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2 Summary:
« First steps: the FEL and the FELIPE technique
« Near-field microscopy (SNOM) in a nutshell
« Practical examples of results:

— Microscopy tests

— Spectroscopic SNOM: Diamond films

— Boron nitride

- LiF

— Pancreatic cells

— Fluorescent markers in cells
« The future: new sources -- 4GLS etc.
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For r >> A (far field) only the term 1/r survives and
the Poynting vector S and its flux have a well definite value
and the traveling wave can be detected far from the dipole

For r= A (near field) The terms 1/r2 and 1/r* do not
contribute to S, they represent the near field whose
intensity decay exponentially to zero

Dlap081tlva The diffraction limit and how we can beat it

by the lens apertur
minimum separation Ay that can b

Tapered optc fiber
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IR SNOM -- the strong pointsg:

6 « It beats the diffraction limit thus reaching high
lateral resolution

« It can work in any environment and (almost)
without any particular sample preparation

« It provides real optical signal

« It can perform spectroscopic measurements

« It does not touch the sample: totally non-
destructive technique

[image from the
Jasco Co. UK
Homepage]
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pall Inser clti), Chemical etching

halcogenide (As sulphi forh=2-10 pm

o ide) ibers )
(tips: produced by pulling & thermal cutting) for IR fibers:

Fiber Preparation:

Monomode fiber Tampon solution Chalcogenide
(Tetra-methyl- fiber

g I/ penta-decane) mef e
chemical
etching [ ]

{Jthin [ paraboloid Microscope
\ tips

¥ tips
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9 (tapered chalcogenide fiber with Au coating):
Ultramicroscopy 77, 77 (1999), Matel
190 pm

Final structure
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DlapOSItlva Managing the distance fiber tip-sample:
10 npli‘mll’il\cr

detector \/ dieter piezo
| +————laserbeam

I amplitude

oscillation
(several kHz)

‘When the tip approac]
sample, it feels the
illation

optimum: 60-70% of
maximum amplitude
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T=200K T=140K T=80K

Sample bias +1V
(empty states)

Sample bias -1V
(filled states)

_
V3x\3 \3x\3 + 3x3 3x3

VANDERBILT

Diapositiva i
14

ESRF 18/11/2005

Diapositiva
1 5 tion of Sn Adatoms D

Enpty States Filled States
o

te* 2

4 6 %1012 0 2 & 6 & 10 12
Time (ms) ‘Time (s}

ESRF 18/11/2005




VANDERBILT

Diapositiva
16

ESRF 18/11/2005

Diapositiva
17

'DETECTION OF NANOSTRUCTURED METAL IN METEORITES: IMPLICATIONS FOR THE REDDENING,
oF s
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Absorption

. First example of
* v - | IR Spectroscopic

NPT SNOM:
= diamond films

oscopy 202, 446 (2001).

ia
topographic images
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IR Spectroscopic SNOM: BN thin films (+ oxides)

1 9 SNOM topography image ot

9.4

Taitum
Hensgonal

SNOM reflection
spectroscopic images
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FTIR results show
absorption near 7 pm
due to sulfur and
nitrogen compounds:
6.6um

6.95 um

Reflection images. Topographic images
|, Phys. Chem. Chem. Phys. 4, 2738 - 2741 (2002).

ESRF 18/11/2005

Diapositiva

IR spectroscopic SNOM results on 3
21 bio-systems: fixed (with paraformaldehyde) cells in
water from a rat pancreatic B cell line (INS-1)

A =6.95um
(sulfide stretch)

(amide II)

* f 6.1 ym (amide I,

C=0 stretch)

Topography Reflection

ESRF 18/11/2005 Biophysical J. 85, 2705-2710 (2003).




DlapOSItlva How important is IR SNOM,

22 in particular for IR bio-research?
Very important: due to the long wavelengths, IR
techniques are severely affected by the diffraction limit!
20 ym

Spectroscopic Same image with
SNOM image of cell diffraction-limit
taken at 6.1 um blurring
ESRF 18/11/2005

DlapOSItlva First IR spectroscopic SNOM results on
23 bio-systems: COS-7 cells (not fixed) in PBS
Topography
8.05 pm (phosphates, DNA)
6.1 um (amide )
6.45 pm (amide 1I)
ESRF 18/11/2009 Biophysical J. 85, 2705-2710 (2003).
Diapositiva Edge resolution

24

The Intens along the AA’ segment shows the optical resolution
of the our system which is ~ A/
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UNIVERSITY, Results and Comments
The IR-spectroscopic version of the SNOM unit with a tunable FEL source has been able to
the distribution of functional groups in a single cell with a resolution well below the diffraction Timit-
Topography iz 6.45um 4=76pm  4=805um

Amid C=0 stretch band
reflection of Sulphur, key component of amino - acids
Sulfide Cell Growth Medium stretch band

~CH, strefch band

Phosphorus stretch band, component of DNA and RNA
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A negative but important result:
carboxylic acid terminated Si and silicon nitride surfaces'
(chemical processing for biological sensors)

Surface—(CH,),(COOH)
Reflectivity
topography A=6.1

6 um 20 pm 20 pm
IR spectroscopic images taken at this and other
wavelengths show no lateral fluctuations

Surf. Science 544, 51 (2003)
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IR spectroscopic SNOM study of metal (CdCL) |
contamination of pancreatic cells

topography

spectroscopy

ESRF 18/11/2005




Diapositiva
28

ESRF 18/11/2005

VANDERBILT

Diapositiva i
29

reflectivity photocurrent

Appl. Phys. 91, 3937 (2002).
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30 Spectroscopic SNOM results on bio-systems:

preliminary tests on internal cell structures
labeled by a fluorescent marker

Cells at Petri
Dish bottom
{o°0 oYoes %o
/N ]
—
Detector
(avalanche
photodiode)
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scanner
controller

Photon

counting

detector ST-133
controler

Computer
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DlapOSItlva — Multi-purpose SNOM module
32 Rev. Sci. Instru

Transmission Reflection  Collection
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From the left: mosaic of twelve 40 um x 40 um topographical images
and mosaic of the corresponding fluorescence images. In the latter it
can be recognized the shadow of a pollen grain that for its thickness (|
almost 100 nm) completely stopped the X-rays avoiding the LiF
coloration.

I —
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35 Intestinal adeno carcinoma epithelial cells labeled
with Fluorescein Isothiocynate
25 x 25 ym
ESRF 18/11/2005
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36 SNOM Fluorescence study of magnetic field (24 hrs

50 Hz, 1 mT) effects on human keratinocyte cells
Microscopy 21 (2003).
cells

exposed
cells
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New types of synchrotron sources:

Ultrabright storage rings (SLS, new
Grenoble project) approaching the
diffraction limit

Self-amplified spontaneous emission
(SASE) X-ray free electron lasers
VUV FEL’s (such as CLIO)
Energy-recovery machines

Inverse-Compton-scattering table-top
sources
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THE “4 GLS” CONCEPT AT DARESBURY

Undur
Raditon
Bending
Nageet
Radaton
Ut
Radistion

he o y This s and vl
allow the e3sy incorporatin c, for example, 2 single pass XUV:FEL thal would allw the generation of conerant pulses of
siection aser radiation up o siveral hundreds of 8 in enercy.
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. SNOM experiments with an FEL are possible and yield
resolution levels well beyond the diffraction limit

. Vibrational spectroscopy SNOM provides chemical
information on a microscopic scale

. Results on biological systems finally open up the possibilty
to perform infrared microscopy of cells and internal cell
structures

. IR Spectroscopic SNOM tests were successfully performed
in different SNOM modes

. The experimental performances did not yet reach saturation
and substantial improvements can be foreseen

. In the near future, even better IR sources will further bost the
capabilities of IR SNOM
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