e( CENx, CENy, Rout, Xdi m Ydi m)
A=zeros(Xdi m Ydi m ;

for i=1:Xdim
for j=1:Ydim
% el ati ve coordi nates
Xi =i - CENX;
yj =j - CENy;
radi us=sqrt (xi . 2+yj."2);

i f (radius< Rout)
ACi,j)=1;
end

end
end

Not enough input argunents.

Error in getcircle (line 3)
A=zeros(Xdim Ydi m;
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