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ReSpecTh:
a joint reaction kinetics, spectroscopy, 

and thermochemistry information system

http://respecth.hu



Reaction kinetics

ÅRespecth Kinetics Data Format

ÅDatabase of combustion experiments

ÅCollection of Chemkin-format mechanisms

ÅPrograms for the analysis of reaction mechanisms



Spectroscopy

ÅExperimental databases

The experimentally measured, assigned transitions validated by MARVEL: nine 
major water isotopologues, H3

+, H2D
+, D2H

+, NH3, ketene, C2

ÅMARVEL databases

MARVEL energy levels with uncertainties

ÅFirst-principles databases

BT2 line list of H2
16O, VTT line list of HD16O, own D2

16O energy levels, own energy
levelsof H3

+, H2D
+, and D2H

+



Thermochemistry

ÅNEAT database

NEAT, ǎǘŀƴŘƛƴƎ ŦƻǊ ŀ άnetwork of computed reaction enthalpies leading to atom-
based thermochemistryέΣ ƛǎ ŀ ǎƛƳǇƭŜ ŀƴŘ ŦŀǎǘΣ ǿŜƛƎƘǘŜŘΣ ƭƛƴŜŀǊ ƭŜŀǎǘ-squares 
refinement protocol and code for inverting the information contained in a 
network of quantum chemically computed 0 K reaction enthalpies.

ÅBurcatôsthermochemical data

Amirror of .ǳǊŎŀǘΩǎthermodynamic data collection



Rovibronic (high -resolution )

molecular spectroscopy :

the traditional experimental paradigm

for accuracy and precision

First -principles variational

molecular spectroscopy :

a new computational paradigm

for accuracy



Experiment vs. Theory
Experiment Theory

Accuracy

in Spec: (10-4-10-6 cm-1) >> 10-1-10-3 cm-1

in Th: 1 kJ mol-1 ~  1 kJ mol-1

Completeness

in Spec: ~1-10% << ~100%

in Th: ~100% ~ ~100%

Results

Implicit Explicit

Conclusion: use experimentand theorytogetherand 
connectthemwith ΨinversiontoolsΩ



Inverse problems
Measured quantities

refinement procedure

(inversion tools)

parameters of the physical model(s)



Why measure bound molecular 
states (spectra) of molecules?

Modelingin manyscientificand engineering
applications(e.g., star formationmodels, 
atmosphericmodeling, includingthe greenhouse
effect, andcombustion) needdetailed, precise, T-
dependent, line-by-line information, usually
depositedin old-fashioneddatabases

Most detailedinformationabout the structureand 
dynamicsof molecules

Resonances(quasiboundstates) and tunnelingare
alsoof greatpotential interest, partly for advanced
reactiondynamicsbut alsofor scientificand 
engineeringapplications



Why compute bound molecular 
states (spectra) of molecules?

Testtheoretical methods against wealth of experimental 
results (including testing of potential energy (PES) and dipole 
moment (DMS) hypersurfaces)

Combinetheory and experiment to obtain the maximum 
information in order to determine completespectra

Unravelcomplicated spectra, basis for new assignments

Predictexperimentally not easily accessible or even 
unaccessible spectral regions or features

Bridge(overtone) spectroscopy (anharmonicity and 
resonances) and dynamics (e.g., IVR, vibrational adiabaticity, 
quantum ergodicity)



I U P A C 

Number: 2004-035-1-100

Title : A database of water transitions from experiment and theory

Task Group

Chairman: J. Tennyson (U.K.))

Members: P. Bernath (Canada), A. Campargue (France),

M. R. Carleer (Belgium), A. G. Cs§sz§r (Hungary),

R. Gamache (Belgium), J. Hodges (U.S.A.), 

A. Jenouvrier (France), O. Naumenko (Russia),

O. L. Polyansky (Germany), L. Rothman (U.S.A.),

R. A. Toth (U.S.A.), A. C. VanDaele (Belgium),

and N. F. Zobov (Russia)

http://www.iupac.org/projects/2003/2004-035-1-100.html



Question: wouldexperimentor theoryprovide
more usefuldatafor scientificand engineering
applications?



Question: wouldexperimentor theoryprovide
more usefuldatafor the scientificand engineering
applications?

Answer: basicallyneither, the bestapproach
involvesboth and takesadvantageof the strengths
of the two complementaryapproacheswhile
minimizingtheir weaknesses. Thisis true for high-
resolutionspectroscopyand thermochemistry, as
well.



Spectroscopicnetworks (SN):
large, finite , weighted, 

undirected, and rooted graphs

Åenergylevels: vertices(nodes, with given, 
theoreticalor experimental, uncertainties)

Åallowedtransitions: edges(links)

Åtransitionintensities: weights

A. G. Cs§sz§r, T. Furtenbacher, J. Mol. Spectrosc. 2011, 266, 99-103

T. Furtenbacher, A. G. Cs§sz§r, J. Mol. Struct. 2012, 1009, 123







Pureabsorptionrotationalspectrum
of the groundvibrationalstateof H2

16O



Pureabsorptionspectroscopicnetwork
of the groundvibrationalstateof H2

16O





Spectroscopic databases

High-resolution

Transmission

Molecular 

Absorption

Database

(Harvard-

Smithonian)

Atmospheric

Radiation

Analysis

(GEISA)

Quantitative

Infrared

Database

(NIST)

Cologne

Database for

Molecular

Spectroscopy

(CDMS)
IUPAC database of water isotopologues:

JQSRT 110 (2009) 573, 111 (2010) 2160,

117 (2013) 29, and 142 (2014) 93.

ASAï

Atmos.

Spectr.

Appl.



ωH2
16O: 184 667

ωH2
17O:     9 169

ωH2
18O:   32325

ωHD16O: 54 740

ωHD17O:      485

ωHD18O:   8 729

ωD2
16O:  53 532

ωD2
17O:       600

ωD2
18O:  12 167

IUPAC 
transitions

ÅH2
16O: 18 486

ÅH2
17O:   2 723

ÅH2
18O:   5 131

ÅHD16O: 8 818

ÅHD17O:    162

ÅHD18O: 1 864

ÅD2
16O: 12 288

ÅD2
17O:      338

ÅD2
18O:   3 345

IUPAC 
energylevels



MARVEL: An inverse ,  

Hamiltonian -free approach

to highly accurate

rovibrational energy levels

Measured Active

Rotational -Vibrational

Energy Levels

T. Furtenbacher, A. G. Cs§sz§r, J. Tennyson, J. Mol. Spectrosc. 245, 115 (2007)

T. Furtenbacher, A. G. Cs§sz§r, J. Quant. Spectr. Rad. Transfer 113, 929 (2012)


