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“water” = (H+, OH-, H2O) 

-melting temperature 

-rheology 

-conductivity 

-diffusion 



Why FTIR spectrometry? 
 

 Advantages 

 

-prices of new “state of the art” FTIR spectrometers and accessories are relatively low (~100 000 €)  

-cost of maintenance is low 

-low detection limits for different vibrations of H, N, C, S species in various bonds 

-sample preparation is simple 

-user friendly and easy to learn 

  

 Some drawbacks 

-identification of absorbing species in geological substances may be difficult due to the lack of appropriate 

spectral libraries 

-quantifications bears (significant) uncertainties sine no standard protocol has been established so far 

 

This talk is to give practical information  

how to analyse quantitatively “water” in: 

 
-nominally anhydrous minerals (NAMs): olivine, glass and SMIs 

-some implications of the method 

 



BS 

(Libowitkzky, 2006) 

Principles of IR microscopy – experimental setup 

 
 

I/Io = T 

 

A = -logT 

 

T = 10-A 



Inter-laboratory measurements 

 Atot=122.85/cm 
 

Bruker, Hyperion-Vertex 70, Hungarian Police, Budapest 



How much “water” is in NAMs (olivine)? 

Beer-Lambert law 

 

c  =                                 or in a simplified form c = k * Atot 

 

Where:  

 

1.  Atot total integrated absorbance (peak height or integrated area)/cm 

 

2. ε molar extinction coefficient (L/mol*cm) or 

 k calibration factor [k = c*MA/(ρ*ε)] 

  

c) concentration (ppm wt%) 

 

t) sample thickness (cm) 

ρ) density (g/L) 

Mi) molecular weight (g) 
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-measurements with polarized IR radiation 

(weaker signal, very sensitive to orientation and quality of the polarizer) 

 

-along the principal crystallographic directions  

or 

-three random but orthogonal sections 

How much “water” is in NAMs (olivine)? 

The determination of Atot: the “classical” and more accurate way 

2 mm 

Atot 

x (α) 
y (β) 

α β 

z (γ) 

γ 

Atot=Aa+Ab+Ac 
 

Atotcos2α+Atotcos2β+Atotcos2γ 

 

since cos2α + cos2β + cos2γ = 1 then  
( 

A
z 

=
 A

to
tc

o
s2

γ 

α 

β 

α 

β 

γ γ 

Atot/cm=128.4/cm (Bruker, Canberra) 

(Kovács et al., 2008) 

(Libowitzky and Rossman, 1996) 



-measurements with unpolarized IR radiation 

(stronger signal, less sensitive to orientation, less precise) 

 

-a number of unoriented grains are needed to make it work 

How much “water” is in NAMs? 

The determination of Atot: the “economical” but still satisfactory protocol 

1) Unpolarized absorbance is NOT linearly 

proportional to thickness, therefore we cannot 

normalize it to a reference thickness 

2) There was no theory similar to refractive index 

theory to link (unpolarised) absorbance to 

direction of incident light with respect to 

principal polarized absorbances 

 

(Libowitzky and Rossman, 1996; Sambridge et al., 2008) 

𝑇 φ,ψ = 𝑇𝑎 ∙ 𝑐𝑜𝑠
2φ∙ 𝑠𝑖𝑛2ψ + 𝑇𝑏 ∙ 𝑠𝑖𝑛

2φ ∙ 𝑠𝑖𝑛2ψ +𝑇𝑐 ∙ 𝑐𝑜𝑠
2ψ 

𝑇 φ = 𝑇𝑎 ∙ 𝑐𝑜𝑠
2φ∙+ 𝑇𝑏 ∙ 𝑠𝑖𝑛

2φ 



A φ = −𝑙𝑜𝑔(𝑇𝑚𝑖𝑛∙ 𝑐𝑜𝑠
2φ∙+ 𝑇𝑚𝑎𝑥 ∙ 𝑠𝑖𝑛

2φ) 

“T-theory” 

A φ = 𝐴𝑚𝑎𝑥 ∙ 𝑐𝑜𝑠
2φ∙+ 𝐴𝑚𝑖𝑛 ∙ 𝑠𝑖𝑛

2φ 

“A-theory” 

 

≈ 

Polarized linear absorbance 

(001) basal section (010) 

Kovács et al. (2008) 



𝐴𝑢𝑛𝑝𝑜𝑙[𝑇] = −𝑙𝑜𝑔  𝑇𝑚𝑖𝑛 ∙ 𝑐𝑜𝑠
2φ ∙ + 𝑇𝑚𝑎𝑥 ∙ 𝑠𝑖𝑛

2φ 

φ=2π

φ=0

 𝐴𝑢𝑛𝑝𝑜𝑙 𝐴 = −𝑙𝑜𝑔  𝐴𝑚𝑖𝑛 ∙ 𝑐𝑜𝑠
2φ ∙ + 𝐴𝑚𝑎𝑥 ∙ 𝑠𝑖𝑛

2φ 

φ=2π
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Kovács et al. (2008) 

This holds under a wide range of absorbance properties: 

 

-always if the absorbance is low Apol < 0.3; Aunpol < 0.15 and  

 

-also for stronger absorbance if the anisotropy is weak (i.e. 

the difference between the principal absorbencies are 

moderate: 
𝐴𝑚𝑎𝑥

𝐴𝑚𝑖𝑛
≤
2

1
) 

 

𝐴𝑢𝑛𝑝𝑜𝑙 𝐴 −𝐴𝑢𝑛𝑝𝑜𝑙 𝑇

𝐴𝑢𝑛𝑝𝑜𝑙 𝐴
 (𝐴𝑚𝑎𝑥, 𝐴min) 

Unpolarized linear absorbance 

Aunpol[T] ≈ Aunpol[A] under which conditions??? 



(Sambridge et al., 2008; Kovács et al., 2008) 

Atot can be estimated from                 ??? 

 

Yes, if: 

-distribution of the absorber is homogenous in the 

analyzed mineral √ 

-the grains are (perfectly) unoriented (i.e. strong 

preferred orientation) √ 

-enough unoriented grains are considered for the 

calculation of the average 

 

 

Unpolarized integrated absorbance 



Unpolarized integrated absorbance 
 

How many grains one needs to achieve reasonable accuracy in Atot if anisotropy is very strong (
𝐴𝑚𝑎𝑥

𝐴𝑚𝑖𝑛
≫
2

1
)? 

(Sambridge et al., 2008; Kovács et al., 2008) 
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Unpolarized integrated absorbance 

‚Urban legends’: ‚orientation factors’ or ‚correction factors’ (Demouchy and Bolfan-Casanova, 2016) 

 

Paterson (1982): Appendix 2. 

 

 

Koch-Müller et al. (2001) 



Reception: 1) Criticism, skepticism 
 

Withers (2013) 



Reception: 2) Wide applications demonstrating satisfactory accuracy 
 

Bali et al. (2008); Férot and Bolfan-Casanova (2012); Sokol et al. (2013); Bolfan-Casanova et al. (2014); Doucet et al. 

(2014); Padrón-Navarta et al. (2014); Bizimis and Peslier (2015) 

 

Bolfan-Casanova et al. (2014) Withers et al. (2011) 



Reception: 2) Internal inconsistency in Withers (2013)? 
Can something be true and false simultaneously?  

 

‚Sience is politics’  

David H Green 

Withers (2013) 

Kovács et al. (2008) 



Sample compartment Micrsocope 

sampled volume 
sampled volume 
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Stronger and even signal, less scattering 
and other unwanted optical effects 

Better suited for small samples,  
with higher spatial resolution 

Aperture size ~ horizontal resolution 
 

50 µm< for standard NAMs 
20 – 50 µm for good quality NAMs 

< 20 µm with synchrotron radiation 

Sample thickness ~ „integral method” 
 

200 - 300 µm < for standard (i.e. water-poor, NAMs 
< 100 µm for synchrotron radiation  

and water-rich NAMs 

M
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M
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M
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Instrument setup and sample preparation 



Instrument setup and sample preparation 
Micrsocope 
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210 µm±15 µm  

70 ppm 
 

H2O ppm wt%. 

Number of scans and resolution 

4 cm-1, 256 scans are optimal 
 
Bruker, Hyperion-Vertex 70, Hungarian Police, Budapest 



How much “water” is in NAMs (olivine)? 

Pakistani olivine ‚standard’ with 23 grains analysed in more than 10 different laboratories worldwide 

(Australia, Austria, China, France, Germany, Hungary and Italy) using a range of micro-FTIR 

microscopes and spectrometers (Bruker, Varian (Digilab); Nicolet)  average unpolarised absorbance is 

within 10% the same, therefore it is not a major source of uncertainty 

Atot=132.4/cm 

Nicolet, Hefei 

Atot=131.5/cm 

Nicolet, Toulouse 

Atot=127.14/cm 

Varian, UMA-500,  

Chemical Research 

Center,  

Budapest 

Atot=122.85/cm 

Bruker, Hyperion-Vertex 

70, Hungarian Police, 

Budapest 



How much “water” is in NAMs (olivine)? 

Beer-Lambert law 

 

c  =                                 or in a simplified form c = k * Atot 

 

Where:  

 

1.  Atot total integrated absorbance (peak height or integrated area)/cm  

 

2. ε molar extinction coefficient (L/mol*cm) or 

 k calibration factor [k = c*MA/(ρ*ε)] 

  

c) concentration (ppm wt%) 

 

t) sample thickness (cm) 

ρ) density (g/L) 

Mi) molecular weight (g) 
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c (H2O) = k * Atot 

 

k = 0.188±0.012 

(Bell et al., 1995, 2003, 2004) 

How much “water” is in NAMs (olivine)? 

2) The choice of molar extinction coefficient (ε) or/and calibration factor (k) to calculate absolute 

“water” content (ppm wt%) from Atot:   a) the mineral specific approach 

Drawbacks 

-only suitable for olivines with identical IR spectra 



Paterson (1982), Libowitzky and Rossman (1997) 
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How much “water” is in NAMs (olivine)? 

2) The choice of molar extinction coefficient (ε) or/and calibration factor (k) to calculate absolute 

“water” content (ppm wt.%) from Atot:   b) wavenumber dependent calibration 

mean wavenumber Drawbacks 

-it is still not proved whether the calibration is also valid for 

Nominally anhydrous minerals  

-difficult to apply to broad and overlapping bands 
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How much “water” is in NAMs (olivine)? 

2) The choice of molar extinction coefficient (ε) or/and calibration factor (k) to calculate absolute 

“water” content (ppm wt%) from Atot:   c) substitution specific calibration  

     and its criticism (Mosenfelder et al. 2011) 

     and its revision (Ingrin et al. 2014) 

Kovács (2008); Kovács et al. (2010) 

k = 0.54  

in fact boron substitution  

 

 

 

k =0.03 

 

 

 

 

 

k =0.18 

 

 

 

 

 

 

k=0.18 

Drawbacks 

-difficult to apply to broad and overlapping bands 



Suggested protocol for quantification 

Polarized 
(more accurate, weaker signal, very sensitive  

to orientation and quality of the polarizer) 

Unpolarized 
(less accurate, stronger signal,  

less sensitive to orientation) 

from three  

pricnipal directions 

from random 

directions 

Atot=Aa+Ab+Ac 

Mineral specific calibrations (olivine, clinopyroxene, orthopyroxene , garnet, feldspar: 

Bell et al., 1995; 2003; Mosenfelder et al., 2011; Whiters et al., 2012; Mosenfelder et al.  

2013a, 2013b, 2015) 

-only suitable for minerals with identical infrared characteristics 

 

Substitution-specific calibrations (olivine, Kovács et al., 2010) 

-can be utilised generally, however it is often difficult to resolve the contribution of the  

different substitutions 

 

-it is crucial to make digital version of the original spectra available 

( puli.mfgi.hu )  



Thank you for your attention! 

 

puli.mfgi.hu 


