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ReSpecTh:

a joint reaction kinetics, spectroscopy,
and thermochemistry information system

RE SPEC

reaction kinetics spectroscopy

nttp://respecth.hu



Reaction kinetics

ARespecth Kinetics Data Format
ADatabase of combustion experiments
ACollection of Chemkin-format mechanisms

APrograms for the analysis of reaction mechanisms



Spectroscopy

AExperimental databases

The experimentally measured, assigned transitions validated by MARWEL
major waterisotopologuesH;*, HD*, DH*, NH, keteng, G

AMARVEL databases
MARVEL energy levels with uncertainties

AFirst-principles databases

BT2line list of B°O, VTT line list of HRO, own D,°O energy leve|own energy
levelsof H,;*, H,D*, and BDH*



Thermochemistry

ANEAT database

NEATA U I Y R A viéwork éf Bdmputed reactioenthalpies leading t@tom-
basedthermochemistry = A& | aAYLIX S | y R-sqldred (i =
refinement protocol and code for inverting the information contained in a
network of quantum chemically computed O K reaction enthalpies.

AB u r c d@hterdinechemical data
Amirror of. dzNJXheim@dynamic 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 vsTheory

Experiment Theory
Accuracy
IN Spec(104-10° cnl) >> 101103 cnrt
iNnTh: 1 kJ mot ~ 1 kJ mot
Completeness
In Spec~1-10% << ~100%
In Th: ~100% ~ ~100%
Results
Implicit Explicit

Conclusionuse experimerdandtheorytogetherand
connectthemwith YhversiontoolsQ



Inverse problems

Measured gquantities

|

refinement procedure
(Inversion tools)

I

parameters of the physical model(s)



Why measure bound molecular
states (spectra) of molecules?

@Modelingin manyscientificand engineering
applicationg(e.g., starformation models
atmosphericmodeling includingthe greenhouse
effect, and combustion needdetailed precise T-
dependent line-by-line information, usually
depositedin old-fashioneddatabases

@Most detailedinformation aboutthe structureand
dynamicsof molecules

@Resonancefuasiboundstateg andtunnelingare
alsoof greatpotential interest, partly for advanced
reactiondynamicsout alsofor scientificand
engineeringapplications




Why compute bound molecular
states (spectra) of molecules?

@ Testtheoretical methods against wealth of experimental
results (including testing of potential enerESand dipole
moment(DMS hypersurfaces)

SCombinetheory and experiment to obtain the maximum
iInformationin order to determine completepectra

@Unravelcomplicated spectrabasis for new assignments

dPredict experimentally not easily accessibleayen
unaccessible spectral regions or features

@Bridge (overtone) spectroscopy (anharmonicity and
resonances) and dynamiaes.@., IVR, vibrational adiabaticity,
guantum ergodicity)
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Question would experimentor theory provide
more usefuldatafor scientificandengineering
application®



Question would experimentor theory provide
more usefuldatafor the scientificandengineering
application®

Answer basicallyneither, the bestapproach
Involvesnoth andtakesadvantageof the strengths
of the two complementanapproachesvhile
minimizingtheir weaknessesr hisistrue for high
resolutionspectroscopyndthermochemistryas
well.



Spectroscopicnetworks (SN):
large, finite, weighted
undirected, androoted graphs

Aenergylevels vertices(nodeswith given,
theoreticalor experimentagluncertaintiey

Aallowedtransitions edgeqlinks)
Atransitionintensities weights

A . G. Cs 8s z §r J Madl Speé¢tras2@1% 26® @203 e r
T. Furtenbacher, A. G. @ss zJ8Mol. Struct2012 1009 123
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NATURE [Feb. 7, 1878

CHEMISTRY AND ALGEBRA

IT may not be wholly without interest to some of the

readers of NATURE to be made acquainted with
an analogy that has recently forcibly impressed me
between branches of human knowledge apparently so

dissimitar as modern chewmistry and modern algebra. I
TraveTound it of great wtility in explaining to non.mathe-
maticians the nature of the investigations which alge-
braists are at present busily at work upon to make out
the so-called Grundformen or irreducible forms appurte-
nant to binary quantics taken singly or in systems, and I
have also found that it may be used as an instrument of
investigation in purely algebraical inguiries. So much is
this the case that I hardly ever take up Dr, Frankland’s
exceedingly valuable “Notes for Chemical Students.”
which are drawn up exclusively on the bhasis of Kekulé’s
exquisite conception of walence, without deriving sugoes-
tions for new researches in the theory of algebraical
forms. I will confine myself to a statement of the orounds

J. J. SYLVESTER

e m g mm

Baltimore, January 1
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NATURE [ 725, 7, 1843

The weight of an invariant is identical with the number
of the bonds in the chemicograph of the analogous
chemical substance, and the weight of the leading term

number of bonds in the chemicograph of the analogous
compound radical. FEvery invariant and covariant thus
becomes expressible by a giep’ precisely identical with a
Kekuléan diagram or chemicograph. But not every
application of the algebraical law of reciprocity every
algebraical graph of a given mnvariant will represent the
constitulion in terms of the roots of a quantic of a type
recinrocal to that of the given invariant of an Invariant
belonging to that redwncal type. I give arule for the
geometrical multiplication of graphs, 7.¢. for constructing
a graph tothe product of in- 6r co-variants whose separate
graphs are given. [ have also ventured upon a hypothesis

T T

- . - - - = - | =T mEmEmmrm EmEmmemm—_——
Baltimoere, January 1 J. J. SYLVESTER




relative intesity

Pureabsorptionrotationalspectrum
of the groundvibrationalstate of H,1°0
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Pureabsorptionspectroscopiaetwork
of the groundvibrationalstate of H,1°0
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Spectroscopic databases

High-resolutionAtmospheric  Quantitative Cologne

Trarsmission Radiation Infrared Database for
Molecular Analysis Database  Molecular
Absorption  (GEISA) (NIST) Spectroscopy
Database (CDMS)
(Harvard IUPAC database of water isotopologues:

Smithonian) | JQSRT 110 (2009) 573, 111 (2010) 2140,
117 (2013) 29, and 142 (2014) 93.
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IUPAC 2 - JUPAC
energylevels LN transitions
H H

AH,160: 18486 w H,1%0: 184 667
AH,L70: 2 23 wH,’0: 9169
A-218O: 5131 w H,180: 32325
AHDSO: 8 8B w HDO: 54 740
AHD7O: 162 w HDO: 485
AHDIO: 1 864 wHD?0: 873

| w D,160: 53 532
ADzijo. 12 288 ©DAO: 600
AD,'"0: 338 w D,80: 12 167
AD,50: 3 345 ) S

y / \ H "'?SH / "L\ H H/ \ H
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MARVELL Ann Inversee,
Hamiltonianan-free approach
to highly accurate
rovibrational energy levels

Measured Active
Rotational -Vibrational
Energy Levels

T. Furtenbacher A. G. Cs 8§ s ¥ Mdal Specirosc245¢ 1A, (30879 n
T. Furtenbacher A. G . J. Qan8SpectBRad Transker 113, 9292012



