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ABSTRACT: 

The influence of different useful recording parameters in Fourier transform infrared spectra,
on the signal-to-noise ratio is considered. We particularly studied the evolution of the signal to 
noise ratio with the spectral resolution, the transmission of different samples, the intensity of the
background and the number of scans. This will allow an optimal extraction of spectral
information of investigated samples.  

The noise was measured, through a surface determination, making use of the classical
integrated software, and the signal evaluated from well calibrated samples. 

Results are in good agreement with a theoretical proposed relation. 
 

Key words: FT-IR, noise, resolution, scans, transmission, background. 
 

ERENCIAS Y ENLACES. 

G. Ramis, P. Quintard, M. Cauchetier, G. Busca and V. Lorenzelli, Surface chemistry and structure of 
ultrafine silicon carbide : FT-IR study, J. Am. Ceram. Soc., 72, 1692-7 (1989). 
T. Merle-Méjean, M.I. Baraton, P. Quintard and V. Lorenzelli, Fourier transform infrared characterization 
of AlN surface, J. Chem. Soc. Faraday Trans. ,89, 3111-5 (1993).  
M.I. Baraton, T. Merle, P. Quintard and V. Lorenzelli, Surface activity of a boron nitride powder : a 
vibrational study, Langmuir, 9, 1486-91 (1993). 
P. Connes, "High resolution and high information Fourier spectroscopy", in Aspen Int. Conf. on Fourier 
Spectrosc., 1970, AFCRL Pub.-71-0019. 
P.R. Griffiths, "Fourier transform infrared spectrometry"; vol.83, in Chemical Analysis, John Wiley, 
N.Y. (1986). 
A. Blanco, S. Fonti, A. Piacente ; Transmission coefficient of free-standing wire grids in the far infrared: 
A theoretical approach for easy computation, Infrared Physics, 26, 357-363 (1986). 

Recibido:  06 – 03 2002 - 55 -



ÓPTICA PURA Y APLICADA – Vol. 35 - 2002 

M. Kerker, ″The scattering of light and other electromagnetic radiation″, vol. 16 of Physical Chemistry, 
Academic Press, London (1969). 

[7]. G.J. Kemeny, P.R. Griffiths, Improved sensitivity in dual beam Fourier transform infrared spectroscopy, 
Appl. Spectrosc.,34, 95-97 (1980). 
D.M. Mattson, Sensitivity of a Fourier transform infrared spectrometer, Appl. Spectrosc., 32, 335-338 
(1978). 

[8]. P. Fellgett, Multiplex interferometric spectrometry for infrared measurements, J. de Physique, 19, 187-
191 and 237-240 (1967). 

[9]. R.J. Bell, "Introductory Fourier transform Spectroscopy", Academic Press, N.Y. (1972). 
[10]. A.E. Martin, Infrared interferometric spectrometers, vol 8 of Advances in Vibrational Spectra and 

Structure, J.R. Durig  ed., Elsevier, Amsterdam  (1980). 
[11]. D.Z. Robinson, Errors in absorbance measurements, Anal. Chem., 23, 273-7 (1971). 
[12]. A.E. Martin, Accuracy of infrared intensity measurements, Trans. Faraday Soc.,47, 1182-1191 (1951). 
[13]. E. Childers and G.W. Struckers, Errors in absorbance measurements in infrared FT spectrometry, Anal. 

Chem., 25,1311 (1953). 
 
 
 
 

iii.- Needful spectral resolution ∆ ν  to disclose the 
whole spectral fingerprints of the investigated 
material. 

 
1.- Introduction 

The ability of a Fourier transform infrared (FT-
IR) interferometer to extract an information from a 
random noise is of great importance for 
measurements on very poorly transmitting samples 
and still further on differences between spectra of a 
few percent transmittance (1,2,3) as required for 
surface species study of ceramic materials or in 
catalysis. For different average signal levels this 
ability has first been discussed in terms of quality 
factors Q by Connes (4). Q is the total energy in the 
spectrum versus energy in the smallest spectral line. 
This method is of particular interest when high 
resolution spectra are used, but such a resolution is 
not needed for large absorption bands of organic or 
inorganic materials. Classical studies of factors 
influencing the signal-to-noise ratio (SNR) are 
often given in FT-IR books (see e.g. ref.5) but, 
except the influence of the number of scans, they do 
not give correlations between the SNR and the most 
useful parameters used when recording spectra, 
particularly: 

The purpose of this paper is to study the 
influence of the three above parameters and the 
number of scans (N) on the SNR for a better 
extraction of spectral information of investigated 
samples. 

The origin of the random noise will not be 
investigated and we must keep in mind that (5) the 
detector noise (with its sequence of amplification) 
is, for every instrument, greater than the noise from 
all other sources combined. Moreover, the detector 
characteristics and the throughput of the system are 
fixed during all our measurements.  
 
2. – Apparatus and measurements 
Measurements were conducted on one of the FT-IR 
interferometers of the laboratory: a Nicolet 5DX-B. 
The noise level was achieved from the automatic 
surface determination on an expanded ordinate 
scale using either the classical integrated DX 
software or the more powerful Lab-Calc® scientific 
software. A typical noise determination is given on 
figure 1.  

 
i.- Transmission of the sample, arising from its 
intrinsic absorbance and its concentration on the ir 
beam. 
ii.- Signal intensity after crossing the interferometer 
(background) which depends on the distribution of 
energy in the spectrum, taking into account the 
emittance of the source and the transmittance of the 
apparatus (atmosphere, windows, beam splitter, 
optical path, ...). 

The noise values used for the following curves 
are obtained, from the hatched area, on a 
wavelength scale inferior to 100cm-1. We used a 
mean value of four independent determinations 
provided that the standard deviation was inferior to 
5%. The area where the noise was measured was 
chosen in the vicinity of the middle of the spectral 
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The "samples" were well calibrated 
electroformed stainless steel grids (Buckbee Mears 
Cy St Paul Minn.) which could not alter with time 
against exterior parameters (this is not generally the 
case with organic or inorganic samples in KBr 
matrix), and which give accurate and reproducible 
transmittances. The spacing of the diameter wires 
defines the "mechanical/optical vacuum" percent 
and corresponds to a measured nearly constant 
transmittance, over the whole spectrum, of 5%, 
15%, 35% and 45%. The aperture size of the grids, 
typically two or three hundred microns, is far 
enough from the wavelength value of the ir 
spectrum (2.5-25µm) to avoid transmittance 
changes on the wavenumber domain (6), which 
could be connected with diffraction effect.  

zone Z1 to Z4 (see below), and was normalized by 
dividing this mean value by the wavenumber span 
of the measurement. The distribution of intensity 
and the different zones used in the "emittance" 
spectrum (also called background) are given on 
figure 2. 

 

 
 

Fig. 1. - Method of measurement of the noise through the 
integrated surface (hatched area) of a part of the 
spectrum. For "normalization" the surface is referred 
(weighted) to a same wavelength interval. 

 

 
Fig. 3.- Transmission T of the different electroformed 
stainless steel wire grids, with different spacings, used as 
"samples. 

The grids transmittances are given on figure 3. 
The appellation 5%,15% ... is maintained all over 
the text by easiness but the true values of 
transmittance are used in the graphs, for the 
different zones. 
 

3.- Results Fig. 2-. The distribution of intensity in the transmitted 
"background". Definition of the different studied zones 
chosen out of carbon dioxide or water absorptions The 
noise is measured in the vicinity of the zone centre. 

Figure 4 represents the evolution of the SNR 
with the transmission of the samples and for 
different background intensities zones.   

These zones give signals different in intensity; 
the ranges for vibration or vibration-rotation of 
water and carbon dioxide have been discarded. The 
low and very noisy transmitting zone Z1 (not 
shown on the figure) was in the range of 
wavenumbers ( ν ) 4400-4200 cm-1 and Z2, Z3, Z4 
zones were in the ranges 3400-3000, 2900-2500 
and 2250-2050cm-1 respectively and so we avoided 
any correction from water or CO2 atmospheric 
absorption.  

In figure 5 is plotted the increase of the SNR 
with the resolution  ∆ ν   of the spectrum according 
to the four zones of intensities in the background 
(see figure2). 

Figure 6 gives the evolution of the SNR versus 
the different intensities in the four zones taken in 
consideration in the "emittance" (background) 
spectrum for the different transmittances of the 
sample. 

Opt. Pur. y Apl., Vol. 35, 2002  Autor: Quintard et al. - 57 -



 

  
  

Fig. 4.- Evolution of the SNR with the transmission T of 
the well calibrated wire grids samples in the different 
background zones (Z1-Z4). 

Fig. 7.- As foreseen, the SNR is well correlated with the 
square root of the number of scans 
 

 

4 – Discussion 
The theoretical evolution of the SNR for a 

given 100% transmitting sample has been 
calculated by Matson (7) in terms of sensitivity 
I/∆I. 

(A and Ω  are geometric conditions fixed for a 
given spectrometer). 

Between the first brackets can be found the 

classical linear  t
1/2  response where t is the time 

measurement i.e. directly proportional to the 
number of scans N. This response is displayed on 
figure 7. It is well known that this result is a direct 
consequence of the multiplex or Fellgett's (8) 
advantage, when assuming that the noise in the 
infrared region is independent of the signal (9).  
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Fig. 5.- Increase of the SNR versus different resolutions  

∆ ν  of the spectrum. Correlation coefficients for straight 
lines are better than 0.987. 

 

 

The second term within brackets represents the 
intensity deduced from the Planck's law i.e. in this 
case the intensity of the throughput background, 
variable with the different zones according to the 
overall interferometer efficiency loss which is 
shown on figure 2. As it could be expected from the 
above equation a linear relationship is observed on 
the figure 6.  

The last bracket announces that SNR must be 
linearly correlated to the resolution ∆ ν , in good 
agreement with figure 5 for a given optical 
throughput AΩ (cm2 sr). Moreover our results show 
(figure 4) the influence of the transmission of the 
sample: the best signal-to-noise ratio will be 
obtained for low absorbance, within the studied 
field of transmittance. However, figure 4 suggests 
that a parabolic relationship exists between SNR 
and T%. Plotting (SNR)

 1/2  versus T% leads to 
straight lines with good correlation coefficients of 

Fig. 6.- Increase in the SNR with the average intensities 
of the different zones of the "background" defined in 
figure 2. Correlation coefficients are superiors to 0,992 
for 45 and 35% transmission. 

Finally the influence of the square root of the 
number of scans is illustrated on figure 7 in the 
different zones. 
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intensities of the “sample”. Nevertheless this non 
linear dependence is clearly displayed; it could 
come from a superposition of noises from different 
origins and e.g. could reflect the addition of (10): 

.998 and .993 for zones 4 and 3 (e.g.) respectively 
(figure 8). 
 

 

- long range source fluctuations when reference and 
sample interferograms are recorded in succession 

 - combination of detector noise, with its sequence 
of amplification, from open beam and sample 
interferogram 
 - different digitalization noises. 

Such experimental evolution was studied long 
ago in the case of infrared grating spectrometers 
(11,12,13), through a propagation of errors analysis, 
in quantitative determination i.e. taking into 
account the real noise. It did not gave a theoretical 
predicted curve but a useful experimental one.  Fig. 8.- The figure 4 suggests a parabolic relationship 

between SNR and T%; (SNR)
1/2

versus transmission leads 
to straight lines with good correlation coefficient. 

 

5.– Conclusion 
Generally, such a result could be the mark of a 

noise governed by the statistical fluctuations of the 
number of photons emitted by the source but this is 
not valid in the infrared because classical DTGS or 
MCT detectors cannot detect individual photons 
(9). R.J. Bell (9) has also shown that SNR is 
connected with  (I d ν )

1/2  but he was studying the 
influence of the intensity of the source while we are 
discussing the influence of transmittance i.e. the 
ratio of a reference to a sample interferogram which 
in  each  zone  is  obtained  for  the  same  intensity 

Signal to noise ratio was determined in various 
background intensities zones. We studied the 
influence of the main useful parameters on the 
signal-to-noise ratio, when FT-IR spectra are 
recorded: resolution, transmission of the sample, 
intensity of the background after overall efficiency 
losses in the interferometer, and number of scans. 
This will allow a better extraction of spectral 
information for organic and inorganic samples from 
their spectral fingerprints in infrared spectra. Our 
results are in good agreement with previously given 
theoretical relations. 

of   the   “background”   and,   of   course,  different 
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