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* Neutrons are an expensive resource, so we don't
want to waste them.

* Deuterated chemicals can be expensive, so we don’t
want to waste them!

Protonated SDS (=99% SDS) $1.56/gram

Deuterated SDS $425.00/gram

 We want to make sure that we can get the best
possible data (and most useful) before we invest
time, money, travel, (tears?) into sample preparation.
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Scattering Length Density
(SLD)



“Bound coherent scattering length”
1 &/
p — V_ bc’i
i=1

m

Usually given in units of inverse squared Angstrom or
centimeter (A% or cm2).

So let’s calculate the SLD of SDS:

SDS (sodium dodecyl sulfate) O\\S//Oe e
HAC /\/\/\/\/\/\O/ ~O
NaC,,H,:SO
12M25° NIST
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http://www.ncnr.nist.gov/n-lengths

®e0o6 Neutron scattering lengths and cross sections

o> ) (D) (2] [0 (O] [ [I waw.ncnr.nist.gov/resovrces/n-leng

Neutron scattering lengths and cross sections

NIST Center/for Neutron Research B! e o
Home ICP Experiments UserProposal Instruments SiteMap

Neutron scattering lengths and cross sections

Ti % Cr Wn Fe .. N Cu Zn
Zr Mh Mo Tc Ru Rh Pd Ag oA
c.i
a Hf Ta W Re Os Ir Pt Au Hyg TI Ph ™ Po At Rn
Ce Pr Md Pm Sm Eu Gd Th Dy Ho Er Tm Yhb
Th Pa U hMp Pu Am Cm Bk Cf Es Fm Md Ma | and CT055 secﬁnns |

NOTE: The above are only thermal neutron cross sections. | do not have any energy dependent cross ¢ |ISD“]I]E|| conc ” Cohb | I |Cﬂ]] KS”I[[I: KS”S(‘,H“. KS” Abs xs |
dependent cross sections please go to the National Nuclear Data Center at Brookhaven National Lab.
7300 &  |[1.756880.26 |82.02 |[0.3326 |

Select the element, and you will get a list of scattering lengths and cross sections. All of this data was tz |H
|E 175838027 [82.03 |[0.3326 |
~————

Special Feature section of neutron scattering lengths and cross sections of the elements and their isotoj
News, Vol. 3, No. 3, 1992, pp. 29-37.

The scattering lengths and cross sections only go through element number 96 Cm (Curium) IZI.I—I ﬂ. ﬂ.l 5 O 4&4 |5 51_.}2 ”2(}5 ||J'I;I 154 ”GG.U.U.S 19-|
Along table with the complete list of elements and isotopes is also available. |3H ||(1232 a)||4?92 -1 m ”239 ||ﬂ'14 ||3 ﬂ'?ﬂ ”ﬂ' |

Display a menu
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http://www.ncnr.nist.gov/n-lengths

| Neutron scattering lengths and cross sections |
|Isntupe|| conc || Coh b || Inc b ||Cuh xs”lnc xs”Scatt xs” Abs xs |

H 2300 ---  ||1.7568/80.26 |82.02 |[j0.3326 |
99.985 (' |[-3.7406|[% 27417583 |[80.27 [82.03 [[0.3326 |
T

2H (0015 (o404 (5592 [2.05 |[7.64 [0.000519|
3H  [(1232a)4.792 |-104 (289 [0.14 [[3.03 |0 |

1 n
P = V_Z b“- 1 fm =1 fermi = 10°® Angstrom
Na C H S O

1
{3.63+12(6.65) +25(~3.74) +2.80 + 4(5.80)} fn

(47428 A%

Yo,

Volume of 1 SDS = 3.36 X 107 A2 NIST
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http://www.ncnr.nist.gov/resources/activation

NIST Center for Neutron Research

Home Instruments Science
7 Thickness

/' Units: cm

n Activation 2y
For rabbit system | Caleulate | The material thickness in cm is us¢
Thermal flux Cd ratio Thermal/fast ratio scattered incoherently. Leave it at
le8 0 0
Mass Time on beam Time off beam
1 10 ly
Absorption and Scattering -\
sity Thickness | Calculate |

1.01
Source neutrons
6 Ang

1
Source X-rays
Cu Ka

NaC12H25S04 at 1.01 g/cm?

Source neutrons: 6.000 A = 2.27 meV = 639 m/s
Source X-rays: 1.542 A = 8.042

1/e penetration depth ttering length deﬁy Scattering cross section X-ray SLD
{cm) (10-6/A2) (1/em) (10-6/A2)
abs 15.086 | '\ real 0337 J coh 0.002 real | 9326
abs+incoh | 0232 | Tmag | 0_” abs 0.066 imag | -0.055
abs+incoh+coh | 0.219 incoh 17.484 incoh 4.235

Neutron transmission is 1.35% for 1 cm of sample (after absorption and incoherent scattering).
Transmitted flux is 1.354e+6 n/cm?/s for a 1e8 n/cm?/s beam.

=3.37x 107 A~
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http://www.ncnr.nist.gov/resources/activation

@ at 1.10 gfc®

Source neutrons: 6.000 A = 2.27 meV = 659 m/s
Source X-rays: 1.542 A = 8042 keV

1/e penetration depth ring length den Scattering cross section X-ray SLD
(cm) (10-6/A2) (1/em) (10-6/A2)

abs 7377975 \@! 6.335 coh 0.508 real | 9.369
abs+incoh 7.367 imag abs 0.000 imag | -0.031
abs+incoh+coh | 1.549 incoh 3272 incoh 0.136

Neutron transmission is 87.31% for 1 cm of sample (after absorption and incoherent scattering).
Transmitted fiux is 8.731e+7 n/cm?/s for a 1e8 n/cm?/s beam.

NaCI12H25504 at 1.01 glem’

Source neutrons: 6.000 A = 2.27 meV = 659 m/s
Source X-rays: 1.542 A = 8.042 kel
1/e penetration deptl('Scattering length dm?ttering cross section X-ray SLD

(cm) (10-6/A2) (1/cm) (10-6/A2)

abs 15.08 real 0.337 coh 0.002 real | 9.326

abs+incoh 0232 %ﬁ!g— abs 0.066 imag | -0.055
abs+incoh+coh | 0219 incoh 17.484 incoh 4235

NMNeutron transmission is 1.35% for 1 cm of sample (after absorption and incoherent scattering).

Transmitted flux is 1.354e+6 n/cm?/s for a 1e8 n/cm?2/s beam. N lsr
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Estimating Scattering



For uniform ellipsoidal micelles in a solvent:

(@) = (P~ PV BXQ) + Bl

A

Scattered

Intensity Volume Eraction Incoherent Background

“noise” from Hydrogen (primarily)

Difference in SLDs
or the “Contrast”

What do we want for “good” data?

 Large contrast between micelle & solvent, lots of sample, and low

background.
National Institute of
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800 Curve Fit Setup

Data Set | No data loaded  + Load 1D Data ez el 20 Fumctions?
Use Epsilen? Use Residuals?
Function E||iD5t}id_5C v Plot 1D Function Use Constraints? Info Box?
Report?
Coefficients | coef EOQR_SC ¢ Append 1D ) Do 1D Fit
Save it?
Mo Fit Feedback
Help
rRio | | | | =]
parameters_EDF{ coef_EOR_SC | Hald_EOR_SC |Lolim_EOR_SC |HiLim_EQR_SC epsilun_EDR_SI:|
) |/ 1ume fraction 0.05 0 1.0001e-06
Ria) rotation ax 15 n n.ooz
RibY (A 24 0 0.04
SLD ellipsaid (A 3.37%e-07 1 Ze-10
SLD solvent (4™ 6.4e-06 1 T.3e-10
charge 20 0 0.aoz
mavalent saltir 1] 1] Te-10
Temperature {K 295 1] 0.0295
dielectric const 78 0 0.0075
) |incoh. bkg {cm™ 0.06 0 1.0001e-06

Good rule of thumb for incoherent background (1 mm sample cell):
e 0.06 cmtfor D,O as solvent

« 1.00 cmfor H,O as solvent NIST
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Scattering Intensity [cm ]

41 |==~ 5 vol% SDS in D,0
ol |-=- 5 vol% SDS in H,0

Which curve is going to give you
meaningful

results? Keep in mind, these curves do NOT
include smearing effects due to instrumental
a1 resolution which can wash out features.

o
|

| 2 3 4 56789 2 3 4 567889
0.001 0.01 0.1

- - -1
Scattering Variable, Q [A ] NIST
National Institute of
Standards and Technology

U.S. Department of Commerce



Instrument Configuration /
SANS Simulation
(SASCALC)



Gives you a good feeling for what your scattering
should look like.

Allows you to configure the instrument to obtain best
data.

Estimate count times! Will you have to count for too
long? Do you need fewer/more samples?

Otherwise, you will use a “standard configuration”
from your instrument scientist.
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Instrument

«) NG3 [ ) NG7 _
(.) LJ | ) Huber

Instrument Configuration

E} Chamber

i i | 1
& (172" :| g B

800 Trial_Configuration

Det Dist [cm]W‘i Source aperture Diometer = 3.81 cm
Source to Sanple = 1627 cm
= [0.125 = | DOffset {(cm) | O B Sample Aperture to Detector = 1885 cm
- Beom diometer = 4.63 cm
|_| Offsat Traces? . Beomztop diameter = 2.88 inches
| Freeze || Clear | [ 7| | Done | Hinimum Q-walue = 8.8833 174 (siol/] = 26.6 ¥)
- Maximum Horizental Q-wvalue = B.8335 144
Maximum Vertical Q-walue = 8.8335 1/4
.. *“"M Maximum Q-walue = 8.8474 174 (3igld] = 5.4 %)
—— Beam Intensity = 365428 countsss
-... Figure of Merit = 1.33e+87 A42/s
Attenugtor transmission = A.88537 = atten # 6
NG 3
Sample aperture Diometer = 1.27 cm
Wumber of Guides = 3]
Sample Chamber to Detector = 18A6.8 cm
Sample Pozition is Chamber
Detector Offset = B.8 cm
Meutron Wavelength = 6.08 &
Wavelength Spread, FWHM = B.125

SImUIated Somple Aperture to Somple Position = 5.88 cm
. Lenses are OUT
Scattering

Relative Intensity

NS
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# of Guides

Use Focusing
Lenses (13 m)?

800

SASCALC

Relative Intensity

Instrument

(») NGZ () NGT

1
g

v [0.125 =

[ offsat Traces?

y {E} Chamber '

| _ | Huber

|
(1727 #] 2

Dret Dist (em) [ 1000

| Freeze || Clear |

Offsat {cm) | O

| ? | | Done |

PRI T

RS

L .a-.reint -~

Detector
Distance (cm)

Detector
Offset (cm)
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Help

LE080O i D

= (= 4 Tue 14:46

Data Set| Simulation % | [iLoad.1D.Data;)| | UeeCueas? L) 20 Functions?
(] Use Epsilon? (] Use Residuals?
Function| Ellipsoid_5C = | | Plot 1D Function | [ use Constraints? [ Info Box?

_ [ Report? .
Cosfficients | coef_EOR_SC + | | Append 1D | ) saveit? | Do lDFit |
Mo Fit | Feedback |

| Help |

rio [ ]| ] [ [=
parameters,EDﬂ coef_EOR_SC | Hold_EOR_SC |LoLim_EOR_SC [HiLim_EOR_SC epsilnn,EDRjEl
volume fraction 0.0s 1 1.0001e-06
Ria) rotation ax 15 1 0.002
R{bY (A} 24 1 0.04
SLD ellipsoid (A 3.37e-07 1 Ze-10
SLD salvent (47 6.38e-06 1 7.3e-10
charge z0 a 0.002
movalent salt{l 0 0 1e-10
Temperature (K 298 ] 0.0298
dielectric const 78 0 0.007s
incoh. bkg {em™ 0.06 a] 1.0001e-06

® IgorPro File Edit Data Analysis Macros Windows Panel Misc Motofit SANS SANS Models
Instrument
() NG3 [ ) NGT & [0t — 25 Source Aperture Diometer = 3.61 cm
_ @ - -0 Source to Sample = 1627 cm
v J @ Chamber 9. J - }g Somple Aperture ko Detector = 1885 cm
L e N | | | | | -5 Beam diometer = 4.63 cm
[l 2 4 [ LAY | = e g = -0 Beanstop dicmeter = 2.88 inches
R - - F F Mininum Q-value = A.8033 14 (sigl/] = 26.6 &
[3.81cm ¢ — Maxinum Horizontal Q-value = B.B335 174
Dt Dist {em) | 1000 [ Moximum Yertical Q-value = B.08335 144
=% [ 13c = M= Macimum Q-value = B.8474 14 {3igl/0 = 5.4 &)
] € =l 0425 +| Bitzztizml] 0 Bean Intensity = 368428 countsis 1
— — Figure of Merit = 1.33e487 &2/
[ Lenses? (] Offset Traces?
=t Dl (freeze | | Clear | [ 2] [ Done | | Attenuator transwission = 8.80587 = tten # 6
M Simulztion? _Freeze one
Somple Aperture Diometer = 1.27 cm
100 PR Humber of Guides = a
W Somple Chanber to Detector = 18888 cm
. Sample Position is Chamber
10° ™| | Detector nffsat = a.8 cm
Meutron Wavelength = 6.08 A
| Wavelength Spread, FWHM = 8,125
10 Somp le Aperture to Somple Position =5.88 cm
Lenzes are OUT
£ 00
&
e
£
i AN
= E
& 10
107
.
0
. 800 1D SANS Simulator
o
3 4 568 S
Model Function | EllipsoidForm = | e

Sample Setup

Counting time(s)
Thicknass {em) | 0.1

Samplz Transmission | 0.8 g

00

Do 1D Simulation

Save Simulated Data |

Total detector counts [0 |
Estimated countrate (1/s) [@_______ ]
Fraction of beam scatterad [0 |
| [ E—
Multiple Coherent Scattering [0 |

Estimated

[ Yes Offset
o Abs scale?

] Noise?

Intensity (cm )
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Relative Intensity

10°

10°

10°

10"

10°

10°

Counting for 300 s at each detector distance:

]Dg

i

t Jr;f

if

® 300s@1 m5SDD
® 300s@4 mSDD
® 300s@ 13 m SDD w/ Lenses

0.001

0.01
Q(1/A)

0.1

NST
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Relative Intensity

10

10

10

10

10

107

Counting for 1800 s at 13 m detector distance

10 7

T f+#+§*

P

T Z

i

T s okt

+..“.¢0’.’ | | '.-_
MM .

® 300s@& 1 mSDD
® 300s@ 4 mSDD
® 1800s@ 13 mSDD w/ Lenses

0.001

L
0.01
Q(1/A)

0.1

NST
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Relative Intensity

Counting for 900 s

at 13 m detector distance (NO LENSES)

-y

hmmwml
T R S R N

w
i

[a%]
i

*
b4 +++++++ Shpg e
t

‘t+++w+}i"”m

#me

R
ot

o .
«* -
* ’ﬂ\ ® 300s@1 mSDD
".‘ ® 300s@4mSDD
*ﬁ‘ ® 900s@ 13 m SDD (NO LENSES)

a
0.01

T
4

N/
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Relative Intensity

Counting for 1 day at 1 m detector distance in H,O — No signal essentially.

Waste of neutrons/time/money.

i
* Iy - T N LS A N R LT T T T

So now we know!

« Detector distances, guides

« Time to count

o Sample thickness (1 mm) to use
« That our samples should work

« Approximately how many samples to prepare
« We can’t use H,0 as our solvent.

T T T T T T T T
4 5 G 7 8 9 2 3 4 5 [ 7 8 9

0.01 0.1
Q(1/A)

Great information to add to a beam time proposal!
Demonstrates the proposal is feasible.

NST
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Au Nanorods are dilute typically. Will | see anything?
Volume fraction determined from UV-Vis (0.0004%)

__ H ‘HW =t
T +~ _W% e sm
s _il Ww
??I‘&; [
INSS +

LI | I
0.01
Q(1/A)

We get scattering, but need to count longer. NIST
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Relative Intensity

By selectively increasing count times, we get MUCH better data.

e

2
o
Pl

® I00s@ 1m
: ® 1200s@ 4 m
4 : L . ® 24005 @ 13 mw/ Lenses

0.001 0.01
0 (1/A)

National Institute of
Standards and Technology
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A Real Example

SASCALC is a great estimate for what we should expect to measure.
Doing USANS? Use UCALC.

.+ ¥ 1.*.}1
S LI
s

74—

kA
+¢-

10
14
b ]
10F
"-'E 0-
— = 19.8 nm
= 10°; —
2 [ -
2 L
£ I
e
E 10 ¢
I I'\_,.,
10%F
0.001

T T T rrr T LN L R | T T T

o Sample hCTAB,

The real data!

828 nm

3.6 nm CTAB Bilayer
L Ll L1 | 1 1 1

— Core-Shell Cylinder Fit| -

0.01 04
Scattering Variable, q (A”)

+,

® I00s@ 1m
® 1200s@ 4 m
® 2400s@ 13 mw/ Lenses

0.01
{1/4)

NST
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http://www.ncnr.nist.gov/

* SANS Homepage

e Calculation tools

* Nuclear properties

* Manuals & Tutorials

* Reduction and Analysis
* Video tutorials

e Instrument information

* Available Equipment

e User Laboratories

» Access information!

* Proposal information

* Monetary Assistance

e Summer School notices

e The SANS Toolbox

/programs/sans
/resources/index.html
/resources/n-lengths
/programs/sans/data/index.html
/programs/sans/data/red_anal.html
/programs/sans/data/movies/reduction_analysis_movies.html
/programs/sans/sans_inst.html
/programs/sans/equipment/index.html
/userlab
/access.html
/beamtime.html
/outreach.html (Support for first time users!)
/summerschool

/stafffhammouda/the_SANS_toolbox.pdf
(Almost everything you could need!)

NST
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