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Vibrational Spectroscopy at Central Facilities

On the 31* August 2006, a joint meeting of the Royal Society of Chemistry
Molecular Spectroscopy Group and the Infrared and Raman Discussion Group
(IRDG) was held at the Rutherford Appleton Laboratory with the theme ‘Vibrational
Spectroscopy at Central Facilities’. The meeting attracted around 35 people from a
diverse range of backgrounds, both academic and industrial. The event provided a
snapshot of the many activities in vibrational spectroscopy that are carried out at
central facilities, particularly those of CCLRC. In addition, the meeting provided a
forward look at the next generation infrared beamline at Diamond and an update on
the progress and possibilities of 4GLS, a free-electron laser facility that will span the
infrared to the X-ray regions.

This report contains the presentations of all the speakers and provides an
overview of a field that is undoubtedly one of CCLRC’s strengths and emphasises the
world-leading capabilities in both experimental and computational science.

Stewart F. Parker
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Vibrational Spectroscopy at Central Facilities:
A joint meeting of the Royal Society of Chemistry
Molecular Spectroscopy Group and the Infrared and
Raman Discussion Group

Thursday 31% August 2006
Venue Conference Rooms 12 & 13, Rutherford Appleton Laboratory

10:00 Coffee and Registration

10:30  Introduction to CCLRC
Professor John Wood, CEO CCLRC

10:45  High-Resolution Infrared Studies at the RAL Molecular
Spectroscopy Facility.
Dr Kevin Smith, Atmospheric Science, CCLRC

11:20  Time Resolved Vibrational Spectroscopy of DNA.
Professor Tony Parker, Central Laser Facility, CCLRC

11:55 DFT Analysis of Vibrational Spectra
Dr Keith Refson, Computational Materials Science Group, CCLRC

12:25  Vibrational Spectroscopy with Neutrons: Catalysts, Hydrides
and Polyethylene
Dr Stewart Parker, I1SIS Facility, CCLRC

13:00  Lunch and photograph

14:00  Synchrotron Infrared Microspectroscopy
Dr Paul Dumas, Soleil Synchrotron, Paris

14:50  Synchrotron Reflection Absorption Infrared Spectroscopy
Dr Peter Gardner, School of Chemical Engineering and Analytical Science,
The University of Manchester

15:25  The Infrared Beamline at the New Diamond Facility.
Dr Gianfelice Cinque, Diamond Light Source

15:35 Update on 4GLS
Dr Elaine Seddon, Synchrotron Radiation Source, CCLRC

16:00  Closing Remarks
Tours of facilities (ISIS, CLF, MSF) available by prior
appointment




Professer John Wood
CULRE
August 3008
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» Enabling research

= Building partnerships

= Getling it right for science
» Engaging with society

= Expioiting own potential

= Developing strateqy




One of eight UK research councils
Fermed by Royal Charter on 1 April 1995

Funded by Depaftment of Trade and Industry
(Office of Science and Technology)

7,000 users annually

Operating turnpver £240m (2004-5)

CCLRC Dareshury
Laboratory
Cheshire

§SCLRG Rutherford
Anpleton Laboratory
& Oxfardshire
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Wtheliy ovmes Tasilitiag:
« Laser —Vulcan, Astra

Neutron - ISIS

« Synchrotron - SRS
- Computing - HPCx
“agraholder in:
= Diamend (majority shareholder on behalf of the UK government)

= LL/ESRF

+  Particle Physics

+  Space Science and Technology
+ Instrumentation and sensors

» E-science and grid technology
+ Micro and nano-fabrication

«  Energy

« Radio Communications

+ Enginesring design

+  Knowledge transfer




= Soft Matter

= Adwanced Materials

- Biomplecular 5ystems

Nanoscience
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Neutron Strain Measurements

= Volume of data increasing

dramaticaily

= Issues of filtering, mining, storage

and managament
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4lq_rders of rnagnituds in 30 years

Meutron powder
diffraction data
rates (1950-2010)
(4 orders of
magnitude gain
with ILLASIS
alone)

« Conserving experimental
data for future research

« the next big challenge



= SRS

= ESRF

= Diamond

» 4GLS

=

High powser, siate-afdhe-ari laser facilities
Vulean
« the world's highest intensity focused laser
» Recreating conditions on the sun in the lak
Astra
» high power, ultra short pulse titanium-sapphire laser
« Follewing chemical and hinlogical reactions
Lasers for Science

- optical iweezers




Electron accsleration studies in gas jets

EMP (glectromagnetc pulse
measuremeants’ + buried layer heating

Solid target mteraction studies

Studhes of advanced fast ignitor concept
for iCF {Inertial Confinement Fusion)

Electron transport measurements in solids

Ultra high density plasma investigations

« Highest energy accelerating field
inplasma

+ Brightest Gamma ray beam ever
prodiced

+ Largestlaserinduced nuclear
canyersion

+ Highest flux ewver delivered from a
laser plasma interaction

+  Capable of producing a beam
with an intensity of 1021 wicm?2-

Electron energy

10



+  Europe's most powerful academic computer

+ Quantum mechanics of proteins — calculations
of unprecedented scale

+ Electronic structure of Crambin (extracted from
Abyssinan Cabbage)

+ Calculation was 10 times more challenging than
any published before

+  Similar techniques will be used to study proteins
of greater scientific value e.g. the redox
potentials of Rusticyanin, a blue copper protein
invalved in electron transport in plants and
bacteria

ATLAS Semicenductor Tracker

Barrel SCT

Forward 5CT

Experimants ab

CERN: ATLAS, CMS, LHCh
DESY: H1,ZEUS

FNAL: MINOS
SLAC: BaBar
ILL: Neutron edm

Boulby: Dark matier

Linear Collider, Neutrino Factory

11



ing CLLRT fasiities

Portals

Data storage architecture

= Computing resources

Visualisation

R R

PR R T PR e e S T

est snecs sriznce end technnlegy deparment
167 instruments in space
Collaborations with:

+ NASA

« ESA

+ PRARC MERC
Quality assured:

+ 1509001

+ TickdT
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«  CCDs and cameras

. Space Coolers

.« OpticallElaectronics design

«  Thermal structural design

»  Sensors and Detectors

«  Millimetre wave components

- QOrbit dynamics/mission analysis
- Smart technology

- Payload operations systems

» testing innovative technolagies for future
tdeep space missions {low mass, low velume,
low power)

« D-CIXS - Demonstration Compact Imaging X-
ray Spectrometer, designad and built at RAL

= Preducing the first X-ray map of the Moon

13
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« Microelectronics design

« Detector design
« Data acquisition electronics

» Control systems design

«  Project aims to simulate
complex tubes which carry
bloed around the liver

« Constructing nancmetre
scaffolding in which to grow liver
cells

= Arificial liver will be used for
Pawder blasted tissiue testing drugs in the lahoratory
scaffold 1o form sinusoid

Schooi of Phamnaceutical Sciences, University of Nottingham
Centrai Microstructure Facility, CCLRC & Mechanical Engineering, University of Leeds

SRR
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& gpinnet companies fermed in the iast 12 manihs:

CCLRC Microelectranics graup Qubit nanostructure  Cryogenic CWMOS

| .
Oxford — Department of Materials : CUStOIm | BT CMOS
Hitachi Cambridge

Oxford instruments

Cambridge — Microelsctronics

Research Centre, Cavendish Lab

= formed in arch 2002

= o stimutate and nurture start up and licensing
opporiunities for CCLRC

= Rainhow Seed Carn Fund

» L3T - near patient cholesterol testing

»  Microvisk — diagnostics for hlood viscosity and clotting
rmeasurernents

= Oxsensis — sensors for hellish environments such as jet
engines

»  Thruwision — terahertz imaging for security screening

15
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Promoting the added value of bringing together core teams to deliver
waorld class science and to exploit innevations for the UK

Developing core capabilities with national and international pariners
{e.g. focal points in nano, energy and space)

Encouraging young people te become actively involved in vibrant
science and technology

sy e
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: 5o o Water vapour (University of Reading)
w02 Methane (University of Oxford)
PSCs, mineral dust (University of Oxford, The Open University)

~wx 0 PAN (University of Leicester)
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Thme Resslved Vibrational Spectroscopy of DNA

Anthony . Parker (a.w.parker@rl.ac.ulk)

Molecular Structure of Transient Intermediates
Nucleic Acid Bases
UV Excitation

Photoionisation

it of the laser systerm and GFPAs

opcllora L 4 5-2800 hm
Existing equipmeant N

OPA + | 220-475 nm
400 or
MR Development i 800 him

orelora]-,
4752800 nm

MERLIN

SPITFIRE

Mult-pass Amplifier
ca. 31nd. 1 kHz, 800 mn
|vpsor 150fs)\ SHG

I
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The Broadband Pump-Probe TRIR Spectrometer

1 kHz 1 mJ 150fs Regen

j—

64 element MICT MIR Spectrometer (1 4m} |
IR array detector / 150 and 300 | mm gratings |

PUMP

i
1ef. |
p'r“lf‘..fp Detay Line \
HX2 e
G &
C
probe

Analoy o
Mhutipiexer se Beamsplitter
MCT I w3
‘F& R
Y
Sample .
—\ Galvanemeter
12 bit, 250 kHz ADE 800 Hz)
Delay
500 WHzZ PO enetatots

Data acquisition >1 kHz |

-

H

SENSITIVITY 105 AA (100 5)
Femtosecondtime range: 0-2ns (< 1ps resalution)
Nanasecond time range: 0-100 uS {700 ps resoiution)

& High-Bensitivity Femtosecond to Microsecond Time-Resolved Infrared Vibrational Spectrometer
M. Towre,™ A, Gabrielsson, P. Matousek, A W. Parker, & M Blanco Rodriguez, and & Vic“ek, JR

Levels of "potential” DNA Damage & ve

» Selar Radiation - Sunny Day
~ 200 Winy gives potentially 8 x 10'¢ potentially harmful evenis per
cell/day.

#» Bachground Radiation -
~ 100 mremvyear inflicting c. 2 harmful events per cell/day

»> Physical carcinogens (chemical pollution)
say 1 ppm, air exchanged between gverage lung per day ~ 7000 1,
equivalent to 0.01g foxin per day, assuming 0.1% activity, studies show
pollutants generate 10°¢ radicals per gram. With finite probability of
these generating deleterious effects estimated ¢. 3 x 10¢ potentially
harmful effects per cell/day

» Detectivity — DNA damage detection using immuno assay (apurine
/apyrimidine) utilising anti-AP and fluorescence 100 units per DNA

33



of electronic
rion on DINA

Thymine

http:faran bl anzona edwviolecular Graphics/DNA_Structure/DNA_Twtorial HTML#helixaxis
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LY Excitation of DNA & Compone

* UV radiation gives

singlet triplets
fifetimes < 1ps @, <0.01 -
¢ < 10¢ Er ~300 kJ mol" N

= Chemical reactions
cyclobutane pyrimidine dimers

= Photoionisation - o
Base + hy — Base* + electron GG/C-C can give AAC-C on replication

Base™ + H,0— B-ox0-G

H
3
axidation H replication unw. H.
| HN /u\ H ! \( \1]/ .|

M oo b )
WA TR, HH J*u N A —HR
R R =
R [+
G 2-ax0-G G:C—T:A transversion

Orlov ef al -Tefra Left 1976, vol 48 p4377; Fernando (LeBreton) PNAS 199& vol 93 p3350; IP in solufion:- 4.4714.9 eVt 5.37/5.5 el

e
" R e fb—%ﬁcﬁ N, A T -
[+
c
]
]
[
]
n
2 | (oD =0.0002
ﬁ : GmP AOD = 0.0004
‘ 1720 1680 1640 1600 1560
g AN P
9 RS R
™
]
[
o
n
g
CmP
AOD = 0.0002 Imn - 0.0001
1680 1640 1600 1700 1650 1690

Wavenumber / cm-! Wavenumber / cm’



! avn excita

tiorn: Kineti

20 40

Timelpicoseconds

S
&
453

Base lifetime
5’-dGMP 2.9 (£0.2) ps
5’-dCMP | 4.7(£0.3) ps
5’-dAMP | 4.3 (£0.2) ps
5’-TMP 2.2 (x0.1) ps

¥ R
E o
> ¢.008 o, ‘. N .
iy S
E q!'fjw .. \ )
= OFipal \ N NISIVAEN
o . P !
g b -~
o -
§ . _.
£ 0.005 % i
3 . y
Pl . .;
< .01 ey
1620 1640 1660 1680

AR / \
G.01 .Ji-‘(“\’/

Absorbance {Airb Umts}

-3
e N
YT . -,
Op~l— ,4'/ , &D
- I d
% &
. d
\ -
0.01 Yy £
"‘\-"
1620 1660 1700

Fraguency (cm-1)
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Allbsorbance

&7 rem excitation: echanises

3

67 nm

' Rapid relaxation to
ground state

£
)
B -

IV purnp IR probe of poly-strands

. polydG-dCe polydG-dC

R ] ) w @ @ G’r ;'15& Sdps

Timatax

polydA-dTe polydA-dT

—
g.080E |
o
w400 %
H
]
H =
8 aoomE
n 1832
F] s 155
w 1E0%
4.8 10 + ERD
4 1645
| : P
— r — -
1700 1650 1800 1550 H 08 @ e w7 =4 &140 ps

Wavenumber! cm-! Tima 1y n
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fbsorbangs

- Solvation ?
* H-bonding?

LY pums IR probe CT DNA
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287 nm excitation of DNA - Concius

Sy

Electronic excitation leads to rapid S, to §,
(in agreement with others)

*ps-TRIR used to directly observe vibrationally hot {S,, »21)
ground state nucleobases following electronic excited state
relaxation.

*Polynucleotide strands give complex spectra with longer-lived
transients. Assignment is less ciear

M K Kuimova, J Dyer, M. W. George, D. C. Grills , J. M. Kelly , P. Matousek ,
A W Parker, X. Z. Sun, M Towiie and A. M. Whelan
Chem. Commun., 2005, (9), 1182 - 1184

Direct photoionisation of
DNA bases as a step

towards DNA
photodamage

39



sarmage Through Radical lon Formation

#Study the study the pnmary chemical processes leading to mutations

{cancer) of DNA caused by s

# 2 processes of mflicting DN

HO — ‘OHH,

rJ
/ jonising

radiation

electron +

193 nm (6.4 eV)

DNA

+ 3.3 eV hydration
energy

Lesion

Dihydrothymine
5-Formyluracil
5-hydroxycytosine
5-hydnx¥uracil
8.0xoguanine
Fapy-G
8-oxoadenine

a-Adenine

Block to DNA
polymerases

No
No
No
No
No
Yes
Ne

Yes

trand breakages.

A damage

DNA _
— " Reactions produce DNA.
products and lead to

damage

DNA* + electron

Lethal

No

No

No

No

No

Yes

No

Yes

o 3
i e
& £

AR ERL

’ S. S. Wallace Free Red Biol & Med {2002)

Base
inserted
opposite in
viHo
A>G>»C
G»A
A
CrA
n.d.

TG

deletien

Mutagenic

No
T—-CT—A
C-TC—G

C-T
G-T
Ne
Paar

-1 deletion
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Linear no-threshold mode)

*» The linear no-threshold
model, LNT model, or
LNTM 18 a model of the
damage caused by ionizing
radiation, and particularly
the increased risk of O
cancer. It assumes that the °
response 18 linear and that
this linear relationship
continues to very small
doses

http:/fwhyfiles org/020radiationfindex php ?g=4 txt

NA Damage - Base specific Sequense

» Study fundamental chemical events
leading to DNA modification.

B 7193 nm induces direct damage by
| monophotonic photionisation of bases.

3~ Strategic base sequence characteriges
where DNA breaks accur.

#Damage is enhanced at G sites indicating
hole migration ocewrs
{ease of oxidation G> A >C>T)

> Work shows that phetoionisation results

Base sequence spectficity of frank ssb (lane ¢, snergy 5 ml), Fpg excised ma sequence dependg nt intra- ze¥f inter-
damage (lane d, energy 2.5 ml) and hot piperdine labite sites (lane b, 2.5 . . .
mly of the DN& 154 by fragment (A sT,0T4s) isradisted under asrobic strand charge migration of the radical

conditions with 193nm light Lanes & and e show Mavam Gilbert G+C cation of the nucleobases to G located
sequence markers andhydroxyl radical cleavage sites respectively. . . ... .
" with a few base pairs of the inifial site of
T. Melvin, S. Cunniffe, P.G'Nedli, & W, Parker & T. Roldan-Arjona| ionisation.

Muc. Acicds Res (1598) 21 4935
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Direct DNA / bases ionisation

hv
Base — - Base* +e

- 2-Aminopurine is Adenine analogue

* 10 ns lifetime
* jonises at 308 nm

* participates in Watson-
Crick base pairing

2-Aminopurine ionisation: 77K glass

» use of 77K H,0 glass is established method
for stabilising Base* (EPR)

] AQD = 0.008

w/ /\‘j\\_kﬂfw ™

T T T T T T T T T T T
1700 1650 1600 1550 1500 1450

Absorbance

Wavenumber! em’
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AAbsorbance

2-Aminopurine ionisation: solution

— ]
1} )
c
o I
_Q !
i S .
/'Q\. N H
'-.'.-‘\’.{n';' X |
R jf s v
AOD = 0.0001 \w. i s
o / i
.I“’ \Ui
1590 1650 1620 1500 1950 1710 1680 1850 1620 1580 1580
Wavenumberfcm™ ! Wavenumber / cm'1
pKa

2AP*(-H*)

2AP**

2-AP ionisation: monitoring e,, @ 800 nm

Absorbance ! arb. units

Time{ ps

- 2AP is ionised in biphotonic process at pD=7 and pD = 1
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2-Aminopurine ionisation: pD =1

Afbgarbance

afbzarbance

T T T T T T T T T T T T
1700 1650 1600 1550 1700 1650 1600 1550
Wavenumber I cm’’' Wavenumber | cm’’

- In neutral sclution 2AP+« deprotonates in < 2 ps

» Assignment supported by DFT calculations

Natural DNA bases: ionisation

G, A,C, T are ionised in one-photon
process at 193 nm

h
Base __ " _ Base* +e

ps 200 nm excitation source was
developed in RAL
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200 nm PUMP IR PROBE

PIRATE TRIR

mer L

McT [
LASERS - : ;
Evolution AgGas,

{1
= B 400 nm 267 nm
ﬁ BHO BEO BBO

SHG THG - FHG |77
r ! 200 nm ~2

800 nm ~1 mJ,

Amplifier
i‘z Ti:S Millennia

Guanine 200 nm ionisation: solution

1750 1700 1650 - 1600
Wavenumber/! cm"|
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Poly(dGdC) ionisation: solution

1720 1680 1640
Wavenumber ! cm'1

Conscquences of G Ionisation

200 nm
— +.
G G™ + egom

lI Timescale ?

G+ H'
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Poly(dGdC) ionisation: solution

dG-dC dG
——— N
J \ — \-/"-E. P T
SR : Iaon =0.0003
‘1\" z .'.‘\_ / :
E‘z ‘\i 4 | ~—,/L/
1750 1700 1650 1600 1750 1700 1650 1600
Wavenumber/em Wavenumber f cm™

IR marker band of DNA damage
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lonisation yield monitoring e,

Substrate Initial yield  Escape yield
NaCl 1 0.47
5-GMP, pD =7 0.03 0.03
5-GMP, pD =2 0.02 0.005
5-GMP, pD =13 0.04 0.03
5'-CMP 0.007 0.004
5’ -AMP 0.005 0.003
5’-TMP 0.003 0.001
poly(dGdC) 0.05 0.03
CT DNA 0.05 0.03
50mM PO ,2?- buffer @ 0.01 0.005

Photoionisation Conclusions

®* 200 nm irradiation produces both excited states and
photoionised species for G

Excited states decay rapidly to vibrationally hot ground states
analogous to 267 nm excitation

C, A, T are not sufficiently photoionised

Vibrational signature of G*"is believed to be observed -
characteristic of DNA damage

Also, performed indirect studies using [Co(NH,),CO;]NO,

MK Kuimova, AJ. Cowan, P. Matousek, AW. Parker, XZ. Sun, M.
Towrie, MW. George. PNAS 2006 103: 2150-2153
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Poly(dGdC) ionisation: solution

Several transient bands are observed

DNA ionisation: solution

]

]

]

] J,

1750 1700 1650 1800 1760 1700 1650 1600

Wavenumber fecm 1 Wavenumber / cm ™

IR marker band of DNA damage
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lonisation yield monitoring e,

Substrate Initial yield  Escape yield
NacCli 1 0.47
9’-GMP, pD =7 0.03 0.03
9’-GMP, pD =2 0.02 0.005
5’-GMP, pD =13 0.04 0.03
5’-CMP 0.007 0.004
5'-AMP 0.005 0.003
5-TMP 0.003 0.001
poly(dGdC) 0.05 0.03
CT DNA 0.05 0.03
50mM PO,?- buffer 2 0.01 0.005

Photoionisation Conclusions

* 200 nm irradiation produces both excited states and
photoionised species for G

Excited states decay rapidly to vibrationally hot ground states
analogous to 267 nm excitation

C, A, T are not sufficiently photoionised

Vibrational signature of G*" is believed to be observed -
characteristic of DNA damage

Also, performed indirect studies using [Co(NH.),CO;INO,

MK Kuimova, AJ. Cowan, P. Matousek, AW. Parker, XZ. Sun, M.
Towrie, MW. George. PNAS 2006 103: 2150-2153
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ULTRA - details

A New Generation of High Repetition Rate Spectrometer

Wihez LA TERT TUNABLE FSGFA:

¥ TUMAEBLE P2 OFAs

SLI98 AL 1008 =

Time resolution
50fs — 100 us

Spectral coverage
200 — 16000 nm

Technigues

“Infrared Absorpiion

*Rarnan

+Z2D-IR

+TR - Absorption
UV-NIR (50 f5)

*TR-Fluorescence

< f R

>60 fold faster acquisition than current state of the art - unsurpassed sensitivity.

New LSF facility : ULTRA

Mot Gensrslion L sger Feeildy for Binlogiesl & Phsiesl

World’s most sensitive time-resolved vibrational spectrometer
Cross-disciplinary & Cross-departmental development
Leading edge technology (lasers, detectors)
Complementary to SRS, Diamond & 4GLS

Biomoleculsr

Frobhex
Proteomics . - - .
Solid State Examples of scientific applications
Physics
Biomedicel ) DNA ,Damag?,- TS
Imsging Wihat gre the inifial sia
Hano- - mutetion ang repalr
metenee Pratain function-
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CCLRC, Nottingham, Cambridge, MRC, Leicester, Cranfield
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DFT analysis of Vibrational Spectra

Keith Refscn
CCLRC Rutherford Appleton Laboraron

32 August 20go
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Ab-initio lattice dynamics
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T3 splitting and Born effective charges

st : and

[RETIEENTRY vo andh LT anor s s e o i
0N

P Al ' 4ot wofa

S e nsiTy NI

o darserg dateon b el et dlisperaon o LS

ver Al oethie ] for ety

56

i disg T
fiessonpeneeesigle Lo omiode freg hi i
e 0 g honal resioning force due 1o ;
N
TRt
ner i L
Shiite ;
S IR S e iy
Gl ciatb 2 ¢
4 [ TS R A BRI TR
[
i
i PP v (RN
T Lot m CASTEP
RS = Crds s v arationsl formulatian of
ER TR PR P md R Tol M erste o D NER TN
P AN
= Foboos ned Supr ety Sf et ol
a0 nbond e clemenis ob G0 g Calooit d e LR v
andd o ot dependent S
b Hemp-zone pridormed s opodin w0 U b



e,

RV

A

B

5]

Modelling of Neutron Inelastic Spoc

= tentie Focites

mmomum Fluoride

dams {1S15:
Structislly isumorphic with e

CLHVIAX sott-

INS spctrum modelled usimg
ware (A 1. Ramirez Cuesta 151
Pradicied INS spectrum in s

sgresnient with erpenment
NH Bhistion modss o eror by 00 00

Comphete muode assidmuent sohis

57



1 Rheniom Hydride

T
DT LIt AL

vath nnusial keH=7 on has

bregiteig e 0

~ ell=d sz A-CLIMAX sottvane
catal 15050
d o in o moestly excellent dgree-

T o

BT 1o deslationse on
e e b INS |
' Lo vane, CAST P
: .
' ! . L | — e —
e i b meniodhe arnay of Pre

1900

Irequency (em

TG A 1SOOF .~ ~

. i niely o« periode -/ “ |
‘ woltims epl - ] . ]
‘ 1700} —= —=
SAnion m Coocmipleteh sensitive to pres 0 0.002 0.004
SinZe QT 0 TR J. \- '“\_;) \-_
xtal
i
|
| i S e e E. oo




H-Steorage inaterials MgH .

=

B

Ligh . s one ol

bvdiog: nowtorage marcrials

T

seption reaction only a1 fizh

Dot ReHZ bot Ballwdil-d and

CU Lared material proavsing

P BRI DR

b Ramirez Cu-sta.
g Lzt muterisls have
panstary snd athermal Hmio e urats

n Se - B . .
et Goasi-harmonic ires iere s mMine 0.1

[
T

g Fowvalnaed using phonon DOS ol -

owolun

Tion w1 fing

‘
<

g —_
rh

L e

Caav by

g LDA lotice parameter in

#pt than GOGA 3 44 45 4 47 4%
latrice paramerer 2

meant with
LDA 45

E.pr=d &1

M

1. GGA - RGN
7

. MaH- INS and lattice dynamics

Tl Cvas ru.nL;K

FAC ™ VWl an it SpoemienToy o Centrar Facilities

59



"

srtenTey Fos!

cctruuyi of

Modeilin

(=3
=1

Q

T
!

IR and Raman Spectra

60



W

High-pressure phase transition in clinochiore

W

orators Dr Andrev Jephcoat {DLS ) and

~
€

Dr Anette Kigppe (O ford

@ Clinovhlore 1 H-rdhv chlonts whickh may be

coter-bearor m subducnion zones

£ Strnaware is mixed-lavers of mica-like phytlosil-
c icate and Mg Al brodite

crure of synthotic clinochlon s

mne e C2om
5 X
1y .

Xerav powder data tor igh-pressue phiase can

der difrrction ad R

|
SIS jSition |

S Ly
s SR

rrnation.

not e indeved tor siruciure d

FA 2aul v braticns! Specirascopy at Central Factities

- Ab-initio DFT results for Clinochiore
) DFT lattice parameters of clinechlore

disorder using  eithet 1530 e

all-=>1 approvina

s

g OUptimize co-ondinates and sl

fion call nnde
Bath mo

tiuhn al

=

g Chara terissd by sheay and comp

B
Change i - = J
2 =
)

ter loaver registration frome Type 11D

g3 ‘F .y
;

sion slong o
Pe®eesess00 o

:.[A,(:!f‘\nr,' [ *—e 1o 2l b

. . . F cell ¢ 1

5 phase ie still | le o |

z 7o prediction m | le ; |
pressurs orostal struclure plee i vl o

0 3 10 13 20 23 30
Pressure « GPay




o Samee petiore O Teognene Shifts
w Sotrans e obee e i adonlas
THOY - EERATENS

A P b the e b
‘ e predll el 0 ol [

shoncfur=

that

-1 phase b omes

Analvsis of el ors show

PAode w sibeate fa

e hedro

L I :
310 15 20 23 30
Pressure (GPa)

o it e deronr s s ponverlub ool i e
danenst co ctra i kg
X Ceure prreanl earept
ook d v
oo e g e e nlos metslo manlot s and s mae

Cosal e e by e

#onodelling NS -

wvital srenrctre e

mbined OFT micded

re Harman e o

el e pEranant ives et

sl ot

ctre baolos ek

62



ey
= B i Q‘“ﬂ’n 4

o
““uz""/,:f;f Rutberford Appleton Laboratory

hY
b
-
l\,
F
(.

A

Vibrational Spectroscopy with Neutrons:
Catalysts, Hydrides and Polyethylene

Stewart F. Parker

ISIS Facility

Joint IRDG and RSC Molecular Spectroscopy meeting, 319 August 2005

Menu

Introduction: neutrons
vibrational spectroscopy with neutrons

Catalysis: adsorbed states of hydrogen on platinum fuel cell catalysts
Hydrides and hydrogen storage: Rb,[PtH;] and Ba[N,]

Polyethylene

Conclusions
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Neutrons: the subtle probe

Neutrons are NEUTRAL particles. They
« are highly penetrating
= can be used as nan-destructive probes
= can be used to study sample in severe environments
« they cause little damage 10 the sample.

Neutrons have a MAGNETIC moment and a SPIN. They can be
= used to study microscogic magnetic structures and fluctuations :
« polarsed, therehy enhancing their setective power to magnetic features ) ™
= used to develop magnetic materials '

The ENERGIES and WAVELENGTHS of thermal neutron are “just nght” .
« malecular vibrations and laftice modes. S )
= magnetic fuctuations. e
= dynarmnic of atomic motion (2.4, diffusion)

Neutrons “see” NUCLE], =0 they
= are sensitive to light atoms.
= can be exploited for ISOTORIC SUBSTITUTIONS. In particular

= the neutron contrast can be vaned selectively for irmportant species such as
HvDROGEN).
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"

Vibrational spectrum
Complementary to infrared and Raman.

No selection rules:- interaction is with

nucleus nofr electrons.

Intensities straightforward to calculate:-

S(Q,0)=0Q"U, exp(-Q°U;)
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K Ept

S(Q. -

e PV

j = T - | T T T T T | T T T T T T

200 400 600 800 1000 1200 1400 1600 1800

Wavenumber cm

S.F. Parker, C.D. Frost, M. Telling, P. Albers, M. Lopez and K. Seitz
Characterisation of the adsorption sites of hydrogen on PtfC fuel cell catalysis

66



Dissociation of I1, on a Pt(30%0)/C fuel cell catalyst by QENS

l\_& -

of H,

S(Q. )

Desorption Dissociation

Debye-Waller

of H, increase

|
I T es I - \
4 gt
ty, it L
7 = i
et
, | ‘ e
50 100 150 260
femperatine KN

r(L‘aJH 7 j

[
L

<

Pran. ¢

T

L 1)

~ a - It
{ SEINE

WIJ'

¥y

r

Pt (

b .
noer
A L

67



th
N

Fuel cell catalyst: Pt(38%)/C

S(Q. )

T ' j I j I

Solid H, On-top Pt-H bend
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Hydrides and hydrogen storage

5. F. Parker, 5. M Benningion, A. J. Ramirez-Cuesta, G. Auffermann, W. Bronger,
H. Herman, K. P. 1 Williams and T. Smith

Inelastic neution scattering, Raman spectroscopy and periodic-DFT studies of
Rb,PtH; and Rb.PID,

J Am. Chem. Soc.; 125 (2003) 11656-11661.

Stewart F. Parker, Jon W. Taylor, Keith Refson and Gudrun Aiuffermann
Spectioscopit and ab initio characterisation of alkaline eanth nittides and diazenides:
detection of the N=N stretch
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T WINS and Raman spectra of O, [PtH]*

T T T T T T T T T T T T T U T T T T T H T

e A

lb

E

P g
) | T,,(IR) i(R)
:}‘ l*:'\..,‘*".,-“k‘('] Y‘\-‘\vmd-l"ﬂ'j‘. \—\ ._Af‘ 7"—‘*‘-“\"

RbH Ty, (IR)

17 PR N
Vead I PR N JIT E
e T I N et e e i iRt e N e

PSRN SR T SV T VRN SR TN SN DS VU WY S S | TR

0 300 1000 1500

Energy transfer (cm™')

Encrgy tranafoer /cin"

71



Comparison of properties of M,PtH,. (M = Li, Na, K, Rb, Cs}.
Experimental values in parentheses.

e R T R IR B Ry

Li Na K Rb Cs Gas phase
Property
Lattice parameter 5564 7716 3.2002 8.6222 3.9503
Y .55 7 3410) (3.13993) {3.5359} (39681}
Pauling ionic radius  {0.60} 10.95) (1.33) {1.48) (169)
M (&)
Lattice energy 2223 1966 1754 1665 1577
[k el Ty
PEH A 1639 1.641 1.644 1.64B 1.647 1675
(1.615) [1.640) {1.629) (1.841)
Mi-H (A 273254 2.540 2927 3.091 3219
2.74) (3.12) (3.06) 3.52)
¥ PO stretch A, 1673 16851 1604 1588 1677 1337
{crn) ) 1491] (1471) {14686}
Charge on Pt -1.718 1777 -1.601 -1.511 -1.422 -1.060
Charge an bl +1.370 +H1.598 +1.698 +0.703 +1.536
Charga on H +.163 +.097 +1.034 +0.013 H1.058 0.232

A A I

T R G T B S B B e

S{Q. )

o
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E‘;’z’r,»f ool I
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I j |
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Ba|N,] on MARI

2560 v T . _ R
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.  Polyethylene
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G.D. Barrenra, 8.F. Parker, A.J. Ramirez-Cuesta, and P.C.H. Mitcheli
The vibrational spectrum and ultimate modulus of polysthylene
Macromolecules, 35 (2006) 2683-2690.
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Polyethylene dispersion along chain (¢) axis
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INS spectrum of polyethylene D,

d\ [N

S(Q. )

800 1200 1600 2000

Wavenumber om’

= a mernen A e Tetenal o

Observed and Calculated Young's Moduli (GPa) of Polyethylene

Madulus Experimental Theoretical
1 GPa Mechanical X—rajrj Raman | Coherent | A» Maulecular | Force | This
INS initie dynamics | field work

¥, 288 235- | 280-338 | 3239 350- 334 186- 360.20
255 400 386

5, 25 B 94 1292
50

¥, 19 9.0 13.34
39 J
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o Conclusions

Vibrational spectroscopy with neutrons provides a different view of materials
it allows access to forbidden modes
metallic systems and catalyst supports are transparent

Combination with ab initio results is mutually beneficial
enables unambiguous assignments of vibrational spectra
provides stringent test of ab initio results

Photens and neutrons are complementary
best science results from use of both
co-location of sources {ILL/ESRF, 1SIS/Diamond) promising

PO N Tl O SRR e G AL O A A A
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S LEIL

SYNCARITRDN

Synchrotron Infrared
Microspectroscopy

Paul Dumas
Synchretron SOLEIL

paul.dunmas@synchroiron-soleil. fr

Infrared microspeciroscopy
S LEIL . .
w=ainot with a blackbody source

$

/

4
Y\

-
. A \ k%m—mwa‘j
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Infrared microscope with blackbody :
limitations

S LE

Confocal o ot o

configuration: ,@\'

limited to £ Goner &

N 5 b — — Upper Aperture
20:;20 pm size settings

aperture ‘

Lower Aperture
size settings

The limitation arises from the low brightn

R o

R

ey g

. . Infrared microscope with blackbody :
LE limitations

"

Non-confocal Optical arrangment for detector array , or FPA
configuration:
Focal Plane

Array Detector

Interterometer

Totigshe Lage
St ahiit
The FPA microscope hias nc upper

or lower aperture to define the
instrument’s sensitivity.

condennet
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S LEIL Tlle _need p:f a b;‘ig11t61' source

SYNCAPDTRON
In order to achieve:

-Diffraction limited domain size analysis ( A/2)
-High spectral quality ( High §/N)
-Confocal configuration ( contrast fidelity)

There is a need for a different infrared photon
source, much brighter than the blackbody.

1
I+

S LEIL Confocal versus non-confocal

SYNCARG RO

Preserving the conirast fideliny
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S LEl LDiffl'-a.ctiﬁn-limited Point Spread Funetions

LYRNLaE TN

Schwarzschild
d =~ Af(n sinB)

“Normal” (circular aperture) ,
d=1.222f{(n sinG)

» =6 um, 1 um grid spacing
“fat” Ist order diffraction ring for Schwarzschitd

T

i i1 Confecal versus non-confocal

G.L. Carr

Confocal results in narrower central peaks, and
also reduces effect of 1st order diffraction ring.
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Example of an i]:naging artifact

G.L.Carr,uo. Ch.ubér ard F. Dwrnas
Spectrochemical Analysis usingmultichannel infrared detectors,
Analytical Chemistry Series, Blackwell Publishing (2o05)

Lefi: object consisting of an opaque specimen except for a 12 wm diameter circular aperture
Right: calculated transmission irmage for a single (non-confocal) Schwarzschild
objective with NA=0 65 and for 2=6 pm.

1-Note the dark patch in the center, suggesting the presence
of absorbing material inside the hole

2-Note that the dimension of the hole is not preserved!

S LFIL  Artifact verified experimentally

NS R TR,
SYNOHRGTAON

1 00 Aencr

0.75

Absorption Intensity [rel.]

A= Bum
L
0.25 ® Measured
Calculated

0.00 ——————— —
0 5 10 15 20 25 30

G.L.Cary, 3. Chubar aret P Durras HY
Spectrochemical Analysis using multichannel infrared detEc?oﬂt,l on LUJ'"] ]
Analytical Chemistry Series (zo05) L

1]
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| Fli Chemical imaging: FPA versus Synchrotron

Lipids profile across and hair cut

Synchrotron-IR

e
>

Low brightness source

Synchrotron source is a
broadband and bright
source,
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S LEIL

Absorbance

Synchrotron source: advantages

m—— BlackBody 2000°K
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«-helices

Trends in Biotechnology
15

Lipids i Aperture 5x5 um?
i : Proteins ! :
j 1 | e !ll 4 cm-1 resplution
AU B-helices 72 SCAIS
R — W 3
A H
: I“./' Y ‘] ‘\ ! i’.' ﬂl
J F [l DNA
i k4 ’ ‘Kg i
/ ! |
; } |
; |
! \\_\ o
B R |
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Wavenumbers (cm-1)
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AT R ATALE

S LFIL Synchrotrqn Infrared MriCl“{)S.CDI)‘ST' Beamline ©

SYNCARETAON -

Design and Challenges

57

T T SR T DA

Synchrotron radiation and infrared emission -

> EEL

s Exerple for 10pm
Ve wavelength

Edge & o & ER
emission; -~ =~ =

Bending PE
magnet
emission:

iB
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S LEIL History of synchrotron IR ?

It takes much longer before being recognized as a potential
source for spectroscopy

Bending magnet radiation Edge radiation

*: caleulated uzing the SEW code for E=2.75 GeV, 1.56 T, 7 meters straizht section

79

N T T T R T

Formulas for ca lclﬂatmg

T oo .
S LEIL infrared flux

(Nen-coherent) Synchrotron Radiation from Censtant Field of Bending Magnet

S W . . f
- — |~ 4.88-107 E[GeV'] I[A] 8,[mrad] G(4, [ A)
dQUA) ) o om

+on

y=Flm,c’® = electron relativistic mass enhancement factor
&, = aperture
A =4xp (3 ¥*)= critical synchrotron radiation wavelength for the bending magnet

K; » = modified Bessel function

For a storage ring with parameters E=2.75 GeV, =035 A, 2, =143 A,
herizontal angular aperture &,=40 mrad, at the wavelength A= 10 pm

rp' W ! - -‘vll g
. ‘,5/ 7 |~ 510~ . a{if Photons |\ [ dW ~1.40-10"° II_l
CAQEAY | om dt (dAl A)| 5 (0.1%bw) .~'| dQiA) ). F

om
Multichannel Detection with a Synchrotron Light Sowrce L. carr, 0. Chubar and P Dumnas

26
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Infrared Synfﬁiroﬂ*on Radiation
S LEI from Bending Magnet

SYHCARGIRON . o

Australizn Light Source . » o ]
Intensity Disiribution Intensity Distributions
in transverse plane at Varions Pelarizations

close to the source =TT
! f i
Natural Opening
Angle:
v~ ()

(A3» A}

E=30GeV;B=130T} .
p=78am :

Famatp iy

1= 200 mA
~ ~&=10pum,=123 m -
N e - an
‘I /.\ B _—
' Circular / SN ‘6 e tol?l
; ) right ; | Circular
i i ; 4 feft
‘J . H-pal. :
k ¥-pol.

25

ey

Practical Fornﬁilag for calculatmg |
S LEIL infrared flux

AYRCARPOTREH

(Non-coherent) Edge Radiation from Extremities of Bending Magnet

i r .8 [mra
AW W _ls76107 141 H 78 [mrad] zL (]
dAQIA) f ool cm Alpn] z+ L

wheref(x} =In{x)-ci(x)+ C,
ci{x) = - J'cns(f}f"ldt isthe cosine integral functien
C ~0.577216 is the Euler censtant

L isthe distance between bending magnet edges
z is distance from downstream bending magnet edge to observation plane

Taking the following realistic parameters: I=0.5 A,L.=10m, z= 9 m, § = 10 mrad

[ dw ] 1510 7

cm

A =10 pm

22
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S

Vartteni SuD D

"Pure ER" i5 polarized ‘Radially”

Vertieal Pasition

LEIL  from Edge of bending magnet

LE!‘" simmlations?

Infrared Sm(;hléi}ﬁ'on Radlahon

E=30CGeV L=5m
Brey=130T r=123m
=200 mA A=10gm

Intensity Distributions at Various Pelarizations

23

AR PR i S 2 T G I SR B UCLI N I SN

Are we confident with the

Calculated intensity profie. ~ M€@asured at the ESRF

at 6.2 meters from source beam“ne
»=0.52 microns

Recorded with a CCD camera
at 6.2 meters from source
’= 0.52 microns

10 1s 28 25 Sham
Honzomtsl Position

24
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I!Edge radiation observed at Ili béamlme

S LEIL ESRF

Measurements done with a CCD camera, 1om from source,
® filter=700nm

H-pelarized V-pelarized.

25
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S LEIL Collecting the two sources

SOLEIL’s case

Emission @ 10 pm

Emission @ 100 pm

il
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S LEIL Extraction optics

Allows to collect 20 mrad vertical and 78 mrad horizontal

crotch

Side view

Horizontal deflection

Vertical ( upward)
deflection

U,

. High power density on the mirror!

28
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Dealing with high incident

S LEI
Wtk power

Recorded at ESRF IR-beamline

91



Cal_culatiﬁg power
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Mi=extracting mirror
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To specirometer
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CVD diamond window@ ESRF

S LEIL Performances achieved at ESRF
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S LE|

BONCHFDTRON

3800 3000 Z800 2000 1531 1000
353 I;'.LII’IQ aperture Wavenumbets {em-1)

1 jim step

Amide I c=H earboxylate
infernd. of Cosmetics Science. 28 7-6(2001) 363-374
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Beside chemical imaging: multivariate...

S LEIL

Twao types of lipids
identified across hair
section

38
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Secondary structure of proteins
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Higher concentration in
Sheets in the cuticle.
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.3- Combining synchrotron-based r
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Hair study....
y Lipid distribution
Across haircut %
{ infrared)

96



S LE

BYNCARTRGE

X-ray fluprescence microcopy at ID 22 ( ESRF)
3. Bohie, A Somogyvi,A. Simionivici,J. Susini, P.Duimas
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Absorbance
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S LEIL Cell differentiation
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Fuzzy-c-means clustering
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S LE

X-ray flugrescence microcopy at ID 22 ( ESREF)
8. Bohic, A.Somogyi,A. Simionivici,J. Susini, P.Dumas
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20 um Imaging beta misfolding .
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Are these cells
sensitive to the drug?

r‘sv‘ﬁ

=8 % ) D2 o
Biith 48mill Gemetinbine

From Dr. Josep Sulé-Suso
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Abzorbance {a. u)

SKMES lung(;ancel cells .l.ine, |

CLEIL
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1.40 & B
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47

the biochemical changes in these cells measured
with synchrotron IR micro-spectroscopy could
help us to better clarify the state of a single cell,
i. e.,

@ alive without damage,

# alive with damage but able lo recover,

@ alive but enlering a death palthway and

unable to recover, or
s dead.

48
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Gold grid deposited on silicon wa
S LEI L imaging the protective layer on top of the gold grid
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Summary

S LEIL

EYNOnSUTRIN

Synchrotron IR microscopy has became an important
analytical tool in synchrotron facilities

Such facilities are of high ratio scientific/cost

TP

Association with fluerescence is desirable

Good 5/N and higher spatial rescluticn.... Statistical treatment
( unsupervised or supervised }

¢ © & ¢ o

Complementarities with other synehrotron based techniques
are very potential especially if combined
studies are performed on the same sample.

e

SRR

5 LEIL
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Synchrotron Reflection
Absorption Infrared Spectroscopy

Peter Gardner
The University of Manchester

REC-IRDG Rutherford Appleton Lahoratory — 31 August 2006

Outline of Talk

Reflection absorption Infrared Spectroscopy (RAIRS)
Why do we need a synchrotron
What can we do with it
{Surface dynamics CO on metal surfaces)
CVD growth of SnQ,

Model Z-N catalysts
Outlook

REC-IRDG Rutherford Appleton Laboratory — 31 August 2006
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Reflection-Absorption Infrared
Spectroscopy RAIRS

= -\\—\,\__. ES,/ - “’"‘
E //// EG
= AN S
( Metal ’
0 gggle of Ing%ence 80 This is the basis of the “Metal
' Surface Selection Rule”

RSC-IRDG Rutherford Appleton Labioratory — 21 August 2006

MANCHESTER.
1824

Reflection Absorption Infrared
Spectroscopy RAIRS

An experimental technigue that enables IR spectra to
be obtained from molecules or thin films on highly
reflecting metal surface

Highly sensitive — fractions of a monolayer

Metal Surface Selection Rule — simple spectra,
orientation information

Particularly relevant to adsorbates on model catalytic
systems

REC-IRDG Rutherford Appleton Lakoratory — 31 August 2008
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The method was used extensively in the late 1980s and early
1880s to study adsorbates on metal surfaces

In the mid 1990s there was an explosion of interest in using
RAIRS for the study of SAMs on Au and Ag surfacs

However the standard RAIRS set-up using an LN2 cooled MCT
detector is limited to monitoring internal vibrations of the molecules

I Internal vibration

O ! External vibration

RSC-IRDG Rutherford Appleton Lahoratoty — 31 August 2006

Why do we want {o use a synchrotron?

Above 800 ecm’ a conventional lab based RAIRS system easily
out performs the synchrotron

Below 500 ¢cm' the synchrotron starts to have an advantage and
below 300 cm™ this advantage is significant

Most metal-adsorbate stretches are in this low frequency region
of the spectrum

RSC-IRDG Rutherford Appleton Laboratary — 31 August 2008
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Early days of far IR-RAIRS

Preliminary data by Bradshaw and Schweizer taken at BESSY

in 1986 did not look promising

Gwyn Williams at Brookhaven pioneered the Far IR RAIRS
method in 1980 with the completion of U4IR. Auc!. instrum.

Methods A291 (1990)

Collaborations with P. Dumas, F. Hoffman Y. Chabal B. Persson A.
Volokitin, C. Hirschmugl and others resulted in a series of seminal
papers mainly on low frequency vibrations of CO on low index faces

of metal surfaces.

REC-IRDG Rutherford Appleton Laboratary - 31 August 2006

MANCHESTER.
iR

First observation of dipole forbidden modes

G.F. Wilkcons S Xofd Q. 308 (1994) 1

Parallel mode - 'y ‘gogww
forbidden by \ =
MSSR N\ﬁ:

; ﬂ'\\
Perpendicular " N,
mode allowed I
by MSSR .

Wapronuber £ om-t

Al the same time M.
Chester, P. Hollins
M.Surman started to build
station 13.3 on the SRS.

Initial source instability
slowed progress

In the late 1990s we started
to look at adsorbates on
oxide surfaces

RSC-IRDG Rutherford Appleton Laboratory — 31 August 2008
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Infrared Studies of CVD
Precursor Molecules on Thin-film
Oxide Surfaces

REC-IRDG Rutherford Appleton Laboratory — 31 August 2006

CVD Growth of SnO, on Float Glass

SnCly + 2H;0 = SnO; + 4HC|

SnClg + Oy = NGy + 2CI5

We want to study the formation of SnO, on Si0,

RAIRS is straight-forward on a metal surfaces but, it
is difficult to do on oxide surfaces due to poor

neny

R3C-IRDG Rutherford Appleton Lahoratory — 31 August 2006
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The Buried Metal Layer Method

o

[ Yavenumber

RAIRS spectrum

If the thickness of the oxide is << A then the reflection will be
dominated by the metal but the surface chemistry being

probed will be that of the oxide

RSC-IRDG Rutherford Appleton Labaoratary — 31 August 2006

MANCHESTER |
, 1824

Why work at Daresbury?

v; Sn-Cl {(asym)
L 408 cm!

Sn-Cl stretching modes in the region 300 — 450 cm'’
Conventional RAIRS shows poor sensitivity below 800 cm'?

Low intensity of conventional source necessitates the use of
synchrotron radiation

RSC-IRDG Rutherord Appleton Lahoratory ~ 31 August 2006

Background single beam

Sample singie heam
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R| spectrum of tin tetrachloride on thin-film
(100 nm) silica / W sample at 291K

At 291 K spectra are consistent
with molecular adsorption

On Na doped SiO, spectra are
consistent with the formation of
small NaCl clusters

M. J. Pilling, P. Gardner, M. E. Pemble and h.
Surman,, Surface Science Letters, 418, (1998}, 1-7

M. J. Pilling, P. Gardner, R. Kausar, M. E. Pamble
and M. Burman, Surface Science, 433-435, {1993},
22-15,

M. J. Pilling, Murhayti, P. Gardner, A Awealiuding M. E.
Pemble, and M. Surman, Acceleratar-hased Sources
of Infrared and Spectroscopic Applications, Eds. G.
Lawrence Carr, Pauf Dumags, Praceedings of SPIE
Yol 3775, page 182-200 (1993}

RAIRS spectrum of 25L tin tetrachloride
on SnO, at 291K

SRR

00074
RUALTEES o
SL0aTe
-hoarar—

-0.0080—

-0.0082 17

-0.00E4
200

250 300 350 400 450 &00

Wavenuraberfcrr!

On a thin film SnO, surface
adsorption results in an
inverse adsorption band

Is this due to the SnCli,?

Need to revisit the theory of
the RAIRS experiment

REC-IRDG Rutherford Appletan Laboratory — 31 August 2006
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Greenler Calculations

The Greenler equations are extensions of the well know Fresnel

relationships, which define the reflectivity at the interface between
two isotropic materials.

n-ik, Vacuum (fixed)

n-ik, Adsorbate (fixed)

n-ik; Metal {fixed)

The reflectivity R’ for a particular thickness of adsorbate layer is
compared with the reflectivity R in the absence of the adsorbate

ARIR=(R -R)/R
RSC-IRDG Rutherford Appleton Laboratany — 31 August 2008

MANCHESTER |
1324

Greenler-Buried metal layer

n-ik, Vacuum (fixed)

n-ik, Adsorbate (variable) | -~
n-ik; Oxide|(variable} | ... ... .

a-ik, Metal (fixed)

Polycrystallineg Sno.
“ AT T
4Q "] ) x 1.2 ‘
5% s z/ !
2.4 | S 08
¥ ] Pl e e =0
L~~-— 7“___'_,:' Lo \%" 04
o 7 0.2
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wawenumb e eicm- 1 \’qj’
oo oo roTe Hord App}eton Lab Orory—o

OQUST 2000
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Tpical wavenumber-dependent 4-layer Greenler

calculation for a adsorbate with k¥ maximum at 420 cm-’

0.006 -
Inverse

ahsorption band
0004
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e
0 =yl ! =
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04an1 ¢
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3a0 400 450

wigve e ricnr?

Calculations can
qualitativehy reproduce the
inverse absorption band

They suggest that the inverse
absorption band is induced by
the adsorbate but is not
related to the vibrational

properties of the adsorbate

This is confirmed by
experiments with SnBr,
A Awaludding M.J. Pilling, F. L Wincott, 5. Le

Yent, M. Surman, M. E. Pernble and P. Gardner,
Surface Science 505 (2002) 63-69

REC-IRDG Rutherford Appleton Laboratory — 31 August 2006

Confirmation using SnBr,

7 W o ™
The SnBr, has no
SnC 369 196 . .
Sntl | 69 | 95 | 408 | 128 vibrational modes
Sngr, | 222 59 264 86 above 300 cm’
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W.JPilling, 5. La Yent P. Gardner, & Awaluddin, P L Wincott, . E. Pembie and W. Surman, Anamalous inverse
absorption features i the farinfrared RAIRS spectra of 2nCi, on thin-film Sn0,, J. Chem Phys 117 (2002) 6720-6788
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The calculations show that the band is related to the
optical properties of the bulk oxide film

This stimulated additional theory work related to Far
IR RAIRS on non-metallic surface

P Gardner, 5. Levent, i, J. Rilling
A theoretizal investigation of the far-infrared RAIRS experimant appiled 10 & buried metal igver substrate
Surfate Science 999 (2004) 186 - 200

Wt J Pilling, P Gardner, S Le Went
Considerations of Optical Anisolropy in the Simwation of Reffection Absontion infrared Spectra
Surface Science 582 (2003) 1

3. Levent, b J. Pilling, P.Gardnet
A theoretical study of inverse feallres in far-infrared RAIRS spectra from non-metalic supstrates
Surface Science 587 (2003) 150

RSC-IRDG Rutherford Appleton Labaratary — 31 August 2006
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Far infrared RAIRS studies of
MgCIXITiCly thin-films related to
model Zieger-Natta catalysts

REC-IRDG Rutherford Appleton Lahoratory — 31 August 2006

113



Zeigler Natta Catalysts

Zieger Natta Catalysis is an important method of vinyl
polyermerisation enabling polymers of a specific tacticity
to be made

n - g (ST

oo aoen noeon
o ] no
n<on Hooo Hooon
n . o (A
[ o 0o
e N

n - " HE 1] LI
- HA "o

fsotactic Syndotactic Atactic

RESC-IRDG Rutherford Appletan Lahoratory — 21 August 2006

The Z-N catalyst

ol

CloTisel a0 =~~~ TiCl; and Al(C;Hs)2

These are two sets of Zieglar Natta catalystico catalsyt
systems. VNither way, we have four chlorine aroms.

Cl
|

TiCly and AU Hayy ——= Cl—Ti-Cl and Al
|

]

Creation of the active site is generally achieved via the chemisorption of
TiCl; on a high area MgCl, support, followed by alkylation and reduction
by an aluminium alkyl. Utilisation of this type of catalyst results in both
high yields and selectivity of the desired isotactic polymer.

F5C-IRDG Rutherford Appleton Lahoratory — 31 August 2006
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Preliminary work by Somorjai et al have shown that model Z-N
catalysts can be prepared under UHV conditions but the exact
nature of the surfaces produced is still open to question

i - ey
nely, <

Au —

The ideal method of producing the model catalyst would be to
deposite TiCl, on top of the MgCl, on a suitable substrate e.g. Au

TiCl, will not stick on MgCl,

RSC-IRDG Rutherford Appieton Laboratory — 31 August 2006
MANCHESTER
1824

in order to get TiCl, to adsorb we need reduced Mg sites

This may be achieved in a number of ways

Adsorb on pure Mg

Electron beam irradiation of MgCl.,
Pre adsorption of TiCl,
During adsorption of TiCl,

These different methods produce different types of films that may have
different surfaces.

RSC-IRDG Rutherford Appleton Laboratary — 31 August 2006
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RAIRS spectra following exposure of a thin-film of Mg
on Au, to varying amounts of TiCl,

%R == e !
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em

TiCl, does stick at 300 K to the Au/Mg
surface but the resulting RAIRS
spectrum is very broad ~ 200 cm'’

The positions of these bands are
consistent with transmission far infrared
spectroscopy performed on a—MgCl, and
B-MgCl, [2] where absorption bands
have been observed at 407cm!, 372em-
1,.329em', 276cm ! and 248¢m-’.

What about the Ti?

REC-IRDG Rutherford Appleton Laboratory — 31 August 2008

XPS of Au/Mg/TiCl,

Ti%
- T
| S T .

Ti
2]31 2

i~
2F3a’2

[ | 1
470 465 460

Binding energy / gV

ooo L

600 L

100 L

455

Pt

The XPS spectra
clearly show three
different oxidation state
of Ti.

This is clearly very
complex

We need to simplify the
system

.. Laboratory — 31 August 2006
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TiCl, on Au at 120 K

) e-beam
Without e-beam
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RSC-IRDG Rutherford Appleton Laboratary — 31 August 2006
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[Cl, on Au at 300 K using e-beam
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RSC-IRDG Rutherford Appleton Laboratory — 31 August 2006

117



MgCl, on Au at 300 K
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Au/MgCl, with e-beam only
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REC-TRDG HOthenord Appleton CaBoratory — 21 August 2006
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Adsorption of TiCl, on Au/MgClI, with

e-beam
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Under these conditions all we observe is
loss of MgCl..

[

.
G om & @
A=)

Where is the TiCl, ?

M. J Rilling, M. 4. Cousins, A Amiero Fonseca, K. C.
Waugh, M. Surman, P. Gardner

Far Infrared RAIRS ahd XPS5 Siudies of TICKH Adsation
and Reaction on Mg Fllms.

Surface Science 587 (2005) 7a

RSC-TROG Hfero

MANCHESTER
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d Appleton Labeoratory — 31 August 2008

Conclusions

The Au/MgCIfTiCl, system is a very complex one

Production of a film that is a good model of the catalyst

is not straight forward

It is not at all clear that the model of the surface produced

by Somorjai is correct

Far IR RAIRS alone is not going to solve this problem on

its own

REC-IRDG Rutheriord Appleton Laboratory — 31 August 2006
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Outlook

Far-IR RAIRS using synchrotrons has been carried out successfully
only at Brookhaven and Dareshury. Eath these siation nave now

Why?

There was only a small user community

The technigue is complicated and goed results difficult to obtain.
Only a faw systems worked.

Poor source stability on second generation machines

New third generation sources should have better source stability

There is need for ohe gacd far IR RAIRS station.

RSC-IRDG Rutherford Appleton Lahoratory — 31 August 2006

Acknowledgements
MSc Students Mark Surman Daresbury
Danny Bird
Sarah Bickerstaff Martyn Pemble Salford
Paul Wincott

Amir Awaluddin
PhD Students

Sunil Patel
Mike Pilling Mike Chester, Nottingham
Mrs Nurhayati Peter Hollins, Reading
Post Docs
Mike Pilling

EPSRC
S Le Vent

RSC-IRDG Rutherfard Appleton Labaratory — 31 August 2006

120



FINANCE &
ADVIN
et Mo

SCIENCE DVISION

—

S

[

1

A

£ Uit

SCHENCES

Litine lshisan

NCHS




Key Machine Parameters

Electron Beam Energy 3 6eV
Circumference - Storage Ring 561.6 m

. 24 double-bend achromatic
Number of cells
6-fold symmetry
Insertion devices 4xB8m&18x5m
i 14T
300 mA (500 mA)

2.74nm rad thor)
0.0274 nm rad (ver)

510 h (20h)

-
»Ae DIrad v
] 3 Bbeo FreE L
n2smm™

A U
ROIC-DI-CBPM-0

bl jedntiy

N

S
. m&ﬁ:&;ﬁ.’.km@i
SO0 (g4 [Aele) 00D

Nopoek en

Q.00 m—

TGDD [
y

it

ferGe. o i ]

K i

= il

i ,\_w [ 9y 1125mm
Sar G N‘\_] Y ’ LR T o - |
o ) SEC0 e 200 mm 15
W ‘. T s T T T

2ni e «zo WG

T
[Sslal

122



Beamline plan
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Beamline programme

+2003 2004 2005 2006 2007 2008 2009 2010 2011 2042
Phase |, in construction Phase ll, recommended by SAC

| Macramoleclar Crystalt

Macromalesular Crystzdlog=phir

Iacromolazular Crystatiography

Hanoscienos

Exdreme Conditions

tiatenals and ‘hﬂagnatism
Microfecus Spactroscopy
Hon Crystalline Diffraction
S Test Beamline
| Small Molecue Diffraction
High Resclution Powder Diffraction

Misrofocus Macromoleculzr Crystaliography

Circular Dichroism

N
tdonochromatic MX Side Sfation
’ Versatile Xray Spectrometer
Surfaoe‘\“)(‘nray Diffraction
initares Microspesirsscasy)
Long Yarvelength tuneable MX

N
=)

Beamlines in Operation

Coharence and Imaging

Surface and Interface Structural Anzlysis
| core EXaFs




- Diamond SAC 2003: proposal of an
Infrared Beamline for Microspectroscopic Analysis

Mike Chesters, University of Nottingham
Mark Tobin, Australian Synchrotron Project
Peter Hollins, University of Reading
Paul Dumas, Soleil
Liane Benning, University of Leeds
Andrea Russell, Univarsity of Southampten
Neil Everall, ICT, Wilton
. _ Nick Terill, Diamond
Conelugions:
+#. Performance in the mid-IR (B00-4000 cm!) will not be
compromised by restricting the vertical acceptance angle to.11
mrad. Provision of a 30 mrad vertical opening angle is
recommended.

~ Flux:in o a4-5 pm? spot at 2000 cm! compared fo a
conventional blackbody source:
(ex) SRS 133 x 20
(till 2008) SRS 11.1 x 200
Diamond IMS > 1500

e radiation to provide 2 bemlin'es.diamond

agnet should be investigated.

Diamond SAC 2003 IMS beamline proposal

-~ T
3. i
< : @ 11 x35mrad
= Heiny —3— 30 x 35 mrad
— 1E14T‘ SR T T FITT
; T T - ¥ 40 x 35 mrad |
2 ! g R -
v 1 R
] |
Ao 1 1
@ 1
= ;
8 ;
o --_“».
= : T
2 E13 3
¢ - -:'\-..\ A
= o~
[ 1 Ny
c 7
k) 1 ~
1) 1
£ 1
0o ‘
1E1Z—— : : : |
10 100 1000
Wavelength {um)

‘diamond
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Scientific case for the IR microspecir
experienced UK community working on FTIR,

and SR in fields like: )

» Life Sciences and Biomedicine:
* Single cell studies
* Sub cellular analyses
* Cancer diagnosis

* Solid state physical chemistry
* Surfaces
* Interfacial science
* Catdlysis

- to be explored

* High pressure and FTIR
chaeology and Fine Arts:

scrence

T
g ;:i/(;

7

!
LS AT »{ /.

7
f;,ﬁi{f

plain mirror elliptical mir
~30m




Diamond IR source

13
= ] deuble line
S Soleil
"—E %‘?-'».
< it o 2.756eV@®500mA, 20x78 mrad? ‘Dicmond
'E VEZGEmA, B8uIE mrads U10B
] 0.85eV®500m, 40x40 mrad?
- 1.56e¥@500mA, 10x40 mrad? ALS
_ 66eVE2500mA, B.5x16 mrad? ESRF
I['\‘ —I T T Ll |l'l|' LI L llllll o T LS lllll' Li

TER. 1 FEH)
Wiavelength tium)

Transition Edge Radiation as Far IR source
e.m: radiation by a relativistic charge in a rapidly changing magnetic field,

£

1 -

% fagw Hadwtse

Tipole Red it nn

Phoi%/0.1 hw/mni

Edge

ing A H
Radiation Assuming 2. >> 2,

no flux on axis
peak flux cone at 1/y
radially polarised

Tetbsal Toation

A | Dipole
B | Radiation

23
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' g = o o
LIK's energy

Vibrational Speciroscopy at Central Facilities Eiaine Seddon, August 2006

Acknowledgemenis

» The 4GLS Team

» The 4GLS International Advisory
Committee

* The 4GLS Steering Committee

» National and international scientific
community

» Funding: OST/DTI, CCLRC, NWDA
and EU

P VielRSY information hitp:fiwww 4gis.ac.uk
LKGHT YEARS AHEAD
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415 Updale

< fhilestones and hurdles

% 46L.S machine update (focus on longer
wavelength systems)

% Flavour of some of the science potential of

46LS

RS SIS

A e

m

Wies

POk

3

AGLE: timescales

v Agrit §7
< Mo B2
< Gpril 83 & §4

+ Bgring 88

¥

late 06
2007

&

2008/09 ??
= 2012113 ??

[

hum

Nasible N Ravs

NIRBE

(nn
Himne

1530}
(DR

L)
[T

Scientific case approved (Gateway 0)
Business case approved (Gateway 1)

£13.9 M funding for prototype
accelerator (ERLP) and R&D (QOST £8 M,

CCLRC £5.9 M)

EUROFEL R&D werk funded (Euro SM)
Funding for 4GLS Technical Design
(CCLRC £1.6 M)

£3 M NWSF funding for ERLP science
4GLS CDR

Prototype construction complete

Report on 4GLS phase |, ERLP operational,
4GLS TDR

Approval for 4GLS procure and start build
Facility starts to become available to researchers
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Image of first Beam

1:08am Wednesday 16" August

« AGLS Conceptual Design
Report launched

» Available as a CD or on the
web at hitp./iwww.4gls.ac.uk

CDR launch
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ERLP photon science: NWSF £33, 3 years

— T

Time resolved X- -ray diffraction studies
probing shock compression of matteron . /
-sub plcosecond ‘rlrnescales -

S o B THZ - -
: { Ulfrahlgh intensity, broadband THz "‘-,
e-"&”»‘ih radiation to be utilised for the sfudy
~af lwu tissues. .

i H i Started Dec 2008
f Purrlp prnhe expfs with 'h:ble-‘rnp laser md 5R’

AGLE: timescales

v Bt 82 Scientific case approved (Galeway 0)
< HEw G2 Business case approved (Gateway 1)
< Gprdl B3 & 84 £13.9 M funding for prototype

accelerator (ERLP) and R&D (OST £8 M,
CCLRC £5.9 M)

EURQFEL R&D werk funded (Euroc 9M)
Funding for 4GLS Technical Design
(CCLRC £1.6 M)

£3 M NWSF funding for ERLP science

4GLS CDR

= late 06 Prototype construction complete

= 2007 Report on 4GLS phase |, ERLP operational,
4GLS TDR

= 2008109 ?7? Approval for 4GLS procure and start build

o 201213 2?2 Facility starts to become available to researchers
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Fundamental requirement to understand the dynamic
behaviour of matter, often in very small {nm} units, on
very fast (fs) timescales

Need not just to determine
structure with high precision, but 1o
understand how these structures
work

Require an ulira-high brightness low
energy facility that allows the use of
uitra-short pulsed sources both
individually and in combination

4GLS is being designed to meet this need
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4GLS combines superconducting ERL, SR, laser and
FEL technology in a fully integrated multi-source,
multi-user facility

thigh Avierage

K FEL Inpentor Cy Cutrent injecior
R s Main Linac
=L = B TS S
i szec Laser
XUV-FEL L Seedtase

. ‘/M-O’G—m-{k‘——?&’&-«_
e

tR-FEL e High Average
' — C/@(y;’ﬁ Current Loop
3 unac i R }"Mﬁ

Uncuator - FEL
q
J
||

VUV-FEL

Chpoie R R R
Boam dump Distributed pulse compression
Praotingactor ! gun

AGLS: 2006

Cptea! Blnor

FPulse strustures: High Average Current Loon

» Considerable flexibility in bunch patterns

(a)
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Multiuser facility

NS
bR
A
in

- e - - .—/

oo
PR o
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e
.-"‘p-n ”

e 2510200 um

* Bunch length 1-10ps rms
» Variable polanisation

* SC linac > stability

» CW or macropulse

Tuning - JLAB lased at 20-
100W over 0.7 to 4.8 ym m
seconds

Parhial waveguding to get
to longer wavelengths?

Max pulse energy ~50 pJ

Cavity length
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DN rndalsiure

T it

PERE, Ny e

THamond Tindilatnrs |

TG4

AT 1 AT

Spontaneous SR

Range: upto 1keV

Puize length: few px dowin to 100 =
Repetition rate: 1.3GHz max

Photan Energy {eV)

Broad band THz short pulse

broad band: freq. demain

enerqy [eV|

S0 51 0.
2ami
fete] il 15 1
~
P:oh"" 2 caLrs e
N

1 10
fregoney [THz)

100

THzzutse

strong electric pulse: time domain

broad band pheton source in frequancy domain,
strong electrie field pulse in time domain

Courtesy of A. Nilsson



Temparaily coherent {transform limited) beams have:
Spectral width x pulse duration=~ 2 eV fs

Spatially coherent {diffraction limited) beams have:
Beam area x divergence ~ 1/(2E2) mm2 mrad?

where E is the photon energy ineV

{Exact values depend on pulse and beam profiles)

,_ - NN
Ultimate Target: pairs of sources S P _/]
synchronised to the 10s fs level ) "\\ CeET

136



llustrative combinations: IR FEL and THz distribution
added

INJECTOR HALL a

Fel ML TR

&g
Ch “
Lae b -
3 T
A

EXPERIMENTAL HALL

A suite of lignt sources oplimised Toy
THz o soft X-ray wavelengths...

» free eleciron lasers

* undulators and bending magnets
THz to soft X-ray

» combinations of sources
internal and/or with conventional lasers

e

World leading combi
unigue experm
flexibility and co
delivery

.
aF e oeTige
Fi SIISEIYE
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aater than the sum of the parls

» Bynamics of adeorbates and

filenys
- Mondestruciire biogsystem

dynamies
= ultra-high spectral resciutien

+

7| - Pumip-probe
FEL+ spontaneocus BR {THzx!

= Dynamizs in nansparticles and
miicrodevices, spintroniss

- @ig and shemizsl Tz dynamics
« rreferinls under exireme condilions +
» eninsar Bpresesses

- piagma oinesies

- NENG SRegremisroseopy
eptranie struciure and

= Energy transfer in diemeleculos

agnalizm

filestones and hurdies

46L.5 machine update (focus on longer

wavelength systemns)

Flavour of some of the science potential of
4618

Nt Miasibie N
= Mo - .
owd c = e 2 St - = Levs &
= =- N = = = - e
KRN = = lEad = = vl = = =
= A= v = ~ = e
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RYVIEW

= LUnprecadenied probe of electron
motion in atoms and molecules

< Capability to picrieer a new generation
of ultra-fast time resolved experiments
revealing short lived intermediates in
catalytic reaction pathways

= The technology to underpin the development of
the next generation of electronic devices charge
and spin dynamics

= Development of innovalive dynariic imaging
techniques
= on large scale for disease recognition
= on nanoscale for biomolecular function in
live cells

FEL ALCNE: Mode-selective conirel of chemical
reactions, Vanderbilt IR FEL, Liu et &l

Desorption of hydrogen by resonant excitation of the Si-H vibrational
stretch

aty

10 peoak st

. . HiE AT Liu, Feldman, Tolk, Zhang and
T it Colizn, Science 312 1024 Way

Irradiation of @ mix of 15%H 85%D atams on 8i{111) 2006

FEL fluence 0.8J/cm? per macropulse (100mJ per macropulse), 50-80cm !
handwidth

Tuned from 4.2-5.6um, quadratic laser m!ensﬂy dependence

No evidence of bulk heating

Desorption non-statistical 85 % is H, <6% HD or D,
Peak in H, desorption at 4.8 um (0.26 eV) v(Si-H) terrace sites
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Fri ALQNE comi.: Mode-ssiective conirel of chemical reactions
Yanderbill IR FEL, Liu ot al,

N
35 s 2
23 B

Conventional wisdom large molecules and molecules on surfaces expeact
many well coupled low frequency medes giving rapid energy
randomisatien { ~ psec). Leads to thermal rather than selective results.

Power and tuneability of IR FEL enabled excitation of a particular
vibrational mode and diverted reaction from thermal pathway

Petential impact on:

1 the storage, transport and delivery of hydregen for the hydrogen
econonmy

2 reactive chamistry on surfaces isading to room temperature refining

£ cont.: Near-field Imaging:

iF 1R Speciromicroscopy

1 00 urn deep

Cell changes during apoptosis .

(P Dumas, SR IR, SOLEIL) CARS image, mouse ear
(lipid CH, symmetric stretch)
Xie et al., PNAS, 102, 16807
(2005)

Overcome diffraction limit using near-field imaging/IR FEL.:
— 30-50 nm resoiution cf. current best (microns)
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Combined sources
Double resonance Sum Freguengy Spectroscopy and imaging: New Horizons

= Exploits tuneability of both IR FEL and VUV

FEL

. o = Conformation of large admolecules

= Adsorbate dynamics

= Membrane rafts & proteins, lipid bilayers,
IR A > {0um oxide catalysts. ..
U¥, tune to optomse non-resenant mteraciion
=  Enormously widens range of surfaces and
- vibrations

= |maging applications using near-field SFG signal (SNOM
probe): below diffraction limit

Combined sources
Prabing elementary surface reactions, Anders Nilsson group and
collaboratars

XPG, XES, XAS, XRD
soft X-ray Probe THz pump

oS
7
)

4GLS

Pump: THz, Relevance to catalysis, fuel

cells, environmental science,
Frobe: XPS, XAES, XAS, IR semiconductor surfaces,
biosurfaces etc.

B & X FEL
or Tar-ld FEL & undulatar
Probe of reaction
coordinate

Selective detection of
surface species
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4518

multiuser facility

state-of-the-art sources by themseives {THz to
soft X-ray)

undulators and FELs

= spurce combinations including table-top laser
Bringing together laser and SR expertise and
skills

fully optimised detectors and on line
dgiagnostics crucial for full exploitation

ptual Deslgn Réport "

'II.L_aborato:tg |
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international Gollaborations

International development programmes

JLlab

Cornell

Stanford

Rossendorf

DESY

FERMI®Elettra
EUROFEL collaboration

MWIDA

A

A4GLS funding

= Contribution to capital {ca. £4.5 M)

northwest @ Provision of 4GLS building thro’
wrlopment agensy leaseback {ca. £24 M + vat)
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