
Imaging NEXAFSscans large areas for analysis of  arrays
- Micro-array imaging – Molecular orientation mapping across large area –

Imaging NEXAFS
Molecular Orbital Orientation

Resonance with incoming X-ray

NEXAFS
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• A synchrotron-generated variable energy 
X-ray beam (180-1200 eV) irradiates the 

sample surface.

• A monochromator selects energy and 
directs the beam to the sample.

• The X-rays at a given energy are absorbed 
when they match electron energies 

(resonance).

• Secondary electrons travel along magnetic 
field lines to a channel plate amplifier 

then phosphor screen.

• A CCD directly images the phosphor, 
recording the spatially resolved intensity 

of  ejected electrons.

Near Edge X-ray Absorption Fine Structure

NEXAFS measures resonance photoemission
- Ideal for organics C, N, O, F – Chemical state identification – Molecular orientation – Monolayers – Film segregation -
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The maximum intensity of  transition is achieved 
when the electric field vector is parallel to the 

respective bonding orbital; thus, when the beam 
is normal (a) the dominant transition will be the 

C-H* and at glancing angle geometry (b) the 
major transition will be the C-C.

(J. Mat. Sci. Let., 17 (1998) 1223-1225.)
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Non-linear effects

• A synchrotron-generated variable energy 
X-ray beam (180-1200 eV) irradiates the 

sample surface.

• A monochromator selects energy and 
directs the beam to the sample.

• The X-rays at a given energy are absorbed 
when they match electron energies 

(resonance).

• The intensity of  ejected electrons (or 
photons) are plotted versus X-ray energy.

• Polarized light from the synchrotron 
allows for probing of  molecular 

orientation.

HAXPES

Hard X-ray Photoelectron spectroscopy - core level electrons using a variable energy source
- Non-destructive depth profiling – Buried interfaces – Subtract out contamination layer – Optimize cross section -

hUPS = 21.2 eV 
hXPS = 1486.6 eV

vs.
hX24A/U7A = 200 to 5000 eV
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Variable Excitation Energy
(Non-destructive variable depth resolution)
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U7A 180-1200eV

X24A 2000-5000eV

Greater intensity and lower energy dispersion of the 
source enable high resolution and good S/N. 

Higher energy source probes deeper core levels.

NSLS II - Next generation synchrotron light (2015)
10,000 times brighter than NSLS I

High-current electron beam, sub-nm-rad horizontal emittance (0.5 
nm-rad) and diffraction-limited vertical emittance (8 pm-rad)

Stable beam position, angle, dimension, intensity
Wide spectral range (0.1 meV (1cm-1, far IR) to 300 keV (hard X-ray))

SYNCHROTRON-BASED SURFACE SCIENCE

• UV and X-ray light produced at synchrotrons enables unique opportunities for variable energy and polarized sources

Imaging Near Edge X-ray Absorption Fine Structure

§Sandia National Laboratories is a multi-program laboratory operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. 

Advanced Synchrotron Measurement Method Development
NIST NSLS-II Spectroscopy Beamline Suite: Soft and Tender and Microscopy
Soft and Tender Beams Together – 100 eV to 7.5 keV

NSLS-II
Canted Undulator Pair

Soft Branch - 100 to 2200 eV

XPS/HAXPES microscope
SBIR Phase 3 funded
under development at NSLS
nano-scale resolution
soft and tender beams

Existing X24A HAXPES/NEXAFS Endstation
high throughput (10x NSLS) / in situ
world class detectors
soft and tender beams

Tender Branch - 1 to 7.5 keV

Existing U7A NEXAFS/XPS Endstation
high throughput(x10 NSLS) / insitu
world class detectors

*Soft X-ray NEXAFS microscope
SBIR Phase 3 ARRA funded
under development at NSLS
micron scale resolution
20x20 mm area

High Pressure
Insitu NEXAFS

High Pressure
Insitu NEXAFS
and Emission

"NIST NSLS-II Spectroscopy Beamline Optical Plan for Soft and Tender X-ray 
Spectroscopy and Microscopy (100 eV to 7.5 keV)" R. Reininger, J.C. 
Woicik, S.L. Hulbert, D.A. Fischer, Nucl. Instr. and Meth. A, 
doi:10.1016/j.nima.2010.11.172, (2010).
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NSLS

NSLS II

Advantages of HAXPES

Study samples from air; i.e., real samples!

Tune λ for experimental system

Variable kinetic energy XPS (VKE-XPS) for depth 
profiling and chemical speciation

Bulk and surface sensitive core lines accessible for 
same element

Eliminate Auger interference

Photoemission and other techniques (SSXPS)

NSLS II
To provide extremely bright x-rays for basic and applied 
research in biology and medicine, materials and 
chemical sciences, geosciences and environmental 
sciences, and nanoscience
Sponsor
U.S. Department of Energy (DOE), Office of Science, 
Office of Basic Energy Sciences 
Costs
$912 million to design and build
Features
State-of-the-art, medium-energy (3-billion-electron-volt, 
or GeV) electron storage ring that produces x-rays up to 
10,000 times brighter than the NSLS 

NSLS
First operated in 1982, the National Synchrotron Light 
Source has accommodated more than 18,400 unique 
users in its lifetime as a Department of Energy user 
facility. After 32 years of distinguished operations, NSLS 
was shut down on September 30, 2014. Replacing it is 
NSLS-II, which, when fully built out, will accommodate 
60-70 beamlines and host over 4,000 users every year. 
On September 30 NSLS had its "Last Light," when the 
facility was shut down for the last time.
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