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LiF data acquisition
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LiF data processing
1   Correction of raw data 
     for spectral sensitivity of detection unit

  

3   Subtract matrix emissions 
     if spectra influenced by matrix signals

  

2   Merge spectra 
     suppression of 2nd order signals  
     using long-pass filters   

4   Peak detection 
     using 2nd derivates OR continuum   
     removed signals above threshold 

Example 1: Analysis of REE emission line shifts dependent on host mineralLiF - 325 nm excitation

Spectral LiF library Application examples
Characterisation of LiF emission lines
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Sample homogeneity

Smithsonian rare-earth element phosphates
Sample material

wavelength [nm]

si
gn

al
 in

te
ns

ity
 [a

rb
. u

ni
ts

]

400 500 600 700 800 900 1000

0
20

0
40

0
60

0
80

0
10

00

(D)

(SG)

36
4

45
2

79
6

26
7

28
2

29
3

36
2

46
7

69
0

78
5

Tm2O3 (USGS)

(D)

(SG)

54
5

85
4

97
8

36
8

38
0 41
0

45
5

49
0

52
2 65
2

81
5

98
5Er2O3 (USGS)

(D)

(SG)

54
0

36
2

38
8

42
0

44
9

46
5

48
8

53
7

64
3

89
3

Ho2O3 (USGS)

(D)

(SG)

56
5

59
9

64
5

Sm2O3 (USGS)

35
9

37
5

40
3

46
1

47
4

94
5

(D)
(SG)

22
8

23
9

26
8

48
0

60
0

65
0

85
8

Pr2O3 (USGS)

44
2

46
7

48
5

58
9

PrPO4 

SmPO4 

HoPO4 

ErPO4 

TmPO4 

FX10

355

360

365

580 585 590 595
0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

1.05mean(BR 1, BR 2, BR 3) 

x

y

400 500 600 700 800 900 1000

0
20

00
40

00

DyPO4  | FX10 REFLECTANCE

D.sub@wavelength

BR
.1

: 9
15

BR
.1

: 8
50

BR
.2

: 8
13

BR
.2

: 7
83

BR
.3

: 7
63

BR
.3

: 7
35

re
fle

ct
an

ce
 [a

rb
. u

ni
ts

]

wavelength [nm]

all spectra

spectra BRmean < 0.69
spectra BRmean < 0.75
spectra BRmean < 0.82

400 500 600 700 800 900 1000

20
00

40
00

D.sample@wavelength

DyPO4  | REFLECTANCE sample spectra

wavelength [nm]

sample spectra (BRmean < 0.62)
mean spectrum
standard deviation (mean 2.3%)
Dy2O3 reference (USGS)

re
fle

ct
an

ce
 [a

rb
. u

ni
ts

]

400 500 600 700 800 900 1000

0
10

00
20

00
30

00
40

00

D.sub@wavelength

91
5

85
0

all spectra
spectra BR915/850 < 0.9
spectra BR915/850 < 0.71
spectra BR915/850 < 0.68

400 500 600 700 800 900 1000

0
10

00
20

00
30

00
40

00

D.sub@wavelength

81
3

78
3

all spectra
spectra BR(813/783) < 0.91
spectra BR(813/783) < 0.73
spectra BR(813/783) < 0.71

400 500 600 700 800 900 1000

0
10

00
20

00
30

00
40

00 76
3

73
5

all spectra
spectra BR(763/735) < 0.85
spectra BR(763/735) < 0.77
spectra BR(763/735) < 0.71

PrPO4

2 mm

m
ea

n

re
fle

ct
an

ce
 [a

rb
. u

ni
ts

]
re

fle
ct

an
ce

 [a
rb

. u
ni

ts
]

re
fle

ct
an

ce
 [a

rb
. u

ni
ts

]

wavelength [nm]

B
R

 1
B

R
 2

B
R

 3

Suitable excitation wavelength - 442 nm and 532 nm
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REE phosphates with representative LiF spectra 
showing diagnostic emission lines:      

REE phosphates with prominent absorptions
in broad-band emission (350 - 800 nm):
Comparison to the USGS spectral library 
(Kokaly et al. 2017) confirms matching absorption.
      

Using longer 
wavelength 
laser proved 
successful 
for selective 
REE excitation.

442 nm 
PrPO4 
SmPO4 
ErPO4 

532 nm
NdPO4
HoPO4 

not successful
TmPO4 

spectral
library 

The raw material sector demands for fast and non-invasive exploration technologies to reduce 
economic and ecologic costs as well as to increase public acceptance. The focus lies on critical 
raw materials such as rare earth elements (REE) for securing the supply to high-tech industries.

Laser-induced fluorescence (LiF) spectroscopy uses the light spectrum measured after
illumination of a target as fingerprint of a sample’s composition. The method is especially 
suited for REE identification, but its application in raw material exploration and natural samples
relies on accessible, transparent, well characterised reference material. 
This motivated us to present a LiF spectral library.      

Summary & Outlook
Spectral library for REE posphates provides transparent, well characterised 
reference data for LiF based material analysis
Suitable wavelengths are summarised according to efficient REE excitation and 
fit of detection range with position of diagnostic emission lines
LiF library supports the development of LiF applications for raw material exploration

We encourage others to contribute LiF REE spectra of phosphates and other minerals
to strengthen LiF analysis and its applications.

Example 2: REE identification in natural mineral, Xenotime Novo Horizonte

The high spectral resolution (0.13 nm) allows for deciphering 
multiple emission lines associated to individual energy transitions.

Hyperspectral 
reflectance images: 
FX10 camera, 
0.17 mm pixel 
 

Data analysis:
- R package 
  ’hyperSpec’ 
  (Beleites and 
  Sergo (2018)) 
- USGS library 
  (Kokaly et al., 2017)

synthetic REE reference samples (crystal size of 0.5- 3.0mm) from the 
Smithsonian National Museum of Natural History, Department of Mineral 
Sciences (Jarosewich and Boatner, 1991, Donovan et al. 2002)

Xenotime NHJ
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references: Beleites, C., Sergo, V., 2018. hyperSpec: a package to handle hyperspectral data sets in R. version 
0.99-20180627. Donovan, J., Hanchar, J., Picolli, P., Schrier, M., Boatner, L., Jarosewich, E., 2002. Contamination in the rare-earth 
element orthophosphate reference sam- ples. J. Res. National Institute of Standards and Technology 106 (6), 693–701. Jarosewich, 
E., Boatner, L., 1991. Rare-earth element reference samples for electron microprobe analysis. Geostandards Newsletter 15 (2), 
397–399. Kokaly, R., Clark, R., Swayze, G., Livo, K., Hoefen, T., Pearson, N., Wise, R., Benzel, W., Lowers, H., Driscoll, R., Klein, A., 
2017. USGS Spectral Library Version 7. Technical Report 1035. U.S. Geological Survey Data Series. Lorenz, S., Beyer, J., Fuchs, M.C., 
Seidel, P., Turner, D., Heitmann, J., Gloaguen, R. (2019): The Potential of Reflectance and Laser Induced Luminescence Spectroscopy 
for Near-Field Rare Earth Element Detection in Mineral Exploration. Remote Sensing 11, pp 21. White, W. B. (1967). Diffuse-Reflectance 
Spectra of Rare-Earth Oxides. Applied Spectroscopy, 21, 167-171. Turner, D. (2015): Ref;ectance spectroscopy and imaging spectroscopy 
of REE-bearing mineral and rock samples. phD thesis, University of British Columbia, Vancouver.

Absorption positions
according to White (1967)

Sample:
Turner (2015)
 

LiF data:
Lorenz et al. (2019)

Nd3+ in 
phosphate 
versus fluorite
(325 nm laser
excitation)
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