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environmental science?

Jiomedical research on cells and tissues

Need to work with micrometer-thick, wet, organic specime
3D imaging/tomography

Cryo capabilties to minimize radiation damage
Fluorescence for trace element mapping

Spectroscopy for chemical speciation

Analysis software to deal with complexity

iofuels (e.g., ethanol from lignocellulosic materials
ioreactor materials for hydrogen production): sam
eeds!

)rganlc enwronmental science (e.g., organic coatil



XM

coherent illumination; flux not
ightness. Fast at present
yurces!

oderate spectral resolution if
)ndenser zone plate is used:
(AE) =300-1000.

ondenser zone plates are large
5 mm dia.) and are usually of
naller NA than objective;
)mpromise on resolution

ANSIMISSION X-ray microscope

STXI\/I

Coherent illumination; brightnes
NSLS Il can make for fast imagi
times! Requires new approache
scanning.

10x lower dose because zone p
before specimen not after
Better suited to conventional gre
monochromator: E/(AE)=3000-5
Detector plays role of condense
use optimum NA

STXM: scanning transmission x-r
microscope

Unclulator
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VIs have been used for
graphy! First
nstration of soft x-ray
graphy in any

)scope: Haddad et al.,
1Ice 266, 1213 (1994);
/ Brook STXM at X1A

example: first
graphy of a frozen
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ited mammalian ==
ryote. Y. Wang et al., J. e T N
scopy 197, 80 (2000); =
STXM at X1A. But it was N e
and used TEM-type —_———
. s=17.
graphy plus e
romicroscopy: ;*zj_ﬁ
nsson, Hitchcock et al., B o e
aster/ALS ——

the right cryo/scanning
n, tomography with



1T um

ffraction reconstruction (data
ken at 750 eV, absorption as

ightness, phase as hue).

Stony Brook/NSLS STXM image
with 45 nm Rayleigh resolution
zone plate at 520 eV (absorptio
as brightness)




Je series near carbon apsorption edge (AANES/NEXAFO)
hemical organization of sperm revealed directly from data:
'me-rich region, DNA, mitochondria and flagellar motor,

H. Fleckenstein, M. Lerotic,
Sheynkin et al., Stony Broo
Cluster analysis: Lerotic et
Ultramic. 100, 35 (2004).
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10l from lignocellulose materials is promising: large fraction of total
ass, easier cultivation.

ere are great challenges in economically separating cellulose fron

X-ray spectromicroscopy can map cellulose and lignin so that one c
ffects of various enzymes.

proposal with David Wilson (Cornell microbiology), George Cody

egie)
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- O 1.5 | Sci. 101, 17555
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ISLS Il will provide new opportunities for scanning
nicroscopy: fast enough for practical tomography
/ith reduced dose, spectroscopic sensitivity to
iochemical organization

Jiffraction microscopy provides a path to reduced
ose imaging beyond lens resolution limits and
yithout depth of focus limitations.
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specimen

hapman, Barty, Marchesini, Noy, Hau-Riege, Cui, Howells, Rose
e, Spence, Weierstall, Beetz, Jacobsen, Shapiro, J. Opt. Soc. A
3, 1179 (2006)

esolution ~10x10x50 nm on 50 nm gold spheres in hollowed-out
~M tip

QuickTime™ and a
PNG decompressor
are needed to see this picture.
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2nses phase the signal, but lose the signal. Example: 20 nm zor
ate with 10% efficiency, 50% window transmission, 20% modula
ansfer function (MTF) for 15 nm half-period:

ot transfer of 1% for high spatial frequencies

an we avoid this ~100x signal loss, and also go beyond numeric
yerture limit of available optics?

' Diffraction |
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pman, Barty, Marchesini, Noy, HaUQi%;@ui, Howells, Rosen, He, Spence,
erstall, Beetz, Jacobsen, Shapiro, J. Opt. Soc. Am. A 23, 1179 (20006)
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3arty, Marchesini, Noy, Hau-Riege, Cui, Howells,
Spence, Weierstall, Beetz, Jacobsen, Shapiro,
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-Kaznacheyeyv et al., J. Phys. Chem. A 106, 3153 (2002)
xperiment: K. Kaznacheyev et al., Stony Brook (now CLS)

1eory: O. Plashkevych, H. Agren et al., KTH Stockholm; A.

tchcock, McMaster
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Polymers: see e.qg., Dhez, Ade, and Urquhart, JESRP 128, 85 (200
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B 7 microns I 7 microns B © microns B 7 microns
h30.28 eV 531.18 eV 531.81 eV h33.72 eV

Lu in hematite (T. Scl

104-10° spectra!

Sometimes it's not so bad: domains of immis
pure substances for which you have referel
spectra

Sometimes it can seem hopelessly complex:
especially in biology or environmental scier

How can we deal with this complexity?

ectral image sequenes:

~t+ Al T A AiAvrae A, 7 107
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posed by Sayre (in Schlenker, ed., Imaging and
nerence Properties in Physics, Springer-Verlag, 198

ough 1999: experiments by Sayre, Kirz, Yun, Chapma
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First x-ray reconstruction: Mia
Charalambous, Kirz, and Say
Nature 400, 342 (1999)

Diffraction
pattern




by Arn 1uan§

e. At=>49— ;
A _ A-rN

oy

=

=2
| B |

Contrast versus defocus:
O,n=20 Nnm,A=2.5 nm

Transverse resolution (rr)
L. | -E

0.2 1 10
Energy (keV)

Through-focus deconvolution with lenses:
Confocal: fully incoherent (fluorescence
EM: phase only, coherent
TXM: partially coherent, equal absorptic
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electrons or photons?

V photons

out 100 absorption events per
1stic scatter

out 10 keV deposited per
sorption

erefore about 10° eV

posited per elastic scatter
thousand scattered photons:
3« 108 eV into (2 A)3, or 2x1013

ay

100 keV electrons

About 2.5 inelastic scatters
elastic scatter

About 45 eV deposited per
Inelastic scatter

Therefore about 102 eV dep
per elastic scatter

A thousand scattered electr
1032102 : 3

“lectrons are better than photons for @t@ic resolution Imaging:
Breedlove and G. Trammel, Science 170, 1310 (1970); R.
enderson, Q. Rev. Biophys. 28, 171 (1995).

srystallography’s answer: spread the dose out over many

entical unit cells



