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Near-field Raman Spectra: surface enhancement, z-polarization,
fiber Raman background and Rayleigh scattering
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We present evidender a z-polarizationcomponentand asurface-enhancemesffect in
near-field Raman data. Observation of Raman scattering from theafildéRaleigh scattering may
be used to determine probe quality.

Near-field opticalmicroscopy (NSOM) is a techniquieat offers several advantages over
conventional opticalmicroscopy. Increase@patial resolution and simultaneous topographic
images are thdest known gaingesulting from usingNSOM. However,there are other
differences between near and far-field techniques wimaix beused to advantage. We present
some of these differences observed between near-field and far-field Rpewra. The principle
difficulty in using NSOM is the low signal levels resulting from the prsbape. When combined
with the low quantum efficiency of Ramaspectroscopy, ahallenging experimemesults. It is
necessary to have a relatively high signal throughput in order to observe the Raman scattering from
the sample. However, imttempting to obtain more liglhroughthe probe, the probe is often
destroyed. That is, the metal coating near the aperture diffuses away due to heatintpaffegts
a larger aperture than the one originally fabricated.[1]iMlEatehow Raman scattering from the
probe may be used to determine probe quality during near-field Raman experiments.

The experimentused to obtain the spectra presented here canfdend in detall
elsewhere.[2] We use an argon ilager as the excitaticsource. The NSOM is operated in an
ilumination mode and the backscattered radiation is collentedfocused into a omaeterdouble
spectrometer with a resolution of 4 €mA cooled PMT in thephoton counting mode issed as a
detector with aackground of 5 dark counts/sedhe far-field micro-Raman spectra that are
presented here are obtained using the same spectrometer and detector as in the near-field case only
a microscope with a 40X objective is used instead of the NSO sample studied is KTIORO

(KTP), anon-linear optical material. The near-field

120 . : ; ; data is obtainedvith a probe whoseperture size is
—a—near-field.1 approximately 250 nm.
micro Raman 7 A comparison of near-field and far-field
spectra orKTP can beseen in figure 1. The two
features at 667 cfmand 715 cm are not present in
the micro-Raman spectrum or in a far-field spectrum
obtained through a fibgarobe. Wepresent thiglata
as evidence of a near-field surface enhancement.
These peakare not explained by a z-polarization
component in the@ear-field. Polarization studies on
KTP do not indicate peaks in these posititret can
be fully explained by a z-polarization component.[3]

However,other indicate th@resence of a z-
polarization component of the light in timear-field.
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Figure 1. Three normalized Rama%eak is present in botthe micro-Raman spectrum

: nd in the spectrum obtained through diptical fiber
spectra are shownThe spectrum obtained ,: , & _.
in the near-field containwo peaks not hich is removed from the near-fieldlhe near-field

found in the far-field micro-Raman |*Physics DepartmentSt. Lawrence University, Canton,
spectrum or in a farfield spectrum|NY 13617 email: cjah@ccmaillink.stlawu.edu
obtained through a fiber probe. #email: Hans_Hallen@ncsu.edu

100 F

—e—fiber probe

80

60

40

20

Intensity (arbitrary units)

0

-20 | -




9th annual meeting of IEEE Lasers and Electro-Optics Society (LEOS) 96 conference proceedings
volume 1, pp. 176-177.

spectrum contains a peak in this region, but it is shifted, broadened and of higher intensity than the
peaks in the other two spectra. This can be explained by a Raman peak at 22Gatnhasbeen
observed forother scattering geometri¢d], and would only be present there were a z-
polarization component of the light in theear-field. While the presence of a z-polarization
component explains thdata,there is an alternative, althoulgss likely, explanation.The near-
field measurements are more sensitive to the surface and therefore suigssesnay be causing
a shift and a broadening of the Raman signal.

Another difference between the near and far-field techniques itttaatr no Rayleightail
can beseen inthe near fieldspectra. In figure 2, onean see @ackground offset due to the
Rayleigh scattering between the near-field data and the micro-Raman and far-field fibetapaobe
This is most likely due to the small sampling volume in the near-field measurements.

A useful technique for determining the quality of near-field Raman spectra and of the fiber
probemay befound inthe Raman spectitself. Quartz is a Raman active matendth a broad
peak in the region of 300 - 500 ¢ras seen in middle spectrum in figure Bhe bottom spectrum
in figure 3was obtainedusing afiber probe with an aperture larger thédne wavelength of the
light. The Raman signal from the fiber is present in this date top spectrum in figure 3 is the
near-fielddata, and ndiber background i®bserved. In fact, imach of the Raman spectra we
obtained onKTP that indicatedsurface enhancement, no fiber backgrolaman signal was
present. The presence of Rayleigh scattering and of a Raman #gxetgroundmay beused as
indications of poor quality near-field Raman measurements.

Near-field nanoRaman is different from its far-field counterpart. Sudabancement and
light polarized normally to th@robed surfacare two qualities of the near-field measurements
which may be exploited. Rayleigh scattering in the near-field is insignicant and both Rayleigh and
Raman scattering from the fiber probe may be used to determine probe quality.
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Figure 2. A shifting and broadening of Figure 3. Raman scattering from the
the peak in the region @20 cm' is seen quartz fiber is observed in a large aperture
in the near-field spectrunvhencompared probe,but not in the near-field spectrum
with the two far-field spectra indicating a surface enhancement.
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