Semrock

Technical Information:

Ultraviolet (UV) Raman Spectroscopy

Raman spectroscopy measurements generally face two limitations: (1) Raman scattering cross sections are tiny, requiring intense lasers and sensitive
detection systems just to achieve enough signal; and (2) the signal-to-noise ratio is further limited by fundamental, intrinsic noise sources like sample
autofluorescence. Raman measurements are most commonly performed with green, red, or near-infrared (IR) lasers, largely because of the availability
of established lasers and detectors at these wavelengths. However, by measuring Raman spectra in the ultraviolet (UV) wavelength range, both of the
above limitations can be substantially alleviated. Visible and near-IR lasers have photon energies below the first electronic transitions of most
molecules. However, when the photon energy of the laser lies within the electronic spectrum of a molecule, as is the case for UV lasers and most
molecules, the intensity of Raman-active vibrations can increase by many orders of magnitude — this effect is called “resonance-enhanced Raman
scattering.

Standard Resonance-enhanced
Raman Spectroscopy Raman Spectroscopy
k { first electronic t { first electronic
'L,\ .‘;‘ excited state ‘1\ ,."r excited state

\ }real

energy
\ A A / levels
ndar
gfmiﬁ d Resonance- [
N enhanced T
Scattering: Raman
for visible virtual Scattering:
andnear-R ... EEE T el energy for UV lasers
lasers and A | level and most
most
molecules Slokes Anti-Stokes molecules Stokes b i
scattening scattering scattering scattering
= k | electronic = ¥ electronic
2 l\ | ground state 5 ’-\ ground state
: :
B \ ¥ \vibeatona > \ Y { vibrational
.E \ energy levels % \ v energy levels

Further, although UV lasers tend to excite strong autofluorescence, it typically occurs only at wavelengths above about 300 nm, independent of the UV
laser wavelength. Since even a 4000 cm-1 (very large) Stokes shift leads to Raman emission below 300 nm when excited by a common 266 nm laser,
autofluorescence simply does not interfere with the Raman signal making high signal-to-noise ratio measurements possible.
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Recently an increasing number of compact, affordable, and high-power UV lasers have become widely available, such as quadrupled, diode-pumped
Nd:YAG lasers at 266 nm and NeCu hollow-cathode metal-ion lasers at 248.6 nm, making ultra-sensitive UV Raman spectroscopy a now widely
accessible technique. Optical filters have continued to be a limitation, however. But now Semrock offers a number of extremely high-performance
RazorEdge® long-wave-pass filters and MaxLine® laser-line filters that are ideal for UV Raman spectroscopy.





