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PAL Facility : PLS-II
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PAL Facility : Beamline Map and Status
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> Electron beam energy: 3 GeV
» Ring current: 400 mA, Top-up mode
» User beamtime: 190 days/year

|3HIcH & 7&of

[l 8C_thi= A4 S (Nano XAFS)

| so_=tat1 2121 PoSCO (xRs_POSCO)

[ 32zt dant et U-saxs)

NORTHGATE

| 9B_asks Batsis (HRPD)

|9c_ays AAM A2 (CXS)

[ sD_24241 Lii=otolaZoiAle (XNMM)

| 10A1_2t AN Lp=340/Z (SXN)

A
X
|| 1one_nmsts BERER (Hr-pES 1) /

Bz (o)
Hoizx (8M)

(aP-xPs_Kss) Izt s aaz ]

(sPem) £ soiz_aa

(xars) At 43 70 ]

(D 4y et 7 )

(s8 1 krise) eremzma 74 ]

(UNIST-PAL C88) A cigxieiz 60 [

(BM) azelars oc ]

- 83 713,214
(24%) |

43,008 5%
(15.8%)

3t3t (O|AH%| 5) 23
(39.6%) (11.8%)

t; s (MPK) BOILAX] YANM SSBE MPK_6A |
/ o H
[ 100245 424 B4R Wide XaFS) / | - RN O oom) At et a0 ] | X
‘ aRIARH (81 KRIBB) Eurzgatise || (6.5%)
10D_TEsks HXHER |/ WESYBATE #12
AN BHEH_KIST (HR-PES I/XAS_KIST) _ - OlILARIARY (usxes) AN Araaresa [ g e :
J. =] H H
|| 110_stolaz Hehxt st () \ s (es) mamen o | x|t apst HI| ™A}
BUENEY ©(2.6% 2.7%)
| r2o_ms waet () Y == | (SAXS 1) A2} AN 4121 |_4C ! ( ) ( )

1 38 werl(Puic B

0 =8 welelExcusive BL)
W 52! wlRl(Agreement 8L)
* eeelConstruction BL)

| HEX H2BI2X BB G728 (Is-THz)

\\A"m |F§'§I"E1

(XMD_GIST) A M 0| M2IE_48 I

(SARPES 1BS) AW =) Haixiey 4w ]

(L-ARPES) DIO|Z2UBTXIZY 4a1 l

(XRS) HAM A2t 3D |

| 3MITH A8 712 (HH)

Sl N

st ARA MY

o | 1539 | 234 g2 | 46
e ] (0 a2 a0 ] 21 823%) (125%) (8% (4% W87
l 1D_24AM MR/ELEZ KIST (XRS_KIST) (MP-XRS) B3E2| A4 a2t A ] I |

e oy 1691 200 73 % 1,000

I 2A_XHEEE (MS_MPK)

(SMC) ZEXIZHE!_2D l

(84.2%) (11.0%) (3.6%)  (1.2%)

2025-05-16

MIVERSITY OF SCIENCE AND T



PAL Facility : Synchrotron Radiation Sources

I Synchrotron radiation is produced when
- 2 particles are accelerated in a storage ring.
\ L N; : the number of radiated photons f | o
2nd Generation Synch rotron N, : the number of electrons in the beam ’
Bending Magnet N. ~ N N : the number of undulator periods |
f e

Wiggler and undulator - linear magnetic
e & Y structures - are used to improve the
m ) properties of the radiation produced.
Wiggler N, ~ NN Direct descendants of the bending magnets in

3rd Generatlon Synchrotron a storage ring, wiggler and undulator, force
the particles to travel along a zig-zag path so

m that the emitted light waves are
superimposed.
Undulator N¢ ~ N-N?

These magnetic structures are now used to

h i .
o 4™ Generation Synchrotron produce synchrotron radiation in
P\— == laboratories worldwide. Extremely intense

X-ray radiation with laser-like properties is
generated by free-electron lasers.

Free Electron Laser N; ~ (N.-N)?

2025-05-16 PDSTEEH TR Amals |



Small-angle X-ray Scattering (SAXS)

s SAXS is a fundamental and powerful tool for structural analyses of polymers, metals,
alloys, liquid crystals, and colloidal systems.

¢ Synchrotron radiation X-ray sources with a high-flux photon and low-divergence
beam enable broader application of SAXS, such as time-resolved measurements of
powder/film samples in solid and nanoparticles/biomacromolecules in solution.

% SAXS is becoming a standard tool for the structural characterization under carefully
controlled conditions, such as pH, ionic strength, chemical reagents, humidity,
electric/magnet field, pressure, and temperature.

v' Beamlines currently in operation at PAL: 3C SAXS I, 4C SAXS 11, 6D UNIST-PAL, and 9A U-SAXS

Applications

SAXS is used for the determination of nanoscale structure of particle systems
* Energy Material: Organic Solar Cell, Battery
» Flexible Display: Organic Thin-film Transistor
» Ultra Low-k Dielectric Material
» Nano-template Fabrication
» Micro-array Fabrication
 Synthetic Polymer Nanostructure Studies
* Biological Nanostructure Studies (Protein, DNA, Drug Delivery System, etc.)

&
S

oj2h7 |t 7447
HEIZIQH ApIEH
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Resolutions

"A 3 7|Hr:

=
‘2} Heelziars Al
Tissues Cells Organelles (Macro)molecules
I mm 100 pum 10 pum lum 100nm 10nm Inm O.1 nm
Light microscopy
>
Electron tomography >
Small-angle X-ray Scattering >
Electron crystallography & .
Single-particle electron microscopy
X-ray crystallography >
Nuclear magnetic resonance >

2025-05-16 rosrTecH
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Optical Components in Storage ring

DT S,

- - X _——{r \::\;' R.
P;QtonShuttew mesmmn S Movable Mask™ ™y "~ Graphite Filter &

_— Beamdefmm Shit
Sy ‘i% o P4 %nt End oAl . 7

b [ . | - . : ] i a . i N Y
PhgamSHutter 7 [ Béeig Safety Shutte \

2025-05-16 PDSTEEH TR Amals | g




'A‘ Dj2H7] 7157

ATEN xizolziora Apeiet

’ TiLAo0oo

Optical Components in Optical Hutch

2025-05-16 9
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Experimental Components in Hutch

02

| o ;-,;Z‘ / i IJA
AN ) 1
lon clpamber T &

_ 3 axiss - |
Samble Stage

Photograph of optical components in optical hutch and experimental devices in the experimental hutch of the end-station

“Small-angle X-ray Scattering Beamline BL4C SAXS at Pohang Light Source II” Biodesign 2017, 5 (1), 24-29

2025-05-16 PUSTEEH TR Amals | 0
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4C SAXS Il Beamline Layout :; sl A

el e ‘SR o iy Experimental Hutch
8 = g =% .2 Bl M i 8 ; Scinmiation
Front End Optical Hutch
Movable
Undulator Beam a4k Wall Offset = 25 mm ,ﬁj_[ﬁj-
Incident beam height 'R BB stopper 5
' ﬂﬁj '3 ﬂﬁj Incidence Angle
= 1400 mm A w17 ?J_ 2 6 mrad
1 Horizontal (INCluding graphite filter) 1(including copper screen/tungsten wire monitors)
{ (46 urad) i i i
i Beam Size [mm]1 i i
: i : 1B
1 1 O i o0 e 1 !
: 2D Simulated Image of Undul Jiation at 4C SAXS line (ID gqlp:hnm) i'“ : I
1 — — 1 1 1
i i I i
| i i i
| i i i
i i i i
i i i i
i s ! I i
i i ! ! i
I Vertical | ! ' i
| (4.8 urad) : i i i
1 1
E Beam Size [mm]i i i E
: : i I i
i . i I i 1
1 s 1 1 1 1
1 H 1 1 1 1
1 £ 1 1 1 1
i i 1 i 1
i = = = i
Source - ~ =~ - DefiningSlit DCM FM Detector
0m 11.4 m 18.0m 21.3m 37m
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Sample Environments

\» =~ £
Multi@Ggheles) sample stage
(RT ~450 °C)

\ e

k b 5 ¢ - @ S . r"
THNIS 600 Linkam samﬂ're's age ) Hamilton Syrir AP ge Size-exclusiog Chwomatography (SEC)
(-195 +%600 °C/gasad501' umidity) (' ~r.-“:];oo /flow Tode ’ggu‘pled with SAXS

/4""&- e T =9

Photograph of experimental sample stages in the experimental hutch of the end-station
2025-05-16 POSTECH a7 agas | -
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Camera
Synchrotron
X-ray Beam
Synchrotron
Sample ™ X-ray Beam o "";
Beamstop ~ | | o (___eesdee :
CCD
Camera 4y
Easy measurement Strong intensity
Easy analysis Easy preparation of samples
In-plane information In-plane & out-of-plane mformation (g, g,)
Bulk samples & Solution samples Thin film samples
Any possible scattering from substrate Scattering from surface/internal structure
Transparency of substrate Scattering from reflected & transmitted beam
High energy & High flux X-ray beam Refraction effects
Special setup

2025-05-16 PDSTEEH TR Amals | 3




Experimental Setting: Sample-to-detector distance (SDD)

Deteetst firther from the'sample | 7 Deteetor closer to the sample —
collect smaller angles (for larger eollea ‘vider angles (for smaller
particles) particles)

PETRA-III P12 SAXS

» Variable g-range vacuum chamber

v Facilitate rapid sample-to-detector distance (SDD) change
Sle | - — ,

APS 12 ID-B SAXS

14
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Scattering Patterns of Fiber Strands as a function ¢

SDD =4m SDD =1m SDD = 20cm
(g =0.0065 ~ 0.1344 A 1) (g =0.0314~0.6 A-i) (g =0.237 ~ 2.38 A 1)
0.01 q((‘;ll) 1

2025-05-16 PDSTEEH TR Amals | s



Scattering from a single molecule

Scattering from a single
molecule

in phase

Difference in path length = phase shift

Waves scattered from different parts of the molecule
result in phase shifts — a speckled intensity pattern on
detector

Far-field diffracion pattern

Ap =22 AcSum(An,Ap) 1o A?

Images from Richard Gillilan’s BioSAXS Essentials presentation

2025-05-16 PDSTECH e agals | 6



Scattering from a single molecule

Scattering from molecules in
solution

Incoming plane waves

Difference in path length = phase shift

Since molecules are far apart in dilute solutions, the
idealized scattering pattern of the solution is the same as
the scattering pattern for a single rotationally-averaged

molecule.
Far-field diffraction pattern

=22 Ao Sum(An,Ad) I AZ

Images from Richard Gillilan’s BioSAXS Essentials presentation

S

AT=

—/

j2}7 ]t 7147
FBol2iory AiEt

2025-05-16

POSTELH 1147 ayas|

17



A H} 7127
Scattering profile ﬂ‘ Ojei7¢ 7H47)

“NV mzolziord Ateict

—/

sample D (sample-to-detector distance) Intensity

The scattering profile is the intensity as a
function of “q”, the special reciprocal space
coordinate that is proportional scattering

angle at small angles. I(q)

q=4r sin(9) /A (o< 0 for small ) I(q) is obtained by
integrating around the

circle. For detectors, the

. . e tandard deviation of
Slide from Richard Glllllan s BioSAXS zi;:af;(q)ﬁ‘s"gl's‘:)“ o
Essentials presentation calculated.
2025-05-16 PO5TEEH TR Amals |
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Scattering profile

1(q) x Mc(p1 — p2)?IF(@)1°S(q)

I1(q) — Experimental intensity
M - molecular weight
c — concentration
p — scattering density (electrons per unit volume)
- particle
- solvent

F(q) - Form factor, i.e. molecular shape =) ‘ - m

S(q) — Structure factor, i.e. inter-molecular interaction
~ 1 for dilute solutions L; -

=

A

Slide from Jesse Hopkins’s BioSAXS Essentials presentation

2025-05-16
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Scattering profile from a sphere 'A‘:) Aorosior o Aot

Scattering from a uniform density sphere with radius R:

2 . _ 2
1(g) (4—”33) (3 sin(qR) — R ms(qﬂ))

3 (qR)3
- R = 150 Angstrom

1014 ] = R = 15 Angstrom
1012 4
o0 .. A

108 -

106 4

104 i

0.0 0.1 0.2 0.3 0.4 0.5

q(A)

Slide from Jesse Hopkins’s BioSAXS Essentials presentation

2025-05-16 PDSTEEH TR azAs | -0



Experimental Procedure of SAXS

Synchrotron
X-ray Beam

Sample

AR

= Experimental procedures

o a 1. Sample measurement
o R * o+ 2 Background measurement
) I e— . 3. Background correction
.' .. 4. Corrected 2D SAXS image
5. Radial averaged 1D SAXS curve
IMolecules + Buffer solution (q) IBuﬂ‘er solution (CI) IMolecules (CI)

2025-05-16

POSTELH 1147 ayas|
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SAXS data processing, and overall parameters

-« 3D—-2D - 1D

« Experiment design and data reduction

« Exposure time
 Background subtraction
* Dilution series

« Overall parameters:

* Guinier ana IySiS: | D Overall parameters
Rg’ I(O), mOIeCUIar maSS - Log | - Sﬂ:j?';:k Sab_'i"i':a! Subtr10.dat

-} Radius of gyration R, (Guinier, 1939)

* Volume
¢ p(r)’ Dmax

Its)= I(O)exp(—%R;szj

romy 1(0))

Maximum size D__: p(r)=0 for r> Dmax

, 1952)

Excluded particle volume (Poro

V =27221(0)/Q; O = jsll(s)ds

2025-05-16 PDSTECH e agals | >
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SAXS data processing, and overall parameters

k571
S At

SAXS experiment

solution
-
X-ray — .:'
=
X-ray
detector
solvent
+ Few kDa to GDa
* Monodisperse and homogeneous
= Concentration: 0.5-10 mg/ml
*  Amount: 10-100 pl
Notations and units : :
Notations and units
solution
e
X-ray —» @ mm——— :
- I(s),
au.
I(s) |s| = 47T sinB/A
= i a.u. 20 - scattering angle
ISI 41 sinB/A A — wavelength
20 - scattering angle
A —wavelength
s — scattering vector
I(s) — intensity
s, nm-? 01 02 03 s, A
2025-05-16 POSTECH a7 agas |
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SAXS data processing, and overall parameters o)) veueey

X-rays - Radiation damage!!! X-rays - Radiation damage!!!

Rnase - Static measurement Hee:ofaddiives

*) 109q (nm'')

* With intense synchrotron beam: radiation

4
— S = 1.61 kGy

| e v 3

damage: g Beam attenuation  ’

. 3 :

%4 » [ 035 kGy 31

H20 H - OH- 2 of% e s BT

1 [ 3% EY) CET—— [

. .. . . . . S2 © g4
Free radicals: oxidize proteins which leads to their aggregation 1o By 02 8, [P 1.07 kGy

o
05

s
Togg (") =
8

. . . F| o '- 0.28 kGy
* Monitor radiation damage: collect several i S |
frames and compare them. i oo Ja

a s ) T .
» Limit the radiation damage O , '

2025-05-16 PDSTEEH e agals | o
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SAXS data processing, and overall parameters :2} Heig e

Exposure time

0.05 second

Exposure time

0.2 second

Exposure time

i Exposure time
t
t :
g 0.2 second ?“.' 02 second
0.8 second RADIATION 0.8 second

DAMAGE! 1.6 second

2025-05-16 PDSTEEH TR azAs | o
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SAXS data processing, and overall parameters Nig) decleddes
. Multiple exposures -;_ Multiple exposures
{%‘&1 3’
. Sy
X
\‘kx
e —

Multiple exposures

2025-05-16 PDSTEEH e agals | 26
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SAXS data processing, and overall parameters Nig) decleddes
Background subtraction Background subtraction
Solution minus Solution minus

I(s) I(s)
Normalization against:
am o « Concentration

s, nm’ s, nmr?

Logarithmic plot

Log I(s)

nll
1

2025-05-16 PDSTEEH e agals | .



SAXS data processing, and overall parameters

Inter-particle interactions

Vi 55 data piotting - o) et
| Ble Yiew Sywbeok CkarAll Flelst Help Egt |
i 10000 (emado Va1 Rvefharraly M albermate |
‘ log 15}
\
‘ \
| \‘.
\
|
| "\‘
14
T i
| |
| [
| ]
|
| |
‘ \
AN
| N
|
| \—H_ —— -~
T T T T T T
‘ 1 2 ; |
| bsa_019.dat ;

& @&
a® g

Ideal solution of particles

i sasdeaplotting — - B
| Ede ww Smbok Ueardll Fisbe Hep Es2
IED0I00  (tereadn_T4LC - 10" Sermado 5441 10NN
log I1s

T S YR
f 1 ! {
_cmaponos_144.dat $

@,:—‘;@D
o

Repulsive particle interactions

Wi sis s poring. s 1 |

| Ble few Synbols Cew Al Flelist Hep Ext

1E0et00 bermato_D83dat - 0" Aver(vareadn 081 €2l hemake i
log (3 ‘

Attractive particle interactions

2025-05-16
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SAXS data processing, and overall parameters

Radius of gyration (R,)

Definition

Measure for the overall size of a macromolecule

Average of square center-of-mass

distances in the molecule
weighted by the scattering length density

——
— The Guinier approximation

The low-q region of the scattering curve is characteristic
for the overall dimension of the particle.

< 1
o) S - 2 2
P m =1 exp( ——q R, )
5 \ 70 3
£ ~'\w‘f.m.“""“ﬁ.,- e f [\
° ‘ 1, is proportional to M, ‘ Radius of gyration:
or 0z 03 04 05 size of the particle

“The Guinier Plot”
Plot In T against g2 = Straight line, slope —Rg/3

2 2

1
nl=hi,-~¢°R,
3

Ln(i(q)

Deviation from the straight line in the
Guinier plot indicate intermolecular

interaction or aggregation Y Y 0.006 0.008
‘ q*q —

Rgz is the average electron density 2
weighted squared distance of the I rop(r)dr
scatters from the centre of the Rg =
object j p(r)dr

2

* Solid sphere radius R:
15 e R, =V(3/5) R
* Thinrod length L

Ry? =(12+ 12+ 12+ 22+ 22+ 37 )/6=20/6 Rg = \"( 1/12) L
RyV3.333 = 1.82 * Thin disk radius R:

R,=V(1/2)R

Radius of gyration (R,)

2.2nm 3.6 nm

6 nm I:l e

1 6.4 nm

3.4 nm

; 4.8 nm E

2025-05-16

POSTECLH 7147 adfals
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SAXS data processing, and overall parameters

Sk

(I mmanan
“ HE2oIHAYY A
Aggregation Aggregation

.

Monodisperse sample

Aggregated sample

Aggregation -

- Guinier plot
Log (s) {§

4+ s, 1/nm

2025-05-16 rosrTecH

30



SAXS data processing, and overall parameters

Log I(s), a.u.

1(0)aps—

1(0)ys

Molecular mass

Guinier approximation

lysozyme
apoferritin

j2}7 ]t 7147
FBol2iory AiEt

T =0

/(0) and Molecular Mass

MMsampIe = I(O)sample
MMBSA I(O)BSA

MMsampIe= I(O) sample ’ MMBSA/ I(O)BSA

Rg =3.1nm
1(0)=11.7 a.u.
MMggs = 66 kDa

BSA

Rg =1.46 nm Rg =6.81 nm
1(0) = 2.68 a.u. 1(0) = 79.45 a.u.
MM = 15.1 kDa MM = 450 kDa

2025-05-16

=252s | 31
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SAXS data processing, and overall parameters N msemu sz
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Porod volume Porod law

Excluded volume of the hydrated particle Excluded volume of the hydrated particle

- 27°1(0)

T [I(s)—K,]s’ds

21 nm3 974 nm3

~13 kDa ~610 kDa

K, is a constant determined to ensure the
asymptotical intensity decay proportional to s* at higher angles
following the Porod's law for homogeneous particles

2025-05-16 PDSTEEH e agals | 2
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SAXS data processing, and overall parameters N msemu sz
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Kratky plot Normalized Kratky plot

Patterns of globular and flexible proteins Patterns of globular and flexible proteins

s2l(s) (sRy)1(s)/1(0)

Globular

Partially unfolded Natively unfolded

Natively unfolded

Partially unfolded T~
‘/’—\ Globular

s, nm-"! sR,

2025-05-16 PDSTEEH e agals | 2
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SAXS data processing, and overall parameters N msemu sz

T =0

v(r)
v(r)

Distance distribution function 1

Distance distribution function

08 08

0.6 06

04 04

02 0.2

r,nm r,nm

"1Distance distribution function Distance distribution function

p(r)

2025-05-16 = 34



SAXS data processing, and overall parameters

Distance distribution function

I(s) p(r)

2\ s*I(s)sin(sr) 3

I(s)=4r j'm p(r)md

Distance distribution function

I(s) p(r)

s, nm™! r, nm

OO0 > =

p(r) plot

Distance distribution function
D,

ol
p(r) o pr),

AT=

ra
g

Dj2H7] 7157

=

=
Solziory

At

p
- r P(r)—?_.[—d‘ EY o
2025-05-16 PDSTEEH e agals | 2
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SAXS data processing, and overall parameters N msemu sz

TiLAo0oo

Data quality R, and 1(0) from p(r)
Smin s TrIDmax
Dmax
s) o0 e 1(0) = 411 f p(r)dr
oS o
= D
: oL
‘ 2 fo mp(r)dr
D L om ”“D\S;1 ]‘ s, 1lnr%n L om

2025-05-16 PDSTEEH e agals | 26
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SAXS data processing, and overall parameters

Summary

« Exposure 3D — 2D
- Radial averaging — 1D

. . Log I(s)
Normalization Log plot ‘
« Background subtraction S

Guinier plot (Ry, MM)

* Analysis

Kratky plot (flexibility) iss

p(r) plot |p(” _ )

2025-05-16 PDSTEEH e agals | 37



Modeling for Nanoparticle and Biomacromolecule (Form Factor)

('A'rA 27|gt 7147
-

oj2}
) mecliey st

Model Independent Approach: Ab initio methoo

- Monodisperse systems (size, shape)
- Biomacromolecules (Protein, DNA, RNA) and Self-assembled Nanoparticles

Model Dependent Approach: Scatter, SAS

- Monodisperse and polydisperse systems (size)
- Self-assembled Nanoparticles

2025-05-16 PDSTEEH e agals | 28



Modeling for Nanoparticle and Biomacromolecule (Form Factor)

1.1. Model Independent Approach: Ab initio methods

Shape parameterization by spherical harmonics

Homogeneous particle

F(w) is an
envelope function

Spatial resolution: , R -radius of an equivalent sphere.

Number of model parameters f‘,m Y (L+1)4

One can easily impose symmetry by selecting appropriate harmonics in the sum.
This significantly reduces the number of parameters describing F(») for a given L.
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1.3. Model Independent Approach: Ab initio methods

Ab initio program DAMMIN

Using simulated annealing, finds a compact dummy
atoms configuration X that fits the scattering data by
minimizing —

where y is the discrepancy between the experimental
and calculated curves, P(X) is the penalty to ensure
compactness and connectivity, >0 its weight.

\*ﬁgigpfy

§§§§§§§i¢
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’ hhhhhhhh

Ab initio dummy residues model

= Proteins typically consist of folded polypeptide
chains composed of amino acid residues

At a resolution of 0.5 nm a protein can be
represented by an ensemble of K dummy residues
centered at the Ca positions with coordinates {7}

Scattering from such a model
is computed using the Debye
(1915) formula.

Starting from a random
model, simulated annealing is
employed similar to DAMMIN
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Benchmarking 2b initio methods

Bead mode/

log |, relative

. Experimental data
= Envelope model
Bead model
Dummy residue model
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02

L 0. IVIodel 1nadepenadent Abbroach: Ab 1Nnitio methoao

{, rel units

S, rel.units
SASHA DAMMIN DAMAVER DAMAVER
TSR MPV (most populated volume)
J. Appl. Cryst. 2003. 36, 860-864 (total spread region)
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L/ IVIodel Ihdepenadent Abbroacn: AD INItIo metnodoc

I, rel.units

8, rel.units
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2.1. IViodel Depenaent Approacn: sphere lviodel
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2.2. IViodel Dependent Approacn: Core-snell vioge
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2.0. IVIodel Depenaent Approach: Core-snell ivViogel
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2.4. IViodel Depenaent Approacn: Cviinder Iviodae
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2.0. IVIodel Depenaent Approachn: DIS
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2.06. Model Dependent Approacn: Bilayered Vesicle IMode!
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Flexible Display Application: Organic Thin-film Transistor
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Ultra-low-K Dielectrics in Nano-thin-films
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Q. Lower metal layer AN

i \ v

Copper wiring A'
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Precursor

Out-of-plane

26,
Nat. Mater. 4, 147 (2005), Adv. Mater. 17, 696 (2005), Macromolecules 2005, 38, 4311-4323, J. Appl. Cryst. 2008, 41, 281-291
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Nano-templates: Ultra-fine Filter Membranes

Before UV-Etching

j—l—l— Al image
Si wafer
I Neutral Brush
PSblock W PMMA block
I PMMA homopolymer
l UV-Etching

25 nm thick film
Before UV-Etching Exp. Patterns After UV-Etching

SEM image

Top view

Side view

bII
I ':

UV-Etching

Adv. Funct. Mater., 18, 1371 (2008)
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Polymer Nanostructure
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Macromolecules, (2005)
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1. Proton-sensitive DNA

Adv. Mater. 2009, 21, 1907-1910.
4. Digestion-related Pepsin Protein

inactive state

2nm

J. Phys. Chem. B 2008, 112, 15821-15827.

7. Pathogenic Bacteria-related Protein

2. Branched DNA Molecule :

y

P3symmetry

Ideal Y Shape

S0A

Distorted Y Shape

Scientic Reports 2013, 3, 3226
5. Mammalian Translation-related Protein

PNAS 2014, 111, 15084-15089.

8. Microtubule (MT)-severing Enzyme
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3. Stress-related RseA/RseB Protein

(@) 0 (b) S (©)
;. q ’
P4 symmetry : ™ RscA bindi ng induced-

Ideal X Shape

Positively charged Arginine-rich RseA
Distorted X Shape.

PNAS 2007, 104, 8779-8784.
6. Chromosome-related SMC Protein
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Molecular Cell 2015, 57, 290-303.
9. Stress-related RseV/RseW Protein
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Frontiers in Microbiology 2019, 9, 3329. Cell Reports 2019, 26, 1357-1367. IUCrJ 2020, 7, 737-747.
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GASBOR ab initio Envelope of Pepsin in Solution
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Structural models of pepsin in solution under various denaturing conditions with 0-10 M urea (a—k, respectively) using the ab initio shape method program GASBOR. Surface rendering

in the structural model was achieved using the program PyMOL. For the comparison of overall shapes and dimensions, the ribbon diagrams of the atomic crystal structure of pepsin were
superimposed on the reconstructed dummy residues models using SUPCOMB (NSD = 1.802).

“Chemically Denatured Structures of Porcine Pepsin using Small-Angle X-ray Scattering” Polymers 2019, 11(12), 2104
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Liquid Crystalline Lipid Nanoparticles

FAHOl (S t) Vitamin E Structures of Table 2. Structural parameters obtained from the SAXS data (Figure 3) of the liquid nanoparticles
*+ Pluronic F127 (1.2 wi%) ﬂ Acetatoconter Naroparticles P (Figure 5) q g -
+ Vitamin E acetate K — R N
in ethanol No Preparation Vitamin E Acetate Space Grou Lattice Parameter,
— Method  Concentration (wt%)2 7 P a(d)
Hexagonal lattice Pnim 741=+02
: i 10 °C
s | O QO Egmte] osoue B g
ne o (Phase e 30 0C Pnim 66002
transform) N e Ha _&)
Water O O Lined or coiled pattern 0
1.0 W% s Ha 474+02
50eC
Lipid bilayers e _ L2 380=039
; vaporation
Disordered Method® 55°C Lz 3832030
108 ~10°
=) A Vitamin E acetate content 5 [B Vitamin E acetate content 10°C Hy 528+03
«© — owt% S — Owt%
< 1 —osswn| =R 4 s 0.45 30°C Hz 485403
= — 1wt% - — Twt%
S 10* £ 10 50°C Lz 385=039
= £ 1.0 10°C L 4532039
2 ® g * Pni 74303
= ‘= m SN
§ 10? g 10% Conventional 0 10°c H: -8
T 5 Method
L 2 (Ref 0.45 10°C Hz 52603
@ 10 ? o 01 02 03 04 05 107 7
) 1.0 10°C Lz 451+03
2 The method developed from the present study.
—~10 —~ 10 Y The method from Ref. 16.
= : S ; D 9 For all the samples, the concentrations of phytantricl and F127 were 3.0 and 1.2 wi%,
T 10 L 10 respectively, in the aqueous dispersion.
2 2 9 Measurement temperatures
2 L 2 19 ¢ Lattice parameters were not determined due to lack of second and third peaks. See the text
% 10° g 10° for the explanation.
= = £ The characteristic distance for the Lz phase (d = 2n/g) from the observed single broad peak.
£10° £10° J
@ o} 3 g
= 102 = 10%F
8 9 10°C
D o D o . . . A
0.1 02 0.3 0.4 05
-1
q(A)

Collaboration : Prof. Eun Chul Cho (Amorepacific & Hanyang Univ.)

Do-Hoon Kim, Sora Lim, Jongwon Shim, Ji Eun Song, Jong Soo Chang, Kyeong Sik Jin* and Eun Chul Cho* ACS Applied Materials & Interfaces 2015, 7, 20438-20446
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Cross-linked Polymer Micelles

(a) Before cross-linking (b) o After eross-linking
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_ homogeneous core and shell homogeneous core and shell

- Rm) 3.220 b(4.317) 1.460 b(1.914)

Ry m) 2,888 *(3.944) 1.228 °(1.732)

 R,m) 11.90 9(15.69) 13.70 9(17.96)

Ry m) 10.61 i(14.48) 12.21 i(16.40)
Hyun-Chul Kim*, Kyeong Sik Jin*, Se Guen Lee, Eunjoo Kim, Sung Jun Lee, Sang Won Jeong, Seung Woo Lee, and Kwang-Woo Kim. Journal of Nanoscience and
Nanotechnology 2016, 16, 6432-6439. Collaboration : Dr. Hyun-Chul Kim (DGIST)
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Solvent Vapor Adsorption Device (at 3C BL) Design Criteria

Temperature range : 20 °C ~ 250 °C
Solvent Reservoir : 20x20x5 mm?3

& :\ {\

Molecubae packing structirn

'R
ﬁ‘MQﬁﬁ
z X

\\l [ {9
[

éw- i Om:“‘;
H i

Reading Temp.
Solvent Resovoir

“ In-situ Studies of Molecular Packing Dynamics of Bulk-
Heater

heterojunction Solar Cells induced by the Processing Additive
Power 1-Chloronaphthalene” Journal of Materials Chemistry A,
{ oworr on/off

2015, (DOI: 10.1039/C5TA00833F)

Power Supplier Temperature
(TPR) controller
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Construction of Application Equipments ¢

Size-exclusion Chromatography (SEC)-SAXS (at 4C BL)

| Waste collector |
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in-situ Experiment (Tr-mode) : Battery Cycling (at 6D BL)

in-situ Cycling

: EXAFS, WAXD, SAXS
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2D Diffracti‘o‘n\image

In Operando SAXS monitoring - ¢ ~
during Li storage '

volume
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expansion
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26 (A=1.54) Potential (V)

ACS nano 2015, 5, 5470-5477, Y. S. Youn et. Al.
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Li-ion storage through anionic redox processes of
bacteria-driven tellurium nanorods,

J. Mater. Chem. A, 2015, 3, 16978, M.G. Kim et. al.
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Rheo-, High Pressure-, and Tensile Stress SAXS (at 9A BL)

' Drive Head
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