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The daily work of gemmologists

- |dentification: what is it ?
- Natural or synthetic ?
Dumortierite from Tanzania with distinct pleochroism.

-Treated or not ?

- The origin: Where does it come from 7

Apart from microscopic observations and spectroscopic analyses
(UV-Vis, NIR, FTIR, Raman) it is important to have chemical data.
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Options for chemical analysis

- X-ray fluorescence (ED-XRF and WD-XRF)

- Energy dispersive spectroscopy coupled with
scanning electron microscope (SEM EDS)

- Electron microprobe (EMP)
- Laser induced breakdown spectroscopy (LIBS)

- Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS)

Features of LA ICP MS

Chemical analysis of specimens

+ nearly all chemical elements can be analysed . odel
+ up to 50 elements at the same time & i
+ point analysis (zoning) Together-with Prof. Thomas Pettke at
+ only minor sample preparation o wﬁ? 4510110 Gaoiemion L
+ large dynamic range of analysis '

(from sub-ppm to main element concentrations)
+ quantitative data

- slightly destructive analysis (laser drill holes diameter ca 100 ym)
- how representative are point analyses for the whole stone?

- raw data (qualitative) has to be processed to get quantitative data
- contamination effects

- spike filtering

- highly sophisticated instrument
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The LA-ICP-MS instrument

Microlas system:
Pettke, 2006 Beam modulation optics
CCD camera to homogenize laser
beam energy profile

Lambda Physics, Coherent:
Pulsed nanosecond
Aperture ArF excimer laser (193 nm)

Interface
lon oplics

Quadrupole MS Perkin Eimer:
DRC-e quadrupole mass
spectrometer
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Laser ablation:
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Laser ablation

Important factors for analysis: - laser wavelength (e.g. 193 nm)
- laser energy (mJ)
- ablation spot geometry
- ablation spot diameter and depth
- ablation pulse length and rate

00044715 — 10 pm
SEM picture of a laser drill hole
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Inductively Coupled Plasma

Important factors:

- plasma flame stability

- carrier gas

- particle size

- + complete combustion of particles
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Mass spectrometer

Important factors:
- ions (isotopes) are detected on the basis of their mass/charge ratio
- Beware of superpositions by recombined molecules

(eg. ArO interferes with °Mn, and %¢Fe)

Quadrupole MS

- the samples are positioned in the sample chamber together with the standards.
- the sample chamber is then connected with the tubes for floating with the

carrier gas.
0 @ * Paraiba-tourmalines from Brazil,

prepared for testing with LA ICP MS
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What do we get?

Chemical concentration signal versus time
LA-ICPMS analysis
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Raw data has to be processed...
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Data processing Using Lamirace program by S.E. Jackson

homogeneous signal

LA-ICP-M5 Pearls
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Careful setting of integrals for data processing is important
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Data processing Using Lamtrace program by S.E. Jackson

Surface contamination Spike filtering

nBallerina® treated pearl nBallerina® treated pearl
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B SSEF Swiss Gemmologcal Inatibute

What do we get?

Quantitative chemical data

MR
Moaansioue
MBI

DAIGIN : : B g
£ pom
Mozambigue ‘3.B47 130976 252038
Mozambigus 4308 152.740 g 228.025
Mozambious B47 130976 .o 252038
Mozambigus 3 950,372 ; 25,444

Mozambigue 1.188 10.368 3 48574
Mozambigue BI25 14520 i 64244
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Research at SSEF using LA-ICP-MS

- Baryllium-diffusion freated orange sapphires

- Beryllium diffusion treated biue sapphires

= Beryllium in untreated sapphires

- Chryscberyl grown on sapphire

- Alexandrite from different origins

- Emeralds from different origins

- Pezzotiaite from Madagascar and Afghanistan
- Shells, Pearls and treated pearls

- Musgravite and Taaffeite

- Vanadium tourmaline from Madagascar

- Cu-Mn bearing tourmaline from Brazil, Nigeria and Mozambigue
=~ Colour zoning in corundum

- Spinels from different origins
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1. Example: beryllium diffusion treated orange sapphire

‘Sapphire: LA-ICPMS Resultate
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Copper-bearing Tourmaline (,,Paraiba®)

Pb versus Zn (ppm)

P {ppm)

The effect of a logarithmic scale
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LA ICP MS analysis of ,,Paraiba” tourmaline:

Pb versus Ga (ppm)

Pl {ppen)

Fh {ppm}

Pb versus Bi (ppm)
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LA ICP MS analysis of Pearls

Saliwater pearl (Pteria Sterna) freshwater pearl (China, Hyriopsis)

U A-ICE-ME Baarle
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LA ICP MS analysis of Pearls

Freshwater bead in saltwater cultured pearl

\\L

Saltwater pearis
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Unheated sapphire from Kashmir of 42.29 ct

Colour zoning in corundum

Corundum from Winza, Tanzania
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Beryllium in sapphire

3-dimensional jellyfish-like intemal
structures in Be-diffusion treated
sapphires.

© GAAJ

Planar curved structures in
basaltic sapphire
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Beryllium in diffusion treated sapphire

S5EF Swiss Gemmological Institute SSEF GemLIBS
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Beryllium in untreated sapphire

Some sapphires may contain locally low
amounts of beryllium.

LAM-ICP.A4S RESULTS - DETECTICM LIMIT FLTERED
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Chrysoberyl on Sapphire
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LA ICP MS data from chrysoberyl
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Chrysoberyl on Sapphire

sapphire

00070088 100 pm ZMB

Uni Basel

SEM micrographs (backscattered electrons), showing a dense syngenetic intergrowth of
chrysoberyl with sapphire
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Prof. Thomas Psitke,

dipl. min. Pierre Lefévre, and
Dr. Michael 5. Krzemnicki
at the LA-ICP-MS in the
Institute of Geological
Sciences, University of Barn
{Switzerland).

before... ...and after a LA-ICP-MS session

SSEF offers LA-ICP-MS course for gemmologists in August 2009 !




