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In other neutrons spectrometers we get a detector signiaistipeoportional to the double dif-

ferential cross section:

d°c K oo =
0B N Eb S(Q,w) (1)

the detected counts may be directly mapped to the scattienimogionS (Q, w).

In contrast Neutron Spin-Echo (NSE) spectroscopy is a Fourier methodyalds results that
can be directly related to the intermediate scatteringtioncS(Q, t):

S(Cj, t) = /S(@, w) cos(wt) dw (2)

What do we have to observe here?

Well, we will get the intermediate scattering function. Imngiple a good choice for the inves-
tigation of relaxation phenomena and diffusion. BUT...

A typical example of such an unfavorable sample would be mpelywith non-matched filler
particles. The polymer dynamics will become virtually ismle where the particle scattering
dominates the intensity.
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To illustrate the different scattering contribution thacar in a NSE experiment on a polymer
melt we discuss here the measurement on a polyethylene Tldtproblem and polyethylene
(PE) as polymer is a very favorable NSE application. In tHe¥ang the different influences
of sample composition and thickness on the efficiency of t8& Mxperiment and the different
contributions to the scattering results are discussed.
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Abb. 1: Coherent scattering cross section for 15% protonated (h-Bftgins of molecular
weight (2 kg/mol, 10 kg/mol and 50 kg/mol) in a melt of equagikmeuterated polymer com-
pared to the associated incoherent scattering contrilmgio

PE is a favorable case since the scattering contrast betivegmd d- segments is highp ~
6 x 10 cm~2. The coherent scattering intensityds Ap?. As seen in figure 1 the intensity a
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very low () is also proportional to the molecular weight,,, in the asymptotic regime only the
segment contrast and concentration determines the sogttgoss section.

The latter limit results from technical limits in the collation of the NSE instruments but also
from the fact that the observable dynamic has a st@efependence o« Q~2* and therefor
quickly becomes too slow to be observed with decrea&ing

For PE this limit is favorably far at the higQ-side. For many other polymers and in particular
for protein solutions (protonated proteinliinO) the upper limit typically lies between 0.2 and

[y
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Due to the 2/3 probability of spin-flip for spin-incoheremastering the evaluated NSE result

with incoherent contribution reads:

- Ucth<Q7 t)coh - <1/3> UincS(Qa t)inc
F(Q, t) N Ucth<Q)coh - (1/3> UincS<Q)inc (3)

The incoherent “background” usually also contains addéla@ontribution from multiple scat-
tering which —due to repeated spin-flip scattering— aresligrdepolarized and do not contribute
to the NSE result directly. However, they contribute to tteistical noise!

When planning an experiment we have to answer the followirestion.

As a first example we keep the PE melt and consider the scagtariensity for different h-
polymer volume fraction® and sample thickness.

The following series of figures (figure 2) shows the effeciivensity from the polymer melt

—4—
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as function of composition and thickness. Transmissiotofacand multiple scattering in the
incoherent level are contained.

From inspection of the figures one recognizes that a h-palywokime fraction of® ~ 0.2
yields the highest intensity in combination with the latg@dor the intersection point of inco-
herent and coherent scattering.

For comparison in figure 2 a similar series is also shown fame thickness of 0.1 cm. The
optimum concentration here would be= 0.5 and yield about a factor of 2 less intensity than
the 4mm sample witkb = 0.2 and a slightly worsé&)-range.

To convert the scattering cross sections as given in figu@sd23 to detector count rates the
following factors have to be appliedbsmple X Asample X Tpathz X AL X Npe1 X Nger Where
®sample 1S the neutron flux at the samplé,,,,,i the sample ared,..,2 the transmission factor
of the flight path (windows, gas, correction elements\j) the detector solid angley, the
polarizer effect andyy.; the detector efficiency. For a first estimation (SNS) one nssum
X Tpathz X AQ X Mot X Naer, = 0.8 X 2x 1072 x 0.3 x 0.9 ~ 4 x 10~*. If for example we consider
the 4mm 20% PE sample & = 0.1 A~ we read as relative cross section 0.3 from figur
Assuming a sample area 6fm? and the (measured) flux af 4 x 10°n/cm?/s/A/MW at
A =104 we get an average count rate of 430/s for a 10% wavelength iunel to the fram
width virtually 3 experiments can be performed simultarsypu However, for each of these
experiments something like 20000 counts per each of the Ritspof the phase scan for each
Fourier time are needed. E.g. ca 50s counting per point c&igply 1350s per Fourier time

(including setup times ca. 30min pé®R, 7)). Typically one may wish to measure up to |20
Fourier times per Q-setting, yielding about 4h per Q. Scpbh intensity with wavelength is

~ \~4, scaling by sample scattering: see figures OR your sampleSSANte: the PE sample

is one of the best cases.
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Abb. 2: PE melt intensities as function for h-PE volume fraction tfee 4mm thickness of a

standard Niobium cuvette.
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Abb. 3: PE melt intensities as function for h-PE volume fractiontfoe 1mm thickness of the
sample.
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First the expressions for the intensity. TRedependence of a Gaussian coil is described by the

Debye function [1]:
D(x)=2(e " —1+z)/2° (4)
with = = (Q R,)?> where R, = b+/6 M,,/M,, = b\/6+/N is the radius of gyration of the

polymer coil. Then the absolute intensity of the cohereattscing is given by

dy. M, ,
0@ =60 - 0)8- L DI(R, Q) ©)

with g the scattering length density contrast. The asymptotigesare:
dx/dQ = 0) = ¢(1 — ¢)° M,/ (pNa) (6)
d2/d(Q — 00) = 12¢(1 — ¢)3° M,/ (pNa0°Q%)  (7)

The incoherent scattering cross section on the other hand is

d>; O'HNHp O'.DNH
mc — 7 m N 1 o ) pm N 8
0 ¢—47rMm pPN4 + ( ¢)—47rMm PN 4 (8)

with Ny, the number of hydrogens per monomer avg, the monomer molecular weight.
The associated transmission is:

dzino
T = exp (—47r d) (9)

df

with d the sample thickness.

A good estimate for the total incoherent scattering fromst@i@ple including multiple scattering

is
1-T
dainc total/dQ — Ag (10)
’ 41

where A is a product of sample area and flux at the sample.

After having expressions for the intensities: here a ret@pa quick estimate of the dynamics.

—8—
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Asymptotically one may describe thengle chain dynamicsan the Rouse regime by the scaling

relation [1]:

Seohchain (@, 1) = Seonchain(@) F(Q* W1*/36¢) exp(—Den@” t)
(11)
the function/'(x) may be computed by numerical integration or even direct satiam of the
expressions given in [1], however, for practial purposeshiemay be approximated with aabout
percent accuracy by the very simple expression see ref. i2yavalso a better approximation

(about 1 permille) with three sterched exponentials ismgive

F(z) = exp [—(x/2.7)"7] (12)

W% is the Rouse rate and in the Rouse model is the only pararhetedétermines the segmen-
tal dynamics, it depends on temperature and somewhat orcalateveight. It may be related
to a molecular friction coefficient

¢ =3kgTb*/WI* (13)

Typical values are in the range @H000 A“/ns, consult the literature for values a specific
polymer. For smaller chains also the center-of-mass ddfud).,, is important, within the

Rouse model it is given by

4 2
Den = (1/3)WI*M,, /(b*M,,) (14)
Note that this relation is not a very good description ancsae determination of the diffusion
constant may be more adequate, however, it yields the ajppat value forD.
The segmental dynamids seen in the incoherent scattering, it follows a differemiction
[1, 3]
Q*Witt

S<Q7 t)inc,segment = €eXp | — 9—7T eXp(—Dch2 t) (15)

Thus the result of a NSE experiment on such a sample wil'ge, t) =

dzcoh/dQ<Q) Scoh,chain(Q7 t)/Scoh(Qa t) - (1/3)dzmc/dQ S(Q, t)inc,segment
A eon/dUQ) — (1/3)dSine/dS2

(16)

—9—
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Abb. 4: Example for the influence of incoherent scattering on the FS&t from a polymer ex-
hibiting ROUSE dynamics, the upper curve is with the inclusiincoherent contributions, the
lower curve assumes purely coherent scattering. The modahpters werer) = 0.15 A1,
M,, = 3kg/mol, M,, = 15g/mol, Nypm, = 2,b = BA,ﬂ =4x10"%ecm™2, p = 0.9g/cm?
d=05cm ¢ =02 ,WI*=10* A*/ns. The time scale of the plot is in ns.

The plot stems from the associated MAPLE workshesstatteringdebyerouseinc.mws It
also contains a analysis concerning the optimum choiceiokriess and h-polymer volume
fraction. In order to get the best statistical accuracy stilts on polymer melt dynamics and
similar samples choose:

For more details and adaption to other cases please see tiElI#Worksheet and use it as
basis.

Certain investigation may aim on the proton self correlatiom it to separately scrutinize the
segmental diffusion [3] or be it to compare to backscatgeon TOF results from protonated
samples.

~10-



NSE Experiment Guide V0.0 p11 Michael Monkenbusdhich Center for Neutron Science

In any case a fully protonated sample is need in this casefandgdtimum thickness will be
thinner, required counting times will be (much) longer.

don’t worry about multiple scattering: due to the spin-flgagering from protons each further
scattering generation gets an “influence” factor of -(1/&), if we accept 10% total scattering
probability (as typically used in backscattering) in NSEmway accept 30% instead.

Yes we can lIn principle..
First of all we analyze the intensity that we also would get IBANS experiment and if some
objects can be made “invisible” by matching we will get rictoéir (dynamical) signal.

BUT we will also produce additional scattering contributihich also add further dynamical
contributions to the scattering signal:

e Spin-incoherent scattering. Typically matching requiresease of the amount of protons
in the sample.

e Isotopic incoherence. If we want to name it like this. Balbyaais the coherent scattering
due to mixing of h- and d- solvent molecules, matrix segmentshat so ever. Mixing
h- and d- large organic molecule solvents as e.g. dodecapeasalt in a contribution of
several.lem ™! to d3/dS2.

Both contributions —in particular the first— reduce the sramssion of the sample and therefore
reduce the scattering intensity. It may be necessary toceethe sample thickness (i.e. its
volume). Depending on the size of the mixed molecules/satgre achieve matching con-

siderable coherent intensity may be created by the molenolecule contrast. This intensity

contribution carries the dynamics associated with theudiffn of these molecules. The most
benign but often difficult way to achieve matching would beuse random replacement of d-
and h- even within molecules, which would reduce the intgredithe coherent mixing scatter-

ing in the low-Q regime. In any case the spin-incoherenti¢iacl/3) and the coherent mixing

scattering (factor 1) adds dynamical components to thé N&& signal.

It depends on the system and on the problem whether it may tber lbe stay with a fully
deuterated majority component and separate the contritmitoy data analysis or whether it
is better to use matching and account for the extra dynarsicattering by data analysis or
eventually background subtraction. See the examplerifitest in figure 6 !

-11-
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Microemulsion form in mixtures of water and oil (hydropholompound, e.g. decane) upon
addition of a surfactant (“soap”). The dynamics of inteddltictuations in microemulsion fits

well into the resolution window of neutron spin-echo spestopy. In addition the scattering
intensity is large. However,

The interface fluctuations carry information on the elagtioperties of the interface and the
friction that is assocoated with the fluctuaion motion.

Protein dynamics at conditions that are as close as pogsipleysiological can be tackled with
neutron spin-echo spectroscopy. The smaples have to biilbamepared, in particular the
buffer solution condition must be precisely controlled.ghggation must be prevented.

The main (trivial) dynamical effect is center-of-mass @aifion and rotational diffusion, internal
dynamics is a small (at best some 10%) on top. The experimest be carried out with
sufficient statistics to be able to separate these effects.

-12—
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Scattering intensity at larg@ in general is of low intensity compared to what one may get in
the small angle regime.

nd

Thus prepare for long counting times. In addition be awartheffact that a fully deuterated
sample also exhibits incoherent scattering from D, whichOgimes lower than the huge con-
tribution of H (and eventually residuals of this H-scattgrfrom impurity). This contribution is
of the same order as the coherent intensity we might expedy. Where significant correlation
enhance the coherent scattering it will dominate in a fulytérated sample.

Of course one may imagine inorganic samples whose atomdiféaent scattering properties.

13—
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As is clear from the simple polymer melt example latest inithermediate)-range incoherent
contributions play a role. Here we will discuss how the sratg contributions combine to
an NSE signal and how an experiment can be planned and intiormae extracted from the
results.

The maximum Fourier time that can be used in an experimeithisrdimited by the maximum

field integral J,,.x or by the inhomogeneityd.J?). For short wavelength the limitation may

result from.J,,.... for long wavelength the limitation typically results frofi.J?). The reduction

factor of the echo signal due to resolution effects may beapmated by
2

Ht)

R = 6_2(75

is a reasonable conservative assumption is to select a maxFourier time such thak(¢, \) =
0.5 then

(17)

i.e. tmax < A2 NOT A3, The lower value oft,,. applies. Ask the instrument people
what the actual value of the inhomogeneity parameterH is! Latest values are around
simeq0.7 AQ/ns. The nominal values of ., for the SNS-NSE is 1 Tm(+) and for the J-NSE
in Garching the value is 0.5 Tm.

—14—
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The scattering intensity analyzed in an NSE experiment nwagain different contributions
which may be classified as “background”. These are (see glgefb):

1. Fast contributions from a deuterated solvent or polymairica (majority component). If
this scattering intensity is coherent the normalized scai function at very low time
drops from one to an apparent amplitude level (about 0.8%enexample in figure 5).
Typically the lowest time available from the NSE experimentonger than the decay
time of the fast contribution. The dynamics of the labelethponent is contained in the
long time behavior.

2. If there is a fast (dominantly) incoherent scatteringtdbation the apparent amplitude
of the observable decay curve may be larger than one. Sedewdidimn of figure 5.

3. In composite samples with immobile (respectively veopglcomponents that contribute
to the intensity at constant level at the larges Fourier siprevails. See right column of
figure 5.

The classification as background and the need to corredtlfasically results from the fact that
often only a fraction of the complete decay curve is accés$ip the NSE spectrometer (e.g.
only the black parts of the curves in figure 5). This may leadrtdiguities in the interpretation
if the “background” is unknown.

The more components a sample has the more difficult it mayrbedo identify a reasonable
background sample. Concerning the fast component a possiyeout may be to rely on
“shorty” mode of the NSE spectrometer to include the poiritthe relaxation curve down to
times where the labeled scattering virtually reached tlidiamplitude (black curve part of the
left and middle column of figure 5. A constant background @attering contribution) may be
identified by following the relaxation curve up to very lonmes, where the relaxation of the
“labeled” compounds is completed. However, this methounigéd by the resolution properties
of the instrument. Residual (elastic) scattering from tamgle cuvette may be a source of a
constant background.

If there is a valid background sample available the scatjefriom this sample may be used to
perform background correction.

To relate the experiments we need the:

—15—
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Abb. 5: Influence of background contributions to the normalizedesignal. Fast background
scattering causes a drop at very short times that leads topgragent amplitude less than one
at the shortest reachable Fourier time. An elastic backgmuaontribution leads to a constant
level at large times. First column: log and linear represaidn of spectra with fast background.
Second column: fast incoherent background contributiohirdTcolumn: fast background in
combination with elastic background.

Depending on the previous knowledge (assumptions) on theenaf background, the desired
degree of accuracy and the available beam time differemtgohares of background subtraction
may be used:

1. Direct subtraction of the monitor normalized and trarssion corrected raw data.
Teorr(Mmyiy) = Lsample(Mm, iy) — T ¢ Iye(m, i,,), Wherem points to a certain pixel and
wavelength bin for &), ¢ setting and,, to the point of the symmetry scan,the volume
fraction of the background component in the sample. Thishoeis straightforward,
valid for all background contributions from fast to congtand theoretically as good as
the choice of the background sample. However, it relies oy geod stability of the
symmetry of the instrument. l.e. no change in external migfield etc.. This may be
the case inside the magnetic shielding of the SNS-NSE. Bst brichecked.

2. Pixel/bin-wise evaluation of echo amplitude and Spireog Spin-down counts.

Asample (m) - T ¢Abgr (m>

~

Scorr (m)

= ]up

sample

(m)

_ [down

sample(m) =T Qb[

up
]bgr

)

bgr

(m)

(18)

3. Assuming a separated fast component only (i, = 0): extracting an amplitude

—16—
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correction factor,f from the Spin-up and Spin-down intensities.

[slg;nple <m> - [sczfnvg)lle (m

(m) = Igipie(m) = T o[y (m) =I5 (m)]

sample bgr bgr

f(m) = 7 (19)

sample

f(m) should be virtually independent offor a given() and corresponding averaging
may be used to improve statistics.

4. Assuming a constant (elastic) background contributioth @xtracting it from the back-
ground amplitude. To correct this is subtracted as backgtdevel from the sample data.

5. A combination of the two previous methods.

The method 2. is the standard use in éobodeevaluation program.

Except for soft gels or liquid compartments in a rigid schffthis means that the sample must
be liquid at the temperature of the experiment. In particptelymer dynamics is visible only
in the melt state or in a solution.

Glasses:Experiments must be performed many 10 degrees ABOVE the glassition tem-
perature.DO NOT try to perform an experiment close, at or below the transjtiowill yield
no result, at least no measurable dynamics!.

As an example for various aspects that occur in more complepkes here we discuss a some-
what artificial example of silica5{O-) spheres in a polymer solution (PE in decane). We assume
for each of the components a volume fraction of 5% and noaetern. Let us further assume

a diameter of 100 nm for the silica spheres and pure Zimm dyesajh] for the polymer. Even

if the system seems to be trivial its consideration will ghggne insight into the composition of

a scattering signal. An may be an approach to particles wittush etc.. So let’s start with the
determination of the scattering length densitjes,

NaD
P= N 21: nib; (20)

17—
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Substance  Formula unit (FU)M,,(FU) density scattering length FU  scattering length density

H H 1 - -3.739011 fm -
D D 2 - 6.6714 fm -
C C 12 - 6.651116 fm -
O O 16 - 5.8034 fm -
Si Si 28.1 - 4.1491 fm -
fused silica SiO2 60.1 2.2glccm  15.755 fm 3.473 x 10°%cm—2
decane C10H22 142 0.73g/lccm -15.74 fm —0.487 x 10"%cm—2
decane-d10 C10D22 142 0.73g/ccm 213.28 fm 6.603 x 10%cm—2
PE CH2 14 0.93g/ccm  -0.76 fm —0.306 x 10%cm—2

Table 1: Scattering length densities. A 50/50 mixture of h/d-decemeld be able to match the
silica.

where N, = 6.022045 x 10% is Avogadro’s number)D the macroscopic density/,,.; the

molecular weight of the formula unit and the number of atomsin the formula unit and;
the corresponding scattering length.

As next ingredient we note that the scattering intensityhefgilica spheres is given by

dzs eres 47
I = fwheres 07 R S(Q) F(Q) (21)

with the structure factof (@) ~ 1 and

sin(QR) — QR cos(QR)1?

FQ) = |3 i (22)
the form factor of a sphere. On the other hand the polymetesoay is:
dzpolym o . 2 M,
o= 00— 1) Ap* - D(QRy) (23)

since here only orders of magnitude of scattering contidimst shall be discussed we assume
©-conditions for the solvent (not really true for the selentipresented here) the(z) =
2(exp(z)1 + x)/2? is the Debye function wittR, = b/v/61/M,,/M,,.

Conerning the dynamics the spheres have a diffusion constant

kT

D = 24
6™ R 24)

for R = 50nm and a typical liquid viscosityy = 1cP aD = 0.44 AQ/ns results. The Zimm
dynamics of the polyme can be approximated by [2]:

S(Q.1)/5(Q) ~ exp (M % t) exp (— [Qgt’“BT/ “”mr'%) (25)

Ren 1.354
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Abb. 6: Scattering intensities of different combination of thetorix of 100nm diameter silica

spheres in a PE decane solution. Volume fraction of spherdgpalymer were 0.05 each. The
left side shows the intensities as obtained with deuteratedrae The right side shows the
system if the shpere is matched (59.25 % d-decane in h-dec@he black curves show the
scattering intensity from the spheres and from the polymiee red and blue lines respectively
indicate the incherent cross sections of protons and dentein the system. Finally the green
line is the coherent scattering from the h/d-decane mixame the dashed line above the total
parasitic scattering from incoherent and isotopic miximdvent contributions.

From figures 6 and 7 it becomes clear that the scattering Isggreacomposite material con-
tains different contributions with different dynamics ahdt matching must be considered very
carefully. The weight of the different contributions degsron() and may or may not be well
(enough) knownConsider this point when planning the experiment!The dynamics may be
quite different (e.g. the slow sphere diffusion at lower @nf other ones such that they might
be separated by consdering the dynamic signal over a la@ggéirange. The dynamics may
become quite similar if we look at the matching situation vehthe mixing scattering carrying
the diffusion dynamics of decane is of the same size and intaicey-regime where the fast
diffusion ratex Q% is overtaken by thec Q* Zimm dynamics. For the parameter of this ex-
ample it is quite obvious that matching would only be usefulthe inspection of dynamics at
very low Q if at all.
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Abb. 7. Coherent normalized intermediate scattering functiong thauld result from the
spheres polymer solution mixture. Here data ér= 0.05, 0.1,0.15A! are shown. Right
side: pure decane as solvent, left side matching solvenhéspheres. The black lines indicate
the obtained intermediate scattering functions, the red is the contribution from the spheres,
the blue line is the polymer contribution (what probably wobélaimed at in the experiment)
and the green contribution is the diffusion of the solvesible in the matching solvent due to
the contrast between d-decane and h-decane. Note that thebcions from spin-incoherent
scattering have still be ignored to create these figures.
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Performing the experiment

Sample Preparation

1. Size A:

The cross section of the sample area should®e: 30 mm?.

2. Size D:

The thickness depends on the proton content. For a “normaRSStype sample
with contrast the typical thickness is betwezand6 mm. Aim for a transmission
of 50 - - 60 %.

For a pure protonated sample fimcoherent scattering the typical thickness is be-
tween 0.2 - 0.5mm.Aim for a transmission of 70 - - 80 %.
3. Size V:

The above dimensions imply that for a “normal” SANS type expent a sample
volume betweer2 and 5ccmis neededlt is essential for the quality of the results
to use the maximum volume compatible with the transmissionas quoted above.

4. Composition: (normal SANS type experiment)

Themajority component of a sample must Beuterated

The concentration of the protonated component to be seerndshe as high as pos-
sible —typically between 1% and 30%-. Physical conditidkesinutual interaction,
phase boundaries etc. often will set limits to this conadidn. In general it will
become increasingly and very soon exceedingly difficultealdvith concentrations
below 1%.

5. Composition: (incoherent type experiment)

The sample should be fully protonated.

6. Sample cells
Must be completelamagnetic!

For solutions in the temperature rang&C0to 70C Quartz cells (Hellma) may be
used. Available30 x 30 x 1 mm?® up to30 x 30 x 4 mm? in Imm thickness setps.

For polymer samples and similar Niobium or Al cuvettes havbd used. Available
Niobium cuvettes have “beaker” form ars x 30 x 4 mm? volume, for smaller
thickness spacers (Nb, Si or quartz plates) must be inseitexssette type cuvettes
are available with various thicknesses.

DO NOT USE Al cuvettes with aqueous solutions, especially nevith proteins
in buffer solutions! They are corrosive and even worse, smakhmounts of Al
ions released into the solution will alter the protein propeties!!!!
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Planning the Experiment

In general it would be helpful to perform SANS experimentstibea sample prior to the
NSE experiment (same sample, same temperatures, exterdaw)€).

It is also essential that the sample (scattering) does remgs during the experiment,
in particular not within the time of a phase scan (0.5 to somers$). Flowing, curing,

reactions within the sample, redistribution of the matemathe cell may not happen
during the data collection!

It is a good practice tcstart the NSE experiment on a sample with a diffraction
run, i.e. using NSE like a 2-axis diffractometer and steppinguigh the available
scattering angle range while counting with polarizatioalgsis. The diffraction run could
contain the transmission measurement as first and last. dointll take approximately 1
hour. It may be run several times, e.g. while waiting for temgture. Comparison will
also reveal problems with stability, scattering intengity. in an early stage.

Repeating the diffraction run at the end of the experimeanisffective check for stability
over the time of the data collection.

Selection of Q-values/scattering angle settings
The lowest Q-value that can be reached with the NSE instrtroemesponds to a
scattering angle ob = (20) ~ 2.5° which yields the values of

Quin = 0.055, 0.027, 0.02A -1 for A = 5, 10, 15 A
respectively.
The maximum availabl€é)-value results from the maximum scattering angle. Dependin

on the chosen detector moderator distance this angle Viaoies® = 23°---85° at the
SNS-NSE.
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Selection ofr-values (range) and Choice of Wavelength Frame
The maximum available Foruriertime is limited by the instiental resolution function,
which may be described by the inhomogeniety param&tgdsee above). Currently the
value of H ~ 1A2/ns (see instrument technical description). The maximum ugejuri-
ertime is then

tmax =~ 0.6 x \?/H (26)

Unfortunately the intensity drops steeply with increadenge \ values.
At the SNS a band of wavelengfh,.i,, Amax] IS Used simultaneously, depending on the
selected detector moderator distadcs = 2.4 --- 3.6 A.

As example we consider a spectrometer setting with a wageiemandsA < A < 114].

If as a reference this will be evaluated equivalently to expents on NSE instruments
with velocity seclector monochromatization of-1015% we can group the data such that
they correspond to 3 wavelength settings. For simplicityassume 8-9)\,; = 8.5; 9-10,

A2 = 9.5 and 10-11 )\, = 10.5. With this setting the longest useful Fouriertime is given
bY tmax == 0.6 x 10.5%/1 = 66ns.

Note: at SNS-NSE for technical reasons the tabulated Fouriersitiings correspond to
Amax, Which would bel1 A in our example, corresponding te= 76 ns.

On the other hand the same setting will yield a Fouriertime ©f66 ns(\;/A\3)® = 35ns
for the first of the three extracted wavelength bands, howdwe a differentQ-value.
Q ox AL toc A3, ®(N) ~oc AT

Wavelength (frame): With the above charactertistics of the wavelength depecelen
resolution and beam intensity one may go into a simple espmrdgor the figure of merit.

F =R\ t)\/P(\)/Dg (27)

with &, a suitable flux scaling factor. For the high resolution (&afpurier times) and
long wavelength asymptotic behaviour the best wavelermhaasure the echo for a given
t may be derived as;

Aoptim = V2H (28)

And the figure of merit at the optimum 8 o (H t)~'. This means of course that the best
wavelength for the smaller Fouriertimes of a scan is difiefeom that for larget-values.

In practice one should consider to split the Fouriertimegeato be covered into several
sections and select the best wavelength band for each.

During evaluation the data from a full wavelength frame W@l split into severak-bands,
each will yield adifferent set ofS(Q, t) points. In detail the exacp-value may be slightly
adjusted by adapting a detector mask and or tuningthebband limits. However, for full
statistical accuracy one has to note that there is no wayrtboe the different subband
results into commoii@, ¢) points. But they all can be simulatneously fitted to a model fo
S(Q,t) in order to accurately determine the values of model pararset
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Reference: need to have

For each wavelength setting, sequence of Fourier times eatesing angle a reference
measurement is needed. This is an experiment made unddicaleronditions as the
experiments on the “real” samples but withreference sample The reference sample
must yield purely elastic scattering of good intensity andilar Q-dependence as the
samples. In practice grafoil or carbon powders are suitablee SANS regime. For high
Q work TiZr is a viable choice. These types of reference samplre available at the
instrument. The reference experiment must be done suchheaeference sample and
the sample itself have the same illuminated area and otientan the beam. The exact
thicknesses may be slightly different. Counting statistizsuld be at least a factor 3 better
than that expected from the sample in order not to spoilsttesi by bad reference. In may
cases the reference samples will scatter significantlyngeo than the proper samples.
However, towards higher, intermediafevalues the intensity difference shrinks and may
even be reverted.. .

It is advisable to start with the reference experiment. (fhRts purpose the spectrometer
configurations, Fouriertimes etc. have to be selected aed &t that time and must be
kept throughout).

The beginning with the reference has the advantage thaiedtometer configurations are
verified to work properly and that the scattering resultsifthe sample can immediately
be evaluated.

If it should turn out during the course of the experiment tiuather spectrometer settings
are needed, the corresponding reference measurement cadbd also after the addi-
tional sample runsBUT: keep in mind, if the time runs out (e.g. by breakdown of some
component..) and reference is missing the whole data aneseatble. (The same may hold
for additional background runs).
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Background: to have or not to have

Often the scattering intensity from the sample containsvamted” contributions that are
considered as “background”. Measuring a background saomquliel help to quantify and
subtract these contributions. They may have differnt ar{gee also above):

1. Fast scattering contribution from the solvent, polymextnm ..., which lead to an
apparent deviation of(Q,t — 0)/S(Q) from 1. This is sample related. For a
solvent/matrix-rich sample it may be grasped by measuripgra solvent (back-
ground) sample. In more complicated cases the extensiamedFdouriertime table
down to the ps-regime (Shorty mode) may be used to accurdétrmine the re-
sulting amplitide factor.

2. In composite samples a slow/elastic component from dlgr particles, foam-like
scaffolds, porous materials ... may be present and add te seotecular dynamics
that is of primary interest. This is also sample related. diyrbe difficult to find an
appropriate background for that. In the end it is the scatgjerom the sample. The
closest background sample in such a case would be one wieamllecular items of
interest are replaced by contrast matched isotopic variddawever, be aware of the
change of the total contrast of the scaffold. The best waydasure this background
would be to extend the time range such that the elastic pldés®| can be directly
seen. This, however, may be limited by resolution.

3. Scattering contributions from the sample cell/cryastdese are mainly elastic con-
tributions that become important for very small Q-valuesos¥of this would be
subtracted if a background sample is measured in the sape ¢fy cuvette. In spe-
cial cases it may be necessary to measure an empty cuvedigdisr(al) background.
In particular for incoherent scattering at l@values (less that.1 - - - 0.15A—1) this
will become necessary.

Transmission figures for sample and background sample (rati of transmissions) is
needed for subtraction!

If you rely on background subtraction, be sure to performahekground scans. They must
be done with the same spectrometer configuration and witfopppte statistics. Consider
the possibility of premature breakdown of the source or aspmeter component. l.e.
complete one sample with background firstather than run through a number of samples
and postpone background (or resolution!!) to the end ofénat
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Distribution of Measuring time
While planning your experiment

¢ allow at least one day for reference measurements and adjnst (may be more if
the programm is very complicated..).

e note that one phase scan has many points (about 10..30 diep@mdthe settings).
Experience shows that for a reasonable data quality thé dotants (detector and
frame integral) over the whole phase scan (average) shaublt keast in the order
of: 0.3---1 x 10°. Note that there is a dead time of several seconds betweén eac
of the phase points.

e to get the best statistics of the final results from a giveretstot for sample and
background distribute the time among the two measuremecty@ng to the ratio
of the square root of the average count rates. l.e. if the drackd contributes
10% to the scattering it should the time slot of duratioshould be used such that
0.75 x T is devoted to theampleand0.25 x 7' to the background.

e allow for a day of reserve for ....

Allow for 1-2 days time for each sample (i.e. one compositione temperature, pH ...,
complete(Q, ¢t)-set). This may be faster for very easy samples as microéongighat
scatter strong with as fast dynamics, or longer for incohieseattering which intrinsically
is of low intensity.
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The experiment itself

1.

10.

Start with the reference, then sample, then background, next sample ,
next bgr ...

Insert the sample into the cryostat/oven/environment. Make sure that
there are no exessive temperature gradients. If possible attach a tem-
perature sensor to the sample cuvette.

Set beam diaphragms such that only the (filled part of the) sample is
illuminated by neutrons.

Make a photo ! Use a small attenuator aperture (3mm). Position image
plate behind the sample, expose for several seconds (10..20s?). Read
the image plate and transfer image to be stored with your data.

If the photo shows misalignments like wrong height, filling, diaphragm
setting... correct! And redo the photo. (See e.g. figure 8.)

Perform transmission measurement and diffraction run ! (Not for ref-
erence measurement.)

. Check diffraction run for intensities and check compatibility with the

measuring program.

. Run the the proper spin-echo scans (from your prepared macros). Here

Is where the time is spent.

. Eventually repeat the diffraction run to check for sample stability.

As soon as reference plus first sample data are available start prelimi
ary evaluation (see below).
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Abb. 8: Example for 2 photos of cuvettes with a polymer sample thatideed a large bubble
upon heating. At the bottom the bottom of the cuvette islgisibhe photo helps to identify
the problem with the bubble and shows that the height or the Itmendary of the diaphragm
should be adjusted. The illumination conditions were diiféteading to different resolution.

Evaluation

Raw data contain the time-of-flight data (normally 41 bins) éach of the 32x32 detector
pixels for each of (normally 27) phase symmetry scan poiotsafl Fouriertime settings of
the scan. These data have to be converted into a few resol{aii@ background) corrected
S(Qi,t;)/S(Q;) tables. This task is performed by teehodetprogram in it's SNS TOF-

version.

What is needed?

1. Appropriateresolution file: s<#res>.echo.
2. Sample file: s<#dat>.echo

3. Background file: s<#bgr-.echo and
the ratio T of background transmission to sample transionssi
(usually larger than 1).
If not available the evaluation may be done without backgroud subtraction.

Start the local installation of echodet and enter

--> eval nse_data_dir #res #dat #bgr #tbinl #tbin2 T

nsedatadir is the pathname to the directory containing the raw data (##8##.echo), #res,
#dat, #bgr the (run) numbers of the resolution, sample acéidgraund files. If the evaluation
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shall be done without background, enter a O at the #bgr positétbinl and #tbin2 select
the wavelength band in terms of time channel range, usuadlyrtterval from\,;;, t0 A« IS
mapped to time channel bins from 1 to 41 (check). Finally Tades the transmission ratio that
is needed for background subtraction.

What is produced as output?

The output should represent valuesdi?), t)/S(Q) it is written to filesb__####t#tbinl and
w__#H#HHt#tbinl The files starting withb contain the result of a pixelated detector evaluation
and thew files contain the result obtained from an evaluation basetth@imntgeral counts in a
10 x 10 cm? window at the detector center. The sum part ofliiles and thew files should be
very similar (if not a problem any have hampered the evabuadi

PDM5_378pOK Fri Nov 4 07:56:18 2011

PDM5 10 Sqt/Sq vs tau/ns 3665000

par anet er

q 0. 159931

t bi n_I ower 3

t bi n_upper 14

[am mn 0. 490451E- 09

[ am max 0. 800000E- 09

I anbda 0. 549496E- 09

trans_fak 0. 909091

vol f _bgr 1. 000000

tenp 300. 000000

r ef 3653

bgr 3674

keep_pha 0

zer o_pof 0

fit_pha 1

wi hdow 4

wi ndowpo 8

ud_strat 0

w_fitpha 0

chisglim 300. 000000

raterrli 1. 000000

val ues
tau / ns S(Qt)/S(Q 0) error b-field check
0. 065725 0. 990575 0. 016541 0. 00562606
0. 131370 0. 966195 0. 016567 0. 00527910
0.262511 0. 949648 0. 017254 0. 00542467
0. 328272 0. 940033 0. 016387 0. 00689099
0. 656557 0. 852675 0. 014563 0. 00656013
1.312594 0. 782575 0. 013716 0. 00653010
2.626179 0. 720104 0. 013099 0. 00688153
3.282749 0. 604738 0.011829 0. 00653104
6. 565511 0. 497378 0. 012013 0. 01567458
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13. 131010 0. 329021 0. 015350 0.01773774
16. 413944 0. 289038 0. 020114 0. 00875611

#nxt

The data are plotted in figure 12.

For each point the reference and sample data from a symmietryave to be evaluated to yield
echo amplitude and the spin-up - spin-down counts. Thisdgated in figure 9. The b-files

result from a pixel-wise (typically 4x4 prebinned) evaloat of the detector data (see figure
10).
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Abb. 9: Echoshapes for a reference sample (red points) and a polgaraple (blue points).
The amplitude of the oscillation is normalized to the défere between spin-up and spin down
counting levels indicated by the green and blue horizontedd for reference and sample re-
spectively. The steep envelope is observed if a wide wavklbagt is used. It allows unique
determination of the true symmetry point. The data that & in this picture have to be
measured in order to finally extract ori€, t) point.
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Abb. 10: Pixelwise (2x2) representation of normalized echo scangexdpn the detector. For
moderate Fouriertime the effect of inhomogeniety is notvgey strong. Normally evaluation
is done with (4x4) binning, evaluation of the echo signal ypidally much noisier data than
shown here) and combination of the partial results to yieldhalfb (Q, ¢)/S(Q) value.
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Abb. 12: Final result of an experiment on a PDMS melt (h/d-mixturghtether with a curve
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