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« - m Photocatalysis and energy conversion

Metal-oxide nanoparticles are commonly used in dye- a T . M. Henderson Surf. Sci.

sensitized solar cells (DSSCs) and as photocatalysts #v (  Rep.66,185(2011)
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We want time-resolved electronic and structural Tl s
information on these systems as they function 0 N
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« - X-ray absorption: Retrieving local structure
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X-ray absorption gives information on the
unoccupied electronic states and the local
structure

C.J. Milne et al. Coord. Chem. Rev. 277 44 (2014)
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a7 jm X-ray emission: Retrieving electronic information
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X-ray emission gives information on the
occupied electronic states
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a7 Colloidal TiO2 sample details

(A) —— bare anatase (B) —— bare amorphous
5 — dye-coated anatase I! — dye-coated amorphous
o 04m bare amorphous 1 o> - Amorphous in solution
- Anatase in solution
e " Rutile simulated
a UV—VIS Anatase simulated
§ M— C:;:
< =
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400 500 600 700 400 500 600 700 800 =
Wavelength in nm \l
Samples synthesized using sol-gel method == /\ A R
! ! ! ! | g bl
TEM, DLS and XRD characterisation confirm S
amorphous 10£5nm dlar.neter.and dlsordlered See M.H. Rittmann-Frank, CJ. Milne et al. Angew. Chem.
anatase 20 nm and crystalline with well-defined shape Int. Ed. 53, 5858 (2014) and Sl for further details
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a7 102 ground state measurements
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a7 High-repetition rate pump-probe XAS at the SLS

PAUL SCHERRER INSTITOY

REVIEW OF SCIENTIFIC INSTRUMENTS 82, 063111 (2011)

A high-repetition rate scheme for synchrotron-based picosecond laser

pump/x-ray probe experiments on chemical and biological systems
in solution

Frederico A. Lima,! Christopher J. Milne," Dimali C. V. Amarasinghe,’?

Mercedes Hannelore Rittmann-Frank,!' Renske M. van der Veen,!:?) Marco Reinhard,’
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2Swiss Li ght Source, Paul Scherrer Institut, 5232 Villigen, Switzerland

Portable TBWP Duetto
*10 ps pulse duration
*8.3 MHz to 50 kHz
e2-200 puJd at 1 uym
*5-40 pJ at 532 nm
*2-29 ud at 355 nm
*1-5 yud at 266 nm

3SwissFEL, Paul Scherrer Institut, 5232 Villigen, Switzerland DAQ
computer control
Pulse picker z ‘ [ Operating [ Undulator
. i q Under Construction @® Bending magnet
trigger i

>

7~
— m - . SuperXAS
Timing stabilizer Laser pulses Liquid flow Transmission

(CLX-1100) (520 kHz)

- SuperBend from 4.5 to 35 keV
- Si(111), Si(311) mono crystals

Phase modulator
(QPMX-500-5)

X-ray pulses
(1.04 MHz)

Fluorescence

- X-ray emission spectrometers

FEMTO - 10M-10"? photons/second
amplificy PHOENIX beamline

- in-vacuum undulator (0.8-8 keV)
- Si (111), KTP, Be, InSb mono crystals
- micro-focus capability (< 1um?)

- 10M-10"2 photons/second
microXAS beamline

- in-vacuum undulator (4-20 keV)
- Si (111), Ge(111) & Si(311) mono crystals

Track and Hold

- micro-focus capability (< 1um?)

- 10'? photons/second

MHz ADC

SLS master clock APD
500 MHz TEMTO
amplifier
T&H Trigger
1.04 MHz
ADC Trigger
2.08 MHz
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« - Electronic and structural dynamics in TiO>
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M.H. Rittmann-Frank, C.J. Milne et al. Angew. Chem. Int. Ed. 53, 5858 (2014)
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e Trap sites in TiO2 are amorphous-like Ti centres

(A) The excited state XAS
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2 ol 18 o5l shifted by 1 eV
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M.H. Rittmann-Frank, C.J. Milne et al. Angew. Chem. Int. Ed. 53, 5858 (2014)
Is this a general property of metal oxide semi-conductor nanoparticles ? '
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Colloidal ZnO sample details

3500 ff i .
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Q- | | sample of ~35 nm
Zn0O nanoparticles
5 o) | | suspended in
water
= sooi “““““““““““““““““““““ “““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ —
O22)_0 ““““““““““““ é(l)o ““““““““““““ 200 500 e(l)o 7(I)o gcl)o © T IONP R ° () L
Wavelength (nm) 10 . EXAF S 14
: A T
T T T T P it | ~ 10
60x10° E —Zné nanoparticles in:HZO N f(_: 0 /’\ } /\ [j: /\ :'I‘\ f\\v ; 8 1
H —— Reference = ! ¢ ] é
s | SRVARTE ATR A £
0 : : . 1\
§ * 10 v \I ) o \
g f | ! AW WY
5 20 Z Z 2 4 6 8 10 12 R S TR
i'; k(A R (A)
z N N, ZnO NPs Hatch et al. J. App.
g 0 ; g in HbO  Phys. 114, 153517 (2013)
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T.Rossietal. JPCC118 19422 (2014)

measured at the microXAS beamline at the SLS

May 5, 2015

chris.milne@psi.ch

PSI-IOP Meeting, Windisch


mailto:chris.milne@psi.ch

PAUL SCHERRER INSTITUN

o

Zn0O ground state measurements
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a7 High-repetition rep rate RXES at the APS

REVIEW OF SCIENTIFIC INSTRUMENTS 82, 073110 (2011)

Development of high-repetition-rate laser pump/x-ray probe methodologies
for synchrotron facilities

Anne Marie March,'? Andrew Stickrath,? Gilles Doumy,’ Elliot P. Kanter,'

Bertold Krassig,! Stephen H. Southworth,! Klaus Attenkofer,! Charles A. Kurtz,’

Lin X. Chen,?3 and Linda Young'

1X—ray Science Division, Advanced Photon Source, Argonne National Laboratory, 9700 S. Cass Ave.,
Argonne, llinois 60439, USA

2Chemical Sciences and Engineering Division, Argonne National Laboratory, 9700 S. Cass Ave.,
Argonne, llinois 60439, USA

3Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, Illinois 60208, USA

Si(111) Ge(220)
crystal crystal

Details
Sector 7 @ APS
Zn K-edge (9 keV)
395 nm excitation
X-rays 80 mJ/cm?
100 um liquid jet
Diamond(111) mono
AE/E=5.4x10"
10'2-10"3 photons/s
oL 100 ps X-ray pulse
ST T T T T R 10 ps laser pulse

X-ray emission ener gy (keV) X-ray absorption energy (keV)

x10°
x103

valence to core|:
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a7 Zn0O pump-probe X-ray spectroscopy
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a -1 Many different forms of lattice defects in ZnO

Oxygen
defects

Zn, Vo
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A. Janotti et al.
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.ﬂ::]. Zn0 analysis & simulation: Structural dynamics

. Ground state
structure
:, Simulation shows the hole
trapping sites are consistent
: with native oxygen defects
: Wl within the lattice
:' VO+ + h+ — VO++

Which causes an expansion of
the neighbouring Zn atoms by
~20%

o
: The majority of the changes we
S sl see are structural in nature, but
B notall ...

Exmted state ™.

stru cture
X-ray Energy (keV)

wol % o)

| | | | | i i n
9.655 9.660 9.665 9.670 9.675 9.680 9.685 9.690

C.J. Milne, T.J. Penfold et al.
in preparation (2015)
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a - Z£n0 analysis & simulation: Electronic dynamics
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Correcting for change in X-ray absorption cross-section 0 A\
reveals small change in local electronic density around Zn 9630 9640  9.650  9.660
which matches well with theory X-ray emission energy (keV)
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o] e

Nanoparticle conclusions & the future

® \We've identified the long-lived electron traps in ZnO as oxygen-defect

sites in the lattice

® The structure of this site is consistent with a charge density shift from the

predominantly oxygen valence band to the zinc conduction band
® QOur measurements are primarily based on the XAS signal

What's next ?

Valence-to-core XES
can provide details on
the valence band
character but this
requires better signal-
to-noise (more
photons)

Better time resolution will allow us to observe initial electronic relaxation
processes in the conduction band, as well as perhaps observe coupling to
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a4
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a4 _”m
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Janotti et al. App. Phys. Lett.87 122102 (2005)
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(2006) = | | i

Il
450
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geometry, energy and concentration RS 1 '_f.g ,

lattice phonons on the 100-300 fs timescale
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aBS

w SWissFEL Experimental Stations

Bruce Patterson
and co-workers

photobiology

ESA:

Ultrafast
photochemistry
and

ESB:
Pump-probe
crystallography

Beam Position
Fast CCD > b

Phase I:
Ready by 2017

ESC: Phase Il: >2017

Materials science and
nanocrystallography

TEM cryo holder with

....................

[ L L Ultrafast Phenomena at
Scientific Case ——
Science opportunities at the SwissFEL X-ray Laser

IPIIINICIS T

B. Patterson
editor

sadasasasasy

htto://www.psi.ch/sWissfeI/
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o]

ESA: The X-ray probe techniques

Ultrafast laser system

200 nm - 3 pm
>50 pJ and 25 fs
1
o
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Sample-flowing systems

Microdroplet Openjet Capillary Gasnozzle

NN

<100fs .4
%~ e% e

X-ray scattering

Detector

q = 4msin6/\

Nature. 406
752 (2000)

Absorbing atom Scattering atom

C.J. Milne et al. Coord. Chem. Rev. 277 44 (2014)
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a7 The ESA Instruments: Prime and Flex L. Stlachetko

and G. Knopp

ESA Prime
~ * works under He or vacuum to use the 2-5 keV range
fl ! - located at the 1 um achromatic X-ray focus (KB mirrors)
e emphasis is on combined scattering and spectroscopy
/ measurements

ESA Flex

+ flexible station to accommodate user chambers and
constrained geometries

* ability to easily change the spectrometer position will
provide the highest energy resolution and the ability to
change the scattering geometry

3
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- ESAFlex:InAction!

In-air flexible X-ray

spectrome

switch from vertical to

horizontal

ter that can

&
geometry |
‘ ”

A. Ammon
and C. Seiler

SLS commissioning
May 5-12
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a7 ESA Prime: Pre-final design

ESA Prime status: design compltion goal May 2015
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Lipidic-cubic phase jets for SFX

Tested LCP jet at ESRF microfocus
beamline and under pump-probe
conditions at LCLS (CXI)
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actenorhodopsm in LCP

1

media courtesy of Przemek Nogly

Lipidic cubic phase serial millisecond
crystallography using synchrotron radiation
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Spence,” Isabel Moraes,”' Manfred Burghammer,®™ Joerg Standfuss** and Uwe
Weierstall*
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T Photo-damage and repair mechanisms in DNA

o DNA backbone strain will be
» N/ Mo evident in the Phosphorus
© rogen '
v ® Oxygen K-edge X-ray signals
§ @ Nitrogen
? 8 g:;zz"m,us o H 0O W.J. Schreier et al. Science
£ #N}Me 315, 625 (2007)
/
W. Zinth et al. EPJ Web of
Conferences 41, 07005 (2013)
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DNA XAS measured in solution (J. Czapla-Maszatafiak et al.) damage formation ?
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