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% Basics of small-angle X-ray/neutron |
scattering (SAXS/SANS)

* Small/Wide angle X-ray scattering
(SAXS/WAXS) instrumentation

% Protein solution SAXS
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Basics of small-angle:scattering. (SAS)




Structure Controls & Civilization
% Progressive understanding and Controls of Structures
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The civilization and revolution
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* fiEsx(stone) — $&s (iron)— BE(plastic) — WaF
(semiconductor)EBFITHE

% ZoERS (40 FFHY% ) (nanotech. & molecular biology)

Button up structure

Better understanding and controls are motivated by desiring a better life.
| But how to proceed?




Methodology in Structural’'Understanding

Crystallography Microstructure Structure

(1) Imaging: light and X-rays (Real
space tools)

Atomic Structures

TEM, SEM, confocal microscopy, XEM >
Field-lon microscopy

(2) Scatteringi: light, X-rays, neutrons - l
and particles In reciprocal k-space .4 104 ok e
or Q-space; exp(ikr-iat)

INeutron Diffraction | [ Optical Microscopy

Diffraction for crystal structure (atomic resolution [Neutron Small Angle Scattering |
crystallography, powder diffraction)

Reflection for depth density profile, surface &

Neutron Reflection |

interface structure of lipid membranes or EETE VARG TECHET
m0n0|ayerS [X-ray Small Angle Scattering |
Small-angle scattering, coherent scattering fcl)r non- X-ray Reflection |
crystalline structures Tike proteins in solutions
: . 0 Elect
Inelastic scattering for structural dynamics, phonons _
ina Tiquid crystalline phase

| Transmission Electron Microscopy |

! [Field-1on Microscopyl ‘3canning Transmission Electron Microscopy ‘




Interactions of Probing particles and Matter

(four types) towards Structural Understanding detector

Two key factors in selecting probes

Sensitivity (characteristic length
of the probe)

Penetration power

Micelles

b
T

Surface

Reveal
structures
from
Interactions
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X-ray scatterlng probes structures from atomic = molecular

(micrometer) structures

Scattered X-rays/neutrons
Sample B 4
— - T i

> f_ j_a-f@;;f; 8 ,E‘? Understanding scattering
. ‘ O R ' Intensity distribution
Incident X-rays/neutrons Q=k; -k, Fie 1(q)

With elastic X-ray/neutron scattering (no energy 10oss)

N —
Fapl s

k[-k== q =2k = 4zsinélA

i
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SAXS/SNAS probes structure in the direction of g, scattering wave vector
20 . scattering angle

Typical Q (angle) range in SAXS 0.005 — 0.5 A-! (0.008°-8°)



Scattering Intensity distribution profile I(Q).:s

One-dimensional scattering cross section as a function of Q

dG(Q) <‘Ie|k rV(r)e K" rd r‘ >:< > Y—‘Hl,/}"‘;zef

V(r)= Zj bj§(r — rj) = Scattering Potential (or density distribution of scatterers)

i iQ o (I’- o _I) Bragg diffraction conditions for 2dsin® = n A
1 (Q)ars =5~ = zzbi b.e Qd=2nr Q = 4sindlA

| j atomic resolution

o1 Ny (r)a 3

bj . Interaction strength or scattering amplitude (length) of the scatterer (cross-section )
(electrons for X-ray , nucleus for neutrons), for the probe particles

Small-angle Scattering: at small angles, Q(r-r;) <<1, summation of each individual atoms
b, is replaced by an integration for a low-resolution density distribution function p(r)

, 1(Q) ~[f p(r)e "rdr
Experlmentally, molecular resolution

(1) Measured scattering intensity distribution, 1(Q) = 1(Q),..
(2) From 1(Q),.. , deduce electron/nuclide density distribution p (r)
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General relation between the'scattering angle (#or g) and the

characteristic length-scale D probed . g (or scattering-angle) ~ 1/L

Double crystal spectrometer High resolution diffractometer
- Cr?ep o If(at'gue ® internal strains in materials
il e crystal structure determination

® polymer demixing

Four circle texture diffractometer

e texture in alloys, geological and
mineralogical samples

Neutron small angle camera

* defects in materials
® phase transformations
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- ® spin dependent SANS in
= __polymers and biological

= . ,

Q Diffuse glastic neutron spectrometer
= D: 27‘1,7’Q ® short range and long range ordering in alloys
= i " ® structure factors in liquids
= o S, i .
o Q= ==sin 5 Ho - detection instrument
(U ® " " %
8 A = wave length det%ctionlgf H, in materials

@ = scattering angle ‘/\_ L~ i
| ] | ] ] |
107 1073 e 107" 1 10 100

Scattering vector Q (nm™)



For one-component isotropic colloidal system with scattering basic units (form),
the SAXS intensity distribution function can be written as

i iQe(r;—r ) > Q) ~|(Jp(nNe7d n)?
I(Q)abs:d—Q: ;z_bibje =
i | 1(Q) =1,P(Q)S(Q)

lo : Zero angle scattering intensity (cross section/contrast) | =CNVy(p,.., - ... )’

P(Q) : Normalized particle structure factor, determined by
size and shape of scattering particles P(Q) = ‘ [ p(r)e rd 3r‘2

S(Q) : inter-particle structure factor; determined by particle
distribution (i.e. pair-correlation function).

C: concentration of scattering particles &®
N: aggregation number (=1 for no aggregation) 4

V,,: dry volume V for the scattering particles
Pcart- SCattering length density of the scatter :
(scatter density and scattering length summed from all atoms) Wi
Pmatrix- Scattering length density of the matrix




SAXS can differentiate size and shape in a nanometer scale

P(Q) _ U,O(I’)e_iQ'rd 3r‘2
> Sphere SE=E
P(Q) = (3j.(QR)/QRY

j,(X) = (sin x — xcos x) / x°

> Ellipsoid
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0.1

0.01

0.001

0.0001

s T J,(v): first order Bessel function
v=0QR(1-ud)¥2; w=1/2QTu

[m}

<&

—e— Sphere (R=20 A)
I |Spt|-]er|e (lR:|4O| A)

Ellipsoid (a=40 A, b=20 A
Rod (L=80 A, R=20 A)
Disk (T=40 A, R=40 A)
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Radius of gyration R, for particles of irregular shapes - Guinier.
approximation (Qr <<1; expansion of exponential term )

PQ) = p(r)e " d™|

Particles of irregular shapes (then ignore shape for size only; p = constant
1(Q) = |, exp(—Q*R’ /3) QX2 +Qy°Y? +Q:°Z% =1/30Q°R?

In(Q) = -(1/3)R,2Q?

(Guinier approximation is valid when QR <<1) TG Sonomer aggregate
s i i 1 . % Ay [
R,: Radius of gyration 2 i

R, =] p(r)r2dV /| pdv

For spheres of uniform density p

In(1(Q))

R2= 47p (R (r? Jr?dr /(pV) = (3/5)R?

- 6\\
Rg and Scatte“ng Shape ” 0.000 0.005 0.010 0.015

Q* (A



Scattering
features
VS.

Shape

PQ) =[f p(r)e " d™|

Radius of gyration R, for all
shapes of particles,
especially spheres

a

Kratky-Porod approximation for the radius or
thickness of rod-like or disk-like particles

r W )

Sea

OR <1-
Guinier Approximation
_O?%R?

1(Q) oc exp( Q3 2

' 5

g
For spheres of radius R

2L O T R

I(Q)océexp(—Q ZRC),
R
Reaus
c \/5

For cylinders of radius R

/R < Q < 2x/T -

1
I )oc—2 — thz),
(© o exp(—Q

4
R =——

V12

For disks of thickness t

% S10pe=-§,Rg2

In(1(Q))

slope = - 1 R
2

In(QI(Q))

2

C

Q2

slope = - R:

Q2




For one-component isotropic colloidal system, the SAXS intensity
distribution function can be written as

.(Q>abs_gg_<;z_bibjeb.«i ¥ ,->> — 1(Q)=1,P(Q)S(Q)

=CN (f _IOWVp)2

lo : Zero angle scattering intensity |

P(Q) : Normalized particle structure factor, determined by
size and shape of the scattering particles

S(Q) : inter-particle structure factor; determined by particle
pair-correlation function (particle distribution).



- Ordered arrangement of scaﬁ'er'mg par'hcles in
space '- Structure-factor S(Q) |

Colloidal solution contalnlng monodlsperse partlcles (Q) = P(Q)S(Q)

n,= N/Vs : Number density of particles

P(Q) : [,p(nd3r, Particle form factor (intra-particle interference)
S(Q) : Structure factor (interference between scattering particles)
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| =1+n, jo 4712 (g(r) —2)(sin(Qr)/Qr)dr
|

I g(r) = (1/<p(r)>*)p(r')p(r'-r)d’r = pair correlation function

I [s(0)]" = (L/kpT)(0LdIONn,) = 1 + 2 Byny, ; (related to compressibility)

|

|

B, = the second Virial coefficient 15



Structure factor S(Q) for hard spheres

S(Q)=1+n["4zr*(g(r)—1)(sin(Qr)/Qr)dr

g(r) = Pair correlation function for the nanograins (excluded volume effect)
Hal‘d Sph,\.,.,\ . O\ 1 IT1 - S IMN\

~ Size growth with

C(Q)=4 a constant shape -+
5 10° 4 Q.=0.0272 A o~ . 3
Po.&” [2& i —— 1w15°c Ordering of :
[(4g-24 oo ==
1 Ax * A (R=20A) F

o:.thee 101 &%k = 0.10, o =40AF
ik % ¢ = 0.05, c=40AF

¢ = (o, = 0.01, c=40AE
= (1+: 3
o, = (1 Lo )PSO
BO S _6¢ 10 2 NG (DIA 8 | 'i'\u "“I ?) :P(Q)SZ(Q) ;_
b ' 7 Frbr o = =P(Q)S,(Q) E
Y = da/ | b=28~33nm [T VTN
¢ :the ef g
0.00 0.05 0.10 0.15 0.20 3

* n : Volume¢ Q (A'l) i e e
Of PF(J ||a||UU| alllo vV.vv V.Vuv V.1V \V P RV V.V 0-25 0-30



S(Q) for more ordered structure

ordered structures

7 P(Q):-domai-n size, éhape | | | |
(sphere, rod, cylinder, etc..)

%  S(Q):ordering of domains

%  Q-ratio of the scattering peaks

: (1) Periodic structure :
1:2:3:4...;

(2) Body-centered cubic array : e
1:N2:V3:V4: N5 .. 5w

(3) Hexagonal array

1:V3 1 V4 N7 V9 1 V12

Self-assembly of block copolymers for meso-scale (10-100 nm)

PS-b-PEO copolymer =

30°C E
60°C f
80°Cc |
100°C E

WP Q) [




Extract form factors of NPs & copolymer block from a
copolymer/NP composite

Copolymer PS-b-P4VP/Nanoparticles complex— ordered
meso- scale phase separatlon

¢ P(Q) domam size, shape 1000 T l: -
12 nm P4YP Slabs + 3.5 nm CdS ; i
dispersed nanoparticles 100 4 LR © l
%  S(Q): ordering of domains PLQ)for CdS
HICRTIEE R Q EELMT » 1:2:3 o © S ]
= Lo qu E - fitted S 3
BB A S IS R . red s
7”7’ Casp4ve 3\ CdS/PAVP - 1 ﬁ ;
CdS nanoparticles 3 =
[ 10 A 5 ;
» [ Ordeesr'ﬁ?n Sfenéain sizp gy 01 3 Complementary between 3
from scattering peak width 1 TEM (r_eal space) & i

i EME Sherrer eq. with SAXS cture 001 Scatering (g-space)

without Cd§ g 0.01 0.05 0.10

¢ AQ : Full width half maximum Q (A



What can be learned from protein solution SAXS:

Fold structure and-charge interactions of Iysozyme"

DLVO potential o

MSA Structure ) a /\r

0
factor J

Lysozyme interacts through a

screened charge potential V(1)

of long range interaction in
solutions.

V(r) = g(n) = 3(Q)

Ellipsoidal
form factor

x>1 ]/e_k _ l 4(Ze)2
x<1 kT g0(2 +k)?

©
'_\

Structural parameters
ex‘rr'ac‘red rom data fitting

1(Q) (cm™)

o 3 Elllpsmd shape (a=31 A b= 14A)
. RN < R =116.6 A

S(Q) is consistent with 6 net
positive charges on surface




Fractal aggregation of hydrophilic fullerene-
derivatives C.,(OH),q In aqueous solution

u Pair correlation function

N7 D—d 10 + — —
d\l(r) oc I EXp(—I' /5) RE=-25D=25)]
*  S(Q) for fractal structure ‘.
1 DI'(D -1 : _
Q) - (DY asinl(D-DanQa)]

QD (1+ (Qf)_z )(D—l)/2
P(Q)~1 = 1(Q) =P(Q)S(Q)~S(Q)

o cowtow) [ 10 | RA) | RA) [ @) N | N’

0.625 0.21 22.4+3.0 28.3 13.4 | 48 40

1.25 0.39 25.6 317 15.0 55 54

2.5 1.04 26.9 37.2 17.6 74 80 LN~ — 1 S ‘
UL ' 0.1 02 03

4.0 3.21 34.3 44.2 209 | 113 | 125 .

5.18 - 37.4 17.7 - - Q(A%)

20



Dummy residues simulation package for protem

|
|
|
| ' unfolding structure
g
|

SAXS data for Iysozyme  Protein palr correlation function

l wwwwwwwwwwwwwwwwwww
21 mg Lysozyme/8M urea, in buffer solution of pH =2.9, 0.1 M NaCl | ge-4

°c - - Ellip.a=25.9, b= 14.5A [ (ﬂ) . 30 D(.~
v °c - -— Ellip.a=38.3,b=17.0A [
L Ge-4
ot e o Gnom package e
0.1 4 F | —_
E ey o i ‘E: de-4
5 R ~ [ ;
001 “o%b;iw;j{t%} I 2e-4 4
! N TR S &w F
; RO C
°c o;a\ai%:x;’:" T L T L T T T L
- A ~a ] 1] 10 20 an a0
p. 32.0,b=14.5 °
rid)
0001 ¥+—+—7"—"—F"7FT—"—F—"—F 77—
0.00 0.05 0.10 0.15 0.20
QY Fit p(r) using Gsbor package

Ca Bound water based on dummy residues

CRYSOL +
modified PDB 21

1Q) (cm™)



 GNOM Program

Transform data to distance distribution function p(r) with GNOM program and do
data fit.

Distance distribution functions of
PmrA, D, = 105 A typical geometrical bodies.

[‘l_"]gnomqw - —— e —— e =]
|

File Edit View Window Help p{r}. relative
|= | Graphics Window =N BN

Input file(s> : Pmraf.dat o< JOB = B
Real space: Rg = 32.74 +— B.8%5 [<B> = B.18V5E-81 +- B.5813E-04

P(R>=E—4

L . L L
8-88g 5 20.98 48.8 4.8 86.8 106.8

R

ALPHA: B.73%E+B1 Smin = ©.8212 Smax = 0.3318 TOTAL: B©.728
13-Aug—2013 11:86:87 Press CR to continue

Dmitri | Svergun and Michel H J Koch, EMBL Rep. Prog. Phys. 66 (2003) 1735



Available on-site DATA simulation kit
with ATSAS developed by the EMBL group

BL23A

On-site
DATA

| Simulation |

ATSAS 2.5.1 (analysis software)

i
JA= grom
M evsol  With PDB file |
ﬁ gasbor (real space)
ﬁ dammin
i B

VMD (molecular graphics software)

E VvMD 191

23



3. Data analysis and Model simulation

® Crysol fitting

Compare (fit) solution structure with PDB crystal structure.

Graphl (o [®=®]
51|
i PmrA
001 Crysol fit
— |
i 1E-3 3
=] ]
[ ]
=y 7
z ]
— 1E-4
1E-5
0.01

« Open the log file to read the
experimental and theoretical Rg values
and 7.08

| PmrA-complex_refine_10601.log - 335 % == &1
BEE) HREB(E HBI(0) BENY JRBEH)

—————— Experimental Curve and fitting -----—-—----—- -
Data file name ... ... . .. . e : Pmrd.dat

Title: Merge of: Pnra-0.2mg 0 Pnra-lmg_0-5

Maximum angle in the data file ... ... ... ... ... ........ : (0.3318

Number of experimental points ... 2 170

Angular units multiplied by ... .. . ... . ... .. . .. .. .. ..., © 1,000

No regriding. Number of exp points kept

Electron denszity of the solvent, e/8%*¥3 (... ... ... ...... © (0.3340

——————— Search limits -----c-mommonom --- TFitting parameters -------

DroMin/Max  Ra(Mn/Mx) ExVol(Min/max) Semax| Dro Ra Vol Chi Hvdra
0.000 0.075  1.40 1.80 53214, 61843, 0.23210.075 1.400 61843, 2.660 0.387

———————— Radii of gyration [angstromg] ----------

Guinier fits using the first 45 data pts
Experimental curve 3177 +- 0012
Theoretical  CUTIVE Lttt et ettt e ; 31.05

Fadius o Gyration from atomic structure

Reg ( Atoms - Excluded wolume + Shell ) ................. © 30,38
Rg from the zlope of net intensity ..................... c31.14
fverage electron density ... ... ... c0.4321
4 111 3

24




® Dammin Program

An ensemble of dummy atom model simulation with P(r) output by GNOM.

Bl 1D 1.9.1 OpenGL Display

Displayed by VMD

S~

Dammin
3. M“"W
. .._°_"°\-.,n -
4.8 - \\‘in"wu",nu”"
o Y g
Final SQRT(Chi) against raw data: 1.069

GASBOR Output Files:
1. log file: contain the same information as the screen output.
2. firfile: fit to the raw experimental data

3. pdb file: resulting model in PDB-like format that can be viewed with MASSHA (in ATSAS package) or VMD (molecular

visualization program)

25



GASBOR Output Files:
1.
2.
3.

® Gasbor Program
An ensemble of dummy residues model simulation with P(r) output by GNOM.

S—

E-@5 Rf:08.04036 Los: 9.34 Bnd: 0.861 Dis:0.8000 Per: 6.534

P(rr=E—4

1 L 1 L ees
8.805 g 20.0 a0.0 60.8 80.0 100.0
»

Final Chi? against raw data .......... : 14508
Final Chi2 against corrected data . : 1.874

log file: contain the same information as the screen output.
fir file: fit to the raw experimental data

pdb file: resulting model in PDB-like format that can be viewed with MASSHA (in ATSAS package) or VMD (molecular
visualization program)




Fitting SAXS data with SASref for relative orientation of
two-domain proteins of respective PDB files

(CY Chen et al., NSRRC)

CBP21-(EAAAK)5-NCTU2 (pH9)
o IEXP
Sasref (x=2.69)




ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

,I culate theoretical Ts, MW, and ﬁ with protein 54XS5 I estimfaion_ ds.
b {

X | 2. Check aggregation by AutoRg program.

3. Check inter-particle interaction
with concentration dependence In/c

4. Profile merging

merge the low and high concentration curves.

5. Crysol Program

e

Ty Tr R N | - -  —— L MO o 2
ATHTDIME: | ST TR STFLSTWME W ITh FLhD Ciry'sTd

Data analysis
and simulation

6. TransTorm data to P(r) with
GNOM program and data fitting.

7. Dammin / Gasbor Program
An ensemble of dummy atomsresidues madel
simulation with P(r) output by GMOM.
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EMBL Hamburg BioSAXS team effort in ATSAS software package.
The data analysis software can be downloaded from
http://www.embl-hamburg.de/biosaxs/atsas-online/download.php

user forum for software problems
http://www.saxier.org/forum/viewforum.php?f=5

30


http://www.embl-hamburg.de/biosaxs/atsas-online/download.php
http://www.embl-hamburg.de/biosaxs/atsas-online/download.php
http://www.embl-hamburg.de/biosaxs/atsas-online/download.php
http://www.embl-hamburg.de/biosaxs/atsas-online/download.php
http://www.embl-hamburg.de/biosaxs/atsas-online/download.php
http://www.saxier.org/forum/viewforum.php?f=5

scattering (SWAXS) instrument
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X-ray source for scattering
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Traditional X-ray Source

Electron knocked from K-shell Dizplacing election
= -

Hmrier

g

X-Ray Tube e b

- P Nncelns H- shell ra RETEL

K.L. M am synomymons with the n = 1, 2, 3 quantur designation (see
chapter 4 of K&H)

eopper vacuum glass M --~->K Produce Ep radiation
3 x-Tays \ tungsten filament /

M . :

P A —

" )} LT
_}?‘| to transformer

\L Y W & i

Jr :"f" electrons

cooling water

_!_,

target

A = O ra F

- bl i .
beryllium window - X-TAYS metzl focusing cup

L [ 3] L [}

)
\I';vu.ngnh fal

e s

* Single characteristic wavelength
* Flux~ 10% photons/s

33




Synchrotron-Radiation X-ray. Source

Principle of Synchrotron Radiation Emission

[ W20 (18T /26 pole)
SMPW-2 (3T / 15 pole)

Storage

Beam

L SWLS
Synchrotron BT /1 pole)

Radiation

———

[ Bending ",

Q 5 10 15 20 25 30
Energy (keV)

Advantages of using Synchrotron Radiation X-ray
* High Flux 3x10!! photon/s (time-resolved measurement)

- Tunable wavelength (anomalous scattering for multiphase structure)
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2014
Commissioning of Taiwan Photon Source




Brilliance (Phot/s/0.1%bw/mm?/mr*)

fe b 4ei BRIRRABE R R W R
(TLS, SLS, Diamond, SPring-8, TPS)

| | lllllll | | lllllll | | lllllll | | lllllll
TPS LSU15— =7
TPS_IVXU28 :
| \ .
TPS_EPU46\/—/\{_§_\\?-\

/

1022
1021

1020

TPS U100

1019
\

TLS_EPUS6

TPS SW60

107 N 5
TLS U9 : i
:>1,000,000 folds enhanggd brilliance
1016 E
———3GeV, 400 mA : /TLS—SW6O
. ——1.5GeV, 400 mA /\
10
[ | [ | IIIIIII [ | [ | 1. 1. 1111 [ | [ | IIIIIII [ | [ | IIIIIII
10" 10° 10° 10* 10°

Photon Energy (eV) 37
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The newly installed BL23A SAXS beamline

»Low beam divergence

»Wide energy range

»High flux and high energy resolution
»deflectable beam

Superconducting 3.1 T

B

(1:1 focusing)

DMM/DCM

Pinhole-2 ¢\
i \

Be-Window

Sl

WAXS
detector
206~216m

"4

|

SAXS
detector
21~27 m




|
- BL23A SWAXS beamline: | | |
i Energy Resolution/Pheton Flux regulated by the DCM/DMM

Si(111)
Crystals

Multilayer
Optics -

. W

Ci-a
£ Y

_ IR e

The inner structure of DC/DMM monochrator.



Flux Density (photons/s/300 mA)

Performance of DCM/DMM

Beam shift at the sample
position due to the

10 gt exchange of DCM/DMM . x—
19 Ba=neE o l=1"40 Bt s - oy o Vertical
10 § ; 6; §§§§ L 30 \ ,g A = Horizontal
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The SWAXS (synchronized SAXS & WAXS) instrument at

BL23A1 Endstation of the NSRRC
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Master 2-D detector (SAXS) slaves the linear detector (WAXS)
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Highly automatized BL23A SWAXS instrumental the NSRRC
| \_)\J|f H‘Jij "’«.J '"-'“'J-.m

| R e _ | . b = |
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\ |_ i Automatic Bellow system '
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'| inuous changes in S-D distance under vacuum
~ Interchangeable - = . . == = i

CCD/gas ¥
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Two linear detectors

for WAXS

« BN ¥

*

Y L|u D. 6. et al. J..Synchrotron Rad., 2009, 16, 97.
Jeng/ it al. J. Appl. Cryst. 2010, 43,110
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Tokai Japan . Mythen 3K ° ¥ :dy |
23A SWAXS A WAXS ) e 5N
Detecting System - - !\"Z/ N

MarCCD (SAXS)

Pilatus 1M-F (SAXS)

SAXS Dets (1100 - 5000 mm) Flat Panel (90 - 200 mm)

NSRRC BL23A Small/Wide-Angle X-ray Scattering

1D Dets (400 - 1000mm) Sample Stage (0 mm)
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Activated by SAXS detecting sys.

Shutter Controllor

B VO SN

v ("]

Det. System witching board

. . e
IIIII g «l

!

Trigger Function

i I
Signal Convertor e

Generator

SPEC - N e

Trigger Function

—)_ Biologic Stop Flow
To Sample System:

Stopped ftow, T-jump
temp control, stress devic

) UV-Vis
Spectrometer

To WAXS Det. sys.

To|analytical instru.
: DSC; UV-vis abs.
Ato B Negativa [ 7GQIN recording,
viscosity recording;
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Pilatus 1M-F

-
1

Mythen 1k *3

-

‘\f .

Pixel size 172 um 50 um
Format 981 x 1043 1280 x 3 (Linear)
Frame Rate 133 Hz 472 Hz

SAXS 1D WAXS

National Synchrotron Radiation Research Center

Flat Panel

50 um
1032 x 1032
3.3 Hz

2D WAXS
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NSRRC BL23A SWAXS Endstation

Pinhole/slits system Collimation stage with 2 pin-hole slit sets

4l

Detector systems
P ' SAXS area
q eall detector Vs T e -
RPN 2 liner WAXS det. [HE ™t .
MRS 03-1m



Sample environments.for correlations between, .
-- structure and property | |

L

Lmkam TST350 ’rensnle s’rress ’res’rer |-
SAXS/WAXS/DSC it ’ l

In situ LN2 gas cooling process from
- 320-243 °C .

Cooling rate 200 °C/min
Or water cooling >100 °C/s




The simultaneous SAXS/WAXS measurements of the melt-crystallization process from
200°C to 86°C of isotactic polypropylene (500 ms resolution).

(Applicable to protein crystallization processing?? morphology change before
crystallization)
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W.R. Wu, et.al. ACS Nano 5, 6233, 2011
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Unique Opportunity with the new SWAXS instrument

— GISAXS for nanostructures on Iiﬁuid surfaces

13.25m
For liquid surfaces "= GISAXS/GIWAXS for liquid surfaces
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LangmUIr' Tr'ough Polymer electrolyte brush By N. Torikai

Various types of monolayer on water or interfacial self-assembly  ,




At 25.0C; "Lamellar=to-H2D

Molar ratio: H20 : HCl': CTABr

g, (AY)

hexagonal
array
D)

surlactan micelle micellar rod

)

"tay

silicate

calcination
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SAXS working with complementary tools for'
Protein folding-unfolding

Four-mixing stopped-flow device for in situ
reactions / SAXS
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In-situ SAXS for protein titrated
with denatiurant solutions




Progress at 23A endstation
Stacking/fusing kinetics of positively-negatively charged lipid membranes

revealed by 10-ms-resolved SAXS with stopped-flow system
L +++  Lipid bicelljs

; : Condition
Click for Movie 15% Charge 10mM

. : . DC-Chol/DPPG mix 3:7
n situ membrane fusion S

10 ms/frame

0~1 photon/pixel/10 ms



M. Nakano et al.
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Green beam Noodle Wheat Noodle Spaghetti, Italy-Noodle
- pure starch (%) (AHLR) (ELIPREFRAA4H)

texture

/

looking for gourmet
food texture

by U-Ser Jeci
Rice-Noodle — pure starch (>£#5) lce Cream (fA1-/KJEH#K) after melt and re-frozen
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Carbohydrate Polymers: starch
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Prof. Ying-Huang
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» SAXS group members: Chun-Jen Su, Dr. (BkE£{_; 23A beamline manager); Yi-Qi Yeh (Z&

Z83H); Liao, Kuei-Fen (BEFEZY); Wen-Bin Su (& 30®); Wei-Ru Wu (RIERE);

> Collaborators: Drs. Wei-Tsung Chung ({&%%) > Yu-Sang Huang (%), Ming-Tao Lee
(Z=BH3E), Chun-Yu Chen (BEEE{R); Prof. Ying-Huang Lai (J83¥%)&); Dr. Chiu Hun Su (&kFk3H),
Prof. A. C. Su (&ZZ{#$); I-Chi Huang (EE2);
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