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Theoretical methods currently used for calculations and modeling of line position and 
intensities for rovibrational transitions in high-resolution molecular spectra are briefly reviewed. 
Problems related to an accurate description of bands corresponding to large ∆V, to high rovibrational 
states and intensity anomalies are illustrated with examples for isotopic species of Î3, H2S, and Í2Î 
molecules. Some features of a new generation of spectroscopic databanks, which contain information 
on potential/dipole moment functions and global predictions are discussed. 

 

Introduction 
 

The HITRAN, GEISA, and GPL1–3 databases of 
spectroscopic line parameters that are widely used in 
atmospheric applications contain both experimental 
data and results of theoretical modeling. For many 
molecules calculated data represent a major part of 
line positions and intensities currently included in 
databases. In particular, this is the case with 
overlapping bands, hot spectra, weak transitions, and 
also of some heavy molecules, for which accurate 
measurements of intensities and of line-width for 
entire spectra are hardly possible because of the 
blended or non-resolved structures. Thus, for the 
ozone molecule as an example important for 
atmospheric applications, nearly all line parameters 
in the infra-red included in compilations1,2 are 
calculated. Most of the specialized databanks/software 
packages like TDS4 and STDS4 for methane and other 
spherical tops contain calculated data only. 

Many new atmospheric, astrophysical, and 
technological applications require an extension of 
spectral and temperature intervals, more accurate 
modeling, and reliable isotopic predictions. This gives 
motivation to further improving the methods of 
calculations and to develop complementary 
theoretical tools. This paper is based on the review 

talk at the ASA-2002 workshop where some recent 
tendencies and problems related to global and 
effective calculations for high-resolution spectroscopy 
and for atmospheric applications have been discussed. 

During recent five years global “first principles” 
variational calculations have reached the accuracy, 
which becomes really useful for analyses of high-
resolution spectra of triatomics (see, for example, 
Refs. 6 to 9 and references therein) and this has 
considerably changed the situation in the domain. 
These new possibilities of calculating and modeling 
spectra have been supported by a progress in 
informatics, numerical algorithms and by the 
development of methods for non-linear optimization 
of molecular properties (MP). Related global 
predictions and information on MP are included in 
the new generation of spectroscopic databanks and 
information systems (see Refs. 6, 7, and 10 to 12). 

Here we give a brief comparison of theoretical 
methods and related new features of databanks with 
illustrations for spectra of O3, H2S, H2O molecules 
and their isotopomers, which are of a particular 
concern at high vibrational states, intensity 
anomalies and high J, Ka transitions ( Table 1). The 
examples are based on recent studies of GSMA 
(Reims) in collaboration with IOA (Tomsk) and 
Aims Center (NASA). 

 
Table 1. “Input and output” information in global (variational) calculations for spectroscopic applications 
Molecular properties (MP) ⇔ Spectroscopic/chemical information 
Potential functions (PES) ⇔ Rovibrational line positions, dissociation path 
Dipole moment functions (DMS) ⇔ Transition probabilities, line intensities 
Wave functions  ⇔ Assignments of high states, normal-to-local transitions, 

bifurcation analysis,… 
Primary interest ⇔ High-energy states, hot bands, weak bands, “dark”-state 

perturbations, isotopic predictions 
 

 Examples of databanks containing MP and spectra predictions based on MP 
Molecule  Specific problem  Databank  

Water  problems for high rotational states Refs. 6, 47 
Ozone Vibrational state problem near dissociation  Refs.  10–12 
H2S/D2S/HDS Intensity anomalies Ref. 78 
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1. Main theoretical approaches 
 

Among various methods and theoretical models 
for calculation of high-resolution molecular spectra 
(HRMS) three most widespread types are to be 
considered: 

(i) “local” (effective) methods, based on the 
perturbation theory and on effective Hamiltonians for 
sets of nearby vibrational states (polyads) accounting 
for strong rovibrational resonance interactions within 
these polyads; 

(ii) “intermediate” version of calculations, 
which use vibration extrapolation scheme for 
successive polyads; 

(iii) “global” methods (many of them use a 
variational technique) which enable one to calculate 
an entire set of rovibrational (RV) states and 
transitions up to the dissociation and even above 
from the molecular properties; a potential energy 
surface (PES) is used to calculate energies and line 
positions and dipole moment surfaces (DMS) are 
used to calculate line and band intensities. 

A scheme which illustrates these approaches is 
shown in Fig. 1. 

Until recently “local” effective models (i) have 
been most widely used in high-resolution 
spectroscopy because these allow a good accuracy for 
low and medium quantum numbers to be achieved 
using relatively simple computations. These models 
are usually derived by applying Contact 
Transformations (CT)13–16 or alternative forms of the 
perturbation theory to simplify the full rovibrational 
Hamiltonian. This provides a mathematical 
background for intuitively introduced physical  
 

models for bound states of semi-rigid molecules near 
the equilibrium configuration and makes it possible 
to give a simple interpretation of the low-order 
parameters. The major advantage of the methods (i) 
is that this approach allows one to reduce an extent 
of calculations by focusing on a certain group of 
vibrational states “localized” within a limited energy 
interval. The latter is supposed to be of interest for 
an interpretation of a concrete experimental spectrum 
within a given wave number range. In this sense we 
refer to these models as to “local” ones (independent 
of whether normal or local coordinates are used in 
calculations). Thus the dimension of matrices is 
dramatically reduced and computational realization 
becomes much simpler. Consequently a metrological 
accuracy of calculations is feasible, but relatively 
large number of phenomenological parameters is 
required to characterize each polyad separately. For 
asymmetric top molecules a well-known example is 
the Watson’s model for effective centrifugal 
distortion Hamiltonian and its extensions.17,18 This-
type models are widely used to calculate line 
parameters and to fill spectroscopic databases in 
series of works by Flaud, Camy-Peyret and co-
workers19,20 and of many other research groups (see, 
for instance Refs. 21 and 22 and references therein).  

Apart from a large total number of parameters 
difficult to evaluate theoretically, the main problem 
of these “local” models is extrapolation of empirical 
information to other spectral intervals and also to 
other isotopic species. The related difficulties are 
most strongly pronounced for highly excited 
rovibrational states and in particular for nonrigid 
molecules. 

 

 
Fig. 1. Approaches (i), (ii) and (iii) for a calculation of molecular rovibrational levels (see Sect. 1 for definitions). 
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In these cases simple zero-order models 
(harmonic oscillators, normal modes, and rigid rotor) 
are no more justified physically because the 
corresponding states observed are beyond the domain 
of convergence of the standard perturbation 
expansion. To improve the convergence of the 
expansion of the perturbation theory, new non-
polynomial models for effective Hamiltonians have 
been developed for nonrigid H2O type molecules. The 
generating function model23–25 and the four-
dimensional bending-rotation model26–27 allow 
improvement of the accuracy in the fit of 
rovibrational data and extrapolations to higher J, Ka. 
A detailed review of recent studies in this domain is 
given in Ref. 28. 

“Intermediate” models (ii) are also based on the 
perturbation theory and effective Hamiltonians for 
closely neighboring (localized) groups of vibrational 
states, but this approach aims at relating parameters 
of successive polyads. This allows extrapolations for 
energies and line positions to be made, thus partly 
compensating for the drawback of “local” models. 
The related advantage is more difficult (or even 
impossible) to realize for intensity extrapolations to 
larger ∆V. However, the intensity extrapolations 
proved to be quite efficient for certain series of hot 
bands. Vibration extrapolation models (ii) are 
currently employed for spherical top molecules 
(Champion and co-workers,29 LPUB Dijon) using 
irreducible tensors formalism that has been 
successively extended to symmetric top molecules by 
Nikitin et al.30–32 and applied to accurate analyses of 
CH3D spectra. A specialized program package 
MIRS32 has been recently developed for this purpose. 
A vibration extrapolation approach (ii) has allowed a 
considerable progress in modeling of spectra of linear 
molecules (Tashkun, Perevalov and co-workers33,34 
(IOA, Tomsk), and Teffo (LPMA, Paris35)). These 
calculations have been used to generate specialized, 
TDS and SDTS, databanks for methane and spherical 
tops4,5 and a high temperature bank CDSD for 
CO2.

36 Note that above mentioned specific 
constraints of the perturbation theory equally apply 
to the approach (ii). In particular, a high accuracy of 
calculations has been achieved in those cases where 
the nontrivial part of the V-dependence of matrix 
elements is sufficiently smooth and can be 
approximated by polynomials. The latter is valid for  
 

semi-rigid molecules in the domain of the 
applicability of normal vibration modes that is far 
below the dissociation limit. 

A detailed discussion of effective models (i) and 
(ii) and extended reference list is given in the review 
papers 14, 37, and 38. Some mathematical aspects of 
the problem in relation to the properties and 
dynamics of Hamiltonian systems have been 
considered in Ref. 39. 

“Global” methods (iii) contrary to the previous 
approaches (i) and (ii) are not limited by constraints 
of the perturbation theory. Thus, they are expected 
to better describe higher states. However a very 
detailed and accurate knowledge of molecular 
properties (PES, DMS) is needed for their 
applications to high-resolution spectroscopy. 
Information on non-adiabatic interactions is necessary 
in some cases. There exist various implementations of 
methods (iii). A common feature is numerical solving 
of the quantum mechanical eigenvalue problem for 
the Hamiltonian depending on 3N–3 rovibrational 
coordinates. A variational approach is usually 
applied. Studies of Carter, Handy, Light, 
Carrington, Jensen, Wattson, Rothman, Tennison, 
Satcliff, Schwenke, Rosmus and co-workers (see for 
example Refs. 40 to 47 and references therein) as 
well as of many groups working on applications of 
quantum chemistry to spectroscopy have contributed 
to a spectacular recent development of this approach 
for triatomic molecules. Some examples of global 
calculations in high-resolution spectroscopy based on 
recent studies of GSMA (Reims) in collaboration with 
IOA (Tomsk) and NASA (Aims Center) are given in 
Sections 2–5. A parameterization, optimization, and 
computer implementation of global methods (iii) are 
much more complicated than those of “local” models 
(i) and (ii). At present they do not assure a 
competitive metrological precision, but are capable of 
giving a consistent “bird-eye” view on the entire set of 
all bound rovibrational states and qualitatively 
reliable predictions. An accurate modeling of PES and 
DMS is required to achieve this end.  

The schematic presentation of input/output 
information in methods of global calculations is given 
in Table 1 and Figs. 2, 3. A comparative analysis of 
advantages and problems for local and global 
methods summarized in Table 2 suggests that their 
use in spectroscopy should be complementary. 

Table 2. Brief overview of relative advantages of (i)-(iii) methods in HRS applications 

Features Local (perturbational) models Global (non-perturbational) models 
1 2 3 

Accuracy of data fit for low V 
and J 

∼  experimental 
=> metrological applications 

not competitive 

Dimension of the problem in the 
wavefunction space (matrices) 

finite low dimension  
=> very fast calculations 
=> no basis convergence problems 

“infinite” dimension  
=> basis convergence problem; 
complications at bound states ! continuum

Programming: relatively easy sophisticated numerical methods needed 
Loss of accuracy of ro-vib lines 
fit with increasing number of 
atoms 

excellent accuracy still possible for 
rotational (MW) and fundamental bands 
transitions; quite moderate loss in IR with 
low V 

accuracy degrade dramatically for N > 3; 
improvement expected in future 
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Table 2 (continued)

1 2 3 
Physical meaning of parameters Low orders => clear 

High orders => nobody cares ? 
Imposes sever restrictions: 
avoid “holes”, assure asymptotic, 
dissociation limit, barrier heights, ... 

High V, J Convergence of perturbation expansions ?
=> model problems for non-rigid molecules

Numerically “exact”(to a certain digital 
position) non-perturbational calculations 

Use of ab initio information  
to evaluate lines for new 
 bands / molecules 

very limited major advantage of the approach 

High energy (dense) states near 
dissociation 

overlapping of polyads full account of various interactions
=> information for dynamics 

Prediction from lower polyads 
=> to higher polyads 

limited;
(better with “intermediate” models =>
vibrational extrapolations) 

major interest of models 

Number of parameters with 
increasing polyads 

explosion smoothly increases 

Completeness of predictions limited by certain energy range /
spectral intervals 

full database possible for all ro-vibrational 
bound state transitions (light molecules);
calculations of very high-J transitions for 
heavy molecules difficult due to 
dimension/memory limitations 

Isotopic predictions complicated and 
 unreliable if symmetry changes  

very simple (with isotopically invariant 
PES/DMS) and powerful 

Ambiguities/uncertainty of 
parameterization; 
lack of information 

(1) correlations (collinearity) of  
parameters => Hamiltonian reduction 
needed for higher orders/polyads;
(2) “dark” state problem; 

(1) re-assignment:
global ! “spectroscopic” quantum numbers;
(2) problems of effective account for 
adiabatic, non-adiabatic, relativistic 
contributions, etc. in direct or inverse 
calculations 

 

 

Fig. 2. Scheme of global calculations of high-resolution spectra: example of the H2S molecule (the bend-stretch cut for the 
PES from Ref. 50 and for the µQ DMS-component from Ref. 9; calculated spectrum for the ν3 band from Ref. 9).  



224   Atmos. Oceanic Opt.  /March  2003/  Vol. 16,  No. 3 Vl.G. Tyuterev 
 

 

 

Fig. 3. Successive steps for a potential energy surface (PES) 
optimization in global calculations (iii) using experimental 
spectroscopic data. 

 
2. Inverse calculations in global 

methods: optimization of PES with 
flexible constraints 

 
Advanced program realizations of the (ii) 

methods allow one to converge rovibrational basis 
quite well: rather low errors of numerical energy 
calculations ∼  0.01–0.001 cm–1

 are achieved in the best 
cases. However a typical accuracy of ab initio PES 
determination is at present much worse ∼  10–100 cm–1. 
This suggests an optimization of molecular properties 
using a least-squares fit of PES and DMS parameters 
using experimental values of line positions and 
intensities. Such an optimization appears to be much 
more complicated compared to a fit of conventional 
spectroscopic parameters in effective models (i) and 
(ii). This is because PES and DMS should show a 
physically meaningful behavior at the entire set of 
geometrical configurations and should be consistent 
with the properties obtained from other types of 
experiments in chemistry, kinetics, etc. (dissociation 
limits, asymptotics, barriers).  

Recent improvement of the global modeling of 
O3 and H2S spectra described in Sect. 4 and  5 was 
due to new approach in empirical optimization of 
PES implemented in our work together with 
Tashkun.51 This uses flexible constrains which play 
the role of “penalty functions” for the least-squares 
fit in a case of non-physical behavior of the fitted 
surfaces. For this purpose a qualitative behavior of 
PES and DMS are checked in each iteration of least-
squares fit at a dense grid of geometrical 
configurations (∼  200000 configurations in the case of 
the ozone PES49). This allows one to  

– reject those gradients in the parameter space 
which would drive to a non-physical PES behavior at 
configurations not sampled by available spectroscopic 
data; 

– avoid spurious minima (holes) and prevent a 
non-realistic asymptotic; 

– achieve a better fit helping to overcome some 
barriers for RMS deviation in a multidimensional 
parameter space.  

A combination of various priorities for such 
constrains provides a possibility for a user guided 
least-square fitting. 

 
3. H2O: problem of modeling for high 

rotational states 
 
As mentioned above, non-polynomial effective 

models (i), such as the generating function model 23–25 
and the four-dimensional bending-rotation model26–27 
allow better convergence and extrapolations 
compared to the standard perturbation expansions. 
For medium values of the quantum numbers this 
gives the RMS deviation of a line position fit 
∼  0.01–0.003 cm–1 of H2O spectra in the infrared and 
an order of magnitude better for lower states. For 
example, all 2350 measured line positions of the 2nd 
triad spectra recorded at optical path ∼  300 m at 
pressure ∼  30 mbar have been calculated with  
the RMS deviation of 0.005 cm–1 (Mikhailenko et 
al.52,53) using the generating function model. This 
extends considerably the domain of applicability of 
effective Hamiltonians (i) compared to standard 
models that are polynomials in angular momentum 
components. 

However this domain remains still limited. An 
accurate extension of “local” models should be 
particularly difficult to achieve for bending-
rotational states beyond the linearity barrier. For a 
full description of very high excited states observable 
in hot spectra the global approach is certainly better 
placed. The situation in spectroscopy of high 
rovibrational states of the water vapor has drastically 
changed after global calculations published by 
Partridge and Schwenke.6,7 In these studies the high-
level ab initio calculations of PES and DMS have 
been combined with subsequent empirical 
optimization using line position up to J ≤ 5. This has 
resulted in the calculated large-scale PS-database6,7 
on predicted high-temperature line parameters of 
H2O containing over 3×108 entries. Though for 
certain spectral intervals and quantum numbers this 
database can show larger discrepancies with 
observations compared to the best effective 
calculations (as it is the case of (000), (010) states24 
and first and second triads27,52,53), it has many 
obvious advantages. Thanks to a systematic and self-
consistent representation of the entire set of all 
rovibrational transitions and of the major interactions 
this allows one to correct many assignment and 
mistypen errors which had been present in traditional 
spectroscopic databases (see an example of 
comparison in Fig. 4). 

The databank of global predictions by Partridge 
and Schwenke is widely used in many recent studies 
for assignment of weak lines recorded at long optical 
path,54,55 in hot temperature laboratory, and sun-spot 
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spectra8,56 and for a confirmation of the line 
identification in isotopic spectra for HDO57 and 
H2

18O (Ref. 58, see also discussion in Ref. 59). 
 

 

 

Fig. 4. Comparison of Partridge and Schwenke (PS, Ref. 6) 
global predictions and of the HITRAN-2000 compilation1 
with the observed H2O line positions for the 3ν3 band 
according to Mikhailenko et al., Ref. 53. 

 
4. O3: high vibration states and 
isotopically enriched spectra 

 
As mentioned in the introduction, the absolute 

majority of atmospheric compilations for ozone line 
parameters in the infrared relies on calculations. This 
is a consequence of difficulties of systematic line 
measurements in very dense ozone spectra. For the 
states far below the dissociation limit the molecule 
behaves as a rather rigid one. Under these conditions 
effective models (i) appear to be well adapted for an 
accurate description of the rovibrational interactions. 

Corresponding semi-empirical calculations that 
use adjusted parameters in effective Hamiltonians 
and in transition moments provide a precision 
comparable to the experimental one (see Refs. 19, 
20, 22, and 60 to 64): ∆ν  ∼  10–100 kHz in the 
microwave range, ∆σ  ∼   10–4

 cm–1 for line positions and 
∆I ∼  2% for line intensities in the best analyses for 
strong bands in the infrared. The uncertainty 
progressively increases up to (1–3) × 10–3 for line 
positions and to ∼ 10–20% for intensities of weak 
transitions, in particular for high overtones and 

combination bands. Rather complete line lists based on 
spectra analyses up to the wave numbers < 3000–
4000 ñm–1 performed by Flaud, Camy-Peyret, 
Rinsland, and other groups (see Refs. 19 and 60) 
have been included in atmospheric compilations 
HITRAN and GEISA (Refs. 1, 2, and 60). 

More then 20 new ozone bands have been 
analyzed in a series of studies by Barbe and co-
workers.22,61–63 In particular many new rovibrational 
line positions and intensities up to ∆V ≤  6 have been 
measured in the range 3000–6000 ñm–1 (see recent 
review by Mikhailenko et al.64 for more detail and 
literature references). To correctly model these new 
experimentally measured spectra, it was necessary to 
account for various multiple resonances (ν1 ν2 ν3) ↔ 
 ↔ (ν′1 ν′2 ν′3). Unusually high-order accidental 
resonances with very large total variation of 
vibrational quantum number up to ∆V = 8, 9 were 
found to be important. This is the case of the 
resonances (310) ↔ (041), (401) ↔ (024), (123) ↔ 
↔ (330), (015) ↔ (080), and so on (see Ref. 64). 

An account of these resonances results in an 
overlap of classical stretching ozone polyads and 
complicates the analysis. In the frame of effective 
methods (i) information on new interaction 
parameters can hardly be obtained from previously 
analyzed bands. Extended polyads contain many 
“dark” states. The latter are not directly observable 
under normal experimental conditions but can 
perturb observed states.  

Information on the entire set of ozone vibration 
states can be obtained from global predictions (iii) 
that require accurate potential functions. In Refs. 48 
and 49 the effective ground electronic state PES of 
the 16O3 molecule has been obtained in a least 
squares fit to the largest sample of experimental, 
high-resolution data used for this purpose so far. All 
vibrational data available from HRMS experiments 
up to ∆V  ≤  6 in the wave number range up to 
5600 cm–1 have been included in the PES 
optimization using flexible constraints as described in 
Sect. 2. The average accuracy of calculations from 
the potential function for 85 centers of known cold 
and hot bands was 0.08 cm–1. The rovibrational 
energy levels of 26 low-lying vibrational states up to 
J = 5 were also included with the RMS deviation of 
0.02 cm–1. Rotational extrapolation tests J = 5 → 
→ J = 10 have demonstrated the predictive power of 
the PES (the extrapolation error ∼  0.06 cm–1 rarely 
achievable in global calculations). Very high-excited 
“dark” states and “stretching levels” experimentally 
determined by the dissociative Raman spectroscopy 
(Chang et al.65) were not included in our fit but were 
calculated in extrapolation up to the dissociation 
limit within their experimental accuracy 
(RMS = 1.6 cm–1).  

A reliable evaluation of the ozone PES by non-
empirical methods has become possible only recently: 
the first global ab initio PES of the ozone has been 
published by Siebert, Schinke, et al.66 in 2002. A 
root-mean-square deviation of the ab initio 
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calculations was RMSvib ∼  5 cm–1. Though ab initio 
PES is less accurate then the empirical PES (see 
Refs. 48 and 49) near the open equilibrium 
configuration, ab initio calculations from Ref. 66 
have allowed the potential function for those nuclear 
configurations to be determined, which are not 
accessible via current spectroscopic experiments (ring 
ozone structure).  

Ab initio calculations66,67 have confirmed a 
physically meaningful behavior of the 
spectroscopically determined PES48,49 at qualitatively 
important limits. Both PESs show the dissociation 
barrier (a controversial question actually under 
discussion), and give an excellent agreement with the 
experimental value of D0. The agreement in 
equilibrium configurations for the open ozone structure 
and for the diatomic fragment and the agreement at 
linearity barriers and in the energy of a simultaneous 
breaking of two O–O bonds are also very good. 

Another important issue is related to the 
isotopic global predictions. According to 
experimental estimations by Barbe et al.,68 the line  
 

density in the 18O enriched isotopic spectra is 
∼  200 lines/cm–1. The analysis is then crucially 
dependent on accurate predictions of “dark” states 
and of resonance partners. In recent study69 a 
following step in the PES optimization has been 
undertaken using simultaneous fit to experimental 
data of various isotopic modifications of the ozone 
molecule. The average accuracy of vibrational 
calculations for all measured bands for 668, 686, 688, 
868, and 888 species70–72 up to 5600 cm–1, and also 
for known bands of 17O enriched species 667, 676 
(Ref. 20) is RMSvib ∼  0.02 cm–1 in with this latest 
PES version.69  

Information on global calculations and 
molecular properties (PES, DMS, vibrational energy 
levels up to the dissociation for 16O3 and up to 5000 
cm–1, Vmax = 5, for all 18O enriched isotopic species 
(Fig. 5)) is available in the specialized information 
system S&MPO (Spectroscopy and Molecular 
Properties of Ozone) developed in collaboration 
between GSMA (University of Reims) and LTS IAO 
(Tomsk).10–12  

 

Fig. 5. Global calculations for isotopic vibrational levels of ozone in the S&MPO information system (Refs. 10 to 12) 
(GSMA, Reims & LTS, Tomsk). For the 16O16O18O, 16O18O16O, 18O16O18O, and  16O18O18O species (corresponding abbreviations 
668, 686, 868, and 688 ) the isotopically invariant PES of Ref. 69 has been used for calculations and assignments. 
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S&MPO includes also most recent calculations 
of rovibrational spectra using “local” effective models 
(i), parameters for resonance groups, and 
experimental FTS spectra recorded in Reims. It 
contains a database of line parameters which is more 
complete than that of HITRAN and GEISA in the 
range 3000–6000 cm–1. The S&MPO system is 
Internet accessible (at two equivalent sites 
http://ozone.univ-reims.fr and http://ozone.iao.ru) 
and offers various user-friendly interactive functions, 
such as synthetic spectra simulation and their 
comparison with the experimental records. 

 
5. H2S/D2S/HDS: intensity 

anomalies  
 
Line intensity is known to be among most 

important spectral parameters for various atmospheric 
applications as it is directly related to retrievals of 
atmospheric gas components. 

Intensity irregularities and anomalies have been 
noticed in spectra of many molecules and this is a 
serious problem in correct modeling of atmospheric 
transmittance and for minority retrievals. In this 
Section we shall briefly consider an extreme 
manifestation of intensity anomalies which are 
present in spectra of isotopic modification of the 
hydrogen sulfide molecule:  

(1) observed intensities of H2S fundamental 
bands (∆ν = 1) are much weaker than those of 
combination bands with ∆ν = 2, the ν3 band being 
particularly weak; 

(2) there exists an unusually pronounced 
asymmetry between branches of certain B-type bands 
(“suppression” of P-branches); 

(3) anomalous rotational distribution (with 
respect to ∆K = 0 and ∆K = 2 transitions) has been 
observed in the ν3 band. 

Analyses of experimental spectra have been 
carried out by Emerson, Lechuga-Fossat et al. and in 
recent series of studies by Braun, Naumenko, Flaud, 
Campargue, and co-workers (see Refs. 21, 73, and 74 
and references therein). 

Theoretical attempts to explain anomalies from 
ab initio calculations and to obtain an agreement of 
non-empirical calculations with the observations had 
no success during a rather long time. The HRMS ab 
initio global calculations75 resulted in an 
overestimation of the fundamental ν3 band intensity 
by an order of magnitude. Moreover the rotational 
line intensity distribution in the ν3 band were in a 
dramatic disagreement with the observed spectra (in 
particular the shape of the Q-branch was wrong). On 
the other hand ab initio values of the first dipole 
moment derivatives were in a large disagreement with 
empirically determined derivatives.  

A new recent analysis of ab initio DMS9 has 
shown that a description of intensity anomalies 
requires much more accurate determination of 

molecular properties. The functions of the dipole 
moment components are extremely shallow in the 
vicinity of the equilibrium configurations leading to 
anomalously weak ν3 and ν1 bands in the infrared 
absorption spectrum. This behavior makes the 
calculation of rovibrational intensities extremely 
sensitive to small errors in the DMS determination 
and much more demanding than for other H2X 
triatomic molecules. A comparison of the DMS 
slopes9 and corresponding intensity predictions 
clearly shows that even a small error in a DMS 
variation versus internuclear distance  
∼  10–2 Debye/Å can produce a huge overestimation 
in the intensity calculations for the ν3 band. It 
should  be  one  of   the major   reasons   for   drastic 
disagreements of previous ab initio calculations of 
H2S intensities with the experimental spectroscopic 
data. Also, this makes it necessary to revise76 the 
traditional scheme of empirical determination of the 
dipole moment derivatives using effective methods 
(i). The new ab initio DMS9 describes well principal 
vibrational and rovibrational H2S intensity anomalies 
known so far (Figs. 6 and 7). 

 

 
a 

 
b 

Fig. 6. The stick spectrum of the ν2 + ν3 band of H2S: 
comparison of ab initio (a), Ref. 9, and experimental (b), 
(Ref. 21) intensities. The relative error in the integrated 
band intensity is comparable with the uncertainty of the 
empirical determination:  (Sobs  – Sab initio ) / Sobs  = 4%. 
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Fig. 7. Comparison of the intensities calculated from the ab 
initio dipole moment function (CRT –surface, Ref. 9) for 
rovibrational transitions of the 1st H2S triad with semi-
empirical values included in GEISA, HITRAN banks1,2 of 
the spectral line parameters. 

 
The next step was an optimization of PES50 and 

DMS77 using experimental data and creation of 
calculated bank of line position and intensities of 
various isotopic species of the hydrogen sulfide 
molecule through the methods of the type (iii). The  
 

first preliminary version of such a databank of global 
spectra calculations has been developed in GSMA 
(University of Reims) in collaboration with LTS IOA 
(Tomsk) and contains the following information78: 

– 9 isotopic species: H2S/D2S/HDS with 32S, 
33S, and 34S substitutions; 

– spectral interval: 0 – 8000 cm–1; 
– Jmax, Ka max = 18; 
– intensity cut-off I < 10–27

 cm–1/(molecule×cm–2); 
– N (bands) = 135, N (lines) = 420 000. 
The calculations have been carried out at IDRIS 

computer center of CNRS (Orsay). One of the 
examples of the application of the theoretical study 
of intensity anomalies to isotopic spectra using dipole 
moment function is given in Fig. 8. 
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Fig. 8.  Comparison of line intensity predictions for D2S (Ref. 78) with the experimental spectrum recorded later on. Line 
positions are calculated using the PES from Ref. 50 with subsequent “calibration” against known experimental levels (shift 
∼ 0.05 cm–1). D2S intensities are calculated with the wave functions from Ref. 50 and with DMS from Ref. 77 without 
empirical corrections specific to D2S spectra. The observed: FTS of Reims (L.Regalia-Jarlot et al., 2002), P(D2S) = 5.73 Torr, 
l = 32.16 m. 
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