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ABSTRACT

Bullvalene CioHio is a paragon fluxional molecule which possesses 10!/3= 1,209,600
equivalent isomers isomerizing along a network of 10!/(3x14/3)=259,200 -cyclic
isomerization paths, with 14 isomers in each cycle. We show herein that 1,10-dicyano
substitution restricts the fluxionality of bullvalene to just 14 isomers of
1,10-dicyanobullvalene which isomerizes over just one single path. On the contrary,
9,10-dicyano substituted bullvalene (9,10-C1oHs(CN)2) cannot restrict the fluxionality of
its parent bullvalene. The restricted fluxionality of CioHs(CN). is investigated here by
means of various analyses. The main contents of the thesis are summarized as follows:

1. Restriction on molecular fluxionality in dicyanobuvallene 1,10-C1oHs(CN):

On the basis of the known bullvalene C3, CioH1o, Cs 1,10-C1oHs(CN)> was obtained
by manually substituting two H atoms with two CN groups. (1) Bonding analyses of the
isomer structures 1,10-CioHs(CN), using the adaptive natural density partitioning
(AANDP). (ii) Quantum dynamical simulations of the isomerizations along the cyclic
intrinsic reaction coordinate of the potential energy surface (PES). The PES possesses 14
equivalent potential wells supporting 14 isomers which are separated by 14 equivalent
potential barriers supporting 14 transition states. Accordingly, at low temperatures,
1,10-C10Hs(CN); appears as a hindered molecular rotor, without any delocalization of the
wavefunction in the 14 potential wells, without any nuclear spin isomers, and with
completely negligible tunnelling. These results are compared and found to differ from
those of the previously reported boron molecular rotors. (iii) Born-Oppenheimer
Molecular Dynamics (BOMD) simulations of thermally activated isomerizations of
1,10-C1oHg(CN): (iv) Calculations of the isomerization rate constants in the framework
of transition state theory (TST), with reasonable agreement achieved with the BOMD
results. (v) Simulations of the equilibration dynamics using rate equations for the
isomerizations with TST rate coefficients. Accordingly, in the long-time limit,
isomerizations of the 14 isomers, each with Cy symmetry, approach the “14 C; — C3”
equilibrium structure. This is a superposition of the 14 equally populated isomer
structures with an overall C7;, symmetry. By extrapolation, the results for

1,10-C10Hs(CN): yield working hypotheses for the so far un-explored properties e. g. for

11l



the equilibration 7, geometry of CioHio.

2.Unrestriction on molecular fluxionality in dicyanobuvallene 9,10-CoHs(CN):

As a comparison, we analyzed another low-energy isomer of dicyanobullvalene,
9,10-C10H3(CN)2, which was also manually constructed. (i) Two isomerization pathways
of 9,10-C10Hg(CN)2 were confirmed through the energy barrier of isomerization reaction
and adaptive natural density partitioning (AdANDP) bonding analysis. (ii)) The
Born-Oppenheimer molecular dynamics (BOMD) simulations at 1000 K showed two
different isomerization paths during the fluxional process. (iii) We calculated the rate
constants of two isomerization paths within the framework of transition state theory (TST)
and the results show that the difference in reaction rates between the isomerization
mechanisms is very small. We conclude that 9,10-CioHs(CN)2 does not limit the

fluxionality of bullvalene.

Keywords: Bullvalene, Dicyanobullvalene, Fluxionality; Isomerization, Thermally

Averaged Structure.
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