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Introduction

Results

Raman spectroscopy is particularly useful in identifying and characterizing gems and
minerals.
Recent advances in optical technologies, innovative design of Raman geometry and
miniaturization of spectrometers with real-time software allow for lower production cost
and practical applications in geoscience related fields. Due to its non-destructive
technique it is very useful for gemmologist appraisers, gem merchants, mineral collectors
and others.
After the introduction of a UV-VIS-IR portable spectrometer (GL Gem Spectrometer) as a
gem testing tool certain limitations of transmission spectroscopy led to the feasibility
study of a compact and GL Gem Raman/PL system. The following aspects were
important and could be realized at a reasonable price point.

Figure 5 Raman/PL spectrum of green nephrite

Figure 6 PL studies with GL Gem Raman

By combining Raman analysis with PL detection, it is possible to characterize both the
vibrational and luminescence properties of gem materials on a single bench top platform.
The GL Gem Raman software allows
real-time spectral acquisition.

System layout of the GL Gem Raman™

The spectra can be saved and imported
into a searchable database program with
over 3,000 Raman and PL references; the
database is linked to the large on-line
mineralogical RRUFF database for
Raman spectra.

Complete Raman unit (18x12x4") with sample compartment

The GL Gem Raman is a time saving
gem identification tool as it quickly can
separate gem materials with overlapping
characteristics (such as R.I. indices).

Aim
The GL Gem Raman/PL is built to highest operator safety through fully enclosed and
screened optics; see diagram for the optical design of the back-scattering geometry. To
achieve best signal strength high quality laser components (such as dielectric nonmetallic mirrors, no fiber connections) are being used.


Figure 6 Gemstones with overlapping R.I.s

Studies characterizing fresh/saltwater
pearls or corals for possible colour
treatments have been documented.

A 300 mW 532nm laser excitation source was
chosen as commercial units are now available
at economical prices. These devices use diode
lasers to “pump” a Nd-YAG laser which
operates at 1064 nm.
The light in this laser is frequency-doubled to
give green 532 nm light output. This
wavelength is about optimum for both Raman
efficiency and the detector operating range.
The GL Gem Raman can also be used for
photoluminescence (PL) studies.

Naturally coloured freshwater pearls show the two
mayor Raman resonance features of polyacetylenic
pigments assigned to C=C stretching at 1530 cm-1
and C-C stretching at 1130 cm-1.
[Karampelas S., Fritsch E., Sklavounos S., Soldatos T (2007)]

The unit has a high resolution spectrometer with a Toshiba TCD1304AP sensor (CCD 3648 pixel,
8 um x 200 um). Spectral range is from approximately 100 - 5,400 cm-1 at 10 cm-1 FWHM.
Raman range (RRUFF) is from 145 - 1,500 cm-1 and broad scan range for PL studies up to
5,400 cm-1. The spot size is approximately 10 – 15 micron at 10x magnification. Laser output
under 300 mW is usually sufficient for Raman applications and safe for the sample.

Method
Raman spectroscopy is scattering-based, not a result of transmission/reflection; i.e. there
is no need for sample preparation. Only a small sample area is required; there are no
movable optical parts in the Raman unit and maintenance is minimal. For daily operation
a three-point calibration procedure using a reference sample is built into the software.

Photoluminescence studies of synthetic and HPHT treated diamonds, its use in the identification of
fissure fillings and the separation of natural and synthetic gem materials show great potential.

Conclusion
The GL Gem Raman/PL is ideally suited for a small gemmological laboratory or research
facility. Due to the nature of the optical components and the critical path for maintaining
maximum Raman signal strength the unit should be used at a permanent location.
Physical or thermal shock may require an optimization process which should be
conducted by a trained technician.
The acceptance and wider use of Raman/PL spectrometers will become a necessity in
serious gem and mineral identification now and in the near future.
Sample stage with jadeite ring

Matching jadeite spectrum in RRUFF reference database

The GL Gem Raman quickly can tell the difference between diamond, cubic zirconia,
glass and zircon, distinguish jadeite from omphacite and nephrite, separate real from
faux pearls, tell whether it is ivory or plastic; the unit works great on beads, carvings and
gem materials set in jewellery.
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