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Presentation outline

~What is EMSL?

“What capabilities does
EMSL have?

How can EMSL enhance
your research?
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EMSL Signature Characteristics

EMSLY

W Integration - Our distinctive focus on integrating computational and experimental capabilities
strengthens research at EMSL.

@ Unique Collaborative Environment - EMSL brings together, under one roof, scientists of
many disciplines and state-of-the-art instruments critical to their research.

W Expertise - EMSL scientists are experts in their fields and lead research in energy,
environment, and climate.

W State-of-the-Art Instrumentation - EMSL offers an impressive suite of computational and
experimental resources. We advance science by customizing and upgrading our instruments to
meet researchers' needs.

W Economical - Taxpayer investment in EMSL makes research possible that would be otherwise
unaffordable to many scientists.




EMSL capabilities

Cascade supercomputer

Transcriptomics;
Multi photon imaging;

Cell culture OPA-MBE;

Ion Accelerator;
Clean room

Tomography;
Microfluidics; 12, 15 & 21-T FTICR MS;
Meter scale flow LTQ Orbitraps; IMS-MS;
cells DESI
300-900 MHz; Aberration corrected TEM,;
NMR Imaging; Helium ion microscopy;
Liquid & solids;

- FIB-SEM; cryo TEM, DTEM
Specialized probes

XRD; Raman; FTIR;
Mossbauer; SHG/SFG;
\ XPS, SIMS; optical



EMSL capabilities for aerosol and precursors

@ EMSL capabllities that have
been applied to aerosol studies

= EMSL capabilities that could be
applied to aerosol studies

®m Future EMSL capabillities for
aerosol studies




Often used for aerosol studies

SPLAT Il - Single Particle Laser Ablation e
Time-of-Flight mass spectrometer lo
|
Mﬂm
= NanoDES| - Nanospray Desorption 1
Electrospray lonization Mass
Spectrometry

@ AMS - Aerosol mass spectrometry

@ Electron Microscopy and x-ray analysis (%

MS Inlet
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SPLAT : An Ultra-Sensitive, High Precision Instrument for
Multidimensional Single Particle Characterization

Excimer
Laser

EVAPORATION
CHEMICAL ANALYSIS

DETECTION
SIZING
TRIGGER
GAS PARTICLE
SEPARATION
INLET
PARTICLE BEAM

T et T 1

» Laboratory and field deployable

» Compact, portable, and aircraft-compatible
» Provides quantitative  multidimensional

information for individual particles
v Number concentration

Size

Composition

Density
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asphericity, asymmetry)
Morphology
Hygroscopicity
Fractal dimension
CCN activity

IN activity
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Zelenyuk, A, Yang, J., Imre, D. and Choi, E. (2009). Aerosol Science and Technology, 43:5,411-424.
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Zelenyuk, A_, and Imre (2009). Infemational Reviews in Physical Chemistry, 28(2):309-358.
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Combined lab and field studies suggest

why aerosol models fail
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@ Secondary organic aerosols (SOA) are
much more prevalent than predicted
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W Measurements including use of EMSL’s
single particle mass spectrometer
(SPLAT II) show that the composition
and evaporation rates of SOA particles
differ significantly that assumed in
environmental models
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Remaining Volume Fraction
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@ In addition to unexpected composition,
slower evaporation occurs because
particle are solid (not liquid) and
surface coatings slow evaporation.

: % A e R
SPLAT I1, shown here during a

research flight aboard the Convair 580,
allows real-time single particle analysis

Vaden et al. PNAS 108 (2011) 2190 in the laboratory or in the field.

8 Perraud et al. PNAS 109 (2012) 2836



Nanospray Desorption Electrospray Soft / n
EMSL®

lonization (nano-DESI) MS

Girard T reagent (GT)

>C(OH)-GT
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m/z

MS Inlet
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High Resolution Mass Spectrometry

EMSLY

Nguyen et al. High-resolution mass spectrometry analysis of secondary
organic aerosol generated by ozonolysis of isoprene Atm. Environ. 44
(2010) 1032-1042
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Field deployment of Aerodyne HR Time-

of-Flight Aerosol Mass Spectrometer
&N
EMSL®

Aerodyne HR-TOF-AMS

nn TOF Mass Spectrometer
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Microscopy & EMSL’s Quiet Wing

= More than 30 instruments available to users

» New ‘Quiet Wing' houses 5 state-of-the-art
microscopes

H

H B BH N

Scanning/Transmission EM with Electron Energy Loss Spectrometer
Aberration corrected Environmental TEM

Second generation Dynamic TEM

Helium lon Microscope with Nanolithography capability
Ultra-High Vacuum, Low-Temperature, Scanning Probe

@ Unigue IR Scanning Near-field Optical Microscope

12



Dynamic Imaging
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Dynamic TEM
combines high
resolution electron
optics with pulsed
lasers to observe
' processes on the us

to ns timescale

Environmental TEM capabilities probe

13

reactions to ms timescale

Time Task
Q3 FY12 Move microscope to PNNL (complete)
Q4 FY12 Verify TEM performance (complete)
Q1 FY13 Build Lasers (complete)
Q2 FY13 Gun design & build parts (complete)
Q3 FY13 Modify gun (complete)
Q4 FY13 Install gun, optimize lasers, obtain first

pulses (underway)




Following reactions of atmospheric

particles in real time

Dynamic TEM In situ experiments could observe how weak organic
acids mix with sea salt particles to modify climate related properties.

Before After

Atmospheric
aging

=

Laskin et al, JGR, 2012, 117, D15302
Observe particle nucleation, growth, aggregation and
transformation with damage - (currently see before and after)

Determine the kinetics of growth and observing reaction
mechanisms

Observe how the optical properties of particles change as they
age and transform
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CARES Carbonaceous Aerosols and

CARES campaign involved
several EMSL capabilities:

« TRAC and Drum sample
collection
« SEM/EDS

Zaveri et al. Atmos. Chem.
Phys., 12, 7647-7687, 2012

o SPLATII
 HR-TOF-AMS

SEM image and EDX elemental maps
iIndicating characteristic internal
heterogeneity of aged sea-salt
particles from the CARES field study.

Tropospheric chemistry of internally mixed sea salt and organic
particles: Surprising reactivity of NaCl with weak organic acids
Alexander Laskin et al. Journal of Geophysical Research 2012
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Occasional or potential use for

aerosol research

@ Sum Frequency Generation
@ Atom Probe Tomography

@ TOF-SIMS, Nano-SIMS, High
resolution SIMS

m Surface Science Capabilities
¢ XPS
¢ SPM/AFM
¢ Model Systems
* PIXE

@ Molecular Science Computer
Facility

@ Metabolomics: biogenic
organic aerosol precursors

. EF 30 E R &4
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SFG-Sum frequency generation Infra-

e’»
Red (IR) spectroscopy EMSL®

1.0

— Geiger
® HR-SFG
— fit_ssp_norm

SFG Intensity [arb.units]

T I T T T T I T T T T I T T T T I T T T T I
3000 2950 2900 2850 2800
wavenumber [cm™]

SFG spectra of a-pinene from a standard spectrometer (red), and EMSL’s SFG
spectrometer (blue),

SFG is a non-linear technique that provides IR
spectral information (structure + dynamics) at
interfaces only. Itis therefore a technique that
selectively probes surface structures

dx.doiorg/0.1021/jp30263121 L Phys. Chem. A 2012, 116, B271-8290 Pacific Northwest | @ EiERey
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Secondary lon Mass Spectrometers

W TOF-SIMS
¢ Outer surface sensitive
¢ 500 nm elements 1um molecules
¢ Cs*, O*, C,,* and Bi* cluster beams

¢ Elemental and molecular mapping

= NanoSIMS
¢ “bulk” sensitive
¢ 50 nm Resolution
¢ Of and Ga* beams
¢ Elemental and isotopic mapping

= High Mass Resolution SIMS
¢ High mass resolution
¢ C,," source
¢ 10s um

Pacific U.S. DEPARTMENT OF
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Atom Probe Tomography

«—

' 3-D images with ~0.5nm spatial resolution & ppm selectivity }

Zeolite ZSM-5 catalyst

Al before reaction with steam

Al after reaction with steam
—

Al
segregation

@ Solute & impurity diffusion & segregation
@ Reaction fronts & interaction with grain boundaries
= Multimodal analysis with TEM methods (FIB sections)

19




NWChem Overview NWCHEM / 2
v EMSL

Open source since Oct 2010

2 NWChem is suite of methods for computational chemistry
¢ Gaussian-based DFT/TDDFT

Plane wave based DFT

High Accuracy Methods - MP, CC, EOMCC, MRCC
Molecular Dynamics, Molecular Mechanics
Integrated Methodologies > QM/MM

Scripting - Python

Workstations - Supercomputers

® & 6 6 o o

Potential atmospheric-related computational studies:
* brown carbon opfical properiies (refractive index)
- photochemisiry of chromophores
 New pariicle formatfion and growih
 HOX recyling, BVOC oxidation

www.nwchem-sw.org Pacific Northwest |
NATIONAL LABORATORY
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Introducing Cascade (HPCS-4A) /
EMSL

The HPCS-4A system has been
named “Cascade”

Powerful new system for
NWChem & climate codes

¢ 3.4 Petaflops theoretical peak
performance

¢ High processor count
¢ Xeon Phi accelerators
¢ Generous 8 GB RAM/core

Installed in July, undergoing
testing now

Anticipate top-20 debut on
November 2013 top 500 list
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Modeling nucleation processes from

first principles

Dynamic Nucleation Theory Monte Carlo capability can calculate
monomer evaporation rates and deliver insight into nuclear processes

P LA
s

Sulfuric acid - 20 250 Sulfuric acid -
water cluster; 250 water cluster;
critical size cluster nucleated particle
for nucleation with growth

LD Crosby, SM. Kathmann, TL Windus, J.
Comp. Chem. 30, 743 (2008)

500 sulfuric acids — 4000
water cluster; a nanodroplet
of sulfulric acid

~7
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Potential future capabilities for aerosol

e’n
systems research EMSL®

Constant push for higher resolution, in situ real-
time and closer linking of theory and experiment

@ Next generation NMR -Dynamic Nuclear
Polarization — (up to 10X sensitivity, interface
sensitive, environmental conditions, single
particle analysis)

= Ultra-fast TEM: detailed in situ information at
nanometer spatial resolution and pico-second
time scale

= High throughput metabolomics
@ Field Instruments

Pacific Nort hwest | |"!'“| U.S. DEPARTMENT OF
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Access to EMSL capabilities (instruments and expertise) is

e »
primarily through competitive proposals EM SL'

~\ ¢ Fourscience themes: each theme targets a few

Science specific areas each year

 Annual call: March deadline, August
decision for next fiscal year

p * majority of user support funds

Targets EMSL Science Challenges

theme

f( k. N ¢ Scope beyond normal EMSL user projects
* multi-institutional and multi-disciplinary
Resear.ch  Critical scientific issues/challenges
Campaign |« Annual call (March deadline)

J

Proposals

Community activity; Scientific Challenges

S

~ ° Proposals taken any time throughout the year
General * Reviewed 3 times per year
* Provides resources during remainder of
that year
« Rapid access proposals
J Pl rovides| Flegibility

hd
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EMSL Science Themes /EMSI:;?

Vision: Drive molecular-scale discovery and innovation to enable a
predictive understanding for the benefit of BER and the nation

Alex Guenther Scott Baker Don Baer Nancy Hess
ATMOSPHERIC BIOSYSTEM ENERGY TERRESTRIAL

AEROSOL DYNAMICS & MATERIALS & SUBSURFACE
SYSTEMS DESIGN PROCESSES ECOSYSTEMS

Proudly Operated by Bafielle Since 1965



science theme research foci

Community input for development of

26

Atmospheric Aerosol
Chemistry, Climate Change,
and Air Quality

Science Themé

Advisory Panel

Workshop .
: |

January 30, 2013
Report: July 2013
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EMSL annual user meeting (May 6&7 2014) is <’
focused on atmospheric organics EMSL'

27

EMSL Integration 2014

Dates set for annual user meeting: Atmospheric Organics

EM5L's annual user meeting - EMSL Integration 2014 — has been scheduled for May 6 and 7 in
Richland, Washington.

This year, we're excited to focus on atmospheric organics. Scot Martin, Gordon McKay Professor

of Environmental Chemistry at Harvard University, will be the keynote speaker. The meeting also
will feature half-day workshops on the second day — more details to come over the next several

weeks.

The meeting 1s open to all members of the scientific community, including past and current users
and interested researchers.

There also will be a poster session with awards for top student posters.

Registration will open in January.
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Key Points »
4 EMSL®

@ EMSL scientists includes experts in applying EMSL
capabillities to atmospheric aerosol systems research
(e.g., SPLAT, nano-DESI, AMS, microscopy)

@ There are other existing EMSL capabilities (and
experts) that could be applied to aerosol research

= Potential for developing new EMSL capabilities and
expertise for aerosol research

@ EMSL annual user meeting on atmospheric organics
in May 6&7 2014.

m Call for science theme proposals will open in
December and have a March 3, 2014 deadline.

Pacific Northwest |
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