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ABSTRACT

The ideal gas thermochemical propessuch as standard heat of formation,
entropyandheat capadiesof 112inorganic and 3 organic neutral compoungd=dicals
and ions containinglgon were calculatedsing molecular properties obtainedh the
G3B3(or G3//B3LYP)method Among them werdéinear and cyclisilanessilenes,
hydrocarbosilanesfluorine and oxygen containing compounifiany of thé& molecular
andthermodynamic properties were calculatedthe first timeand 16 of them had no
CAS No.

Additionally thethermochenual properties wer@resented in the NASA-term
polynomialformatfor the temperatureangeof 200K to 6000 Kcommonly used in
chemical kinetic modeling and simulation prograifise polynomials aravailablein the
supplement to this artickeee of charge
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INTRODUCT ION

Silicon containing substances are widely uged important for the manking&or
examplesilicon, a crystalline substance at room temperature, is used interisively
photovoltaicand solacells in light-emitting devicesandby the electronic industryithin
semiconductors and integrated circuits and therediticeon is usednearly inevery
electronicdevicesuch as mobile phonesomputes and equipment containing control
units On the other hand the commonly known Silisarepolysiloxaneshich are
polymers Theyarewidely used aseat resistant rubbdike plastic compound<ut are not
part of this publication.

Silicon has a high affinity to oxygen and therefore different silicon ox@des in
dusts and sands or as miner8lganes, the a@gues compounds to hydrocarbons, are
pyrophoric andisedas reducing agents in organic and organometallic chemistrgsand
precursorgo elemental silicomn chemicalvapordecompositiorprocessesisedin the
manufacturing of semiconductors and of solawtpvoltaic moduledn chemical vapor
deposition processggasma or electric discharge can decompose silanes into more reactive
compounds such as radicals, which react instantaneously with the sudiaethigof
metal surfacebalogenated silanes &#, are used.

The thermochemistry ofl&on containing substancéms received a fair amount of
publicationswhich are usually restricted to small inorganic and organic moledidehe
best of our knowledgéons were investigateoeforeonly for theinorganic species.

It was noted that due to experimental problems the calorimetric values reported
before 1970 are erroneouy.|

The first publication includinghermochemicatables of diatomicikcon hydride
deuteride and tritide wde our knowledgehe NBS monograph No. 20 (1962 py Haar,
Friedman and Becki which did not include enthalpied formation valuesA few Silicon
gaseous compounds were published in the JANAFdabler i ng t he 13860’ s
Glushko, Gurvich et a{1970) @] published a few tritide containing Silicon inorganic

compoundsGurvich publishedomeSilicon compound his different editions (1989
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1996 [5]; Walsh recorded the thermochemistifyslicon containing substancés the
second parof volume 1 whichwasedited byRappport (1989) 1]. In the same volume H.
Schmidt discusses tistructure of gicon cations and anionbut does not include
thermochemical dat&®kappport and Agloigupdated the former title as volurien three
parts(1998) B]. The themochemical chapter of Walg¢how chapter 4yvas updated by
Becerra §]. Wiberg and coworkers (1995§][included a few licon compounds in their
comparison of afnitio methods Boo and Armentrout (19873] calculated
mongailiconhydrides and deuterideBroadbelt and coworkers (200 calculated 135
Silicon-Hydrogen compounds$jo and Melius (1990)10] calculatedsomefluorosilane
compoundsAllendorf, Melius et al(1995) [13 report calculations on SD-H compounds,
and some of Meidinteunal Sandiaddatabase Wereangorpbrated in the
Chemkin thermochemical database (1983).[Lyman and Noda (2001){] calculated
SiF,and SjFs compoundsand also Lias et a11988) [L5] estimated somalgon
compounds andations.Katzer et al. 1997)[31] calculatedthermochemical data fonore
than 140 silicon hydride compounds containing up to five silicon atoms using an validated
empirically corrected ab initio methodolofgyr the standard state at 29BK. Feller and
Dixon (1999) [43 calculted ab inib enthalpies of formation fd&iH to SiH,4, Si;H4 and
SiFto SiF4. They reportedxH°(0 K) values which are common in quantum chemical
studiesjnstead of the reference value of 2BBK, whichis commonly used by engineers
We provide calcul@ed heat of formation values for both temperatures to make the
comparison of data with different reference temperatures e&aldristov andsolovin
(2006) [48 did not calculate any new data, but analyzed the existing literatumeafoy
elements includtg slicon anddecidedby comparison which is the best val@ekkaew et
al. (2014) [16] calculated some St-H compoundsAnd finally M.C. Lin and coworkers
published in 2012017[60-64] articles about Sikland S3Hy, family including some
cations.

In 2007 Karton and Martin [5Ppublished a revised value of the heat of formation
of the gaseous Silicon atom.i@H°(298K)=452.7+0.8kJ mol* calculated by their novel
W4 ab-initio method.The valueused in this article iBH°(298K)=450+0.8 kJ mol*[19].
Thereforethe error bar was enlarged for molecules containing more than three Silicon
atoms.

The Group Additivity (GA)contributionsfor the heat of formation ddilicon
compoundsvere discussed amuliblishedwith reservation®y Walsh (1989)1], slightly
extended by Becerra and Wal#h, [out they do not inclde GA coefficients forentropyS
andheat capacitie€y(T).



Swihart and Girshick (1999Bf] used the silicon hydrides ab initilata of Katzer
et al. (1997) [3]Lto calculatereliablethermochengal group additivity values for
temperatures up to 1500 K.

The MIT RMG thermochemical database has included 1§2€146) [L7] a limitednumber
of glicon compoundsbutmost of theirsilicon containingdata areat the momentut of
contextdue towrongconnections to group additivity values carbon compounds instead
of silicon group dataOn the other hand, West and cowork@@®@16)[18] provide intheir
papersupplemenmuch more reliable thermochemical data of silibgdrides which can
be used withRMG and other estimiaity programs.

The aim of this article is tprovide ideal gas thermochemical data for inorganic,
andorganicsilicon containingspeciesandtheirions calculated by th&3/B3LYP method
(G3B3)[21], which areavailablein the NASA pdynomial formatin the supplement and in
a popular dtabase [19 Thereason for thadherencevhere possibléo the G3B3 method
is to provideto the chemical simulation performeonsistenthermochemicatlatg which
arecalculated byhe sameeliablecommon methoas all other compounds=fore The
temperature dependemsultswere without egeptionpolynomialyzed by the same
program[20].

Use of unrealistic thermochemical d&a some substance®r example through
simultaneously usef thermochercal data of different qualityn combination with a
reliable chemical reaction modeésultnormallyin wrong model prediction outpsi(e.g.
species time profiles, global parameter as flame velocities, ignition temperatures and
ignition delay times)due tothe useof thermochemical dat@uring theautomatically
calculaton of backward reaction rategthin the simulation programs.

The polynomial NASA formatdescribed in detaih the Introduction to Refence
19, allows the useto calculate theriginal thermochemical ideal gas phase valuelseat
of formation,enthalpy, entropy, heat capacity and Gibbs free energy for temperatures
between 20K and 6000 K at a pressure of 1 bEne maximal least square error due to the
application of the fitting pycedure to obtain the NASA polynomials vemsall; the highest
value was less than 0.7% for the heat capacity values.

CALCULATION METHOD S

The calculation of the thermochemistigtaof the Siliconcontainingcompounds
was performed using Bonnie McBrigdNASA PAC program (last updated 2003) [200
perform thehermodynamicalculatiors, the vibrations of the molecule are needesiyvell
asthe molecules moments of inertia, the symmetry of the molecule, its statistical weight (1
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for neutral molecule 2ot a radical and the reverse value for the amjthe standard
enthalpy of formation of the moleculi the molecule has internainderedrotations, the
rotors moment of inertia  t h & symmetrynd the rotation barriaveresupplied
instead oflhe pertinent low vibrations

In most casethesemoleculardata were obtained @applying a variant of G3
theory, theG3/B3LY P variant orusually referred as G3B8ethod, wher¢ghe optimized
structuresits moments of inertiero point vibrational eneies and frequencies are
calculated at the B3LYP/81G(d) level of theoryFollowingthe recipe oBaboul et al.
[21] the G3//B3LYP energy at O K can be calculated from the results obtained by
sequential single point energy calculatiovith QCISDT(T,E4T)/631G(d);MP4/6-
31+G(d); MP4/631G(2df,p)and at the end MP2(Full)/genethod at the optimized
structureobtained at the B3LYP/81G(d) level of theoryThe data obtained were the
atomization energies at 0 K and the enthalpies of formatiOiK and 29815 K. The
moments of inertia andbratioral frequencie were taken from theptimized chemical
structure obtaineftom B3LYP/6-31G(d) calculatiosandwereused withouscalirg,
becauseén most cases these vibrations were closer to the experimérations.These
guantum chemicatalculations were performed with taussian 03 set of programs [22

To preparghe input for the GB3 methodhe molecule wasrdwn with the
Chem3D program [43and relaxedvith the built inMOPAC semi empirical PM3 method
[23]. Since Chem3D does not include double bonds fosiliten element, in these cases
the borling had to be adjusted by hand and the optimization was done solely by the
B3LYP/6-31-G(d) level of theory

Thedeterminatiorof thermochenical data of ions cabe dondrom studies of
ion/molecule reactiondyy optical spectroscopy and identification of a Rydberg series in a
spectrum to get the ionization energy, by different electrgghotoionization techniques
such aghreshold photoelectrephotoion coinciénce (TPEPICO) technique by ab initio
calculations. © our knowledgeltere exisbnly a very limited number dhermochemical
group additivity (GA)valuescalculated foions of any kind.

The ions in this studwerecalculated as the rest of compoungdtie G3B3 method and
reported by the thermal electron convention. [See Introductionop. Réf. 19.

The conpounds containing the isotopes deuterium aitidrm (D and T) were calculated
with the B3LYP/631G(d) to find their vibrations and moments dcéritia. Their enthalpy of
formation was calculateiom the parentydrogen moleculaccording to the formula:



DiH° (0 K)deuterated:

DfHo(O K)undeuterated+ n[DfH°(O K) (D) - DfHo(o K) (H)] + EOdeuterated' EO undeuterated

where n is the number of igpe atoms in the moleculand the zero point energy
Eo= (%a n,)(0.01196266kJ mol™*usingthe vibrations; in cri™.

A similar equation is used foritium containing substances

SinceDH°(0 K) (H)=216.034J mol', DH°(0 K) (D)=219.84kJ mol* [65] and
DiH°(0 K) (T)=221.47%J mol* [5], the difference[xH°(0 K) (D) - DIH°(0 K) (H)] =3.77
kJ moi* andthe according difference foritium results in5.445 kJmol™.

The calculation®f thevalues of isotopic speciés listed in Tabé S6 in the
Supplemenbf this publication.

RESULTS

Thermodynamic data ofvb groups of silicortontainingcompounds were calculated. In
the first groupproperties such agandarcheat of formation, entropy and heat capacity 12
inorganic silicomedtral speciesradicals and ions were calculated.
A lot of attention is placed agilanesthesilicon hydride speciesvhich areanalogues substances
to thehydrocarborcompounds. At standard conditions ($,Wwhich are 1 bar and 298.15 the
mongsilaneand disilane argaseous and very pyrophoric [5Brom trisilane onthe
compounds are liquid at STBut the pyrophoric property persists to hexasilane.

In the second grouglnermodynamic properties 86 organic siliconcontainingspecies
including neutal radical and ionic compoundsere calculated

The thermochemical propersi®f the species are listed iaffles 1 and 2 at 295K at a
standard pressure state of 1 lfar the temperature range of 200 K to 6000 K the thermochemical
properties of th species can be calculated fromTiterm NASA polynomialsTheyare listedor
further use in chemical kinetics and computational fluid dynamics modelling software in Table S 5
in the supplement to this articlkehich is available free of charge



DISCUSSION

The Siliconcontainingclosed sheltompoundstheir radicals and ions have been divided into two
categories:

a) The norganicll2species
b) The35organic species

All species will bendividually discussedbelow.

In generaltishould be taken into account tlolate to experimental problems the
calorimetric values reported before 1970 are erroneowand fometimes persis further
publications Also because the diffent JANAF publications aneprints of the earlier
calculations with a minimal number of new species, the year of the calculation of the
pertinent specie is reported, and not the specific edition.

SiF, SiF*, SiF", Monofluorosilicon and its ions.

Monofluorosiliconwas calculated according to the Huber and Herzberg constants
for diatomic moleculef24] suggested by the NIST CCCBDB tabl@$|[withl r i kur a’ s
[26] addi d¥i Stamdaml heat®f formatidhH°(298K)=-626+8 kJ mol* and
DiH°(0 K) =-63.78+8 kJ mol" werecdculated with the G3B3 methoMichels and Hobbs
(1993) [47 report for using G2 theory BH°(298K)= -56.1 kJ mot, Feller and Dixon
(1999) [43 reportin a theoretical study fd¥ K DyH°(0 K) =-61.9+2 kJ moi* in
contradiction to JANAR1976 tables [3] whichreportedavalue ofDiH°(298K)=-20.08
kJ mol*,Gurvich in 1991[5] reportedDH°(298K) =-25.23 kJ mot. This value was
corrected by B.McBride te25.84 kJ mot.
Thehea of formation of théons SiF and SiFwere calculate from the single vibration
obtained fronthe B3LYP/6-31G(d)methodas DH°(298K)=657.49+10. kJ mdiand
DiH°(298K) = -87.87+10 kJ mol™ respectivelyby the thermal electron convention. The
errorbar was elarged because only the singla vibration was availalel. The literature
values found weréor the cation SiFDH°(298K)=712.90+9.2 kJ mdiby Weber and
Armentrout (1988)[28] andfor the anion SiFMichels and Hobbs (1993) [#7eport for a
calculation with Gaussiantheorytransfamed tothermalelectronconventionDH°(298K)
=-140.9 kJ mol™; DH°(298K)=-103+11 kJ mot was reportedy Kawamata et a(1996)
[27].



SiF, SiF,", SiF,, Silicondifluoride (Difluorosilylene) F-Si-F and its ions.

JANAF (1977) [3] listsDH°(298K)= -587.85 kJ met; Gurvich (1991) [5]
DiH°(298K)= -592.8. kJ mot and Becerra and Walsh (1998) [6] repdit°(298K) = -
638.%6. kJ mot for difluorosilicon, whichwas calculatedypHo and Meliug1990)[10] as
DH°(298K)= -627.0+17. kJ mél. Michels and Hobbs (1993) [#7eportDH°(298K)= -
623.4 kJ mot; Feller and Dixon (1999) [43eportDH°(0 K) =-634.7+2 kJ mol*andthe
result ofthe presenG3B3calculationis DH°(0 K) = -626.2+8. kJ mol* andDH°(298K) =
-630.8:8. kJmol™,

The heaof formation of the cation SiFusing theG3B3 methods DiH°(298K)
=429.4:8. kJ mot', and the anionesults inDH°(298K)= -661+8. kJ mol* in thermal
electronconvention Michels and Hobbs (1993) [4#Veportfor the anion calculateloly
Gaussian 2heoryDH°(298K)= - 651.8kJ mol* in thethermal electrowonventionand
Kawamata et al. (1996) [25] repofeH°(298K)= -608+22. kJ mct obtained from
photoelectron spectroscopy experiments of binary cluster anions.

O=SiF,, O=SiF,", O=SiF, : Difluorooxysilane and ions.

Heat of formation of dfluorooxysilanewas first reported by JANAF (19633][as
DiH°(298K)=-966. kJ mof and the preser®3B3 value ixH°(298K)=-899.0+8 kJ mol*.
To our knowledgehtethermochemical data of thens were not pulshedbefore the
thermal electron G3B3 values d@{°(298K)=247.4+8. kJ mot andDH°(298K)= -
1056.+8. kJ met for the cation and anion respectiveljie anion has no CAS No.

SiF3, Trifluorosilicon radical (Trifluorosilyl)

The heat of formation oheradicaltrifluorosilyl waspublished by JANAFX977)
[3] and Gurvich (1991)9] asDH°(298K)=-996.2. kJ mét. The presentalculationtaken
from Ho and Melius (1990)1[)] lists DH°(298K)=-993.3:8. kJ moi*. Michels and Hobbs
(1993) [47 report forcalculation withG2-theoryDiH®(298K)= - 974.0kJ mol*, Becerra
and Walsh (1998) [6] reportédH°(298K)= - 987+20. kJ met. The unused G3B3 results
in DH°(298K)=-988.47+8. kJ mal.

SiHF3 SiHF 3+ Tri fluorosilane and cation:

JANAF (1976) B] publishedfor trifluorosilaneDyH°(298K)=-1200.8 kJ mét. The
present calculation is based on Ho and Melius (198@Q))xH°(298K)=-1207.7+5.4. kJ
9



mol ™. Becerra and Walsh (1998) [6] reporid¢H°(298K)=-1200+21 kJ mol*and
Takhistov andSolovin (2006)[48] proposeDyH°(298K)=-1198.7 kJ mot. The unused G3B3
value is DH°(298K)=-1193.5 +8. kJ mdl.

The thermal electron G3B3 value for the cation was fddRA(298K)= 73.2+8 kJ mot.
SiF,4 SiF4+ SiF4-, Tetrafluorosilane and ions.

The standartieat of formation of tetrafluorosilaneas published by JANAF (1976)
[3] DH°(298K)=-1614.9 kJ mot; Walsh (1983)29] reportsDiH°(298K)=-1615.+1. kJ
mol* andCODATA (1984)[50] recommende@H°(298K)=-1615.0+0.8 kJ mdl.
Michels and Hobbs (1993%7] report for G2methodDH°(298K)= -1586.2 kJ mat.
Feller and Dixon (1999) [43eport DH°(0 K) =-1608.7+4kJ mol*. Thepresent
calculation comes from Ho and Melius (1990)][andalsoTakhistov andsolovin (2006)
[48] reportDH°(298K)=-1615 + 4.2kJ mol*. In 2001 Lymarand Noda 14] used the same
values for the heat of formatipbut calalated the harmonic oscillatas well as the
anharmonic oscillator and found no di#eaces below 1000 For the thermodynamad
data Above thistemperatirethe small differences probably of littleimportancein
combustion processegcauséiF, is normallynot involvedthere as well as in chemical
vapor deposition processes, where the temperature is normally TdveeG3B3
calculation (unused) lisB&H°(298K)=-1606.+8. kJ mot".

The thermal electron G3B3 result for the Sdhs isDiH°(298K)=-81.09£8. kJ
mol™* andDiH°(298K)=-1544.08+8. kJ mdli for the cation and anion respectively.

SiH, SiH+, SiH-, SID, SiD+, SiT, : Silicon hydride (Silylidyne), deutride and tritide
and ions.

The thermochengal dataof the norionic mono hydrides, deuterides and tritidgs
to temperatures @000 K were first published by Ha&riedman and Beckett in the NBS
Monograph 20 (1961¢], butthe enthalpy of formatin was not reported.he diatomic
constants were taken from Huber and Herzberg [B4@. JANAF tables (19768] report
first for SiH DH°(298K)=376.6&8.4 kJ mol*, a value repeated by Boo & Armentrout
(1987) B] and used heréichels and Hobbs (199347] reportasG2-calculation result
DH°(298K)= 366.9 kJ mot, Katzer et al(1997) [3] calculatedDH°(298K)= 372.6 kJ
mol™?, Feller andDixon (1999) &3] reportfrom high level CCSD(T) calculatioBxH°(0 K)
=366.0 +1.7 kJ mdl andanexperimentalzalue of Berkowitz et al. (198736] of DH°(0
K) =374.5 2.9kJ mol* (compared with our value @H°(0 K) =3754 +8. kJ mof") and
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Jursic (2000) [45,46calculatesDH°(0 K)=369.0 kJ mot. Finally M.C. Lin and coworkers
report (2013)60] DH°(0 K)=370.7 t0374.9+5. kJ mol™.

Standard heat of formation &iD is mentionedby HSC database (199834 as
DiH°(298K)=368.7kJ mol*. This value was adopted by e diatomic constantsere
taken from Huber & Herzberg [24

SiT Silicontritide wagepoted by the HSC database [3B#om a Russian
unidentified referencasDH°(298K)=369.1kJ mol™* which was used here.

Grev and Schaefer (1992) [4ealculated for SiFiDH°(0 K) =1139.5kJ mol™.
M.C. Lin andCoworkers (2017) [6[tfound DiH°(298K)=1149.4kJ mol*. The heat of
formation for SiH was taken from Boo and Armentro@] psDH*(298K)=1144.3-8. kJ
mol™* andfor SiH the GB3 result inthermal electromonvention iDH°(298K)=298.8+8.
kJ moi*. Michels and Hobbs (1993) [#¥eport for SiH using theG2 methodn thermal
electron convention transformed valueDgfi°(298K)= 246.5kJ mol™.

SiD+ was sggeged by Boo and Armentrout [8] &H°(298K)= 1145.16 kJ mdiand
used here.

SiD,, SiD,", SiD,": Silylene-D2 and ions.

This compound was repted by Boo and Armentrout (1988] [asDiH°(298K)=295.4+10.
kJ mol*. Based omxH°(0K) SiH,=265.5 +8. kJ mét we obtain for SiDthe value of
DiH°(0K) =264.4+8 kJ mol* (DH°(298K)=262.8 +8. kJ maf).

The cation SiB" was also reported by Boodwrmentrout 8] DiH*(298K)
=1160.6+6kJ mol*, and based on G3H3H°(0K) SiH,+=1152.34+8. kJ mdiwe obtain
for SiD,+ DH°(0K) =1150.98. kJ mot* (DH°(298K)=1155.6+8. kJ mdf). The anion
SiD, was not reported in the literatunad the presemalculation show$xH(0K)
=161.28. kJ mot* (AiH°(298K)=147.3:8. kJ mot') The ionsat 298 K ae reported in the
thermal electron convention.

SiHT3 Tritritium silane T3:

This tritium compound is published only by the Russian GlusBkiovich et al
edition (1970)[4] D:H°(298K)=27.5kJ mol*. The presentalculationbased orD:H°(0K)
(SiH4)= 44.3 kJ mdf result inDyH°(298K)=27.610kJ mol* (DH°(0K) =36.13 kJ mat).
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SiH, Singlet and Triplet SiH,", SiH,": Silylene and their ions.

The singlet of Siliene’SiH,is reported by Boo and Armentrout (1988) vith
DiH°(298K)=288.7+8.4kJ mol*; by Michels and Hobbs (1993) [iZs G2calculation
resultDH°(298K)= 260.2 kJ mot , by Katzer et al(1997) B1] asDH°(298K)=2729 kJ
mol™®; by Becerra anéalsh (1998) §] asDH°(298K)=273+2 kJ mol*, by Feller and
Dixon (1999) [43 DiH°(0 K)=268.2 +1.6kJ mol*, by Jursic (2000) [45D:H°(0 K) =279.0
kJ mol*, by Sukkaewet al (2014) [L6] using G4 and G4(MP2) calculatioasDiH°(298K)
=265.1and2620 kJ mol* respectively A value ofDyH°(298K) = 263. kJ/mol 62.87
kcal/mo)) is obtainedwvithin the RMG-SiliconHydrideLibarythermochemical data in
NASA formatas provided by West and cawkers (2016) [1Bwithin the
chem_annotated.infiile of the supplenent.The present G3B3 calculatioesult for the
singlet Silylends DiH°(298K)=263.8+8. kJ mol* (DH°(0K) =265.5 +8. kJ ma?).

The tripletSilylene>SiH; is reported byichels and Hobbs (1993) [#for G2
methodusage afxH°(298K)= 358.2 kJ mot; by Katzer et al(1997) B1] asDH°(298K)
=355.2kJ mol*; by FellerandDixon (1999) [43 asDH°(0 K)=357.3+1.6 kJ mol*, by
Jursic (2000) [45,46DxH°(0 K) =362.8kJ mol*; by Sukkaewet al (2014) [L6] using G4
and G4(MP2) methods &H°(298K)=359.9 and355.2.kJ mol*respectively The G3B3
valueis DH°(298K)=354.6+8. kJ mol™.

For the catiorSiH," thethermal electron value dguyen et al (2017) [g1is
DiH°(298K)=1161.4-1164.9kJ mol*. It was also reported by Boo and Armentrfg]
DH°(298K)=1155.2+7. kJ mal. and theG3B3calculation results gives\aluefor the
heat offormation ofDxH°(298K)=1156.9.+8kJ mol*.

The anionSiH, was calculatethy Michels and Hobbs (1993) [BWith G2 method
in ion convention. Transfaration in thermal convention by subtraction of 6.197 kJ/mol
per negative charge resuiitsavalue ofDyH°(298K)= 158.6kJ mol*, ourG3B3
calculation produces value ofxH°(298K)=153.7.+8kJ mol*. All ion values are reported
in the thermal electrooconvention.

SiH,T5: Silane-T», Ditritium silane.

Thistritium compound was reported only in the old Russian publication of
Glushko, Gurvich, et a{1970) ] DiH°(298K)=29.6kJ mol*. The presentalculation
based onDiH°(0K) (SiH)=44.3 kJ mot lists DiH°(298K)30.09 kJ mol* (DH°(0K) =39.08
kJ molY).
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SiHs, SiH3", SiH5 : Silyl radical and ions.

Silyl was reported by Boo and Armentrout (1988])dsDiH°(298K)=202.9kJ
mol™®; by Ho and Melius (1990)1P] DiH°(298K)=198.5+4.2kJ mol*; by Gunich (1991)
[5] DH°(298K)=197.7kJ moi*; Michels and Hobbs (1993) [#¥eport for G2method
DiH°(298K)= 1946 kJ mol*; Ochterski et al(1995) [7/] DiH°(298K)=200.kJ mol* as well
asKatzer et al (1997) [1Beccerra and Walsh (1998 [reportDyH°(298K)=200.5%2. kJ
mol ™. Feller and Dixon (1999) [43eportDH°(0 K)=197.9kJ mol*; Jursic (2000) [4p
DH°(0 K) =209.2 kJ mot andSukkaew et al(2014) [L6] asDH°(298K)=197.7kJ mol*
using G4 andxH°(298K)=193.7kJ mol* with G4(MP2) methodThe present G3B3 result
is DyH°(298K)=195.6+8.kJ mol".

The cation SiH" was listed by Boo and Armentroit987)[8] asDiH°(298K)
=992.+8.kJ mol*, Grev and Schaefer (1992) [4eblculatedH°(0 K)=989.9+6 kJ mol*;
Nguyen et al (2017)5{1] using GCSD(T)/CBS reporbH°(298K)=999.8+5 kJ mol*,and
the present G3B3 lis&H°(298K)=988.9+8 kJ mol* all results of the ions are thermal
electronconvention

The aniorSiH; was reportedby Michels and Hobbs (1993) [kibor G2 methodn
ion conventon, whichexcludes the enthalpy of the electron. Transformatidhermal
conventionthrough subtraction of 6.197 kJ/mol per negative charge resuiksi 1(298K)
=51.5kJ mol* and the G3B3 calculatiomasDH°(298K)=52.3+8.kJ mol*. The ions are
reported in the thermal electron convention.

SiD3 SiD3+ SiDs- Silyl-D3 and ions.

For the deuterated silyl radical. Boo and Armentrd98() [8] repaied D:H(298
K) =198.7+8. kJ mal. The presentalculationbased oxH(0 K)(SiHs) =201.090+8. kJ
mol ™ is DIH(0 K) =196.8+8. kJ mot' for SiD; (DH(298)==191.8+8. kJ maf).

The cation Sil+ was reported by Boo and Armentrout [BH(298K) =996.%8.
kJ mol'. The presentalculation based oBH(0 K)(SiHs+) =988.206+8.kJ mol* as a
value obtained fron®3B3 calculation results iBxH(0 K)(SiDs+) =988.839+8. kJ mdl
(DfH(298K) =996.138. kJ mof).

The anion SiF is calculateddr the first time fronDH(0 K)SiHs=64.053kJ mol™
and the value obtained BH° (298 K) =37.4318. kJ mol* (DH° (0 K)=55.003+8.kJ
mol™. The ions are reported in the thermal electron convention.
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SiH3T Silane-T (Monotritiumsilane).

Monotritiumsilanewas reported in the Russian publication of Glushko, Gurvich et
al. (1970) B] asDH°(298K)=32.2.kJ mol*. Thecalculationbased o DH°(0K)(SiH,)
i=44.319 kJ motresulted inDyH°(0K) =41.815+8 kJ mol* DIH°(298K)=32.451+8.kJ
mol™.

SiH,4, SiH,", SiD,, SiT, ,: Silane and Siane cation, SilaneD4 and Silane-T4.

SiH,4 is a pyrophoric gas at STP and was proposed to be usedtas afihilydrogen
jets instead of a sparBiH,was calculated by JANAF (19763][DH°(298K)=34.3+2.kJ
mol ™. Ho and Melius (1990)1[0] reportDH°(298K)=34.3kJ mol* as well asTakhistov
andGolovin (2006) [4§ . Michels and Hobbs (1993) [#7eportfor G2 methodxH®(298K)
= 24.7 kJ mot, Katzer et al(1997) [3] DH°(298K)=34.4 kJ mat, Feller and Dixn
(1999) [43 reportDH°(0 K)=36.4+2.kJ mol*. Jursic (2000]45] reportsfor the CBSQ
calculationDH°(0 K) =42.3kJ mol*. Broadbelt and amorkers (2004)9] calculated
DiH°(298K)=33.9kJ mol* using bond additivity correctionRAC). Hidding and Pfzner
(2006) [53 reportDH°(298K)=34.5kJ mol*.Gur vi ch’' s ( D#9°@98K) [ 5]
=34.7+1.5 kJ mot was usedor calculation of the pgnomials.The G3B3 value found
DiH°(298K)=30.1+8. kJ mat was lower than all other values in literature although within
the error range reporte@ihevalueof DH°(298K)=23.3 kJmol™* wascalculatedrom the
NASA polynomialsof thermochemical dataithin the RMGSiliconHydrideLibary taken
from chem_annotated.irfile of the supplementf West and coworkers 2016 [[L8

Boo and Armentrout [8] do not report a definite giieat of formation. The
calculationwas based oBH°(0K)(SiH,) which yieldsDyH°(0K) =31.6+8. kJ mol*
(DH°(298K)= =22.8+8. kJ mol").

Thamochemical data d&iT, Tetrdritiumsilareis calculated for théirst time based
on DiH°(0K)(SiH4) =44.3+8. kJ met, which resultin DiH°(0K) =25.33+8 kJ mol*
(DH°(298K)=17.3+8. kJ mot).

The cation SiH{" was calculatethy Nguyen et al (2017) [&t the CCSD(T)/CBS
method thermal electron BH°(298K)=1120.4kJ mol*. Our calculation was performed
according to the NIST CCCBDR5] B3LYP/6-31G(d)vibrations and moments of inertia
The preset thermal electron G3B3 valuelH°(298K)=1144.6+8kJ mol*.
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SiO, Si0*, Si0': Oxosilyum and ions.

The constantfor diatomic molecule Si@veretaken fom Huber and Herzberg
(1977) [24. Thecalculated5G3B3 enthalpy of formation wd3H°(298K)=-102.2+8.kJ
mol™t. JANAF (1967) [3] report&xH°(298K)=-100.4+8 kJ mol*. Gurvich (1994) [5]
reportsDH°(298K)=-98.7kJ mol*.

No mention in the literature was found for the ions. The calculated thermal electron
G3B3 values for the cation Si@nd the mion SiO is DiH°(298K)=1020.5+8kJ mol* and
DiH°(298K)=-117.0+8 kJ mol* respectively.

SiO,, SiO, Silica and anion.

The SiQ gas compound was calated using the NIST CCCBDB [RSibrations
and B rotation constant (for theG3B3 method) The enthalpy of formation was taken
from Gurvich (1989) [5]DH°(298K)=-322.1+10kJ mol ™. McBride in the corrected
NASA database reported the same valdNAF (1967) [3] report®xH°(298K)=-305.4kJ
mol™* and Benson (1976) [3®y the Group Additivitymethod estimate@®H°(298K)=
-318.+12.kJ mol™,

The anion thermochemistry is mentioned in the literature by Wang, Wu(£996)
[51] DH°(298K)=-531.kJ mol*as an estimate, and the present thermal electron G3B3 lists
DiH°(298K)=-488.4+8 kJ md™.

Si,Fs, SibFs™ ,SibFg : Hexafluorodisilane F3Si-SiF; and ions

Standard heat of formation B{Si-SiF; was reportedby Ho and Melius (1990) [10]
asDH°(298K)=i 2383.3+14.5 kJ mdl This value vas useth 2001 by Lyman [14as
well as inthe NASA database [JAvhere the value was erroneously referenced to Lymann
andis includedin the HSCdatabase [34too. The present G3B3 calculation lists
DiH°(298K)=-2346+7. kJ mol*.

The cation Sis" and anion SFs thermochemistry arealcuated for thdirst time
and theithermalelectron G3B3 valuesreDH°(298K)=i 1205.+8 kJ mol*and
DiH°(298K)= i 2401.7+8kJ mol* respectivelyThe cation has no CAS number

SibOF¢ Hexafluorodisiloxane F3Si-O-SiF3

This compound was listed in the HSC thermal blasa{34] asDiH°(298K)=

1 2904.0+8kJ mol* and the present G3B3 valueldi°(298K)=i 2865.8+8kJ mol*.
15



SikH, SkD Disilyne Hydrideand Deute r i de r adi*c alDsSi [HBSi*[. Si

Boo and Armentroutl987) [8] quote Walsh for a value @kH°(298K)
=603.3:12.5. kJ mof. Curtiss et al(1991) [57 using G2 methodeportDiH°(0K) =532.2
kJ mol'. The G3B3 calculation showdH°(0K) =492.25-8. kJ mot’. (DH°(298K)
=492.18+8. kJ mol).

The enthalpy of formation of ®i = ®as calculated frorthe enthalpypH°(0K)
of SibH and listsDH°(0K) =491.3:8. kJ mot'. (DH°(298K)=493.18+8. kJ mof').

SibHy, ShH»>+, SpD, Di s i | y n e catidth&nd [diSlynéD?2

This compound that resembles acetylene vas reported fikatagr et. a(1997)
[31] as DH°(298K)=464.4kJ mol*. Broadbelt and coworkers (2004) [9] report
DiH°(298K)=454. kJ mol using G3B3 calculatiarDH°(298K)=374.5. kJ mot is
reported by Boo and Armentrout (1987) [8]. The present G3B3 calculation lists
DiH°(298K)=452.1.48. kJ mal.

Boo and Armentrout (1987) [8] suggestedfed¢ at i on HSi =Si H+
of DH°(298K)=1121.3+10.%J mol* but obtained by analysis of a different reacton
higherupper limitDH°(298K)=1278.+4.6. kJ mdl. The present G3B3 calculation is
DiH°(298K)=1267.+8. kJ mof". Both values are ithermal electron convention.

The Deut er at e dD was cacwated khsedd sten8ard heat
of formation of H S i = BH°@K)=453.4.48. kI motto givef or D DHZK) D
=451.96+8. kJ ma! (DH°(298K)=451.3+8. kJ mat).

SibH4 SiH4™: Disilene (H.Si=SiH,) and cation.

Thesingletcompoundlisilenewas calculated bBecerra and Walsh (1998j][
with an heat of formatioBxH°(298K)=261.+8. kJ mat. Ruscic and Berkovitz (199137
in a photeionization study repofxH°(298K)=275+4. kJ mot’. Ho and Melius (1990)
[10] reportDyH°(298K)=263.+10. kJ mat. Katzer et al(1997) B1] calculated
DiH°(298K)=281.2 kJ mot, Broadbelt and¢oworkers (2004)9] reportD:H°(298K)
=274.9kJ mol* (BAC method) Sukkaew et al (2013) [18epat DH°(298K)=275.2
268.3 kJ mot. The value oDH°(298K)=270.1 kdmol* wascalculatedrom the NASA
polynomials ofthe SiliconHydrideLibrary ofthe chem_annotated.itfppe of the
supplemenof West and coworkers 2016 [18 he present G3B3 calcuiah shows
DiH°(298K)=273.1+8 kJ mol®.

16

an



The cationwasreportedby Curtiss et al (1991[57] DyH°(298K)=1066. kJ mof,
by Ruscic and Berkowitz (1991) [BBYH°(298K)=1070.6.+2.5 kJ mdiand the thermal
electron G3B3 calculation resultedyH°(298K)=1066.+8 kJ mol™.

SibH4, SibH4', SibH4 DiSilanylidene SiHs-SiH and ions.

Becerra and Walsh (1987)dphave experimentallfound DiH°(298K)=312.£8. kJ
mol™* and report [6Falculated valuesf Pople and coworkers (1991) [5BxH°(298K)
=300. kJ m&*, Ho and Melius (1990)[1axH°(298K)=313.+11. kJ mét, Sax and
Kalcher (1991)58] DH°(298K)=317. kJ mot, and Boat and Gordon (1990) [39
DH°(298K)=305. kJ mol*. Katzer et al. (1997) [JicalculatedxH°(298K)=318.8 kJ
mol™?, Broadbelt anadoworkers (208) [9] calculatedDH°(298K)=306.7 kJ mdf,
Sukkaew et a(2013 [16] reportDiH°(298K)=305.1303.1kJ mol*, andNguyen and M.C.
Lin (2017) [63 using CCSD(T) method ligkH°(0K) =323.8 kJ mot The present G3B3
calculation listH°(298K) =304.2.+8. kJ mét andDyH°(0K) =312.8+8. kJ mat.

The catiornSi;H,+ is calcdated by Curts et al (1991) [57/DH°(0K) =1117.5 kJ
mol ™ and our present thermal electron G3B3 calculafibif(298K)=11212.+8. kJ mof.
The anionSi;H;- is not repored to our knowledgeand our thermal electron G3B3
calculation isDyH°(298K)=138.97.+8. kJ mdl

SibHs Si;Hs- Disilanyl and anion SiHz-SiH*

The radical waexperimentally measurda/ Ruscic and Bdwowitz (1991) [3%
DiH°(0K) <264.8 kJ mb* anda less well defined value of 247.7 kJ thid given which is
nearer to thealculatedvalueby Nguyen and M.C. Lin (2017) [62 DiH°(0K) =248.9kJ
mol™. The G3B3 present calculation reddjsi°(298K)=227.2:8. kJ mol* and
DiH°(0K) =239.9+8. kJ mot.

To our best kn &itStHg -ghermochemistiy is nobkmows. The
thermal electron G3B3 value foundDgH°(298K)=39.3+8. kJ mol*

Si,Hg, SiHg" Disilane H3Si-SiH; and cation.

The Dsilane is also a pyrophiargas at STP conditions like SiHH3SI-SiH; was
listed firstby WalshinRagp ort ° s edi t e d D’ @%BK)=80.3+2.%D )
mol™ and this value was used to calculate the polynonKaltzer et al(1997) [3]
calculated>H°(298K)=79.9 kJ m&*, Broadbelt and coworkers (2004) [9] report
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DH°(298K)=80.8kJ mol; Al | e n damba$é2086)(now removed from the internet)
listed DyH°(298K)=79.9+4.2kJ mol*; Hidding and Pfitzner (2006) [$3eportDiH°(298K)
=79.76kJ mol*, the present G3B@unused) calculation wdH°(298K)=73.6+8.kJ mol'™;
the heat of formation valder RMG calculated from NASA polynomials in the
supplemenof West and coworkers 2016 [I®asDiH°(298K)=66.8 kJ mof

The cation HSi-SiH;" was first eported by Lias edl (1988) [15 DyH°(298K)
=1022.kJ mol* then byRuscic and Béwwitz (1991) [3% DiH°(298K)=1041.7.+25. kJ
mol?, Curtiss et al (1991) [5F DiH°(298K)=1025. kJ mot and the present thermal
electron G3B3 calculation liste®}H°(298K)=1016.+8kJ mol* .

SisHs . SisHs", SisHs” H,Si=SiH-SiH, 2-Trisilenylium and ions.
The present G3Bgaluefor the radicals DiH°(298K)=433.3 +8kJ mol™.

The ionsenthalpy of formation isot mentioned in the literature and the thermal
electron G3B3 values af@H°(298K)=1107.6+8kJ mol* for the catior2-Trisilenylium
andDiH°(298K)=209+8. kJ mol* for the anion

SisHs SisHs", SisHs Cyclotri silane Radical (cylcotrisilanyl) and ions.

This cyclc radical was reported by Katzer et §1997) [31 with DiH°(298K)
=420.2 kJ mol*. The present radical G3B3 calculati@sult h DIH°(298K)=387.+8.kJ
mol ™.

No reports were found for the cytlisilaneradical catiorSisHs" and anion SHs' .
The thermal electron G3B3 values &el°(298K)=1096.1+8kJ mol* andDH°(298K)
=147.9+8kJ mol* respectively.

SikHes. SkHe' , SkHe Cyclatrisilane and ions.

Heat of formation of gclotrisilanewas reported by Katzer et £1997) [3] as
DiH°(298K)=281.6kJ mol* and by Broadbelt and coworkers (2004){i8]ng ond
additivity correctionsasDiH°(298K)=269.0kJ mol*. Theheat of formation value
calculated from NASA polynomialsf theSiliconHydrideLibraryin the supplemeruf
West and coworkers 2016 [[l&hem_annotated.irfile is the same athat of Katzer etla
(1997) [31 The present G3B3 calculation ligkH°(298K)=2573+8 kJ mol™.
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Theenthalpy of formation of thimsns were not reported literature to our
knowledgeand our thermal electron G3B3 value liBtsi°(298K)=1063.5+8J mol* for
the cation ad DyH°(298K)=289.2+8kJ mol™ for the anion.

n-SisH; n-SisH7+ N-SisH7z- Trisilan -1-yl and ions SiH-SiH2-SiH*

Katzer efal. (1997) [3] calculatedDH°(298K)=274.8 kJ mot, Ragunath and
M.C. Lin (2013) [64] r@ort DxH°(0K) =287.4+4.2 kJ mal. Nguyen and M.CLin (2017)
[62] using CCSD(T) method ligkH°(0K) =288,7 kJ mol*. The G3B3 value is
DH°(298K)=262448. kJ mol, (DiH°(0K) =280.1+8. kJ mat).

The cation SilSiH>-SiH,*+ is not mentioned inhe literature and has no CAS
number.The thermal electron G3B3 value foundisi®(298K)=965.8+8. kJ mal. The
anion SiH-SiH,-SiH,*- has a G3B3 thermal electron valfe DiH°(298K)=56.2+8. kJ
mol ™,

i-SigH7 1-SigH7+ i-SisH7- Disilanyl-1-silyl (Trisilan -2-yl) SiH3-SiH*-SiHz and ions

Theiso-SizH; radical is lsted by Katzer et al. (1997) [BDH°(298K)=268.2 kJ
mol ™. Ragunath and M.C. Lin (2013) [PéeportDH°(0K) =279.9:4.2kJ mol*. Our
G3B3 value iyH°(298K)=251.7%8. kJ mot', (OH°(0K) =269.9+8. kJ mat).

The ions of theso-SizH; radical were not reported and the thermal electron G3B3
values calculated ai@H°(298K)=977.6+8. kJ mot andDyH°(298K)=28.8+8. kJ mat for
the cation SikSiH*-SiHz+ and aniorSiHz-SiH*-SiHs-, respectively.

SisHg SisHg Tri silane H3Si-SiH,-SiHz and anion.

Trisilanewas listed byHo et al (1986) [1]LDH°(298K)=118.4+12. kJ md'; by
Bercerra and Walsf1998) [6]asDH°(298K)=121.+4.4 kJ mat. Katzer et al(1997) [3]
calculatedDH°(298K) =120.6 kJ mot, Ochterski et al(1995) [7] reporDH°(298K)
=120.5kJ moi*. Allendorf et al (1992) [3Q reportDxH°(298K)=120.9 kJ mét. Hidding
and Pfizner (2006) [5Blist DyH°(298K)=120.95kJ mol*. Sukkaev et al (2014) [1§
DiH°(298K)=111.5kJ mol* using the G4 mébd. Heat of formationf DIH°(298K)=126.4
kJ mol*, is calculated from NASA polynomials in tisepplement of West and coworker
(2016 [18], which uses grouadditivity values of silicon specieghe present3B3
calculationis DyH°(298K)=109.2+8. kJ métin very good agreement witbukkaewet al
[16].
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The anon is not reporteth the literatureand the thermal electron valabtained
from use ofG3B3method result ilxH°(298K)=122.128. kJ mol*. No CAS number
was found for the anion.

Si;H7, SisH7+, SisH7 Cyclotetrasilane radical (Cyclotetrasilanyl) and ions.

The heat of formation ohts cyclic radical was calculateoly Katzer et al(1997)
[31] asDH°(298K)= 372.8 and 369.8J mol*, depending on the used basgt in their
guantum chemical calculatioriBhe present G3B3 result [3H°(298K)=339.2412. kJ
mol ™,

No quotations for thenthalpy of formation of thens was found in the literature,
and the thermal electron G3B3 results Bt¢°(298K)=1026.24.2. kJ mol* for the cation
andDiH°(298K)=108.8:412. kJ mol* for the anion.

Si4Hg , SisHg" Cyclotetrasilane and cation.

Heat of formation of yclotetrailane was reported first byatzer et al (1997) [31
DiH°(298K)=231.4kJ mol*; Broadbelt and coworker(2004) [9] reporDxH°(298K)
=215.9kJ mol* by the BAC method and the present G3B3 resukhts (298K)
=201.06:4.2. kJ mol*. West and coworkers 2016 [[lgrovide NASA polynomials in the
chem_annotated.infile of the supplemenwhich result inxH°(298K) =255.4 kJ mot .

No calculation of the cation was foundthe literature and its thermal electron
G3B3 calculation list&xH°(298K)=1062.1 42. kJ mol*. No CAS numbeis available.

n-Si;Hg N-Sis;Ho+ Nn-SiygHe- Tetrasilanyl and ions SiHs-SiH,-SiH2-SiH*

The enthalpy of formation of tetraaile-1-yl was reportedirst by Katzer et al
(1997) [31 DH°(298K)=312.8 kJ mot; The G3B3 value calculated BH°(298K)
=293.8 +12. kJ mdl.

The cation Sik3SiH,-SiH,-SiH,*+ is not rgorted in he literature and has no CAS
number. The thermal electron G3B3 value calculatedthe cation isDiH°(298K)
=940.+12. kJ mot. The aniorSiHs-SiH»-SiH,-SiH.* - got a G3B3 value ofxH°(298K)
=77.12+12. kJ ma\.
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i-SigHg i-SisHot+ i-SisHg- Tetrasilenyl-1-silyl and ions SiHs-SiH*-SiH,-SiH3

The heat of formation of Tetrasyleridsilyl (Tetrasilane2-yl) was reported by
Katzer etal (1997) [3] DiH°(298K)=306.2 kJ mot; The G3B3 value found is
DiH°(298K)=285.9 A.2. kJ mof".

The cation Sil-SiH*-SiH,-SiHz+ has no CAS numbeihe thermal electron G3B3
value found iDH°(298K)=984.9 +12. kJ mdl. The anion SiktSiH*-SiH,-SiHs- got a
G3B3 value ofDH°(298K)=47.9+12. kJ mot'.

SigHg SigHo+ SigHe- Trisilanyl-2-silyl and ions (SiH).-SiH-SiH*

The heat of formation of Trisilamg-silyl (2-silyltrisilan-1-yl) was reported by
Katzer et al (1997) [IDH°(298K)=312.1 kJ mot; The G3B3 value found is
DiH°(298K)=287.5 +12. kJ md.

Thecation (SiH),-SiH-SiH,*+ has no CAS numberThe thermal electron G3B3
value calculated iBH°(298K)=993.9 +12. kJ mdl. The anion (Sik),-SiH-SiH,*- got a
G3B3 value oDH°(298K)=66.3+12. kJ mat.

SisHg SisHe- Disilanyl-1,1-disilyl and anion (SiH3)s-Si*
The G3B3 value calculated wBeH°(298K)=270.6 +12. kJ mdl.

Thethermal electron G3B3 value of thaion Trisilane2-silyl (SiHz)s-Si* - is
DiH°(298K)=17.85+12. kJ mdl.

n-SisH19 N-SisH1g , Tetraslane SiHs-SiH,-SiH»-SiH3 and anion.

The heat of formation dfetrasilaneis reported byKatzer et al (1997) [Jlas
DiH°(298K)=1603 kJ mol*, by Broadbelt and coworkers (2004) ED:H°(298K)=147.7
and 158.6&J mol* for using atomization energy and bond additivity corrections,
respectivelyand byHidding & Pfitzner (2006) [5BasDH°(298K)= 160.64kJ moi*. The
present G3B3 calculation lisBH°(298K)=142.86+2. kJ mol™.

The anion appears to be calculated for the first time and the thermal electron G3B3
results inDyH°(298K)=128.3312. kJ mol*.
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SisHg SisHo ¥, SisHg' Cyclopentasilane radical [-SiH,-SiH»-SiH,-SiH»-SiH*-] and ions.

This radical is reprted by Katzer et al (1997) [BasDH°(298K)= 365.6kJ mol™.
Thepresent G3B3 result BH°*(298K)=327.445. kd mol™.

The thermochemistry of the cation and anion was not publishedr knowledge
and the thermal electron G3B3 calculatiobid°(298K)=1027.4 45. kJ mol*and
DiH°(298K)=79.8 #5. kJ mol* respectivelyThecation has no CAS number

SisH10, SisH1o™ Cyclopentasilane [-SiH,-SiH,-SiH»-SiH,-SiH»-] and cation.

Katzer et al(1997) B1] reportedfor cyclopentasilane a heat of formation value
DiH°(298K)= 2214 kJ mol*. Swihart and Girshick (1999) [32] repdiH°(298K)=
220.08 kJ mot. Broadbelt ad coworkers (2004) [9] reportédH°(298K)= 193.7kJ
mol™ for using atomization energies and 207.9 kJ hrfor using bond additivity
corrections The present G3B3 calculatioesult inDH°(298K)= 189.445.kJ mol*.

The thermochemistry of the @ SiH1o™ was not listed in the literature and the
thermal electrowvalue calculated iBYH°(298K)= 1058.64.5. kJ mol™.

SisH1,, SEH12 n-PentasilaneSiH3-SiH»-SiH»-SiH»-SiHz and anion.

Heat of formation of lineargntasilanevas calcudted by Katzeret al. (1997) [31L
asDH°(298K)=199.7 kJ mdt, by Broadbelt and coworkers (2004) EDiH°(298K)=
182.4 kJ mot using atomization energies and1&8.8 kJ mof using bond additivity
corrections based on G3B3 cdltions,and by Hiddiig and Pfitze(2006) [53
DiH°(298K)= 200.60 kJ mot. The present G3B3 calculatiorstets inDyH*(298K) =
177.37+15. kJ mdl.

The aniorSisHi2 has not been reported and the present G3B3 thermal calculation
readsDyH°(298K)= 144.5+15. kJ mdl.

SigH11, SigH11", SigH11' Cyclohexasilane radical [-SiH,-SiH,-SiH,-SiH,-SiH,-SiH* -]
(Cyclohexasilyl)and ions

The present G3B3 calculatigivesDiH°(298K)= 351.620. kJ mol* for
cyclohexasilyl
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The ions were not reported in the literature and the cation dobavet CAS
number The thermal electron G3B3 calculati@sults inDyH°(298K)= 1039.420. kJ
moltandDiH°(298K)= 99.1+20. kJ mol* for cation and aniorespectively.

SigH12, SigH12", SigH12 Cyclohexasilane [-SiHz-SiH2-SiHa-SiH2-SiH2-SiH2-] and ions

Katzer et al(1997) [3] reportsDyH°(298K)=227.6kJ mol*; Broadbelt and
coworkers (2004) [9] repoBxH°(298K)=211.3kJ mol* using atomization energies and
DH°(298K)= 227.6 kJ mot by using bond additivity correctionand the present G3B3
resultis DIH°(298K)=212.520. kJ mol*.

The cation and anion were not mentioned in the literature, the anion has no CAS
number and the present thermal electron G3B3 value®&tg298K)= 1074.2+20kJ
mol* andDiH°(298K)= 204.2+20kJ mol* respectively.

Results for organiccarbon containing silicon species:
CH,Si, CH,Si' SilynemethylidyneH C [ S anH anion.

The enthalpy of formationf thisacetylene type compouneas not found in
literature although its structure was calculaf&d]. Our G3B3 calculation shows
DiH°(298K)= 4524+8. kJ mol™.

The thermal electro3B3 value for the anioH C = S is BH°(298K)= 338.6+8.
kJ mol ™,

CH.Si, CH,Si* , CH4Si' Methylenesilene H,C=SiH,and ions.

This compound was published in the Chemkin thermochemical database (1982)
[13] andby Allendorf et al (1992) B0] DiH°(298K)= 170.3kJ mol*. Wiberg aml
coworkers (1995)1] report forcalculations withCBS-Q methodD:H°(298K)= 193.7kJ
mol™. Becerra and Wals{L998) [p] reportedDH°(298K)=187.+6. kJ mot. Sukkaew et
al. (2014) [L6] report forcalculation results usinG4 andG4(MP2)methodDH®(29&) =
188.9and184.3kJ mol*respectively. The present G3B3 calculation repbits (298K)=
187.3+8kJ mol.

The ions were not reported in the literature and the thermal electron G3B3 value
obtained wa&xH°(298K)= 1051.4+8. kJ mdi for the cation HC=SiH," andDH°(298K)
= 177.4+8kJ mol* for the anion HC=SiH,".
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CHsSi, CHsSi* CHsSi' Methylsilyl radical (HsC-SiH» ) and ions.

The heat of formation of theadicalmethyilsilylis reported by Wibergnd
coworkers (1995) [7asDH°(298K)= 149.4+8kJ mol*. Allendorf et al (1992) [3Q
reportDyH°(298K)= 139.1kJ mol*; Becerra and Walsh (1998) [6] repB¥t°(298K)=
141.4+6 kJ mol*. Sukkaew et alreport (2014]16] for calculations withG4 and G4AMP2
methodDH°(298K)= 142.1 and 138.RJ mol* respectively. The present G3B3 calculation
resulted inDyH°(298K)= 141.9+8kJ mol™.

The cation CHSiH, * and anion CHSiH, ~ are presented here for the first time and
their thermaklectron G3B3 calculations resultedDyi°(298K)= 864.9+8kJ mol* and
DH°(298K)= 22.4+8 kJ mol™.

CHeSi, CHeSi" Methylsilane H3C-SiHzand cation.

Heat of formation of methylsilarie reported by Becerra and Wald998) [6]as
DfH (298K)=-29.1+4.kJ mol*. Wiberg and coworkers (1995) [7] rep&H°(298K)=
-25.1kJ mol*. Sukkaew et a{2014) [14 reportDH°(298K)= -26.6kJ moi*and the
present G3B3 calculatiaesults inDiH°(298K)= -27.4+8.kJ mol*.

Theheat of formation of theation CHSiHs" was reported by Lias et.#[1988)
[15] asDH°(298K) = 1009.kJ moi‘and the present G3BBts DH°(298K)= 1001.1+8kJ
mol™?, botharethermal electron vaks.

CHeSi,, CHeSi,™ , CHeSi,' 1-Methyldisilydenyl HsC-SiH,SiH and ions

This radical is reported by Sukkaew et(@014) [1§ with DiH°(298K)= 248.4 and
247.7kJ mol* using G4 and G4MP2 methodsn erroneous valuef DiH°(298K)= -42.3
kJ mol™*is inthe NASA polynomials of the thermochemical data of @feemkin datahse
[13] The present G3B@alue isDH(298K)= 247.9+8kJ mol*, like theSukkaewet al.
[16] results.

The cation HCSiH,SiH" and anion HCSiH,SiH' were not reported and the anion
has no CAShumber Their thermal electron G3B3 calculation resuit®H°(298K)=
1038.3+8kJ mol* andDH°(298K)= 82.4+8 kJ mol* respectively.

C,H4Si, C:H.Si*, CH4SH, Ethylidenesilylene H,C=CH-SiH and ions

The heat of formation of ethylidenesilylene obtained from G3B3 calculation results
in DH°(298K)= 307.4t8. kJ mot'. The same value is given by Allendorf et[4P], and
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Sukkaev et al. (2014) [}8eportsDH°(298K)= 309.3 and 306.8J mol* using G4 and
G4MP2 methods.

The heat of formation of the cati@H,=CH-SiH" and anion ChE=CH-SiH'
obtained in thermal electron convention from G3B3 calculationBxat¥298K) =
1122.6%8. kJ mat andDH°(298K)= 200.9+8. kJ mét respectivelyThe anion haso
CAS number

C,HeSi, CHeSi", CoH6Si' Vinyl silane H,C=CH-SiHzand ions.

Heat of formation of vinylsilane wasstimated by Lias et.g1988) [15 DiH°(298K)=
4.2+12.5 kJ mol*; by Allendorf et al(1992) [3Q DiH°(298K)= 86.6kJ mol*; reportecby
Sukkaew et al. (2014) [1&H°(298K)= 88.4 and 90.2 kJ miblusing G4 and G4MP2
methods. The present G3B3 resulbisl®°(298K)= 90.2+8. kJ mat.

The cation is eshated by Lias et a[1988) [1] in thermal electroonvention as
DiH°(298K)= 984. kJ mot and the present thermal electron G3B3 valuaH (298K)=
1062.6%8. kJ mal. The anion is not reported and has no GWber The thermal
electron G3B3 valuis DyH°(298K)= 165.2+8. kJ mot.

CoHeSi, C:HeSi ¥, CHeSI Methyl methylenesilane H,C=SiH-CHs and ions

This compound is listed by Allendorf et(@992)[3Q with DiH°(298K)= 86.6 kJ
mol™®; and bySukkaew et al(2014) [1§ with DiH°(298K)= 92.6 and0.2kJ moi* for
using G4 and G4AMP2 methods. The present G3B3 calculatiodDdi$t&298K)= 125.818.
kJ mol™.

Both ions were not reported in the literature and have no CAS numbers. The
thermal electron G3B3 values dd¢1°(298K)=938.1+8. kJ mat for the cation
H,C=SiH-CHs" andDH°(298K)= 131.6+8. kJ mdt for the anion HC=SiH-CHj'.

C,HgSi, CoHgSi ™, CoHgSI' Dimethylsilane CH3-SiH,-CHs and ions.

Heat of formation of dimethylsilarie reportedoy Becerra and Walsh (1998j][as
DH°(298K)=-94.7+4. kJ mot.The present G3B3 value BH°(298K)= -88.2+8. kJ mot.

The cationCHs-SiH,-CHs* and anion CkSiH,-CHs' werenot reported and their
thermal electron G3B3 valueseDH°(298K)= 893.3+8. kJ mat andDH°(298K) =
68.7+8. kJ mot respetively. The anion has no CAS No.
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C,HgSi, C,HgSi * Ethylsilane C,HsSiH3 and cation.

Thermochemical data of ethylsilanas reported in thigerature by GordojBoatz
and Walsh (198988] asDH°(298K)=-37.7 kimof; byTel * noi and R@&@bi novi t
[39] DH°(298K)=-34.3 kJ mof and the present G3B3 calculation reBxt4°(298K)= -
36.1+8. kJ mat.

The cation GHsSiHs" thermal electron G3B3 value readi$!°(298K)= 930.+8. kJ
mol ™.

C3HoSi Tri methylsilyl radical (CH 3)3Si*.

Theradicaltrimethylsiyl is reported in the Chemkin database (19&3) with
DH°(298K)= 13. kJ mof. Kalinovski, Gutman et a1994) [4Q reportDiH°(298K)=
68.6+25. kdmol™. Becerra and Walsh (1998) [6portDH°(298K)= 15.+7. kdJ mot. The
present G3B3 value BH°(298K)= 24.2.+8. kJ mat.

CsH10Si Tri methylsilane (CHz)3SiH.

Trimethylsilanewas published in the Chemkinettmochemical database (1982)
[13] with DIH°(298K)= -164.8 kJ mot. Doncaster and Walsh (1986) [4&port an
experimental value diH°(298K)= -163.4+4. kJ mét. Allendorf and Melius (1992) [30
reportDH°(298K) = -163.6 kJ mot. The present G3B3 value lidieH*(298K) = -153.2+8.
kJ mol™.

C4H15Si, C4H1,Si" Tetramethylsilane (CH3)4Si and cation.

The heat of formation of tetramethylsikis reported by JANAF (1960) [3] as
DiH°(298K)= -286.6 kJ mot. Becerra and Walsh (1998) [6] repB¥H°(298K)= -229.+3.
to -233.2 3. 2 kidnol™. The present G3B3 calculation lig4°(298K)= -219.3+8. kJ
mol ™.

The tetramethylsilane cationyig,,Si" is calculated for the first time and thermal
electron G3B%¥alue isDH*(298K)= 706.5+8. kJ ma!.

CsH ]_ZSi , C4H ]_28i+ Dlethy|S||ane (C2H5)ZSiH2 and cation.

Thermochemical data of diethylsilan@as reportedy Pedley and Rylance (1977)
[42] asDH°(298K)=-182.+6. kJ mot; by Walsh and coworkers (1989) [B8H°(298K)
=-117.2 kJ mof. The G3B3 calculatioresult inDyH*(298K)= - 106.0+8. kJ mat.
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The thermal electron G3B3 value of the catiopHg),SiH," is DiH°(298K)=
821.3+8. kdmol™.

CeHsSi, GHgSi, Phenylsilane CgHs-SiHz and anion

To the best of our knowledge the enthalpy of formation of phenylsilane
diphenykilane, triphenylsilane and tetraphenylsilane were never published. Therefore this
is the first calculation gbhenylsilane using th&3B3 methogwhich givesDiH®(298K)=
123.06+8. kJ mal. The multi phenylsilanes exceed our computational capacities.

The thermal electron G3B3 value of the phenylsilane aniph-SiHs; lists
DiH°(298K)=164.7+8. kJ mat.

As can be seen from the algoreport insomecases the resultsfiér between
different authorsery much and in other cases they agree around some value. Mostly the
differences are coming from different advanced experimental as wehgsutational
techniquesind resourcesvhich were available at the time of reportifthere are
explanations in thdifferentcitedarticles about this behavior. The most interesting article
in this category is that d?rascher et a(2009) [49 where calculations were performed
with the CCSD(T) métod usingR9 different basis sets and differences of 8 kcal'rfum
SiH; 5 kcal mof* for SiF; 23 kcal mot for SiHy; 48 kcal mof for SiF; 90 kcal mof* for
SiF,, etc.were obtainedVany of the data obtained by GA (group additivity) calculations
differ from the rest as already pointed out by Becerra and Walsh [6]. Most of them were
not quoted for this reason in the article. The mostiagfikase is the RMG database][17
where the silicon data are relatively new (2016), and where the differencetfrendata
usually is the highestlue to the erroneously use of carbon instead of silicon group
additivity data

ERRORS

The errors reported in this article are the original values reported in the literature
cited. Where no error was given the values vpettdished astiwas foundIn our G3B3
calculation we have assigned the mean absolute deviation assigned by Bab¢2ilkt al.
“slightly |l esbethan”1 HKbalthmalblreerpurecemtt ai tt2y
statistical normal ditribution cuve which is ~96%onfidence limit of the data should be
therefore+8. kJ mot [66]. However as explained in the introduction, because of some
uncertainty in the value of the enthalpy of formation ofghee elementaryilicon in
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gagous statethe erromf all compounds containing more than thsdieon atoms was
increased.

CONCLUSION

The thermochemistry df12inorganic dicon containing species ardb organic
silicon containing species were calculatedideal gasconditionsin thetemperatureange
of 200K to 6000 K and 1 bar by th®@3B3 compositenethod. The enthalpy of formation at
29815K was compared with literature valyésavailable.The thermochemical data
calculated are presented as NASA 7 term format polynomials in the supplemest of th
article.

SUPPLEMENTARY MATERIAL

The supplement to this article contains the vibrations and moments of inertia used
to calculate théhermochemicatlata reported. It also contains the NASA 7 term
polynomials forcalculation of the thermochemical dataatifthe species reported.he
supplementan be foundn the online version of this article.

ACKNOWLEDGEMENT

Funding by the energy, combustion, and gasturbine technology program (EVG) of
Deutsches Zentrum fir Lufuind Raumfahrt e. V. (DLR), the German Aerospace Ceister,
gratefuly acknowledged.

BIBLIOGRAPHY

1. Walsh, R. In The Chemistry of Organic Silicon Compounds; Patai, S.; Rappoport, Z.,
Eds.; Wiley, 1989; Thermochemistry, Chapter 5, pages 371-391.

2. HaarL.; Friedman, A.S.; Beckett C.W.; Ideal Gas Thermodynamic Functions and
Isotope Exchange Functions for the Diatomic Hydrides, Deuterides, and Tritides; NBS
Monograph 20, United States Department of Commerce, National Bureau of Standards,
Washington, DC, 1961.

3. JANAF thermochemical tables, series of loose leaves, distributed within US
government agencies, 1960 and following years.

3a. Stull, D.R.; Prophet, H.; JANAF thermochemical tables, second edition, NBS National
Standard Reference Data Series (NSRDS) — NBS 37, 1971.

3b. Chase M.W. Jr.; Curnutt, J.L.; McDonald, R.A.; Syverud, A.N.; JANAF Thermochemical
Tables, J Phys Chem Ref Data 1978, Supplement, Vol. 7, No. 3, 793-940.

28



3c. Chase, M. W. Jr.; Curnutt, J. L.; Downey, J. R. Jr.; McDonald, R. A.; Syverud, A. N.;
Valenzuela, E. A.; JANAF Thermochemical Tables, J Phys Chem Ref Data 1982
Supplement, Vol. 11, No. 3, 695-940.

3d. Chase, M. W. Jr.; Davies, C.A.; Downey, J. R. Jr.; Frurip, D. J.; McDonald, R. A.;
Syverud, A. N. JANAF thermochemical tables; 3rd edition; J Phys Chem Ref Data 1985,
14, 1-1856, Suppl. No. 1.

4. Glushko, V. P; Gurvich, L.V.;Bergman, G.A.; Veyts, .V.; Medvedev, V.A.;
Khachkuruzov, G.A.; Yungman, V.S. Thermodynamic Properties of Pure Substances 1970
(in Russian).

5. Gurvich, V. N.; Veyts, L. V.; Alcock, C. B. Thermodynamic Properties of Individual
Substances; 4™ edition; Hemisphere; New York, 1992.

6. Becerra, R.; Walsh, R. In The Chemistry of Organic Silicon Compounds; Rappoport,
Z.; Appeloig, Y., Ed.; Wiley, 1998, Vol 2, Chapter 4 (Thermochemistry), pages 153-180.

7. Ochterski, J. W.; Petersson G. A.; Wiberg K. B.; A Comparison of Model Chemistries, J
Am Chem Soc 1995, 117, 11299-11308. DOI: 10.1021/ja00150a030

8. Boo, B. H; Armentrout P.B.; Reaction of Silicon lon (ZP) with Silane (SiH4, SiD4). Heats
of Formation of SiH,, SiH." (n=1, 2, 3) and Si,H." (n=0, 1, 2, 3). Remarkable Isotope
Exchange Reaction Involving Four Hydrogen Shifts. ] Am Chem Soc 1987, 109, 3549-
3559. DOI:10.1021/ja00246a010

9. WongH.-W.; Nieto J. C. A.; Swihart M. T.; Broadbelt L. J.; Thermochemistry of
Silicon-Hydrogen Compounds Generalized From Quantum Chemical Calculations; J Phys
Chem A 2004, 108, 874-897. DOI:10.1021/jp030727k

10. Ho, P.; Melius, C. F.; A theoretical Study of the thermochemistry of SiF,, and SiH,F,
compounds and Si,Fg; J Phys Chem 1990, 94, 5120-5127.

11. Ho, P.; Coltrin, M. E.; Binkley, J. S.; Melius; C. F., Theoretical study of the heats of
formation of Si;H, (n =0-6) compounds and trisilane, J Phys Chem 1986, 90, 3399-3406.
DOI: 10.1021/j100406a019

12. Allendorf, M. D.; Melius, C. F.; Ho, P.; Zachariah, M. R.; Theoretical study of the
Thermochemistry of Molecules in the Si-O-H System; J Phys Chem 1995, 99, 15285-
15293.

29



13. CHEMKIN, a program to calculate chemical kinetics problems, developed by SANDIA
and marketed by “Reaction Design” San Diego, CA, USA. Includes a Thermochemical
database and Fitdat, a program to calculate NASA type thermochemical polynomials.

14. Lyman J.L.; Noda T., Thermochemical Properties of Si,Fg
and SiF4 in Gas and Condensed Phases, J Phys Chem Ref Data, 2001, 30, 165-186. Doi:
10.1063/1.1364519

15. Lias, S. G.; Bartmess, J. E.; Liebman, J. F.; Holmes, J. L.;
Levin, R.D.; Mallard, W.G., GasPhase Ion and Neutral Thermochemistrghys Chem
Ref Data 1988, Vol 17, Supplement 1, 1-861.

16. Sukkaew, P; Ojamie L.; Danielsson O.; Kordina O.; Janzén,
E.; Revisiting the Thermochemical Database of Si-C-H System Related to SiC CVD
Modeling, Material Science Forum 2014, Volumes 778-780, 175-178. DOI
10.4028/www.scientific.net/MSF.778-780.175

17. Green, W.H. and West R.H.; RMG (Reaction Mechanism
Generator) program. 2017 <rmg.mit.edu>. RMG Molecule search :
http://rmg.mit.edu/molecule_search

18. Slakman, B. L.; Simka, H.; Reddy, H.; West; R. H., Extending
Reaction Mechanism Generator to Silicon Hydride Chemistry; Ind Eng Chem Res 2016,
55, 12507-12515.

DOI: 10.1021/acs.iecr.6b02402

19. Goos E., Burcat A., Ruscic, B. Extended Third Millennium Ideal Gas and Condensed
Phase Thermochemical Database for Combustion with Updates from Active
Thermochemical Tables, 2017, <http://burcat.technion.ac.il>
Electronic update of Burcat A., Ruscic, B. Third Millennium Ideal Gas and Condensed
Phase Thermochemical Database for Combustion with Updates from Active
Thermochemical Tables, Report ANL-05/20 and TAE 960, Argonne National
Laboratory, and Technion, Israel Institute of Technology, 2005.

20. McBride B. J.; Gordon, S., Computer Program for Calculating and Fitting
Thermodynamic Functions, NASA RP-1271; 1992.

21. Baboul, A. G.; Curtiss, L.A.; Redfern, P.C.; Raghavachari, K.; Gaussian-3 theory using
density functional geometries and zero point energies. J Chem Phys 1999, 110, 7650-
7657. Doi 10.1063/1.478676

30


http://webbook.nist.gov/cgi/cbook.cgi?Author=Lias%2C+S.G.&Units=SI
http://webbook.nist.gov/cgi/cbook.cgi?Author=Bartmess%2C+J.E.&Units=SI
http://webbook.nist.gov/cgi/cbook.cgi?Author=Liebman%2C+J.F.&Units=SI
http://webbook.nist.gov/cgi/cbook.cgi?Author=Liebman%2C+J.F.&Units=SI
http://webbook.nist.gov/cgi/cbook.cgi?Author=Mallard%2C+W.G.&Units=SI
http://rmg.mit.edu/molecule_search

30.

31.

22.

23.

24.

25.

26.

27.

28.

29.

Gaussian 03, Revision B.02, M. J. Frisch, G. W. Trucks, H. B. Schlegel, J.A. Pople et al.
Gaussian, Inc, Pittsburg PA, 2003.

Chem3D is a “CambrigeSoft” program for molecular modelling and display with
semi-empirical calculations built in with the Mopac 2000 application.

Huber, K. P.; Herzberg, G., Molecular Spectra and Molecular Structure, IV. Constants
of Diatomic Molecules, Van Nostrand Reinhold, New York, (1977) as reprinted in
<Webbook.NIST.GOV>

NIST Computational Chemistry Comparison and Benchmark Database, NIST
Standard Reference Database Number 101, Release 18, October 2016, Editor: Russell
D. Johnson lll, <http://cccbdb.nist.gov/>.

Irikura K. K.; Johnson lll, R. D.; Kacker, R. N., Uncertainties in Scaling Factors for ab
Initio Vibrational Frequencies, J Phys Chem A 2005, 109, 8430-8437. DOI:
10.1021/jp052793n

Kawamata, H.; Negishi, Y.; Kishi, R.; lwata S.; Nakajima, A.; Kaya K., Photoelectron
spectroscopy of silicon—fluorine binary cluster anions (Si,F , ), ] Chem Phys 1996,
105, 5369-5376. http://dx.doi.org/10.1063/1.472377

Weber, M. E.; Armentrout, P. B. Energetics and dynamics in the reaction of Si* with
SiF4. Thermochemistry of SiF, and SiF," (x=1, 2, 3), J Chem Phys 1988, 88, 6898-6910.
DOI 10.1063/1.454387

Walsh R., Thermochemistry of Silicon-containing Compounds. Part 1.-Silicon-
Halogen Compounds, an Evaluation, J Chem Soc Faraday Trans 1, 1983, 79, 2233-
2248. DOI 10.1039/F19837902233

Allendorf M. D.; Melius, C.F., Theoretical Study of the Thermochemistry of Molecules in
the Si-C-H System, J Phys Chem 1992, 96, 428-437. DOI 10.1021/j100180a080

Katzer, G.; Ernst, M. C,; Sax, A. F.; Kalcher, J.; Computational thermochemistry of
medium-sized silicon hydrides, J Phys Chem A 1997, 101, 3942-3958. DOI
10.1021/jp9631947

32.

33.

Swihart M. T., Girshick S. L., Thermochemistry and Kinetics of Silicon Hydride Cluster
Formation during Thermal Decomposition of Silane, J Phys Chem B 1999,103, 64-76.

Benson, S.W. ThermochemidaKineticsWiley, New York, 1976.

31


http://pubs.acs.org/doi/abs/10.1021/jp9631947
http://pubs.acs.org/doi/abs/10.1021/jp9631947

34. HSC Thermochemical database (1999)

35. Ruscic B.; Berkowitz, J.; Photoionization mass spectrometric studies of the transient
species Si;H, (n=2-5), J Chem Phys 1991, 95, 2416-2432.
http://dx.doi.org/10.1063/1.460947

36. Berkowitz, J; Greene, J. P.; Cho, H.; Ruscic B. Photoionization mass spectrometric
studies of SiH, (n=1-4), ] Chem Phys 1987, 86, 1235-1248.

37. McBride B.J. The NASA Thermochemical database, last updated in 2003.
https://www.grc.nasa.gov/www/CEAWeb/ceaThermoBuild.htm

38. Gordon, M. S.; Boatz, J. A.; Walsh, R., Heats of Formation of Alkylsilanes, J Phys
Chem 1989, 93, 1584-1585.

39. Tel'noi, V. I.; Rabinovich I. B., Thermochemistry of Organic Derivatives of Non-
transition Elements, Russ Chem Review 1980, 49, 603-622.

40. Kalinovski, 1. J.; Gutman, D.; Krasnoperov, L. N.; Goumri, A.; Yuan, W.-J.; Marshall, P.,
Kinetics and Thermochemistry of the Reaction Si (CHs3) 3+ HBRz Si (CHs3)3H + Br:
Determination of the (CHs) 3Si-H Bond Energy, J Phys Chem 1994, 98, 9551-9557.

41. Doncaster, A. M.; Walsh, R., Thermochemistry of Silicon-containing Compounds.
Part 2. -The Enthalpies of Formation of the Methylsilanes, an Experimental Study
and Review, J] Chem Soc Faraday Trans 2, 1986, 82, 707-717. DOi
10.1039/F29868200707

42. Pedley J. B.; Rylance, J., Sussex-N.P.L. Computer Analyzed Thermochemical Data:
Organic and Organometallic Compounds; University of Sussex, 1977.

43. Feller, D.; Dixon, D. A., Theoretical Study of the Heats of Formation of Small Silicon-
Containing Compounds; J Phys Chem A 1999, 103, 6413-6419. DOI
10.1021/jp990596¢g

44. Grev, R. S.; Schaefer Ill, H. F., Thermochemistry of CH,, SiH, (n = 0-4), and the cations
SiH*, SiH," and SiH3": A converged quantum mechanical approach, J Chem Phys 1992,
97, 8389-8406.

45. Jursic B.S., A B3LYP hybrid density functional theory study of structural properties,
energies, and heats of formation for silicon—hydrogen compounds, J Mol Struct
THEOCHEM 2000, 497, 65-73. DOI: 10.1016/S0166-1280(99)00197-9

32


https://www.grc.nasa.gov/www/CEAWeb/ceaThermoBuild.htm

46.

Jalbout, A.F.; Swihart, M. T.; Jursic, B.S.; Corrigendum to “Potential energy surface

for H,Si, isomers explored with complete basis set ab initio method” [J. Mol. Struct.
(Theochem) 1999, 459, 221-228.], J Mol Struct: THEOCHEM, 2001, 571 (1-3), 231-232.
https://doi.org/10.1016/S0166-1280(01)00584-X

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Michels, H. H.; Hobbs, R. H., Electronic structure and thermochemistry of silicon
hydride and silicon fluoride anions, Chem Phys Letters 1993, 207, 389-396.
https://doi.org/10.1016/0009-2614(93)89019-E

Takhistov, V. V.; Golovin, A. V., Thermochemistry of organic, heteroorganic and
inorganic species. XV. The enthalpies of formation for halogenides of main group
elements, J Molec Struct 2006, 784, 47-68.
https://doi.org/10.1016/j.molstruc.2005.06.028

Prascher, B. P.; Lucente-Schultz, R. M.; Wilson, A. K.; A CCSD(T) and ccCA study of
mixed silicon hydrides and halides: Structures and thermochemistry, Chem Phys
2009, 359, 1-13. https://doi.org/10.1016/j.chemphys.2009.02.009

Cox, J. D.; Wagman, D. D.; Medvedev, V. A., CODATA Key Values for
Thermodynamics, Hemisphere Publishing Corp., New York, 1984.

Wang, L.-S.; Wu, H.; Desai, S. R.; Fan, J.; Colson, S. D.; A Photoelectron Spectroscopic
Study of Small Silicon Oxide Clusters: SiO,, Si»03, and Si,Q4, J Phys Chem 1996, 100,
8697-8700. DOI: 10.1021/jp9602538

Karton A.; Martin J. M. L.; Heats of Formation of Beryllium, Boron, Aluminum, and
Silicon Re-examined by Means of W4 Theory; J Phg Chem R007, 111, 5936-5944.
DOI:10.1021/jp071690x

Hidding, B; Pfitzner, M., Rocket Propellant Characteristics of Silanes/O, J Propulsion
Power 2006, 22, 786-789. DOI 10.2514/1.17996

Danovich, D.; Ogliaro, F.; Karni, M.; Apeloig, Y.; Cooper, D. L.; Shaik, S.; Silynes
(RC=SiR') and Disilynes (RSi=SiR'): Why Are Less Bonds Worth Energetically More ?,
Angew Chem Int Ed 2001, 40(21), 4023-4026. DOI 10.1002/1521-
3773(20011105)40:21<4023::AID-ANIE4023>3.0.C0O;2-Z

Dolgonos, G.; Relative stability and thermodynamic properties of Si;H, isomers;
Chem Phys Letters 2008, 466(1-3), 11-15. DOI:10.1016/j.cplett.2008.10.017

Becerra, R.; Walsh, R.; Mechanism of Formation of Tri- and Tetrasilane in the
Reaction of Atomic Hydrogen with Monosilane and the Thermochemistry of the

33


http://www.sciencedirect.com/science/article/pii/S016612800100584X
http://www.sciencedirect.com/science/article/pii/S016612800100584X
http://www.sciencedirect.com/science/article/pii/S016612800100584X
http://webbook.nist.gov/cgi/cbook.cgi?Author=Cox%2C+J.D.&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Wagman%2C+D.D.&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Medvedev%2C+V.A.&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Wang%2C+L.S.&Units=SI&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Wu%2C+H.&Units=SI&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Desai%2C+S.L.&Units=SI&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Fan%2C+J.&Units=SI&Mask=1
http://webbook.nist.gov/cgi/cbook.cgi?Author=Colson%2C+S.D.&Units=SI&Mask=1
https://www.scopus.com/authid/detail.uri?authorId=6603385054&amp;eid=2-s2.0-55649112104
https://www.scopus.com/sourceid/26586?origin=recordpage

Si;H4 Isomers, J Phys Chem 1987, 91(22), 5765-5770.
https://pubs.acs.org/doi/abs/10.1021/j100306a049

57. Curtis, L. A.; Raghavachari, K.; Deutsch, P. W.; Pople, J. A.; Theoretical study of Si,H,
(n =0-6)and Si,H", (n =0--7): Appearance potentials, ionization potentials, and enthalpies
of formation J Chem Phys 1991, 95,2433-2444.

58. Sax, A. F.; Kalcher, J.; Theoretical enthalpies of formation for small silicon hydrides; J
Phys Chem 1991, 95, 1768-1783. https://pubs.acs.org/doi/abs/10.1021/j100157a052

59. Boatz, J. A.; Gordon, M. S.; Predicted enthalpies of formation for silaethylene,
disilene, and their silylene isomers; J Phys Chem 1990, 94, 7331-7333.
https://pubs.acs.org/doi/abs/10.1021/j100382a001

60. Raghunath, P.; Lee, Y.-M.; Wu, S.-Y.; Wu, J.-S.; Lin, M.-C.; Ab Initio Chemical Kinetics
for reactions of H atoms with SiH,(x=1-3) Radicals and Related Unimolecular
Decomposition Processes, Int J Quantum Chem 2013, 113, 1735-1746. DOI:
10.1002/qua.24396

61. Nguyen, T.-N.; Lee, Y.-M.; Wu, J.-S.; Lin, M.-C.; Capturing H and H, by SiH," (x<4)
ions: Comparison between Langevin and quantum statistical models, Jpn J Appl Phys
2017, 56, 026101. http://stacks.iop.org/1347-4065/56/i=2/a=026101

62. Nguyen, T.-N.; Lin, M.C.; Ab Initio Chemical Kinetics for SiH Reactions with Si,H,
(x=1,2,3,4; y=6,5,4,3; x+y=7) under a-Si:H CVD Condition; Int ] Chem Kinet 2017, 49,
197-208. DOI: 10.1002/kin.21067

63. Nguyen, T. N.; Lee, Y. M.; Wu, J. S.; Lin, M. C; Ab Initio Chemical Kinetics for the
Thermal Decomposition of SiH4* lon and Related Reverse lon-Molecule Reactions of
Interest to PECVD of a-Si:H Films, Plasma Chem Plasma Process 2017, 37, 1249-1264.
https://doi.org/10.1007/s11090-017-9825-7

64. Raghunath, P.; Lin, M.C. ; Ab Initio Chemical Kinetics for SiH, + Si;Hg and SiH3 +
Si,Hs Reactions and the Related Unimolecular Decomposition of SisHg under a-Si/H CVD
Conditions, J Phys Chem A 2013, 117, 10811-10823. DOI: 10.1021/jp407553a

65. Ruscic, B.; Bross, D.H. Active Thermochemical Tables (ATcT) version 1.122 of the
Thermochemical Network (2016); https://atct.anl.gov

66. Ruscic B. Uncertainty Quantification in Thermochemistry, Benchmarking Electronic
Structure Computations, and Active Thermochemical Tables Int. J. Quantum Chem.
2014, 114, 1097-1101. DOI: 10.1002/qua.24605

34


https://pubs.acs.org/doi/abs/10.1021/j100306a049
http://pubs.acs.org/doi/pdf/10.1021/j100157a052
http://pubs.acs.org/doi/pdf/10.1021/j100382a001
http://pubs.acs.org/doi/pdf/10.1021/j100382a001
https://pubs.acs.org/doi/abs/10.1021/j100382a001
http://stacks.iop.org/1347-4065/56/i=2/a=026101
https://doi.org/10.1007/s11090-017-9825-7
https://atct.anl.gov/

Table 1 Thermochemical properties of Inorganic Si containing compounds:

Molecular Weights, DHzgs , DiHo , Cpoos, S29s, Hzes-Ho. The standard state corresponds to a pressure

of 1 bar and 298.15 K.

Mol. Wagt. DrHzg8 DiHo |+ kJ/ [ Cpags S8 Hags-Ho
g/mol kJ/mol kJ/mol [mol |J/(mol [J/(mol K) | kd/mol
Compounds K)
SiF Monofluorosilicon radical 47.08390| -62.555| -63.776|%8. 31.551| 220.615 8.851
SiF" Monofluorosilicon cation 47.08335| 657.491| 650.143|+20. 30.593| 214.001 8.765
SiFI Monofluorosilicon anion 47.08445 -87.869 -83.036 | +20. 32.550| 216.367 8.968
SiF, Difluorosilylene 66.08231 -630.8 -626.2 |£8 44,396 | 262.954| 11.231
SiF," Difluorosilylene cation 66.08176| 429.400 423.96 | £8. 43.488| 261.852| 11.247
Sinl Difluorosilylenene anion 66.08285 -661.0 -654.7 | £8. 47.004| 266.168 11.614
SiOF, O=SiF, DiFluorooxysilane| 82.08171| -899.008| -895.73|%8. 57.762| 277.687| 13.109
SiOF," O=SiF, cation 82.08116| 247.409| 243.780|%8. 59.201| 281.730| 13.649
SiOF,' O=SiF, anion 82.08225| -1056.07| -1047.1|+8. 60.504| 279.970| 13.461
SiF3 Trifluorosilyl radical 85.08071| -993.365 -990.4 | 8. 59.613| 282.433| 13.398
SiHF; Trifluorosilane 86.08865| -1207.67| -1200.5|+5.4 63.486| 277.351| 13.545
SiHF3+ Trifluorosilane cation 86.08810 73.200 71.818| 8. 74.988| 291.332| 15.874
SiF, Tetrafluorosilane 104.07911| -1614.98| -1609.4|+4.2 73.534| 282.615 15.325
SiF,4+ Tetrafluorosilane cation | 104.07856 -81.09| -83.341| 8.0 | 79.002| 297.107| 16.636
SiF,- Tetrafluorosilane anion 104.07966| -1544.08| -1534.93| 8. 82.680| 317.359| 18.190
SiH 29.09344| 376.660| 375.355|48. 29.209| 192.745 8.656
SiH" 29.09289 1144.3| 1136.89 |+8. 29.555| 192.472 8.686
SiH' 29.09399| 298.812| 303.800 8. 29.259| 187.615 8.660
SiD 30.09960| 368.749| 367.565|%8. 29.555| 198.661 8.686
SiD” 30.09905| 1145.161| 1125.31|48. 29.516| 193.017 8.684
SiT 31.10155| 369.096| 367.882 29.982| 201.971 8.716
SiD, D-Si-D 32.11370| 262.855| 264.418| 8. 37.031| 217.458| 10.193
SiD," cation 32.11315| 1155.624 | 1150.938| 8. 37.518| 222.013| 10.276
SiDzl" 32.11425| 147.281| 161.210| 8. 37.761| 224.001| 10.252
SiD3 3412781 | 191.761| 196.765 +8. 45,928 | 229.809| 11.067
SiD3+ cation 34.12726| 996.129| 988.839 8. 45.179| 223.200| 10.967
SiD3- anion 34.12835 37.431| 55.003 8. 45,331 | 224.113| 10.894
SiHT; Tritritiumsilane 38.14159 27.610 36.134| 8. 53.868| 234.262| 11.781
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Mol. Wgt. DiHoog DiHo |+ kJ/ [ Cpaos Sa2os Hag8-Ho
g/mol| kJ/mol| kJ/mol|mol |J/(mol [J/(mol K) | kd/mol

Compounds K)

'SiH, Silicon dihydride singlete 30.10138| 263.843| 265.527| 8. 34.742| 207.584| 10.001
radical

®SiH, Silicon dihydride triplete 30.10138| 354.623| 356.244| 8. 35.460| 215.360| 10.065
radical

SiH," Silicon dihydride cation 30.10083| 1156.920| 1152.34| 8. 35.343| 211.902| 10.054
Sin' Silicon dihydride anion 30.10193| 153.720| 161.565|%8. 35.067| 213.949| 10.023
SiH,T, Ditritiumsilane 36.13348 30.086 39.077 | £8. 49.675| 226.033| 11.263
SiH; Silyl 31.10932| 195.569| 201.090 8. 40.077| 217.058| 10.398
SiH;" Silyl cation 31.10877| 988.889| 988.206 |+8. 39.544| 210.564| 10.342
SiHs' Silyl anion 31.10987 52.253 64.053 | £8. 38.758| 211.838| 10.260
SiH;T Monotritiumsilane 34.89487 32.451 41.815|+8. 45.939| 222.416| 10.840
SiH, Silane 32.11726 34.7 44,319 |+8.2 42.787| 204.208| 10.535
SiH," Silane cation 32.11671| 1144.596| 1147.03|+8. 51.119| 215.286| 11.525
SiD, Tetradeuteriunsilane 36.14191 22.792 31.610 | 8. 52.240| 219.352| 11.537
SiT, Tetratritiumsilane 40.14970 +8. 58.469| 226.904| 12.370

17.344 25.330

SiO 44.08490| -102.223| -103.381|+8. 29.899| 211.591 8.715
SiO" cation 44.08435| 1020.495| 1013.110 | £8. 30.185| 217.702 8.734
SiO' anion 44.08545| -117.002| -112.018 |+8. 30.459| 218.277 8.754
SiO; gas 60.08430| -322.070| -321.432|+10. 45,674 | 233.390| 11.260
SiOZ"' anion 60.08485| -488.386| -481.398 | +8. 42.656| 256.257| 11.039
Si,F¢ Hexafluorodisilane 170.16142| -2346.72| -2340.59|+8. 128.567| 404.351| 26.782
Si,Fs  Hexafluorodisilane 170.16087| -1205.09| -1207.48|+8. 130.849| 433.135| 28.747
cation

3i2|:6' Hexafluorodisilane anion| 170.16197 | -2401.73| -2391.39 | 8. 136.436| 411.445| 28.461
Si,OFs F3Si-O-SiF3 186.16082| -2865.85| -2857.61|+8. 138.522| 446.199| 29.015
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Mol. Wgt. DiHagg DiHo | £ kKJ/ | Cpaes Sogs Hagg-Ho
g/mol| kJ/mol| kJ/mol|mol |J/(mol [J/(mol K) | kd/mol

Compounds K)
Si,H HSI=Si Disilene 57.17894| 492.176| 492.246| 8. 40.409| 254.305| 10.599
monohydrid
Si,D DSi=Si Disilene 58.18510 493.18 491.35| 48. 46.438| 284.446| 12.607
monodeuterid
Si,H, HSI=SiH Disilyne 58.18688| 452.119| 453.439| 48. 57.192| 262.489| 13.583
Si,H,+ HSi=SiH+ Disilyne 58.18633| 1267.00| 1261.208| 8. 59.584| 276.578| 14.357
cation
Si,D, DSi=SiD Disilyne-d2 60.19920| 451.340| 451.964| 8. 59.768| 272.843| 14.380
Si,H, H,Si=SiH, 60.20276| 273.136| 282.273|48. 70.016| 262.567| 14.234
Si,H," H,Si=SiH, cation 60.20221 | 1066.000| 1068.288 | +8. 71.846| 265.111| 14.613
Si;H,  H3Si-SiH 60.20276| 304.231| 312.848| =8. 69.895| 280.449| 14.754
Si,Hs+ H3Si-SiH+ cation 60.20276| 1121.250| 1122.709| =8. 72.353| 286.811| 14.975
Si,H,-  H3Si-SiH- anion 60.20331| 138.975| 153.737| 8. 69.440| 284.039| 14.468
Si,Hs  H3Si-SiHy* 61.21070| 227.220| 239.884| 8. 76.052| 295.764| 14.942
Si,Hs-  H3Si-SiH,*- radical 61.21125 39.329 57.710| +8. 75.852| 295.424| 14.810
anion
Si,Hg Disilane H3Si-SiH; 62.21864 80.3 96.502 [+1.5 77.260| 274.605| 15.638
Si,H¢" H3Si-SiH; cation 62.21809| 1016.014| 1022.833| +8. 90.949| 302.371| 17.963
SizHs SiH,=SiH-SiH, 89.29620| 433.257| 444.025| +8. [103.073| 336.958| 20.055
SizHs™ SiH,=SiH-SiH, cation 89.29565| 1107.610| 1111.848| +8. [100.783| 340.465| 19.973
SisHs SiH,=SiH-SiH, anion 89.29675| 209.000| 225.513| +8. [101.867| 331.845| 20.079
SisHs Cyclotrisilanyl 89.29620| 387.024| 399.641| 4+8. 99.539| 314.302| 18.206
SizHs' Cyclotrisilanyl cation 89.29565| 1096.095| 1101.488| +8. 98.930| 318.325| 18.785
SizHs Cyclotrisilanyl anion 89.29675| 147.948| 166.494| +8. 98.121| 307.705| 18.005
SizHe Cyclotrisilane 90.30414| 257.314| 273.626| +8. [105.306| 304.512| 18.965
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Mol. Wgt. DiHagg DiHo | £ kKJ/ | Cpaes Sogs Hags-Ho
g/mol| kJ/mol| kJ/mol|{mol |J/(mol |J/(molK) | kJ/mol

Compounds K)

SisHs' Cyclotrisilane cation 90.30359| 1063.513| 1071.472| +8. |111.575| 319.427| 20.369
SisHal Cyclotrisilane anion 90.30469| 289.248| 310.386| +8. |108.758| 314.228| 19.588
SizH; n-SiH3-SiH,-SiH,- 91.31208| 262.379| 280.452| +8. |114.942| 354.048| 21.217
SizH;+ Nn-SiH3-SiH»-SiHpx, 91.31153| 965.767| 996.160| +8. |116.509| 347.994| 21.336
SisH;- n-SiH3-SiH,-SiH,- 91.31263 56.170 79.445| +8. |113.947| 346.165| 20.944
SizH; i-SiH3-SiH«-SiH3 91.31208| 251.718| 269.829| +8. |113.162| 339.966| 21.188
SisH;+ i-SiH3-SiH«-SiH5+ 91.31153| 977.584| 987.432| +8. |115.382| 344.968| 22.331
cation

SigH7- i-SiH5-SiH«-SiHg- anion | 91.31263| 28.806| 52.471| +8. |110.578| 334.645| 21.152
SizHg Trisilane 92.32002| 109.228| 131.052 8. 112.552| 343.103| 21.700
SisHSI Trisilane anion 92.32057 122.122 147.101 | 8. 123.630 346.629 23.036
SiyH; Cyclotetrasilanyl 119.39758| 339.182| 358.382|+12. 132.552| 360.528| 23.309
SisH;" Cyclotetrasilany! radical 119.39703 | 1026.227 | 1038.433 | +12. 134.837| 350.763| 23.408
cation

Si4H7' Cyclotetrasilanyl radical | 119.39813| 108.800| 133.735|+12. 131.810| 351.163| 23.105
anion

SiyHg Cyclotetrasilane 120.40552| 201.058| 224.213|+12. 137.843| 342.156| 23.587
Si,Hg" Cyclotetrasilane cation 120.40497 | 1062.080| 1075.116 | +12. 147.644| 385.233| 26.790
Si,Hg SiH3-SiH,»-SiH,-SiH* 121.41346| 293.750| 317.669| +12. |149.814| 409.481| 27.658
SisHg+ SiH3-SiH,-SiH,-SiH+ 121.41291| 939.986| 958.090| +12. |146.722| 380.952| 25.276
SisHo- SiH3-SiH,-SiH,-SiH,- 121.41401| 77.123| 105.169| +12. |[149.771| 394.291| 27.658
SisHg  SiH3-SiH*-SiH,-SiH; 121.41346| 285.869| 309.074| +12. |151.369| 405.267| 27.761
SisHg+ SiH3-SiH*-SiH,-SiH4+ 121.41291| 984.922| 1006.100| +12. |147.899| 399.839| 28.157
SisHge- SiH3-SiH*-SiH,-SiH5- 121.41401 47.910 76.253| +12. |148.389| 386.626| 27.427
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Mol. Wgt. DiHjgg DiHo |+ kJ/ [ Cpaos Sa2os Hag8-Ho
g/mol kJ/mol kJ/mol |mol J/(mol |J/(mol K) | kd/mol

Compounds K)

SizHg  (SiH3),-SiH-SiH,* 121.41346| 287.550| 310.681| #£12. |153.868| 403.944| 27.845
SizHg+ (SiH3),-SiH-SiH*+ 121.41291| 993.951| 1008.415| #£12. |[151.507| 404.473| 28.292
SizHg-  (SiH3),-SiH-SiH,*- 121.41401 66.328 93.914| +12. |153.044| 397.181| 27.769
SisHg  (SiH3)sSi* 121.41346| 270.596| 293.485| +12. |148.452| 398.748| 28.087
SiyHg- (SiH3)3Si*- anion 121.41401 17.853 46.024 | +12. |150.442| 381.591| 27.264
SizsH;o n-Tetrasilane 122.42140| 142.863| 170.592| =+12.|152.455| 407.440| 27.482
Si,Hy, n-Tetrasilane anion 122.42195| 128.330| 159.870| =+12.[159.029| 430.902| 29.868
SisHg Cyclopentasilanyl radical | 149.49896| 327.406| 352.193|+15. |168.977| 414.872| 29.407
SisHe" Cyclopentasilanyl cation | 149.49841 | 1027.423 | 1044.105 | +15. | 172.120| 421.981| 30.445
SisH, Cyclopentasilanyl anion | 149.49951| 79.813| 109.943[+15. [168.489| 408.458| 29.396
SisH;o Cyclopentasilane 150.50690| 189.397| 218.051|#15. 173.967| 401.697| 29.774
SisHio" Cyclopentasilane 150.50635| 1058.569| 1076.882 | +15. 185.851| 430.374| 32.990
cation

SisH» n-Pentasilane 152.52278 177.37 210.79 | +15. 178.296| 488.638| 33.477
SisH;, n-Pentasilane anion 152.52333| 144.50| 181.94|+15. [184.268| 508.548| 35.649
SigH;; Cyclohexasilanyl 179.60034| 351.611| 381.832|%20. 205.391| 465.188| 35.658
SigH11 "~ Cyclohexasilanyl cation | 179.59979 | 1039.444 | 1061.152 | +20. 208.642| 468.661| 36.538
SigH1:' Cyclohexasilanyl anion | 179.60089 | 99.118| 134.541(+20. [204.763| 457.281| 35.598
SigH1, Cyclohexasilane 180.60828 | 212.476| 246.543|%20. 210.583| 447.199| 36.045
SigH1," Cyclohexasilane cation | 180.60773| 1074.209 | 1098.128 | +20 222.369| 474.835| 38.858
SigH1, Cyclohexasilane anion | 180.60883| 204.191| 241.492[+20. [216.896| 465.731| 37.900
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Table 2 Thermochemical properties of Organic Si containing compounds. Molecular Weights,
DiHz9s , DiHo , Cp29s,S20s, Ha9s-Ho. The standard state corresponds to a pressure of 1 bar and
298.15K.

Compound Mol. Wgt. | DHoeg DrHo * Chp2es S8 Ha0g-Ho

g/mol kJ/mol kJ/mol kd/mo [J/(mol |J/(mol kJ/mol

I K) K)

CH,Si HSi=CH 42.11208| 452.424| 453.661|%8. 47.841 |241.991 |11.503
CH,Si' HSi=CH anion 42.11263| 338.644| 346.284|8. 47.098 |248.026 |11.170
CH,Si H,C=SiH, 44.12796| 187.276| 196.311|z8. 56.872 |245.568 |12.168
CH,Si* H,C=SiH, 44.12741| 1051.435| 1053.766 | £8. 58.636 |253.837 |12.464
CH,Si' H,C=SiH, anion 44.12851| 177.426| 191.439|48. 62.287 |264.645 |13.165
CHsSi* CH3-SiH,* radical 45.13590| 141.879| 154.470|+8. 61.598 |258.522 |12.851
CHsSi*" CH5-SiH,*" cation 45.13535| 864.938| 869.895|8. 58.975 |263.859 |13.358
CHsSi* CH3-SiH,* anion 45.13645 22.434 40.694 | £8. 61.340 |256.661 |12.773
CH3SiH; CH3SiH3; Methylsilane 46.14384| -27.420| -11.579|z8. 66.009 |267.332 |13.827

CH3SiH3+ CHssiH3+ Methylsilane 46.14329| 1001.110| 1007.766 | 8. 81.219 |285.168 |[16.670
cation

CH¢Si, CH3SiH,SiH 74.22934| 247.902| 262.599 |+8. 93.052 |313.855 |18.196
CHeSi," CH5SiH,SiH cation 74.22879| 1038.277 | 1045.198 | +8. 95.143 [343.868 |18.756
CH¢Si, CH5SiH,SiH anion 74.22989| 82.365| 108.692 |+8. 92.630 |338.515 |18.053
C,H,Si CH,=CH-SiH 56.13866| 307.432| 315.538|+8. 65.371 |278.892 |14.155
C,H,Si" CH,=CH-SiH cation 56.13111| 1122.630 | 1124.454 | +8. 65.910 |276.057 |13.997
C2H4Si' CH,=CH-SiH anion 56.13921| 200.882| 214.961|+8. 67.638 |276.355 |14.121
C,HgSi CH,=CH-SiH, 58.15454| 90.174| 106.267 |+8. 75.903 [280.937 |14.636
C,HgSi" CH,=CH-SiHj; cation 58.15399 | 1062.586 | 1070.361 | +8. 80.135 [300.154 |16.145
C,HeSi' CH,=CH-SiH; anion 58.15509| 165.192| 183.899 |+8. 89.718 [303.118 |17.357
C,HeSi CH,=SiH-CH,4 58.15454| 125.817| 140.865 |+8. 82.212 |287.045 |15.681
C,HeSi" CH,=SiH-CHj cation 58.15399| 938.099| 945.379 |+8. 81.677 |302.032 |16.633
C,H¢Si' CH,=SiH-CHs anion 58.15509| 131.628| 151.072|+8. 87.328 [299.695 |16.631
C,HgSi H3C-SiH,CH, 60.17042| -88.190| -65.677|+8. 90.149 [289.540 |16.683
C,HgSi" CH5SiH,CH;' cation 60.16987 | 893.340| 906.884 |+8. 104.302 |313.942 [19.455
C,HgSi' CH3SiH,CH;' anion 60.17097 68.684 96.104 | +8. 08.317 |303.243 |17.974
C,HsSi C,HsSiH; 60.17042| -36.116| -12.942|+8. 85.192 |291.590 |16.023
C,HgSi* C,HsSiH;" cation 60.16987 | 929.961| 943.743|48. 96.348 [307.231 |17.853
C3HeSi Si(CH,); radical 73.18906| 24.175| 48.091 |+8. 112.449 |324.106 |20.568
C3H10Si (CH3)sSiH 74.1970| -153.193| -125.366 |+8. 117.339 {319.711 |20.891
C4H1,Si Si(CHg)4 88.22358| -219.338| -186.489 | +8. 145.448 |344.106 |25.391
C4H1,Si" Si(CH3)," cation 88.22303| 706.536| 728.016|+8. 156.214 |361.645 |27.654
C4H1,Si (C,Hs),SiH, 88.22358| -106.002| -72.329|+8. 129.567 |372.008 |24.567
C4H1,Si" (C,Hs),SiH," cation 88.22303| 821.349| 845.565 |+8. 140.733 [386.178 |26.787

40




Compound Mol. Wgt. | DiHpgg DiH, * Chp20s Soos Hog-Ho
g/mol kJ/mol |kJ/mol |kJ/mo |J/(mol |J/(mol |kJ/mol
| K) K)
C¢HsSi CgH5-SiH3 Phenylsilane 108.21322| 123.056| 146.625| +8. |114.369| 337.995| 19.842
C¢HsSi  CgHs-SiH3 ™ Phenylsilane | 108.21377| 164.700| 191.615| 8. |128.950| 349.744| 22.002
anion
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