Neutron Training Course
Reflectivity Practical Worksheet

1 Adsorption Isotherm of SDS

Sodium dodecyl sulphate (SDS or Na-DS) (C12H25S04Na), is an anionic surfactant
that is used in household products such as toothpastes, shampoos, shaving foams,
some disolveable asprins, and bubble baths for its thickening effect and its ability
to create a lather. The molecule has a tail of 12 carbon atoms, attached to a sulfate
group, giving the molecule the amphiphilic properties required of a detergent. Its
structure is shown below:
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Figure 1: Structure of SDS.

The free energy of a surface covered with hydrophobic groups is much lower
than that of water. There is therefore a strong tendency of amphiphilic molecules
to adsorb at the surface of water in order to lower its free energy. The excess
of surfactant adsorbed at the interface can be described by the Gibbs adsorption
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where C'is the concentration in the bulk solution, R is the gas constant, T the tem-
perature and v the surface tension. I'y is the surface concentration, which represents
the excess of solute per unit area of the surface over what would be present if the
bulk concentration prevailed all the way to the surface.

Measuring the Gibbs adsorption isotherm can be quite difficult, and requires
accurate measurement of the surface tension. An alternative method is to indepen-
dently measure the amount of adsorbed surfactant at the interface to arrive at the
surface excess. This can be done using neutron reflectivity. The aim of this practical
is to determine the Gibbs adsorption isotherm of SDS in water using neutron reflec-
tion. To do this, we will use neutrons to measure the amount of SDS adsorbed to
the surface of aqueous solutions as a function of concentration. We will use selective
deuteration to highlight the surface layer of surfactant.

As you will recall from your lectures, the scattering length density of hydro-
gen containing materials can be varied by isotopic substitution of hydrogen with




deuterium. By increasing the amount of deuteration in a sample, it is possible to
‘tune’ the SLD of a given material so that this either dominates or is removed from
the total scattering (this is called 'contrast matching’). Since we are interested in
measuring the amount of surfactant adsorbed on the surface, we need to control the
deuteration so that the surface layer is highlighted and the bulk subphase is hidden.
This is shown schematically in Figure 2. In the left image, h-SDS has a small
negative SLD, the SLD of air is zero, whilst the SLD of the bulk water phase has a
small negative value. In this case, it is difficult to resolve the scattering of the SDS
layer. However, by adding a small amount of D,O to the subphase, it is possible to
adjust the SLD of the subphase so that this is matched to the air at zero. Then,
by using a deuterated surfactant, the resulting interface is dominated by the SDS,
making the adsorbed layer easy to resolve.
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Figure 2: Contrast matching of SDS. (a) For h-SDS on H»O, the surface layer is not clearly
resolved from the bulk. By matching the bulk to air (Air Contrast Matched Water, ACMW), and
deuterating the SDS, it is possible to highlight the adsorbed layer, making the surface excess easier
to measure.

For this case of a deuterated surfactant in null-reflecting water, the reflectivity
arises solely from the adsorbed surfactant layer at the air water interface, and is
related directly to the surface excess G and area per molecule A.

2 Methods

2.1 Sample Preparation

e Make up a mixture of DoO and H,O that has an overall scattering length
density (SLD) of zero. The SLD of water is -0.55¢-6 A-2, that of D50 is 6.35¢-
6 A-2, and the SLD of D20/H20 mixtures varies linearly with composition.
At 20°C, 100ml of ACMW is made up from 8.784g of D,O and 91.884g of
H50. You will require about 200 mL of ACMW for this experiment.

e Make up 4 solutions of d-SDS in ACMW, at concentrations of 0.0001 M, 0.0005
M, 0.001M and 0.007M (The CMC is about 0.008). You will need 50 mL of
each.



e (Clean the 5 PTFE troughs used for the experiment. Do this by wiping the
troughs well with Acetone (in the fume hood) and then thoroughly rinsing the
troughs with ultrapure water. Avoid getting any fingerprints on the troughs
(wear gloves!). Store the troughs wrapped in tissue paper to keep them clean.

2.2 Neutron reflection measurements

e Load the cleaned PTFE troughs into the 5 position holder on the beamline.

e Pour 50 mL of your SDS solutions into 4 of the troughs, making sure that they
are completely filled. Load the final trough with 50 mL D50O.

e Set the vertical slit openings to 4mm, 3mm, 3mm and 4mm for slits 1,2,3
and 4 respectively. Set the detector angle to 1.5°. Remove the transmission
monitor and the frame overlap mirror from the beam so that the alignment
laser illuminates the sample. Adjust the height of the sample so that the laser
reflects of the surface of the solutions and hits the detector without touching
the slits. Do this for each of the 5 troughs (by translating the sample) and
make a note of the height and position in each case. Put the transmission
monitor and frame overlap mirror back into the beam, and close the beamline.

e Write a command file to measure the reflectivity from each trough separately.
An example command file is provided. The command file moves the sample
translation to each trough position, adjusts the height for each trough, begins
the count, waits for 180 pamps and then ends the run. Make a note of the run
numbers in each case.

2.3 Data Reduction

‘Data reduction’ refers to the process of converting the raw data collected at the
detector into absolute reflectivity. There are several stages in this process. The
incident intensity (as a function of wavelength) is measured by the monitor, whist
the reflected intensity is measured at the detector. The reflected intensity is divided
by the incident intensity to give reflectivity as a function of wavelength. Then, the
units are converted from wavelength into g, where
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(remember that these measurements were done at a single incident angle of § = 1.5°,
and a range of wavelengths). During the reduction process, the data is corrected by
the software to account for non-ideal responses of the detector and monitor.

For an ideal instrument, the steps above would lead to an absolute reflectivity.
However, in the real world, the instruments are not 100% efficient, and so the actual
reflectivity measured will be less than the ideal case. This needs to be corrected using



a scaling factor to account for the less than perfect efficiency. At ISIS, we obtain
the scale factor from a standard sample, which for the air-water interface case is
the clean DO surface that we measured in the practical. An alternative method
is to measure the direct, transmitted beam (while taking care not to saturate the
detector by selecting smaller slits) and calculating the true reflectivity from the ratio
of reflected and transmitted beam.

3 OpenGenie

Fortunately, software is provided on the ISIS reflectometers for data reduction. The
package we use is called OpenGenie and is installed on the computers in the data
analysis room. There will be several stages in the data reduction process:

e Reduce the data from the D,O standard sample.
e Fit this data to obtain the scale factor.
e Reduce the data for each SDS run using this scale factor.

e Export the reduced data as ASCII files ready for analysis.

3.1 Reducing the D,O data

Start OpenGenie by clicking on the icon on the desktop. Select s’ to 'start with
(s)urf data setup’. The main OpenGenie window will open

B3 Open GENIE #1 _||:||5|
pexex Open GENIE startup hegan e

Loading file C:“Program Flles\CCLRC ISIS FacilitysOpen GENIE\\src\gcl\default_ge
nieinit.gcl.

.Open Genie successfully started at 22-Apr—2018 14:A5:35+A10808
.Loading file C:“\Program Files“CCLRC ISI5 Facility“Open GEMIE-~LSS_Distrol~CRISP_
genieinit.gcl.

7?1 lines scanned-scompiled
.Loading file C:“\Program Files“CCLRC ISI5 Facility“Open GEMIE-~LSS_Distrol~SURF_g
enieinit.gcl.

48 lines scanned-scompiled
.Loading file C:“\Program Files“CCLRC ISI5 Facility“Open GENIE-~LSS_Distrol>PolRef
| genieinit.gcl.

31 lines scanned-scompiled
.Loading file C:»\Program Files“CCLRC ISI5 Facility“Open GENIEALSS_Distrolsinstru
ment_chooser.gcl.

14 lines scanned-scompiled
.Start with (s)URF or <(c)RISP or C(p)OLREF data setup:

Figure 3: OpenGenie session window.

To use OpenGenie, we type commands at the >’ cursor.
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The routine used for reducing simple reflection measurements at a single incident
angle is called ’quick’. Type this at the command prompt.You will be prompted for
a run number, type the run number of the D,O sample that you ran in the practical.

You will then be prompted for an incident angle. Enter 1.5 degrees.

OpenGenie will then process that data, and put the reduced data into a workspace.
We require the workspace which has been converted to ¢, and rebinned. This is the
'wrq’ output from ’quick’. To visualise this workspace, type "d/m wrq”. The re-
binned reflectivity from the D,O run will then be plotted as a function of ¢,. To
obtain a scale factor from this run, we need to fit the data. There is a simple routine
in OpenGenie which can be used for this, which is called 'mulf’. To run it type 'mulf
wrq’ at the command prompt. You will then be prompted with a series of questions
about the fit required. The values for these should be entered as shown below

_ioix
g Us Q :J

rg Us Q 5% bins

> mulf wrg
Found " _MULF" ——» Y _MULFE8" in function cache of "mulf_s_g3.so"
MODULE: beginning execution of "mulf" from "mulf s _gd.so"

data in lambda or Q €1-23:72

simulation or least sgquares fit (1-2>:-72

fit g¥edxpr (1=no.2-yes):?l

employ positivity as constraint? (1=no.2=yesl:l

grazing angle of incidence{in degrees)>:?1.5%

angular resolutionCin x2:73

hgd:?1e—6 J
input scale factor:?8.87

include weights:?1

no of lavyersz:?@

input air and substrate scattering length densities:?8.6.35e—6
input rouwghness at air—film interface:-73

input d.nh_zh per laver

fit pthet(B-1)>:78

fit hgd(B-s1>:71

fit scale factor(Brs13:71

fit thetaB(B-1>:-78

fit nha(B-s1>:7R

fit nhs(B-1>:7R

fit air—film roughness(@-13:71 ﬂ

Figure 4: OpenGenie session window with 'mulf’ fitting programme parameters.

Mulf should then run, and result in a fit to the DO data. You should make a
note of the output of the fitted parameters for the background, scale factor and the
air/film roughness.

3.2 Fitting your data with MULF or RasCAL

The isotherm data can be fitted as a single layer of thickness 7 and scattering length
density Nb using MULF. Alternatively, or for more complicated fitting models the
RasCAL software is available (see Appendix).



3.3 Calculating the isotherm

To calculate the adsorption isotherm, it is necessary to calculate the surface excess
of SDS at the interface at each bulk concentration. To do this, you require the values
for the layer thickness and SLD from the fits done with MULF or RasCAL.
For an assumed uniform layer at the air/water interface, the area per molecule
(APM) of surfactant can be calculated from
b

APM = == (3)
pT

where p is the scattering length density, and 7 is the layer thickness. b refers
to the total scattering length for d-SDS.
The area per molecule (in A?) is then related to the surface excess as
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APM =
NIy

(4)

To calculate the isotherm...

e Calculate b for d-SDS. Its formula is C15D95SOy, and the scattering lengths
for each element are
nH = -3.7406 fm (=le-15m, =le-5A)
nD = 6.671 fm
nC = 6.646 fm (includes natural abundance of 12C and 13C)
nS = 2.847 fm (nat. ab.)
nO = 5.803 fm
so 3b will be given by (12*nC) + (25*nD) + (1*nS) + (4*n0O).

e (Calculate the limiting APM for each SDS concentration.
e For each concentration, calculate the surface excess.

e Plot I'y against the bulk SDS concentration to obtain the adsorption isotherm.
(Think about the units!)

Appendix



RasCAL

Reflectivity CALculations

Quick Start Guide.
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1. What is Rascal?

Rascal is a program for analysing non-polarised neutron reflectivity data at multiple contrasts. There are
two versions; a Matlab version or a standalone application. The latter has some features absent
compared to the full Matlab version.

2. Installation.

3. Basics

Rascal is designed to fit multiple contrast neutron reflection data, primarily using Abeles layer models
(although it is possible to define user functions in the Matlab edition). The basic principle of RasCAL is
that simultaneous fitting of multiple contrasts requires some parameters to be shared between
contrasts, whilst some will be unique to a given contrast. In RasCAL, the parameters of the problem are
defined separately, and then grouped together into a ‘contrast’ at the end. In this way, it makes it easy
to share parameters between datasets, and simplifies the analysis of multiple contrast data.

Consider two datasets from a lipid monolayer at the air-water interface. The data is of the same
material, except that in one case the chains are hydrogenated, whereas in the other, the lipid has
deuterated chains. Each dataset will be modelled using two layers; one for the tails and one for the
heads.

In RasCAL, Each layer is described by four parameters; a thickness, a Scattering Length Density, a
roughness and (optionally) a hydration parameter. Consider the lipid tails of the two materials.
Assuming the structure of the monolayer is not drastically changed by the deuteration, the tails should
have the same thickness’ and roughness in the two samples. However, each layer will require its own
value for the scattering length density. Therefore, we must define four parameters, and group these into
two layers, and then distribute these layers between the two contrasts, as shown in figure 1. Then, by
minimising (fitting) the parameters, the fit will find the best values of the four parameters (including the
shared parameters) that optimally describe both datasets simultaneously.

In addition to the parameters that make up the layers, each contrast requires further information, such
as the scattering length density of the bulk phases or the instrument resolution. Within RasCAL, these
are also defined separately and then grouped together into contrasts and shared as required. In this way
it is possible to quickly set up simultaneous analysis of multiple contrasts of neutron reflection data.

4.  Getting Started - A Quick Example.

In this example, we will set up a simultaneous fit of some neutron reflectivity data using a two-layer
model. The data to be analysed is reflectivity from a monolayer of lipid at the air-water interface. The
lipid consists of two groups, a headgroup and a tail region, each of which will be described by one of the

RasCAL Quick Start Guide.



layers. We will set up a simultaneous fit of 4 contrasts; either deuterated head or deuterated tail, on

D,0 or Air Contrast Matched Water, as summarised in the table below...

Contrast 1 Deuterated Tails Hydrogenated Heads D,0
Contrast 2 Deuterated Tails Deuterated Heads ACMW
Contrast 3 Hydrogenated Tails Deuterated Heads D,0
Contrast 4 Hydrogenated Tails Deuterated Heads ACMW

(a) Setting up the model.

First, start rascal, either by double clicking on the RasCAL icon for the standalone version, or typing
‘rascal’ at the Matlab command prompt. The RasCAL session will open with the default project loaded,
which is a simulation of the reflectivity from a D,0 subphase.

o —— llx
Fle Edit Took Windows
E o [ =
= 1
000000850 Project Name : defaultProject
106730 00 Type : Standard Layers Geometry : | A f Liquid (or solid)
0.00000800
0.00000575
Parameters | Layers | Experimental Params | Contrast 1]
0.00000550
berenit (un)check al
0.00000500
CEEL T Fic? [ ParameterName | LowerBound | Value [ UpperBond |
{0:00000 450 ~ |Substrate Roughness | 3 | 4.8444 [ 7 |

102040

Ref
El

106750

01 02 1 20 30 4 5 60 70 s @0 100

[ ——

] ——

Plax Tterations : 100

RunFit Stop Fit

This model has no layers, and only one parameter — the substrate roughness. To set up out four
contrasts, first we will create a new project directory. We will then define the parameters and layers,
and group these into our four contrasts. We will then load in the data files and carry out a simultaneous
fit of the four contrasts using our layer model.

Firstly, create a new project directory, by clicking on the ‘File’ menu and selecting ‘New’. A dialog box
will open. Enter the name of the new project directory in an appropriate location, and click ‘OK’..
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o]

iy Flename: lipict four conirasts| Save
Files of type: |l Flles - Cancel

T T T

RasCAL will create a new project directory, and open the newly created project.

The next task is to add the parameters necessary to describe the two layer model. Changes to a project
can only be made from the ‘Edit’ dialog. To open this dialog, select ‘Edit project’ from the ‘Edit’ menu.

ol
General Parameters' Layers| Experimental Params| Contrast 1 |
Project Path ]C:\MATLAB\RZDWa\ﬁpid four contrasts
Project Name Jipid Four contrasts
Project Type I Standard Layers LI
Experiment Geometry | Air | Liquid {or solid) LI
Number of Contrasts 1 Add Remove |
|
Import Model Export Model
oK | Cancel |

The dialog allows the different components of the project to be edited. We will first create the
parameters required to describe our 2 layer model. Then we will create the ‘experimental parameters’
(i.e. bulk phase SLD’s, scale factors, resolutions etc) that will be needed to describe the 4 contrasts. Then
we will define the 4 contrasts themselves.

Start by selecting the ‘Parameters’ tab on the Edit window. There will be one parameter listed, the
substrate roughness, which is always the first parameter in any Rascal layer model. To add further
parameters, click the ‘Add Parameters’ button. To remove parameters, first highlight them in the table
and click the ‘Remove Parameters’ button.
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We wish to construct a two layer model, in which the layers can be either deuterated or hydrogenated.
First, we will create a layer for a deuterated tails. This will require three parameters; the thickness, the
SLD, and roughness. To do this, click on ‘Add Parameters’ three times, and edit the remaining boxes until
their values are sensible. Give each parameter a name and a value, and also define upper and lower
value bounds for the parameters. Each parameter name must be different, and cannot be modified
outside the ‘edit’ dialog. The numerical values however can be changed outside the edit dialog. You
should end up with something resembling the following..

S o
General Parameters I Layers | Experimental Paramsl Contrast 1 ]
Add Parameter Remove Parameter(s)
Parameter Name Lower Bound Value Upper Bound

Substrate Roughness 3 4,8444 7

Tails thick 12 16 20

Deuterated tails SLD 5.000E-6 6.000E-6 7.000E-6

ghne 3 S 7
|
OK Cancel

We will now group these parameters together into a layer representing the deuterated tails. Click on the
‘Layers’ tab, and then click ‘Add Layer’. A row will appear in the table representing the new layer. Each
layer requires a parameter for the thickness, SLD, roughness and an optional degree of hydration, as
well as a name. Click on the first cell of the layer and give it a sensible name. Then, clicking on each of
the remaining cells of the new layer brings up a drop down menu of the parameters that we have just
defined. Select the appropriate parameter for each cell (we will assume that the tails are not hydrated in
our model, and so it will be left blank for 0% hydration).
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Genera|| Parameters Layers I Expetimental Params] Contrast 1 !

Add Layers

Remove Layers

Layer Name Thickness

Deuterated Tails

Roughness “oHydration Hydrate with

Tails thick Deuterated tails SLD bulk out

Substrate Roughness
Tails thick
Deuterated tails SLD

OK Cancel

We now have a layer which can be used in an Abeles model to describe reflectivity data. To see how this
is done, click on the ‘Contrast 1’ tab, and a window will appear showing all the parameters which
describe this contrast. As well as layers, each contrast is associated with a number of ‘experimental
parameters’, which control the background, scale factor, SLD’s of the bulk phases, instrument
resolution and Qz shift (caused by alignment errors). These are set under the ‘Experimental Params’ tab,
which we will do later.

In our simultaneous fit, we will be analysing data from layers containing both deuterated and
hydrogenated tails, and also deuterated and hydrogenated heads. Repeat the steps above to complete
the model (so, we will require parameters for the heads thickness and roughness, the SLD’s and also the
hydration, making 10 parameters. These will then be grouped together into 4 layers). Create the new
parameters, giving them meaningful names and values, and then group these together to form the four
layers, as shown below..

Hint: When you have defined your parameters and layers, these can be saved, and then imported into other :
projects, so that each fit type need only be defined once. Use the ‘Export Model’ button on the General tab to :
do this. :
|
|
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General Parameters | Layers | Experimental Params | Contrast 1 |

Add Parameter Remove Parameter(s)
Parameter Name Lower Bound Value Upper Bound
Substrate Roughness 3 4.88 7
Tails thick 12 18.24 20
Deuterated tails SLD 5.000E-6 6,040E-6 7.000E-6
Tails roughness 3 5.08 7
Hydrogenated tails SLD -6,000E-7 -4,000E-7 -3.000E-7
Head Thickness 7 9 12
Deuterated Head SLD 3.000E-6 4.000E-6 6.000E-6
Head Roughness 3 S 7
Hydrogenated head SLD 1.000E-6 1.400E-6 2.000E-6
0.000E0 10 20
ol
General I Parameters Layers I Experimental Pavams] Contrast 1 ]
Add Layers Remove Layers
Layer Name Thickness SLD Roughness “eHydration Hydrate with

Deuterated Tails Tails thick Deuterated tails SLD Tails roughness bulk out

Hydrogenated Tails Tails thick Hydrogenated tails SLD Tails roughness bulk out

Deuterated Heads Head Thickness Deuterated Head SLD Head Roughness Head hydration bulk out

Hydrogenated Heads

Head Thickness

Hydrogenated head SLD

Head Roughness

Head hydration

bulk out

Now that we have defined our parameters and layers, we now wish to define the other parameters
required to model the data, namely the backgrounds, the scale factors, the SLD’s of the bulk phases and
the instrument resolution. As with the parameters, any number of these can be defined, and then
shared between contrasts. In this example, we have two different subphases (D,0 or Air Contrast
Matched Water), and we will assume that the background levels are controlled mainly by the hydrogen
content of the subphase (i.e. two background parameters will be required, and assigned to the contrasts

as required). Additionally, we will assume that the same scale factors and instrument resolution applies
to each contrast.

These parameters are set in the ‘Experimental Partameters’ tab. Select this tab, scroll down (using the
scrollbar on the right) to locate the ‘SLD bulk 2 (beam out)’ table. Click the ‘Add’ button above it. A new
row will appear in the table. Call this ‘/ACMW/’, set its value to zero, and the bounds to reasonable values.
Do the same to add a second ‘background’ parameter. Only one each of the other parameters is
required. You should now end up with something that looks like the following...
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o
General | Parameters | Layers Experimental Params I Contrast 1 |
N
Backgrounds Add Remove
Background Lower Bound Value Upper Bound
S.000E-8 1.000E-6 7.000E-6
Background ACMW 1.000E-6 2.000E-6 3.000E-6
Scale Factors Add Remove
Scalefactor Lower Bound Value Upper Bound I
Scalefactor 1 0.01 0.1014 1.5 |
Qz Shifts Add Remove
Qz Shift: Lower Bound Yalue Upper Bound I
Qz Shifts 1 -0.03 0.000E0 0.03 !
5LD bulk 1 {beam in) Add Remove
MName Lower Bound Value Upper Bound I
Air 0.000E0 0.000E0 0.000E0 |
5LD bulk 2 {beam out) Add Remove £
I Mame. Lower Bound Yalue Upper Bound
D20 6,300E-6 6.350E-6 | 6.400E-6
-1.000E-7 0.000E0 1.000E-7
K1
oK Cancel

(b) Defining the four contrasts.

Now that all the parameters have been defined, we need to group them together into the contrasts
from the table at the start of this section.

We require four contrasts in total. So, to create the other three contrasts, use the ‘Add Contrasts’
button on the ‘General’ tab. Click on the ‘Contrast 1’ tab to begin defining this. Begin by giving the
contrast a meaningful name, in this case ‘D-tail / H-head / D20’.

Each contrast panel consist of drop-down menus for the experimental parameters, and a ‘layers table’,
showing which of our defined layers are used to make up the Abeles model for this contrast. For each of
the contrasts in this example, we wish to include two layers (tail and head). To add layers, we first
highlight the position in the layers table where we want the layers to go, and then add them
(unsurprisingly!) with the add layers button. Highlight the last ‘layer’ (actually the ‘bulk out’ layer in the
table), and click on ‘Add Layer’ twice. Two layers should appear. Now, to build up the model, we wish to
include the relevant layers that we defined in the last section in the correct order. Clicking on one of the
blank layers, you will see that a drop-down menu appears, containing the names of our layers. Select
‘deuterated tails’ and ‘hydrogenated heads’ respectively, making sure that the heads are next to the
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‘bulk out’ (i.e. that the lipids are the right way up!). Then, we need to make sure that the correct
backgrounds are associated with this contrast. In this case, we wish to select ‘Background D20’. You
should end up with something that looks like the following..

General] Parametersl Layersl Experimental Parann: Contrast 2] Contrast 3] Contrast 4]

| d-Chain { h-Head | D20

Type Simulation v

Background I Background D20 L' A B
Bulk in Air

Scalefactor Scalefactor 1 =1 |Cayer Deuterated tais

Qz shift Qz Shifts 1 | |Laver Hydrogenated heads
Bulk Out D20

Resolution I Resolution 1 LI

Mumber of Layers 2
Add Remove

oK Cancel

Now, set up the remaining 3 contrast panels for the contrasts as shown in the table at the start of this
example.

The final thing that needs to be done is to load in some data. For each contrast, data can be loaded in as
an ASCII file, or as ISIS raw data (by sending commands to an OpenGenie session). Alternatively, the
contrasts can be run as simulations (i.e. no data). For this example, we will load in the ASCII files
provided in the ..Rascal_functions\Docs\demo datafiles\ directory.

On the first contrast panel, select the “ASCII File” option from the drop-down “Type” menu. A text box
appears showing the path of the datafile. To locate the correct file, use the ‘Browse’ button, navigate to
the “..Rascal_functions\Docs\demo datafiles\ “ directory, and select the “dTails_hHeads_D20.dat” file.
Repeat this for the other three contrasts (making sure to select the correct file for each one). All being
well, we are now ready to begin analysing the data. Click on the ‘OK’ button at the bottom right of the
edit GUI, and the editing GUI should now disappear, leaving the original RasCAL windows, with the data
loaded in and set up to be analysed with our two-layer model.

(c) Analysing the Data.

If the model has been correctly set up, you should end up with something that looks like the following (if
not, RasCAL will produce an error, and you should check your project carefully)...

RasCAL Quick Start Guide.



e Rascal =[81x]

Fie Edt Tools Windows

B
e 0.00000650 Project Name : demoTest
0.00000825 =——
Type : Standard Layers Geometry : i Liguid (or soid
A) 000000800 e = =l Lo or zekd)
R 000000575
o Parameters | Layers | Experimental Params | Contrast 1 | Contrast 2| Contrast 3| Contrast 4]
3 000000525
3 000000500 (un)check ol
\ 000000475
\ 0.00000450 Pz Parameter Name. Lower Bound value Upper Bound
m )¢ 0.00000425 v Substrate Roughness 3 4.8444 7
N 0.00000400 v Tails thick. 12 18 20
\ Taa v Devterated taik S0 5.000E6 6.000E6 7.000E6
\ v Tals roughness 3 5 7
o\ A X 2
a A 000000350 v IFydrogenated talk 5D ~6.000E-7 ~4.000E-7 2.000E7
5 B ° A ) s v ead thickness 7 5 2
= e L8 @ ooooonx00 ° 30006 S000ES o0ES
o\ 000000275 v 3 5 7
A\ 000000260 v ED) 100066 140066 20006
e v ead hydration 0.000E0 10 )
108750 N AR 0.00000200
N 0.00000175
~ 0.00000150
g 0.00000125
= 0.00000100
g 0.00000075
i 0N 000000050
R 0.00000025
% "o 0.00000000 +
10en00 & -0.00000025
-0.00000050
o 02 08 2 50 75 100 125
az z
I~ Show Error Bars PotType [log-g 7|
= Rascal Info th
[aTa1l _nHead D20.dat exists in data directory. Loading
laTa11_dHead ACHU.dat exists in data directory. Loading
[hTail dHead D20.dat exists in data directory. Loading
IhTail dHead ACHW.dat exists in data directory. Loading OE—
Algorithmis :
chisqis: 73,0557
Max Tterations : 100
RunFit Stop Fit

The main RasCAL screen has four windows, The Plotting Window, the Main Window, the Information
Window and the Controls Window. Before analysing the data, let’s look at these in turn.

Plotting Window

; The plotting Window displays the
e e fits and SLD’s of the current
0.00000600
o project. In addition to the two
s plots, there are three controls. The
0.00000475
ooomenso slider on the left of the Reflectivity
10e740 0.00000425
e plot allows the individual contrasts
0.00000350
. S to be shifted vertically relative to
© monnnmun
i each other. So, they can be
0.00000225 .
e ooo000amn overlaid to compare plots, or
0.00000175
i separated to examine the
0.00000100 . . . .
es— individual fits. The other two
0.00000050
Soomonz | buttons allow error bars to be
10¢ -0.00000025 .
o omooonzo shown or hidden, or to turn on /
01 02 og () 25 50 75 100 125 .
& : off log scale plotting for the Qz
I show Error Bars Plot Type | Log - log ~ )
axis.
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Additional functions can be accessed by right clicking on the individual plots. These allow you to rescale
the graphs, export them to disk (as *.PNG files), or print. Note that you can also zoom / un-zoom by

dragging the mouse on the charts without having to access the menu.

The Main Window.

S i

Project Name @ demoTest

Type : Standard Layers Geometry |

Pavametevsl Layersl Experimental Parar Contrast 2! Contrast 3] Contrast 4]

Air | Liquid (or solid)

This window gives the details about
the current fit, including all the
current values of the parameters.
The first three tabs look similar to

Contrast Name : Id-Chain I h-Head | D20

those in the ‘Edit’ menu, and give all

Type : Jascii File: JdTail_hHead_D20.dat

the details of the current model. For

Background : Background D20 Scalefactor : [Scalefactor 1
|~ Repeat Layers x. 1

shift : |z Shifts 1

the Parameters and Experimental

A Layers

Bulk In Air

[ Parameters, note that there is an

Deuterated tails

extra column of ‘tick boxes’ in each

Bulk Out D20

Hydrogenated heads

Data Range : Sim range :

table. These boxes are used to select
which parameters are fit (or
otherwise analysed). Only boxes
that are ticked are included in the
fits, manual ‘sliders’, or error
analysis tasks (see later). In each of
the tables, it is also possible to edit

the ranges or parameter values by

Qmin: [0.051793 Qmax : [0.58877 Qmin : [0.051

Qmax : [0.61169

double clocking on the relevant

cells.

Each contrast also has a separate tab, showing the details that you set up in the edit menu, along with
some additional controls. These allow you to repeat the layers in the model, or control the range of the
data or simulation. To repeat the stack of layers, click on the ‘Repeat Layers’ check box, and then type in

the number of repeats. The data and simulation ranges can also be altered from the text boxes at the

bottom. The simulation ranges can be extended beyond the data, so see what the reflectivity will look

like beyond the current data range, but note that the simulation cannot be shorter than the data range.

Also, note that only the currently displayed data range contributes to the value of chi-squared, and so

this range can be used to select which portion of the data to fit.

Controls Window

The controls the fit on the current project. In
the top two text boxes, it displays the fitting
algorithm being used (either Simplex or the
Genetic algorithm), and the current value of chi
squared. The third box allows the maximum
number of iterations to be set. If there is no

Bl
Algorithm is : [ Simplex | Ready
chisqis: [ 673.0597 |
Max Iterations : | 100 v
Run Fit Stop Fit

maximum value required (i.e. fit until converged), put ‘inf’ in this box instead of a number. The two
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buttons will start and stop the fit as required. Note that the status of the stop button is only checked at
intervals during the fit, and so there may be a delay after it is pressed before the fit actually stops.

‘Manual’ Data analysis using ‘sliders’.

It is often good practice to try to manually find a reasonable fit, before running the fitting algorithms. To
make this easier, RasCAL allows the

parameters to be changed |EEIES
” . . | d ) Substrate Roughness Tails thick Deuterated tails SLD =
manually using ‘sliders’. To open c . o
. . - 6.6 = 19.2 —6.8e-006
the sliders window, go to the - 62 - 184 —6.62:006
= 5.8 =176 —6.4e-006
‘Tools’” menu, and select ‘Show A o ST
. , . . T- 46 - 152 —5.82-006
Sliders’. A window opens with a - 42 - 144 —5.62-006
= 3.8 - 13.6 —5.4e-006
slider for each of the checked L e e
parameters |n the Maln W|nd0W >Tai|sroughness : 7VH\,'drogenal:edtailsS;LDcItl7 HHeadthickness "
_ i _
(note that the range of each slider mes men i
. — 5.8 —-3.2e-007 =105
is governed by the bounds set for - 54 —3.6e-007 - 10
-~ & -4e-007 - 95
the parameter). You can adjust the e il = L
- 38 —-5.2e-007 =
value of each of the parameters my - a4 ete o0 =
- 3 —-6-007 =7
mOVIng the S|IderS, and the p|OtS Of 7DeuteratedheadSLD 5 VHeadmughness 'rHydrogenatedheadSLD
. . . . —6e-006 = —2e-006
the fits will update in real time. ~5.7e:006 - 66 ~1.98-006
—5.4e-006 = h2 —1.8e-006
Once you are happy with the fit, L o e
. . —4.5e-006 S —1.5e-006
click ‘OK’, and the values in the Do ~ e e
—3.9e-006 = P —1.3e-006
tables will be updated with the Tﬁj?iﬁggg D Tiifiiggi s
values of the sliders. Clicking ok | conce

‘Cancel’ clears the window, and
returns to the previous fit.

Running a Fit.

To run a fit, you must first choose a fitting algorithm. In RasCAL, data can be fit using either a Simplex
Algorithm, or a modified Genetic Algorithm. The algorithm used is chosen from the ‘Tools” menu. The
Simplex offers faster convergence when the starting point is closer to the true minimum. The GA
provides a more robust search of the parameter space, and so has a better chance of finding the true
minimum of the problem, but requires many more function evaluations than the Simplex (and is
therefore much slower). The maximum iterations can be set from the Controls Window. Other
properties of the fit (such as convergence targets etc) can be set from the ‘Preferences’ option from the
Tools menu.

(d) Analysing the Fit Results.
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