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When gemstones glow: emission phenomena
of diamond, ruby, sapphire & Co.

Thomas Hainschwang
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A simple tool to make gemstones “glow” — the UV lamp: longwave
(365 nm) and shortwave (254 nm) UV
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Example H3 defect in diamond:
Apparent color by absorption + luminescence

Adapted from Bursill
and Glaisher, 1985
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Absorption by H3 defect: yellow color
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H3 vibronic H3 ZPL
sidebands i

>

Absorbance, a.u.

GR1 ZPL H2 ZPL

} !

300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100
Wavelength, nm

www.ggtl-lab.org



GGTL Laboratories GEMTECHLAB EMLAB

Emission by H3 defect: green luminescence
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Absorption vs Emission

N3 ZPL, 415.2 nm
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Modern tools to excite and measure
luminescence
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Low temperature photoluminescence spectroscopy
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PL Intensity, a.u.
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Applications of luminescence techniques

in gem testing




Corundum: ruby and sapphire
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Natural sapphire: red + yellow PL
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Luminescent inclusions in sapphire
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Heat treated metamorphic sapphire

Titanate-related chalky
blue white PL under short
wave UV
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Natural vs flame fusion synthetic sapphire: PL
spectroscopy

a) Flame fusion 693.4
synthetic blue
sapphire

b) Natural blue

sapphire (heat
treated, Sri Lanka)
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Flame fusion synthetic ruby
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PL spectroscopy of red beryl: Uranyl emissions
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PL Intensity, a.u.
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Short introduction into “type system”
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a) Type IIb
b) Type IaA
c) Type Ib

d) Type IaB
e) Type Ila

[

Absorbance, a.u.

)
e)

8000 7000 6000 5000 4000 3000 2000 1500 1000 500
Wavenumbers, cm™

B33

www.ggtl-lab.org



GCITL Laboratories  GeuTecuLap GEMLAB

N3 ZPL, 415.2 nm
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H3 center green PL
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Intensity [Arbitrary Units]
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Treatments Methods - Electron + Neutron Irradiation

Neutron source exhibiting
Tscherenkov radiation (blue light
emission) due to fast electrons
traversing water

Electron accelerators
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Irradiated / annealed diamonds: type Ib

Untreated Irradiated 600°C 700°C 1310°C
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Irradiated / annealed diamonds: type la

Untreated Irradiated 600°C 700°C 1310°C
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HPHT treated diamonds
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HPHT treated type lla diamonds
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Synthetic diamonds
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HPHT grown synthetic diamond: Grown from Co-Fe
catalysts and multi-treated (HIH)
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HPHT grown multi treated synthetic diamond (HIH):
Ni-Fe catalyst

PL Intensity [arbitrary units]
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CVD grown synthetic diamond
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CVD grown synthetic diamond, HPHT treated
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Summary and conclusions

- Fluorescence analysis includes some of the most important
techniques for gem testing.

- Fluorescence imaging can help identifying treatments, imitations
and synthetics.

-  Fluorescence imaging is of great importance in melee diamond
testing.

- Photoluminescence spectroscopy helps characterizing defects,
especially in diamond, which are undetectable by any other
method.
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Thank you
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