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INTRODUCTION

Nitrogen in crustal rocks occurs mainly as the ammonium 
ion (NH4

+). Several infrared studies have shown that ammonium 
substitutes for potassium in K-bearing minerals due to similar 
charge and ionic radius (Vedder 1964, 1965; Yamamoto and 
Nakahira 1966; Karayakin et al. 1973; Higashi 1978). Although 
analytical techniques are available to measure nitrogen content, 
in situ quantifi cation of K-bearing minerals remains underused 
because of a lack of ammonium molecular absorptivity (εNH4

). In 
a fi rst contribution, we assessed NH4 molecular absorptivity in 
muscovite and presented a method allowing direct NH4 quantifi -
cation from IR spectroscopy (Busigny et al. 2003). In the present 
companion paper, the Beer-Lambert law is calibrated in the case 
of ammonium ion in biotite. Using a method similar to that of 
Agrinier and Jendrzejewski (2000) and Busigny et al. (2003), a 
correlation between biotite thickness and IR absorbance provides 
an empirical law for thickness spectroscopic measurements. To 
test the validity of the calibration procedures for both biotite 
and muscovite, ammonium partitioning between muscovite and 
biotite coexisting in same rock samples are examined from IR 
measurements and compared to data available in the literature.

SAMPLES DESCRIPTION

The biotite group, often referred as trioctahedral dark micas, 
can be described in terms of four end-members: phlogopite–
KMg3(Si3AlO10)(OH)2; annite–KFe3(Si3AlO10)(OH)2; eastonite–K
(AlMg2)(Si2Al2O10)(OH)2; and siderophyllite–K(AlFe2)(Si2Al2O

10)(OH)2. In the present study, several populations of biotite 
forming solid solutions of these end-members were analyzed, 
which allows possible effects of chemical composition on the 
calibration procedure to be tested. Table 1 provides a description 
of all samples analyzed herein, including the rock types from 
which biotites were extracted, together with the location of the 
samples and the mineralogical assemblage of the rock. Biotite 
grain size ranged approximately between 2 and 15 mm. The 
mass of biotite grains was between 0.057 and 1.868 mg. Sample 
thicknesses were restricted from 19 to 215 µm due to handling 
problem and sensitivity threshold of the IR detector. Micas of 50 
to 150 µm thickness produced the best results for IR analyses. To 
avoid diffraction of the IR light and to allow accurate thickness 
estimates, IR spectrometry quantifi cation has been performed 
on samples with homogeneous and parallel faces.

MATERIALS AND METHODS

Infrared measurements were performed on single mica grains using a Fourier 
Transform Infrared (FTIR) spectrometer (Magna 550, Nicolet) coupled with an 
optical/IR microscope. Conditions of spectra acquisition include a resolution of 4 
cm–1, a mirror velocity of 3.16/cm.s, and a scan number of 300. The IR beam size 
was approximately 100 µm. All analyses were carried out with an IR beam direction 
perpendicular to the (001) crystallographic plane (i.e., to the basal layer).

Nitrogen contents were determined using a sealed–tube combustion technique 
(Boyd et al. 1994; Ader 1999; Busigny et al. 2003). Nitrogen was extracted from 
single biotite grains during a combustion step, and was purifi ed and separated from 
other volatiles (mainly H2O) using CaO (Kendall and Grim 1990). The sealed-tubes 
were then loaded into a vacuum line and opened with a tube cracker. Combustion 
gases were transferred using a molecular sieve cooled to liquid nitrogen temperature. 
Nitrogen was purifi ed and quantifi ed as dinitrogen N2 by capacitance manometry 
with an accuracy better than 8% (2σ).

Chemical compositions of biotite were determined using an electron micro-* E-mail: busigny@ipgp.jussieu.fr
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ABSTRACT

The present paper provides a calibration of the Beer-Lambert law allowing the determination of 
the ammonium (NH4) content of biotite using infrared (IR) spectroscopy. Single biotite crystals were 
analyzed by Fourier Transform Infrared spectroscopy. Using a linear correlation between the NH4 
infrared absorption band intensity and the NH4 content as determined by vacuum techniques, the NH4 
molar absorption coeffi cient at 1430 cm–1 was found to be 441 ± 31 L/mol·cm. After having calibrated 
the biotite thickness to Si-O absorption band, the NH4 content of biotite can be calculated directly 
from its IR spectrum by the relation:

[NH4
+ ]  (ppm) = 1044.3×

A1430 – A2395

A1249 – A2395 – 320   

where A1249, A1430, and A2395 are absorbances corresponding to wavenumbers 1249 cm–1 (Si-O vibration 
peak), 1430 cm–1 (NH4 bending), and 2395 cm–1 (spectrum baseline), respectively. The analysis of 
biotites having different chemical compositions suggests that, to a fi rst approximation, the calibration 
is independent of biotite chemical composition. An infrared determination of NH4 partitioning between 
muscovite and biotite coexisting in the same rocks shows good agreement with results of previous 
studies and further validates the method.




