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2016 PLS ïII Operation Schedule and Status



Beamline Map and Status

30 operation BLs, 10 ID BLs, 3 ID + 1 Bending SAXS BLs (Material Chemistry)  



4C SAXS BL : Small-angle X-ray Scattering

Small-angleX-ray Scattering(SAXS) is a small-anglescattering(SAS) techniquewherethe

elastic scattering of X-rays (wavelength 0.1 ~ 0.2 nm) by a sample which has

inhomogeneitiesin the nm-range,is recordedat very low angle(typically 0.1 ~ 10ô). This

angular range contains information about the shape and size of macromolecules,

characteristicdistancesof partially orderedmaterials,pore sizes,and other data. SAXS is

capableof delivering structuralinformation of macromoleculesbetween3 and 25 nm, of

repeatdistancesin partially orderedsystemsof up to 150nm. U-SAXS (ultra-smallangleX-

rayscattering)canresolvesevenlargerdimensions.

4C SAXS beamline is dedicated to conventional transmission small-angle X-ray

scattering and diffraction studies for interpreting the structure, structural changes,

and relationship betweenstructure and function of molecular/nanostructured polymer,

self-assembledorganic/inorganic nanostructure, composite nanomaterials, biological

macromolecules(protein, DNA, and RNA) and their complexesin nearly physiological

environments.



SAXS is the universal method for nanostructure analysis
Å Sensitive ïlow concentration (down to 0.1 %)

Å Noninvasive ïno preparation, staining or drying

Å In-situ, real-time capabilities

Å Extremely versatile (solids, liquids, gas phase)

The methodis accurate,non-destructiveand usually requiresonly a minimum of

samplepreparation. Applicationsare very broadand include colloids of all types,

metals,cement,oil, polymers,plastics,proteins,foodsandpharmaceuticalscanbe

foundin researchaswell asin qualitycontrol.

Applications

SAXS is usedfor thedeterminationof nanoscalestructureof particlesystems

ÅSyntheticPolymerNanostructureStudies: Drug Delivery System,ElectronicDevice

ÅBiological NanostructureStudies: Disease,Drug,MolecularDevice

ÅEnergyMaterial: OrganicSolarCell, Battery

ÅFlexibleDisplay: OrganicThin-film Transistor

ÅUltra Low-k DielectricMaterial

ÅNano-templateFabrication

ÅMicro-arrayFabrication
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X-ray Scattering: SAXS vs. WAXS?

WAXS patterns contain data concerning 

correlations on an intra-molecular, inter-

atomic level

SAXS patterns contain data concerning 

correlations on an inter-molecular level: 

necessary samples where there is 

macromolecular or aggregate order

As synthesis design/control improves, 

SAXS becomes more relevant than ever 

before



Incident beam height = 1400 mm

4C SAXS II BeamlineLayout
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A Brief Introduction about 4C SAXS II Beamline

Beamline Specifications

Beamline 4C SAXS-II

Status Operational

Source
In-vacuum Undulator20 

(1.4 m short, 20 mm period)

Monochromator DCM Si (111)

Wavelength
0.06-0.12 nm, 

currently 0.07 nm

Mirror
Vertical focusingtoroidal,

rhodium coated

Beam flux 1ě1012 ph/sec

Beamsize 100(V)ě300(H) µm2

Resolution 200 nm ~ 0.3 nm

Slits
Individually motorized blades of 

tungsten (W)

Sample-to-detector

distance
5.0/4.0/3.0/2.0/1.0/0.5/0.2m

Detector Rayonix2D SX 165

Experimental methods
Bulk, solution, liquid crystal, film, 

powder, sol-gel T-SAXS, T-WAXD

User groups
50 user groups (Polymer,bio-, 

organic, inorganic groups)

Research results 40 ~ 50 papers/year

Data analysis software
ATSAS package, SCATTER, etc. 

(free download)

Staff  science

SAXS studiesfor self-assembled 

nanostructures and 

biomacromoleculesin solution

Á Developmentand construction of EPICS-basedsoftware

package for electronic optical component and

experimental equipment control (Self-development)

Á Development and construction of user friendly

integrated software packagefor data measurementand

data treatment (Self-development)

Á Design and fabrication of a variety of sample cell &

stage systemsfor bulk/powder/film/solution SAXS and

WAXD experiments(Self-development)

Á Construction of experimental equipments for sample

storage, preparation, treatment, and basic material

property analysis

Á Activation of user groups and of joint researches

Á Further development of methods and approaches for

high-throughput application measurements, which is

availableat 4C beamline

Á Further improvement of the performance of 4C

beamline, including automation of SAXS experiments

and data analysis,and time-resolvedSAXS setups

Á Embarkation on a collaborative research project to

study the structure of a wide range of self-assembled

nanostructuresand biological macromolecules

Á Construction of computer systemfor molecular dynamic

(MD) simulation that could be combined well with time-

resolvedSAXS studyïPre-dynamic SAXS studiesaimed

at the 4th generationXFEL experiment

Future Projects and Goals

Previous and Current Status



4C Small angle X-ray scattering (SAXS) Beamlineat PAL

Sample Environments:

Ά Multi (100 holes) Sample Stage for Powder, Bulk, Film (25 ºC)

Ά Multi (10 lines) Sample Stage for Scan of Film (25 ºC)

Ά Multi (6 holes) Heating Sample Stage equipped with Eurotherm Controller for Powder, 

Bulk, Film (25 ~ 400 ºC)

Ά Multi (5 holes) Cooling/Heating Sample Stage equipped with Julabo Circulation for Solution 

(-15 ~ 200 ºC)

Ά Multi (5 holes) Heating Sample Stage equipped with Eurotherm Controller for Solution 

(25 ~ 400 ºC)

Ά Single Cooling/Heating Sample Stage for Sol-gel (-15 ~ 400 ºC)

Equipments:

1)Malvern Zetasizer Nano Series DLS, 2)Refrigerated/multipurpose/high speed Centrifuge,

3)Ultarsonic Cleaner, 4)Water Purification System, 5)Cold Storage (4ºC), 6)Ultra -Low

Temperature Freezer (-40ºC), 7)Bench Mixer, 8)Hanil Micro -12, 9)Thermo Scientific Heater,

10)METTLER TOLEDO EL204-IC Electronic Balance,11)Pipettes,12)S-1700, 13)NanoDrop,

14)GPC-FFF-MALS System



Multi (100 holes) sample stage for powder, bulk, film (25 ºC) Multi (10 lines) sample stage for film (25 ºC)

N2 inlet

Cooling water inlet

Sample cell

Heating bar

cable

Temperature sensor

Multi (6 holes) heating sample stage equipped with 

Eurotherm Controller for powder, bulk, film (25 ~ 400 ºC)

Single heating sample stage equipped with Eurotherm 

Controller for powder, bulk, film (25 ~ 400 ºC)

Sample Environments



Quartz-based solution cell

Pipette + Tip
Quartz capillary

heating bar

cable

Sample cell

Julabo

connection part

Single cooling/heating sample stage for sol-gel

(-15 ~ 400 ºC)

Single cooling/heating sample stage equipped with Julabo circulation 

for solution (-15 ~ 200 ºC)Multi (20 holes) cooling/heating sample stage for sol-gel (-15 ~ 200 ºC)

Sample Environments



Dual Detector System for Rayonix 165 and Pilatus 1M



GPC-FFF-MALS System

Pump
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World -class Beamline
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1) Injection flow
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Before

After



GPC-FFF-MALS System

Test Result of BSA Protein Standard

(MW = 66.450kDa, C= 2mg/ml, Injection volume = 15 , Experiment time = 13 min) 



EPICS IOC-based Control for Main Optics

¸¹ªµ



Python-based Data Treatment Software

Automatic/selective background - transmission corrected 2D data acquisition - 1D radial
averaged data acquisition ˾save, batch processing program buildup

¸¹ªµd

(1)

(2)

(3)

(4) (6)

(5)



Bio SAXS P12 beamline at the Petra -Ȫ rsnq`fd qhmf 'Kd`cdq9 Cq- Clhsqh Rudqftm(

Automatic sample changer

Purification system
Dynamic and movable detector

A World -wide Leading Beamline



Medium- and Long-term Plan for 4C SAXS BL

Final Goal: High-throughput SAXS environmental instruments construction

Ά GPC-FFF-MALS System ïTest and user service (2015 ~ 2016)

Ά PBPM orbit feedback system in FE (2016)

Ά Dual detector system of Rayonix 165 CCD (2009) and Pilatus 1M (2012, 9C BL) (2016)                                           

Ά Upgrade of multi measure-data treatment-save related batch processing program (2016 ~ 2017)

Ά Inline construction of FPLC (Fast Protein Liquid Chromatography) system (2016 ~ 2017)

to purify mixtures of proteins (as requested by user groups) 

Ά Rapid SDD exchanging system (Detector wagon in the vacuum chamber) 

Ά Robotic sample exchanger for rapid and reliable high-throughput 

Ά Feedback system of FE-PTL-End station 

Ά K-B mirror

Ά Micro-DSC, mixer, micro-channel, UV, electric/magnetic field, pressure, etc.
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Experimental Procedure of Bio-SAXS

Synchrotron 
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1. Sample measurement 

2. Background measurement

4. Corrected 2D SAXS image

5. Radial averaged 1D SAXS curve

3. Background correction

Eʹxperimental procedures
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Data Treatment and 3D Structural Model

(1) Radial Averaged 1D SAXS Curve

(2) Indirect Fourier Transform Method Ÿ Pair Distance Distribution Function (PDDF)

(3) Ab initio Shape Determination Method Ÿ Reconstructed 3D Structural Model 

(1) (2)

(3)

2D SAXS Pattern

STEP 2. 3D Modeling using Simulated Annealing

STEP 1. Data Treatment and p(r) Function 

1D SAXS Curve p(r) Function

Initial  3D ModelFinal  3D Model Intermediate  3D Model

Solid  sphere

Hollow sphere

Dumbbell

Flat disk

Long rod



Detailed Experimental Procedures of Bio-SAXS

Å Determination of optimum temperature, pH, and buffer conditions

Å Analysis of purity and homogeneity of solution sample using basic biological/chemical analysis

Å Determination of direct main beam center from standard sample and CCD detector

Å Elimination of parastic scattering by means of 4-axis slit components

Å Determination of sample-to-detector distance (SDD): optimum scattering vector q range 

Å Determination of solution sample concentration : elimination of inter-particle effect

Å Determination of X-ray exposure time : elimination of X-ray damage effect

Å Background correction of air/cell window/solvent scattering using scintillation counter detector

̋dCorrected2D SAXS image̥ d1D SAXS curveconversion

̋dDetermination of reliableq range from standard and water samples 

̋dEstimation of radius of gyrationRg from Guinierplot

̋dBasic structural analysis from Kratky plot

̋dCalculation of pair distance distribution function (PDDF)from Indirect Fourier Transform method

̋dAcquisition of 3D reconstructed model using ab-initio shape determination method

Å Investigation of overall and internal structures from structural comparison

1. Check Points before SAXS Measurement

2. Data Treatment and Analysis after SAXS Measurement

among solution and crystal and theoretical calculated models



Schematic for SAXS data collection, evaluation, analysis, modeling, and interpretation



Data extrapolation, merging, analysis, modeling and interpretation



Proton-sensitive i-motif DNA ( telomer) ?
Sequence : H2NC6H12-5ô-CCC TAA CCC TAA CCC TAA CCC-3ô-C6H12(CH2OH)NH2

H+

OH-

= C60

(1) (2)

Fully Closed [contractile] 
State : stable

( ) 

Less Open [relaxed] 
State : unstable

( ) 

Less Closed [contractile] 
State : unstable

( ) 

H+: dissociation

OH- : association

Fully Open [relaxed] State : 
stable

( ) 

Complementary DNA

(3)

Fullerene

Result of Research



Representative models used to simulate the structure of i-motif DNA in solution at various pH values. 

1.1. Theoretical Model of i-motif DNA

Fully Closed 
[contractile] State

( ) 

Fully Open 
[relaxed] State 

( ) 



Strong acidic induced fragmentation 

1.2. SAXS Curves of i-motif DNA

ṏColor lines - Theoretical SAXS curves

ṏSymbols - Experimental SAXS curves

ṏBlack solid lines  - SAXS curves from the p(r) fit

(a)

(b)

(c)



pH 6.15 1nm

(b)

pH 5.33
1nm5ô end                            3ô end 

C3

C15(a)
Thymine (T)

Adenine (A)

Cytosine (C)

pH 8.03
1nm

(c) VV

pH 11.2 1nm

(d)

Structural models of the i-motif DNA in solutions of various pH conditions. The reconstructed models were

obtainedwithout imposingsymmetry restrictions by the program DAMMIN, respectively.

J. Phys. Chem. B 2009, 113, 1852-1856. Improvement of Less Closed [contractile] State ?

1.3. Structural Model of i-motif DNA



H+

OH-

= C60

(1) Fullerene binding-induced transformation (2) pH-induced conformational switching

(1) (2)

Representative models of non-functionalized DNA and fullerene DNA hybrid (FDH) nanomachine and the

working switching cycleby protons.

Close

Open

Proton-sensitive i-motif DNA

Hydrophobic interaction ( )

2.1. Theoretical Model of C60/i-motif DNA Hybrid

Fully Closed [contractile] 
State : stable

( ) 

Less Open [relaxed] 
State : unstable

( ) 

Less Closed [contractile] 
State : unstable

( ) 




