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Abstract: We used a combination of MD simulations and DFT calculations to reveal the precise chemical mechanism underlying the conversion 
of boronated nucleosides to natural nucleosides in the presence of hydrogen peroxide, which was recently experimentally demonstrated by 
Morihiro and Obika et al. (Chem. Sci. 2018, 9, 1112). Our results show that this process is initiated by the H2O2 deprotonation to a base concerted 
with the nucleophilic attack of the resulting OOH– anion onto the boron atom as the rate-limiting step of the overall transformation. This 
liberates a free base, followed by the 1,2-rearrangement to the C–OOH– adduct. Lastly, breaking of the O–O bond within the peroxide moiety 
cleaves the boron–carbon bond, giving boronic acid ester and the matching ketone as the final products. The obtained reaction profiles 
successfully interpret a much higher conversion rate of the thymine derivative over its guanine analogue, and rationalize why t-Bu-
hydroperoxide is hindering the conversion, thus placing both aspects in firm agreement with experiments. The offered insight represents a 
promising tool for the future synthetic approaches of stimuli-responsive biomolecules, especially chemically caged prodrug-type nucleic acid 
therapeutics, bearing significant importance due to their application potential in diagnostics and therapy of various genetic disorders. 
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INTRODUCTION 
TIMULI-responsive biomolecules have attracted grow-
ing attentions because of the possibility to control 

their functions and processes in biological environments, 
which opens the door for their potential application in the 
fields of chemical and synthetic biology. As a typical exam-
ple, photo-caged systems, which feature a photo-remova-
ble chemical group bound to a target biomolecule, have 
been explored for decades.[1] These are based on tempo-
rarily masking the activity of an investigated biomolecule, 
which can be restored by an external stimulus, such as 
photo-irradiation, to remove the introduced chemical 
groups (decaging). Moreover, recent progress and deeper 
understanding of bio-orthogonal chemical reactions have 
extended the scope of the stimuli towards other means of 

the bond cleavage reactions,[2] including Diels–Alder reac-
tion-triggered decaging to release active proteins,[3] a phos-
phine-mediated Staudinger reduction capable of activating 
proteins,[4] or a hydrogen peroxide (H2O2) mediated decag-
ing of proteins with phenylboronic acid derivatives.[5] 
Considering these seminal works on proteins and their pro-
gress, chemically caged nucleic acids are not yet sufficiently 
explored. 
 Deoxyribonucleic acid (DNA) is widely regarded as 
the cornerstone of biological heredity and a conveyor of 
genetic information.[6] The highly sensitive detection of dis-
tinct genetic sequences plays a pivotal role in gene therapy, 
medical diagnostics, food safety, biodefense applications, 
and environmental monitoring.[7] Highly sensitive DNA 
probes may thus be used as an effective tool for the early 
stage detection of genetic disorders, such as cancer,[8] 
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where both the sheer volume of the number of reported 
cases and the huge death toll indicate the importance of 
the development of efficient strategies for the early detec-
tion of these diseases to safeguard human health and 
further the advancement of allied research areas.[9]  
 With this in mind, it comes as a no surprise that sev-
eral antisense oligonucleotides (ASOs) have been under 
clinical development for the last few decades due to their 
promising therapeutic and diagnostic applications.[10] ASOs 
hybridize with complementary mRNA to regulate specific 
gene expression either via RNase H-induced strand scission, 
translational arrest caused by the steric blockade of the fac-
tors involved in translation, splicing and metabolism, or via 
splice switching.[10,11] Several antisense drugs have been 
approved by pharmaceutical regulatory agencies in recent 
years.[10,12] Although ASOs offer great potential to be a sim-
ple approach for the rational design of effective therapeu-
tics, their poor nuclease stability, binding affinity, 
physicochemical and pharmacokinetic properties are often 
cited as barriers to antisense drug development.[13] In order 
to improve in vivo pharmacokinetics, regulate the activity 
in a desirable manner and reduce the off-target effects of 
ASOs, using a desired stimuli-responsive moieties could be 
a valuable tool. 
 Small molecules can trigger the selective decaging to 
restore active biomolecules even in living cells.[2b,14] In 
addition, the chemical environment inside cells, which var-
ies depending on the physiological condition, can be 
employed to alter the properties of nucleic acids under a 
specific biomarker. It is known that while normal cells show 
very low reactive oxygen species (ROS) levels, cancer cells 
and inflamed cells exhibit increased levels of intracellular 
ROS including hydrogen peroxide, hydroxyl radical and 
superoxide anion.[15] H2O2 – a prominent ROS with a crucial 
role in carcinogenesis and cancer development[16] – is 
present in significant concentrations in vivo, and is thus an 
ideal candidate as a biomarker of tumors. The H2O2 levels 
in cancer cells are found to be in the range of 1 – 5 mM, 
significantly higher than those in normal cells (≈ 0.5 μM –  
1 mM).[17] These biological features of cancer and inflamed 
cells provide an opportunity for the selective prodrug 
design.[18]  
 In synthetic organic chemistry, H2O2 is a good 
uncharged nucleophile and can be used as a two-electron 
electrophilic oxidant.[18c] Moreover, it is well established 
that alkyl- or aryl boronic acids and their esters can be eas-
ily dissociated by H2O2 to the products which do not show 
any cytotoxicity, suggesting that the reaction between 
boronate moiety and H2O2 is chemospecific, bioorthogonal 
and biocompatible,[18] on top of the fact that many boron-
containing compounds are already in the clinical use.[19] 
Along these lines, Morihiro and Obika et al.[18b] very 
recently prepared a series of boronated nucleosides (Figure 

1A) and introduced O4-(4-boronobenzyl)-modified thymine 
into ASOs for the H2O2-triggered gene silencing in mamma-
lian cells. Namely, they masked the Watson-Crick face of 
the nucleobase with pinacol borane that sterically hindered 
duplex formation between the ASO and target mRNA. In 
the presence of H2O2, the boronate group was swiftly 
removed, resulting in gene silencing through hybridization 
of the ASO to the target mRNA. Although the authors pro-
posed that phenylboronic acid pinacol ester is first oxidized 
to phenol derivative by H2O2 and subsequent 1,6-elimina-
tion releases the active molecule (Figure 1B), the mecha-
nism of the activation is not fully clarified. In this work, we 
used a combination of molecular dynamics (MD) simula-
tions and density functional theory (DFT) calculations to 
provide deeper insights into the H2O2-triggered ASO activa-
tion and reveal that its precise chemical mechanism follows 
a different reaction sequence. Specifically, the reaction is 
initiated by the H2O2 deprotonation to a base concerted 
with the nucleophilic attack of the resulting HOO– onto the 
boron atom, being the rate-limiting process of the overall 
transformation. This liberates a free base, while the rest of 
the system undergoes an internal rearrangement from the 
boron-bound HOO– to a neighboring carbon-bound HOO– 
derivative. The following breaking of the O–O bond within 
the peroxide cleaves the carbon-boron bond, yielding 
boronic acid pinacol ester and the corresponding ketone as 
the final products. The obtained insight represents a prom-
ising tool for future synthetic approaches of prodrug-type 
nucleic acid therapeutics for selective disease treatment. 

 

 

Figure 1. (A) Structure of investigated boronated nucleosides 
based on thymine (1) and guanine (2), reactive oxygen species 
(3), and final products after the conversion (4–7).  
(B) Proposed mechanism for the H2O2-triggered conversion of 
boronated nucleosides to the corresponding natural 
nucleosides as suggested by Morihiro and Obika et al.[18b] 
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COMPUTATIONAL DETAILS 

Molecular Dynamics Simulations 
Molecular dynamics simulations were performed in order 
to sample the conformational space of the reacting 
complexes and elucidate representative structures for the 
subsequent density functional theory analysis. For all 
reactants, geometry optimization and RESP charge 
calculations were performed with the Gaussian 16 
program[23] at the HF/6–31G(d) level to be consistent with 
the employed GAFF force field. The formed reaction 
complexes were solvated in a truncated octahedral box of 
TIP3P water molecules spanning a 10 Å thick buffer and 
submitted to geometry optimization in AMBER16 
program,[24] employing periodic boundary conditions in all 
directions. Optimized systems were gradually heated from 
0 to 300 K and equilibrated during 30 ps using NVT 
conditions. This was followed by productive and 
unconstrained MD simulations of 300 ns employing a time 
step of 2 fs at a constant pressure (1 atm) and temperature 
(300 K), the latter held constant using Langevin thermostat 
with a collision frequency of 1 ps–1. The long-range 
electrostatic interactions were calculated employing the 
Particle Mesh Ewald method,[25] while the nonbonded 
interactions were truncated at 10.0 Å. Following MD 
simulations, the obtained structures were clustered 
according to the distance between the reactive oxygen 
atom on ROS and the boron atom on arylboronate-
modified nucleosides on every tenth structure from the last 
100 ns of simulations, and representative snapshots 
submitted to mechanistic DFT calculations. 

Density Functional Theory Calculations 
In order to minimize errors associated with the initial selec-
tion of starting geometries from MD trajectories, we tried 
several conformations of each reactive complex and pro-
ceeded with the mechanistic calculations using the most 
stable complexes. As a good compromise between accu-
racy and feasibility, all geometries were optimized in the 
gas-phase by the very efficient M06–2X/6–31+G(d) method 
with thermal Gibbs free energy corrections extracted from 
the corresponding frequency calculations without the scal-
ing factors. To account for the solvent effects, the final gas-
phase energies were corrected for the Gibbs solvation 
energies employing the SMD polarizable continuum model 
with all parameters corresponding to pure water, giving 
rise to (SMD)/M06–2X/6–31+G(d)//M06–2X/6–31+G(d) 
model employed here. The choice of this computational 
setup was prompted by its success in reproducing kinetic 
and thermodynamic parameters of various organic, organ-
ometallic and enzymatic reactions,[26] being particularly 
accurate for relative trends among similar reactants, which 

is the focus here. It is clear that such a methodology could 
be further improved by considering explicit solvation 
through any of the established QM/MM or EVB tech-
niques,[27] yet this is beyond the scope of current work, 
especially since experimental kinetic and thermodynamic 
parameters for the investigated processes are not known. 
All of the transition state structures were verified to have 
the appropriate imaginary frequency from which the corre-
sponding reactants and products were determined using 
the Intrinsic Reaction Coordinate (IRC) procedure.[28] 
Atomic charges were obtained by natural bond orbital 
(NBO) analyses[29] as the single-point calculations at the 
(SMD)/M06–2X/6–31+G(d) level. All of the calculations 
were performed using the Gaussian 16 software.[20] 

 

RESULTS AND DISCUSSION 
Structures of the investigated systems are depicted in 
Figure 1A and these involve boronated thymine (1) and 
guanine (2), as well as hydrogen peroxide (H2O2) and t-
butyl-hydroperoxide (TBHP) as reactive oxygen species. For 
the sake of simplicity, both nucleosides were truncated at 
the N-glycosidic position, where the sugar moiety was 
replaced by the N-methyl group. This is a reasonable 
approximation, since this position is very distant from the 
reactive boron-carbon bond in investigated nucleosides, 
and this modification should not have a significant impact 
on the obtained results. In this context, although our calcu-
lations were done on modified nitrogen bases, the 
obtained insight and conclusions are closely applicable to 
actual nucleosides as well, which is a terminology that we 
will keep throughout the text. The choice of these nucleo-
sides was prompted by the fact that Morihiro and Obika et 
al. demonstrated that, out of all four boronated systems, 
thymine derivative is most efficiently converted to the cor-
responding natural nucleoside, while guanine undergoes 
the least efficient conversion, both with H2O2.[18b] In addi-
tion, thymine is a pyrimidine, while guanine belongs to a 
purine class of nucleobases, which justifies their separate 
analysis. Lastly, both nucleosides were shown to be practi-
cally inactive towards TBHP, which deemed it worthwhile 
to investigate and rationalize such a dramatic influence of 
the t-Bu substituent effect on the reactivity. 
 Approach of H2O2 towards nucleosides generates 
reactive complexes in which one of the O–H groups forms 
a hydrogen bond with a base fragment, while the other is 
oriented in a way to stack above the aromatic phenyl ring 
(SP1, Figure 2). In 1, this hydrogen bond is established with 
the carbonyl oxygen on thymine, with the corresponding 
O∙∙∙O distance of 2.785 Å (SP1(1)). On the other hand, in 2, 
the latter is formed with the imino nitrogen in the five-
membered ring and the matching O∙∙∙N distance is slightly 
longer at 2.889 Å (SP1(2)). In both cases, this interaction  
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Figure 2. Geometries of selected stationary points (SP) and transition states (TS) for boronated thymine 1 and guanine 2. 

 

 

Figure 3. Reaction mechanism for the H2O2-triggered conversion of boronated nucleosides to natural nucleosides. The numbers 
indicate aqueous-phase Gibbs free-energies obtained by the (SMD)/M06–2X/6–31+G(d)//M06–2X/6–31+G(d) model (in  
kcal mol–1), and correspond to the depicted case for 1, while data in square brackets relate to the analogous situation in 2. 
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turns out to be crucial for the reactivity, as it enables the 
deprotonation of H2O2 to a base and the subsequent nucle-
ophilic reactivity of the formed perhydroxyl HOO– anion. 
The latter is accomplished onto the electrophilic site in 
nucleosides, which is a region around the B–C bond (Figure 
S1), which is exactly what needs to be cleaved to afford the 
final products.[18b] Without this deprotonation, the union-
ized H2O2 appears not to have enough nucleophilicity to 
perform the reaction, as all of our attempts to locate tran-
sition states (or even stable products) for its attack on the 
B atom or its neighboring aromatic C atom failed. Never-
theless, this is fully in line with the fact that, in organic 
chemistry, a typical H2O2-mediated oxidation is performed 
in the alkaline media,[20] where OH– performs the H2O2 
deprotonation (pKa = 11.54)[21] to give a nucleophilic HOO– 
anion. 
 With this in mind, we first investigated the approach 
of H2O2 towards the B atom in both 1 and 2 (Figure 3). In 
the transition structure TSSP1–SP2 there is a simultaneous 
formation of the new B–O bond accompanied with the per-
oxide deprotonation to a base (Figure 2). This reaction is 
feasible for both systems, yet the intrinsic barrier for 2 is by 
0.9 kcal mol–1 lower. This is easily explained knowing that 
guanine is a much stronger base than thymine,[22] therefore 
deprotonation to guanine is easier. However, guanine is a 
larger and more polar system, thus its solvation energy is 
higher, which makes it is less prone to oxidation. To firmly 
support that, our calculations for 1 and 2 gave the water-
solution solvation energies of –15.4 and –20.9 kcal mol–1, 
respectively. As a consequence, it is by 2.4 kcal mol–1 less 
favorable to form a reactive complex with 2 than it is with 
1, which increases the total activation free energy for 2 to 
33.2 kcal mol–1, being 1.5 kcal mol–1 higher than that for 1 
(Figure 3). This reaction gives a tetrahedral B–OOH– adduct 
SP2, and is slightly more favorable for guanine 2, although, 
for both nucleosides, the reaction is significantly ender-
gonic.  
 Following SP2, we investigated several mechanistic 
possibilities. A direct cleavage of the B–C bond, as proposed 
by Morihiro and Obika et al. to potentially give a phenol de-
rivative,[18b] does not offer good products. Namely, in this 
case, the mentioned C atom picks up hydrogen from the 
OOH group to form a phenyl moiety, which terminates the 
reaction. Analogously, the cleavage of the O–O bond within 
the peroxide and the formation of the OH adduct on the 
aromatic carbon atom is linked with a further barrier of 
28.8 kcal mol–1 for 1, which turns out to be one of the less 
feasible pathways, and later does not offer a viable route 
towards the final products. Interestingly, the formation of 
SP2 weakens the O–C bond connecting a base and a benzyl 
moiety, as evidenced in its elongation from 1.441 and  
1.438 Å in SP1 for 1 and 2, respectively, to 1.510 and 1.469 
Å in SP2, in the same order. This allows a very efficient 

release of a base, having a small barrier of 7.9 kcal mol–1 for 
1 and 17.3 kcal mol–1 for 2, to give a non-covalent complex 
between a base and the rest of the system (SP3), in which a 
base spontaneously tautomerizes to a more stable physio-
logical form, as in 4 and 5. It is worth noting that a significant 
difference in the height of these barriers in TSSP2–SP3 comes as 
a result of different extents of the O–C bond elongation, and 
is lower for a much longer O–C bond in SP2(1). A free base, 
then, leaves the complex, being favorable for both 1 (by  
5.2 kcal mol–1) and 2 (by 6.4 kcal mol–1), which allows it to 
undergo specific antisense pairing with the target DNA, 
thus forming basis for its potential therapeutic effect.  
 At this point on a reaction pathway, several observa-
tions are in place. Release of a free base leaves an interme-
diate SP4, which is high in energy (Figure 3), leading to a 
conclusion that it is not the end point of the whole process. 
Also, further steps, which should enable the thermody-
namic feasibility of the overall conversion, no longer 
depend on the initial substrate, as SP4 will be the same for 
all analogously boronated nucleosides. Yet, our calculations 
clearly show that the formation of SP4 is significantly more 
favorable for thymine 1 than it is for the guanidine ana-
logue 2. Namely, the overall barrier leading to SP4 is ΔG‡ = 
33.9 kcal mol–1 for 1, being 2.5 kcal mol–1 lower than for 2. 
Analogously, the reaction Gibbs free-energy until this point 
is ΔGR = 22.7 kcal mol–1 for 1, which is 5.3 kcal mol–1 more 
favorable than for 2 (Figure 3). Therefore, both kinetic and 
thermodynamic aspects strongly favor the transformation 
of 1 over 2. This is found in excellent agreement with 
experiments by Morihiro and Obika et al.,[18b] and nicely ex-
plains why thymine analogue 1 is much favorably converted 
to a free thymine 4 than 2 is to 5. The underlying reasons 
for that are several: (1) guanidine is larger and is better 
solvated in the solution, making it less prone to forming a 
reactive complex with H2O2 and undergoing the subse-
quent oxidation, and (2) its size allows the guanidine frag-
ment to more effectively distribute an excess positive 
charge formed upon its protonation in SP2, which leaves 
less positive charge around the bond connecting guanidine 
with the rest of the nucleoside, making its release less ef-
fective. The later is evidenced in the NBO charges at the 
corresponding oxygen atom in SP1 being –0.55 |e| for both 
1 and 2, respectively, which are changed to –0.58 and  
–0.60 |e| in SP2, in the same order.  
 SP4 intermediate features OOH– bound to the boron 
atom. From that, we considered several routes, but the 
only feasible pathway involved the cleavage of the B–OOH– 
bond and the 1,2-rearrangement to the C–OOH– adduct 
SP5. This is facilitated by the fact that the latter is by  
5.1 kcal mol–1 more stable, while the barrier to achieve it is 
moderate at 8.7 kcal mol–1. In the last step there is a 
cleavage of the O–O bond in the peroxide fragment 
accompanied by a simultaneous boron-carbon cleavage 
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and the B–O bond forming reaction (TSSP5–SP6, Figure 2). The 
barrier for this process is 23.5 kcal mol–1, and the reaction 
is highly exergonic to give SP6 involving a complex of 
boronic acid pinacol ester 6 and the matching ketone 7. 
Dissociation of both products is thermodynamically further 
favorable, giving the overall reaction free-energies of ΔGR = 
–91.1 kcal mol–1 for 1 and ΔGR = –85.8 kcal mol–1 for 2. It is 
worth noting that, on top of its demonstrated kinetic 
feasibility, the calculated thermodynamic aspects also 
support the conversion of 1 as more favorable, in line with 
experiment.[18b]  
 As an alternative, following the reactive complex 
SP1, the reaction could potentially proceed through the 
nucleophilic attack of H2O2 onto the aromatic carbon atom, 
since this site is also significantly electrophilic (Figure S1). 
This is an interesting pathway, since this process 
spontaneously liberates a base and immediately positions 
the resulting OOH– anion onto the aromatic carbon atom 
(SP2', Figure 4). Consequently, this sequence of events 
reduces the number of steps for the already demonstrated 
feasible pathway connecting SP1 to SP5 (Figure 3), which 
initially required three steps, into a single reaction. 
However the barrier for this process is very high, being ΔG‡ 
= 56.0 kcal mol–1 for 1 and ΔG‡ = 53.0 kcal mol–1 for 2, which 
is much higher than those calculated for the previous 
pathway. All of this renders the mechanism, which is 
initiated through the addition of H2O2 onto the aromatic 
carbon atom, as very implausible. 

 Unlike H2O2, which is a symmetrical molecule, its 
tert-butyl analogue TBHP is an unsymmetrical system, with 
the oxygen atom bearing the t-Bu group being considerably 
more nucleophilic than its O–H counterpart (Figure S1). 
Nevertheless, its initial reactive complex is identical to that 
of H2O2 in a way that a stable hydrogen bonding with a base 
is formed (SP1, Figure 2), with d(O∙∙∙O) = 2.761 Å in 1 and 
d(O∙∙∙N) = 2.798 Å in 2. However, although our attempts to 
model the analogous approach of the O(t-Bu) atom in TBHP 
on either boron or carbon atom in 1 and 2 gave stable prod-
ucts, such a reaction proceeds by cleaving the O–O bond in 
TBHP followed by the departure of the reactive hydroxyl 
anion OH–. The latter spontaneously binds to different po-
sitions on each nucleoside, thus preventing further conver-
sion, and not leading to final products. As an illustration, 
the attack of the O(t-Bu) atom on the aromatic carbon in 1 
is associated with a barrier of ΔG‡ = 89.4 kcal mol–1 and the 
produced OH– forms a chemical bond with the neighboring 
ortho-carbon on the phenyl ring, thus is clearly not feasible 
and unproductive. On the other hand, a scenario analogous 
to that depicted in Figure 3 would involve the attack of the 
less nucleophilic O(H) moiety on the boron atom. Still, dur-
ing this approach, TBHP rotates in a way to lose the hydro-
gen bonding with a base for the hydrogen bonding with one 
of the O-atom on the boronic ester (SP1'(2), Figure 2), thus 
giving the unproductive orientation. This is a stable struc-
ture, which is facilitated by the favorable C–H∙∙∙∙∙π 
interactions that t-Bu hydrogen atoms form with aromatic 

 

 

Figure 4. Alternative reaction pathway initiated through the nucleophilic attack of H2O2 onto the aromatic carbon atom in 
boronated nucleosides. The numbers indicate aqueous-phase Gibbs free-energies obtained by the (SMD)/M06–2X/6–
31+G(d)//M06–2X/6–31+G(d) model (in kcal mol–1), and correspond to the depicted case for 1, while data in square brackets 
relate to the analogous situation in 2. 
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moieties on both the phenyl group and a base. Still, in this 
orientation, the attack of the O(H) from TBHP onto the B-
atom is feasible and the barrier for that is reasonable at ΔG‡ 
= 34.4 kcal mol–1, with ΔGR = 13.2 kcal mol–1. Nevertheless, 
the product of that reaction is HOO– bound to the B-atom 
with a proton residing on the O(B) moiety. This prevents a 
favorable release of a base, and all other mechanistic 
options failed to give the right products. Alternatively, forc-
ing TBHP to approach the electrophilic B-atom in an orien-
tation that maintains the hydrogen bonding to a base, 
allows a mechanism analogous to that in Figure 3. How-
ever, the barrier for the transition SP1→SP2 with 1 is ΔG‡ = 
41.2 kcal mol–1, being 9.5 kcal mol–1 higher than in a reac-
tion with H2O2. This is found in excellent agreement with 
experiments,[18b] which revealed that the selectivity of 1 
towards H2O2 is around 16-times higher than towards 
TBHP. All of this lends strong credence to our results and 
supports the proposed mechanism. Moreover, this kinetic 
aspect is also combined with a better thermodynamic fea-
sibility of the whole transformation, which for H2O2 is  
ΔGR = –91.1 kcal mol–1 (Figure 3), while for TBHP it is ΔGR =  
–83.4 kcal mol–1.  
 Lastly, although Morihiro and Obika et al.,[18b] did not 
investigate the reactivity of TBHP with boronated guani-
dine 2, our calculations show that this process would be 
even less favorable than that for the mentioned reaction 
between H2O2 and 2. Specifically, the first transition state 
TSSP1–SP2 would be 44.0 kcal mol–1 above individual reac-
tants, 2.8 kcal mol–1 higher than with H2O2, while the reac-
tion Gibbs free-energy would be the least favorable of all 
examined here at ΔGR = –78.1 kcal mol–1. Along these lines, 
considering the mechanism presented in Figure 3, we can 
reasonably speculate that very low conversion rates of 1 with 
other reactive oxygen species examined experimentally,[18b] 
such as OCl•, HO•, tBuO•, O2• and NO, are likely attributed to 
(i) the non-existence of the acidic hydrogen in these systems, 
which would protonate the base and allows its effective 
release, and also to (ii) a well-demonstrated non-selective 
high reactivity of these open-shell systems,[15] which is 
certainly not limited to the most electrophilic regions around 
the B–C bond in 1–2. Any process other than that would give 
non-productive conversions of such and similar boronated 
nucleosides, and would disfavor the appropriate antisense 
pairing with target DNA molecules, thus is of no interest here.  
 

CONCLUSIONS 
In this work we used a combination of molecular dynamics 
simulations and density functional theory calculations to 
reveal the precise molecular mechanism governing the hy-
drogen peroxide-triggered conversion of boronated nucle-
osides into natural nucleosides, which was very recently 
experimentally demonstrated by Morihiro and Obika et 

al.[18b] By investigating several mechanistic possibilities, we 
showed that this process involves several steps and is initi-
ated by the nucleophilic attack of H2O2 onto the boron 
atom of the substrate, where the resulting B–O bond for-
mation is concerted with the hydrogen peroxide deproto-
nation to a base fragment. This is followed by the release 
of a free base, and the 1,2-rearrangement of the formed B–
OOH– adduct into the C–OOH– adduct. Lastly, the latter un-
dergoes the O–O bond cleavage within the peroxide moi-
ety, which gives boronic acid pinacol ester and the 
corresponding ketone as the final products. In this way our 
results contradict those by Morihiro and Obika et al.,[18b] 
which suggested that initial nucleosides are first oxidized to 
phenol derivatives and that a subsequent 1,6-elimination 
releases the active molecules. 
 The obtained kinetic and thermodynamic parame-
ters are consistent in confirming that the H2O2-mediated 
conversion of the thymine derivative 1 is more favorable 
than that of the guanine analogue 2, as its both activation 
and reaction free energies are by ΔΔG‡ = 2.5 kcal mol–1 and 
ΔΔGR = 5.3 kcal mol–1, respectively, more favorable than 
those calculated for 2. In this way, our results are found in 
excellent agreement with those reported experimen-
tally,[18b] which revealed the same trend among nucleo-
sides. In addition, we showed that the reaction with tBu-
derivative TBHP is hindered by the unproductive hydrogen 
bonding of its O–H moiety with the oxygen atom of the pi-
nacol fragment, which does not allow the protonation of 
the base moiety and its efficient release. Nevertheless, the 
overall conversion of 1 with TBHP is still possible, yet the 
calculated barrier is 9.5 kcal mol–1 higher than in the reac-
tion with H2O2. This also nicely ties in with Morihiro and 
Obika et al.,[18b] which revealed that the selectivity of 1 to-
wards H2O2 is around 16-times higher than towards TBHP. 
Taken all together, all of this lends credence to our results 
and strongly supports the proposed mechanism. 
 Given the growing attention and significant progress 
in the development, deeper understanding and wide-
spread application of stimuli-responsive proteins, we hope 
that presented results will aid in directing the attention of 
researchers towards reaching the same level of knowledge 
and sophistication with chemically caged nucleic acids. 
These may likely find their use in the early stage detection 
of genetic disorders, such as cancer, which is becoming of 
utmost importance and urgency from both the sheer vol-
ume of the number of reported cases of genetic disorders 
and the huge death toll. 
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Figure S1. Graphical representation of the contour values of the condensed Fukui function (f) based 
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CARTESIAN COORDINATES FOR COMPUTED STATIONARY POINTS 


 
 


System: 1 in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -1.566384   -0.687948   -0.458923 
      2          6           0       -0.712935    0.065120   -1.276211 
      3          6           0        0.571288   -0.382309   -1.578582 
      4          6           0        1.022826   -1.602531   -1.069429 
      5          6           0        0.178613   -2.362074   -0.252756 
      6          6           0       -1.100880   -1.908749    0.050841 
      7          6           0        2.408140   -2.110882   -1.381363 
      8          5           0       -2.999241   -0.183291   -0.127292 
      9          8           0       -3.863934   -0.844862    0.711210 
     10          6           0       -5.154542   -0.208562    0.578277 
     11          6           0       -5.941589   -1.011142   -0.456714 
     12          6           0       -4.768106    1.221361    0.073755 
     13          6           0       -5.772161    1.855367   -0.875413 
     14          6           0       -5.863526   -0.240082    1.922643 
     15          8           0       -3.537908    0.970796   -0.640929 
     16          6           0       -4.432509    2.183254    1.212615 
     17          8           0        4.026794    2.405414   -1.438983 
     18          6           0        4.172534    1.455598   -0.688694 
     19          7           0        4.952385    1.616796    0.477514 
     20          6           0        5.152315    0.590672    1.347631 
     21          6           0        4.615722   -0.641106    1.151329 
     22          6           0        3.826849   -0.745947   -0.045470 
     23          7           0        3.620919    0.213181   -0.898079 
     24          6           0        5.525837    2.938513    0.696335 
     25          6           0        4.801320   -1.802785    2.081835 
     26          8           0        3.292474   -1.954698   -0.252929 
     27          1           0        3.839204   -2.156183    2.465709 
     28          1           0        5.275330   -2.646478    1.570579 
     29          1           0        5.428718   -1.516930    2.930997 
     30          1           0        6.172841    3.203581   -0.142379 
     31          1           0        4.727744    3.681216    0.758151 
     32          1           0        6.099252    2.924331    1.624267 
     33          1           0        2.835911   -1.601288   -2.246709 
     34          1           0        2.398353   -3.189457   -1.550696 
     35          1           0        1.238574    0.218775   -2.190219 
     36          1           0        0.530827   -3.313164    0.142037 
     37          1           0       -1.060690    1.015143   -1.674296 
     38          1           0       -1.754122   -2.504815    0.683470 
     39          1           0       -6.804504    0.319693    1.873245 
     40          1           0       -6.094606   -1.275508    2.189728 
     41          1           0       -5.240822    0.185282    2.712460 
     42          1           0       -5.999188   -2.051756   -0.124932 
     43          1           0       -6.959222   -0.624805   -0.572892 
     44          1           0       -5.445227   -0.990467   -1.432338 
     45          1           0       -5.329559    2.472310    1.769525 
     46          1           0       -3.716168    1.735285    1.908978 
     47          1           0       -3.979027    3.083933    0.789205 
     48          1           0       -5.419593    2.848063   -1.170233 
     49          1           0       -5.899889    1.256647   -1.779657 
     50          1           0       -6.745625    1.968377   -0.384653 
     51          1           0        5.768289    0.817024    2.213885 
 --------------------------------------------------------------------- 
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System: 2 in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        2.902051   -1.884624   -1.083961 
      2          6           0        1.879138   -2.756831   -0.601063 
      3          1           0        1.830463   -3.542958   -1.359164 
      4          1           0        2.182022   -3.195474    0.353654 
      5          6           0        0.544791   -2.061154   -0.468333 
      6          6           0       -0.365015   -2.481171    0.503448 
      7          6           0        0.193323   -1.024472   -1.335855 
      8          6           0       -1.616043   -1.879269    0.601184 
      9          1           0       -0.086250   -3.275497    1.192913 
     10          6           0       -1.056459   -0.420710   -1.229453 
     11          1           0        0.905239   -0.690425   -2.086444 
     12          6           0       -1.981868   -0.838362   -0.262978 
     13          1           0       -2.318734   -2.209225    1.362586 
     14          1           0       -1.324338    0.388224   -1.904858 
     15          6           0       -5.380205    0.445932    0.722556 
     16          6           0       -5.188604    1.086696   -0.692146 
     17          5           0       -3.374709   -0.161108   -0.146282 
     18          8           0       -3.775269    0.898769   -0.923745 
     19          8           0       -4.341686   -0.557754    0.746523 
     20          6           0       -5.083434    1.420612    1.861403 
     21          1           0       -5.863139    2.184127    1.948183 
     22          1           0       -5.037359    0.860631    2.799810 
     23          1           0       -4.119664    1.918428    1.713137 
     24          6           0       -6.725514   -0.227831    0.940104 
     25          1           0       -7.540035    0.497549    0.832347 
     26          1           0       -6.882671   -1.043132    0.230838 
     27          1           0       -6.767232   -0.642080    1.951789 
     28          6           0       -5.510192    2.570576   -0.768422 
     29          1           0       -6.558111    2.750405   -0.502345 
     30          1           0       -4.871372    3.152086   -0.100424 
     31          1           0       -5.350078    2.927034   -1.790213 
     32          6           0       -5.925237    0.325927   -1.793757 
     33          1           0       -5.708197   -0.746103   -1.745506 
     34          1           0       -7.008343    0.468193   -1.722770 
     35          1           0       -5.587054    0.699077   -2.764646 
     36          6           0        3.378727   -0.967618   -0.238367 
     37          6           0        4.299836   -0.017032   -0.712225 
     38          6           0        4.745459    0.884278    0.259188 
     39          6           0        3.509542   -0.017074    1.853257 
     40          7           0        2.997874   -0.960743    1.026333 
     41          7           0        4.392104    0.933057    1.546847 
     42          7           0        3.025617   -0.035294    3.134584 
     43          1           0        2.570130   -0.886259    3.430076 
     44          1           0        3.568220    0.461531    3.826084 
     45          6           0        5.652783    1.270385   -1.699706 
     46          7           0        4.883467    0.245107   -1.936264 
     47          7           0        5.619926    1.710605   -0.390830 
     48          1           0        6.277998    1.765366   -2.432809 
     49          6           0        6.341282    2.816092    0.205400 
     50          1           0        6.937628    3.301019   -0.569211 
     51          1           0        5.637742    3.536320    0.629332 
     52          1           0        6.999132    2.452609    0.998404 
 --------------------------------------------------------------------- 


 
  







S5 
 


System: 3a in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0       -0.703514    0.117836   -0.055833 
      2          8           0        0.703609   -0.117893   -0.055729 
      3          1           0        1.020320    0.650172    0.446147 
      4          1           0       -1.021081   -0.649717    0.446347 
 --------------------------------------------------------------------- 


 
 


  







S6 
 


System: 3b in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        1.940596    0.098950   -0.148602 
      2          8           0        0.727178   -0.054207   -0.885047 
      3          6           0       -0.381572   -0.000300    0.032164 
      4          6           0       -1.579501   -0.138246   -0.901588 
      5          6           0       -0.311347   -1.164892    1.015710 
      6          6           0       -0.390518    1.344913    0.751352 
      7          1           0       -2.506506   -0.091753   -0.321962 
      8          1           0       -1.585556    0.671590   -1.637007 
      9          1           0       -1.547079   -1.094202   -1.433277 
     10          1           0       -1.273228    1.421996    1.394786 
     11          1           0        0.503112    1.456142    1.370755 
     12          1           0       -0.414664    2.161121    0.022812 
     13          1           0       -1.209390   -1.183952    1.641594 
     14          1           0       -0.248289   -2.115820    0.475272 
     15          1           0        0.558154   -1.068275    1.671882 
     16          1           0        2.358885   -0.763640   -0.301494 
 --------------------------------------------------------------------- 
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System: 4 in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          7           0        0.020504   -1.383128   -0.000095 
      2          6           0       -1.249970   -0.800080    0.000009 
      3          6           0       -1.238811    0.663965    0.000050 
      4          6           0       -0.043436    1.288647   -0.000141 
      5          7           0        1.170593    0.633814   -0.000359 
      6          6           0        1.247660   -0.748875   -0.000055 
      7          8           0       -2.251089   -1.492512    0.000029 
      8          6           0       -2.560049    1.370191    0.000100 
      9          6           0        2.440429    1.352345    0.000162 
     10          8           0        2.307442   -1.346816    0.000133 
     11          1           0       -3.147719    1.087700    0.879018 
     12          1           0       -2.424122    2.455040    0.000387 
     13          1           0       -3.147595    1.088143   -0.879049 
     14          1           0        3.020413    1.087055    0.886507 
     15          1           0        3.020758    1.087780   -0.886183 
     16          1           0        2.231325    2.422263    0.000583 
     17          1           0        0.028484    2.372490   -0.000202 
     18          1           0        0.055021   -2.397817    0.000071 
 --------------------------------------------------------------------- 
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System: 5 in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        1.654816    2.500134   -0.007266 
      2          6           0        1.132312    1.405692    0.001760 
      3          6           0       -0.254749    1.016026    0.010587 
      4          6           0       -0.562790   -0.338850    0.001758 
      5          6           0        1.529219   -1.062724   -0.001924 
      6          7           0        1.956692    0.237200   -0.006399 
      7          7           0        0.272888   -1.413088    0.010076 
      8          7           0        2.508792   -2.028474   -0.069153 
      9          1           0        3.374966   -1.839358    0.419401 
     10          1           0        2.147719   -2.959584    0.099133 
     11          6           0       -2.366615    0.901849    0.004225 
     12          7           0       -1.398950    1.777173    0.011091 
     13          7           0       -1.924609   -0.404510   -0.001729 
     14          1           0       -3.424665    1.131435    0.002347 
     15          6           0       -2.715652   -1.619215   -0.007699 
     16          1           0       -2.471831   -2.220549   -0.886179 
     17          1           0       -2.514678   -2.204022    0.892774 
     18          1           0       -3.771130   -1.344453   -0.035798 
     19          1           0        2.947052    0.440692   -0.093002 
 --------------------------------------------------------------------- 
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System: 6a in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          5           0        1.589638   -0.070335    0.017200 
      2          8           0        0.792174   -1.099871    0.448248 
      3          6           0       -0.554664   -0.770204    0.051267 
      4          6           0       -0.805049   -1.444321   -1.296975 
      5          6           0       -0.500596    0.792658   -0.053816 
      6          6           0       -1.409225    1.391747   -1.114660 
      7          6           0       -1.521725   -1.302898    1.096089 
      8          8           0        0.875399    1.023786   -0.427133 
      9          6           0       -0.723597    1.483458    1.290503 
     10          8           0        2.946192   -0.134811    0.032058 
     11          1           0        3.350003    0.693775   -0.256959 
     12          1           0       -2.545586   -0.983304    0.870956 
     13          1           0       -1.495340   -2.396482    1.093363 
     14          1           0       -1.255482   -0.958476    2.097578 
     15          1           0       -0.627053   -2.518006   -1.189802 
     16          1           0       -1.834640   -1.292356   -1.636228 
     17          1           0       -0.123826   -1.060317   -2.063558 
     18          1           0       -1.766262    1.403120    1.613699 
     19          1           0       -0.083285    1.051829    2.066901 
     20          1           0       -0.471484    2.542884    1.187808 
     21          1           0       -1.306964    2.481033   -1.111787 
     22          1           0       -1.152767    1.027232   -2.111600 
     23          1           0       -2.456493    1.145266   -0.906216 
 --------------------------------------------------------------------- 
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System: 6b in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -3.913493   -0.907889   -0.325147 
      2          6           0       -2.702906   -0.040999    0.004795 
      3          6           0       -2.671662    1.196902   -0.891305 
      4          8           0       -1.564720   -0.875384   -0.279784 
      5          5           0       -0.277011   -0.488870   -0.150375 
      6          8           0        0.760690   -1.302063   -0.551745 
      7          6           0        1.975108   -0.704487   -0.062895 
      8          6           0        2.290878   -1.352969    1.284652 
      9          6           0       -2.706180    0.343329    1.483669 
     10          8           0        0.165502    0.714087    0.373343 
     11          6           0        1.573932    0.802473    0.072414 
     12          6           0        2.274400    1.551926    1.193941 
     13          6           0        1.703382    1.569250   -1.243218 
     14          6           0        3.095234   -0.975440   -1.054710 
     15          1           0       -3.616564    0.902794    1.723715 
     16          1           0       -2.682220   -0.558526    2.104474 
     17          1           0       -1.840766    0.965070    1.728197 
     18          1           0       -2.617906    0.896479   -1.943153 
     19          1           0       -3.582415    1.787817   -0.747677 
     20          1           0       -1.809270    1.827415   -0.657191 
     21          1           0       -3.909108   -1.811459    0.292099 
     22          1           0       -4.841547   -0.357812   -0.139158 
     23          1           0       -3.886226   -1.209238   -1.376767 
     24          1           0        3.359477    1.546011    1.040132 
     25          1           0        1.936501    2.592542    1.207430 
     26          1           0        2.054117    1.108464    2.167325 
     27          1           0        1.217248    2.543159   -1.132275 
     28          1           0        2.751956    1.732247   -1.511827 
     29          1           0        1.212380    1.032013   -2.061679 
     30          1           0        3.241870   -0.993602    1.690837 
     31          1           0        1.499683   -1.150860    2.014382 
     32          1           0        2.357014   -2.435624    1.144813 
     33          1           0        3.312223   -2.047450   -1.076150 
     34          1           0        2.816384   -0.664957   -2.063925 
     35          1           0        4.008286   -0.445827   -0.759405 
 --------------------------------------------------------------------- 
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System: 7 in Figure 1 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -1.482839   -0.000000    0.000030 
      2          6           0       -0.705034   -1.259718   -0.000240 
      3          6           0        0.638094   -1.250918   -0.000212 
      4          6           0        1.399750   -0.000002   -0.000027 
      5          6           0        0.638087    1.250916   -0.000219 
      6          6           0       -0.705040    1.259722   -0.000226 
      7          6           0        2.745610    0.000003    0.000395 
      8          8           0       -2.704611   -0.000005    0.000428 
      9          1           0        3.311392   -0.927369    0.000438 
     10          1           0        3.311381    0.927379    0.000444 
     11          1           0        1.202201   -2.181133   -0.000322 
     12          1           0        1.202187    2.181134   -0.000348 
     13          1           0       -1.281020   -2.180105   -0.000315 
     14          1           0       -1.281016    2.180121   -0.000317 
 --------------------------------------------------------------------- 


 
 
  







S12 
 


System: SP1 for the system 1 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -1.246471   -1.285058   -0.394869 
      2          6           0       -0.617588   -1.066338   -1.629419 
      3          6           0        0.679051   -1.517299   -1.858633 
      4          6           0        1.368969   -2.209551   -0.861805 
      5          6           0        0.742866   -2.459614    0.362887 
      6          6           0       -0.550078   -1.994909    0.595621 
      7          6           0        2.811966   -2.610232   -1.061972 
      8          5           0       -2.644044   -0.661401   -0.108572 
      9          8           0       -3.222909   -0.645977    1.134977 
     10          6           0       -4.560944   -0.120628    0.971728 
     11          6           0       -5.498688   -1.321229    0.857316 
     12          6           0       -4.438540    0.688048   -0.362590 
     13          6           0       -5.697308    0.704355   -1.214169 
     14          6           0       -4.913991    0.715562    2.190877 
     15          8           0       -3.403800   -0.039246   -1.064281 
     16          6           0       -3.913250    2.107465   -0.153669 
     17          8           0        0.684268    1.317288    0.418365 
     18          8           0        0.055277    2.040670   -0.638187 
     19          1           0        0.800406    2.116784   -1.274880 
     20          8           0        2.615008    2.058952   -1.735288 
     21          6           0        3.144425    1.348997   -0.881226 
     22          7           0        3.675308    1.948280    0.267773 
     23          6           0        4.197843    1.200129    1.273381 
     24          6           0        4.258883   -0.157412    1.214313 
     25          6           0        3.699381   -0.704629    0.015375 
     26          7           0        3.231433   -0.011337   -0.980990 
     27          6           0        3.444487    3.381026    0.418387 
     28          6           0        4.805240   -1.028033    2.306675 
     29          8           0        3.648135   -2.043693   -0.034778 
     30          1           0        0.355592    0.412259    0.260277 
     31          1           0        4.036140   -1.708658    2.685420 
     32          1           0        5.634663   -1.644091    1.945641 
     33          1           0        5.166195   -0.417533    3.139104 
     34          1           0        3.833648    3.906901   -0.454020 
     35          1           0        2.368702    3.564487    0.492012 
     36          1           0        3.948171    3.724063    1.323031 
     37          1           0        3.172510   -2.293185   -2.043460 
     38          1           0        2.955670   -3.686337   -0.944710 
     39          1           0        1.185164   -1.278245   -2.790074 
     40          1           0        1.284714   -2.989172    1.143911 
     41          1           0       -1.136352   -0.492830   -2.392698 
     42          1           0       -1.024517   -2.164568    1.559094 
     43          1           0       -5.883578    1.206839    2.050319 
     44          1           0       -4.981326    0.069527    3.071283 
     45          1           0       -4.156184    1.477968    2.382461 
     46          1           0       -5.379459   -1.947079    1.746448 
     47          1           0       -6.544840   -1.005798    0.790534 
     48          1           0       -5.258420   -1.926551   -0.022756 
     49          1           0       -4.662955    2.742821    0.328959 
     50          1           0       -3.001104    2.109286    0.451682 
     51          1           0       -3.664846    2.536326   -1.128391 
     52          1           0       -5.516832    1.290659   -2.119818 
     53          1           0       -5.992067   -0.303966   -1.512846 
     54          1           0       -6.525061    1.167559   -0.665047 
     55          1           0        4.553653    1.753102    2.138204 
 --------------------------------------------------------------------- 


 
  







S13 
 


System: TSSP1SP2 for the system 1 in Figure 3 


Number of imaginary frequencies: 1 (νimag = –322 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.466836   -1.320515    0.190294 
      2          6           0       -0.339053   -1.453302    1.333559 
      3          6           0       -1.599474   -2.034959    1.260807 
      4          6           0       -2.086532   -2.496764    0.031438 
      5          6           0       -1.218432   -2.561645   -1.056812 
      6          6           0        0.052711   -1.994808   -0.966252 
      7          6           0       -3.571338   -2.503095   -0.184912 
      8          8           0       -4.115610   -1.186810    0.207477 
      9          6           0       -3.451724   -0.089919   -0.104950 
     10          6           0       -3.655055    1.044145    0.730849 
     11          6           0       -2.892187    2.134229    0.421008 
     12          7           0       -2.014475    2.128009   -0.617069 
     13          6           0       -1.908120    1.007366   -1.361789 
     14          7           0       -2.645030   -0.061751   -1.158398 
     15          8           0       -1.056926    1.068047   -2.377071 
     16          6           0       -1.135357    3.279359   -0.892754 
     17          6           0       -4.585615    0.988832    1.903573 
     18          5           0        1.607373   -0.179029    0.075900 
     19          8           0        2.520883   -0.322161   -1.038581 
     20          6           0        3.835207   -0.422237   -0.503555 
     21          6           0        4.148865   -1.906814   -0.286067 
     22          6           0        3.723707    0.353075    0.851382 
     23          6           0        4.719864   -0.090316    1.915257 
     24          6           0        4.826776    0.179078   -1.491620 
     25          8           0        2.406398    0.017186    1.284665 
     26          6           0        3.814840    1.870562    0.653309 
     27          8           0        0.821841    1.116257   -0.217072 
     28          8           0        0.190474    1.514906    1.014053 
     29          1           0       -0.346486    0.407080   -2.227982 
     30          1           0        0.940639    1.403419    1.633790 
     31          1           0       -5.603835    0.751385    1.582491 
     32          1           0       -4.269378    0.201981    2.595363 
     33          1           0       -4.597385    1.942001    2.437129 
     34          1           0       -0.107068    2.918280   -0.920768 
     35          1           0       -1.422478    3.724835   -1.846562 
     36          1           0       -1.263290    3.993370   -0.080840 
     37          1           0       -4.135949   -3.176233    0.462549 
     38          1           0       -3.832625   -2.682921   -1.230781 
     39          1           0       -2.259483   -2.021023    2.128549 
     40          1           0       -1.585439   -2.926304   -2.014995 
     41          1           0       -0.003002   -1.017421    2.271480 
     42          1           0        0.702894   -1.977370   -1.840963 
     43          1           0        5.836228    0.215413   -1.063746 
     44          1           0        4.861049   -0.437327   -2.396083 
     45          1           0        4.526940    1.189355   -1.780606 
     46          1           0        4.004274   -2.434031   -1.234609 
     47          1           0        5.180541   -2.066370    0.047704 
     48          1           0        3.465848   -2.338948    0.452785 
     49          1           0        4.833238    2.187331    0.400978 
     50          1           0        3.129136    2.196563   -0.134131 
     51          1           0        3.527323    2.363042    1.589633 
     52          1           0        4.592723    0.519931    2.815923 
     53          1           0        4.560479   -1.135993    2.188605 
     54          1           0        5.751191    0.032179    1.562420 
     55          1           0       -2.918411    3.046091    1.007057 
 --------------------------------------------------------------------- 
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System: SP2 for the system 1 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.263015   -0.936810   -0.579565 
      2          6           0       -0.332112   -2.117762   -0.104538 
      3          6           0       -1.624137   -2.479719   -0.474935 
      4          6           0       -2.349926   -1.678165   -1.364631 
      5          6           0       -1.694668   -0.614121   -1.997353 
      6          6           0       -0.409057   -0.251266   -1.603570 
      7          6           0       -3.841249   -1.708697   -1.340832 
      8          8           0       -4.328052   -0.957449   -0.124290 
      9          6           0       -3.522572    0.014331    0.288704 
     10          6           0       -2.709184   -0.073960    1.410069 
     11          6           0       -1.756018    0.933267    1.531202 
     12          7           0       -1.651874    1.971633    0.691234 
     13          6           0       -2.531000    2.145639   -0.379362 
     14          7           0       -3.499222    1.148636   -0.455836 
     15          8           0       -2.471395    3.058553   -1.167748 
     16          6           0       -0.494593    2.882942    0.735241 
     17          6           0       -2.713544   -1.246965    2.348507 
     18          5           0        1.537322   -0.234860    0.145003 
     19          8           0        2.158472    0.826016   -0.628309 
     20          6           0        3.504329    0.437296   -0.881567 
     21          6           0        3.539843   -0.311739   -2.218492 
     22          6           0        3.830732   -0.506768    0.323463 
     23          6           0        4.906495   -1.546228    0.034389 
     24          6           0        4.379546    1.681712   -0.960037 
     25          8           0        2.587891   -1.174907    0.531081 
     26          6           0        4.195029    0.280358    1.587541 
     27          8           0        0.996972    0.461765    1.391422 
     28          8           0        0.654003   -0.567312    2.334878 
     29          1           0       -4.097800    1.208075   -1.274764 
     30          1           0        1.489256   -1.076094    2.352372 
     31          1           0       -3.297537   -2.066679    1.927007 
     32          1           0       -1.686826   -1.584527    2.515891 
     33          1           0       -3.157248   -0.970889    3.310612 
     34          1           0        0.227758    2.568283   -0.024567 
     35          1           0       -0.848656    3.894466    0.540198 
     36          1           0       -0.029245    2.794357    1.713778 
     37          1           0       -4.276074   -2.696338   -1.187441 
     38          1           0       -4.299558   -1.227028   -2.209528 
     39          1           0       -2.108782   -3.337783   -0.010035 
     40          1           0       -2.226556   -0.016740   -2.739002 
     41          1           0        0.202030   -2.720943    0.625736 
     42          1           0        0.070704    0.619170   -2.049222 
     43          1           0        5.439360    1.412625   -1.046679 
     44          1           0        4.103259    2.269275   -1.841991 
     45          1           0        4.245180    2.310300   -0.076274 
     46          1           0        3.100430    0.330939   -2.988486 
     47          1           0        4.561548   -0.568028   -2.520930 
     48          1           0        2.947301   -1.230906   -2.159601 
     49          1           0        5.185281    0.743211    1.507714 
     50          1           0        3.448855    1.054464    1.788450 
     51          1           0        4.210961   -0.412446    2.436803 
     52          1           0        5.092934   -2.142299    0.934063 
     53          1           0        4.591663   -2.224205   -0.762398 
     54          1           0        5.848125   -1.065784   -0.258239 
     55          1           0       -0.994005    0.874546    2.302046 
 --------------------------------------------------------------------- 


 
  







S15 
 


System: TSSP2SP3 for the system 1 in Figure 3 


Number of imaginary frequencies: 1 (νimag = –309 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.309754   -0.912030   -0.518251 
      2          6           0       -0.232514   -2.126676   -0.036764 
      3          6           0       -1.486796   -2.543335   -0.422507 
      4          6           0       -2.234610   -1.784311   -1.366927 
      5          6           0       -1.620785   -0.651998   -1.973852 
      6          6           0       -0.378275   -0.232188   -1.549513 
      7          6           0       -3.608911   -1.994718   -1.510270 
      8          8           0       -4.541831   -0.817249   -0.097909 
      9          6           0       -3.714907    0.061391    0.270300 
     10          6           0       -2.828920   -0.046405    1.380757 
     11          6           0       -1.847023    0.903400    1.488305 
     12          7           0       -1.702514    1.949979    0.634586 
     13          6           0       -2.562986    2.137613   -0.435288 
     14          7           0       -3.578091    1.190653   -0.502869 
     15          8           0       -2.452783    3.029185   -1.251063 
     16          6           0       -0.547895    2.856396    0.715377 
     17          6           0       -2.924239   -1.205401    2.330734 
     18          5           0        1.582691   -0.192663    0.204237 
     19          8           0        2.190607    0.854489   -0.589027 
     20          6           0        3.529747    0.455939   -0.868677 
     21          6           0        3.534035   -0.296959   -2.203727 
     22          6           0        3.872534   -0.486071    0.333020 
     23          6           0        4.934946   -1.534144    0.028900 
     24          6           0        4.410257    1.694696   -0.968080 
     25          8           0        2.627194   -1.143837    0.567698 
     26          6           0        4.260953    0.303231    1.587986 
     27          8           0        1.019392    0.483740    1.431658 
     28          8           0        0.671348   -0.551033    2.364114 
     29          1           0       -4.205562    1.293639   -1.294846 
     30          1           0        1.526900   -1.015997    2.444897 
     31          1           0       -3.257027   -2.102227    1.801974 
     32          1           0       -1.946464   -1.402255    2.778953 
     33          1           0       -3.649000   -1.009513    3.128377 
     34          1           0        0.199910    2.568184   -0.028994 
     35          1           0       -0.895690    3.872411    0.529589 
     36          1           0       -0.106649    2.758473    1.704525 
     37          1           0       -4.085260   -2.863061   -1.067413 
     38          1           0       -4.166282   -1.481588   -2.287163 
     39          1           0       -1.943409   -3.428194    0.017372 
     40          1           0       -2.168229   -0.096174   -2.733854 
     41          1           0        0.329461   -2.693315    0.699393 
     42          1           0        0.077996    0.662054   -1.969406 
     43          1           0        5.466535    1.418459   -1.072232 
     44          1           0        4.121876    2.280384   -1.847187 
     45          1           0        4.294754    2.327618   -0.085032 
     46          1           0        3.081309    0.344824   -2.966650 
     47          1           0        4.548093   -0.557849   -2.526585 
     48          1           0        2.941843   -1.215783   -2.130673 
     49          1           0        5.251084    0.762290    1.489866 
     50          1           0        3.521911    1.081848    1.798760 
     51          1           0        4.288670   -0.386732    2.439021 
     52          1           0        5.132888   -2.128678    0.926959 
     53          1           0        4.602590   -2.212316   -0.760654 
     54          1           0        5.874456   -1.060944   -0.281189 
     55          1           0       -1.083516    0.830391    2.256075 
 --------------------------------------------------------------------- 


 


  







S16 
 


System: SP3 for the system 1 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          7           0       -3.660317    1.239252   -0.521339 
      2          6           0       -3.883654    0.117538    0.271606 
      3          6           0       -2.919596   -0.061356    1.338206 
      4          6           0       -1.905810    0.835950    1.441635 
      5          7           0       -1.737766    1.905295    0.598462 
      6          6           0       -2.593697    2.124962   -0.462469 
      7          8           0       -4.813614   -0.642889    0.004786 
      8          6           0       -3.072100   -1.232168    2.262177 
      9          6           0       -0.580449    2.800154    0.714351 
     10          8           0       -2.440550    3.008319   -1.286389 
     11          8           0        1.057773    0.471343    1.512568 
     12          8           0        0.713390   -0.592775    2.410430 
     13          5           0        1.621957   -0.157422    0.274334 
     14          8           0        2.668098   -1.123336    0.578609 
     15          6           0        3.910247   -0.467005    0.316067 
     16          6           0        4.340761    0.291476    1.575845 
     17          6           0        0.347244   -0.876790   -0.453461 
     18          6           0       -0.135943   -2.143689   -0.014984 
     19          6           0       -1.339737   -2.619414   -0.449016 
     20          6           0       -2.120189   -1.861693   -1.397459 
     21          6           0       -1.561650   -0.644837   -1.936234 
     22          6           0       -0.364660   -0.178013   -1.470257 
     23          6           0       -3.403234   -2.217625   -1.679929 
     24          8           0        2.204848    0.901869   -0.515214 
     25          6           0        3.532425    0.503957   -0.851293 
     26          6           0        4.414231    1.741331   -0.951841 
     27          6           0        3.486447   -0.216812   -2.202955 
     28          6           0        4.955663   -1.512898   -0.046353 
     29          1           0        1.583270   -1.018423    2.533176 
     30          1           0       -3.223471   -2.155222    1.691819 
     31          1           0       -2.178004   -1.345973    2.880845 
     32          1           0       -3.946568   -1.115760    2.911353 
     33          1           0        0.192282    2.525630   -0.009513 
     34          1           0       -0.914961    3.821194    0.530408 
     35          1           0       -0.167174    2.695128    1.715270 
     36          1           0       -3.863945   -3.090604   -1.225569 
     37          1           0       -4.019745   -1.631941   -2.355547 
     38          1           0       -1.750833   -3.553879   -0.072806 
     39          1           0       -2.130972   -0.095837   -2.683784 
     40          1           0        0.453816   -2.696328    0.708834 
     41          1           0        0.055256    0.755779   -1.837142 
     42          1           0        5.464982    1.463303   -1.097536 
     43          1           0        4.099285    2.348189   -1.806965 
     44          1           0        4.330750    2.354225   -0.051443 
     45          1           0        3.008986    0.443648   -2.934129 
     46          1           0        4.487408   -0.472199   -2.567717 
     47          1           0        2.896213   -1.137519   -2.131640 
     48          1           0        5.328793    0.749672    1.456772 
     49          1           0        3.612578    1.068407    1.827494 
     50          1           0        4.392565   -0.417805    2.409432 
     51          1           0        5.179411   -2.129018    0.830701 
     52          1           0        4.595129   -2.170952   -0.840619 
     53          1           0        5.887033   -1.036765   -0.375416 
     54          1           0       -1.132555    0.729561    2.195882 
     55          1           0       -4.320087    1.410107   -1.273824 
 --------------------------------------------------------------------- 


 
  







S17 
 


System: SP4 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -1.195015    0.284379   -0.032944 
      2          6           0       -1.663994   -0.534461    1.041525 
      3          6           0       -2.965233   -0.925304    1.105607 
      4          6           0       -3.898288   -0.530123    0.065964 
      5          6           0       -3.409042    0.287509   -1.029939 
      6          6           0       -2.106320    0.671600   -1.067023 
      7          6           0       -5.195566   -0.910147    0.123000 
      8          5           0        0.378644    0.728050   -0.176302 
      9          8           0        0.981889   -0.022532   -1.260446 
     10          6           0        1.991480   -0.862113   -0.710029 
     11          6           0        1.384554   -2.248255   -0.468831 
     12          6           0        2.361374   -0.138165    0.627581 
     13          6           0        2.901236   -1.059478    1.713670 
     14          6           0        3.139689   -0.971029   -1.706921 
     15          8           0        1.101584    0.382581    1.044941 
     16          6           0        3.331074    1.026765    0.401868 
     17          8           0        0.397184    2.159275   -0.509836 
     18          8           0       -0.289442    2.782373    0.589527 
     19          1           0        0.358612    2.662757    1.307506 
     20          1           0       -5.571320   -1.519263    0.941190 
     21          1           0       -5.904751   -0.618357   -0.647395 
     22          1           0       -3.340896   -1.529620    1.928636 
     23          1           0       -4.114369    0.582944   -1.803486 
     24          1           0       -0.944045   -0.807764    1.808334 
     25          1           0       -1.718746    1.297556   -1.865542 
     26          1           0        3.983996   -1.520021   -1.272441 
     27          1           0        2.801949   -1.509354   -2.598447 
     28          1           0        3.480875    0.018933   -2.017260 
     29          1           0        0.943430   -2.603088   -1.405742 
     30          1           0        2.134848   -2.974973   -0.138084 
     31          1           0        0.592417   -2.197352    0.286728 
     32          1           0        4.338837    0.674767    0.154412 
     33          1           0        2.971633    1.682179   -0.396725 
     34          1           0        3.388377    1.613429    1.325006 
     35          1           0        3.153033   -0.470827    2.601910 
     36          1           0        2.158670   -1.808424    2.001969 
     37          1           0        3.808827   -1.574410    1.376290 
 --------------------------------------------------------------------- 


 


 
  







S18 
 


System: TSSP4SP5 in Figure 3 


Number of imaginary frequencies: 1 (νimag = –90 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        1.251314   -0.073395   -0.004958 
      2          6           0        2.003123    0.822923    0.834101 
      3          6           0        3.342194    0.672919    0.979292 
      4          6           0        4.058937   -0.367197    0.255359 
      5          6           0        3.296271   -1.223654   -0.640834 
      6          6           0        1.958264   -1.061448   -0.776669 
      7          6           0        5.392543   -0.523984    0.406736 
      8          5           0       -0.309598    0.169133   -0.251216 
      9          8           0       -1.065239    0.740031    0.807151 
     10          6           0       -2.426435    0.397666    0.533591 
     11          6           0       -3.207989    0.403987    1.839465 
     12          8           0        0.111871    1.147449   -1.389259 
     13          8           0        0.240516    2.464031   -0.873019 
     14          6           0       -2.280927   -1.011727   -0.132372 
     15          6           0       -2.113228   -2.125495    0.904660 
     16          6           0       -3.004655    1.438423   -0.430348 
     17          8           0       -1.050787   -0.896253   -0.852180 
     18          6           0       -3.398157   -1.367664   -1.103842 
     19          1           0        5.936424   -1.293830   -0.134130 
     20          1           0        5.965112    0.116015    1.072690 
     21          1           0        3.912886    1.310943    1.650714 
     22          1           0        3.830871   -2.001899   -1.180847 
     23          1           0        1.454085    1.587627    1.374615 
     24          1           0        1.370038   -1.696786   -1.432941 
     25          1           0       -4.073940    1.275864   -0.606333 
     26          1           0       -2.866144    2.431018    0.008889 
     27          1           0       -2.477000    1.417935   -1.388902 
     28          1           0       -4.226344    0.027245    1.686159 
     29          1           0       -2.714238   -0.209006    2.597371 
     30          1           0       -3.275437    1.428301    2.219760 
     31          1           0       -4.371721   -1.361456   -0.598793 
     32          1           0       -3.428108   -0.665785   -1.940252 
     33          1           0       -3.228232   -2.371346   -1.507164 
     34          1           0       -1.336316   -1.861312    1.630007 
     35          1           0       -3.045219   -2.327176    1.444365 
     36          1           0       -1.805899   -3.040187    0.387750 
     37          1           0        0.808753    2.857978   -1.553488 
 --------------------------------------------------------------------- 


 
  







S19 
 


System: SP5 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -1.201514    0.954225    0.116759 
      2          6           0       -1.831121    0.345398    1.340558 
      3          6           0       -2.850968   -0.519281    1.272025 
      4          6           0       -3.495040   -0.871107    0.000894 
      5          6           0       -3.042041   -0.122663   -1.178295 
      6          6           0       -2.014472    0.731392   -1.127271 
      7          6           0       -4.468618   -1.795175   -0.065462 
      8          5           0        0.254641    0.317297    0.008478 
      9          8           0        0.566946   -0.787746   -0.724357 
     10          6           0        1.886447   -1.211074   -0.301653 
     11          6           0        1.680573   -2.271084    0.778296 
     12          6           0        2.497583    0.116820    0.256220 
     13          6           0        3.456143   -0.062459    1.421172 
     14          6           0        2.621264   -1.798337   -1.494868 
     15          8           0        1.317428    0.821632    0.720008 
     16          6           0        3.128052    0.984702   -0.831214 
     17          8           0       -0.144885    2.917176   -0.518956 
     18          8           0       -1.078599    2.363147    0.406729 
     19          1           0        0.677757    2.874815    0.003060 
     20          1           0       -4.803126   -2.328927    0.819606 
     21          1           0       -4.952468   -2.039380   -1.006815 
     22          1           0       -3.245153   -0.974283    2.178155 
     23          1           0       -3.587027   -0.275093   -2.107189 
     24          1           0       -1.380643    0.616792    2.292701 
     25          1           0       -1.701507    1.290840   -2.005344 
     26          1           0        3.655999   -2.039756   -1.226340 
     27          1           0        2.124823   -2.720123   -1.811105 
     28          1           0        2.627305   -1.106976   -2.340101 
     29          1           0        1.070462   -3.078868    0.364838 
     30          1           0        2.634425   -2.689040    1.115117 
     31          1           0        1.152993   -1.855612    1.643522 
     32          1           0        4.057156    0.544208   -1.205937 
     33          1           0        2.441514    1.125006   -1.672860 
     34          1           0        3.360952    1.967393   -0.409110 
     35          1           0        3.830751    0.913768    1.742649 
     36          1           0        2.964964   -0.537330    2.272928 
     37          1           0        4.312768   -0.675720    1.119473 
 --------------------------------------------------------------------- 


 


  







S20 
 


System: TSSP5SP6 in Figure 3 


Number of imaginary frequencies: 1 (νimag = –906 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        1.266076   -1.287989   -0.014802 
      2          6           0        1.798310   -0.794066    1.276953 
      3          6           0        2.614343    0.269560    1.326879 
      4          6           0        3.087467    0.955108    0.116707 
      5          6           0        2.706939    0.345243   -1.163851 
      6          6           0        1.881474   -0.708829   -1.233632 
      7          6           0        3.841991    2.068750    0.176002 
      8          5           0       -0.532330   -1.029554   -0.038462 
      9          8           0       -1.057189   -0.482901    1.121484 
     10          6           0       -2.082044    0.450716    0.721648 
     11          6           0       -3.422340   -0.280367    0.791322 
     12          6           0       -1.657959    0.798445   -0.744296 
     13          6           0       -2.806240    1.153080   -1.674037 
     14          6           0       -2.070160    1.631426    1.679513 
     15          8           0       -1.072315   -0.448223   -1.183605 
     16          6           0       -0.570983    1.871659   -0.797324 
     17          8           0        1.029531   -2.625090   -0.077480 
     18          8           0       -0.630954   -2.617187   -0.131197 
     19          1           0       -0.833023   -2.877063   -1.052275 
     20          1           0        4.125542    2.509071    1.127535 
     21          1           0        4.194081    2.560987   -0.725941 
     22          1           0        2.957893    0.649017    2.286359 
     23          1           0        3.119182    0.780018   -2.071608 
     24          1           0        1.454649   -1.294071    2.178169 
     25          1           0        1.603134   -1.149414   -2.187778 
     26          1           0       -2.757742    2.413307    1.336849 
     27          1           0       -2.393977    1.301041    2.670996 
     28          1           0       -1.067551    2.054557    1.771225 
     29          1           0       -3.550457   -0.682302    1.800348 
     30          1           0       -4.258059    0.393420    0.574850 
     31          1           0       -3.451563   -1.116299    0.084873 
     32          1           0       -0.979142    2.858593   -0.556159 
     33          1           0        0.244846    1.650423   -0.099824 
     34          1           0       -0.150959    1.901404   -1.807005 
     35          1           0       -2.414636    1.388277   -2.668265 
     36          1           0       -3.511910    0.324833   -1.769643 
     37          1           0       -3.342491    2.032776   -1.300500 
 --------------------------------------------------------------------- 
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System: SP6 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0       -2.041508    1.449819    0.193101 
      2          6           0       -2.607549    0.608047    1.263800 
      3          6           0       -2.971860   -0.663056    1.026989 
      4          6           0       -2.841334   -1.265797   -0.300630 
      5          6           0       -2.308229   -0.424389   -1.373014 
      6          6           0       -1.928294    0.844865   -1.150457 
      7          6           0       -3.187908   -2.547498   -0.524462 
      8          5           0        1.278754    1.412882   -0.427763 
      9          8           0        2.379064    0.772228   -0.954279 
     10          6           0        2.343746   -0.581830   -0.468935 
     11          6           0        1.612782   -1.418175   -1.519939 
     12          6           0        1.527077   -0.443126    0.860987 
     13          6           0        0.663264   -1.645761    1.208172 
     14          6           0        3.767804   -1.083968   -0.292103 
     15          8           0        0.666832    0.674057    0.573365 
     16          6           0        2.398682   -0.049762    2.052554 
     17          8           0       -1.682043    2.603346    0.410657 
     18          8           0        0.841536    2.613078   -0.865815 
     19          1           0        0.037570    2.907402   -0.396930 
     20          1           0       -3.578340   -3.175099    0.271820 
     21          1           0       -3.088927   -2.996214   -1.508966 
     22          1           0       -3.371864   -1.286585    1.823781 
     23          1           0       -2.222345   -0.866522   -2.363579 
     24          1           0       -2.689317    1.066882    2.244135 
     25          1           0       -1.520561    1.475476   -1.935892 
     26          1           0        3.771624   -2.079597    0.166313 
     27          1           0        4.254159   -1.154002   -1.269567 
     28          1           0        4.353670   -0.405197    0.331228 
     29          1           0        2.127305   -1.304266   -2.478402 
     30          1           0        1.599123   -2.479711   -1.251780 
     31          1           0        0.579436   -1.073787   -1.641774 
     32          1           0        3.041930   -0.876883    2.369899 
     33          1           0        3.029508    0.811554    1.809958 
     34          1           0        1.748402    0.227692    2.887219 
     35          1           0        0.130988   -1.453217    2.145180 
     36          1           0       -0.079755   -1.838058    0.429480 
     37          1           0        1.280468   -2.542166    1.338883 
 --------------------------------------------------------------------- 
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System: SP1 for the system 2 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        2.745776   -1.624229   -1.384796 
      2          6           0        1.793239   -2.679017   -1.167393 
      3          1           0        1.783731   -3.221613   -2.114333 
      4          1           0        2.143429   -3.334437   -0.367632 
      5          6           0        0.435897   -2.098440   -0.860891 
      6          6           0       -0.072221   -2.097470    0.440567 
      7          6           0       -0.303799   -1.502484   -1.890049 
      8          6           0       -1.308446   -1.512113    0.707944 
      9          1           0        0.516747   -2.536226    1.241552 
     10          6           0       -1.536018   -0.914874   -1.616585 
     11          1           0        0.105199   -1.473913   -2.897238 
     12          6           0       -2.056912   -0.913409   -0.313715 
     13          1           0       -1.697667   -1.508176    1.723032 
     14          1           0       -2.099817   -0.442598   -2.416839 
     15          6           0       -5.136962    0.667142    1.167319 
     16          6           0       -5.481110    0.653695   -0.359483 
     17          5           0       -3.432431   -0.250938   -0.010187 
     18          8           0       -4.195584    0.378777   -0.960326 
     19          8           0       -4.010383   -0.236998    1.234867 
     20          6           0       -4.642814    2.028623    1.653638 
     21          1           0       -5.456661    2.759945    1.686823 
     22          1           0       -4.234658    1.914731    2.661922 
     23          1           0       -3.849603    2.415668    1.005929 
     24          6           0       -6.241996    0.149693    2.073741 
     25          1           0       -7.142925    0.764889    1.968857 
     26          1           0       -6.494338   -0.887617    1.843859 
     27          1           0       -5.912946    0.199005    3.115876 
     28          6           0       -6.010924    1.970074   -0.904668 
     29          1           0       -6.939840    2.250093   -0.394800 
     30          1           0       -5.283329    2.774821   -0.781230 
     31          1           0       -6.224421    1.863770   -1.972252 
     32          6           0       -6.408325   -0.496144   -0.750331 
     33          1           0       -6.041226   -1.449997   -0.357690 
     34          1           0       -7.425564   -0.332833   -0.380353 
     35          1           0       -6.440744   -0.565741   -1.841309 
     36          6           0        3.274795   -1.025310   -0.317464 
     37          6           0        3.983847    0.170434   -0.509037 
     38          6           0        4.487055    0.744490    0.656169 
     39          6           0        3.712331   -0.880748    1.936025 
     40          7           0        3.145874   -1.537740    0.893371 
     41          7           0        4.397924    0.260501    1.898485 
     42          7           0        3.507463   -1.450508    3.167611 
     43          1           0        3.277262   -2.433812    3.166957 
     44          1           0        4.123423   -1.134861    3.903623 
     45          6           0        4.858467    2.003562   -1.101206 
     46          7           0        4.222986    0.977739   -1.601677 
     47          7           0        5.060832    1.922760    0.257668 
     48          1           0        5.204554    2.859889   -1.666258 
     49          6           0        5.705264    2.886140    1.128033 
     50          1           0        5.982870    3.759657    0.536246 
     51          1           0        5.015588    3.185166    1.920189 
     52          1           0        6.599779    2.449263    1.577952 
     53          1           0        2.489589    1.000562   -2.534453 
     54          8           0        1.520439    1.135380   -2.609836 
     55          8           0        1.172429    1.314208   -1.236289 
     56          1           0        0.648544    0.509628   -1.070340 
 --------------------------------------------------------------------- 
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System: TSSP1SP2 for the system 2 in Figure 3 


Number of imaginary frequencies: 1 (νimag = –802 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        2.694933   -2.005824   -1.009714 
      2          6           0        2.481129   -3.141470   -0.106090 
      3          1           0        2.605349   -4.026152   -0.731580 
      4          1           0        3.246011   -3.118967    0.674964 
      5          6           0        1.080827   -2.926422    0.370806 
      6          6           0        0.853796   -2.033527    1.424055 
      7          6           0        0.045603   -3.213722   -0.519552 
      8          6           0       -0.329795   -1.303125    1.465335 
      9          1           0        1.649891   -1.831484    2.140332 
     10          6           0       -1.131164   -2.472992   -0.474169 
     11          1           0        0.218828   -3.917467   -1.331981 
     12          6           0       -1.290350   -1.434620    0.450623 
     13          1           0       -0.457294   -0.537294    2.228118 
     14          1           0       -1.891048   -2.609250   -1.240084 
     15          6           0       -4.246345    0.886505    0.572003 
     16          6           0       -4.490771   -0.161875   -0.559381 
     17          5           0       -2.273882   -0.231829    0.074423 
     18          8           0       -3.171840   -0.445659   -1.015501 
     19          8           0       -3.008862    0.424999    1.138459 
     20          6           0       -4.043623    2.297992    0.013493 
     21          1           0       -4.980016    2.709017   -0.378441 
     22          1           0       -3.697407    2.957061    0.817951 
     23          1           0       -3.292078    2.297035   -0.782232 
     24          6           0       -5.304734    0.902442    1.665439 
     25          1           0       -6.293245    1.121938    1.244687 
     26          1           0       -5.346169   -0.057176    2.185384 
     27          1           0       -5.067026    1.678664    2.400378 
     28          6           0       -5.324715    0.353182   -1.724783 
     29          1           0       -6.312707    0.685797   -1.383881 
     30          1           0       -4.823970    1.182577   -2.229574 
     31          1           0       -5.467213   -0.450955   -2.453607 
     32          6           0       -5.093382   -1.462073   -0.017151 
     33          1           0       -4.518540   -1.825780    0.841101 
     34          1           0       -6.139724   -1.337343    0.283196 
     35          1           0       -5.045436   -2.220135   -0.805129 
     36          6           0        3.243003   -0.904795   -0.500124 
     37          6           0        2.574132    0.342354   -0.506171 
     38          6           0        3.406542    1.429615   -0.214276 
     39          6           0        5.135048    0.157593    0.296092 
     40          7           0        4.483410   -0.972383   -0.046639 
     41          7           0        4.674812    1.407569    0.170729 
     42          7           0        6.382271   -0.003394    0.819754 
     43          1           0        6.827502   -0.898000    0.675144 
     44          1           0        6.973880    0.813687    0.862475 
     45          6           0        1.403145    2.162197   -0.710589 
     46          7           0        1.304027    0.850478   -0.798845 
     47          7           0        2.646141    2.567028   -0.384682 
     48          1           0        0.560101    2.831385   -0.817828 
     49          6           0        3.115210    3.926504   -0.172334 
     50          1           0        2.273548    4.607589   -0.299071 
     51          1           0        3.516513    4.014573    0.838597 
     52          1           0        3.899042    4.162552   -0.894156 
     53          1           0        0.151516    0.547616   -0.696378 
     54          8           0       -1.159994    0.891678   -0.445789 
     55          8           0       -0.910354    1.807863    0.638327 
     56          1           0       -1.707938    1.627528    1.191668 
 --------------------------------------------------------------------- 
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System: SP2 for the system 2 in Figure 3 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        3.590095   -2.264973   -0.659253 
      2          6           0        2.791433   -2.988749    0.339338 
      3          1           0        2.811810   -4.016545   -0.024016 
      4          1           0        3.318426   -2.922769    1.296950 
      5          6           0        1.407274   -2.415063    0.402373 
      6          6           0        1.106986   -1.394731    1.311517 
      7          6           0        0.461460   -2.737535   -0.580010 
      8          6           0       -0.065316   -0.650002    1.178418 
      9          1           0        1.821057   -1.156055    2.100187 
     10          6           0       -0.709478   -1.984006   -0.703282 
     11          1           0        0.665015   -3.556340   -1.269554 
     12          6           0       -0.975354   -0.886312    0.135256 
     13          1           0       -0.269507    0.151909    1.884257 
     14          1           0       -1.435135   -2.226835   -1.477621 
     15          6           0       -4.296357    0.596008    0.759848 
     16          6           0       -4.446988   -0.552409   -0.291331 
     17          5           0       -2.228492    0.106836   -0.177089 
     18          8           0       -3.238945   -0.466740   -1.036536 
     19          8           0       -2.899299    0.554281    1.050948 
     20          6           0       -4.644788    1.966287    0.168071 
     21          1           0       -5.722758    2.074591    0.003027 
     22          1           0       -4.330601    2.743091    0.875120 
     23          1           0       -4.116069    2.124216   -0.776322 
     24          6           0       -5.073955    0.375824    2.051254 
     25          1           0       -6.146849    0.270275    1.849305 
     26          1           0       -4.722130   -0.517191    2.573261 
     27          1           0       -4.935362    1.235381    2.715873 
     28          6           0       -5.630946   -0.386926   -1.235833 
     29          1           0       -6.575102   -0.338669   -0.679346 
     30          1           0       -5.525815    0.518848   -1.837674 
     31          1           0       -5.678268   -1.243461   -1.916438 
     32          6           0       -4.499748   -1.932009    0.375485 
     33          1           0       -3.675791   -2.046463    1.087991 
     34          1           0       -5.447414   -2.102018    0.899170 
     35          1           0       -4.389642   -2.696233   -0.400930 
     36          6           0        3.791521   -0.966455   -0.378522 
     37          6           0        2.900137    0.017142   -0.831051 
     38          6           0        3.118565    1.311758   -0.374885 
     39          6           0        4.990463    0.714447    0.642810 
     40          7           0        4.828028   -0.601879    0.345388 
     41          7           0        4.156389    1.720699    0.338284 
     42          7           0        6.096935    1.020335    1.358956 
     43          1           0        6.791002    0.305513    1.514112 
     44          1           0        6.324853    1.988397    1.525447 
     45          6           0        1.142462    1.232446   -1.360531 
     46          7           0        1.672698    0.021543   -1.466773 
     47          7           0        2.002623    2.051542   -0.737497 
     48          1           0        0.122371    1.478244   -1.657862 
     49          6           0        1.762116    3.449705   -0.394135 
     50          1           0        0.690029    3.631075   -0.470692 
     51          1           0        2.092980    3.605863    0.633331 
     52          1           0        2.329161    4.097158   -1.065365 
     53          1           0        1.128672   -0.807271   -1.712375 
     54          8           0       -1.695567    1.346317   -0.910225 
     55          8           0       -1.049128    2.163338    0.086577 
     56          1           0       -1.713362    2.111120    0.806271 
 --------------------------------------------------------------------- 
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System: TSSP2SP3 for the system 2 in Figure 3 


Number of imaginary frequencies: 1 (νimag = –265 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          7           0       -1.964654   -1.888362   -0.860738 
      2          6           0       -3.052515   -1.255990   -0.371728 
      3          6           0       -2.967018    0.064126   -0.852928 
      4          7           0       -1.852776    0.219111   -1.639305 
      5          6           0       -1.270207   -0.948047   -1.607629 
      6          7           0       -3.998543   -1.790210    0.432311 
      7          6           0       -4.914145   -0.930586    0.792862 
      8          7           0       -4.883253    0.393437    0.438237 
      9          6           0       -3.909124    0.994017   -0.378563 
     10          8           0       -3.959441    2.237035   -0.533992 
     11          7           0       -5.999298   -1.348676    1.521793 
     12          6           0       -1.610543   -3.279900   -0.629132 
     13          6           0       -2.452364    3.212600    0.437529 
     14          6           0       -1.271229    2.477626    0.351966 
     15          6           0       -1.011993    1.413257    1.264449 
     16          6           0        0.099373    0.617972    1.100083 
     17          6           0        1.008177    0.840313    0.035866 
     18          6           0        0.779903    1.937697   -0.824452 
     19          6           0       -0.341502    2.724418   -0.696353 
     20          5           0        2.266573   -0.160794   -0.255933 
     21          8           0        1.752754   -1.322766   -1.062251 
     22          8           0        0.999358   -2.139597   -0.149694 
     23          8           0        3.328462    0.461895   -1.016057 
     24          6           0        4.476328    0.538609   -0.182601 
     25          6           0        4.457615    1.891926    0.538573 
     26          6           0        4.269849   -0.651736    0.810635 
     27          6           0        4.956269   -0.475745    2.159140 
     28          8           0        2.856980   -0.638268    1.004846 
     29          6           0        4.673701   -1.993080    0.188399 
     30          6           0        5.728278    0.427934   -1.043987 
     31          1           0       -2.616044    4.064281   -0.213551 
     32          1           0       -3.058763    3.169323    1.336884 
     33          1           0       -1.712219    1.239651    2.081472 
     34          1           0       -0.546927    3.530178   -1.397786 
     35          1           0        0.297807   -0.197643    1.789890 
     36          1           0        1.499748    2.121070   -1.617670 
     37          1           0        5.761275   -2.085174    0.089448 
     38          1           0        4.322184   -2.800812    0.840921 
     39          1           0        4.208871   -2.116015   -0.794289 
     40          1           0        6.038732   -0.350394    2.034169 
     41          1           0        4.558655    0.391849    2.691433 
     42          1           0        4.785246   -1.362895    2.778446 
     43          1           0        6.630500    0.369518   -0.422639 
     44          1           0        5.680739   -0.453860   -1.687158 
     45          1           0        5.810594    1.311641   -1.685383 
     46          1           0        3.586893    1.963870    1.199784 
     47          1           0        5.364700    2.057500    1.131112 
     48          1           0        4.383428    2.684340   -0.213448 
     49          1           0       -6.402742   -0.701371    2.186875 
     50          1           0       -5.893763   -2.289926    1.880840 
     51          1           0       -0.315958   -1.194704   -2.061372 
     52          1           0       -0.739962   -3.516137   -1.237548 
     53          1           0       -1.348457   -3.422968    0.420629 
     54          1           0       -2.459232   -3.914106   -0.894073 
     55          1           0        1.642203   -2.220429    0.583438 
     56          1           0       -5.638733    1.011229    0.717557 
 --------------------------------------------------------------------- 
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System: TSSP1SP2' for the system 1 in Figure 4 


Number of imaginary frequencies: 1 (νimag = –235 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.963517   -1.161098   -0.270525 
      2          6           0        0.290266   -1.859537    0.807695 
      3          6           0       -0.860872   -2.526252    0.586703 
      4          6           0       -1.445716   -2.611192   -0.745665 
      5          6           0       -0.742512   -1.943809   -1.832600 
      6          6           0        0.393924   -1.255029   -1.610082 
      7          6           0       -2.599186   -3.274471   -0.957381 
      8          5           0        2.305272   -0.389910   -0.080716 
      9          8           0        3.111479    0.013456   -1.143745 
     10          6           0        4.435148    0.220016   -0.623591 
     11          6           0        5.227683   -1.063877   -0.872336 
     12          6           0        4.171432    0.475374    0.896813 
     13          6           0        5.286307    0.016735    1.822681 
     14          6           0        5.080276    1.386629   -1.356862 
     15          8           0        3.001073   -0.338564    1.142053 
     16          6           0        3.802500    1.931517    1.186542 
     17          8           0        0.896778    0.672236    0.091931 
     18          8           0        0.617684    0.910125    1.456286 
     19          1           0        1.485293    0.712774    1.869031 
     20          8           0       -1.363369    1.860664   -0.801369 
     21          6           0       -2.466992    1.298643   -0.329018 
     22          7           0       -3.575341    2.075245   -0.518255 
     23          6           0       -4.781919    1.582866   -0.060760 
     24          6           0       -4.874973    0.386897    0.552948 
     25          6           0       -3.640764   -0.402934    0.728248 
     26          7           0       -2.458474    0.134371    0.237916 
     27          6           0       -3.463631    3.384775   -1.152935 
     28          6           0       -6.159929   -0.182810    1.067695 
     29          8           0       -3.667048   -1.501111    1.278131 
     30          1           0       -0.572762    1.322991   -0.534045 
     31          1           0       -6.367487   -1.146639    0.592019 
     32          1           0       -6.085690   -0.375191    2.142579 
     33          1           0       -6.999626    0.493780    0.882963 
     34          1           0       -2.794885    4.028239   -0.577776 
     35          1           0       -3.069662    3.283999   -2.166168 
     36          1           0       -4.458666    3.829659   -1.190022 
     37          1           0       -3.141899   -3.728748   -0.134333 
     38          1           0       -3.036684   -3.340042   -1.950662 
     39          1           0       -1.385752   -3.024517    1.396152 
     40          1           0       -1.154545   -2.029810   -2.835908 
     41          1           0        0.730380   -1.824665    1.798773 
     42          1           0        0.928408   -0.767502   -2.420876 
     43          1           0        6.051827    1.634682   -0.913632 
     44          1           0        5.241965    1.113046   -2.403863 
     45          1           0        4.441517    2.272105   -1.331691 
     46          1           0        5.196472   -1.290999   -1.941869 
     47          1           0        6.274378   -0.958864   -0.568116 
     48          1           0        4.786414   -1.906871   -0.330752 
     49          1           0        4.664156    2.594073    1.057370 
     50          1           0        2.993867    2.272980    0.531688 
     51          1           0        3.467527    2.016872    2.226238 
     52          1           0        5.021020    0.243379    2.859964 
     53          1           0        5.452147   -1.059472    1.740456 
     54          1           0        6.220748    0.538851    1.586832 
     55          1           0       -5.638263    2.229031   -0.230136 
 --------------------------------------------------------------------- 
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System: SP2' for the system 1 in Figure 4 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          6           0        0.673172   -0.290349   -0.187238 
      2          6           0       -0.055245    0.334786    0.973029 
      3          6           0       -1.022114   -0.292767    1.653291 
      4          6           0       -1.466362   -1.647560    1.305552 
      5          6           0       -0.746233   -2.308468    0.210807 
      6          6           0        0.238647   -1.702857   -0.463273 
      7          6           0       -2.487806   -2.249104    1.942207 
      8          6           0       -3.688774    1.735075    0.388076 
      9          6           0       -2.567237    1.586290   -0.530056 
     10          8           0       -1.696620    2.441601   -0.682619 
     11          7           0       -2.532624    0.395319   -1.234460 
     12          6           0       -4.564781    0.710607    0.478369 
     13          5           0        2.257791   -0.174827   -0.026025 
     14          8           0        3.122606   -0.695458   -0.945920 
     15          6           0        4.452041   -0.577361   -0.386089 
     16          6           0        4.778359   -1.921064    0.263075 
     17          6           0        4.271744    0.576770    0.655222 
     18          6           0        5.130483    0.450483    1.902366 
     19          6           0        5.432911   -0.274643   -1.506792 
     20          8           0        2.877602    0.438280    1.025957 
     21          6           0        4.420867    1.964834    0.035084 
     22          8           0        0.349118    0.389044   -1.437593 
     23          8           0        0.882579    1.708914   -1.377266 
     24          1           0       -1.678266    0.218440   -1.767331 
     25          1           0        0.061249    2.211541   -1.172929 
     26          1           0       -3.019892   -1.753675    2.750841 
     27          1           0       -2.803653   -3.253893    1.674078 
     28          1           0       -1.518498    0.199495    2.488314 
     29          1           0       -1.053577   -3.317201   -0.054392 
     30          1           0        0.248409    1.341091    1.249916 
     31          1           0        0.746515   -2.203663   -1.283658 
     32          1           0        6.432576   -0.083775   -1.099834 
     33          1           0        5.494699   -1.134531   -2.180158 
     34          1           0        5.115248    0.592701   -2.088841 
     35          1           0        4.689424   -2.706927   -0.492454 
     36          1           0        5.797432   -1.934788    0.662719 
     37          1           0        4.079757   -2.147137    1.075401 
     38          1           0        5.461999    2.171727   -0.232689 
     39          1           0        3.794742    2.065419   -0.857119 
     40          1           0        4.093178    2.710982    0.764660 
     41          1           0        4.935408    1.297034    2.567139 
     42          1           0        4.911734   -0.470055    2.447753 
     43          1           0        6.193760    0.460813    1.636733 
     44          6           0       -3.775741    2.993731    1.195794 
     45          1           0       -4.654603    2.981296    1.846214 
     46          1           0       -2.880745    3.114581    1.815255 
     47          1           0       -3.831792    3.870910    0.543934 
     48          1           0       -5.415506    0.751414    1.153115 
     49          7           0       -4.469772   -0.445268   -0.256949 
     50          6           0       -3.405020   -0.670696   -1.118210 
     51          8           0       -3.270021   -1.715968   -1.724750 
     52          6           0       -5.401277   -1.552053   -0.081687 
     53          1           0       -6.224216   -1.215626    0.549728 
     54          1           0       -5.783292   -1.869007   -1.053414 
     55          1           0       -4.892204   -2.398595    0.387371 
 --------------------------------------------------------------------- 


 
  







S28 
 


System: TSSP1SP2' for the system 2 in Figure 4 


Number of imaginary frequencies: 1 (νimag = –280 cm–1) 


 
 


CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        1.327719   -0.994077   -1.585260 
      2          6           0        2.594781   -2.340946    1.377369 
      3          1           0        2.926287   -3.291241    0.969886 
      4          1           0        3.352263   -1.709681    1.837791 
      5          6           0        1.301846   -1.940586    1.282691 
      6          6           0        0.896174   -0.627880    1.741467 
      7          6           0        0.325901   -2.751412    0.587021 
      8          6           0       -0.335884   -0.139936    1.450964 
      9          1           0        1.617285   -0.032902    2.298436 
     10          6           0       -0.911648   -2.264868    0.312070 
     11          1           0        0.619244   -3.749748    0.273383 
     12          6           0       -1.244826   -0.908792    0.643475 
     13          1           0       -0.638586    0.855249    1.762002 
     14          1           0       -1.644826   -2.858739   -0.224494 
     15          6           0       -4.404065    1.049867    0.103756 
     16          6           0       -4.896583   -0.412662   -0.162857 
     17          5           0       -2.707001   -0.393000    0.385376 
     18          8           0       -3.649195   -1.145096   -0.256259 
     19          8           0       -3.152290    0.824944    0.802768 
     20          6           0       -4.060832    1.803018   -1.179085 
     21          1           0       -4.966949    2.060954   -1.737135 
     22          1           0       -3.530245    2.721782   -0.915985 
     23          1           0       -3.395008    1.216004   -1.818989 
     24          6           0       -5.320061    1.878113    0.988491 
     25          1           0       -6.307171    1.981793    0.523816 
     26          1           0       -5.440729    1.427657    1.976245 
     27          1           0       -4.895685    2.878149    1.116114 
     28          6           0       -5.670205   -0.594503   -1.458138 
     29          1           0       -6.570587    0.030360   -1.456168 
     30          1           0       -5.059529   -0.332960   -2.324355 
     31          1           0       -5.978059   -1.639655   -1.557165 
     32          6           0       -5.670370   -1.007063    1.011974 
     33          1           0       -5.125312   -0.873372    1.952110 
     34          1           0       -6.658250   -0.546179    1.111711 
     35          1           0       -5.802084   -2.079418    0.841352 
     36          6           0        2.436590   -0.563178   -1.148854 
     37          6           0        2.625511    0.744625   -0.596582 
     38          6           0        3.877551    1.046118   -0.080583 
     39          6           0        4.678771   -0.938208   -0.590945 
     40          7           0        3.520746   -1.378665   -1.115273 
     41          7           0        4.957754    0.253467   -0.047053 
     42          7           0        5.692339   -1.877895   -0.546719 
     43          1           0        5.605786   -2.607854   -1.241726 
     44          1           0        6.620573   -1.488026   -0.448321 
     45          6           0        2.480137    2.723384    0.188293 
     46          7           0        1.762323    1.806854   -0.409064 
     47          7           0        3.773834    2.323695    0.417524 
     48          1           0        2.129590    3.703103    0.486901 
     49          6           0        4.851320    3.078876    1.023648 
     50          1           0        5.295830    2.498460    1.834937 
     51          1           0        5.623479    3.298063    0.282148 
     52          1           0        4.447761    4.012724    1.418763 
     53          1           0        0.057658    1.588898   -0.866836 
     54          8           0       -0.868126    1.386519   -1.178457 
     55          8           0       -0.920550   -0.025817   -1.238960 
     56          1           0        0.078179   -0.366209   -1.432926 
 --------------------------------------------------------------------- 
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System: SP2' for the system 2 in Figure 4 


Number of imaginary frequencies: 0 


 
 
CARTESIAN COORDINATES 
--------------------------------------------------------------------- 
 Center     Atomic      Atomic             Coordinates (Angstroms) 
 Number     Number       Type             X           Y           Z 
 --------------------------------------------------------------------- 
      1          8           0        1.973037   -1.255838   -1.679491 
      2          6           0        1.313268   -3.848823    1.633794 
      3          1           0        1.255256   -4.895118    1.347513 
      4          1           0        2.035532   -3.580517    2.399574 
      5          6           0        0.537175   -2.920380    1.049936 
      6          6           0        0.612175   -1.503541    1.420336 
      7          6           0       -0.428065   -3.267626    0.002138 
      8          6           0       -0.139345   -0.570232    0.823910 
      9          1           0        1.307929   -1.229112    2.211332 
     10          6           0       -1.180546   -2.346560   -0.612007 
     11          1           0       -0.514908   -4.317083   -0.270889 
     12          6           0       -1.096056   -0.879769   -0.294741 
     13          1           0       -0.070168    0.471739    1.127188 
     14          1           0       -1.881062   -2.621788   -1.396250 
     15          6           0       -4.165531    1.112515    0.717024 
     16          6           0       -4.768082    0.072575   -0.285271 
     17          5           0       -2.541453   -0.243821   -0.061345 
     18          8           0       -3.583117   -0.465886   -0.916829 
     19          8           0       -2.869014    0.537788    1.011500 
     20          6           0       -3.903217    2.472668    0.072556 
     21          1           0       -4.838570    3.000244   -0.140244 
     22          1           0       -3.310961    3.078327    0.764912 
     23          1           0       -3.334221    2.361417   -0.855808 
     24          6           0       -4.942250    1.272987    2.013047 
     25          1           0       -5.960810    1.621774    1.807711 
     26          1           0       -4.995765    0.333116    2.566571 
     27          1           0       -4.447226    2.015195    2.646188 
     28          6           0       -5.668788    0.668738   -1.354507 
     29          1           0       -6.527070    1.172843   -0.895550 
     30          1           0       -5.126864    1.384597   -1.975702 
     31          1           0       -6.045082   -0.129111   -2.001421 
     32          6           0       -5.464908   -1.093549    0.413271 
     33          1           0       -4.825489   -1.527634    1.188937 
     34          1           0       -6.408423   -0.779285    0.870990 
     35          1           0       -5.677864   -1.869853   -0.327171 
     36          6           0        2.880878   -0.576327   -0.999908 
     37          6           0        2.710304    0.760637   -0.571406 
     38          6           0        3.800448    1.312372    0.099043 
     39          6           0        4.986457   -0.537913   -0.063283 
     40          7           0        4.018700   -1.196183   -0.736659 
     41          7           0        4.961025    0.722936    0.383910 
     42          7           0        6.106983   -1.272551    0.217837 
     43          1           0        6.236616   -2.107993   -0.334826 
     44          1           0        6.935566   -0.750809    0.464688 
     45          6           0        2.165534    2.764875   -0.096781 
     46          7           0        1.694697    1.694677   -0.683646 
     47          7           0        3.433252    2.601305    0.398487 
     48          1           0        1.636080    3.703426    0.008632 
     49          6           0        4.260049    3.570277    1.091061 
     50          1           0        4.537681    3.184482    2.074200 
     51          1           0        5.167752    3.764631    0.515487 
     52          1           0        3.693259    4.495408    1.206214 
     53          1           0       -0.004716    1.468244   -1.242782 
     54          8           0       -0.890831    1.110384   -1.514911 
     55          8           0       -0.605128   -0.286388   -1.542732 
     56          1           0        1.111617   -0.777357   -1.721827 
 --------------------------------------------------------------------- 


 


 
 





