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List of Abbreviations and Symbols 

°C Degree Celsius 
‡ Transition state 

Å Ångstrøm 

a.u. atomic units 
aug-cc-pVXZ Dunning’s correlation consistent basis set (X = D (double), X = T 

(triple), X = Q (quadruple)) augmented (aug) with diffuse functions 

B2-PLYP double-hybrid density functional by Grimme 

B3LYP the hybrid density functional including Becke’s three-parameter 

exchange functional and Lee-Yang-Parr’s correlation functional 

BSSE basis set superposition error 

calc. calculated 

CBS complete basis set 

CCSD(T) coupled-cluster with single and double and perturbative triple excitations 

DFT density functional theory 

eqn. equation 

Etot total energy 

EWG electron withdrawing group 

exp. experimental 

G2 Gaussian-2 theory 

G2(MP2) cheaper variation of G2 

G3 Gaussian-3 theory 

G3B3 G3 with geometries and zero-point vibrational energies calculated at 

B3LYP/6-31G(d) level of theory 

G3large an extension of 6-311G(d,p) basis set with more flexible polarization 

functions (2df) and polarization of the core electrons (3d2f on Na-Ar). 

This basis set is used as the ‘limiting HF’ basis set in the G3 method. 

G3MP2large G3large basis set excluding core polarization functions. 

h Planck constant (6.62 × 10-34 J s) 

HOMO highest occupied molecular orbital 

k rate constant 

k kilo 

kB Boltzmann constant (1.38 × 10-23 J K-1) 

LUMO lowest unoccupied molecular orbital 

MAD mean absolute deviation 

MO molecular orbital 

mol mole 
MP2(FC) second-order Møller–Plesset perturbation theory with frozen core 

approximation 

MP2(FULL) second-order Møller–Plesset perturbation theory; inner-core electrons are 

included 

NBO natural bond orbital 

NMR nuclear magnetic resonance 

NPA natural population analysis 

PCM polarizable continuum model 

SMD solvent model based on density 

pKa negative lg of acid dissociation constant (Ka) 

ppm parts per million 

R common organic substituent or (R)-configured enantiomer or universal 



gas constant (8.314510 J mol-1 K-1) 

RHF restricted Hartree-Fock 

S (S)-configured enantiomer or Entropy 

SCF self-consistent field 

SCS-MP2 spin-component scaled second-order Møller–Plesset perturbation theory 

T  Temperature 

t1/2 half-life time 

TS transition state 

TZVP Ahlrichs triple-ζ basis sets with one set of polarization functions 

TZVPP Ahlrichs triple-ζ basis sets with two sets of polarization functions 

UAHF United Atom for Hartree-Fock 

UAKS United atom Kohn-Sham 

vs. Versus 

X-YZ+G(ndf,mpd)  valence-double-ζ basis set by Pople and coworkers supplemented by 

polarization (df,pd) and diffuse (+ or ++) functions, e.g. 6-31+G(2d,p) 

X-YZW+G(ndf,mpd)  valence-triple-ζ basis set by Pople and coworkers supplemented by 

polarization (df,pd) and diffuse (+ or ++) functions, e.g. 6- 

311++G(2d,2p) 

ZPE zero-point energy 

δ chemical shift 

∆G298 Gibbs free energy at 298K 

∆H298 enthalpy at 298K 

σ shielding 
 

 

 

 

 

 

 

 

 

 
  



Summary 

In this work, the oxidizing properties of oxygen-centered radicals and the reducing properties 

of epigenetically modified DNA bases were studied. Special attention was paid to the 

equilibrium of the hydration reaction of 5-formylcytosine, because the corresponding hydrate 

product can be very easily oxidized. All this together allowed us to propose and 

thermodynamically evaluate the mechanism of the 1,5-Dimethylcytosine autoxidation reaction. 

 

The Stability of Oxygen-Centered Radicals and its Response to Hydrogen Bonding Interactions 

The radical stabilization energy (RSE) of various alkoxy/aryloxy/peroxy radicals, as well as 

TEMPO and triplet dioxygen (3O2) has been explored at a variety of theoretical levels. Good 

correlations between RSEtheor and RSEexp are found for hybrid DFT methods, for compound 

schemes such as G3B3-D3, and also for DLPNO-CCSD(T) calculations. The effects of 

hydrogen bonding interactions on the stability of oxygen-centered radicals have been probed 

by addition of a single 

solvating water molecule. 

While this water molecule 

always acts as a H-bond 

donor to the oxygen-

centered radical itself, it can 

act as a H-bond donor or 

acceptor to the respective 

closed-shell parent.  

 

 

The Redox Properties of Modified DNA Bases: C-H Bond Dissociation Energies 

The properties of the oxidation products of 5mC and 5mU in their protonated, neutral and 

deprotonated forms were studied. Radical stabilization energies (RSE) have been calculated at 

the SMD(H2O)/(U)B3LYP-D3 and SMD(H2O)/DLPNO-CCSD(T) levels of theory. In the 

derivatives of uracil and cytosine, among the substituents at the 5th position, the following 

trend in BDE values is observed: 5dhm- < 5hm- < 5m- < 5f- (where 5dhm is dihydroxymethyl, 

5hm — hydroxymethyl, 5m — methyl, 5f — formyl). It has been established that the charge 

distribution will strongly affect the reactivity of both closed- and open-shell systems. 

Protonation increases the calculated BDE(C-H) values in cytosine derivatives, while 

deprotonation decreases them 

in uracil derivatives. Addition 

of one explicit water does not 

change the results notably. 

Attaching a complementary 

base increases the calculated 

BDE(C-H) value and does not 

change the observed trend. 

 



 

 

 

 

The pH-Dependence of the Hydration of 5-Formylcytosine:  

An Experimental and Theoretical Study 

 

5-Formylcytosine is an important nucleobase in epigenetic regulation, whose hydrate form has 

been implicated in the formation of 5-carboxycytosine as well as oligonucleotide binding 

events. The hydrate content of 5-formylcytosine and its uracil derivative has now been 

quantified using a combination of NMR and mass 

spectroscopic measurements as well as theoretical 

studies. Small amounts of hydrate can be identified 

for the protonated form of 5-formylcytosine and 

for neutral 5-formyluracil. For neutral 5-

formylcytosine, however, direct detection of the 

hydrate was not possible due to its very low 

abundance. This is in full agreement with 

theoretical estimates. 

 

 

 

 

Autoxidation of 1,5-Dimethylcytosine: Computational Study 

 The (aut)oxidation reaction of 1,5-dimethylcytosine 

(1,5-dmC) was studied using DFT and DLPNO-

CCSD(T) levels of theory. The autoxidation of 5mC is 

unlikely to occur through initiation by triplet oxygen 

or through unimolecular decomposition of 

hydroperoxides. All endergonic bimolecular chain 

reactions between neural closed-shell compounds and 

free radicals involve the transfer of a hydrogen atom 

to form a product with a higher BDE value. The 

thermodynamics of the presented mechanism, in 

principle, agrees with the experimental kinetics. We 

assume that the protonation (pH < 7) of oxidizable 

nucleic acids inhibits the oxidation process by 

increasing the BDE(C-H) values. 
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1. Introduction 

Genetics (from the Greek γενητως – “generating, originating from someone”) is a branch of 

biology that studies genes, genetic variations and heredity in organisms. 

Gene (ancient Greek γένος – genus – meaning generation or birth or gender) - in classical 

genetics - a hereditary factor that carries information about a certain trait or function of an 

organism, and which is a structural and functional unit of heredity. In this capacity, the term 

"gene" was introduced in 1905 by the Danish botanist, plant physiologist and geneticist 

Wilhelm Johannsen. 1 In nature and in living cells, a gene is presented as a sequence of 

nucleotides in DNA (in some viruses - RNA) that codes for the synthesis of a gene product, 

either RNA or protein. 2 Although this is not necessarily. For example, in the popular-science 

book by evolutionary biologist Richard Dawkins «The Selfish Gene», it is stated that any 

“replicator” molecule capable of self-copying or catalyzing the synthesis of its copies 

(autocatalysis) can be called a “gene”. 3 Currently there is no universal definition of a gene that 

would satisfy all researchers. 

Epigenetics (ancient Greek ἐπι- is a prefix denoting being on something or being placed on 

something) is a section of genetics. Epigenetics studies inherited changes in gene activity 

during cell growth and division (Epigenetic inheritance) - changes in protein synthesis caused 

by mechanisms that do not change the nucleotide sequence in DNA. Epigenetic changes persist 

in a number of mitotic divisions of somatic cells and can also be passed on to the next 

generations. Regulators of protein synthesis (activity of genetic sequences) - DNA methylation 

and demethylation, histone acetylation and deacetylation, phosphorylation and 

dephosphorylation of transcription factors and other intracellular mechanisms. 4  

Epigenome is a set of molecular markers that regulate the activity of genes, but do not change 

the primary structure of DNA. 

Molecular basis of epigenetics 

The molecular basis of epigenetics is complex, and it does not affect the primary structure of 

DNA, but changes the activity of certain genes.5 This explains why only the genes necessary 

for their specific activity are expressed in differentiated cells of a multicellular organism. A 

feature of epigenetic changes is that they are preserved during cell division. It is known that 

most epigenetic changes occur only within the lifetime of one organism. At the same time, if 

the change in DNA occurred in the sperm or egg, then some epigenetic manifestations can be 

transmitted from one generation to another.6 

DNA methylation 

The most well studied epigenetic mechanism to date is the methylation of DNA cytosine bases. 

Intensive studies of the role of methylation in the regulation of genetic expression, including 

during aging, began in the 1970s by the pioneering work of B. F. Vanyushin and G. D. 

Berdyshev et al. The process of DNA methylation consists in the addition of a methyl group to 

cytosine as part of a CpG dinucleotide at the C5 position of the cytosine ring. DNA methylation 

is mainly characteristic of eukaryotes. In humans, about 1% of genomic DNA is methylated. 

Three enzymes, called DNA methyltransferases 1, 3a and 3b (DNMT1, DNMT3a and 

DNMT3b), are responsible for the process of DNA methylation. (Figure 1) It is suggested that 

DNMT3a and DNMT3b are de novo methyltransferases that shape the DNA methylation 
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profile in the early stages of development, while DNMT1 maintains DNA methylation at later 

stages of an organism's life. The DNMT1 enzyme has a high affinity for 5-methylcytosine. 

When DNMT1 finds a "semi-methylated site" (a site where only one DNA strand has cytosine 

methylated), it methylates the cytosine on the second strand at the same site. The function of 

methylation is to activate/inactivate a gene. In most cases, methylation of the promoter regions 

of a gene results in suppression of gene activity. It has been shown that even minor changes in 

the degree of DNA methylation can significantly change the level of gene expression. 7-10 

 

Figure 1. The mechanism of DNA methylation. DNA methylation is exerted by DNA 

methyltransferases (DNMTs). DNMTs at the 5′-position of cytosine residues in CpG 

dinucleotides transfers methyl groups from SAM (S-adenosylmethionine) to SAH (S-

adenosylhomocysteine); thus, 5-methylcytosine is formed. 

DNA damage and oxygen radical toxicity 

DNA damage is a change in the chemical structure of DNA, such as a single-strand or double-

strand break in the sugar-phosphate backbone of DNA, loss or chemical change of nitrogenous 

bases, cross-linking of DNA chains, cross-linking of DNA-protein. The structure of DNA in a 

cell is regularly disrupted due to the fact that during natural metabolism, compounds are formed 

that have the ability to damage DNA. These compounds include reactive oxygen species, 

reactive nitrogen species, reactive carbonyl groups, lipid peroxidation products, and alkylating 

agents.11 The frequency of DNA damage caused by exposure to natural cellular metabolites 

reaches, according to some estimates, tens of thousands of events per day per cell.12 DNA can 

also be damaged by external agents such as ionizing radiation or chemical mutagens. 

DNA damage must be distinguished from mutations. DNA damages are abnormal chemical 

structures in DNA, while mutations are changes in the sequence of standard base pairs: A 

(adenosine), T (thymidine), G (guanosine), C (cytidine). 

Most DNA damage can be repaired during DNA repair, but DNA repair, firstly, is not 

completely effective, and secondly, in some cases, DNA damage repair leads to errors and, as 

a result, to the occurrence of mutations. In addition, there is evidence that the process of repair 

of some DNA damages, namely DNA double-strand breaks, can lead to epigenetic changes in 

the form of methylation of the surrounding DNA and, as a result, silencing of gene 

expression.13 

DNA damage can trigger programmed cell death, i.e., apoptosis.14 Uncorrected DNA damage 

can accumulate in non-dividing post-mitotic cells, such as brain cells or muscle cells in adult 

mammals, and may be the cause of aging.15 In dividing cells, such as intestinal epithelial cells 

or hematopoietic bone marrow cells, errors in DNA damage repair can lead to mutations that 

are passed on to subsequent generations of cells, and some of these mutations may have 

oncogenic potential. 
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In aerobic life forms, the energy necessary for the implementation of biological functions is 

produced by mitochondria along the electron transport chain. Reactive oxygen species (ROS), 

which have the potential to harm cells, are produced along with energy. ROS can damage lipids, 

DNA, RNA, and proteins, which in theory contribute to physiological changes during aging. 

ROS occur as a normal product of cellular metabolism. Among them, the main instigator of 

oxidative damage is hydrogen peroxide (H2O2), which arises from superoxide secreted by 

mitochondria. Catalase and superoxide dismutase mitigate the damaging effects of hydrogen 

peroxide and superoxide, respectively, by converting these substances into oxygen and 

hydrogen peroxide (which later turns into water) - that is, they produce harmless molecules. 

However, these transformations are not 100% effective, and peroxide residues remain in the 

cells. Although ROS are a product of the normal functioning of cells, their excess leads to 

detrimental consequences. 16,17 
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Introduction 

Oxygen-centered radicals play a central role in 
radical reactions as diverse as the autoxidation 
of lipids and its inhibition through antioxidants, 
the cumol hydroperoxide process for the 
production of acetone and phenol, or the 
reduction of ribonucleotides by class I 
ribonucleotide reductase.1-8 The radicals 
involved in these reactions vary largely in terms 
of their kinetic and thermodynamic properties 
(Figure 1). On the high-activity end of the scale 
we may find the hydroxyl radical (•OH, 1), whose 
often very short lifetime in solution-phase 
experiments is tightly connected to its low 
thermochemical stability. Oxygen-centered 
radicals of intermediate stability are those 
derived from phenoxy radical (2), either in the 
context of the antioxidative activity of phenols 
such as α-tocopherol (3), or in enzyme-mediated 
reactions involving tyrosyl radicals (4).9-11 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 O-Centered radicals involved in 
common radical reactions: hydroxyl radical (1), 
phenoxy radical (2), α-tocopheryl radical (3), 
tyrosyl radical (4), and TEMPO radical (5). 

On the low-activity end we can find nitroxyl 
radicals such as (2,2,6,6-tetramethylpiperidin-1-
yl)oxy radical (TEMPO, 5), whose kinetic and 
thermochemical stability is high enough to allow 

ABSTRACT 

The stability of various alkoxy/aryloxy/peroxy radicals, as well as TEMPO and triplet dioxygen (3O2) has 

been explored at a variety of theoretical levels. Good correlations between RSEtheor and RSEexp are found 

for hybrid DFT methods, for compound schemes such as G3B3-D3, and also for DLPNO-CCSD(T) 

calculations. The effects of hydrogen bonding interactions on the stability of oxygen-centered radicals 

have been probed by addition of a single solvating water molecule. While this water molecule always 

acts as a H-bond donor to the oxygen-centered radical itself, it can act as a H-bond donor or acceptor to 

the respective closed-shell parent. 

KEYWORDS 

radicals, thermodynamic stability, isodesmic equations, ab initio calculations, hydrogen abstraction, 

hydrogen bonding  
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bottling and shipping at ambient temperature. 
The electronic structure of oxygen-centered 
radicals is typically characterized by the 
presence of two lone pairs at the spin-carrying 
oxygen atom as shown in Figure 2. Interactions 
between oxygen-centered radicals and their 
condensed-phase environments depends, 
among others, on specific interactions of these 
lone pair orbitals and the unpaired spin with 
suitable interaction partners. Three specific 
types of interaction have to be anticipated based 
on earlier precedent as shown in Figure 2 for 
water as a molecular probe. These include: (a) 
hydrogen bonding interactions, where one of 
the RO• radical lone pair orbitals acts as the 
hydrogen bond acceptor; (b) single-electron 
hydrogen bond (SEHB) interactions involving the 

RO• radical SOMO and the *(OH) orbital of 
water; and (c) 2c3e "hemibond" interactions 12 
between the RO• radical SOMO and one of the 
water lone pair orbitals. In the following we 
analyze the impact of these interactions on the 
thermodynamic stability of oxygen-centered 
radicals RO• as a function of the substituent R.  

 

FIGURE 2 Possible interaction types between 
oxygen-centered radicals RO• and a water 
molecule. 

 

FIGURE 3 Interaction of an explicit water 
molecule with oxygen-centered radicals RO• and 
the respective parent alcohols ROH. 

Methods  

Methodological considerations 

The thermodynamic stability of O-centered 
radicals can be characterized by the O-H bond 
dissociation energy (BDE(OH)) of the respective 
alcohols as defined in reaction 1 in Figure 3, 
larger values indicating thermochemically less 
stable radicals. Variations of BDE(OH) values can 
conveniently be expressed relative to a common 
reference system such as hydroxyl radical (1) 
through the formal hydrogen atom transfer 
reaction shown in reaction 2 in Figure 3. The 
reaction enthalpy at 298.15 K calculated for this 
isodesmic hydrogen transfer reaction is 
sometimes referred to as the radical stabilization 
energy (RSE) of radical RO• as it reflects, to a 
certain extent, the influence of substituent R on 
the properties of radical RO•. Combination of 
these RSE values with the experimentally 
determined BDE value of water13  of BDE(OH, 1H) 
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= +497.3 ± 0.1 kJ mol-1 as expressed in eq. 1 
provides an indirect and accurate way for the 
determination of BDE(OH) values in alcohols 
ROH.14-20 

BDE(RO-H) = RSE(RO •) + BDE𝑒𝑥𝑝(HO-H)   (eq. 1) 

ΔRSE = RSE-A/D(RO •) − RSE(RO •) =      

                     = ΔHc1
gas
(RO •) − ΔHc1

gas
(ROH)        (eq. 2) 

BDE-A/D(RO-H) = BDE(RO-H) + ΔRSE          (eq. 3) 

Aside from serving as a general indicator of 
radical stability, the BDE(OH) values also provide 
the basis for assessing the thermodynamics of 
hydrogen transfer reactions between O-
centered radicals and hydrogen atom donors. 
The experimental determination of BDE(OH) 
values has only in selected cases been possible 
with "chemical accuracy", which is often taken to 
be at the 1 kcal mol-1 (or 4 kJ mol-1) limit. In order 
to provide accurate values for a broader range of 
systems, efforts have in recent years been 
undertaken to identify theoretical methods for 
the accurate calculation of bond dissociation 
energies.  

Theoretical methods 

The theoretical methods used in these types of 
studies range from DFT-based methods (for 
extended systems),21-24 wavefunction-based 
methods involving perturbation theory such as 
the ROMP2(FC)/6-311+G(3df,2p) approach,12,18 
double-hybrid functionals such as B2-PLYP,25,26 
all the way to highly elaborate compound 
schemes such as G3(MP2)-RAD,14-20,27-32 
G3B3,33,34  CBS-QB3,35 or the Weizmann-family 36 
of methods.  More recently the DLPNO-CCSD(T) 
method for open-shell systems has emerged as 
an additional tool for the accurate description of 
larger radicals, in particular when combined with 
the complete basis set (CBS) extrapolation 
scheme.37-39 The underlying geometries 
employed in the above-mentioned theoretical 
approaches are often optimized using hybrid DFT 
methods. The compound G3B3 method, for 
example, employs geometries optimized at the 
(U)B3LYP/6-31G(d)40-42 level of theory. 

Particularly for larger molecular systems, the 
geometries optimized with or without corrective 
terms for London dispersion interactions (e.g. 
the D3 corrections parameterized by Grimme et 
al.)43,44 may differ considerably. Preliminary 
calculations of selected RO• radicals 
furthermore indicated that consistent structural 
data require a basis set at least as large as 6-
31+G(d,p) (see SI for further details). The 
subsequent results are therefore based on 
geometries optimized at the (U)B3LYP-D3/6-
31+G(d,p) level of theory. 

Conformational analysis 

The initial structures of molecular complexes 
were generated randomly using the «kick» 
algorithm.45,46 Geometry optimizations have 
been performed using the (U)B3LYP hybrid 
functional, either alone or complemented by the 
D3 dispersion correction.44 The 6-31G(d) and 6-
31+G(d,p) all electron basis sets have been used 
for all elements. Frequency calculations have 
been carried out to verify that the optimized 
structures are true minima. Thermochemical 
corrections to Hgas and Ggas at 298.15 K were 
calculated using the rigid rotor/harmonic 
oscillator model.47 The symbol (gas) denotes a gas 
phase standard state of 1 atm. The individuality 
of the found conformers was confirmed using an 
energy criterion ∆Etot > 10-7 Hartree48 and 
comparing geometries by distances between 
each atom and the centroid point.49 A detailed 
description of both algorithms can be found in 
the SI. 

Experimental data 

Table 1 contains RSE and BDE(OH) values for 
systems selected such that they represent the 
three most relevant classes of substituents in O-
centered radicals: (a) radicals with alkyl 
substituents attached to the spin-bearing oxygen 
atom such as methoxy radical (6); (b) radicals 
with π-systems attached to the radical center as 
is the case in phenoxy radical (2) or formyloxy 
radical (20); and (c) radicals with lone-pair 
donors attached to the radical oxygen as is found 
in peroxy radicals or in nitroxyl radicals such as 
TEMPO (5). The last column in Table 1 collects 
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experimentally determined BDE(OH) values 
together with the respective RSE(RO•) values 
obtained according to reaction 2 in Figure 3. In 
several cases data from different experimental 
sources have been considered, and the currently 
most accurate recommended value is labeled in 
bold. Wherever available, data form the Active 
Thermochemical Tables (ATcT) have been 
employed.13 The O-H bond enthalpy in water of 
BDE(OH) = 497.3±0.3 kJ mol-1 represents the 
upper bond enthalpy limit and thus an important 
reference for all other systems considered here. 
13,51  For the O-H bond enthalpy in t-BuOH (7H) 
photoelectron spectroscopy measurements50 
yield a value of 444.9 kJ mol-1, while 
thermochemical measurements yield a slightly 
larger value of 446.8 kJ mol-1.51 The BDE(OH) for 
methanol (6H) has an ATcT value of 440.4 kJ mol-

1, which is closely matched by data from 
photoelectron spectroscopy.50 The O-H bond 
enthalpy in ethanol (9H) at BDE(OH) = 440.4±0.5 
kJ mol-1 is practically identical to that in 
methanol, which implies only a minor effect 
through the different alkyl substituents.13,53 
Stabilizing effects through further elongations in 
the alkyl chain remain moderate as can be seen 
from BDE(OH) = 432.3 kJ mol-1 for n-butanol 
(11H),52 as are the effects of benzylic 
substituents as in benzyl alcohol (8H) with 
BDE(OH) = 442.7 kJ mol-1 53 or in cumyl alcohol 
PhC(CH3)2OH (10H) with BDE(OH) = 438.2 kJ mol-

1.54 The most accurate gas phase measurements 
for phenol (2H) have been reported by Ashfold 
and coworkers at 0 K.55 As stated previously,15 

the addition of thermal corrections (0.6 kJ mol-1) 
to the experimentally determined RSE values 
yields the most accurate values of BDE(OH) = 
365.0 kJ mol-1 for phenol (2H) and BDE(OH) = 
356.6 kJ mol-1 for para-methylphenol (14H). 
Combination of the value for 2H with known 
substituent effects 56,57 we obtain reference 
BDE(OH) values for substituted phenols X-PhOH 
with X = NH2 (324±13) and X = NO2 (390±8). The 
O-H bond energies in hydroperoxides are quite 
similar to those in phenols, the value for the 
parent hydrogen peroxide (H2O2, 13H) 
amounting to BDE(OH) = 365.7±0.2 kJ mol-1 and 

that for methylhydroperoxide 15H being only 
slightly lower at BDE(OH) = 358.4±0.7 kJ mol-1. 
This latter value is closely similar to a recent 
comparative analysis of alkylhydroperoxides,58 
but somewhat lower than earlier estimates 
based on gas phase kinetics measurements.59,60 

The currently available BDE(OH) data for 
PhCH2OOH (16H) of BDE(OH) = 365 kJ mol-1 and 
t-BuOOH (17H) of BDE(OH) = 352.3±8.8 kJ mol-1  

are somewhat less accurate and have also seen 
less attention than most other systems in Table 
1.60,61 For TEMPO-H (5H) we adopt the currently 
recommended BDE(OH) value in heptane 
solution of 293.2 kJ mol-1.62,63 Triplet dioxygen 
(3O2, 19) is also included here as an important 
oxygen-based radical, despite the fact that it 
carries a triplet ground state and thus differs 
from all other systems in Table 1. It is 
nevertheless included here due to its frequent 
involvement in oxidation reactions and its 
debatable role in direct hydrogen atom 
abstractions from hydrocarbon substrates. The 
rather low value of BDE(OH) = 205.8 kJ mol-1 in 
radical HOO• (13) already implies that direct 
hydrogen atom abstractions from hydrocarbon 
substrates by 3O2 are thermochemically rather 
unfavorable. 

Results 

Influence of theoretical methods 

Basis set effects were studied for (U)B2PLYP and 
DLPNO-CCSD(T) calculations using (U)B3LYP-
D3/6-31+G(d,p) optimized geometries. The two-
point (cc-pVTZ and cc-pVQZ) extrapolation 
strategy was employed for DLPNO-CCSD(T) 
calculations to estimate the complete basis set 
limit.38,64 In general, changing the basis set from 
cc-pVTZ to cc-pVQZ in case of both (U)B2PLYP 
and DLPNO-CCSD(T) makes the radical 
stabilization energy as defined by reaction 2 in 
Figure 3 slightly more negative and also leads to 
a small improvement of the correlation 
coefficient with experimental values R² (Table 1). 
The rather moderate magnitude of these effects 
suggests that calculations with basis sets of 
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TABLE 1 RSE(RO•) values for selected O-centered radicals (in kJ mol-1) calculated at various levels of theory together with 

available experimental data (and the associated BDE(O-H) data) ordered by experimental BDE(RO•) values. 

Radical RSE(RO•) BDE(RO•) 

DFT[a]       (U)B2PLYP[b,c]      DLPNO-CCSD(T)[b,c]     G3B3-D3 exp. exp. 

 TZ QZ TZ QZ CBS [b] [d] 

HO• 
(1) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 +497.3±0.1[13] 

+497.1±0.3[65] 

HC(O)O• 
(20) 

-35.2 -40.0 -43.3 -14.3 -18.6 -20.9 -30.2 -27.6 -28.4±0.6 +468.89±0.56[13] 

t-Bu-O• 
(7) 

-57.7 -49.9 -52.3 -42.8 -45.4 -46.7 -47.2 -47.7 -52.4±2.8 +444.9±2.8[50,66] 

+446.8±4.2[51] 

PhCH2O• 
(8) 

-65.0 -57.3 -59.2 -48.4 -50.8 -52.2 -54.8 -55.5 -54.6±8.8 +442.7±8.8[53,66] 

CH3O• 
(6) 

-65.3 -58.6 -60.3 -53.4 -55.5 -56.6 -55.3 -55.8 -56.9±0.3 +440.4±0.3[13] 

+440.2±3.0[51,66] 

+437.7±2.8[50] 

CH3CH2O• 
(9) 

-66.6 -58.7 -60.4 -52.5 -54.6 -55.7 -57.5 -54.8 -56.9±0.5 +440.4±0.5[13] 

+441.0±5.9[51, 66] 

+438.1±3.3[50] 

PhC(CH3)2O• 

(10) 

-58.1 -50.5 -53.2 -40.9 -43.7 -45.1 -45.9 -47.8 -59.1±1.0 +438.2±1.0[54, 66] 

n-Bu-O• 
(11) 

-66.8 -59.1 -61.1 -52.2 -54.5 -55.7 -52.9 -55.3 -65.0 +432.3[52] 

p-nitro-PhO• 
(12) 

-114.5 -97.7 -100.8 -100.8 -104.3 -106.1 -113.4 -106.0 -107±8 +390±8[56, 15] 

+396±8[56] 

HOO• 
(13) 

-134.4 -133.7 -135.8 -124.9 -128.1 -129.6 -129.2 -129.6 -131.6±0.2 +365.7±0.2[13] 
 

PhO• 
(2) 

-132.9 -114.2 -117.7 -116.3 -121.0 -123.6 -121.1 -121.6 -132.3±0.5 +365±0.5[15] 

+371.3±2.3[56] 
+367.1±0.9[13] 
+362.7±3.0[67] 

PhCH2-OO• 

(16) 

-139.0 -136.4 -140.4 -122.1 -125.9 -128.0 -126.5 -131.5 -132.3 +365[61] 

CH3OO• 
(15) 

-141.8 -139.4 -142.4 -128.9 -132.8 -134.7 -133.0 -135.8 -138.9±0.7 +358.4±0.7[13] 

+370.3±2.1[59, 66] 

+367.3±4[60] 

+357±5[58] 

p-methyl-PhO• 
(14) 

-141.3 -122.5 -126.3 -122.5 -127.6 -130.5 -128.8 -129.3 -140.7±0.6 +356.6±0.6 [15] 

+363±4[67] 

t-Bu-OO• 
(17) 

-148.5 -145.6 -149.1 -132.7 -136.8 -138.7 -140.8 -141.5 -145±8.8 +352.3±8.8[60, 66] 

p-amino-PhO• 
(18) 

-168.8 -152.2 -156.1 -143.9 -149.3 -152.4 -153.3 -153.8 -173±13 +324±13[67,15] 

+331±13[67] 

TEMPO 
(5) 

-208.0 -206.4 -210.9 -185.1 -191.7 -195.4 -198.0 -198.4 -204.1±0.4 +293.2±0.4 [62] 

+291.2[63] 

3O2 

(19) 

-274.6 -291.7 -294.4 -283.8 -288.0 -290.1 -289.1 -289.2 -291.5±0.2 +205.8±0.27[13] 

MSE -2.8 3.3 0.4 12.1 8.3 6.4 5.4 5.2   

MUE 5.5 6.6 7.0 12.1 8.3 6.4 5.4 5.3   

R2 0.9956 0.9823 0.9830 0.9906 0.9926 0.9936 0.9938 0.9935   

[a] “DFT” - (U)B3LYP-D3/6-31+G(d,p); [b] Using (U)B3LYP-D3/6-31+G(d,p) optimized geometries; [c] “TZ, QZ” - cc-pVTZ, cc-

pVQZ; [d] Using (U)B3LYP-D3/6-31G(d) optimized geometries. 
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(a) (b) 

FIGURE 4 Correlation plots for (a) DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) and (b) G3B3-D3.

quadruple zeta quality may only be required in 
exceptional cases. In Table 1 it can be seen that 
DLPNO-CCSD(T)/CBS and G3B3-D3 results are 
quite similar for most systems, the largest 
difference (-20.9 vs. -27.7 kJ/mol) being that for 
formyloxy radical (20). Correlations for the RSE 
values calculated at G3B3-D3 and DLPNO-
CCSD(T)/CBS levels with the corresponding 
experimental data is shown in Figure 4. Both 
have positive mean signed errors (MSE) and 
mean unsigned errors (MUE) of almost identical 
magnitude, which implies that the calculated 
radical stabilities are systematically smaller than 
experimental values. Perusal of Table 1 indicates 
this to result mainly from the values for the four 
phenoxy radicals 2, 12, 14, and 18. The 
economical (U)B3LYP-D3/6-31+G(d,p) method 
employed for geometry optimization shows, in 
comparison, an impressively good correlation. 

The stability of alkoxy radicals in the absence 

of intermolecular interactions 

The stabilities of oxygen-centered radicals as 
collected in Table 1 and shown graphically in 
Figure 4 depend significantly more on the 
attached substituents than carbon- or nitrogen-
centered radicals. The underlying mechanisms 
for these substituent effects have been 

discussed earlier and will therefore be reiterated 
here only briefly.68,69 Alkyl substituents are 
moderately stabilizing with RSE values around -
62±5 kJ mol-1 through hyperconjugative 
interactions between the oxygen-based SOMO 
and the neighboring C-C and C-H bonds. The 
latter appear somewhat more effective as can be 
seen from the stability difference between the 
methoxy and tert-butoxy radicals (6 vs. 7). The 
stability of aryl- and acyloxy radicals varies 
widely as a function of the structure of the 
attached π-system. On the low stability side this 
includes the formyloxy radical (20) with RSE(20) 
= -28.4 kJ mol-1, whose delicate electronic 
structure has been noted in earlier theoretical 
studies.70 The phenoxy radical 2 is, in 
comparison, much more stable at RSE(2) = -132.3 
kJ mol-1, and displays an impressive stability 
variation of more than 50 kJ mol-1 between its 4-
nitro- and 4-amino-substituted variants (12 vs. 
18). Peroxy radicals are similarly stable as 
phenoxy radical 2. For the alkyl-substituted cases 
15, 16, and 17 included here we note that their 
stability is only moderately higher as compared 
to the parent HOO• radical at RSE(13) = -131.6 kJ 
mol-1. Nitroxyl radicals such as TEMPO are, in 
comparison, significantly more stable at RSE(5) = 
-204 kJ mol-1, which illustrates the superior 
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ability of amino- as compared to alkoxy-groups 
to act as electron donors. The even higher 
stability of triplet dioxygen at RSE(19) = -291.5 kJ 
mol-1 simply documents the unique electronic 
structure of this system,71 that cannot (and 
should not) be compared directly with all other 
O-centered  (doublet state) radicals in this study.  

The effects of monosolvation 

The principal interaction modes of explicit water 
molecules with oxygen-centered radicals RO• 
have already been detailed in Figure 2. When 
assessing the impact of these interactions on 
radical stability as defined earlier in reaction 2 in 
Figure 3, we also have to decide on the 
interaction of water with the parent alcohols. 
One obvious interaction scheme is shown in 
reaction 2-A in Figure 3, where the parent 
alcohols act as hydrogen-bond acceptors in very 
much the same way as the oxygen-centered 
radicals. Radical stabilization energies calculated 
with these interaction types will be designated 
"RSE-A" and reflect, in addition to the influences 
of substituent R, the change in hydrogen bond 
strength to the alcohol oxygen on radical 
formation. Alternatively, the parent alcohols 
may also act as a hydrogen-bond donor to the 
water molecule probe, while the oxygen-
centered radical remains to act as a hydrogen-
bond acceptor as expressed in reaction 2-D in 
Figure 3. Radical stabilization energies calculated 
according to this latter definition will be 
designated "RSE-D". In the following we will first 
analyze how RSE-A values differ from the gas 
phase values presented before in Table 1. 

The smallest system, where the influence of 
water complexation can be explored, is the 
H2O/HO• radical reference system itself (that is, 
R = H in Figure 2). This involves the water dimer 
on the reactant side, whose hydrogen-bound 
structure has been studied in large detail 
experimentally as well as theoretically.72-74 

Whether or not minima other than the structure 
shown in Figure 5 exist on the potential energy 
surface depends largely on the theoretical 
method.75 At the B3LYP-D3/6-31+G(d,p) level 
employed here only one true minimum can be 

located on the PES. This minimum is 
characterized by a hydrogen bonding distance of 
191.2 pm. Three true minima are found for the 
complex of hydroxyl radical 1 with water at the 
UB3LYP-D3/6-31+G(d,p) level.76 In the 
energetically most favorable structure the HO• 
radical acts as hydrogen bond donor, while the 
roles are reversed in the second-best structure 
1a_2 located 8.0 kJ mol-1 higher in energy ( 
DLPNO-CCSD(T)/CBS results).77-81 This latter 
structure corresponds to the hydrogen bonding 
situation shown in Figure 2a and is characterized 
by a hydrogen bonding distance of 203.2 pm. The 
energetically least stable minimum corresponds 
to a "hemibond" structure 1a_3 best described 
by the orbital interaction described before in 
Figure 2c and is located 13.0 kJ mol-1 higher. 
Concentrating on water complex 1a_2 with the 
hydrogen-bonding pattern shown in Figure 2a, a 
radical stabilization energy of RSE-A(1a) = +4.1 kJ 
mol-1 is obtained at the DLPNO-CCSD(T)/CBS 
level of theory. By definition, the corresponding 
RSE value in the absence of hydrogen bonding 
interactions with water is 0.0 kJ mol-1, and we 
may thus conclude that hydrogen-bond 
formation to the oxygen atom of the HO• radical 
is destabilizing by +4.1 kJ mol-1. From the 
geometrical data and the ESP plots for the water 
complexes 1Ha and 1a_2, as well as the SD plot 
for 1a_2 we can see that the underlying 
hydrogen bonding interactions correspond to 
those expected from the principal interaction 
types presented in Figure 2. 

Analysis of the energetically best water 
complexes of all other radicals studied here 
shows that the hydrogen-bonding pattern 
described by Figure 2a is present in all of these. 
Interactions of types (b) and (c) can also be 
identified for some of the radicals, but these are 
systematically less stable and thus have a 
comparatively low Boltzmann population with 
little impact on the calculated RSE values. 
Further structural analysis of the water 
complexes of O-radicals and their parent 
alcohols indicates that more than one contact 
typically exists between the complexation 
partners. These can be C-H⋯OW,80,82,83 Ar⋯HW 
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80,84 and other weak «secondary» intermolecular 
interactions,85 or a second hydrogen bond (as in 
the case of peroxy radicals and the 
corresponding peroxide parents, see below). 
These additional interactions are stabilizing in 
nature and thus influence both the 
water/substrate complexation energies and 
their structural characteristics. As a 
consequence, the water/substrate complexation 
energies show only poor correlations with single 
structural parameters such as hydrogen bond 
distances.  

The molecular orbitals of phenoxy radical 2 
shown as an example in Figure 6 allow, in 
combination with the associated molecular 
electrostatic potential (ESP), for a better 
understanding of the intermolecular inter-
actions. The 24α and 24β (HOMO) orbitals have 
a similar shape and contribute to the electron 
density on the oxygen atom along the aromatic 
ring plane, to which the 25α (SOMO) and 25β 
(LUMO) orbitals show a perpendicular 
orientation.

2D: 

     
 

 

     

   
   

3D: 

 

 

 

 

 

QTAIM: 

 

 

 

 

 

ESP: 

 

 

 

   

ELF: 

 

 

 

 

 

SD: 

 

 

   

Name: 1Ha  1a_1 1a_2 1a_3 

ΔHgas (DFT) :  0.0 +11.2 +5.2 

          (CBS) :  0.0 +8.0 +13.0 

 

FIGURE 5 2D- and 3D-structures, quantum theory of atoms in molecules (QTAIM), electrostatic potential 

(ESP), electron localization function (ELF=0.90 a.u.), spin density (SD=0.01 a.u.) for water dimer 1Ha and 

the water complexes of hydroxyl radical 1a_1 - 1a_3. For the latter three complexes relative enthalpies 

ΔHgas (kJ mol-1) calculated at the (U)B3LYP-D3/6-31+G(d,p) (DFT) and DLPNO-CCSD(T)/CBS (CBS) levels 

are also given. 
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Since there is no electron in the LUMO, this leads 
to the formation of two more negative ESP-
regions on oxygen favorable for hydrogen 
bonding interactions. All oxygen-centered 
radicals studied here have a similar electronic 
structure at the radical center. The second 
effect, which can affect the charge distribution 
on the radical center, is based on the concept of 

-holes as reported previously for sulphur-,86 
nitrogen-,87 and halogen-containing 
compounds.88 The electron density of the oxygen 
atom is slightly shifted towards the covalent 
bond along the C-O• (or O-O•) axis, the effect 
being most visible for peroxy radials. 

The effects of monosolvation on the stability of 
alkoxy radicals 

The RSE-A values of alkoxy radicals listed in Table 
2 are somewhat less negative than the RSE 
values in Table 1. These radicals are thus 

destabilized through mono-complexation with 
water, the destabilization varying between 2.6 kJ 
mol-1 for n-BuO• (11) and 7.0 kJ mol-1 for 
PhCH2O• (8). These changes imply that the 
complexation energies for the parent alcohols 
(acting as H-bond acceptors) are larger than 
those for the respective radicals. This may, at 
least in part, differences in the oxygen atom 
partial charges (NBO), which are significantly 
smaller on the radical oxygen as compared to 
those in the parent alcohols (see SI). Changing 
the role of the parent alcohol to that of the H-
bond donor yields the alkoxy radical RSE-D 
values in Table 2, which are closely similar to the 
RSE values of uncomplexed alkoxy radicals in 
Table1. Only for the benzyloxy-type radicals 8 
and 19 are the RSE-D values similarly less 
negative than already found for the RSE-A 
values, the largest change being that for 

benzyloxy radical 8 with a RSE = +8.6 kJ/mol.  

TABLE 2 RSE-A and RSE-D values (kJ mol-1) calculated for selected O-centered radicals (ordered according to Table 1). 

 

RSE(RO•) 

 

 

 
Radical Alcohol  Alcohol 

DFT[a] CBS[b] G3B3-D3[c]   DFT[a] CBS[b] G3B3-D3[c] 

HO•  (1) +6.1 +4.1 +4.1[d]  +6.1 +4.1 +4.1[d] 

HC(O)O• (20) -39.4 -10.3 -23.9 

-15.0[d] 

 -9.0 +16.4 +3.1 

+11.5[d] 

t-Bu-O• (7) -55.1 -44.3 -44.6  -62.9 -49.5 -52.7 

PhCH2O• (8) -56.6 -45.2 -45.0  -56.5 -43.6 -44.8 

CH3O• (6) -60.6 -53.7 -51.6  -63.4 -55.3 -55.7 

CH3CH2O• (9) -60.1 -51.5 -50.2  -65.7 -55.1 -56.1 

PhC(CH3)2O• (10) -55.1 -41.5 -44.3  -53.5 -38.8 -40.1 

n-Bu-O• (11) -62.7 -53.1 -52.2  -68.5 -57.1 -57.5 

p-nitro-PhO• (12) -125.3 -115.3 -114.8  -104.7 -98.1 -95.6 

HOO• (13) -142.9 -137.1 -137.6  -142.9 -137.1 -137.6 

PhO• (2) -144.0 -132.5 -130.4  -133.4 -124.0 -118.9 

PhCH2OO• (16) -137.5 -126.8 -129.3  -127.5 -116.3 -118.7 

CH3OO• (15) -143.5 -136.0 -137.3  -132.3 -124.9 -126.1 

p-methyl-PhO• (14) -153.1 -140.0 -138.5  -143.8 -132.7 -128.3 

t-Bu-OO• (17) -149.6 -139.5 -144.5  -137.1 -127.8 -131.8 

p-amino-PhO• (18) -183.2 -163.9 -165.7  -176.3 -158.2 -160.9 

TEMPO• (5) -215.5 -203.4 -208.8  -198.6 -189.8 -191.4 

•OO• (19)     -236.4 -258.2 -257.6 

[a] (U)B3LYP-D3/6-31+G(d,p) level of theory 
[b] DLPNO-CCSD(T)/CBS using (U)B3LYP-D3/6-31+G(d,p) optimized geometries 
[c] Using (U)B3LYP-D3/6-31G(d) optimized geometries 
[d] Using (U)B3LYP-D3/6-31+G(d,p) optimized geometries 
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The effects of monosolvation on the stability of 

aryloxy radicals  

The monosolvation enthalpy ΔHc1
gas

(ArO•) 
increases systematically when moving from 
acceptor- to donor-substituted phenoxy radicals, 
the lowest value being found for radical p-NO2-

PhO• (ΔHc1
gas

(12) = -20.1 kJ mol-1) and the highest 

for p-NH2-PhO• (ΔHc1
gas

(18) = -25.5 kJ mol-1) at 
DLPNO-CCSD(T)/CBS level. This is accompanied 
by a decrease in the hydrogen bonding distances 
r(O•⋯H) of 195.2 pm for radical 12 and 183.3 pm 
for 18, and an increase in the partial charge of 
the radical oxygen atom of -0.46 in radical 12 and 
-0.55 in radical 18. It should be added that the 
NBO charge of the radical oxygen atom in aryloxy 
radicals amounts to only 70% of the charge of 
the same atom in the parent phenols. From a 
structural point of view, the aryloxy radical water 
complexes are largely similar in that the water is 
located in the aryl group ring plane. That this 
type of orientation provides the most effective 
interaction with the oxygen lone pair electron 
density is easily seen in Figure 6.  

Comparing the RSE-A and RSE-D values for 
aryloxy radicals in Table 2 we note that these are 
actually quite different. In a very general sense, 
these differences result from phenols being 
much better hydrogen bond donors as 
compared to acceptors. Focusing first on the 
RSE-A values, we note that these are 
systematically larger (more negative) by approx. 
10 kJ mol-1 as compared to the RSE values for 
aryloxy radicals in Table 1. This shift results from 
differences in complexation energies 

ΔHc1
gas

(ArOH) for the parent phenols, which are 
approx. 10 kJ mol-1 smaller than for the resulting 
phenoxy radicals. Taking the parent phenol 

system as an example, we have ΔHc1
gas

(2H) = -

13.1 kJ mol-1 vs. ΔHc1
gas

(2) = -21.7 kJ mol-1. The 

difference of these values of ΔΔHc1
gas

 = -8.6 kJ 
mol-1 is closely similar to the difference in RSE(2) 
and RSE-A(2) values (-123.6 vs. -132.5 kJ mol-1 . 
The range of RSE-D values listed for aryloxy 
radicals in Table 2 (-98.1 for radical 12 to -158.2 
for radical 18) is somewhat larger than the range 

of RSE values in Table 1 (from -106.1 for radical 
12 to -152.4 for radical 18). This is due to the fact 
that p-NO2-PhOH is a much better H-bond donor 
as compared to the donor-substituted phenols 
14H and 18H. As a result, we find that p-NO2-
PhO• is destabilized and p-NH2-PhO• is (weakly) 
stabilized when their respective parent phenols 
act as H-bond donors. For the parent phenol (2H) 
system we find that RSE and RSE-D values are 
almost identical (-123.6 vs. -124.0 kJ mol-1).  

The effects of monosolvation on the stability of 

peroxy radicals, triplet dioxygen and TEMPO 

The monosolvation enthalpies ΔHc1
gas

(ROO•) for 
the radicals CH3OO•, t-BuOO• and PhCH2OO• 
are -13.6, -13.8, -17.0 kJ mol-1, respectively. 
While for peroxides such as CH3OOH, t-BuOOH 
and PhCH2OOH interacting with water as a H-

acceptor ΔHc1
gas

(ROOH), these values are -13.9, -
13.0 and -18.1 kJ mol-1. These closely similar 
complexation energies of alkylperoxy radicals 
and alkylhydroperoxides imply that their RSE and 
RSE-A values are almost identical. 
Alkylhydroperoxides are, however, much better 
hydrogen bond donors than acceptors. As a 
consequence, the RSE-D values for alkylperoxy 
radicals are much smaller (less stabilizing) than 
the respective RSE values. For methylperoxy 
radical (CH3OO•, 15) as the smallest system in 
this group, the difference amounts to RSE-D = -
124.9 kJ mol-1 vs. RSE = -134.7 kJ mol-1.  

For HOO• (13) as the smallest possible peroxy 
radical the situation is much more complicated 
due to multiple interactions between the 
solvating water molecules and the HOO•/(H2O2 
interaction partners. The minima identified for 
these systems at the DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) level of theory are 
shown in Figure 9 together with the respective 
relative stabilities. The best conformer of the 
HOOH⋯H2O complex is of cyclic type (Figure 9a) 
with two H-bonds, in which the HOOH molecule 
can be considered as both a H-
accepting(r(Oalk⋯HOH) = 227.5 pm) and a H-
donating (r(OHalk⋯OH2) = 190.1 pm) system at 
the same time. The presence of two H-bonds  
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gives this complex a rather low monosolvation 

enthalpy of ΔHc1
gas

(13H) = -22.5 kJ mol-1. This 
type of structure was established experimentally 
by matrix isolation infrared spectroscopy.89 For 
the HOO•⋯H2O complex we identify the three  
conformations shown in Figure 9e-g. The most 
stable conformation is also of cyclic type (Figure 
9e) and is very similar to the best conformer of 
the HOOH⋯H2O complex. In this structure, the 
HOO• radical is interacting with water as both a 

H-acceptor and a H-donor through two H-bonds: 
1) between the hydrogen of water and the spin-
bearing oxygen with r(O•⋯HOH) = 246.9 pm; 
and 2) between the hydrogen of the HOO• 
radical and the oxygen of water with 
r(OHalk⋯OH2) = 177 pm. This structure has been 
described already in earlier theoretical90 and 
experimental91,92 studies. The other two 
conformers of the HOO•⋯H2O complex are 
more than 20 kJ mol-1 less stable because they 

 

 

 

 
    
(a) (b) (a) (b) 
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25 α (-0.24296 a.u.) 
SOMO 

25 β (-0.14938 a.u.) 
LUMO 

30 α (-0.24970 a.u.) 
SOMO 

30 β (-0.15793 a.u.) 
LUMO 

  
  

24 α (-0.27210 a.u.) 24 β (-0.26111 a.u.) 29 α (-0.28618 a.u.) 29 β (-0.27611 a.u.) 

 
FIGURE 6. Orbital analysis for phenoxy radical (2) and the best conformation of its complex with one 
water molecule (2a_1). Electrostatic potential (a), spin density (SD=0.005 a.u.) (b), and molecular 
orbitals (с) calculated at the UB3LYP-D3/6-31+G(d,p) level of theory. 
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FIGURE 7. BDE(OH) and BDE-A(OH) values (DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p)  results). 
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FIGURE 8. BDE(OH) and BDE-D(OH) values (DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) results). 
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ΔH𝑔𝑎𝑠 0.0 +1.8 +12.3 +13.2 

 (a) (b) (c) (d) 

 

 

   

 

ΔHgas 0.0 +24.1 +24.1  

 (e) (f) (g)  

FIGURE 9. Relative ΔHgas values (in kJ mol-1) for the HOOH⋯H2O (a - d) and HOO•⋯H2O (e - g) 
complexes (DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) results). 

contain only one H-bond with r(O•⋯HOH) 
distances of 204.6 to 206.4 pm as shown in 
Figure 9. Although the water complexes of 
radical 13 and its parent 13H share large 
structural similarities, the complexation energy 
of radical 13 is significantly more favorable at  

ΔHc1
gas

(13) = -29.7 kJ mol-1. This difference of 7.5 

kJ mol-1 translates into a significant stabilization 
of radical 13 and the associated values of RSE(13) 
= -129.6 kJ mol-1 and RSE-A(13) = -137.1 kJ mol-1. 
Given the simultaneous presence of multiple H-
bonding interactions in the water complexes in 
Figure 9, RSE-A and RSE-D values are taken to be 
identical for this system. For triplet oxygen (3O2, 
19) the HOO• radical represents (formally) the 
parent alcohol. The list of conformers presented 
in Figure 9 for the HOO•⋯H2O complex lacks a 
structure where the HO group oxygen interacts 
with water as the H-bond acceptor, and 
calculation of an RSE-A values is therefore no 
possible. Acting as a H-bond donor as in Figure 
9e, radical 13 forms a much more stable water 
complex as compared to triplet oxygen. This 
leads to a very substantial difference between 
RSE(19) = -290.1 kJ mol-1 and RSE-D(19) = -258.1 
kJ mol-1. The TEMPO radical (5) as the most 
stable (doublet) system considered here forms a 
water complex characterized by a comparatively 
short H-bond of r(O•⋯HOH) = 182.7 pm and a 

complexation energy of ΔHc1
gas

 = -22.8 kJ mol-1. 
This value is larger as compared to that for the 
closed-shell TEMPOL parent acting as a H-bond 

acceptor (ΔHc1
gas

 = -15.1 kJ mol-1), which implies 

that RSE-A(5) = -212.2 kJ mol-1 is more negative 
(more stabilizing) than RSE(5) = -195.4 kJ mol-1. 
However, TEMPOL is a much better H-bond 
donor (than acceptor), which is also reflected in 
RSE-D(5) = -189.8 kJ mol-1. 

The final system considered here is HC(O)O• 
radical 20, whose electronic structure varies 
significantly as a function of the level of theory. 
This is also the reason for the largely different 
RSE values obtained from DFT, DLPNO-
CCSD(T)/CBS, and G3B3-D3 calculations (Table 
1). The water complexes of formic acid (20H) are 
more stable as compared to the water complex 
of radical 20, and the RSE-A and RSE-D values are 
thus less negative (less stabilizing) as compared 
to RSE(20) = -20.9 kJ mol-1. Formic acid is a 
particularly good H-bond donor, which leads to 
RSE-D(20) = +16.4 kJ mol-1. 

Conclusions 

The range of (formally) oxygen-centered radicals 
considered here ranges from the comparatively 
unstable hydroxyl radical (1), alkoxy radicals 
such as CH3O• (6), aryloxy radicals such as PhO• 
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(2), peroxy radicals such as CH3OO• (15) and 
nitroxy radicals such as TEMPO (5). The most 
favorable water complexes identified for these 
systems all correspond to type (a) shown in 
Figure 2. The alternative interaction modes 
described as the SEHB or 2c3e hemibond are 
found only in (some) higher energy conformers 
of the water/radical complexes. The influence of 
water complexation on the respective RSE values 
is smallest for the group of alkoxy radicals and 
largest for the group of aryloxy radicals. The 
parent alcohol system can act as H-bond donor 
or acceptor in almost all systems, which gives 
rise to the associated RSE-A and RSE-D values. 
The difference between BDE-A and BDE-D simply 
reflects the difference in hydrogen bonding in 
the closed shell parent. Selecting the 
thermochemically most stable alcohol/water 
complex leads to the smaller (less negative) of 
the RSE-A or RSE-D values. For most of the 
systems considered here, this is the RSE-D 
values, the exceptions being the alkoxy radicals 
CH3O•, CH3CH2O•, n-Bu-O• and t-Bu-O•. 
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GRAPHICAL ABSTRACT 
 
The thermodynamic stability of various alkoxy/aryloxy/peroxy radicals, as well as TEMPO and triplet 
dioxygen has been explored at a variety of theoretical levels. The effects of hydrogen bonding interactions 
on the stability of oxygen-centered radicals have been probed by addition of a single solvating water 
molecule.  
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Computational Methodology 
 

Theoretical methods 
Geometry optimizations have been performed using the B3LYP hybrid functional, complemented by the D3 
dispersion correction. Geometry optimizations have been performed with the 6-31+G(d,p) basis set. Geometry 
optimizations have also been performed with the smaller 6-31G(d) basis set for selected cases. Thermal 
corrections to enthalpies at 298.15 K have been calculated at the same level as the geometry optimizations using 
the rigid rotor/harmonic oscillator model using unscaled frequencies. We note in passing, that the C2v structure 
of formyloxy radical 20 is a transition state at UB3LYP-D3/6-31G(d) level, but a true minimum at the UB3LYP-
D3/6-31+G(d,p) level. If not stated otherwise, all results reported on the following pages refer to (U)B3LYP-D3/6-
31+G(d,p) geometries. 
The generation of initial random structures with explicit water (intermolecular dimers) was done using the “kick” 
algorithm.1,2 The individuality (lack of repetition) of the found conformers was confirmed using an energy 
criterion (∆Etot > 10-7 Hartree)3 and comparing geometries by distances between each atom and the centroid 
point.4 
Single point calculations have been performed for all geometries optimized at the UB3LYP-D3/6-31+G(d,p) level 
at the double-hybrid (U)B2PLYP/cc-pVTZ and (U)B2PLYP/cc-pVQZ levels, then also for the coupled cluster 
DLPNO-CCSD(T)/cc-pVTZ, DLPNO-CCSD(T)/cc-pVQZ theories implemented in ORCA, and finally for the composite 
method G3B3-D3. One water molecule was added to the resulting geometries in a random position, followed by 
optimization at the (U)B3LYP-D3/6-31+G(d,p) level of theory in the gas phase and followed by the same single 
point calculations  as before. All calculations have been performed with Gaussian 09, rev. D.01, except for 
DLPNO-CCSD(T) calculations, which were performed with ORCA 4.0.2. 

 
DLPNO-CCSD(T)/CBS 
The energies were calculated for a temperature of 298.15 K in the gas phase and the thermal corrections to the 
enthalpy and Gibb’s free energy were obtained at the (U)B3LYP-D3/6-31+G(d,p) level of theory using unscaled 
frequencies. DLPNO-CCSD(T) calculations have been performed with the cc-pVTZ (n=3) and cc-pVQZ (m=4) basis 
sets using “TightSCF” and “TightPNO” settings. The complete basis set (CBS) limits of the reference energies EHF 
and correlation energies EC were calculated according to: 
 
 

𝐸𝐻𝐹
𝐶𝐵𝑆 =  

𝐸𝐻𝐹
(𝑛)

× 𝑒−𝛼√𝑚 − 𝐸𝐻𝐹
(𝑚)

× 𝑒−𝛼√𝑛

𝑒−𝛼√𝑚 − 𝑒−𝛼√𝑛
                                                     (1) 

𝐸𝑐𝑜𝑟𝑟
𝐶𝐵𝑆 =  

𝑛𝛽𝐸𝑐𝑜𝑟𝑟
(𝑛)

− 𝑚𝛽𝐸𝑐𝑜𝑟𝑟
(𝑚)

𝑛𝛽 − 𝑚𝛽
                                                            (2) 

𝐸𝐷𝐿𝑃𝑁𝑂
𝐶𝐵𝑆 = 𝐸𝐻𝐹

𝐶𝐵𝑆 + 𝐸𝑐𝑜𝑟𝑟
𝐶𝐵𝑆                                                                 (3) 

 
 

For the given pair of basis set, cc-pVTZ and cc-pVQZ i.e for the 3/4 extrapolation (n=3 and m=4) the values of 
constants α = 5.46, and β = 3.05 were used. 5,6 The final DLPNO-CCSD(T)/CBS total energies were then obtained 

as the sum of individual terms: 𝐸𝐻𝐹
𝐶𝐵𝑆  and 𝐸𝑐𝑜𝑟𝑟

𝐶𝐵𝑆 . Finally, the thermal corrections obtained from the optimized 
geometries were added to Etot(DLPNO-CCSD(T)/CBS) to yield the respective enthalpies H298.  
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G3B3-D3 scheme 
According to the G3B3-D3 scheme, enthalpies were calculated as follows: 

 

H298(G3B3-D3) = Etot(QCISD/6-31G(d)//B3LYP-D3/BASIS) + ∆E(+) + ∆E(2df,p) + ∆E(G3large)  
+ ∆E(HLC) + ∆Htherm 

∆E(+) = Etot(MP4/6-31+G(d)//B3LYP-D3/BASIS) - Etot(MP4/6-31G(d)//B3LYP-D3/BASIS)  

∆E(2df,p) = Etot(MP4/6-31G(2df,p) //B3LYP-D3/BASIS) - Etot(MP4/6-31G(d) //B3LYP-D3/BASIS) 

∆E(G3large) = Etot(MP2/G3large//B3LYP-D3/BASIS) - Etot(MP2/6-31G(2df,p)//B3LYP-D3/BASIS) - 
Etot(MP2/6-31+G(d) //B3LYP-D3/BASIS) + Etot(MP2/6-31G(d)//B3LYP-D3/BASIS) 

∆Htherm - thermal corrections to enthalpies at standard state conditions  
(Scaling factor = 0.96, B3LYP-D3/BASIS) 

BASIS  
 

6-31G(d) 
6-31+G(d,p) 

∆E(HLC) = -A*beta – B*(alpha - beta) 

A = 6.760 mHartrees 
B = 3.233 mHartrees  
alpha = No. of alpha valence electrons 
beta = No. of beta valence electrons 
 

Radical alpha beta ∆E(HLC) Alcohol alpha beta ∆E(HLC) 

HO• 4 3 -0.023513 HOH 4 4 -0.027040 

CH3O• 7 6 -0.043793 CH3OH 7 7 -0.047320 

CH3CH2O• 10 9 -0.064073 CH3CH2OH 10 10 -0.067600 

BuO• 16 15 -0.104633 BuOH 16 16 -0.108160 

t-BuO• 16 15 -0.104633 t-BuOH 16 16 -0.108160 

PhCH2O• 21 20 -0.138433 PhCH2OH 21 21 -0.141960 

PhC(CH3)2O• 27 26 -0.178993 PhC(CH3)2OH 27 27 -0.182520 

PhO• 18 17 -0.118153 PhOH 18 18 -0.121680 

p-nitro-PhO• 26 25 -0.172233 p-nitro-PhOH 26 26 -0.175760 

p-methyl-PhO• 21 20 -0.138433 p-methyl-PhOH 21 21 -0.141960 

p-amino-PhO• 21 20 -0.138433 p-amino-PhOH 21 21 -0.141960 

HOO• 7 6 -0.043793 HOOH 7 7 -0.047320 

CH3OO• 10 9 -0.064073 CH3OOH 10 10 -0.067600 

t-BuOO• 19 18 -0.124913 t-BuOOH 19 19 -0.128440 

PhCH2OO• 24 23 -0.158713 PhCH2OOH 24 24 -0.162240 

TEMPO• 33 32 -0.219553 TEMPOH 33 33 -0.223080 

•OO• 7 5 -0.040266 HOO• 7 6 -0.043793 

HCO2• 9 8 -0.057313 HCO2H 9 9 -0.060840 
 

 
The energies were calculated for a temperature of 298.15 K in the gas phase and the thermal corrections to the 
enthalpy and Gibb’s free energy were obtained at the (U)B3LYP-D3/BASIS level of theory using a scaling factor 
of 0.960. 
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Hanževački, D. M. Smith, V. Vrček, Org. Biomol. Chem. 2015, 13, 11740 - 11752. 
[3] V. Korotenko, https://github.com/vnkorotenko/ess. 
[4] V. Korotenko, https://github.com/vnkorotenko/ccs. 
[5] A. Altun, F. Neese and G. Bistoni, Beilstein J. Org. Chem. 2018, 14, 919. 
[6] F. Neese and E. F. Valeev J. Chem. Theory Comput. 2011, 7, 33 
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Conformational Search 
 

Energy Sorting Script (ESS) 

The «Energy Sorting Script» allows you to discard unnecessary calculation results, possibly 

containing repeating structures using energy criterion (∆Etot > 10-7 a.u. by default). 

Options 

 

-7 Etot criterion 0.0000001 

-6 Etot criterion 0.000001 

-5 Etot criterion 0.00001 

-4 Etot criterion 0.0001 

-3 Etot criterion 0.001 

-z zero criterion (criterion 0 a.u.) 

-c to enter your Etot criterion manually (0.000001 a.u. by default) 

-s to enforce singlet output: <S²>=0.0000 

-lm Search for local minima (by default) 

-ts Search for transitional states 

-a you need all files in the list (without any exclusion) 

 

The general algorithm of ESS includes the following steps 

1) Extraction of the most imoptarnt data from a list of Gaussian-log files: filename, ZPE1, δH.1, 

δG.1, Etot, <S²>, 1-st frequency. Check, if 1-st frequency > 0.  

2) Sorting the list of extracted data in ascending order of Etot. 

3) Comparison by Etot. Each log-file will be compared with the previos one by Etot using the 

following criterion: If ∆Etot > 10-7 Hartree (by default) then it makes sense to consider this file. 

Otherwise: the current file is most likely a “replicant/duplicate”, possibly containing the same 

structure as in previous file. 

Benefits: 
- Allows you to reduce the number of conformers in the list quickly 
 
Disadvantages: 
- The “replicant” structures can still be presented in the list, because this analysis does not 
take into account geometry: 
First example: Geometries can be almost the same, but have slightly different energies due 
to the difference in the number of geometry-convergence steps or in the number of SCF steps.  
The second example: a radical particle with the same geometry can have two different wave 
functions that differ greatly in energy.  
- Loss of structures (which is very rare, but possible) with a high conformational lability of the 
molecule, two different conformers can have almost the same energy (with a difference of 
less than ∆Etot criterion). In this case, the structure will be eliminated from the list. 
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Centroid Comparison Script (CCS) 

The analysis of certain interatomic distances and visualization of geometry is widely used by 

chemists all over the world. However, when it comes to a large number of structures and the 

search for individual conformations among them, "manual" methods take a lot of time and 

do not exclude human error. 

The «Centroid Comparison Script» allows you to discard unnecessary xyz-files or Gaussian log-

files, possibly containing repeating structures comparing geometries by distances between 

each atom and centroid point. CCS is applicable only in chemistry, but wherever it comes to 

searching for individual geometries (just need to change the length units and criterion). 

(Figure S1 and Figure S2) 

 

 

 

 
(a) (b) 

Figure S1. Equilateral (a) and Isosceles triangles (b). The lines correspond distances 
between triangle-vertices (gray points) and centroid (purple point). 

 

  
(a) (b) 

Figure S2. ethylene glycol molecule. The lines correspond to (a) covalent bonds 
and (b) distances between atoms and centroid (purple point). 
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Algorithm/Principle General options: 

Sorted Geometries Comparison 

1) xyz/log files: 
create your own “.ccs” input-list file, where the 
geometries are sorted as you want (by any 
property). Each geometry will be compared to 
the previous one 
ccs 
ccs -s 
 
2) log files:  
comparison of energy-neighboring geometries 
(just a special case). In this case, ESS will 
generate an input-list 
ess;ccs 
ess -(option);ccs -(option) 
 

 

Sorted Geometries Comparison 

To start, you need to create a “.ccs” input-list file, where the geometries are sorted as you 

want (by any property). If you want to make a comparison of energy-neighboring geometries, 

you need a special input-list, where the geometries are sorted by energy. Such a list can be 

crated using ESS. 

In this cases, the algorithm of CCS includes the following steps 

1) Reading of the Geometry from each xyz/log file (G - matrix). The number of atoms n must 
be the same in all files 

𝐆 = [

𝑥1 𝑦1 𝑧1

… … …
𝑥𝑖 𝑦𝑖 𝑧𝑖

𝑥𝑛 𝑦𝑛 𝑧𝑛

] 

 
2) Calculation of Сentroid point 𝐶 (𝑥𝑐; 𝑦𝑐; 𝑧𝑐) for each geometry: 
 

𝑥𝑐 =
∑ 𝑥𝑖

𝑛
𝑖=0

n
 

𝑦𝑐 =
∑ 𝑦𝑖

𝑛
𝑖=0

n
 

𝑧𝑐 =
∑ 𝑧𝑖

𝑛
𝑖=0

n
 

and definition of 𝐂 – matrix with n lines for each geometry: 
 

𝐂 = [

𝑥𝑐 𝑦𝑐 𝑧𝑐

… … …
𝑥𝑐 𝑦𝑐 𝑧𝑐

𝑥𝑐 𝑦𝑐 𝑧𝑐

] 

 
3) Calculation of 𝐋 – matrix for each geometry, which contains «xyz-components of the 
absolute distance 𝑙𝑖 from 𝑖th atom to the 𝐶𝑥𝑦𝑧 point (𝑖 =1 to 𝑛):  
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𝐋 = |𝐂 − 𝐆| = |[

𝑥𝑐  𝑦𝑐 𝑧𝑐

… … …
𝑥𝑐 𝑦𝑐 𝑧𝑐

𝑥𝑐 𝑦𝑐 𝑧𝑐

] − [

𝑥1 𝑦1 𝑧1

… … …
𝑥𝑖 𝑦𝑖 𝑧𝑖

𝑥𝑛 𝑦𝑛 𝑧𝑛

]| =

[
 
 
 
𝑙1
𝑥 𝑙1

𝑦
𝑙1
𝑧

… … …
𝑙𝑖
𝑥 𝑙𝑖

𝑦
𝑙𝑖
𝑧

𝑙𝑛
𝑥 𝑙𝑛

𝑦
𝑙𝑛
𝑧]
 
 
 

 

 
In other words, 𝐋 – matrix contains the modulus of the difference in the coordinates of each 

atom 𝑙𝑖
𝑥, 𝑙𝑖

𝑦
, 𝑙𝑖

𝑧 (𝑖 =1 to 𝑛) and coordinates the 𝐶𝑥𝑦𝑧  point: 

𝑙𝑖
𝑥 = |𝑥𝑐−𝑥𝑖| 

𝑙𝑖
𝑦

= |𝑦𝑐−𝑦𝑖| 

𝑙𝑖
𝑧 = |𝑧𝑐−𝑧𝑖| 

 
Which is needed to calculate the distancies 

𝑙𝑖 = √(𝑙𝑖
𝑥)2 + (𝑙𝑖

𝑦
)2 +  (𝑙𝑖

𝑧)2 

And to define the 𝐥 – column-matrix 

𝐥 = [

𝑙1
…
𝑙𝑖
𝑙𝑛

]  

 

 

4) Calculation of ∆𝐥 – column-matrices: ∆𝐥𝒋 = |𝐥𝒋 − 𝐥𝒋−𝟏|, where 𝑗 is the geometry number (𝑗 

= 2 to 𝑁, 𝑁 is the number of geometries). ∆𝐥𝒋 – column-matrices will be computed sequentially 

for (𝑁 − 1) geometries. 
 
5) Geometry-individuality criterion. Each considered j-th geometry will be compared with the 
previous one j-th geometry using the following criterion: If at least one element of ∆𝐥𝒋 is  > 

0.02 Angström, then the j-th geometry can be considered different from the previous one 
and, therefore, “individual”. Otherwise:  the j-th geometry is a “replicant” of  previous 
geometry. 
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Figure S1.3.1. The calculated BDE(OH) values and the highest BDE-A(OH)/BDE-D(OH) value.  
(DLPNO-CCSD(T)/CBS) 
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2. No explicit water 
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TABLE 2.1.1 RSE(RO•) values for selected O-centered radicals (in kJ mol-1) calculated at various levels of theory together with 
available experimental data (and the associated BDE(O-H) data) ordered by experimental BDE(RO•) values. 

Radical RSE(RO•) BDE(RO•) 

DFT[a]       (U)B2PLYP[b,c]      DLPNO-CCSD(T)[b,c]     G3B3-D3 exp. exp. 

 TZ QZ TZ QZ CBS [b] [d] 

HO• 
(1) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 +497.3±0.1[13] 

+497.1±0.3[65] 

HC(O)O• 
(20) 

-35.2 -40.0 -43.3 -14.3 -18.6 -20.9 -30.2 -27.6 -28.4±0.6 +468.89±0.56[13] 

t-Bu-O• 
(7) 

-57.7 -49.9 -52.3 -42.8 -45.4 -46.7 -47.2 -47.7 -52.4±2.8 +444.9±2.8[50,66] 

+446.8±4.2[51] 

PhCH2O• 
(8) 

-65.0 -57.3 -59.2 -48.4 -50.8 -52.2 -54.8 -55.5 -54.6±8.8 +442.7±8.8[53,66] 

CH3O• 
(6) 

-65.3 -58.6 -60.3 -53.4 -55.5 -56.6 -55.3 -55.8 -56.9±0.3 +440.4±0.3[13] 

+440.2±3.0[51,66] 

+437.7±2.8[50] 

CH3CH2O• 
(9) 

-66.6 -58.7 -60.4 -52.5 -54.6 -55.7 -57.5 -54.8 -56.9±0.5 +440.4±0.5[13] 

+441.0±5.9[51, 66] 

+438.1±3.3[50] 

PhC(CH3)2O• 
(10) 

-58.1 -50.5 -53.2 -40.9 -43.7 -45.1 -45.9 -47.8 -59.1±1.0 +438.2±1.0[54, 66] 

n-Bu-O• 
(11) 

-66.8 -59.1 -61.1 -52.2 -54.5 -55.7 -52.9 -55.3 -65.0 +432.3[52] 

p-nitro-PhO• 
(12) 

-114.5 -97.7 -100.8 -100.8 -104.3 -106.1 -113.4 -106.0 -107±8 +390±8[56, 15] 

+396±8[56] 

HOO• 
(13) 

-134.4 -133.7 -135.8 -124.9 -128.1 -129.6 -129.2 -129.6 -131.6±0.2 +365.7±0.2[13] 
 

PhO• 
(2) 

-132.9 -114.2 -117.7 -116.3 -121.0 -123.6 -121.1 -121.6 -132.3±0.5 +365±0.5[15] 

+371.3±2.3[56] 
+367.1±0.9[13] 
+362.7±3.0[67] 

PhCH2-OO• 
(16) 

-139.0 -136.4 -140.4 -122.1 -125.9 -128.0 -126.5 -131.5 -132.3 +365[61] 

CH3OO• 
(15) 

-141.8 -139.4 -142.4 -128.9 -132.8 -134.7 -133.0 -135.8 -138.9±0.7 +358.4±0.7[13] 

+370.3±2.1[59, 66] 

+367.3±4[60] 

+357±5[58] 

p-methyl-PhO• 
(14) 

-141.3 -122.5 -126.3 -122.5 -127.6 -130.5 -128.8 -129.3 -140.7±0.6 +356.6±0.6 [15] 

+363±4[67] 

t-Bu-OO• 
(17) 

-148.5 -145.6 -149.1 -132.7 -136.8 -138.7 -140.8 -141.5 -145±8.8 +352.3±8.8[60, 66] 

p-amino-PhO• 
(18) 

-168.8 -152.2 -156.1 -143.9 -149.3 -152.4 -153.3 -153.8 -173±13 +324±13[67,15] 

+331±13[67] 

TEMPO 
(5) 

-208.0 -206.4 -210.9 -185.1 -191.7 -195.4 -198.0 -198.4 -204.1±0.4 +293.2±0.4 [62] 

+291.2[63] 

3O2 

(19) 
-274.6 -291.7 -294.4 -283.8 -288.0 -290.1 -289.1 -289.2 -291.5±0.2 +205.8±0.27[13] 

MSE -2.8 3.3 0.4 12.1 8.3 6.4 5.4 5.2   

MUE 5.5 6.6 7.0 12.1 8.3 6.4 5.4 5.3   

R2 0.9956 0.9823 0.9830 0.9906 0.9926 0.9936 0.9938 0.9935   

[a] “DFT” - (U)B3LYP-D3/6-31+G(d,p); [b] Using (U)B3LYP-D3/6-31+G(d,p) optimized geometries; [c] “TZ, QZ” - cc-pVTZ, cc-
pVQZ; [d] Using (U)B3LYP-D3/6-31G(d) optimized geometries. 
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(U)B3LYP-D3/6-31+G(d,p) DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) 

  
G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) G3B3-D3//(U)B3LYP-D3/6-31G(d) 

Figure 2.1.1. Correlation plots for  

a) Extrapolated DLPNO-CCSD(T) and  

b) G3B3-D3 using (U)B3LYP-D3/6-31+G(d,p) geometries. 

 
 

Formulas Used for Statistical Analysis 

Mean Signed Error  MUE(RSE) =
∑ 𝑅𝑆𝐸𝑖(𝑐𝑎𝑙𝑐)−𝑅𝑆𝐸𝑖(𝑒𝑥𝑝)
𝑛
𝑖=1

𝑛
 

Mean Unsigned Error  MUE(RSE) =
∑ |𝑅𝑆𝐸𝑖(𝑐𝑎𝑙𝑐)−𝑅𝑆𝐸𝑖(𝑒𝑥𝑝)|
𝑛
𝑖=1

𝑛
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HO• MeO• EtO• BuO• 

 

 

 

 
HOH MeOH EtOH BuOH 

 

  

 

t-BuO• PhCH2O• PhC(CH3)2O• HCO2 
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t-BuOH PhCH2OH PhC(CH3)2OH HCO2H 

 

  
 

PhO• p-nitro-PhO•  p-methyl-PhO• p-amino-PhO•  

 

   

PhOH p-nitro-PhOH p-methyl-PhOH p-amino-PhOH 

36



 
 

 

 
•OO• / 3O2 HOO• CH3OO• t-Bu-OO• 

  

 

 
HOOH CH3OOH t-Bu-OOH HOOH 

 

 
PhCH2-OO• TEMPO• 
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PhCH2-OOH TEMPOH 

Figure S2.2.1. Calculated at the (U)B3LYP-D3/6-31+G(d,p) level of theory NBO charges (in a.u.). Best by enthalpy structures. 
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Table S2.3.1. The calculated NBO charges (a.u.) at the (U)B3LYP-D3/6-31+G(d,p) level of theory 

 

 

 

   
Δ Δ rel. to HO• Δ rel. to HOH 

Name att. atom O H att. atom O• H att. atom O•/O O•/O H 

HOH (1H) 0.499 -0.997 0.499 0.443 -0.443 - -0.056 0.554 0.000 0.000 

CH3OH (6H) -0.333 -0.782 0.497 -0.391 -0.304 - -0.058 0.478 -0.076 -0.002 

CH3CH2OH (9H) -0.125 -0.789 0.500 -0.193 -0.312 - -0.068 0.477 -0.077 0.001 

n-Bu-OH (11H) -0.116 -0.791 0.501 -0.183 -0.315 - -0.067 0.476 -0.078 0.002 

t-Bu-OH (7H) 0.219 -0.785 0.494 0.174 -0.319 - -0.045 0.466 -0.088 -0.005 

PhCH2OH (8H) -0.128 -0.774 0.498 -0.184 -0.321 - -0.056 0.453 -0.101 -0.001 

PhC(CH3)2OH (10H) 0.224 -0.779 0.499 0.184 -0.314 - -0.040 0.465 -0.089 0.000 

PhOH (2H) 0.308 -0.712 0.509 0.354 -0.491 - 0.046 0.221 -0.333 0.010 

p-nitro-PhOH (12H) 0.341 -0.693 0.516 0.367 -0.460 - 0.026 0.233 -0.321 0.017 

p-methyl-PhOH (14H) 0.301 -0.714 0.508 0.357 -0.504 - 0.056 0.210 -0.344 0.009 

p-amino-PhOH (18H) 0.275 -0.720 0.507 0.356 -0.545 - 0.081 0.175 -0.379 0.008 

HOOH (13H) -0.495 -0.495 0.495 -0.355 -0.145 - 0.140 0.350 -0.204 -0.004 

CH3OOH (15H) -0.327 -0.502 0.501 -0.177 -0.171 - 0.150 0.331 -0.223 0.002 

t-Bu-OOH (17H) -0.332 -0.505 0.499 -0.178 -0.184 - 0.154 0.321 -0.233 0.000 

PhCH2OOH (16H) -0.317 -0.493 0.497 -0.170 -0.175 - 0.147 0.318 -0.236 -0.002 

TEMPOH (5H) -0.259 -0.645 0.511 -0.007 -0.435 - 0.252 0.210 -0.344 0.012 

HOO• (19H) -0.145 -0.355 0.500 0.000 0.000 - 0.145 0.355 -0.199 0.001 

HC(O)OH (20H) 0.637 -0.723 0.518 0.584 -0.433 - -0.053 0.290 -0.264 0.019  
Type: Average values 

Alkoxy -0.056 0.469 -0.085 -0.001 

Aroma 0.052 0.210 -0.344 0.011 

Peroxy 0.148 0.330 -0.224 -0.001 
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Figure 2.4.06. Reaction of hydroxyl radical (1) with methanol (6H). 

 
Table S2.4.06a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S06. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -56.59 -60.86 -63.80 

(U)B3LYP-D3/6-31G(d) -55.41 -59.76 -62.73 

    

(U)B3LYP/6-31+G(d,p) -61.59 -66.46 -69.27 

(U)B3LYP-D3/6-31+G(d,p) -60.39 -65.35 -68.18 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -53.64 -58.60 -61.43 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -55.34 -60.30 -63.13 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -53.04 -57.99 -60.82 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -54.75 -59.71 -62.54 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -48.42 -53.38 -56.21 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -50.53 -55.49 -58.32 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -51.67 -56.63 -59.46 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -51.43 -56.19 -58.97 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -51.60 -55.77 -58.70 

    

DLPNO-CCSD(T)/aug-cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -50.47 -55.43 -58.25 

DLPNO-CCSD(T)/aug-cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -51.53 -56.49 -59.32 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -52.19 -57.15 -59.98 

    

exp.a  -56.96±0.29  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,8H) = +440.36±0.29 kJ/mol and BDE(O-H,1H) = +497.32±0.26 kJ/mol. 
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Table S2.4.06b. Energy values for all systems shown in Figure 2.4.06. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

CH3O1 (Cs, 2A') -115.0504625 -115.0097145 -115.0365955 -115.0511257 -115.0104527 -115.0373377 -115.0511257 -115.0104527 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

CH3OH -115.7144073 -115.6587003 -115.6856603 -115.7155275 -115.6598675 -115.6868175 -115.7155275 -115.6598675 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.06c. Energy values for all systems shown in Figure 2.4.06. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

6       

CH3O1 (Cs, 2A') -115.0632984 -115.0229614 -115.0498824 -115.0639558 -115.0236958 -115.0506198 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

6H       

CH3OH -115.7348716 -115.6793556 -115.7063976 -115.7359964 -115.6805264 -115.7075604 
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Table S2.4.06d. Energy values for all systems shown in Figure 2.4.06. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

6       

CH3O1 (Cs, 2A') -115.0039947 -115.0220418 -115.0019654 -115.0199688 -115.0011447 -114.9623067 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

6H       

CH3OH (Cs) -115.6765979 -115.6964227 -115.6765979 -115.6964227 -115.6812416 -115.6277836 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.06e. Energy values for all systems shown in Figure 2.4.06. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

6       

CH3O1 (C2v, 2A1) -114.8744982 -114.8342382 -114.9095010 -114.8692410 -114.9308974 -114.8906374 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

6H       

CH3OH_a (Cs) -115.5503371 -115.4948671 -115.5884523 -115.5329823 -115.6116900 -115.5562200 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Table S2.4.06f. Energy values for all systems shown in Figure 2.4.06. 

system Etot 

DLPNO-
CCSD(T)/ 

aug-cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 

aug-cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

aug-cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

aug-cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3421010 -76.3170370 -76.3633066 -76.3382426 -76.3762075 -76.3511435 

       

6       

CH3O1 (C2v, 2A1) -114.8845740 -114.8443140 -114.9132689 -114.8730089 -114.9307765 -114.8905165 

       

1       

HO -75.6455007 -75.6337577 -75.6642373 -75.6524943 -75.6755624 -75.6638194 

       

6H       

CH3OH_a (Cs) -115.5619522 -115.5064822 -115.5927114 -115.5372414 -115.6115434 -115.5560734 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
 
 

 

 
Figure 2.4.09. Reaction of hydroxyl radical (1) with ethanol (9H). 

 
Table S2.4.09a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S09. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -56.98 -61.65 -66.16 

(U)B3LYP-D3/6-31G(d) -55.05 -59.75 -64.19 

    

(U)B3LYP/6-31+G(d,p) -62.57 -68.06 -74.83 

(U)B3LYP-D3/6-31+G(d,p) -60.93 -66.59 -75.08 
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(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -53.09 -58.74 -67.24 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -54.76 -60.41 -68.91 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -52.44 -58.10 -66.59 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -54.12 -59.78 -68.28 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -46.89 -52.54 -61.04 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -48.98 -54.63 -63.13 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -50.09 -55.75 -64.24 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -50.25 -55.63 -64.13 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -50.41 -54.82 -59.02 

exp.a  -56.90±0.47  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,9H) = +440.4±0.47 kJ/mol and BDE(O-H,1H) = +497.3±0.26 kJ/mol. 
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Table S2.4.09b. Energy values for all systems shown in Figure 2.4.09. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

CH3CH2O1 -154.3704925 -154.3000375 -154.3310565 -154.3730829 -154.3026259 -154.3335789 -154.3730829 -154.3026259 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

CH3CH2OH2 -155.0342872 -154.9487212 -154.9792212 -155.0376201 -154.9520431 -154.9825051 -155.0376201 -154.9520431 

CH3CH2OH1 -155.0338010 -154.9482710 -154.9788490 -155.0370190 -154.9514750 -154.9820180 -155.0370190 -154.9514750 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.09c. Energy values for all systems shown in Figure 2.4.09. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

9       

CH3CH2O1 (Cs, 2A'') -154.3867795 -154.3170895 -154.3491505 -154.3893563 -154.3197153 -154.3523993 

aco_046 (C1) -154.3867916 -154.318040 
(imag=-32 cm-1) 

-154.348421 -154.3893683 -154.320652 
(imag=-94 cm-1) 

-154.351032 

aco_048 (Cs, 2A') -154.3851784 -154.314233 -154.344918 -154.3879434 -154.316939 -154.347572 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

9H       

CH3CH2OH2 -155.0579793 -154.9728763 -155.0035473 -155.0611896 -154.9760736 -155.0067086 

CH3CH2OH1 -155.0578617 -154.9727427 -155.0033617 -155.0611891 -154.9760591 -155.0066361 
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Table S2.4.09d. Energy values for all systems shown in Figure 2.4.09. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

9       

CH3CH2O1 (Cs, 2A'') -154.2971560 -154.3207632 -154.2951120 -154.3186759 -154.3047057 -154.2375537 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

9H       

CH3CH2OH2 -154.9699707 -154.9953673 -154.9699707 -154.9953673 -154.9852549 -154.9032439 

CH3CH2OH1 -154.9699405 -154.9951846 -154.9699405 -154.9951846 -154.9850646 -154.9030416 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.09e. Energy values for all systems shown in Figure 2.4.09. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

9       

CH3CH2O1 -154.1182432 -154.0486022 -154.1647101 -154.0950691 -154.1933252 -154.1236842 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

9H       

CH3CH2OH2 -154.7946678 -154.7095518 -154.8442520 -154.7591360 -154.8747197 -154.7896037 

CH3CH2OH1 -154.7946648 -154.7095348 -154.8441048 -154.7589748 -154.8744933 -154.7893633 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.11. Reaction of hydroxyl radical (1) with butan-1-ol (11H). 
 

Table S2.4.11a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S11. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -58.13 -62.37 -66.29 

(U)B3LYP-D3/6-31G(d) -55.81 -60.05 -63.91 

    

(U)B3LYP/6-31+G(d,p) -63.76 -68.53 -72.76 

(U)B3LYP-D3/6-31+G(d,p) -61.86 -66.82 -70.90 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -54.16 -59.08 -63.14 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -56.12 -61.09 -65.17 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -53.50 -58.42 -62.48 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -55.48 -60.44 -64.52 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -47.26 -52.18 -56.24 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -49.57 -54.53 -58.61 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -50.69 -55.65 -59.73 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -51.32 -56.06 -60.12 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -51.33 -55.29 -58.85 

exp.a  -65.0  
a Data from Luo: BDE(O-H,10H) = 432.3 kJ/mol and BDE(O-H,1H) = +497.3±0.26 kJ/mol. 
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Table S2.4.11b. Energy values for all systems shown in Figure 2.4.11. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

BuO2 -232.9987830 -232.8681760 -232.9059800 -233.0069065 -232.8761235 -232.9137135 -233.0069065 -232.8761235 

BuO1 -232.9980840 -232.8675370 -232.9056420 -233.0065627 -232.8755107 -232.9126417 -233.0065627 -232.8755107 

BuO3 -232.9977243 -232.8668453 -232.9046183 -233.0062990 -232.8752520 -232.9129010 -233.0062990 -232.8752520 

BuO4 -232.9977207 -232.8668297 -232.9042277 -233.0059762 -232.8752722 -232.9131782 -233.0059762 -232.8752722 

BuO5 -232.9969602 -232.8660772 -232.9039222 -233.0052939 -232.8742469 -232.9118869 -233.0052939 -232.8742469 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

BuOH1a -233.6621392 -233.5165842 -233.5540952 -233.6711543 -233.5254253 -233.5627453 -233.6711543 -233.5254253 

BuOH3a -233.6617267 -233.5161497 -233.5539047 -233.6708159 -233.5250509 -233.5625299 -233.6708159 -233.5250509 

BuOH4d -233.6617348 -233.5161358 -233.5537578 -233.6706388 -233.5247928 -233.5622398 -233.6706388 -233.5247928 

BuOH8b -233.6614778 -233.5159728 -233.5535948 -233.6704040 -233.5246490 -233.5622080 -233.6704040 -233.5246490 

BuOH7b -233.6610820 -233.5155740 -233.5534160 -233.6702934 -233.5246134 -233.5620404 -233.6702934 -233.5246134 

BuOH5c -233.6611277 -233.5155037 -233.5531677 -233.6701375 -233.5243535 -233.5614555 -233.6701375 -233.5243535 

BuOH2b -233.6604354 -233.5148584 -233.5522204 -233.6700435 -233.5242295 -233.5615375 -233.6700435 -233.5242295 

BuOH6b -233.6604228 -233.5148118 -233.5525458 -233.6696355 -233.5239465 -233.5615925 -233.6696355 -233.5239465 

BuOH9b -233.6603463 -233.5147843 -233.5527183 -233.6696134 -233.5238694 -233.5615234 -233.6696134 -233.5238694 

BuOH11d -233.6603144 -233.5147744 -233.5526024 -233.6695075 -233.5237015 -233.5612005 -233.6695075 -233.5237015 

BuOH10d -233.6602097 -233.5146347 -233.5525017 -233.6692881 -233.5235221 -233.5611611 -233.6692881 -233.5235221 

BuOH13c -233.6596674 -233.5141594 -233.5520504 -233.6687985 -233.5231165 -233.5605805 -233.6687985 -233.5231165 

BuOH12c -233.6594432 -233.5139442 -233.5516212 -233.6686221 -233.5229191 -233.5605821 -233.6686221 -233.5229191 

BuOH14b -233.6588521 -233.5132181 -233.5506531 -233.6685382 -233.5227432 -233.5599272 -233.6685382 -233.5227432 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.11c. Energy values for all systems shown in Figure 2.4.11. 

system Etot 

(U)B3LYP/ 
H298 

(U)B3LYP/ 
G298 

(U)B3LYP/ 
Etot 

(U)B3LYP-D3/ 
H298 

(U)B3LYP-D3/ 
G298 

(U)B3LYP-D3/ 
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6-31+G(d,p) 6-31+G(d,p) 6-31+G(d,p) 6-31+G(d,p) 6-31+G(d,p) 6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

11       

BuO2 -233.0217124 -232.8921674 -232.9302304 -233.0297641 -232.9001131 -232.9380521 

BuO1 -233.0214397 -232.8919897 -232.9305047 -233.0293178 -232.8997018 -232.9379428 

BuO3 -233.0204473 -232.8907043 -232.9286873 -233.0291945 -232.8990965 -232.9362975 

BuO4 -233.0203871 -232.8904551 -232.9279411 -233.0289513 -232.8990383 -232.9368183 

BuO5 -233.0201910 -232.8903140 -232.9282720 -233.0285104 -232.8984694 -232.9362054 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

11H       

BuOH1a -233.6924589 -233.5477729 -233.5855489 -233.7012452 -233.5563822 -233.5939542 

BuOH3a -233.6924131 -233.5476431 -233.5855601 -233.7011493 -233.5563023 -233.5938833 

BuOH4d -233.6923781 -233.5476731 -233.5856881 -233.7011378 -233.5562348 -233.5938448 

BuOH8b -233.6922101 -233.5475401 -233.5853211 -233.7010850 -233.5561360 -233.5938480 

BuOH7b -233.6920950 -233.5473680 -233.5851510 -233.7009170 -233.5560300 -233.5938400 

BuOH5c -233.6911913 -233.5464723 -233.5843093 -233.7004921 -233.5555171 -233.5931101 

BuOH2b -233.6910875 -233.5463215 -233.5842075 -233.7004379 -233.5555169 -233.5931219 

BuOH6b -233.6909736 -233.5461846 -233.5841036 -233.7002095 -233.5552895 -233.5929505 

BuOH9b -233.6908362 -233.5461362 -233.5842032 -233.7000503 -233.5550603 -233.5927253 

BuOH11d -233.6907994 -233.5460374 -233.5840814 -233.6998676 -233.5549106 -233.5927036 

BuOH10d -233.6906130 -233.5459200 -233.5838340 -233.6997775 -233.5548785 -233.5926975 

BuOH13c -233.6898427 -233.5451917 -233.5830827 -233.6993142 -233.5544542 -233.5919492 

BuOH12c -233.6897395 -233.5450705 -233.5828115 -233.6991397 -233.5543017 -233.5919787 

BuOH14b -233.6889250 -233.5441750 -233.5817330 -233.6985592 -233.5536582 -233.5910272 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Table S2.4.11d. Energy values for all systems shown in Figure 2.4.11. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

11       

BuO2 -232.8733134 -232.9081892 -232.8712630 -232.9060968 -232.9035794 -232.7786424 

BuO1 -232.8727876 -232.9077365 -232.8707404 -232.9056479 -232.9030192 -232.7781122 

BuO4 -232.8723463 -232.9071420 -232.8702949 -232.9050508 -232.9028292 -232.7776482 

BuO3 -232.8721355 -232.9069549 -232.8700752 -232.9048532 -232.9028110 -232.7774600 

BuO5 -232.8716952 -232.9066543 -232.8696505 -232.9045687 -232.9022632 -232.7769612 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

11H       

BuOH3a -233.5457192 -233.5820935 -233.5457192 -233.5820935 -233.5837189 -233.4441669 

BuOH1a -233.5456783 -233.5822729 -233.5456783 -233.5822729 -233.5834397 -233.4439037 

BuOH8b -233.5454449 -233.5820545 -233.5454449 -233.5820545 -233.5833682 -233.4437772 

BuOH7b -233.5453002 -233.5820542 -233.5453002 -233.5820542 -233.5832980 -233.4437210 

BuOH5c -233.5448676 -233.5812089 -233.5448676 -233.5812089 -233.5833293 -233.4436923 

BuOH2b -233.5447033 -233.5812766 -233.5447033 -233.5812766 -233.5831367 -233.4435297 

BuOH6b -233.5442216 -233.5807083 -233.5442216 -233.5807083 -233.5829271 -233.4432701 

BuOH9b -233.5441709 -233.5807769 -233.5441709 -233.5807769 -233.5825409 -233.4429349 

BuOH11d -233.5439692 -233.5805607 -233.5439692 -233.5805607 -233.5823455 -233.4426705 

BuOH10d -233.5439524 -233.5806799 -233.5439524 -233.5806799 -233.5822416 -233.4426536 

BuOH13c -233.5436734 -233.5797188 -233.5436734 -233.5797188 -233.5821199 -233.4424759 

BuOH12c -233.5434557 -233.5797732 -233.5434557 -233.5797732 -233.5813472 -233.4418192 

BuOH14b -233.5425506 -233.5789423 -233.5425506 -233.5789423 -233.5812418 -233.4416938 

BuOH4d -233.5454460 -233.5819698 -233.5454460 -233.5819698 -233.5806613 -233.4410733 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Table S2.4.11e. Energy values for all systems shown in Figure 2.4.11. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

11       

BuO2 -232.5974867 -232.4678357 -232.6668970 -232.5372460 -232.7099355 -232.5802845 

BuO1 -232.5968699 -232.4672539 -232.6663850 -232.5367690 -232.7094682 -232.5798522 

BuO4 -232.5967538 -232.4668408 -232.6661280 -232.5362150 -232.7091664 -232.5792534 

BuO3 -232.5964513 -232.4663533 -232.6659109 -232.5358129 -232.7090021 -232.5789041 

BuO5 -232.5960289 -232.4659879 -232.6655576 -232.5355166 -232.7086471 -232.5786061 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

11H       

BuOH3a -233.2737701 -233.1289231 -233.3460570 -233.2012100 -233.3908444 -233.2459974 

BuOH1a -233.2737260 -233.1288630 -233.3462147 -233.2013517 -233.3911029 -233.2462399 

BuOH4d -233.2735506 -233.1286476 -233.3459832 -233.2010802 -233.3908254 -233.2459224 

BuOH8b -233.2734356 -233.1284866 -233.3459396 -233.2009906 -233.3908047 -233.2458557 

BuOH7b -233.2732629 -233.1283759 -233.3459134 -233.2010264 -233.3908625 -233.2459755 

BuOH5c -233.2732046 -233.1282296 -233.3454552 -233.2004802 -233.3902274 -233.2452524 

BuOH2b -233.2730703 -233.1281493 -233.3455324 -233.2006114 -233.3904093 -233.2454883 

BuOH6b -233.2726810 -233.1277610 -233.3450941 -233.2001741 -233.3899345 -233.2450145 

BuOH9b -233.2724105 -233.1274205 -233.3449075 -233.1999175 -233.3897679 -233.2447779 

BuOH11d -233.2721929 -233.1272359 -233.3446828 -233.1997258 -233.3895435 -233.2445865 

BuOH10d -233.2721762 -233.1272772 -233.3447944 -233.1998954 -233.3897273 -233.2448283 

BuOH13c -233.2719398 -233.1270798 -233.3439269 -233.1990669 -233.3885970 -233.2437370 

BuOH12c -233.2716520 -233.1268140 -233.3438979 -233.1990599 -233.3886942 -233.2438562 

BuOH14b -233.2709413 -233.1260403 -233.3432681 -233.1983671 -233.3880658 -233.2431648 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.07. Reaction of hydroxyl radical (1) with tert-butanol (7H). 

 
Table S2.4.07a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S07. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -54.34 -54.46 -58.70 

(U)B3LYP-D3/6-31G(d) -51.81 -52.05 -56.28 

    

(U)B3LYP/6-31+G(d,p) -59.78 -60.10 -64.09 

(U)B3LYP-D3/6-31+G(d,p) -57.25 -57.69 -61.71 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -49.48 -49.92 -53.93 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -51.82 -52.26 -56.28 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -49.02 -49.46 -53.48 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -51.40 -51.83 -55.85 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -42.34 -42.78 -46.80 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -44.98 -45.41 -49.43 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -46.31 -46.75 -50.77 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -47.41 -47.83 -51.80 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -47.49 -47.72 -51.90 

exp.a  -52.4±2.8  
a Data from Y. R. Luo, Comprehensive Handbook of Chemical Bond Energies, CRC Press, 2007: 

BDE(O-H,7H) = +444.9±2.8 kJ/mol, and BDE(O-H,1H) = +497.3±0.26 kJ/mol from ATcT, version 1.122p, 2020. 
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Table S2.4.07b. Energy values for all systems shown in Figure 2.4.07. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

t-BuO2 -233.0061692 -232.8756412 -232.9126312 -233.0157245 -232.8849935 -232.9217565 -233.0157245 -232.8849935 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

t-BuOH -233.6709712 -233.5270612 -233.5636382 -233.6814959 -233.5373449 -233.5736929 -233.6814959 -233.5373449 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.07c. Energy values for all systems shown in Figure 2.4.07. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

7       

t-BuO2 (Cs, 2A') -233.0294718 -232.8998388 -232.9368568 -233.0390287 -232.9091897 -232.9459787 

aco_025 (Cs, 2A'') -233.0290142 -232.900906 
(imag=-541 cm-1) 

-232.937476 -233.0385699 -232.910266 
(imag=-545 cm-1) 

-232.946618 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

7H       

t-BuOH (Cs) -233.7017358 -233.5586568 -233.5953428 -233.7122651 -233.5689381 -233.6053831 

 
 

Table S2.4.07d. Energy values for all systems shown in Figure 2.4.07. 
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system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

7       

t-BuO2 (C2v, 2A') -232.8818521 -232.9168271 -232.8798819 -232.9148179 -232.9151268 -232.7899888 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

7H       

t-BuOH (Cs) -233.5560423 -233.5925489 -233.5560423 -233.5925489 -233.5967583 -233.4586483 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.07e. Energy values for all systems shown in Figure 2.4.07. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

7       

t-BuO2 -232.6073098 -232.4774708 -232.6768785 -232.5470395 -232.7200341 -232.5901951 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

7H       

t-BuOH -233.2854644 -233.1421374 -233.3579451 -233.2146181 -233.4028691 -233.2595421 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.08. Reaction of hydroxyl radical (1) with benzyl alcohol (8H). 

 
Table S2.4.08a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S08. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -56.11 -60.71 -66.08 

(U)B3LYP-D3/6-31G(d) -53.49 -58.21 -63.88 

    

(U)B3LYP/6-31+G(d,p) -62.01 -67.22 -74.55 

(U)B3LYP-D3/6-31+G(d,p) -59.79 -65.03 -71.37 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -52.05 -57.29 -63.62 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -54.01 -59.25 -65.58 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -51.24 -56.48 -62.81 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -53.21 -58.45 -64.79 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -43.15 -48.39 -54.72 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -45.60 -50.84 -57.17 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -46.93 -52.17 -58.50 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -47.90 -52.91 -59.21 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -50.98 -55.49 -61.13 

exp.a  -54.6±8.8  
a Data from Y. R. Luo, Comprehensive Handbook of Chemical Bond Energies, CRC Press, 2007: 

BDE(O-H,8H) = +442.7±8.8 kJ/mol, and BDE(O-H,1H) = +497.3±0.26 kJ/mol from ATcT, version 1.122p, 2020. 
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Table S2.4.08b. Energy values for all systems shown in Figure 2.4.08. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

PhCH2O2 -346.1064815 -345.9798925 -346.0201305 -346.1154124 -345.9888184 -346.0290204 -346.1154124 -345.9888184 

PhCH2O3 -346.1036245 -345.9754945 -346.0158025 -346.1126664 -345.9844814 -346.0246234 -346.1126664 -345.9844814 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

PhCH2OH2 -346.7706079 -346.6289339 -346.6683239 -346.7805436 -346.6388216 -346.6780636 -346.7805436 -346.6388216 

PhCH2OH1 -346.7676339 -346.6262269 -346.6662869 -346.7771928 -346.6357488 -346.6757048 -346.7771928 -346.6357488 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.08c. Energy values for all systems shown in Figure 2.4.08. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

8       

PhCH2O2 -346.1329494 -346.0070054 -346.0488394 -346.1418805 -346.0159255 -346.0571055 

PhCH2O3 -346.1309376 -346.0032836 -346.0431956 -346.1399605 -346.0122495 -346.0520855 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

8H       

PhCH2OH2 -346.8043660 -346.6631100 -346.7033420 -346.8141481 -346.6728761 -346.7128311 
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PhCH2OH1 -346.8024913 -346.6614553 -346.7019423 -346.8120519 -346.6709759 -346.7113019 

 
Table S2.4.08d. Energy values for all systems shown in Figure 2.4.08. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

8       

PhCH2O2 -345.9318607 -345.9809661 -345.9276395 -345.9772125 -345.9630602 -345.8416012 

PhCH2O3 -345.9295758 -345.9791939 -345.9297530 -345.9788164 -345.9615045 -345.8383745 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

8H       

PhCH2OH2 -346.6050709 -346.6558554 -346.6050709 -346.6558554 -346.6445051 -346.5083291 

PhCH2OH1 -346.6031632 -346.6541702 -346.6031632 -346.6541702 -346.6428540 -346.5068630 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.08e. Energy values for all systems shown in Figure 2.4.08. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

8       

PhCH2O2 -345.4882378 -345.3622828 -345.5872641 -345.4613091 -345.6488115 -345.5228565 

PhCH2O3 -345.4862255 -345.3585145 -345.5855293 -345.4578183 -345.6471397 -345.5194287 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

8H       
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PhCH2OH2 -346.1660865 -346.0248145 -346.2680938 -346.1268218 -346.3314114 -346.1901394 

PhCH2OH1 -346.1642151 -346.0231391 -346.2664407 -346.1253647 -346.3298593 -346.1887833 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
 
 

 
Figure 2.4.10. Reaction of hydroxyl radical (1) with 1-methyl-1-phenylethanol (10H). 

 
Table S2.4.10a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S10. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -54.76 -55.33 -59.46 

(U)B3LYP-D3/6-31G(d) -51.46 -52.12 -56.07 

    

(U)B3LYP/6-31+G(d,p) -60.65 -61.43 -64.51 

(U)B3LYP-D3/6-31+G(d,p) -57.39 -58.14 -61.26 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -49.76 -50.52 -53.64 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -52.47 -53.23 -56.35 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -49.27 -50.03 -53.14 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -52.02 -52.77 -55.89 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -40.12 -40.87 -43.99 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -42.96 -43.72 -46.84 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -44.32 -45.08 -48.20 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -46.54 -47.27 -50.34 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -47.14 -47.75 -51.66 

exp.a  -59.1±1.0  
a Data from Luo: BDE(O-H,10H) = 438.2±1.0 kJ/mol and BDE(O-H,1H) = +497.32±0.26 kJ/mol. 
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Table S2.4.10b. Energy values for all systems shown in Figure 2.4.10. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

PhCCH32O3 -424.7402226 -424.5535866 -424.5992576 -424.7574653 -424.5705623 -424.6159603 -424.7574653 -424.5705623 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

PhCCH32OH2 -425.4048644 -425.2046754 -425.2499734 -425.4233696 -425.2228876 -425.2679796 -425.4233696 -425.2228876 

PhCCH32OH3 -425.4036179 -425.2035569 -425.2486589 -425.4218145 -425.2214955 -425.2663825 -425.4218145 -425.2214955 

PhCCH32OH1 -425.4004136 -425.2003086 -425.2456136 -425.4188141 -425.2184151 -425.2634991 -425.4188141 -425.2184151 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.10c. Energy values for all systems shown in Figure 2.4.10. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

10       

PhCCH32O3 -424.7729961 -424.5872501 -424.6330391 -424.7902359 -424.6042189 -424.6497179 

PhCCH32O2_a -424.7713547 -424.5852387 -424.6304687 -424.7884533 -424.6021313 -424.6471403 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 
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10H       

PhCCH32OH2 -425.4449289 -425.2455609 -425.2913669 -425.4634197 -425.2637937 -425.3092917 

PhCCH32OH3 -425.4442997 -425.2450797 -425.2904917 -425.4625048 -425.2630198 -425.3081938 

PhCCH32OH1 -425.4416282 -425.2423312 -425.2878762 -425.4600159 -425.2604259 -425.3056789 

 
 

Table S2.4.10d. Energy values for all systems shown in Figure 2.4.10. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

10       

PhCCH32O2_a -424.5128475 -424.5735088 -424.5108970 -424.5715188 -424.5737640 -424.3944330 

PhCCH32O3 -424.5149930 -424.5753891 -424.5130078 -424.5733688 -424.5716634 -424.3920444 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

10H       

PhCCH32OH2 -425.1890748 -425.2508629 -425.1890748 -425.2508629 -425.2557235 -425.0633075 

PhCCH32OH3 -425.1882979 -425.2502678 -425.1882979 -425.2502678 -425.2549421 -425.0626581 

PhCCH32OH1 -425.1855216 -425.2478144 -425.1855216 -425.2478144 -425.2528812 -425.0604962 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.10e. Energy values for all systems shown in Figure 2.4.10. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

10       

PhCCH32O3 -423.9769476 -423.7909306 -424.0987877 -423.9127707 -424.1746592 -423.9886422 
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PhCCH32O2_a -423.9747497 -423.7884277 -424.0967353 -423.9104133 -424.1726537 -423.9863317 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

10H       

PhCCH32OH2 -424.6559510 -424.4563250 -424.7806203 -424.5809943 -424.8582514 -424.6586254 

PhCCH32OH3 -424.6550229 -424.4555379 -424.7799400 -424.5804550 -424.8576901 -424.6582051 

PhCCH32OH1 -424.6525200 -424.4529300 -424.7776556 -424.5780656 -424.8554775 -424.6558875 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.2. Reaction of hydroxyl radical (1) with phenol (2H). 
 

Table S2.4.2a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S2. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -126.73 -126.54 -128.81 

(U)B3LYP-D3/6-31G(d) -125.38 -125.18 -129.13 

    

(U)B3LYP/6-31+G(d,p) -134.32 -134.27 -136.39 

(U)B3LYP-D3/6-31+G(d,p) -132.94 -132.91 -134.98 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -114.21 -114.17 -116.25 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -117.73 -117.69 -119.77 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -123.27 -123.23 -125.31 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -127.36 -127.32 -129.40 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -116.37 -116.34 -118.41 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -121.02 -120.98 -123.06 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -123.59 -123.55 -125.63 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -121.54 -121.52 -123.53 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -121.74 -121.61 -123.80 

    

DLPNO-CCSD(T)/aug-cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -120.82 -120.78 -122.86 

DLPNO-CCSD(T)/aug-cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -122.84 -122.80 -124.88 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -124.17 -124.13 -126.21 

    

exp.a  -130.2±1  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,2H) = +367.06±0.88 kJ/mol and BDE(O-H,1H) = +497.32±0.26 kJ/mol. 
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Table S2.4.2b. Energy values for all systems shown in Figure 2.4.2. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

PhO -306.8276418 -306.7296468 -306.7647298 -306.8336783 -306.7356833 -306.7714233 -306.8336783 -306.7356833 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

PhOH -307.4648705 -307.3536155 -307.3890335 -307.4714286 -307.3601816 -307.3956126 -307.4714286 -307.3601816 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.2c. Energy values for all systems shown in Figure 2.4.2. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

2       

PhO -306.8501209 -306.7524479 -306.7875909 -306.8561593 -306.7584873 -306.7936333 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

2H       

PhOH -307.4939951 -307.3830151 -307.4185411 -307.5005653 -307.3895863 -307.4251283 

 
 

Table S2.4.02d. Energy values for all systems shown in Figure 2.4.02. 

system Etot Etot Etot Etot Etot H298 
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(U)B2PLYP/ 
cc-pVTZ(a) 

(U)B2PLYP/ 
cc-pVQZ(a) 

ROB2PLYP/ 
cc-pVTZ(a) 

ROB2PLYP/ 
cc-pVQZ(a) 

G3B3-D3(a) G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

2       

PhO -306.6751109 -306.7188728 -306.6767639 -306.7206944 -306.6979178 -306.6037158 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

2H       

PhOH -307.3246457 -307.3694926 -307.3246457 -307.3694926 -307.3513146 -307.2443096 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.02e. Energy values for all systems shown in Figure 2.4.02. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

2       

PhO -306.2831089 -306.1854369 -306.3712242 -306.2735522 -306.4258729 -306.3282009 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

2H       

PhOH -306.9330674 -306.8220884 -307.0233275 -306.9123485 -307.0792747 -306.9682957 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Table S2.4.02f. Energy values for all systems shown in Figure 2.4.02. 

system Etot 

DLPNO-
CCSD(T)/ 

aug-cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 

aug-cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

aug-cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

aug-cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3421010 -76.3170370 -76.3633066 -76.3382426 -76.3762075 -76.3511435 

       

2       

PhO -306.3043704 -306.2066984 -306.3796221 -306.2819501 -306.4259593 -306.3282873 

       

1       

HO -75.6455007 -75.6337577 -75.6642373 -75.6524943 -75.6755624 -75.6638194 

       

2H       

PhOH -306.9549525 -306.8439735 -307.0319049 -306.9209259 -307.0793106 -306.9683316 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
 
 
 
 
 
 
 
 

 

 
 

Figure 2.4.12. Reaction of hydroxyl radical (1) with para-nitrophenol (12H). 
 

Table S2.4.12a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S12. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 
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(U)B3LYP/6-31G(d) -108.01 -108.75 -114.01 

(U)B3LYP-D3/6-31G(d) -106.62 -107.38 -112.73 

    

(U)B3LYP/6-31+G(d,p) -115.03 -115.86 -119.43 

(U)B3LYP-D3/6-31+G(d,p) -113.62 -114.48 -118.18 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -96.85 -97.71 -101.41 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -99.95 -100.80 -104.50 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -107.86 -108.72 -112.42 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -111.59 -112.45 -116.14 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -99.90 -100.75 -104.45 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -103.47 -104.33 -108.03 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -105.28 -106.14 -109.84 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -105.10 -105.94 -109.58 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -105.29 -106.03 -109.60 

exp.a  -107±8  
a Data from BDE(phenol) + differences: BDE(O-H,12H) = +390 kJ/mol and BDE(O-H,1H) = +497.3±0.26 kJ/mol. 
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Table S2.4.12b. Energy values for all systems shown in Figure 2.4.12. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

p-nitro-PhO -511.3246544 -511.2217224 -511.2644874 -511.3343591 -511.2313801 -511.2741841 -511.3343591 -511.2313801 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

p-nitro-PhOH -511.9690131 -511.8524651 -511.8944281 -511.9792564 -511.8626564 -511.9046234 -511.9792564 -511.8626564 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.12c. Energy values for all systems shown in Figure 2.4.12. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

12       

p-nitro-PhO -511.3543582 -511.2519102 -511.2942482 -511.3640726 -511.2615766 -511.3039696 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

12H       

p-nitro-PhOH -512.0055779 -511.8894909 -511.9316579 -512.0158385 -511.8996945 -511.9418665 

 
Table S2.4.12d. Energy values for all systems shown in Figure 2.4.12. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 
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1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

12       

p-nitro-PhO -511.1293617 -511.2042454 -511.1317579 -511.2068325 -511.1188068 -511.0198088 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

12H       

p-nitro-PhOH -511.7855079 -511.8616374 -511.7855079 -511.8616374 -511.7784629 -511.6663379 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.12e. Energy values for all systems shown in Figure 2.4.12. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

12       

p-nitro-PhO -510.5070854 -510.4045894 -510.6579347 -510.5554387 -510.7509593 -510.6484633 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

12H       

p-nitro-PhOH -511.1633196 -511.0471756 -511.3167213 -511.2005773 -511.4113329 -511.2951889 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.14. Reaction of hydroxyl radical (1) with  para-methylphenol (14H). 
 

Table S2.4.14a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S14. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -134.00 -133.65 -138.84 

(U)B3LYP-D3/6-31G(d) -132.69 -132.32 -137.34 

    

(U)B3LYP/6-31+G(d,p) -142.94 -142.62 -147.81 

(U)B3LYP-D3/6-31+G(d,p) -141.62 -141.31 -146.92 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -122.83 -122.52 -128.13 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -126.64 -126.32 -131.93 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -132.29 -131.97 -137.59 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -136.63 -136.31 -141.93 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -122.82 -122.51 -128.12 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -127.94 -127.63 -133.24 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -130.77 -130.46 -136.07 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -129.41 -129.13 -134.67 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -129.66 -129.33 -134.27 

exp.a  -140.7±0.6  
a Data from Ashfold + therm. corr. = +356.6±0.6 kJ/mol and BDE(O-H,1H) = +497.3±0.3 kJ/mol. 
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Table S2.4.14b. Energy values for all systems shown in Figure 2.4.14. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

p-methyl-PhO -346.1477847 -346.0203167 -346.0614857 -346.1565726 -346.0290566 -346.0699926 -346.1565726 -346.0290566 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

p-methyl-PhOH -346.7822458 -346.6415768 -346.6819678 -346.7915385 -346.6508335 -346.6910575 -346.7915385 -346.6508335 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.14c. Energy values for all systems shown in Figure 2.4.14. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

14       

p-methyl-PhO -346.1734913 -346.0466003 -346.0885413 -346.1822805 -346.0553415 -346.0966435 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

14H       

p-methyl-PhOH -346.8140799 -346.6739899 -346.7151419 -346.8233808 -346.6832408 -346.7235918 

 
 
 

Table S2.4.14d. Energy values for all systems shown in Figure 2.4.14. 

system Etot Etot Etot Etot Etot H298 
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(U)B2PLYP/ 
cc-pVTZ(a) 

(U)B2PLYP/ 
cc-pVQZ(a) 

ROB2PLYP/ 
cc-pVTZ(a) 

ROB2PLYP/ 
cc-pVQZ(a) 

G3B3-D3(a) G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

14       

p-methyl-PhO -345.9690763 -346.0186311 -345.9708795 -346.0205899 -346.0035663 -345.8811533 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

14H       

p-methyl-PhOH -346.6153264 -346.6658572 -346.6153264 -346.6658572 -346.6539630 -346.5188470 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.14e. Energy values for all systems shown in Figure 2.4.14. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

14       

p-methyl-PhO -345.5276291 -345.4006901 -345.6274476 -345.5005086 -345.6894405 -345.5625015 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

14H       

p-methyl-PhOH -346.1751319 -346.0349919 -346.2769142 -346.1367742 -346.3401060 -346.1999660 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.18. Reaction of hydroxyl radical (1) with para-aminophenol (18H). 
 

Table S2.4.18a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S18. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -162.12 -160.56 -163.75 

(U)B3LYP-D3/6-31G(d) -160.75 -159.19 -162.33 

    

(U)B3LYP/6-31+G(d,p) -171.55 -170.17 -173.87 

(U)B3LYP-D3/6-31+G(d,p) -170.16 -168.79 -172.43 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -153.57 -152.20 -155.84 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -157.47 -156.10 -159.73 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -162.43 -161.06 -164.69 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -166.73 -165.36 -169.00 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -145.23 -143.86 -147.50 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -150.71 -149.34 -152.98 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -153.72 -152.35 -155.99 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -154.90 -153.60 -157.17 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -155.26 -153.79 -156.86 

exp.  -173.3±13  
a Data from BDE(phenol) + differences: BDE(O-H,18H) = +324±13 kJ/mol and BDE(O-H,1H) = +497.3±0.26 kJ/mol. 
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Table S2.4.18b. Energy values for all systems shown in Figure 2.4.18. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

p-amino-PhO -362.1909425 -362.0744315 -362.1132415 -362.1990804 -362.0825174 -362.1213144 -362.1990804 -362.0825174 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

p-amino-PhOH -362.8146946 -362.6854416 -362.7242356 -362.8233617 -362.6940607 -362.7328587 -362.8233617 -362.6940607 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.18c. Energy values for all systems shown in Figure 2.4.18. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

18       

p-amino-PhO -362.2234108 -362.1073228 -362.1465658 -362.2315504 -362.1154094 -362.1546404 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

18H       

p-amino-PhOH -362.8531025 -362.7242165 -362.7632395 -362.8617811 -362.7328411 -362.7718741 

 
Table S2.4.18d. Energy values for all systems shown in Figure 2.4.18. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 
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1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

18       

p-amino-PhO -362.0246647 -362.0779902 -362.0262405 -362.0796717 -362.0479265 -361.9358735 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

18H       

p-amino-PhOH -362.6592078 -362.7134726 -362.6592078 -362.7134726 -362.6886165 -362.5642495 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.18e. Energy values for all systems shown in Figure 2.4.18. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

18       

p-amino-PhO -361.5657277 -361.4495867 -361.6723153 -361.5561743 -361.7382645 -361.6221235 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

18H       

p-amino-PhOH -362.2046941 -362.0757541 -362.3131096 -362.1841696 -362.3801877 -362.2512477 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.13. Reaction of hydroxyl radical (1) with H2O2 (13H). 
 

Table S2.4.13a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S13. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -135.06 -133.19 -136.64 

(U)B3LYP-D3/6-31G(d) -134.39 -132.54 -136.00 

    

(U)B3LYP/6-31+G(d,p) -136.72 -135.11 -138.63 

(U)B3LYP-D3/6-31+G(d,p) -136.04 -134.44 -137.97 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -135.35 -133.74 -137.27 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -137.42 -135.81 -139.34 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -134.94 -133.33 -136.86 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -136.94 -135.34 -138.87 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -126.53 -124.93 -128.46 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -129.74 -128.13 -131.66 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -131.22 -129.61 -133.14 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -131.22 -129.72 -133.16 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -131.32 -129.58 -132.95 

exp.a  -131.6±0.3  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,20H) = +365.7±0.2 kJ/mol, and BDE(O-H,1H) = +497.3±0.26 kJ/mol. 
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Table S2.4.13b. Energy values for all systems shown in Figure 2.4.13. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

HOO -150.8991566 -150.8813206 -150.9073126 -150.8992506 -150.8814286 -150.9074216 -150.8992506 -150.8814286 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

HOOH -151.5332131 -151.5027541 -151.5286321 -151.5335686 -151.5031236 -151.5289966 -151.5335686 -151.5031236 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.13c. Energy values for all systems shown in Figure 2.4.13. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

13       

HOO -150.9154499 -150.8975419 -150.9235339 -150.9155454 -150.8976514 -150.9236434 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

13H       

HOOH -151.5584082 -151.5277912 -151.5536292 -151.5587701 -151.5281671 -151.5540011 

 
Table S2.4.13d. Energy values for all systems shown in Figure 2.4.13. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

76



1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

13       

HOO -150.8703607 -150.8942711 -150.8684061 -150.8922435 -150.8434495 -150.8261135 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

13H       

HOOH -151.5118436 -151.5373906 -151.5118436 -151.5373906 -151.4931587 -151.4635857 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.13e. Energy values for all systems shown in Figure 2.4.13. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

13       

HOO -150.7118999 -150.6940059 -150.7586317 -150.7407377 -150.7870706 -150.7691766 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

13H       

HOOH -151.3579884 -151.3273854 -151.4074133 -151.3768103 -151.4375673 -151.4069643 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.15. Reaction of hydroxyl radical (1) with methylhydroperoxide (15H). 
 

Table S2.4.15a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S15. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -140.35 -137.05 -139.77 

(U)B3LYP-D3/6-31G(d) -139.33 -136.00 -138.67 

    

(U)B3LYP/6-31+G(d,p) -145.83 -142.76 -145.03 

(U)B3LYP-D3/6-31+G(d,p) -144.91 -141.81 -144.08 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -142.50 -139.40 -141.66 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -145.47 -142.37 -144.63 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -142.25 -139.15 -141.41 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -145.17 -142.07 -144.34 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -131.98 -128.88 -131.14 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -135.92 -132.82 -135.08 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -137.84 -134.74 -137.00 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -138.68 -135.76 -137.92 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -138.97 -135.83 -138.39 

exp.a  -138.9±0.7  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,20H) = +358.4±0.7 kJ/mol, and BDE(O-H,1H) = +497.3±0.26 kJ/mol. 
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Table S2.4.15b. Energy values for all systems shown in Figure 2.4.15. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

CH3OO -190.2152309 -190.1671729 -190.1976739 -190.2169841 -190.1689551 -190.1993841 -190.2169841 -190.1689551 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

CH3OOH -190.8472716 -190.7871376 -190.8178026 -190.8494226 -190.7893316 -190.8199416 -190.8494226 -190.7893316 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.15c. Energy values for all systems shown in Figure 2.4.15. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

15       

CH3OO -190.2302571 -190.1825091 -190.2130471 -190.2320066 -190.1842896 -190.2147596 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

15H       

CH3OOH -190.8697446 -190.8098426 -190.8407066 -190.8718538 -190.8119958 -190.8427918 

 
Table S2.4.15d. Energy values for all systems shown in Figure 2.4.15. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 
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1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

15       

CH3OO -190.1531043 -190.1823439 -190.1512118 -190.1803841 -190.1352199 -190.0891709 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

15H       

CH3OOH -190.7918641 -190.8223973 -190.7918641 -190.8223973 -190.7820853 -190.7243413 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.15e. Energy values for all systems shown in Figure 2.4.15. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

15       

CH3OO -189.9426161 -189.8948991 -190.0006686 -189.9529516 -190.0362578 -189.9885408 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

15H       

CH3OOH -190.5866319 -190.5267739 -190.6470982 -190.5872402 -190.6842307 -190.6243727 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.17. Reaction of hydroxyl radical (1) with tert-butylhydroperoxide (17H). 
 

Table S2.4.17a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S17. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -147.64 -144.46 -147.57 

(U)B3LYP-D3/6-31G(d) -145.53 -142.46 -145.82 

    

(U)B3LYP/6-31+G(d,p) -153.37 -150.38 -153.31 

(U)B3LYP-D3/6-31+G(d,p) -151.51 -148.53 -151.52 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -148.61 -145.62 -148.62 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -152.03 -149.05 -152.04 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -148.35 -145.36 -148.36 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -151.76 -148.78 -151.77 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -135.65 -132.67 -135.66 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -139.76 -136.77 -139.77 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -141.68 -138.70 -141.69 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -144.05 -141.23 -144.13 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -144.44 -141.54 -144.80 

exp.a  -145.0±8.8  
a Data from Y. R. Luo, Comprehensive Handbook of Chemical Bond Energies, CRC Press, 2007: BDE(O-H,17H) = +352.3±8.8 kJ/mol, 

and BDE(O-H,1H) = +497.32±0.26 kJ/mol from ATcT, version 1.122p, 2020. 
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Table S2.4.17b. Energy values for all systems shown in Figure 2.4.17. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

t-BuOO -308.1728880 -308.0365530 -308.0763790 -308.1846740 -308.0480870 -308.0875810 -308.1846740 -308.0480870 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

t-BuOOH -308.8021547 -308.6536937 -308.6935347 -308.8147520 -308.6660010 -308.7054170 -308.8147520 -308.6660010 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.17c. Energy values for all systems shown in Figure 2.4.17. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

17       

t-BuOO -308.1980644 -308.0626394 -308.1025574 -308.2098349 -308.0741619 -308.1137439 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

17H       

t-BuOOH -308.8346817 -308.6870727 -308.7270627 -308.8471683 -308.6993103 -308.7389393 

 
 

Table S2.4.17d. Energy values for all systems shown in Figure 2.4.17. 

system Etot 

(U)B2PLYP/ 
Etot 

(U)B2PLYP/ 
Etot 

ROB2PLYP/ 
Etot 

ROB2PLYP/ 
Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 
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cc-pVTZ(a) cc-pVQZ(a) cc-pVTZ(a) cc-pVQZ(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

17       

t-BuOO -308.0336903 -308.0797199 -308.0317937 -308.0777678 -308.0527741 -307.9219711 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

17H       

t-BuOOH -308.6701245 -308.7172723 -308.6701245 -308.7172723 -308.6975953 -308.5550563 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.17e. Energy values for all systems shown in Figure 2.4.17. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

17       

t-BuOO -307.6785042 -307.5428312 -307.7709584 -307.6352854 -307.8282657 -307.6925927 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

17H       

t-BuOOH -308.3211194 -308.1732614 -308.4159253 -308.2680673 -308.4747768 -308.3269188 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.16. Reaction of hydroxyl radical (1) with benzylhydroperoxide (16H). 
 

Table S2.4.16a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S16. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -137.96 -134.65 -140.54 

(U)B3LYP-D3/6-31G(d) -135.12 -131.78 -137.00 

    

(U)B3LYP/6-31+G(d,p) -145.60 -142.80 -146.77 

(U)B3LYP-D3/6-31+G(d,p) -141.84 -138.96 -141.51 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -139.26 -136.38 -138.93 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -143.26 -140.39 -142.94 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -139.02 -136.15 -138.70 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -142.99 -140.12 -142.67 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -125.17 -122.11 -123.95 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -128.98 -125.94 -128.49 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -130.85 -127.98 -130.53 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -132.30 -129.41 -131.69 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -134.46 -131.54 -139.18 

exp.  -132.3±0.3  
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Table S2.4.16b. Energy values for all systems shown in Figure 2.4.16. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

PhCH2OO2 -421.2692892 -421.1353372 -421.1781722 -421.2801031 -421.1460881 -421.1887191 -421.2801031 -421.1460881 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

PhCH2OOH2 -421.9022409 -421.7562149 -421.7990289 -421.9141460 -421.7680700 -421.8104730 -421.9141460 -421.7680700 

PhCH2OOH1 -421.9004122 -421.7545342 -421.7977782 -421.9117365 -421.7658185 -421.8088525 -421.9117365 -421.7658185 

PhCH2OOH3 -421.9003551 -421.7543561 -421.7980481 -421.9110300 -421.7649900 -421.8085820 -421.9110300 -421.7649900 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.16c. Energy values for all systems shown in Figure 2.4.16. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

16       

PhCH2OO2 -421.2988378 -421.1655038 -421.2091178 -421.3089740 -421.1754890 -421.2184210 

PhCH2OO1 -421.2983249 -421.1649089 -421.2080809 -421.3089690 -421.1755570 -421.2191140 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

16H       

PhCH2OOH2 -421.9384143 -421.7928243 -421.8361113 -421.9499920 -421.8043500 -421.8481240 

PhCH2OOH1 -421.9375716 -421.7919936 -421.8357956 -421.9481777 -421.8025387 -421.8462557 

PhCH2OOH3 -421.9368591 -421.7913811 -421.8355861 -421.9480209 -421.8025659 -421.8461189 
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Table S2.4.16d. Energy values for all systems shown in Figure 2.4.16. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

16       

PhCH2OO2 -421.0799534 -421.1404838 -421.0780505 -421.1385181 -421.0971400 -420.9684030 

PhCH2OO1 -421.0799473 -421.1407249 -421.0780623 -421.1387748 -421.0970035 -420.9683345 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

16H       

PhCH2OOH2 -421.7199465 -421.7816211 -421.7199465 -421.7816211 -421.7464354 -421.6059904 

PhCH2OOH1 -421.7185023 -421.7805234 -421.7185023 -421.7805234 -421.7444901 -421.6042201 

PhCH2OOH3 -421.7180897 -421.7798046 -421.7180897 -421.7798046 -421.7445778 -421.6041308 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.16e. Energy values for all systems shown in Figure 2.4.16. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

16       

PhCH2OO2 -420.5560187 -420.4225337 -420.6780395 -420.5445545 -420.7536764 -420.6201914 

PhCH2OO1 -420.5556774 -420.4222654 -420.6779711 -420.5445591 -420.7537359 -420.6203239 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

16H       
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PhCH2OOH2 -421.2026278 -421.0569858 -421.3271089 -421.1814669 -421.4043728 -421.2587308 

PhCH2OOH3 -421.2006539 -421.0551989 -421.3251306 -421.1796756 -421.4023864 -421.2569314 

PhCH2OOH1 -421.2006098 -421.0549708 -421.3253563 -421.1797173 -421.4027087 -421.2570697 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.19. Reaction of hydroxyl radical (1) with hydroperoxy radical (19H). 
 

Table S2.4.19a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S19. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -279.31 -272.52 -268.57 

(U)B3LYP-D3/6-31G(d) -279.09 -272.27 -268.31 

    

(U)B3LYP/6-31+G(d,p) -281.35 -274.89 -270.90 

(U)B3LYP-D3/6-31+G(d,p) -281.12 -274.63 -270.64 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -298.15 -291.66 -287.68 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -300.85 -294.36 -290.38 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -302.11 -295.61 -291.63 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -305.11 -298.62 -294.63 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -290.27 -283.78 -279.79 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -294.46 -287.97 -283.98 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -296.59 -290.10 -286.12 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -295.60 -289.38 -285.38 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -295.76 -289.23 -285.26 

exp.a  -291.54±0.26  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,19H) = +205.78±0.15 kJ/mol and BDE(O-H,1H) = +497.32±0.26 kJ/mol. 

 
 
 
 
  

88



Table S2.4.19b. Energy values for all systems shown in Figure 2.4.19. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

3O2 -150.3200421 -150.3129551 -150.3362411 -150.3200431 -150.3129561 -150.3362421 -150.3200431 -150.3129561 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

HOO -150.8991566 -150.8813206 -150.9073126 -150.8992506 -150.8814286 -150.9074216 -150.8992506 -150.8814286 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.19c. Energy values for all systems shown in Figure 2.4.19. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

19       

3O2 -150.3275770 -150.3205310 -150.3438180 -150.3275780 -150.3205320 -150.3438190 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

19H = 13       

HOO -150.9154499 -150.8975419 -150.9235339 -150.9155454 -150.8976514 -150.9236434 

 
Table S2.4.19d. Energy values for all systems shown in Figure 2.4.19. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 
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1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

19       

3O2 -150.2908867 -150.3134009 -150.2886401 -150.3111485 -150.2563506 -150.2494526 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

19H       

HOO -150.8703607 -150.8942711 -150.8684061 -150.8922435 -150.8434495 -150.8261135 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.19e. Energy values for all systems shown in Figure 2.4.19. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

19       

3O2 -150.1281765 -150.1211305 -150.1725887 -150.1655427 -150.1995636 -150.1925176 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

19H       

HOO -150.7118999 -150.6940059 -150.7586317 -150.7407377 -150.7870706 -150.7691766 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.5. Reaction of hydroxyl radical (1) with TEMPOL (5H). 
 

Table S2.4.5a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S5. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -208.08 -204.52 -210.10 

(U)B3LYP-D3/6-31G(d) -203.51 -199.91 -205.07 

    

(U)B3LYP/6-31+G(d,p) -216.05 -212.62 -218.14 

(U)B3LYP-D3/6-31+G(d,p) -211.51 -208.04 -213.20 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -209.85 -206.37 -211.54 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -214.41 -210.93 -216.10 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -211.42 -207.94 -213.11 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -216.13 -212.65 -217.82 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -188.61 -185.13 -190.30 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -195.20 -191.72 -196.88 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -198.87 -195.39 -200.56 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -201.62 -198.45 -203.80 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -201.80 -198.39 -203.49 

exp.a  -204.1±0.1  
a Data from P. S. Billone et al., J. Org. Chem. 2011, 76, 631: BDE(OH,5H) = +293.2±0.1 kJ/mol, 

and BDE(O-H,1H) = +497.3±0.26 kJ/mol from ATcT, version 1.122p, 2020. 
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Table S2.4.5b. Energy values for all systems shown in Figure 2.4.5. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         

TEMPO -483.7197701 -483.4434671 -483.4931981 -483.7522734 -483.4751944 -483.5241904 -483.7522734 -483.4751944 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         

TEMPOH -484.3260144 -484.0377324 -484.0865404 -484.3602668 -484.0712278 -484.1194568 -484.3602668 -484.0712278 

TEMPOHa -484.3211407 -484.0330287 -484.0818167 -484.3553775 -484.0665905 -484.1148865 -484.3553775 -484.0665905 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 

 
Table S2.4.5c. Energy values for all systems shown in Figure 2.4.5. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

5       

TEMPO -483.7593238 -483.4848158 -483.5346488 -483.7917897 -483.5165127 -483.5656387 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

5H       

TEMPOH -484.3720665 -484.0855425 -484.1344615 -484.4062695 -484.1189965 -484.1673425 

TEMPOHa -484.3664172 -484.0801492 -484.1292272 -484.4006378 -484.1136918 -484.1622828 

 
Table S2.4.05d. Energy values for all systems shown in Figure 2.4.05. 

system Etot Etot Etot Etot Etot H298 
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(U)B2PLYP/ 
cc-pVTZ(a) 

(U)B2PLYP/ 
cc-pVQZ(a) 

ROB2PLYP/ 
cc-pVTZ(a) 

ROB2PLYP/ 
cc-pVQZ(a) 

G3B3-D3(a) G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

5       

TEMPO -483.4551278 -483.5261475 -483.4539279 -483.5249550 -483.5500125 -483.2847835 

       

1       

HO -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.7044006 -75.6929956 

       

5H       

TEMPOH -484.0682342 -484.1399418 -484.0682342 -484.1399418 -484.1729051 -483.8960771 

TEMPOHa -484.0631096 -484.1348510 -484.0631096 -484.1348510 -484.1673548 -483.8908888 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 

 
Table S2.4.05e. Energy values for all systems shown in Figure 2.4.05. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

5       

TEMPO -482.8768639 -482.6015869 -483.0199279 -482.7446509 -483.1092606 -482.8339836 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

5H       

TEMPOH -483.4993076 -483.2120346 -483.6437777 -483.3565047 -483.7339877 -483.4467147 

TEMPOHa -483.4939624 -483.2070164 -483.6384003 -483.3514543 -483.7285490 -483.4416030 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Figure 2.4.20. Reaction of hydroxyl radical (1) with formic acid (20H). 
 

Table S2.4.20a. Radical stabilization energies (RSE values) calculated for the systems shown in Fig. S20. 

level of theory RSE (Etot) RSE (H298) RSE (G298) 

    

(U)B3LYP/6-31G(d) -20.27 -31.00 -37.30 

(U)B3LYP-D3/6-31G(d) -18.79 -29.46 -35.37 

    

(U)B3LYP/6-31+G(d,p) -25.90 -36.62 -41.08 

(U)B3LYP-D3/6-31+G(d,p) -24.40 -35.20 -39.95 

    

(U)B2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -29.23 -40.03 -44.77 

(U)B2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -32.51 -43.31 -48.06 

    

ROB2PLYP/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -31.80 -42.60 -47.35 

ROB2PLYP/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -35.33 -46.13 -50.88 

    

DLPNO-CCSD(T)/cc-pVTZ//(U)B3LYP-D3/6-31+G(d,p) -3.47 -14.27 -19.02 

DLPNO-CCSD(T)/cc-pVQZ//(U)B3LYP-D3/6-31+G(d,p) -7.81 -18.61 -23.36 

DLPNO-CCSD(T)/CBS//(U)B3LYP-D3/6-31+G(d,p) -10.14 -20.94 -25.68 

    

G3B3-D3//(U)B3LYP-D3/6-31+G(d,p) -17.42 -27.69 -32.49 

G3B3-D3//(U)B3LYP-D3/6-31G(d) -17.47 -27.62 -33.58 

exp. (ATcT)a  -28.4  
a Data from ATcT, version 1.122p, 2020: BDE(O-H,20H) = +468.89±0.56 kJ/mol, and BDE(O-H,1H) = +497.32±0.26 kJ/mol. 
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Table S2.4.20b. Energy values for all systems shown in Figure 2.4.20. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H         

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 -76.4089616 -76.3840216 

         

6         
HCO2 -189.0776800 -189.0570660 -189.0864530 -189.0781279 -189.0575149 -189.0867509 -189.0781279 -189.0575149 

         

1         

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 -75.7234554 -75.7118464 

         

6H         
HCO2Ha -189.7554578 -189.7174248 -189.7456088 -189.7564772 -189.7184702 -189.7466522 -189.7564772 -189.7184702 
HCO2Hb -189.7471686 -189.7094546 -189.7377206 -189.7480022 -189.7103442 -189.7386152 -189.7480022 -189.7103442 

(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31G(d) calculations. 
 

Table S2.4.20b. Energy values for all systems shown in Figure 2.4.20. 

system Etot 

(U)B3LYP/ 
6-31G(d) 

H298 

(U)B3LYP/ 
6-31G(d) 

G298 

(U)B3LYP/ 
6-31G(d) 

Etot 

(U)B3LYP-D3/ 
6-31G(d) 

H298 

(U)B3LYP-D3/ 
6-31G(d) 

G298 

(U)B3LYP-D3/ 
6-31G(d) 

1H       

HOH -76.4089533 -76.3840103 -76.4054563 -76.4089616 -76.3840216 -76.4054676 

       

20       

aco_001 (C2v, 2A1) -189.0776793 -189.058093 
(imag = -137 cm) 

-189.085761 -189.0781260 -189.058577 
(imag=-165 cm) 

-189.086246 

HCO2 (Cs, 2A') -189.0776800 -189.0570660 -189.0864530 -189.0781279 -189.0575149 -189.0867509 

       

1       

HO -75.7234548 -75.7118458 -75.7320928 -75.7234554 -75.7118464 -75.7320934 

       

20H       

HCO2Ha (Cs) -189.7554578 -189.7174248 -189.7456088 -189.7564772 -189.7184702 -189.7466522 

HCO2Hb -189.7471686 -189.7094546 -189.7377206 -189.7480022 -189.7103442 -189.7386152 
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Table S2.4.20c. Energy values for all systems shown in Figure 2.4.20. 

system Etot 

(U)B3LYP/ 
6-31+G(d,p) 

H298 

(U)B3LYP/ 
6-31+G(d,p) 

G298 

(U)B3LYP/ 
6-31+G(d,p) 

Etot 

(U)B3LYP-D3/ 
6-31+G(d,p) 

H298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

G298 

(U)B3LYP-D3/ 
6-31+G(d,p) 

1H       

HOH -76.4340477 -76.4089807 -76.4304097 -76.4340566 -76.4089926 -76.4304206 

       

20       

HCO2 (C2v, 2A1) -189.0903268 -189.0698328 -189.0985538 -189.0907760 -189.0703340 -189.0991610 

       

1       

HO -75.7390146 -75.7272716 -75.7475126 -75.7390151 -75.7272721 -75.7475131 

       

20H       

HCO2Ha (Cs) -189.7754950 -189.7375950 -189.7658030 -189.7765237 -189.7386467 -189.7668527 

HCO2Hb -189.7679416 -189.7303366 -189.7586206 -189.7687813 -189.7312323 -189.7595213 

 
Table S2.4.20d. Energy values for all systems shown in Figure 2.4.20. 

system Etot 

(U)B2PLYP/ 
cc-pVTZ(a) 

Etot 

(U)B2PLYP/ 
cc-pVQZ(a) 

Etot 

ROB2PLYP/ 
cc-pVTZ(a) 

Etot 

ROB2PLYP/ 
cc-pVQZ(a) 

Etot 

G3B3-D3(a) 
H298 

G3B3-D3(a) 

1H       

HOH -76.4068145 -76.4221036 -76.4068145 -76.4221036 -76.4040880 -76.3798740 

       

20       

HCO2 (C2v, 2A1) -189.0292999 -189.0580772 -189.0284838 -189.0573040 -189.0003540 -188.9805090 

       

1       

aco_018sp1 -75.7137796 -75.7266444 -75.7119819 -75.7247971 -75.6929956 -75.7132366 

       

20H       

HCO2Ha (Cs) -189.7112031 -189.7411536 -189.7112031 -189.7411536 -189.6934067 -189.6568397 

HCO2Hb -189.7040618 -189.7343918 -189.7040618 -189.7343918 -189.6867002 -189.6504422 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Table S2.4.20e. Energy values for all systems shown in Figure 2.4.20. 

system Etot 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

H298 

DLPNO-
CCSD(T)/ 
cc-pVTZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

H298 

DLPNO- 
CCSD(T)/ 

cc-pVQZ(a) 

Etot 

DLPNO- 
CCSD(T)/ 

CBS(a) 

H298 

DLPNO- 
CCSD(T)/ 

CBS(a) 

1H       

HOH -76.3319273 -76.3068633 -76.3594799 -76.3344159 -76.3759529 -76.3508889 

       

20       

HCO2 -188.8076281 -188.7871861 -188.8648682 -188.8444262 -188.8997778 -188.8793358 

       

1       

HO -75.6376446 -75.6259016 -75.6612830 -75.6495400 -75.6754790 -75.6637360 

       

20H       

HCO2Ha -189.5005886 -189.4627116 -189.5600910 -189.5222140 -189.5963911 -189.5585141 

HCO2Hb -189.4934756 -189.4559266 -189.5532738 -189.5157248 -189.5896459 -189.5520969 
(a) Using structures and thermal corrections from gas phase (U)B3LYP-D3/6-31+G(d,p) calculations. 
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Table S2.5.1. Wavefunction-states for G3B3-D3//UB3LYP-D3/6-31+G(d,p) 

Filename <S2> [a] <S2> [b] <S2> [c] <S2> [d] <S2> [e] State [a] State [b] State [c] State [d] State [e] 

BuO1 0.7537 0.7582 0.7582 0.7595 0.7595 2-A 2-A 2-A 2-A 2-A 

BuO2 0.7537 0.7582 0.7582 0.7595 0.7595 2-A 2-A 2-A 2-A 2-A 

BuO3 0.7538 0.7584 0.7584 0.7597 0.7597 2-A 2-A 2-A 2-A 2-A 

BuO4 0.7537 0.7583 0.7583 0.7595 0.7595 2-A 2-A 2-A 2-A 2-A 

BuO5 0.7537 0.7582 0.7582 0.7594 0.7594 2-A 2-A 2-A 2-A 2-A 

CH3CH2O1 0.7537 0.7582 0.7582 0.7595 0.7595 2-A" 2-A" 2-A" 2-A" 2-A" 

CH3O1 0.7535 0.7580 0.7580 0.7593 0.7593 2-A 2-A 2-A 2-A 2-A 

CH3OO 0.7540 0.7602 0.7602 0.7629 0.7629 2-A 2-A 2-A 2-A 2-A 

HCO2 0.7563 0.7669 0.7669 0.7678 0.7678 2-A1 2-A1 2-A1 2-A1 2-A1 

HO 0.7524 0.7555 0.7555 0.7565 0.7565      
HOO 0.7538 0.7599 0.7599 0.7624 0.7624 2-A" 2-A" 2-A" 2-A" 2-A" 

p-amino-PhO 0.7715 1.2899 1.2899 1.2695 1.2695 2-A' 2-A' 2-A' 2-A' 2-A' 

PhCCH32O2_a 0.7542 1.2783 1.2783 1.2368 1.2792 2-A 2-A 2-A 2-A 2-A 

PhCCH32O3 0.7536 1.2700 1.2700 1.2241 1.2241 2-A 2-A 2-A 2-A 2-A 

PhCH2O2 0.7542 1.2797 1.2797 1.2322 1.2322 2-A" 2-A" 2-A" 2-A" 2-A" 

PhCH2O3 0.7545 1.2865 1.2865 1.2448 1.2448 2-A' 2-A' 2-A' 2-A' 2-A' 

PhCH2OO1 0.7542 1.2900 1.2900 1.2900 1.2900 2-A 2-A 2-A 2-A 2-A 

PhCH2OO2 0.7542 0.7607 0.7633 0.7616 0.7640 2-A 2-A 2-A 2-A 2-A 

PhO 0.7876 1.3859 1.3626 1.3843 1.3572 2-B1 2-B1 2-B1 2-B1 2-B1 

p-methyl-PhO 0.7845 1.3749 1.3517 1.3725 1.3456 2-A 2-A 2-A 2-A 2-A 

p-nitro-PhO 0.7911 1.4190 1.4062 1.4158 1.4008 2-B1 2-B1 2-B1 2-B1 2-B1 

t-BuO2 0.7535 0.7581 0.7593 0.7587 0.7599 2-A' 2-A' 2-A' 2-A' 2-A' 

t-BuOO 0.7542 0.7610 0.7634 0.7618 0.7642 2-A 2-A 2-A 2-A 2-A 

TEMPO 0.7543 0.7675 0.7714 0.7688 0.7732 2-A' 2-A' 2-A' 2-A' 2-A' 

3O2 2.0089 2.0351 2.0455 2.0370 2.0478 3-SGG 3-SGG 3-SGG 3-SGG 3-SGG 

[a] UB3LYP-D3/6-31+G(d,p) 
[b] UHF/6-31G(d) 
[c] UHF/6-31+G(d) 
[d] UHF/6-31G(2df,p) 
[e] UHF/GTlarge 
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Table S2.5.2. Wavefunction-states for G3B3-D3//UB3LYP-D3/6-31+G(d,p) (opt=stable) 

Filename <S2> [a] <S2> [b] <S2> [c] <S2> [d] <S2> [e] State [a] State [b] State [c] State [d] State [e] 

BuO1 0.7537 0.7582 0.7595 0.7589 0.7602 2-A 2-A 2-A 2-A 2-A 

BuO2 0.7537 0.7582 0.7595 0.7589 0.7602 2-A 2-A 2-A 2-A 2-A 

BuO3 0.7538 0.7584 0.7597 0.7591 0.7604 2-A 2-A 2-A 2-A 2-A 

BuO4 0.7537 0.7583 0.7595 0.7589 0.7602 2-A 2-A 2-A 2-A 2-A 

BuO5 0.7537 0.7582 0.7594 0.7588 0.7602 2-A 2-A 2-A 2-A 2-A 

CH3CH2O1 0.7537 0.7582 0.7595 0.7588 0.7602 2-A” 2-A” 2-A” 2-A” 2-A” 

CH3O1 0.7535 0.7580 0.7593 0.7587 0.7600 2-A 2-A 2-A 2-A 2-A 

CH3OO 0.7540 0.7602 0.7629 0.7610 0.7636 2-A 2-A 2-A 2-A 2-A 

HCO2 0.7563 0.7669 0.7678 0.7673 0.7686 2-A1 2-A1 2-A1 2-A1 2-A1 

HO 0.7524 0.7555 0.7565 0.7559 0.7568      
HOO 0.7538 0.7599 0.7624 0.7606 0.7629 2-A” 2-A” 2-A” 2-A” 2-A” 

p-amino-PhO 0.7715 1.2899 1.2695 1.2884 1.2884 2-A’ 2-A’ 2-A’ 2-A’ 2-A’ 

PhCCH32O2_a 0.7542 1.2783 1.2368 1.2792 1.2308 2-A 2-A 2-A 2-A 2-A 

PhCCH32O3 0.7536 1.2700 1.2241 1.2702 1.2168 2-A 2-A 2-A 2-A 2-A 

PhCH2O2 0.7542 1.2797 1.2322 1.2797 1.2239 2-A” 2-A” 2-A” 2-A” 2-A” 

PhCH2O3 0.7545 1.2865 1.2448 1.2881 1.2389 2-A’ 2-A’ 2-A’ 2-A’ 2-A’ 

PhCH2OO1 0.7542 1.2900 1.2479 1.2908 1.2416 2-A 2-A 2-A 2-A 2-A 

PhCH2OO2 0.7542 1.2889 1.2466 1.2898 1.2401 2-A 2-A 2-A 2-A 2-A 

PhO 0.7876 1.3859 1.3626 1.3843 1.3572 2-B1 2-B1 2-B1 2-B1 2-B1 

p-methyl-PhO 0.7845 1.3749 1.3517 1.3725 1.3456 2-A 2-A 2-A 2-A 2-A 

p-nitro-PhO 0.7911 1.9011 1.8755 1.8944 1.8732 2-B1 2-B1 2-B1 2-B1 2-B1 

t-BuO2 0.7535 0.7581 0.7593 0.7587 0.7599 2-A’ 2-A’ 2-A’ 2-A’ 2-A’ 

t-BuOO 0.7542 0.7610 0.7634 0.7618 0.7642 2-A 2-A 2-A 2-A 2-A 

TEMPO 0.7543 0.7675 0.7714 0.7688 0.7732 2-A' 2-A' 2-A' 2-A' 2-A' 

3O2 2.0089 2.0351 2.0455 2.0370 2.0478 3-SGG 3-SGG 3-SGG 3-SGG 3-SGG 

[a] UB3LYP-D3/6-31+G(d,p) 
[b] UHF/6-31G(d) 
[c] UHF/6-31+G(d) 
[d] UHF/6-31G(2df,p) 
[e] UHF/GTlarge 
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3. One explicit water 
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Table S3.1.1. RSE-A and RSE-D values (kJ mol-1) calculated for selected O-centered radicals 

 

RSE(RO•) 

  
Radical Alcohol Alcohol 

DFT[a] CBS[b] G3B3-D3[c] DFT[a] CBS[b] G3B3-D3[c] 

HO•  (1) 6.1 4.1  6.1 4.1  

HC(O)O• (20) -39.4 -10.3 -23.9 -9.0 16.4 3.1 

CH3O• (6) -60.6 -53.7 -51.6 -63.4 -55.3 -55.7 

CH3CH2O• (9) -60.1 -51.5 -50.2 -65.7 -55.1 -56.1 

n-Bu-O• (11) -62.7 -53.1 -52.2 -68.5 -57.1 -57.5 

t-Bu-O• (7) -55.1 -44.3 -44.6 -62.9 -49.5 -52.7 

PhCH2O• (8) -56.6 -45.2 -45.0 -56.5 -43.6 -44.8 

PhC(CH3)2O• (10) -55.1 -41.5 -44.3 -53.5 -38.8 -40.1 

PhO• (2) -144.0 -132.5 -130.4 -133.4 -124.0 -118.9 

p-nitro-PhO• (12) -125.3 -115.3 -114.8 -104.7 -98.1 -95.6 

p-methyl-PhO• (14) -153.1 -140.0 -138.5 -143.8 -132.7 -128.3 

p-amino-PhO• (18) -183.2 -163.9 -165.7 -176.3 -158.2 -160.9 

HOO• (13) -142.9 -137.1 -137.6 -142.9 -137.1 -137.6 

CH3OO• (15) -143.5 -136.0 -137.3 -132.3 -124.9 -126.1 

t-Bu-OO• (17) -149.6 -139.5 -144.5 -137.1 -127.8 -131.8 

PhCH2OO• (16) -137.5 -126.8 -129.3 -127.5 -116.3 -118.7 

TEMPO• (5) -215.5 -203.4 -208.8 -198.6 -189.8 -191.4 

•OO• (19)    -236.4 -258.2 -257.6 

[a] (U)B3LYP-D3/6-31+G(d,p) level of theory 
[b] DLPNO-CCSD(T)/CBS using (U)B3LYP-D3/6-31+G(d,p) optimized geometries 
[c] Using (U)B3LYP-D3/6-31G(d) optimized geometries 
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Table S3.1.2. The calculated for selected O-centered radicals ΔRSE (ΔΔHc1) values (kJ mol-1) 

ΔRSE = ΔΔHc1 

   
 Radical Alcohol Alcohol 

   DFT[a] CBS[b] G3B3-D3[c] DFT[a] CBS[b] G3B3-D3[c] 

 HO•  (1) 6.1 4.1 

 

6.1 4.1 
 

 HC(O)O• (20) -4.2 10.7 3.7 26.2 37.3 30.7 

Alkoxy CH3O• (6) 4.7 3.0 4.1 2.0 1.4 0.1 

Alkoxy CH3CH2O• (9) 6.5 4.3 4.6 0.9 0.7 -1.3 

Alkoxy n-Bu-O• (11) 4.1 2.6 3.1 -1.6 -1.4 -2.2 

Alkoxy t-Bu-O• (7) 2.5 2.5 3.1 -5.2 -2.7 -5.0 

Alkoxy PhCH2O• (8) 8.5 7.0 10.5 8.5 8.6 10.7 

Alkoxy PhC(CH3)2O• (10) 3.0 3.6 3.4 4.7 6.2 7.7 

Aroma PhO• (2) -11.1 -9.0 -8.8 -0.5 -0.5 2.7 

Aroma p-nitro-PhO• (12) -10.8 -9.2 -8.8 9.8 8.1 10.4 

Aroma p-methyl-PhO• (14) -11.8 -9.5 -9.2 -2.5 -2.3 1.1 

Aroma p-amino-PhO• (18) -14.4 -11.6 -11.9 -7.5 -5.9 -7.1 

LP att. HOO• (13) -8.5 -7.5 -8.0 -8.5 -7.5 -8.0 

LP att. CH3OO• (15) -1.7 -1.2 -1.4 9.5 9.8 9.7 

LP att. t-Bu-OO• (17) -1.1 -0.8 -3.0 11.4 10.9 9.7 

LP att. PhCH2OO• (16) 1.5 1.1 2.2 11.5 11.7 12.9 

LP att. TEMPO• (5) -7.5 -8.0 -10.4 9.4 5.6 7.0 

LP att. •OO• (19)    38.2 31.9 31.6 

[a] (U)B3LYP-D3/6-31+G(d,p) level of theory 
[b] DLPNO-CCSD(T)/CBS using (U)B3LYP-D3/6-31+G(d,p) optimized geometries 
[c] Using (U)B3LYP-D3/6-31G(d) optimized geometries 

ΔRSE = ΔΔHc1 = 
ΔHc1(RO•… H2O) 

minus 
ΔHc1(ROH…H2O) 

ΔΔHc1 < 0 

Negative 
(Stabilization) 

ΔΔHc1 ≈ 0 
Neutral 

(Almost No Change) 

ΔΔHc1 > 0 

Positive 
(Destabilization) 
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Table S3.2.1. ΔHc1(Molecule + H2O) values (kJ mol-1) calculated for selected O-centered radicals 

ΔHc1(Molecule + H2O) 

   
 Radical Alcohol Alcohol 

   DFT[a] CBS[b] G3B3-D3[c] DFT[a] CBS[b] G3B3-D3[c] DFT[a] CBS[b] G3B3-D3[c] 

 HO•  (1) -14.6 -9.9  -20.7 -14.1 -7.5 -20.7 -14.1 -7.5 

 HC(O)O• (20) -17.8 1.1 -2.9 -13.6 -9.5 -6.6 -44.1 -36.2 -33.6 

Alkoxy CH3O• (6) -18.6 -13.5 -11.1 -23.3 -16.5 -15.2 -20.6 -14.9 -11.2 

Alkoxy CH3CH2O• (9) -19.5 -14.0 -12.2 -26.0 -18.3 -16.8 -20.4 -14.7 -11.0 

Alkoxy n-Bu-O• (11) -22.7 -16.5 -14.9 -26.8 -19.0 -18.0 -21.0 -15.0 -12.6 

Alkoxy t-Bu-O• (7) -25.6 -18.1 -16.1 -28.1 -20.5 -19.2 -20.4 -15.3 -11.2 

Alkoxy PhCH2O• (8) -21.1 -14.5 -10.2 -29.6 -21.5 -20.7 -29.7 -23.1 -20.9 

Alkoxy PhC(CH3)2O• (10) -25.7 -17.4 -16.3 -28.7 -21.0 -19.8 -30.4 -23.6 -24.0 

Aroma PhO• (2) -29.5 -22.6 -20.5 -18.4 -13.6 -11.7 -29.0 -22.1 -23.1 

Aroma p-nitro-PhO• (12) -27.2 -20.9 -18.8 -16.4 -11.7 -10.0 -37.0 -29.0 -29.2 

Aroma p-methyl-PhO• (14) -30.6 -23.6 -21.5 -18.9 -14.1 -12.4 -28.1 -21.3 -22.6 

Aroma p-amino-PhO• (18) -34.5 -26.5 -25.2 -20.1 -14.9 -13.2 -26.9 -20.6 -18.1 

LP att. HOO• (13) -38.6 -30.9 -28.6 -30.1 -23.4 -20.6 -30.1 -23.4 -20.6 

LP att. CH3OO• (15) -19.9 -14.1 -11.9 -18.2 -12.9 -10.4 -29.4 -23.9 -21.5 

LP att. t-Bu-OO• (17) -20.4 -14.3 -14.8 -19.3 -13.5 -11.8 -31.8 -25.2 -24.5 

LP att. PhCH2OO• (16) -25.8 -17.7 -16.5 -27.3 -18.8 -18.7 -37.3 -29.4 -29.3 

LP att. TEMPO• (5) -29.9 -23.7 -24.7 -22.4 -15.7 -14.2 -39.4 -29.3 -31.7 

LP att. •OO• (19) -0.4 1.0 3.0    -38.6 -30.9 -28.6 

[a] (U)B3LYP-D3/6-31+G(d,p) level of theory 
[b] DLPNO-CCSD(T)/CBS using (U)B3LYP-D3/6-31+G(d,p) optimized geometries 
[c] Using (U)B3LYP-D3/6-31G(d) optimized geometries 

ΔRSE = ΔΔHc1 = 
ΔHc1(RO•… H2O) 

minus 
ΔHc1(ROH…H2O) 

ΔΔHc1 < 0 

Negative 
(Stabilization) 

ΔΔHc1 ≈ 0 
Neutral 

(Almost No Change) 

ΔΔHc1 > 0 

Positive 
(Destabilization) 
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Figure S3.2.1. Calculated distances in selected t-BuOH…H2O and t-BuO•…H2O complexes. (U)B3LYP-D3/6-31+G(d,p) level of theory 
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Figure S3.3.1. The best by H𝑔𝑎𝑠 (green) and artificially selected structures (blue). Spin density (orange, isovalue = 0.01 a.u.) 
(U)B3LYP-D3/6-31+G(d,p) 
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Table S3.4.1. Calculated energies. Best selected conformers. (kJ mol-1) 

 

(U)B3LYP-D3/6-31G(d) (U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 

HOH (1Ha)    9.1 6.1 -0.9 

HCO2H -46.1 -47.1 -46.5 -37.9 -39.4 -31.8 

CH3OH -51.8 -56.1 -55.6 -55.4 -60.6 -64.2 

CH3CH2OH -49.1 -52.8 -57.5 -54.8 -60.1 -67.6 

BuOH -55.4 -59.1 -58.4 -57.9 -62.7 -67.5 

t-BuOH -47.5 -49.9 -65.5 -53.6 -55.1 -59.4 

PhCH2OH -44.3 -49.0 -55.3 -53.5 -56.6 -64.9 

PhC(CH3)2OH -48.4 -49.0 -53.6 -53.8 -55.1 -60.4 

PhOH -137.3 -136.5 -137.6 -144.6 -144.0 -144.8 

p-nitro-PhOH -118.4 -118.5 -121.4 -125.0 -125.3 -128.0 

p-methyl-PhOH -145.3 -144.3 -144.8 -154.0 -153.1 -153.0 

p-amino-PhOH -176.3 -173.9 -173.7 -185.2 -183.2 -185.5 

HOOH -144.3 -142.1 -143.6 -144.9 -142.9 -144.4 

CH3OOH -141.1 -137.9 -140.5 -146.5 -143.5 -146.1 

t-BuOOH -144.9 -142.2 -148.0 -152.4 -149.6 -152.5 

PhCH2OOH -133.2 -130.5 -135.0 -139.9 -137.5 -140.8 

TEMPOH -209.2 -205.3 -210.5 -219.6 -215.5 -215.8 

HOO•       

 
Table S3.4.2. Calculated energies. Best selected conformers. 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

HOH 8.1 5.0 -1.9 7.4 4.4 -2.6 7.2 4.1 -2.8 

HCO2H -7.6 -9.1 -1.5 -8.4 -9.8 -2.3 -8.8 -10.3 -2.7 

CH3OH -44.7 -49.9 -53.5 -47.1 -52.4 -55.9 -48.4 -53.7 -57.2 

CH3CH2OH -41.5 -46.5 -53.6 -44.1 -49.8 -56.9 -45.7 -51.5 -58.5 

BuOH -44.0 -48.7 -51.9 -46.8 -51.6 -55.9 -48.3 -53.1 -57.6 

t-BuOH -38.4 -39.9 -44.1 -41.4 -42.9 -47.1 -42.8 -44.3 -48.5 

PhCH2OH -36.2 -39.8 -48.0 -38.9 -43.4 -50.7 -40.2 -45.2 -52.2 

PhC(CH3)2OH -35.5 -37.3 -42.2 -38.3 -40.2 -45.3 -39.6 -41.5 -46.7 

PhOH -125.0 -124.4 -125.1 -130.3 -129.7 -130.4 -133.1 -132.5 -133.3 

p-nitro-PhOH -109.3 -109.6 -112.3 -113.1 -113.4 -116.2 -115.1 -115.3 -118.1 

p-methyl-PhOH -131.7 -130.9 -130.7 -137.7 -136.8 -136.7 -140.9 -140.0 -139.9 

p-amino-PhOH -155.6 -153.6 -156.0 -162.3 -160.3 -162.7 -165.9 -163.9 -166.3 

HOOH -134.2 -132.2 -133.8 -336.6 -334.6 -336.1 -139.1 -137.1 -138.6 

CH3OOH -132.6 -129.6 -133.6 -136.9 -133.9 -138.2 -139.0 -136.0 -140.2 

t-BuOOH -136.8 -133.9 -135.5 -140.8 -137.7 -141.1 -142.6 -139.5 -143.4 
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PhCH2OOH -123.7 -121.2 -123.7 -127.6 -125.1 -128.8 -129.3 -126.8 -131.0 

TEMPOH -196.2 -192.2 -193.0 -203.4 -199.4 -199.8 -207.4 -203.4 -203.6 

HOO•          

 
Table S3.4.3. Calculated energies. Best selected conformers. 

 

G3B3-D3 

Etot H298 G298 

HOH    

HCO2H -17.0 -23.9 -23.3 

CH3OH -47.6 -51.6 -54.0 

CH3CH2OH -45.9 -50.2 -56.2 

BuOH -48.5 -52.2 -55.8 

t-BuOH -43.6 -44.6 -50.2 

PhCH2OH -39.6 -45.0 -52.0 

PhC(CH3)2OH -43.1 -44.3 -49.4 

PhOH -131.1 -130.4 -131.4 

p-nitro-PhOH -114.6 -114.8 -117.6 

p-methyl-PhOH -139.5 -138.5 -139.0 

p-amino-PhOH -168.0 -165.7 -165.5 

HOOH -139.6 -137.6 -139.0 

CH3OOH -139.5 -137.3 -148.6 

t-BuOOH -147.0 -144.5 -153.8 

PhCH2OOH -131.9 -129.3 -138.4 

TEMPOH -211.9 -208.8 -213.7 

HOO•    

 
Table S3.4.4. Calculated energies. Best selected conformers. (kJ mol-1) 

 

(U)B3LYP-D3/6-31G(d) (U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 

HOH (1Ha) -0.7 -2.4 -2.3 9.1 6.1 -0.9 

HCO2H -1.9 -4.9 -13.5 -6.0 -9.0 -11.4 

CH3OH -52.7 -56.9 -53.6 -58.5 -63.4 -63.6 

CH3CH2OH -53.8 -57.5 -57.6 -60.9 -65.7 -67.2 

BuOH -59.0 -62.4 -59.5 -64.5 -68.5 -67.3 

t-BuOH -57.7 -59.4 -68.6 -62.1 -62.9 -60.3 

PhCH2OH -37.8 -42.5 -50.6 -54.1 -56.5 -64.0 

PhC(CH3)2OH -42.9 -43.3 -46.4 -52.8 -53.5 -57.0 

PhOH -125.9 -125.4 -122.6 -133.2 -133.4 -134.8 

p-nitro-PhOH -95.2 -95.9 -98.4 -103.0 -104.7 -110.2 

p-methyl-PhOH -134.8 -134.2 -131.3 -143.8 -143.8 -145.1 

p-amino-PhOH -167.4 -165.6 -166.5 -177.4 -176.3 -180.1 
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HOOH -144.3 -142.1 -143.6 -144.9 -142.9 -144.4 

CH3OOH -122.7 -121.2 -128.0 -134.5 -132.3 -138.8 

t-BuOOH -127.4 -126.1 -135.8 -139.1 -137.1 -147.5 

PhCH2OOH -113.8 -112.3 -121.4 -129.3 -127.5 -134.0 

TEMPOH -185.6 -183.6 -194.3 -200.7 -198.6 -208.6 

HOO• -223.5 -221.8 -243.9 -239.0 -236.4 -247.3 

 
 

Table S3.4.5. Calculated energies. Best selected conformers. 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

HOH 8.1 5.0 -1.9 7.4 4.4 -2.6 7.2 4.1 -2.8 

HCO2H 23.6 20.7 18.3 20.6 17.7 15.3 19.3 16.4 14.0 

CH3OH -45.0 -49.8 -50.0 -48.6 -53.4 -53.6 -50.4 -55.3 -55.5 

CH3CH2OH -44.2 -48.7 -50.5 -47.9 -53.1 -54.4 -49.9 -55.1 -56.3 

BuOH -46.9 -51.0 -49.1 -51.1 -55.2 -54.0 -52.9 -57.1 -56.3 

t-BuOH -43.3 -44.2 -41.5 -46.9 -47.7 -45.1 -48.6 -49.5 -46.9 

PhCH2OH -34.0 -36.9 -44.5 -37.6 -41.4 -49.0 -39.2 -43.6 -51.1 

PhC(CH3)2OH -31.8 -33.0 -36.5 -35.7 -37.1 -40.4 -37.5 -38.8 -42.2 

PhOH -112.9 -113.1 -114.5 -120.1 -120.3 -121.7 -123.8 -124.0 -125.4 

p-nitro-PhOH -88.1 -89.8 -95.4 -93.8 -95.5 -101.0 -96.4 -98.1 -103.6 

p-methyl-PhOH -120.8 -120.8 -122.1 -128.6 -128.7 -130.0 -132.7 -132.7 -134.0 

p-amino-PhOH -146.6 -145.6 -149.4 -155.0 -153.9 -157.7 -159.3 -158.2 -162.0 

HOOH -134.2 -132.2 -133.8 -336.6 -334.6 -336.1 -139.1 -137.1 -138.6 

CH3OOH -119.2 -117.0 -124.4 -124.7 -122.5 -130.3 -127.1 -124.9 -132.6 

t-BuOOH -122.8 -120.8 -129.7 -127.7 -125.7 -136.5 -129.8 -127.8 -139.2 

PhCH2OOH -110.3 -108.5 -115.3 -115.8 -114.0 -123.1 -118.1 -116.3 -126.0 

TEMPOH -179.1 -177.1 -187.6 -187.6 -185.5 -195.6 -191.9 -189.8 -199.9 

HOO• -250.6 -248.1 -259.9 -257.7 -255.1 -265.4 -260.8 -258.2 -268.3 

 
Table S3.4.6. Calculated energies. Best selected conformers. 

 

G3B3-D3 

Etot H298 G298 

HOH    

HCO2H 11.9 3.1 -5.5 

CH3OH -52.5 -55.7 -51.5 

CH3CH2OH -52.9 -56.1 -54.5 

BuOH -54.1 -57.5 -58.6 

t-BuOH -52.3 -52.7 -51.8 

PhCH2OH -39.4 -44.8 -48.1 

PhC(CH3)2OH -39.5 -40.1 -43.9 
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PhOH -119.7 -118.9 -116.0 

p-nitro-PhOH -94.9 -95.6 -98.0 

p-methyl-PhOH -129.1 -128.3 -125.1 

p-amino-PhOH -162.6 -160.9 -161.7 

HOOH -139.6 -137.6 -139.0 

CH3OOH -126.9 -126.1 -143.1 

t-BuOOH -133.0 -131.8 -145.0 

PhCH2OOH -120.1 -118.7 -132.4 

TEMPOH -193.2 -191.4 -202.2 

HOO• -259.4 -257.6 -279.7 

 

Table S3.4.7. Calculated energies. Best selected conformers. 

 

(U)B3LYP-D3/6-31G(d) 

Etot H298 G298 

HO• (1a_3) -152.1465975 -152.1075655 -152.1389925 

HCO2• -265.5075068 -265.4557999 -265.4920149 

CH3O• -191.4729895 -191.4043425 -191.4402005 

CH3CH2O• -230.7961992 -230.6973862 -230.7366822 

BuO• -309.4324787 -309.2734457 -309.3178948 

t-BuO• -309.4416337 -309.2835411 -309.3314371 

PhCH2O• -422.5383244 -422.3837184 -422.4321589 

PhC(CH3)2O• -501.1833401 -500.9683192 -501.0211692 

PhO• -383.2606529 -383.1346519 -383.1779329 

p-nitro-PhO• -587.7600871 -587.6292461 -587.6797481 

p-methyl-PhO• -422.5839767 -422.4284437 -422.4767157 

p-amino-PhO• -438.6281654 -438.4835124 -438.5297314 

HOO• -227.3321060 -227.2858670 -227.3187590 

CH3OO• -266.6397411 -266.5640601 -266.6028541 

t-BuOO• -384.6083278 -384.4440058 -384.4920048 

PhCH2OO• -497.7058911 -497.5440801 -497.5940221 

TEMPO• -560.1794735 -559.8743795 -559.9308634 
3O2 -226.7317449 -226.6981709 -226.7382699 

 
Table S3.4.8. Calculated energies. Best selected conformers. 

 

(U)B3LYP-D3/6-31G(d) 

Etot H298 G298 

HOH (1Ha) -152.8318213 -152.7788433 -152.8114843 

HCO2H -266.1754636 -266.1100416 -266.1476686 

CH3OH -192.1387684 -192.0551334 -192.0924013 

CH3CH2OH -231.4630119 -231.3494369 -231.3881581 

BuOH -310.0968831 -309.9230971 -309.9690111 

118



t-BuOH -310.1090345 -309.9367035 -309.9798735 

PhCH2OH -423.2069474 -423.0372224 -423.0844624 

PhC(CH3)2OH -501.8504166 -501.6218206 -501.6741180 

PhOH -383.8938673 -383.7548543 -383.7989143 

p-nitro-PhOH -588.4005120 -588.2562720 -588.3068910 

p-methyl-PhOH -423.2141255 -423.0456714 -423.0949435 

p-amino-PhOH -439.2465281 -439.0894531 -439.1369321 

HOOH -227.9626681 -227.9039341 -227.9374491 

CH3OOH -267.2715186 -267.1837066 -267.2227126 

t-BuOOH -385.2386526 -385.0620236 -385.1090206 

PhCH2OOH -498.3406620 -498.1665520 -498.2159740 

TEMPOH -560.7853105 -560.4683745 -560.5240795 

HOO•    

 
Table S3.4.9. Calculated energies. Best selected conformers. 

 

(U)B3LYP-D3/6-31G(d) 

Etot H298 G298 

HOH (1Ha) -152.8318213 -152.7788433 -152.8114843 

HCO2H -266.1922978 -266.1261058 -266.1602548 

CH3OH -192.1384134 -192.0548484 -192.0931620 

CH3CH2OH -231.4612036 -231.3476606 -231.3881106 

BuOH -310.0955283 -309.9218353 -309.9686020 

t-BuOH -310.1051749 -309.9330899 -309.9786929 

PhCH2OH -423.2094341 -423.0397021 -423.0862631 

PhC(CH3)2OH -501.8525141 -501.6240046 -501.6768566 

PhOH -383.8982015 -383.7590775 -383.8046154 

p-nitro-PhOH -588.4093503 -588.2648783 -588.3156543 

p-methyl-PhOH -423.2181494 -423.0495224 -423.1000770 

p-amino-PhOH -439.2498947 -439.0926247 -439.1396891 

HOOH -227.9626681 -227.9039341 -227.9374491 

CH3OOH -267.2785038 -267.1900838 -267.2274928 

t-BuOOH -385.2453165 -385.0681415 -385.1136735 

PhCH2OOH -498.3480630 -498.1734860 -498.2211500 

TEMPOH -560.7942974 -560.4766384 -560.5302304 

HOO• -227.3321060 -227.2858670 -227.3187590 

 
Table S3.4.10. Calculated energies. Best selected conformers. 

 

G3B3-D3 

Etot H298 G298 

HO• (1a_3) -152.1122504 -152.0744734 -152.1060594 

HCO2• -265.4091505 -265.3614085 -265.3978575 

CH3O• -191.4122958 -191.3460168 -191.3821224 
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CH3CH2O• -230.7164502 -230.6213478 -230.6617478 

BuO• -309.3162287 -309.1631007 -309.2106530 

t-BuO• -309.3281339 -309.1752019 -309.2198349 

PhCH2O• -422.3746434 -422.2258224 -422.2751354 

PhC(CH3)2O• -500.9870737 -500.7799257 -500.8335177 

PhO• -383.1128539 -382.9912699 -383.0350319 

p-nitro-PhO• -587.5330314 -587.4066334 -587.4577874 

p-methyl-PhO• -422.4189092 -422.2688612 -422.3177302 

p-amino-PhO• -438.4648656 -438.3252636 -438.3720786 

HOO• -227.2617016 -227.2169926 -227.2500566 

CH3OO• -266.5462115 -266.4733965 -266.5163485 

t-BuOO• -384.4652363 -384.3067463 -384.3567383 

PhCH2OO• -497.5109813 -497.3548593 -497.4072126 

TEMPO• -559.9664068 -559.6724408 -559.7299918 
3O2 -226.6607931 -226.6282241 -226.6685121 

 
Table S3.4.11. Calculated energies. Best selected conformers. 

 

G3B3-D3 

Etot H298 G298 

HOH (1Ha) -152.8139511 -152.7627571 -152.7955861 

HCO2H -266.1023908 -266.0391758 -266.0770668 

CH3OH -192.0938537 -192.0132317 -192.0496247 

CH3CH2OH -231.3986662 -231.2891112 -231.3284264 

BuOH -309.9974505 -309.8301055 -309.8775015 

t-BuOH -310.0112257 -309.8450937 -309.8888177 

PhCH2OH -423.0592487 -422.8955737 -422.9434137 

PhC(CH3)2OH -501.6703425 -501.4499335 -501.5027995 

PhOH -383.7626171 -383.6285041 -383.6730841 

p-nitro-PhOH -588.1890769 -588.0497839 -588.1010879 

p-methyl-PhOH -423.0654797 -422.9029887 -422.9528898 

p-amino-PhOH -439.1005950 -438.9490270 -438.9971440 

HOOH -227.9082240 -227.8514780 -227.8852070 

CH3OOH -267.1927726 -267.1080006 -267.1478421 

t-BuOOH -385.1089389 -384.9385929 -384.9862339 

PhCH2OOH -498.1604493 -497.9924913 -498.0425873 

TEMPOH -560.5853835 -560.2797865 -560.3366685 

HOO•    

 
Table S3.4.12. Calculated energies. Best selected conformers. 

 

G3B3-D3 

Etot H298 G298 
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HOH (1Ha) -152.8139511 -152.7627571 -152.7955861 

HCO2H -266.1133819 -266.0494709 -266.0838399 

CH3OH -192.0920172 -192.0116942 -192.0505752 

CH3CH2OH -231.3960055 -231.2868775 -231.3290775 

BuOH -309.9953308 -309.8280738 -309.8764100 

t-BuOH -310.0079289 -309.8420229 -309.8881909 

PhCH2OH -423.0593217 -422.8956457 -422.9449025 

PhC(CH3)2OH -501.6717311 -501.4515381 -501.5048779 

PhOH -383.7669725 -383.6328535 -383.6789295 

p-nitro-PhOH -588.1966054 -588.0571004 -588.1085504 

p-methyl-PhOH -423.0694455 -422.9068925 -422.9581645 

p-amino-PhOH -439.1026238 -438.9508818 -438.9985636 

HOOH -227.9082240 -227.8514780 -227.8852070 

CH3OOH -267.1975684 -267.1122364 -267.1499494 

t-BuOOH -385.1142760 -384.9434300 -384.9895810 

PhCH2OOH -498.1649393 -497.9965503 -498.0448713 

TEMPOH -560.5925399 -560.2864389 -560.3410489 

HOO• -227.2617016 -227.2169926 -227.2500566 

 
Table S3.4.13. Calculated energies. Best selected conformers. 

 

(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 

HO• (1a_2) -152.1803707 -152.1418317 -152.1758067 

HCO2• -265.5374856 -265.4861126 -265.5207356 

CH3O• -191.5078593 -191.4397733 -191.4769883 

CH3CH2O• -230.8339204 -230.7361309 -230.7774889 

BuO• -309.4755335 -309.3177405 -309.3652302 

t-BuO• -309.4854393 -309.3279283 -309.3728993 

PhCH2O• -422.5878221 -422.4329678 -422.4828748 

PhC(CH3)2O• -501.2368645 -501.0229939 -501.0766059 

PhO• -383.3042402 -383.1787062 -383.2233942 

p-nitro-PhO• -587.8111909 -587.6809379 -587.7327549 

p-methyl-PhO• -422.6308106 -422.4760046 -422.5258676 

p-amino-PhO• -438.6815915 -438.5375305 -438.5864275 

HOO• -227.3673314 -227.3213374 -227.3552984 

CH3OO• -266.6761922 -266.6008622 -266.6406838 

t-BuOO• -384.6542691 -384.4909071 -384.5403479 

PhCH2OO• -497.7556124 -497.5943754 -497.6452677 

TEMPO• -560.2400591 -559.9369001 -559.9939151 
3O2 -226.7633108 -226.7296668 -226.7692103 
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Table S3.4.14. Calculated energies. Best selected conformers. 

Conformer

 

(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 

HOH (1Ha) -152.8788957 -152.8258677 -152.8583797 

HCO2H -266.2180769 -266.1528269 -266.1915219 

CH3OH -192.1818168 -192.0983958 -192.1354398 

CH3CH2OH -231.5081012 -231.3949692 -231.4346502 

BuOH -310.1485136 -309.9755826 -310.0224252 

t-BuOH -310.1600504 -309.9886454 -310.0331904 

PhCH2OH -423.2624712 -423.0931452 -423.1410682 

PhC(CH3)2OH -501.9114064 -501.6837214 -501.7365260 

PhOH -383.9441927 -383.8055687 -383.8511607 

p-nitro-PhOH -588.4586379 -588.3149519 -588.3669089 

p-methyl-PhOH -423.2672077 -423.0994177 -423.1505107 

p-amino-PhOH -439.3061128 -439.1494888 -439.1986658 

HOOH -228.0071774 -227.9486274 -227.9831884 

CH3OOH -267.3154339 -267.2279209 -267.2679500 

t-BuOOH -385.2912534 -385.1156534 -385.1651574 

PhCH2OOH -498.3973609 -498.2237399 -498.2745490 

TEMPOH -560.8514646 -560.5365226 -560.5946146 

HOO•    

Table S3.4.15. Calculated energies. Best selected conformers. 

 

(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 

HOH (1Ha) -152.8788957 -152.8258677 -152.8583797 

HCO2H -266.2302275 -266.1644195 -266.1993165 

CH3OH -192.1806009 -192.0973579 -192.1356679 

CH3CH2OH -231.5057597 -231.3928417 -231.4348052 

BuOH -310.1460146 -309.9733856 -310.0225041 

t-BuOH -310.1568402 -309.9856822 -310.0328412 

PhCH2OH -423.2622649 -423.0931739 -423.1413889 

PhC(CH3)2OH -501.9117965 -501.6843555 -501.7378077 

PhOH -383.9485501 -383.8096111 -383.8549621 

p-nitro-PhOH -588.4669965 -588.3227945 -588.3736785 

p-methyl-PhOH -423.2710744 -423.1029364 -423.1534904 

p-amino-PhOH -439.3090547 -439.1520897 -439.2007237 

HOOH -228.0071774 -227.9486274 -227.9831884 

CH3OOH -267.3199916 -267.2321836 -267.2707406 

t-BuOOH -385.2963238 -385.1204028 -385.1670718 
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PhCH2OOH -498.4013947 -498.2275437 -498.2771307 

TEMPOH -560.8586666 -560.5429816 -560.5973646 

HOO• -227.3673314 -227.3213374 -227.3579179 

 
Table S3.4.16. Calculated energies. Best selected conformers. 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

HO• (1a_2) -151.9757359 -151.9371969 -151.9711719 -152.0264294 -151.9878904 -152.0218654 -152.0569529 -152.0184139 -152.0523889 

HCO2• -265.1474739 -265.0961009 -265.1307239 -265.2305141 -265.1791411 -265.2137641 -265.2811729 -265.2297999 -265.2644229 

CH3O• -191.2148530 -191.1467670 -191.1839820 -191.2769642 -191.2088782 -191.2460932 -191.3147506 -191.2466646 -191.2838796 

CH3CH2O• -230.4591874 -230.3612794 -230.4026374 -230.5325112 -230.4348874 -230.4762454 -230.5774931 -230.4799053 -230.5212633 

BuO• -308.9394218 -308.7817518 -308.8291523 -309.0357341 -308.8780641 -308.9257413 -309.0951137 -308.9374437 -308.9852008 

t-BuO• -308.9498819 -308.7923709 -308.8373419 -309.0461061 -308.8885951 -308.9335661 -309.1054728 -308.9479618 -308.9929328 

PhCH2O• -421.8296737 -421.6750180 -421.7249250 -421.9555656 -421.8012743 -421.8511813 -422.0333897 -421.8792789 -421.9291859 

PhC(CH3)2O• -500.3191994 -500.1055304 -500.1591424 -500.4677291 -500.2540601 -500.3076721 -500.5598151 -500.3461461 -500.3997581 

PhO• -382.6267884 -382.5012544 -382.5459424 -382.7421138 -382.6165798 -382.6612678 -382.8132218 -382.6876878 -382.7323758 

p-nitro-PhO• -586.8501417 -586.7198887 -586.7717057 -587.0281254 -586.8978724 -586.9496894 -587.1375825 -587.0073295 -587.0591465 

p-methyl-PhO• -421.8716077 -421.7168017 -421.7666647 -421.9986961 -421.8438901 -421.8937531 -422.0771823 -421.9223763 -421.9722393 

p-amino-PhO• -437.9107155 -437.7666545 -437.8155515 -438.0446693 -437.9006083 -437.9495053 -438.1271767 -437.9831157 -438.0320127 

HOO• -227.0600436 -227.0140496 -227.0480106 -227.1332118 -227.0872178 -227.1211788 -227.1778250 -227.1318310 -227.1657920 

CH3OO• -266.2831135 -266.2077835 -266.2479864 -266.3682003 -266.2928703 -266.3331999 -266.4201260 -266.3447960 -266.3850969 

t-BuOO• -384.0197322 -383.8563702 -383.9053298 -384.1388190 -383.9754570 -384.0250708 -384.2122905 -384.0489285 -384.0987611 

PhCH2OO• -496.8987114 -496.7374744 -496.7884838 -497.0473471 -496.8861101 -496.9379697 -497.1391863 -496.9779493 -497.0300677 

TEMPO• -559.2216329 -558.9184739 -558.9756730 -559.3914796 -559.0883206 -559.1453635 -559.4970514 -559.1938924 -559.2509074 

•OO• -226.4612261 -226.4275761 -226.4670925 -226.5331585 -226.4995085 -226.5386392 -226.5766791 -226.5430291 -226.5821441 

 
Table S3.4.17. Calculated energies. Best selected conformers. 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

HOH (1Ha) -152.6731057 -152.6200777 -152.6525897 -152.7274519 -152.6744239 -152.7069359 -152.7601617 -152.7071337 -152.7396457 

HCO2H -265.8388504 -265.7736004 -265.8122954 -265.9255200 -265.8602700 -265.8989650 -265.9782849 -265.9130349 -265.9517299 

CH3OH -191.8921279 -191.8087069 -191.8457509 -191.9572352 -191.8738142 -191.9108582 -191.9967983 -191.9133773 -191.9504213 

CH3CH2OH -231.1376808 -231.0245488 -231.0643876 -231.2139118 -231.1007798 -231.1406241 -231.2605770 -231.1474483 -231.1873123 

BuOH -309.6169486 -309.4441796 -309.4915421 -309.7161024 -309.5432970 -309.5905041 -309.7772099 -309.6043845 -309.6515895 

t-BuOH -309.6295403 -309.4581353 -309.5026803 -309.7285509 -309.5571459 -309.6016909 -309.7896487 -309.6182437 -309.6627887 

PhCH2OH -422.5101644 -422.3408384 -422.3887764 -422.6389398 -422.4696138 -422.5179505 -422.7185359 -422.5492099 -422.5976598 

PhC(CH3)2OH -500.9999606 -500.7722756 -500.8252048 -501.1513211 -500.9236361 -500.9764792 -501.2451950 -501.0175100 -501.0703016 

PhOH -383.2734668 -383.1348428 -383.1804348 -383.3906950 -383.2520710 -383.2976630 -383.4629917 -383.3243677 -383.3699597 

p-nitro-PhOH -587.5028109 -587.3591249 -587.4110819 -587.6832398 -587.5395538 -587.5915108 -587.7942345 -587.6505485 -587.7025055 

p-methyl-PhOH -422.5157144 -422.3479244 -422.3990174 -422.6444568 -422.4766668 -422.5277598 -422.7239998 -422.5562098 -422.6073028 

p-amino-PhOH -438.5457292 -438.3891052 -438.4382822 -438.6810510 -438.5244270 -438.5736040 -438.7644517 -438.6078277 -438.6570047 

HOOH -227.7032047 -227.6446547 -227.6792157 -227.7790261 -227.7204761 -227.7550371 -227.8253138 -227.7667638 -227.8013248 
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CH3OOH -266.9268820 -266.8393690 -266.8792684 -267.0142527 -266.9267397 -266.9666147 -267.0676725 -266.9801595 -267.0200345 

t-BuOOH -384.6619246 -384.4863490 -384.5358530 -384.7833855 -384.6078955 -384.6573995 -384.8584530 -384.6829630 -384.7324670 

PhCH2OOH -497.5458882 -497.3722672 -497.4235143 -497.6969494 -497.5233284 -497.5749588 -497.7904095 -497.6167885 -497.6685184 

TEMPOH -559.8411803 -559.5262383 -559.5843303 -560.0121869 -559.6972449 -559.7553369 -560.1185319 -559.8035899 -559.8616819 

HOO•          

 
Table S3.4.18. Calculated energies. Best selected conformers. 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

HOH (1Ha) -152.6731057 -152.6200777 -152.6525897 -152.7274519 -152.6744239 -152.7069359 -152.7601617 -152.7071337 -152.7396457 

HCO2H -265.8507511 -265.7849431 -265.8198401 -265.9365719 -265.8707639 -265.9056609 -265.9890000 -265.9231920 -265.9580890 

CH3OH -191.8920076 -191.8087646 -191.8470746 -191.9566571 -191.8734141 -191.9117241 -191.9960152 -191.9127722 -191.9510822 

CH3CH2OH -231.1366266 -231.0237086 -231.0655436 -231.2124469 -231.0995289 -231.1416047 -231.2589655 -231.1460845 -231.1881745 

BuOH -309.6158437 -309.4432827 -309.4926077 -309.7144797 -309.5419187 -309.5912437 -309.7754340 -309.6028510 -309.6520849 

t-BuOH -309.6276702 -309.4565122 -309.5036712 -309.7264474 -309.5552894 -309.6024484 -309.7874221 -309.6162641 -309.6634231 

PhCH2OH -422.5110218 -422.3419388 -422.3901208 -422.6394570 -422.4703660 -422.5185810 -422.7189205 -422.5498295 -422.5980445 

PhC(CH3)2OH -501.0013758 -500.7739086 -500.8273988 -501.1523178 -500.9248224 -500.9783408 -501.2460177 -501.0185053 -501.0720407 

PhOH -383.2780761 -383.1391371 -383.1844881 -383.3945793 -383.2556403 -383.3009913 -383.4665405 -383.3276015 -383.3729525 

p-nitro-PhOH -587.5108550 -587.3666530 -587.4175370 -587.6905927 -587.5463907 -587.5972747 -587.8013309 -587.6571289 -587.7080129 

p-methyl-PhOH -422.5198750 -422.3517370 -422.4022910 -422.6478996 -422.4797616 -422.5303156 -422.7271083 -422.5589703 -422.6095243 

p-amino-PhOH -438.5491428 -438.3921778 -438.4408118 -438.6838460 -438.5268810 -438.5755150 -438.7669651 -438.6100001 -438.6586341 

HOOH -227.7032047 -227.6446547 -227.6792157 -227.7032047 -227.6446547 -227.6792157 -227.8253138 -227.7667638 -227.8013248 

CH3OOH -266.9319970 -266.8441890 -266.8827460 -267.0189016 -266.9310936 -266.9696506 -267.0721768 -266.9843688 -267.0229258 

t-BuOOH -384.6672604 -384.4913394 -384.5380653 -384.7883871 -384.6124661 -384.6591351 -384.8633289 -384.6874079 -384.7340769 

PhCH2OOH -497.5509804 -497.3771294 -497.4267164 -497.7014254 -497.5275744 -497.5771614 -497.7946625 -497.6208115 -497.6703985 

TEMPOH -559.8476818 -559.5319968 -559.5863798 -560.0182386 -559.7025536 -559.7569366 -560.1244299 -559.8087449 -559.8631279 

HOO• -227.0600436 -227.0140496 -227.0502649 -227.1332118 -227.0872178 -227.1236033 -227.1778249 -227.1318309 -227.1682823 

 
Table S3.4.19. Calculated energies. Individual selected conformers. 

№ 

 

(U)B3LYP-D3/6-31G(d) 

Etot H298 G298 

MIN HO• (1a_3) -152.1465975 -152.1075655 -152.1389925 

1 HO_aab (1a_3) -152.1465975 -152.1075655 -152.1389925 

MIN CH3O• -191.4729895 -191.4043425 -191.4402005 

1 CH3O1_acd -191.4729895 -191.4043425 -191.4402005 

2 CH3O1_aad -191.4726359 -191.4039309 -191.4398819 

MIN CH3CH2O• -230.7961992 -230.6973862 -230.7366822 

1 CH3CH2O1_abd -230.7961992 -230.6973862 -230.7364582 

2 CH3CH2O1_abo -230.7957842 -230.6971192 -230.7366822 

3 CH3CH2O1_abx -230.7951939 -230.6967789 -230.7363199 

4 CH3CH2O1_abj -230.7960285 -230.6964685 -230.7353175 

5 CH3CH2O1_aav -230.7948403 -230.6963913 -230.7365003 
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6 CH3CH2O1_abz -230.7956448 -230.6960388 -230.7348728 

MIN BuO• -309.4324787 -309.2734457 -309.3178948 

1 BuO3_abc -309.4324787 -309.2734457 -309.3176227 

2 BuO2_aaa -309.4314038 -309.2725758 -309.3178948 

3 BuO3_aad -309.4307874 -309.2717324 -309.3166044 

4 BuO3_adf -309.4310282 -309.2713832 -309.3155722 

5 BuO4_adt -309.4297304 -309.2709574 -309.3171954 

6 BuO4_abg -309.4305514 -309.2707834 -309.3157184 

7 BuO3_aah -309.4303135 -309.2706785 -309.3154845 

8 BuO1_abl -309.4294657 -309.2706147 -309.3174397 

9 BuO4_ack -309.4291498 -309.2704148 -309.3164408 

10 BuO2_adh -309.4298526 -309.2704086 -309.3165736 

11 BuO2_aao -309.4288749 -309.2704039 -309.3172439 

12 BuO2_aac -309.4289461 -309.2703831 -309.3168691 

13 BuO4_adn -309.4300321 -309.2703131 -309.3155341 

14 BuO1_aat -309.4301479 -309.2703019 -309.3162299 

15 BuO2_adn -309.4299518 -309.2702808 -309.3152538 

16 BuO1_aax -309.4288820 -309.2701110 -309.3169130 

17 BuO2_abr -309.4296972 -309.2700472 -309.3152192 

18 BuO2_aaj -309.4285452 -309.2700252 -309.3176912 

19 BuO2_acg -309.4286188 -309.2699878 -309.3166928 

20 BuO5_aak -309.4297069 -309.2698559 -309.3156319 

21 BuO1_abq -309.4297182 -309.2698532 -309.3158842 

22 BuO4_aau -309.4294783 -309.2697263 -309.3156173 

23 BuO4_ace -309.4283425 -309.2696075 -309.3160225 

24 BuO5_add -309.4293999 -309.2695969 -309.3156099 

25 BuO1_aae -309.4281213 -309.2695903 -309.3164563 

26 BuO5_aah -309.4292766 -309.2694316 -309.3151796 

27 BuO4_aaq -309.4290836 -309.2693626 -309.3149876 

28 BuO5_acq -309.4281446 -309.2692146 -309.3154356 

29 BuO1_adh -309.4278105 -309.2692075 -309.3161375 

30 BuO5_aay -309.4276476 -309.2690156 -309.3158126 

31 BuO5_ads -309.4287568 -309.2689258 -309.3149878 

32 BuO5_abg -309.4276559 -309.2689149 -309.3154499 

33 BuO5_acf -309.4272073 -309.2687793 -309.3158073 

34 BuO5_ach -309.4274988 -309.2687378 -309.3152528 

MIN tBuO• -309.4416337 -309.2835411 -309.3314371 

1 t-BuO2_aai -309.4415251 -309.2835411 -309.3314371 

2 t-BuO2_aag -309.4416337 -309.2830397 -309.3271307 

MIN PhCH2O• -422.5383244 -422.3837184 -422.4321589 

1 PhCH2O2_aaj -422.5383244 -422.3837184 -422.4318154 

2 PhCH2O2_aam -422.5376979 -422.3834369 -422.4321589 

3 PhCH2O2_aax -422.5374325 -422.3829815 -422.4309065 

MIN PhC(CH3)2O• -501.1833401 -500.9683192 -501.0211692 

1 PhCCH32O2_a_aau -501.1830592 -500.9683192 -501.0211692 

2 PhCCH32O2_a_abn -501.1831008 -500.9683038 -501.0210088 

3 PhCCH32O3_acd -501.1828874 -500.9680544 -501.0199874 

4 PhCCH32O2_a_adc -501.1833401 -500.9680141 -501.0194181 

5 PhCCH32O2_a_aab -501.1827266 -500.9673916 -501.0190046 
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6 PhCCH32O2_a_aam -501.1823342 -500.9670852 -501.0188872 

7 PhCCH32O3_aal -501.1808938 -500.9661008 -501.0186888 

8 PhCCH32O3_abm -501.1805091 -500.9657701 -501.0187921 

9 PhCCH32O3_abl -501.1798823 -500.9651223 -501.0191623 

MIN PhO• -383.2606529 -383.1346519 -383.1779329 

1 PhO_aam -383.2606529 -383.1346519 -383.1779329 

MIN p-nitro-PhO• -587.7600871 -587.6292461 -587.6797481 

1 p-nitro-PhO_aac -587.7600871 -587.6292461 -587.6797481 

MIN p-methyl-PhO• -422.5839767 -422.4284437 -422.4767157 

1 p-methyl-PhO_aah -422.5839767 -422.4284437 -422.4767157 

MIN p-amino-PhO• -438.6281654 -438.4835124 -438.5297314 

1 p-amino-PhO_aav -438.6281654 -438.4835124 -438.5297314 

MIN HOO• -227.3321060 -227.2858670 -227.3187590 

1 HOO_aaa -227.3321060 -227.2858670 -227.3187590 

2 HOO_aaj -227.3165603 -227.2713033 -227.3087103 

MIN CH3OO• -266.6397411 -266.5640601 -266.6028541 

1 CH3OO_aaa -266.6397411 -266.5640601 -266.6028541 

2 CH3OO_aar -266.6389780 -266.5633640 -266.6022530 

3 CH3OO_act -266.6353934 -266.5599714 -266.6013634 

4 CH3OO_aaq -266.6351932 -266.5598102 -266.6024582 

MIN t-BuOO• -384.6083278 -384.4440058 -384.4920048 

1 t-BuOO_aal -384.6083158 -384.4440058 -384.4920048 

2 t-BuOO_aaq -384.6083278 -384.4439958 -384.4917268 

3 t-BuOO_acz -384.6068333 -384.4426103 -384.4901113 

4 t-BuOO_aay -384.6041102 -384.4401302 -384.4902332 

MIN PhCH2OO• -497.7058911 -497.5440801 -497.5940221 

1 PhCH2OO1_aae -497.7058911 -497.5440801 -497.5940221 

2 PhCH2OO2_aar -497.7056301 -497.5438571 -497.5939821 

3 PhCH2OO2_abo -497.7033394 -497.5414894 -497.5909224 

4 PhCH2OO1_adc -497.7024489 -497.5408689 -497.5928219 

5 PhCH2OO2_aak -497.7017007 -497.5401147 -497.5912827 

6 PhCH2OO1_acd -497.7014028 -497.5399038 -497.5914908 

7 PhCH2OO1_aai -497.7012662 -497.5398532 -497.5924442 

8 PhCH2OO2_abq -497.7010461 -497.5396831 -497.5908091 

9 PhCH2OO2_abb -497.7007409 -497.5394549 -497.5917019 

10 PhCH2OO2_ace -497.6989783 -497.5375523 -497.5911033 

11 PhCH2OO1_aaw -497.6984610 -497.5370760 -497.5911030 

MIN TEMPO• -560.1794735 -559.8743795 -559.9308634 

1 TEMPO_ack -560.1794735 -559.8743795 -559.9306925 

2 TEMPO_aag -560.1792257 -559.8742747 -559.9308347 

3 TEMPO_aai -560.1791714 -559.8742064 -559.9308634 

4 TEMPO_aad -560.1792210 -559.8742040 -559.9307350 

5 TEMPO_abk -560.1779003 -559.8728653 -559.9295243 

6 TEMPO_aam -560.1775945 -559.8726775 -559.9285995 

7 TEMPO_abp -560.1775258 -559.8723938 -559.9283878 

MIN •OO• -226.7317449 -226.6981709 -226.7382699 

1 3O2_aab -226.7317449 -226.6981709 -226.7382699 

MIN HCO2• -265.5075068 -265.4557999 -265.4920149 

1 HCO2_aac -265.5051349 -265.4557999 -265.4920149 
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2 HCO2_aaw -265.5075068 -265.4556378 -265.4896828 

 
Table S3.4.20. Calculated energies. Individual selected conformers. 

№ 

 

(U)B3LYP-D3/6-31G(d) 

Etot H298 G298 

MIN HOH (1Ha) -152.8318213 -152.7788433 -152.8114843 

1 HOH_aaa (1Ha) -152.8318213 -152.7788433 -152.8114843 

2 HOH_aaq -152.8305406 -152.7776816 -152.8104666 

MIN CH3OH -192.1387684 -192.0551334 -192.0924013 

1 CH3OH_aaa -192.1387684 -192.0551334 -192.0910744 

2 CH3OH_aac -192.1384146 -192.0548476 -192.0909886 

3 CH3OH_aad -192.1383573 -192.0547343 -192.0924013 

MIN CH3CH2OH -231.4630119 -231.3494369 -231.3881581 

1 CH3CH2OH1_aam -231.4630119 -231.3494369 -231.3880259 

2 CH3CH2OH2_abq -231.4625321 -231.3489141 -231.3875051 

3 CH3CH2OH1_aaa -231.4622623 -231.3487053 -231.3871753 

4 CH3CH2OH2_aaw -231.4611122 -231.3476282 -231.3864442 

5 CH3CH2OH1_aae -231.4609752 -231.3474862 -231.3870562 

6 CH3CH2OH1_acl -231.4607995 -231.3472355 -231.3863665 

7 CH3CH2OH1_aaf -231.4604591 -231.3469341 -231.3881581 

MIN BuOH -310.0968831 -309.9230971 -309.9690111 

1 BuOH4d_aaa -310.0968831 -309.9230971 -309.9690111 

2 BuOH5c_acz -310.0967116 -309.9229606 -309.9678696 

3 BuOH3a_abw -310.0965797 -309.9229407 -309.9681797 

4 BuOH5c_adg -310.0966849 -309.9228719 -309.9678799 

5 BuOH5c_adh -310.0966360 -309.9228390 -309.9673950 

6 BuOH2b_aaw -310.0965356 -309.9226466 -309.9673536 

7 BuOH1a_abc -310.0961281 -309.9225111 -309.9682071 

8 BuOH3a_ada -310.0960100 -309.9223510 -309.9672660 

9 BuOH8b_aam -310.0959364 -309.9222194 -309.9680644 

10 BuOH14b_abm -310.0960351 -309.9221751 -309.9668281 

11 BuOH6b_aae -310.0958568 -309.9221058 -309.9679808 

12 BuOH3a_adj -310.0956663 -309.9220503 -309.9668363 

13 BuOH4d_acp -310.0957650 -309.9220490 -309.9689930 

14 BuOH1a_abz -310.0957415 -309.9219515 -309.9665165 

15 BuOH1a_ace -310.0955317 -309.9219407 -309.9674897 

16 BuOH6b_abo -310.0957716 -309.9219116 -309.9666556 

17 BuOH1a_aax -310.0952522 -309.9217712 -309.9676002 

18 BuOH3a_abm -310.0951620 -309.9216310 -309.9682810 

19 BuOH7b_aaa -310.0953738 -309.9216098 -309.9672118 

20 BuOH12c_adf -310.0954299 -309.9216079 -309.9661469 

21 BuOH8b_aao -310.0952782 -309.9215762 -309.9673102 

22 BuOH13c_abc -310.0952867 -309.9215307 -309.9655907 

23 BuOH2b_acm -310.0952752 -309.9214872 -309.9672432 

24 BuOH13c_aau -310.0951959 -309.9213909 -309.9661009 
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25 BuOH1a_aad -310.0948227 -309.9212337 -309.9671917 

26 BuOH6b_aax -310.0950194 -309.9211644 -309.9670024 

27 BuOH11d_aak -310.0948501 -309.9211211 -309.9670161 

28 BuOH2b_abj -310.0948069 -309.9210439 -309.9658819 

29 BuOH3a_aah -310.0944585 -309.9208475 -309.9671985 

30 BuOH12c_abw -310.0947876 -309.9208166 -309.9646186 

31 BuOH6b_acr -310.0946884 -309.9207834 -309.9662114 

32 BuOH13c_aaa -310.0943369 -309.9207829 -309.9664129 

33 BuOH12c_aba -310.0943047 -309.9205947 -309.9652267 

34 BuOH3a_adm -310.0940853 -309.9205793 -309.9683463 

35 BuOH10d_aar -310.0943452 -309.9205762 -309.9664272 

36 BuOH10d_abi -310.0944154 -309.9205564 -309.9660494 

37 BuOH4d_aaq -310.0939763 -309.9204653 -309.9676033 

38 BuOH11d_aab -310.0941816 -309.9204596 -309.9662436 

39 BuOH4d_adc -310.0940501 -309.9204111 -309.9675541 

40 BuOH7b_aao -310.0939229 -309.9203359 -309.9662969 

41 BuOH2b_adp -310.0940372 -309.9203222 -309.9655042 

42 BuOH2b_abz -310.0939254 -309.9202234 -309.9665014 

43 BuOH8b_aal -310.0940025 -309.9201935 -309.9659715 

44 BuOH8b_aba -310.0938485 -309.9201545 -309.9665155 

45 BuOH5c_ado -310.0939418 -309.9201488 -309.9665508 

46 BuOH14b_adf -310.0939106 -309.9201186 -309.9648676 

47 BuOH14b_aag -310.0938211 -309.9200301 -309.9650621 

48 BuOH13c_aaz -310.0934367 -309.9197327 -309.9658037 

49 BuOH12c_abm -310.0933458 -309.9195268 -309.9647658 

50 BuOH14b_abi -310.0933243 -309.9195263 -309.9643193 

51 BuOH6b_aai -310.0932690 -309.9195260 -309.9661070 

52 BuOH10d_abd -310.0929629 -309.9193449 -309.9652989 

53 BuOH10d_acf -310.0929783 -309.9192863 -309.9652873 

54 BuOH10d_aab -310.0929138 -309.9191308 -309.9656488 

55 BuOH11d_ada -310.0927448 -309.9189908 -309.9652498 

56 BuOH12c_aas -310.0922050 -309.9185270 -309.9633760 

57 BuOH14b_aar -310.0919647 -309.9183337 -309.9646067 

MIN tBuOH -310.1090345 -309.9367035 -309.9798735 

1 t-BuOH_ads -310.1090345 -309.9367035 -309.9798735 

2 t-BuOH_aar -310.1078698 -309.9356678 -309.9790388 

3 t-BuOH_abx -310.1051120 -309.9330050 -309.9777460 

MIN PhCH2OH -423.2069474 -423.0372224 -423.0844624 

1 PhCH2OH2_aam -423.2069474 -423.0372224 -423.0844624 

2 PhCH2OH2_aae -423.2065049 -423.0368399 -423.0840489 

3 PhCH2OH1_aae -423.2041475 -423.0344465 -423.0816815 

4 PhCH2OH2_abc -423.2037433 -423.0341233 -423.0823083 

5 PhCH2OH1_adg -423.2020263 -423.0324783 -423.0799413 

MIN PhC(CH3)2OH -501.8504166 -501.6218206 -501.6741180 

1 PhCCH32OH1_abp -501.8504166 -501.6218206 -501.6733246 

2 PhCCH32OH2_acf -501.8503006 -501.6216656 -501.6739946 

3 PhCCH32OH1_acl -501.8502890 -501.6216540 -501.6741180 

4 PhCCH32OH2_aaf -501.8498454 -501.6213054 -501.6728384 

5 PhCCH32OH3_aae -501.8496603 -501.6211693 -501.6722743 
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6 PhCCH32OH1_abq -501.8495829 -501.6209449 -501.6721109 

7 PhCCH32OH2_aan -501.8493368 -501.6207588 -501.6729698 

8 PhCCH32OH1_aao -501.8471231 -501.6185781 -501.6701991 

9 PhCCH32OH1_acb -501.8463524 -501.6177974 -501.6694924 

10 PhCCH32OH3_ads -501.8458870 -501.6176830 -501.6702970 

11 PhCCH32OH3_adt -501.8459161 -501.6174741 -501.6705451 

12 PhCCH32OH3_abt -501.8457134 -501.6172074 -501.6691584 

13 PhCCH32OH1_abv -501.8452340 -501.6168110 -501.6686940 

MIN PhOH -383.8938673 -383.7548543 -383.7989143 

1 PhOH_aae -383.8938673 -383.7548543 -383.7989143 

MIN p-nitro-PhOH -588.4005120 -588.2562720 -588.3068910 

1 p-nitro-PhOH_aai -588.4005120 -588.2562720 -588.3068910 

MIN p-methyl-PhOH -423.2141255 -423.0456714 -423.0949435 

1 p-methyl-PhOH_aca -423.2141255 -423.0456705 -423.0949435 

2 p-methyl-PhOH_aad -423.2141244 -423.0456714 -423.0948264 

MIN p-amino-PhOH -439.2465281 -439.0894531 -439.1369321 

1 p-amino-PhOH_ach -439.2465281 -439.0894531 -439.1369321 

MIN HOOH -227.9626681 -227.9039341 -227.9374491 

1 HOOH_aab -227.9626681 -227.9039341 -227.9374491 

MIN CH3OOH -267.2715186 -267.1837066 -267.2227126 

1 CH3OOH_aam -267.2715186 -267.1837066 -267.2227126 

2 CH3OOH_abj -267.2711899 -267.1831489 -267.2224869 

3 CH3OOH_adl -267.2700475 -267.1824045 -267.2226915 

MIN t-BuOOH -385.2386526 -385.0620236 -385.1090206 

1 t-BuOOH_acm -385.2386526 -385.0620236 -385.1090206 

MIN PhCH2OOH -498.3406620 -498.1665520 -498.2159740 

1 PhCH2OOH2_aan -498.3406620 -498.1665520 -498.2159740 

2 PhCH2OOH2_abr -498.3393105 -498.1653365 -498.2147635 

3 PhCH2OOH3_aah -498.3379918 -498.1640528 -498.2137558 

4 PhCH2OOH3_aae -498.3370756 -498.1631916 -498.2129366 

5 PhCH2OOH3_abg -498.3363383 -498.1625513 -498.2127703 

MIN TEMPOH -560.7853105 -560.4683745 -560.5240795 

1 TEMPOH_aah -560.7853105 -560.4683745 -560.5240795 

2 TEMPOH_aag -560.7846894 -560.4676444 -560.5232194 

3 TEMPOH_adl -560.7847137 -560.4676117 -560.5234447 

4 TEMPOHa_add -560.7801677 -560.4634627 -560.5198577 

5 TEMPOHa_aaw -560.7799902 -560.4633512 -560.5208452 

MIN HCO2H -266.1754636 -266.1100416 -266.1476686 

1 HCO2Ha_aab -266.1754636 -266.1100416 -266.1476686 
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Table S3.4.21. Calculated energies. Individual selected conformers. 

№ 

 

(U)B3LYP-D3/6-31G(d) 

Etot H298 G298 

MIN HOH (1Ha) -152.8318213 -152.7788433 -152.8114843 

1 HOH_aaa (1Ha) -152.8318213 -152.7788433 -152.8114843 

2 HOH_aaq -152.8305406 -152.7776816 -152.8104666 

MIN CH3OH -192.1384134 -192.0548484 -192.0931620 

1 CH3OH_aai -192.1384134 -192.0548484 -192.0920964 

2 CH3OH_aby -192.1377860 -192.0545340 -192.0931620 

3 CH3OH_aab -192.1378897 -192.0544807 -192.0921067 

MIN CH3CH2OH -231.4612036 -231.3476606 -231.3881106 

1 CH3CH2OH1_aan -231.4612036 -231.3476606 -231.3873066 

2 CH3CH2OH1_abb -231.4606979 -231.3473929 -231.3870459 

3 CH3CH2OH1_aai -231.4605585 -231.3470535 -231.3877855 

4 CH3CH2OH2_aan -231.4594236 -231.3462596 -231.3881106 

5 CH3CH2OH2_aar -231.4594427 -231.3461337 -231.3872397 

MIN BuOH -310.0955283 -309.9218353 -309.9686020 

1 BuOH13c_acf -310.0955283 -309.9218353 -309.9669573 

2 BuOH1a_ads -310.0952738 -309.9218108 -309.9674188 

3 BuOH3a_aar -310.0952961 -309.9217911 -309.9675591 

4 BuOH13c_abh -310.0953543 -309.9217363 -309.9663703 

5 BuOH1a_adh -310.0952400 -309.9217130 -309.9674150 

6 BuOH6b_abc -310.0953852 -309.9217122 -309.9665272 

7 BuOH2b_adi -310.0951269 -309.9214209 -309.9667329 

8 BuOH5c_adn -310.0948707 -309.9212147 -309.9670877 

9 BuOH5c_abp -310.0945647 -309.9209097 -309.9670367 

10 BuOH3a_abi -310.0940940 -309.9205250 -309.9686020 

11 BuOH14b_aaj -310.0941628 -309.9204918 -309.9648298 

12 BuOH14b_abp -310.0941465 -309.9204375 -309.9654035 

13 BuOH8b_abi -310.0940798 -309.9204178 -309.9672238 

14 BuOH5c_aca -310.0935844 -309.9198324 -309.9678294 

15 BuOH1a_abi -310.0931485 -309.9197155 -309.9671155 

16 BuOH11d_aar -310.0927707 -309.9192237 -309.9658797 

17 BuOH11d_aap -310.0929504 -309.9191924 -309.9658754 

18 BuOH11d_acr -310.0925534 -309.9190854 -309.9659164 

19 BuOH11d_aaw -310.0925191 -309.9189731 -309.9658771 

20 BuOH7b_abs -310.0921135 -309.9188655 -309.9676445 

21 BuOH7b_adg -310.0921195 -309.9188495 -309.9675395 

22 BuOH2b_acw -310.0925423 -309.9187953 -309.9666783 

23 BuOH7b_aag -310.0921390 -309.9187820 -309.9669940 

24 BuOH7b_aat -310.0921218 -309.9186848 -309.9664438 

25 BuOH11d_adr -310.0922229 -309.9185459 -309.9666099 

26 BuOH12c_acg -310.0918508 -309.9183448 -309.9662348 

27 BuOH12c_aco -310.0916695 -309.9182725 -309.9661345 

28 BuOH12c_aay -310.0917452 -309.9181772 -309.9660602 
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29 BuOH10d_acv -310.0911148 -309.9177628 -309.9660938 

30 BuOH10d_aae -310.0911928 -309.9176398 -309.9651628 

MIN tBuOH -310.1051749 -309.9330899 -309.9786929 

1 t-BuOH_aap -310.1051749 -309.9330899 -309.9786929 

2 t-BuOH_aaa -310.1048403 -309.9329803 -309.9780773 

MIN PhCH2OH -423.2094341 -423.0397021 -423.0862631 

1 PhCH2OH2_abd -423.2094341 -423.0397021 -423.0862631 

2 PhCH2OH1_abq -423.2009243 -423.0318553 -423.0829833 

3 PhCH2OH1_aar -423.2007198 -423.0316838 -423.0825738 

MIN PhC(CH3)2OH -501.8525141 -501.6240046 -501.6768566 

1 PhCCH32OH1_adc -501.8523846 -501.6240046 -501.6768566 

2 PhCCH32OH1_aci -501.8525141 -501.6239331 -501.6753841 

3 PhCCH32OH2_adc -501.8522595 -501.6238885 -501.6762005 

4 PhCCH32OH3_aah -501.8462174 -501.6180484 -501.6727324 

5 PhCCH32OH3_acq -501.8461026 -501.6179936 -501.6712196 

MIN PhOH -383.8982015 -383.7590775 -383.8046154 

1 PhOH_abt -383.8982015 -383.7590775 -383.8031395 

2 PhOH_act -383.8980774 -383.7590534 -383.8046154 

3 PhOH_abu -383.8980447 -383.7588847 -383.8028247 

MIN p-nitro-PhOH -588.4093503 -588.2648783 -588.3156543 

1 p-nitro-PhOH_aae -588.4093503 -588.2648783 -588.3156543 

2 p-nitro-PhOH_aab -588.4087967 -588.2643327 -588.3147547 

MIN p-methyl-PhOH -423.2181494 -423.0495224 -423.1000770 

1 p-methyl-PhOH_aay -423.2179630 -423.0494390 -423.1000770 

2 p-methyl-PhOH_abt -423.2181494 -423.0495224 -423.0987424 

3 p-methyl-PhOH_adp -423.2180410 -423.0494110 -423.0983930 

MIN p-amino-PhOH -439.2498947 -439.0926247 -439.1396891 

1 p-amino-PhOH_aab -439.2498947 -439.0926247 -439.1393327 

2 p-amino-PhOH_aau -439.2494673 -439.0922173 -439.1390053 

3 p-amino-PhOH_aaa -439.2493861 -439.0921631 -439.1396891 

MIN HOOH -227.9626681 -227.9039341 -227.9374491 

1 HOOH_aab -227.9626681 -227.9039341 -227.9374491 

MIN CH3OOH -267.2785038 -267.1900838 -267.2274928 

1 CH3OOH_aaq -267.2785038 -267.1900838 -267.2274928 

2 CH3OOH_aaf -267.2774429 -267.1891539 -267.2267939 

MIN t-BuOOH -385.2453165 -385.0681415 -385.1136735 

1 t-BuOOH_acs -385.2453165 -385.0681415 -385.1136735 

2 t-BuOOH_acv -385.2444670 -385.0674050 -385.1130930 

MIN PhCH2OOH -498.3480630 -498.1734860 -498.2211500 

1 PhCH2OOH2_aai -498.3480630 -498.1734860 -498.2211500 

2 PhCH2OOH1_abr -498.3423271 -498.1678301 -498.2166751 

3 PhCH2OOH2_aav -498.3406827 -498.1665397 -498.2160427 

4 PhCH2OOH3_aan -498.3405167 -498.1663507 -498.2165387 

5 PhCH2OOH1_adh -498.3403045 -498.1661105 -498.2168415 

6 PhCH2OOH3_abv -498.3395469 -498.1655039 -498.2159699 

7 PhCH2OOH3_abh -498.3377985 -498.1639675 -498.2134945 

MIN TEMPOH -560.7942974 -560.4766384 -560.5302304 

1 TEMPOH_ach -560.7942974 -560.4766384 -560.5302304 

2 TEMPOHa_abr -560.7793399 -560.4628629 -560.5198469 
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MIN HOO• -227.3321060 -227.2858670 -227.3187590 

1 HOO_aaa -227.3321060 -227.2858670 -227.3187590 

MIN HCO2H -266.1922978 -266.1261058 -266.1602548 

1 HCO2Ha_aan -266.1922978 -266.1261058 -266.1602548 

2 HCO2Hb_aad -266.1769062 -266.1114562 -266.1495672 

3 HCO2Hb_aab -266.1763272 -266.1109152 -266.1486852 

 
 

Table S3.4.22. Calculated energies. Individual selected conformers. 

№ 

 

G3B3-D3 UB3LYP-D3/ 
6-31G(d) 

UHF/ 
6-31G(d) 

UHF/ 
6-31+G(d) 

UHF/ 
6-31G(2df,p) 

UHF/ 
GTlarge 

DE(HLC) 

Etot H298 G298 <S2> <S2> <S2> <S2> <S2> 

MIN HO• (1a_3) -152.1122504 -152.0744734 -152.1060594       
1 HO_aab (1a_3) -152.1122504 -152.0744734 -152.1060594 0.7529 0.7563 0.7578 0.7568 0.7582 -0.0505530 

MIN CH3O• -191.4122958 -191.3460168 -191.3821224       
1 CH3O1_acd -191.4122958 -191.3460168 -191.3821058 0.7532 0.7586 0.7596 0.7592 0.7604 -0.0708330 

2 CH3O1_aad -191.4122744 -191.3459404 -191.3821224 0.7531 0.7586 0.7596 0.7592 0.7604 -0.0708330 

MIN CH3CH2O• -230.7164502 -230.6213478 -230.6617478       
1 CH3CH2O1_abd -230.7160225 -230.6206955 -230.6600895 0.7532 0.7587 0.7597 0.7593 0.7604 -0.0911130 

2 CH3CH2O1_abo -230.7162643 -230.6210753 -230.6609643 0.7533 0.7588 0.7597 0.7593 0.7605 -0.0911130 

3 CH3CH2O1_abx -230.7163008 -230.6213478 -230.6612198 0.7533 0.7588 0.7598 0.7593 0.7606 -0.0911130 

4 CH3CH2O1_abj -230.7162759 -230.6202319 -230.6594029 0.7532 0.7590 0.7599 0.7595 0.7605 -0.0911130 

5 CH3CH2O1_aav -230.7162948 -230.6213098 -230.6617478 0.7533 0.7587 0.7598 0.7593 0.7605 -0.0911130 

6 CH3CH2O1_abz -230.7164502 -230.6203632 -230.6595192 0.7532 0.7590 0.7599 0.7595 0.7606 -0.0911130 

MIN BuO• -309.3162287 -309.1631007 -309.2106530       
1 BuO3_abc -309.3158039 -309.1624859 -309.2071679 0.7534 0.7590 0.7600 0.7596 0.7607 -0.1316730 

2 BuO2_aaa -309.3162287 -309.1631007 -309.2089317 0.7533 0.7588 0.7598 0.7594 0.7605 -0.1316730 

3 BuO3_aad -309.3150032 -309.1616632 -309.2070412 0.7534 0.7589 0.7598 0.7595 0.7606 -0.1316730 

4 BuO3_adf -309.3143120 -309.1604060 -309.2051000 0.7536 0.7598 0.7608 0.7604 0.7614 -0.1316730 

5 BuO4_adt -309.3148993 -309.1618233 -309.2085753 0.7533 0.7589 0.7598 0.7594 0.7606 -0.1316730 

6 BuO4_abg -309.3146182 -309.1605962 -309.2060352 0.7535 0.7596 0.7605 0.7601 0.7611 -0.1316730 

7 BuO3_aah -309.3147301 -309.1608341 -309.2061451 0.7536 0.7600 0.7610 0.7606 0.7616 -0.1316730 

8 BuO1_abl -309.3147576 -309.1616056 -309.2089456 0.7533 0.7587 0.7597 0.7593 0.7604 -0.1316730 

9 BuO4_ack -309.3137433 -309.1607013 -309.2072433 0.7532 0.7586 0.7596 0.7593 0.7604 -0.1316730 

10 BuO2_adh -309.3149657 -309.1612467 -309.2079237 0.7535 0.7596 0.7605 0.7602 0.7611 -0.1316730 

11 BuO2_aao -309.3153087 -309.1625177 -309.2098767 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

12 BuO2_aac -309.3152405 -309.1623625 -309.2093655 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

13 BuO4_adn -309.3145069 -309.1605299 -309.2062569 0.7535 0.7597 0.7607 0.7603 0.7613 -0.1316730 

14 BuO1_aat -309.3154765 -309.1613745 -309.2078115 0.7534 0.7595 0.7605 0.7600 0.7600 -0.1316730 

15 BuO2_adn -309.3146797 -309.1607457 -309.2062277 0.7534 0.7596 0.7605 0.7601 0.7611 -0.1316730 

16 BuO1_aax -309.3148631 -309.1617871 -309.2091041 0.7533 0.7588 0.7598 0.7594 0.7605 -0.1316730 

17 BuO2_abr -309.3150760 -309.1611620 -309.2068430 0.7535 0.7597 0.7606 0.7602 0.7613 -0.1316730 

18 BuO2_aaj -309.3153070 -309.1624700 -309.2106530 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

19 BuO2_acg -309.3151996 -309.1622576 -309.2094776 0.7533 0.7588 0.7597 0.7594 0.7605 -0.1316730 

20 BuO5_aak -309.3149005 -309.1607955 -309.2070785 0.7534 0.7595 0.7605 0.7600 0.7611 -0.1316730 

21 BuO1_abq -309.3156923 -309.1615723 -309.2081123 0.7534 0.7595 0.7605 0.7601 0.7611 -0.1316730 
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22 BuO4_aau -309.3145502 -309.1605412 -309.2069382 0.7535 0.7598 0.7607 0.7604 0.7614 -0.1316730 

23 BuO4_ace -309.3145432 -309.1615042 -309.2084322 0.7533 0.7589 0.7598 0.7594 0.7606 -0.1316730 

24 BuO5_add -309.3151250 -309.1610660 -309.2075860 0.7534 0.7595 0.7605 0.7600 0.7611 -0.1316730 

25 BuO1_aae -309.3147382 -309.1618892 -309.2092732 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

26 BuO5_aah -309.3143885 -309.1602895 -309.2065445 0.7534 0.7596 0.7606 0.7601 0.7612 -0.1316730 

27 BuO4_aaq -309.3146548 -309.1606748 -309.2068068 0.7535 0.7599 0.7608 0.7605 0.7615 -0.1316730 

28 BuO5_acq -309.3132668 -309.1600418 -309.2067738 0.7533 0.7587 0.7597 0.7594 0.7605 -0.1316730 

29 BuO1_adh -309.3147270 -309.1618100 -309.2092570 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

30 BuO5_aay -309.3133391 -309.1603931 -309.2077091 0.7533 0.7587 0.7597 0.7593 0.7605 -0.1316730 

31 BuO5_ads -309.3145651 -309.1604781 -309.2070481 0.7534 0.7596 0.7606 0.7602 0.7612 -0.1316730 

32 BuO5_abg -309.3133543 -309.1603063 -309.2073573 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

33 BuO5_acf -309.3138129 -309.1610589 -309.2086089 0.7533 0.7588 0.7598 0.7594 0.7606 -0.1316730 

34 BuO5_ach -309.3140010 -309.1609370 -309.2079640 0.7533 0.7587 0.7598 0.7593 0.7606 -0.1316730 

MIN tBuO• -309.3281339 -309.1752019 -309.2198349       
1 t-BuO2_aai -309.3218621 -309.1694901 -309.2179541 0.7529 0.7581 0.7593 0.7588 0.7599 -0.1316730 

2 t-BuO2_aag -309.3281339 -309.1752019 -309.2198349 0.7532 0.7588 0.7596 0.7593 0.7602 -0.1316730 

MIN PhCH2O• -422.3746434 -422.2258224 -422.2751354       
1 PhCH2O2_aaj -422.3743574 -422.2252084 -422.2738934 0.7536 1.2737 1.2267 1.2738 1.2189 -0.1654730 

2 PhCH2O2_aam -422.3746434 -422.2258224 -422.2751354 0.7538 1.2715 1.2241 1.2713 1.2159 -0.1654730 

3 PhCH2O2_aax -422.3739053 -422.2248993 -422.2734183 0.7536 1.2622 1.2195 1.2617 1.2109 -0.1654730 

MIN PhC(CH3)2O• -500.9870737 -500.7799257 -500.8335177       
1 PhCCH32O2_a_aau -500.9869537 -500.7798597 -500.8335177 0.7534 1.2613 1.2152 1.2612 1.2077 -0.2060330 

2 PhCCH32O2_a_abn -500.9870737 -500.7799257 -500.8334387 0.7534 1.2613 1.2152 1.2613 1.2080 -0.2060330 

3 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 

4 PhCCH32O2_a_adc -500.9864027 -500.7787577 -500.8309587 0.7545 1.2770 1.2369 1.2781 1.2315 -0.2060330 

5 PhCCH32O2_a_aab -500.9856322 -500.7779782 -500.8303882 0.7548 1.2799 1.2407 1.2814 1.2357 -0.2060330 

6 PhCCH32O2_a_aam -500.9855545 -500.7779795 -500.8305825 0.7545 1.2729 1.2365 1.2745 1.2315 -0.2060330 

7 PhCCH32O3_aal -500.9857074 -500.7785614 -500.8319594 0.7534 1.2752 1.2304 1.2745 1.2228 -0.2060330 

8 PhCCH32O3_abm -500.9852833 -500.7781893 -500.8320213 0.7534 1.2670 1.2250 1.2662 1.2172 -0.2060330 

9 PhCCH32O3_abl -500.9849894 -500.7778724 -500.8327244 0.7533 1.2606 1.2156 1.2606 1.2082 -0.2060330 

MIN PhO• -383.1128539 -382.9912699 -383.0350319       
1 PhO_aam -383.1128539 -382.9912699 -383.0350319 0.7867 1.3558 1.3328 1.3545 1.3282 -0.1451930 

MIN p-nitro-PhO• -587.5330314 -587.4066334 -587.4577874       
1 p-nitro-PhO_aac -587.5330314 -587.4066334 -587.4577874 0.7900 1.3971 1.3839 1.3938 1.3789 -0.1992730 

1 p-methyl-PhO_aah -422.4189092 -422.2688612 -422.3177302 0.7832 1.3413 1.3180 1.3392 1.3127 -0.1654730 

1 p-amino-PhO_aav -438.4648656 -438.3252636 -438.3720786 0.7692 1.2447 1.2242 1.2438 1.2204 -0.1654730 

1 HOO_aaa -227.2617016 -227.2169926 -227.2500566 0.7529 0.7609 0.7637 0.7616 0.7644 -0.0708330 

2 HOO_aaj -227.2526175 -227.2088055 -227.2464315 0.7528 0.7604 0.7624 0.7610 0.7631 -0.0708330 

1 CH3OO_aaa -266.5461916 -266.4731016 -266.5121866 0.7530 0.7611 0.7638 0.7619 0.7645 -0.0911130 

2 CH3OO_aar -266.5455184 -266.4724904 -266.5116724 0.7530 0.7611 0.7638 0.7619 0.7645 -0.0911130 

3 CH3OO_act -266.5456695 -266.4728155 -266.5145105 0.7529 0.7607 0.7631 0.7615 0.7639 -0.0911130 

4 CH3OO_aaq -266.5462115 -266.4733965 -266.5163485 0.7530 0.7610 0.7634 0.7617 0.7642 -0.0911130 

1 t-BuOO_aal -384.4652363 -384.3067463 -384.3553613 0.7533 0.7619 0.7644 0.7626 0.7651 -0.1519530 

2 t-BuOO_aaq -384.4645089 -384.3059989 -384.3543429 0.7533 0.7618 0.7643 0.7626 0.7651 -0.1519530 

3 t-BuOO_acz -384.4637146 -384.3053036 -384.3534226 0.7533 0.7609 0.7631 0.7618 0.7639 -0.1519530 

4 t-BuOO_aay -384.4641943 -384.3060103 -384.3567383 0.7533 0.7615 0.7636 0.7622 0.7644 -0.1519530 

1 PhCH2OO1_aae -497.5109813 -497.3548593 -497.4054463 0.7532 1.2778 1.2361 1.2795 1.2301 -0.1857530 

2 PhCH2OO2_aar -497.5105440 -497.3544580 -497.4052280 0.7532 1.2779 1.2360 1.2792 1.2297 -0.1857530 

3 PhCH2OO2_abo -497.5077386 -497.3515796 -497.4016566 0.7534 1.2660 1.2257 1.2660 1.2187 -0.1857530 
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4 PhCH2OO1_adc -497.5086430 -497.3527380 -497.4053420 0.7532 1.2811 1.2395 1.2819 1.2332 -0.1857530 

5 PhCH2OO2_aak -497.5071879 -497.3512769 -497.4030949 0.7534 1.2670 1.2227 1.2681 1.2161 -0.1857530 

6 PhCH2OO1_acd -497.5068066 -497.3509766 -497.4032166 0.7535 1.2689 1.2243 1.2700 1.2178 -0.1857530 

7 PhCH2OO1_aai -497.5080754 -497.3523194 -497.4055734 0.7532 1.2750 1.2319 1.2765 1.2261 -0.1857530 

8 PhCH2OO2_abq -497.5092722 -497.3535652 -497.4053512 0.7534 1.2700 1.2337 1.2713 1.2265 -0.1857530 

9 PhCH2OO2_abb -497.5092124 -497.3535754 -497.4064864 0.7534 1.2668 1.2303 1.2681 1.2229 -0.1857530 

10 PhCH2OO2_ace -497.5081321 -497.3523651 -497.4065761 0.7532 1.2781 1.2363 1.2793 1.2300 -0.1857530 

11 PhCH2OO1_aaw -497.5082536 -497.3525256 -497.4072126 0.7531 1.2782 1.2364 1.2794 1.2305 -0.1857530 

1 TEMPO_ack -559.9656607 -559.6716237 -559.7289527 0.7538 0.7692 0.7727 0.7705 0.7744 -0.2465930 

2 TEMPO_aag -559.9661668 -559.6722648 -559.7298428 0.7539 0.7695 0.7726 0.7710 0.7743 -0.2465930 

3 TEMPO_aai -559.9655184 -559.6716034 -559.7292784 0.7538 0.7691 0.7727 0.7704 0.7743 -0.2465930 

4 TEMPO_aad -559.9664068 -559.6724408 -559.7299918 0.7541 0.7707 0.7724 0.7721 0.7743 -0.2465930 

5 TEMPO_abk -559.9629954 -559.6690144 -559.7266904 0.7538 0.7693 0.7724 0.7707 0.7741 -0.2465930 

6 TEMPO_aam -559.9624144 -559.6685414 -559.7254854 0.7541 0.7697 0.7717 0.7712 0.7736 -0.2465930 

7 TEMPO_abp -559.9627372 -559.6686572 -559.7256742 0.7539 0.7681 0.7712 0.7697 0.7730 -0.2465930 

1 3O2_aab -226.6607931 -226.6282241 -226.6685121 2.0067 2.0354 2.0447 2.0374 2.0470 -0.0673060 

1 HCO2_aac -265.4091505 -265.3614085 -265.3978575 0.7548 0.7673 0.7685 0.7678 0.7693 -0.0843530 

2 HCO2_aaw -265.4084015 -265.3582555 -265.3925055 0.7552 0.7621 0.7634 0.7624 0.7637 -0.0843530 

 
Table S3.4.23. Calculated energies. Individual selected conformers. 

№ 

 

G3B3-D3 DE(HLC) 

Etot H298 G298 

MIN HOH (1Ha) -152.8139511 -152.7627571 -152.7955861 
 

1 HOH_aaa (1Ha) -152.8139511 -152.7627571 -152.7955861 -0.0540800 

2 HOH_aaq -152.8134637 -152.7623797 -152.7953567 -0.0540800 

MIN CH3OH -192.0938537 -192.0132317 -192.0496247  

1 CH3OH_aaa -192.0934020 -192.0127180 -192.0489070 -0.0743600 

2 CH3OH_aac -192.0938537 -192.0132317 -192.0496247 -0.0743600 

3 CH3OH_aad -192.0923554 -192.0116804 -192.0495974 -0.0743600 

MIN CH3CH2OH -231.3986662 -231.2891112 -231.3284264 
 

1 CH3CH2OH1_aam -231.3983824 -231.2888674 -231.3277954 -0.0946400 

2 CH3CH2OH2_abq -231.3986662 -231.2891112 -231.3280392 -0.0946400 

3 CH3CH2OH1_aaa -231.3976547 -231.2881557 -231.3269647 -0.0946400 

4 CH3CH2OH2_aaw -231.3974991 -231.2880701 -231.3272271 -0.0946400 

5 CH3CH2OH1_aae -231.3975441 -231.2881091 -231.3280211 -0.0946400 

6 CH3CH2OH1_acl -231.3950751 -231.2855651 -231.3250401 -0.0946400 

7 CH3CH2OH1_aaf -231.3963314 -231.2868594 -231.3284264 -0.0946400 

MIN BuOH -309.9974505 -309.8301055 -309.8775015 
 

1 BuOH4d_aaa -309.9974477 -309.8299467 -309.8763877 -0.1352000 

2 BuOH5c_acz -309.9968824 -309.8294134 -309.8748494 -0.1352000 

3 BuOH3a_abw -309.9965503 -309.8291883 -309.8749553 -0.1352000 

4 BuOH5c_adg -309.9964762 -309.8289492 -309.8744822 -0.1352000 

5 BuOH5c_adh -309.9960664 -309.8285554 -309.8736374 -0.1352000 

6 BuOH2b_aaw -309.9964467 -309.8288517 -309.8740797 -0.1352000 

7 BuOH1a_abc -309.9974505 -309.8301055 -309.8763335 -0.1352000 
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8 BuOH3a_ada -309.9970122 -309.8296292 -309.8750742 -0.1352000 

9 BuOH8b_aam -309.9968276 -309.8293906 -309.8757636 -0.1352000 

10 BuOH14b_abm -309.9946381 -309.8270701 -309.8722441 -0.1352000 

11 BuOH6b_aae -309.9964508 -309.8289828 -309.8753838 -0.1352000 

12 BuOH3a_adj -309.9961744 -309.8288314 -309.8741494 -0.1352000 

13 BuOH4d_acp -309.9960312 -309.8285962 -309.8760672 -0.1352000 

14 BuOH1a_abz -309.9966523 -309.8291493 -309.8742383 -0.1352000 

15 BuOH1a_ace -309.9967955 -309.8294785 -309.8755565 -0.1352000 

16 BuOH6b_abo -309.9946750 -309.8271040 -309.8723730 -0.1352000 

17 BuOH1a_aax -309.9972834 -309.8300654 -309.8764304 -0.1352000 

18 BuOH3a_abm -309.9960721 -309.8288101 -309.8759941 -0.1352000 

19 BuOH7b_aaa -309.9970394 -309.8295584 -309.8756884 -0.1352000 

20 BuOH12c_adf -309.9953929 -309.8278589 -309.8729219 -0.1352000 

21 BuOH8b_aao -309.9962148 -309.8287908 -309.8750538 -0.1352000 

22 BuOH13c_abc -309.9941976 -309.8267236 -309.8713116 -0.1352000 

23 BuOH2b_acm -309.9967208 -309.8292178 -309.8754998 -0.1352000 

24 BuOH13c_aau -309.9953702 -309.8278502 -309.8730872 -0.1352000 

25 BuOH1a_aad -309.9962363 -309.8289193 -309.8754083 -0.1352000 

26 BuOH6b_aax -309.9950519 -309.8274859 -309.8738479 -0.1352000 

27 BuOH11d_aak -309.9955359 -309.8280879 -309.8745099 -0.1352000 

28 BuOH2b_abj -309.9959646 -309.8284856 -309.8738496 -0.1352000 

29 BuOH3a_aah -309.9959427 -309.8286077 -309.8754867 -0.1352000 

30 BuOH12c_abw -309.9945697 -309.8268957 -309.8712187 -0.1352000 

31 BuOH6b_acr -309.9949945 -309.8273785 -309.8733335 -0.1352000 

32 BuOH13c_aaa -309.9935693 -309.8262863 -309.8724463 -0.1352000 

33 BuOH12c_aba -309.9947252 -309.8272952 -309.8724552 -0.1352000 

34 BuOH3a_adm -309.9964395 -309.8292005 -309.8775015 -0.1352000 

35 BuOH10d_aar -309.9959358 -309.8284498 -309.8748278 -0.1352000 

36 BuOH10d_abi -309.9960411 -309.8284701 -309.8744891 -0.1352000 

37 BuOH4d_aaq -309.9963561 -309.8291121 -309.8767831 -0.1352000 

38 BuOH11d_aab -309.9950290 -309.8275870 -309.8738990 -0.1352000 

39 BuOH4d_adc -309.9959938 -309.8286308 -309.8763028 -0.1352000 

40 BuOH7b_aao -309.9957847 -309.8284687 -309.8749617 -0.1352000 

41 BuOH2b_adp -309.9940505 -309.8266165 -309.8723255 -0.1352000 

42 BuOH2b_abz -309.9959013 -309.8284793 -309.8752853 -0.1352000 

43 BuOH8b_aal -309.9937432 -309.8262152 -309.8725232 -0.1352000 

44 BuOH8b_aba -309.9959631 -309.8285471 -309.8754381 -0.1352000 

45 BuOH5c_ado -309.9954624 -309.8279554 -309.8748814 -0.1352000 

46 BuOH14b_adf -309.9927999 -309.8252949 -309.8705679 -0.1352000 

47 BuOH14b_aag -309.9935167 -309.8260107 -309.8715687 -0.1352000 

48 BuOH13c_aaz -309.9937654 -309.8263434 -309.8729394 -0.1352000 

49 BuOH12c_abm -309.9936116 -309.8260796 -309.8718446 -0.1352000 

50 BuOH14b_abi -309.9923221 -309.8248111 -309.8701281 -0.1352000 

51 BuOH6b_aai -309.9955914 -309.8281284 -309.8752384 -0.1352000 

52 BuOH10d_abd -309.9947228 -309.8273788 -309.8738628 -0.1352000 

53 BuOH10d_acf -309.9947051 -309.8272911 -309.8738221 -0.1352000 

54 BuOH10d_aab -309.9947835 -309.8272835 -309.8743295 -0.1352000 

55 BuOH11d_ada -309.9924236 -309.8249476 -309.8717386 -0.1352000 

56 BuOH12c_aas -309.9926909 -309.8252909 -309.8706689 -0.1352000 
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57 BuOH14b_aar -309.9938144 -309.8264584 -309.8732604 -0.1352000 

MIN tBuOH -310.0112257 -309.8450937 -309.8888177 
 

1 t-BuOH_ads -310.0112257 -309.8450937 -309.8888177 -0.1352000 

2 t-BuOH_aar -310.0102642 -309.8442532 -309.8881812 -0.1352000 

3 t-BuOH_abx -310.0073518 -309.8414258 -309.8867308 -0.1352000 

MIN PhCH2OH -423.0592487 -422.8955737 -422.9434137 
 

1 PhCH2OH2_aam -423.0592487 -422.8955737 -422.9434137 -0.1690000 

2 PhCH2OH2_aae -423.0585729 -422.8949549 -422.9427639 -0.1690000 

3 PhCH2OH1_aae -423.0569630 -422.8933140 -422.9411450 -0.1690000 

4 PhCH2OH2_abc -423.0569375 -422.8933615 -422.9421475 -0.1690000 

5 PhCH2OH1_adg -423.0546034 -422.8910974 -422.9391614 -0.1690000 

MIN PhC(CH3)2OH -501.6703425 -501.4499335 -501.5027995 
 

1 PhCCH32OH1_abp -501.6703425 -501.4499335 -501.5022595 -0.2095600 

2 PhCCH32OH2_acf -501.6700204 -501.4495774 -501.5027254 -0.2095600 

3 PhCCH32OH1_acl -501.6699595 -501.4495165 -501.5027995 -0.2095600 

4 PhCCH32OH2_aaf -501.6700307 -501.4496747 -501.5020307 -0.2095600 

5 PhCCH32OH3_aae -501.6694276 -501.4491186 -501.5010466 -0.2095600 

6 PhCCH32OH1_abq -501.6690618 -501.4486148 -501.5006008 -0.2095600 

7 PhCCH32OH2_aan -501.6693224 -501.4489324 -501.5019644 -0.2095600 

8 PhCCH32OH1_aao -501.6680803 -501.4477193 -501.5001633 -0.2095600 

9 PhCCH32OH1_acb -500.9808353 -500.7604663 -500.8129823 -0.2095600 

10 PhCCH32OH3_ads -501.6675441 -501.4475061 -501.5009481 -0.2095600 

11 PhCCH32OH3_adt -501.6672284 -501.4469604 -501.5008604 -0.2095600 

12 PhCCH32OH3_abt -501.6661968 -501.4458748 -501.4986478 -0.2095600 

13 PhCCH32OH1_abv -500.9799139 -500.7596689 -500.8123769 -0.2095600 

MIN PhOH -383.7626171 -383.6285041 -383.6730841 
 

1 PhOH_aae -383.7626171 -383.6285041 -383.6730841 -0.1487200 

MIN p-nitro-PhOH -588.1890769 -588.0497839 -588.1010879 
 

1 p-nitro-PhOH_aai -588.1890769 -588.0497839 -588.1010879 -0.2028000 

MIN p-methyl-PhOH -423.0654797 -422.9029887 -422.9528898 
 

1 p-methyl-PhOH_aca -423.0654728 -422.9029788 -422.9528898 -0.1690000 

2 p-methyl-PhOH_aad -423.0654797 -422.9029887 -422.9527807 -0.1690000 

MIN p-amino-PhOH -439.1005950 -438.9490270 -438.9971440 
 

1 p-amino-PhOH_ach -439.1005950 -438.9490270 -438.9971440 -0.1690000 

MIN HOOH -227.9082240 -227.8514780 -227.8852070 
 

1 HOOH_aab -227.9082240 -227.8514780 -227.8852070 -0.0743600 

MIN CH3OOH -267.1927726 -267.1080006 -267.1478421 
 

1 CH3OOH_aam -267.1927726 -267.1080006 -267.1473346 -0.0946400 

2 CH3OOH_abj -267.1925004 -267.1075094 -267.1471744 -0.0946400 

3 CH3OOH_adl -267.1918371 -267.1072191 -267.1478421 -0.0946400 

MIN t-BuOOH -385.1089389 -384.9385929 -384.9862339 
 

1 t-BuOOH_acm -385.1089389 -384.9385929 -384.9862339 -0.1554800 

MIN PhCH2OOH -498.1604493 -497.9924913 -498.0425873 
 

1 PhCH2OOH2_aan -498.1604493 -497.9924913 -498.0425873 -0.1892800 

2 PhCH2OOH2_abr -498.1583463 -497.9905153 -498.0406203 -0.1892800 

3 PhCH2OOH3_aah -498.1578201 -497.9900211 -498.0404041 -0.1892800 

4 PhCH2OOH3_aae -498.1566962 -497.9889442 -498.0393752 -0.1892800 

5 PhCH2OOH3_abg -498.1575673 -497.9899103 -498.0408133 -0.1892800 

MIN TEMPOH -560.5853835 -560.2797865 -560.3366685 
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1 TEMPOH_aah -560.5850558 -560.2796128 -560.3363728 -0.2501200 

2 TEMPOH_aag -560.5847324 -560.2791874 -560.3358144 -0.2501200 

3 TEMPOH_adl -560.5853835 -560.2797865 -560.3366685 -0.2501200 

4 TEMPOHa_add -560.5808500 -560.2756330 -560.3330780 -0.2501200 

5 TEMPOHa_aaw -560.5802631 -560.2751081 -560.3336531 -0.2501200 

MIN HCO2H -266.1023908 -266.0391758 -266.0770668 
 

1 HCO2Ha_aab -266.1023908 -266.0391758 -266.0770668 -0.0878800 

 
Table S3.4.24. Calculated energies. Individual selected conformers. 

№ 

 

G3B3-D3 DE(HLC) 

Etot H298 G298 

MIN HOH -152.8139511 -152.7627571 -152.7955861 
 

1 HOH_aaa -152.8139511 -152.7627571 -152.7955861 -0.0540800 

2 HOH_aaq -152.8134637 -152.7623797 -152.7953567 -0.0540800 

MIN CH3OH -192.0920172 -192.0116942 -192.0505752 
 

1 CH3OH_aai -192.0917888 -192.0111698 -192.0486688 -0.0743600 

2 CH3OH_aby -192.0920172 -192.0116942 -192.0505752 -0.0743600 

3 CH3OH_aab -192.0909951 -192.0105231 -192.0484021 -0.0743600 

MIN CH3CH2OH -231.3960055 -231.2868775 -231.3290775 
 

1 CH3CH2OH1_aan -231.3959147 -231.2864257 -231.3264157 -0.0946400 

2 CH3CH2OH1_abb -231.3957584 -231.2864954 -231.3264944 -0.0946400 

3 CH3CH2OH1_aai -231.3958153 -231.2863623 -231.3274383 -0.0946400 

4 CH3CH2OH2_aan -231.3960055 -231.2868775 -231.3290775 -0.0946400 

5 CH3CH2OH2_aar -231.3948867 -231.2856197 -231.3270717 -0.0946400 

MIN BuOH -309.9953308 -309.8280738 -309.8764100 
 

1 BuOH13c_acf -309.9940603 -309.8266503 -309.8722963 -0.1352000 

2 BuOH1a_ads -309.9951931 -309.8279971 -309.8741371 -0.1352000 

3 BuOH3a_aar -309.9940836 -309.8268466 -309.8731466 -0.1352000 

4 BuOH13c_abh -309.9927020 -309.8253630 -309.8705220 -0.1352000 

5 BuOH1a_adh -309.9953308 -309.8280738 -309.8743078 -0.1352000 

6 BuOH6b_abc -309.9949594 -309.8275654 -309.8729074 -0.1352000 

7 BuOH2b_adi -309.9949229 -309.8274959 -309.8733369 -0.1352000 

8 BuOH5c_adn -309.9941650 -309.8267870 -309.8731880 -0.1352000 

9 BuOH5c_abp -309.9939119 -309.8265339 -309.8731899 -0.1352000 

10 BuOH3a_abi -309.9944584 -309.8271614 -309.8757674 -0.1352000 

11 BuOH14b_aaj -309.9922457 -309.8248537 -309.8697187 -0.1352000 

12 BuOH14b_abp -309.9935592 -309.8261302 -309.8716242 -0.1352000 

13 BuOH8b_abi -309.9943967 -309.8270077 -309.8743467 -0.1352000 

14 BuOH5c_aca -309.9940346 -309.8265636 -309.8750906 -0.1352000 

15 BuOH1a_abi -309.9934383 -309.8262693 -309.8742023 -0.1352000 

16 BuOH11d_aar -309.9929427 -309.8256637 -309.8728527 -0.1352000 

17 BuOH11d_aap -309.9932018 -309.8257218 -309.8729358 -0.1352000 

18 BuOH11d_acr -309.9929502 -309.8257462 -309.8731122 -0.1352000 

19 BuOH11d_aaw -309.9927643 -309.8254873 -309.8729233 -0.1352000 
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20 BuOH7b_abs -309.9940910 -309.8270960 -309.8764100 -0.1352000 

21 BuOH7b_adg -309.9940178 -309.8270018 -309.8762288 -0.1352000 

22 BuOH2b_acw -309.9938170 -309.8263510 -309.8747630 -0.1352000 

23 BuOH7b_aag -309.9935854 -309.8264864 -309.8752344 -0.1352000 

24 BuOH7b_aat -309.9929290 -309.8257540 -309.8740480 -0.1352000 

25 BuOH11d_adr -309.9929170 -309.8255150 -309.8741110 -0.1352000 

26 BuOH12c_acg -309.9920393 -309.8248023 -309.8732233 -0.1352000 

27 BuOH12c_aco -309.9912925 -309.8241585 -309.8725525 -0.1352000 

28 BuOH12c_aay -309.9921730 -309.8248770 -309.8732910 -0.1352000 

29 BuOH10d_acv -309.9930156 -309.8259236 -309.8747886 -0.1352000 

30 BuOH10d_aae -309.9918373 -309.8245523 -309.8726083 -0.1352000 

MIN tBuOH -310.0079289 -309.8420229 -309.8881909 
 

1 t-BuOH_aap -310.0079289 -309.8420229 -309.8881909 -0.1352000 

2 t-BuOH_aaa -310.0075385 -309.8418445 -309.8875105 -0.1352000 

MIN PhCH2OH -423.0593217 -422.8956457 -422.9449025 
 

1 PhCH2OH2_abd -423.0593217 -422.8956457 -422.9428007 -0.1690000 

2 PhCH2OH1_abq -423.0562185 -422.8931625 -422.9449025 -0.1690000 

3 PhCH2OH1_aar -423.0544135 -422.8913875 -422.9428905 -0.1690000 

MIN PhC(CH3)2OH -501.6717311 -501.4515381 -501.5048779 
 

1 PhCCH32OH1_adc -501.6714059 -501.4512049 -501.5048779 -0.2095600 

2 PhCCH32OH1_aci -501.6711315 -501.4507405 -501.5030095 -0.2095600 

3 PhCCH32OH2_adc -501.6717311 -501.4515381 -501.5046721 -0.2095600 

4 PhCCH32OH3_aah -501.6681223 -501.4481133 -501.5036293 -0.2095600 

5 PhCCH32OH3_acq -501.6667593 -501.4468073 -501.5008663 -0.2095600 

MIN PhOH -383.7669725 -383.6328535 -383.6789295 
 

1 PhOH_abt -383.7652314 -383.6310204 -383.6755944 -0.1487200 

2 PhOH_act -383.7669725 -383.6328535 -383.6789295 -0.1487200 

3 PhOH_abu -383.7655713 -383.6313283 -383.6757773 -0.1487200 

MIN p-nitro-PhOH -588.1966054 -588.0571004 -588.1085504 
 

1 p-nitro-PhOH_aae -588.1966054 -588.0571004 -588.1085504 -0.2028000 

2 p-nitro-PhOH_aab -588.1948240 -588.0553260 -588.1064230 -0.2028000 

MIN p-methyl-PhOH -423.0694455 -422.9068925 -422.9581645 
 

1 p-methyl-PhOH_aay -423.0694455 -422.9068925 -422.9581645 -0.1690000 

2 p-methyl-PhOH_abt -423.0677270 -422.9050790 -422.9549250 -0.1690000 

3 p-methyl-PhOH_adp -423.0679566 -422.9053066 -422.9549156 -0.1690000 

MIN p-amino-PhOH -439.1026238 -438.9508818 -438.9985636 
 

1 p-amino-PhOH_aab -439.1026238 -438.9508818 -438.9982138 -0.1690000 

2 p-amino-PhOH_aau -439.1023231 -438.9505991 -438.9980121 -0.1690000 

3 p-amino-PhOH_aaa -439.1021106 -438.9504096 -438.9985636 -0.1690000 

MIN HOOH -227.9082240 -227.8514780 -227.8852070 
 

1 HOOH_aab -227.9082240 -227.8514780 -227.8852070 -0.0743600 

MIN CH3OOH -267.1975684 -267.1122364 -267.1499494 
 

1 CH3OOH_aaq -267.1975684 -267.1122364 -267.1499494 -0.0946400 

2 CH3OOH_aaf -267.1966106 -267.1114016 -267.1493486 -0.0946400 

MIN t-BuOOH -385.1142760 -384.9434300 -384.9895810 
 

1 t-BuOOH_acs -385.1142760 -384.9434300 -384.9895810 -0.1554800 

2 t-BuOOH_acv -385.1128137 -384.9420727 -384.9883837 -0.1554800 

MIN PhCH2OOH -498.1649393 -497.9965503 -498.0448713 
 

1 PhCH2OOH2_aai -498.1649393 -497.9965503 -498.0448713 -0.1892800 
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2 PhCH2OOH1_abr -498.1617306 -497.9934146 -498.0429206 -0.1892800 

3 PhCH2OOH2_aav -498.1588279 -497.9908399 -498.0410159 -0.1892800 

4 PhCH2OOH3_aan -498.1601433 -497.9921423 -498.0429943 -0.1892800 

5 PhCH2OOH1_adh -498.1600304 -497.9919994 -498.0433974 -0.1892800 

6 PhCH2OOH3_abv -498.1592267 -497.9913407 -498.0424737 -0.1892800 

7 PhCH2OOH3_abh -498.1570598 -497.9893658 -498.0395718 -0.1892800 

MIN TEMPOH -560.5925399 -560.2864389 -560.3410489 
 

1 TEMPOH_ach -560.5925399 -560.2864389 -560.3410489 -0.2501200 

2 TEMPOHa_abr -560.5791991 -560.2741911 -560.3322351 -0.2501200 

MIN HOO• -227.2617016 -227.2169926 -227.2500566 
 

1 HOO_aaa -227.2617016 -227.2169926 -227.2500566 -0.0708330 

MIN HCO2H -266.1133819 -266.0494709 -266.0838399 
 

1 HCO2Ha_aan -266.1133819 -266.0494709 -266.0838399 -0.0878800 

2 HCO2Hb_aad -266.1043132 -266.0410792 -266.0794462 -0.0878800 

3 HCO2Hb_aab -266.1029124 -266.0397124 -266.0777404 -0.0878800 

 
Table S3.4.25. Calculated energies. Individual selected conformers. 

№ 

 

(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 

MIN HO• (1a_2) -152.1803707 -152.1418317 -152.1758067 

1 HO_aab (1a_2) -152.1803707 -152.1418317 -152.1758067 

MIN CH3O• -191.5078593 -191.4397733 -191.4769883 

1 CH3O1_aab -191.5078593 -191.4397733 -191.4769883 

MIN CH3CH2O• -230.8339204 -230.7361309 -230.7774889 

1 CH3CH2O1_aah -230.8337179 -230.7361309 -230.7774889 

2 CH3CH2O1_aac -230.8339204 -230.7359744 -230.7762974 

3 CH3CH2O1_acm -230.8333250 -230.7345190 -230.7743110 

MIN BuO• -309.4755335 -309.3177405 -309.3652302 

1 BuO2_acz -309.4754105 -309.3177405 -309.3639755 

2 BuO3_adb -309.4755335 -309.3176655 -309.3628325 

3 BuO2_aal -309.4741572 -309.3168312 -309.3652302 

4 BuO1_abu -309.4741098 -309.3163738 -309.3638068 

5 BuO4_abu -309.4739092 -309.3162202 -309.3626342 

6 BuO3_aay -309.4739490 -309.3161860 -309.3638530 

7 BuO4_aap -309.4733220 -309.3158440 -309.3641620 

8 BuO1_aab -309.4745544 -309.3157644 -309.3624794 

9 BuO4_act -309.4732997 -309.3156577 -309.3625107 

10 BuO4_acc -309.4741205 -309.3155425 -309.3616005 

11 BuO3_aao -309.4738983 -309.3155243 -309.3615113 

12 BuO5_aak -309.4740568 -309.3153208 -309.3617828 

13 BuO2_acl -309.4738593 -309.3153103 -309.3621633 

14 BuO5_abp -309.4729077 -309.3152577 -309.3630507 

15 BuO4_aar -309.4734705 -309.3148995 -309.3614435 

16 BuO5_abt -309.4735974 -309.3148274 -309.3617224 

MIN tBuO• -309.4854393 -309.3279283 -309.3728993 

1 t-BuO2_aaw -309.4854393 -309.3279283 -309.3728993 
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MIN PhCH2O• -422.5878221 -422.4329678 -422.4828748 

1 PhCH2O2_aah -422.5865078 -422.4329678 -422.4828748 

2 PhCH2O3_aaj -422.5878221 -422.4322011 -422.4796251 

3 PhCH2O2_acc -422.5859053 -422.4320943 -422.4823983 

4 PhCH2O2_aaw -422.5853425 -422.4316515 -422.4809345 

MIN PhC(CH3)2O• -501.2368645 -501.0229939 -501.0766059 

1 PhCCH32O2_a_aau -501.2366629 -501.0229939 -501.0766059 

2 PhCCH32O2_a_aam -501.2368645 -501.0225675 -501.0748935 

3 PhCCH32O3_acx -501.2354193 -501.0216423 -501.0749403 

4 PhCCH32O2_a_abh -501.2345706 -501.0208196 -501.0748476 

5 PhCCH32O3_abq -501.2344181 -501.0207631 -501.0754011 

6 PhCCH32O2_a_ads -501.2343904 -501.0203694 -501.0735924 

MIN PhO• -383.3042402 -383.1787062 -383.2233942 

1 PhO_ace -383.3042402 -383.1787062 -383.2233942 

MIN p-nitro-PhO• -587.8111909 -587.6809379 -587.7327549 

1 p-nitro-PhO_aac -587.8111909 -587.6809379 -587.7327549 

MIN p-methyl-PhO• -422.6308106 -422.4760046 -422.5258676 

1 p-methyl-PhO_aak -422.6308106 -422.4760046 -422.5258676 

MIN p-amino-PhO• -438.6815915 -438.5375305 -438.5864275 

1 p-amino-PhO_abh -438.6815915 -438.5375305 -438.5864275 

MIN HOO• -227.3673314 -227.3213374 -227.3579179 

1 HOO_aae -227.3673314 -227.3213374 -227.3552984 

2 HOO_aag -227.3561194 -227.3107414 -227.3487464 

3 HOO_adq -227.3663789 -227.3205959 -227.3579179 

MIN CH3OO• -266.6761922 -266.6008622 -266.6406838 

1 CH3OO_adp -266.6761922 -266.6008622 -266.6405222 

2 CH3OO_aay -266.6737808 -266.5985968 -266.6406838 

3 CH3OO_aal -266.6737601 -266.5985661 -266.6405381 

MIN t-BuOO• -384.6542691 -384.4909071 -384.5403479 

1 t-BuOO_acq -384.6542691 -384.4909071 -384.5385191 

2 t-BuOO_aao -384.6526906 -384.4894716 -384.5399576 

3 t-BuOO_aad -384.6525289 -384.4893629 -384.5403479 

MIN PhCH2OO• -497.7556124 -497.5943754 -497.6452677 

1 PhCH2OO2_adm -497.7556124 -497.5943754 -497.6445764 

2 PhCH2OO1_aae -497.7536627 -497.5926197 -497.6449277 

3 PhCH2OO2_adu -497.7524067 -497.5916327 -497.6445787 

4 PhCH2OO1_aaw -497.7514360 -497.5905110 -497.6448980 

5 PhCH2OO2_acs -497.7512817 -497.5903167 -497.6446577 

6 PhCH2OO1_aap -497.7510737 -497.5901957 -497.6452677 

MIN TEMPO• -560.2400591 -559.9369001 -559.9939151 

1 TEMPO_ace -560.2400591 -559.9369001 -559.9939151 

2 TEMPO_aab -560.2396722 -559.9365182 -559.9933102 

3 TEMPO_acg -560.2394436 -559.9363246 -559.9936096 

MIN •OO• -226.7633108 -226.7296668 -226.7692103 

1 3O2_aai -226.7633108 -226.7296668 -226.7691958 

2 3O2_aaa -226.7632984 -226.7296484 -226.7687634 

3 3O2_aam -226.7632623 -226.7296103 -226.7692103 

MIN HCO2• -265.5374856 -265.4861126 -265.5207356 

1 HCO2_acr -265.5374856 -265.4861126 -265.5207356 
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Table S3.4.26. Calculated energies. Individual selected conformers. 

№ Conformer

 

(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 

MIN HOH (1Ha) -152.8788957 -152.8258677 -152.8583797 

1 HOH_aaa (1Ha) -152.8788957 -152.8258677 -152.8583797 

MIN CH3OH -192.1818168 -192.0983958 -192.1354398 

1 CH3OH_aap -192.1818168 -192.0983958 -192.1354398 

MIN CH3CH2OH -231.5081012 -231.3949692 -231.4346502 

1 CH3CH2OH1_adi -231.5081012 -231.3949692 -231.4341282 

2 CH3CH2OH2_abj -231.5077721 -231.3946761 -231.4345261 

3 CH3CH2OH1_aaf -231.5071262 -231.3940902 -231.4346502 

MIN BuOH -310.1485136 -309.9755826 -310.0224252 

1 BuOH4d_aae -310.1485136 -309.9755826 -310.0222126 

2 BuOH3a_ada -310.1481396 -309.9754066 -310.0219756 

3 BuOH5c_aap -310.1482212 -309.9752952 -310.0207392 

4 BuOH8b_aas -310.1481201 -309.9752291 -310.0217871 

5 BuOH1a_abs -310.1479892 -309.9752202 -310.0224252 

6 BuOH7b_aam -310.1476566 -309.9747616 -310.0216716 

7 BuOH6b_aax -310.1475060 -309.9745080 -310.0207460 

8 BuOH1a_adi -310.1471886 -309.9744106 -310.0211246 

9 BuOH4d_aag -310.1471581 -309.9743051 -310.0217251 

10 BuOH2b_ada -310.1471786 -309.9742896 -310.0213696 

11 BuOH8b_abv -310.1470356 -309.9742156 -310.0222346 

12 BuOH3a_adl -310.1467172 -309.9741702 -310.0219982 

13 BuOH2b_ade -310.1471109 -309.9741439 -310.0199449 

14 BuOH9b_abb -310.1471429 -309.9741099 -310.0203599 

15 BuOH11d_aab -310.1468974 -309.9739604 -310.0204954 

16 BuOH5c_abn -310.1464907 -309.9736617 -310.0216247 

17 BuOH10d_acr -310.1465335 -309.9735705 -310.0204905 

18 BuOH14b_aah -310.1463391 -309.9734341 -310.0187601 

19 BuOH6b_aaf -310.1463049 -309.9734119 -310.0210329 

20 BuOH12c_acs -310.1462615 -309.9733625 -310.0195335 

21 BuOH13c_aau -310.1460611 -309.9732861 -310.0194741 

22 BuOH9b_abv -310.1460831 -309.9731471 -310.0208251 

23 BuOH11d_aai -310.1459275 -309.9730015 -310.0206455 

24 BuOH13c_abd -310.1452507 -309.9725727 -310.0210757 

25 BuOH12c_abd -310.1451852 -309.9722512 -310.0178382 

26 BuOH14b_aaa -310.1448359 -309.9719919 -310.0192569 

MIN tBuOH -310.1600504 -309.9886454 -310.0331904 

1 t-BuOH_acj -310.1600504 -309.9886454 -310.0331904 

MIN PhCH2OH -423.2624712 -423.0931452 -423.1410682 

1 PhCH2OH2_aae -423.2624712 -423.0931452 -423.1406522 

2 PhCH2OH2_aaa -423.2598772 -423.0907282 -423.1410682 
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3 PhCH2OH1_aad -423.2595190 -423.0903240 -423.1384540 

4 PhCH2OH1_adk -423.2593230 -423.0902280 -423.1390810 

5 PhCH2OH2_aca -423.2333044 -423.0734624 -423.1277024 

MIN PhC(CH3)2OH -501.9114064 -501.6837214 -501.7365260 

1 PhCCH32OH1_abo -501.9114064 -501.6837214 -501.7364754 

2 PhCCH32OH1_abf -501.9109790 -501.6832760 -501.7365260 

3 PhCCH32OH3_abn -501.9099818 -501.6824948 -501.7353678 

4 PhCCH32OH1_ack -501.9095178 -501.6820088 -501.7351898 

5 PhCCH32OH1_aal -501.9082154 -501.6805144 -501.7329314 

6 PhCCH32OH1_adj -501.9077085 -501.6801595 -501.7334465 

7 PhCCH32OH3_abt -501.9077358 -501.6800828 -501.7328938 

MIN PhOH -383.9441927 -383.8055687 -383.8511607 

1 PhOH_aab -383.9441927 -383.8055687 -383.8511607 

MIN p-nitro-PhOH -588.4586379 -588.3149519 -588.3669089 

1 p-nitro-PhOH_aak -588.4586379 -588.3149519 -588.3669089 

MIN p-methyl-PhOH -423.2672077 -423.0994177 -423.1505107 

1 p-methyl-PhOH_aac -423.2672077 -423.0994177 -423.1505107 

MIN p-amino-PhOH -439.3061128 -439.1494888 -439.1986658 

1 p-amino-PhOH_adq -439.3061128 -439.1494888 -439.1986658 

2 p-amino-PhOH_adf -439.3060507 -439.1494237 -439.1985517 

MIN HOOH -228.0071774 -227.9486274 -227.9831884 

1 HOOH_aam -228.0071774 -227.9486274 -227.9831884 

2 HOOH_acd -228.0016627 -227.9434277 -227.9808447 

3 HOOH_acf -228.0063729 -227.9479129 -227.9827669 

4 HOOH_acn -228.0016418 -227.9434228 -227.9810958 

MIN CH3OOH -267.3160354 -267.2285244 -267.2694834 

1 CH3OOH_aax -267.3160354 -267.2285244 -267.2694834 

2 CH3OOH_acq -267.3154339 -267.2279209 -267.2677959 

3 CH3OOH_aau -267.3152490 -267.2276890 -267.2679500 

MIN t-BuOOH -385.2912534 -385.1156534 -385.1651574 

1 t-BuOOH_aby -385.2911434 -385.1156534 -385.1651574 

2 t-BuOOH_adj -385.2912534 -385.1156264 -385.1639684 

MIN PhCH2OOH -498.3973609 -498.2237399 -498.2745490 

1 PhCH2OOH2_aag -498.3973609 -498.2237399 -498.2736039 

2 PhCH2OOH3_abi -498.3953730 -498.2220250 -498.2732340 

3 PhCH2OOH2_aai -498.3937600 -498.2204550 -498.2745490 

4 PhCH2OOH3_aae -498.3930040 -498.2197630 -498.2711130 

5 PhCH2OOH1_acj -498.3923173 -498.2190423 -498.2719703 

MIN TEMPOH -560.8529015 -560.5378095 -560.5946146 

1 TEMPOHa_abx -560.8529015 -560.5378095 -560.5935355 

2 TEMPOH_aab -560.8514646 -560.5365226 -560.5946146 

3 TEMPOH_aba -560.8514390 -560.5362450 -560.5941360 

4 TEMPOHa_ade -560.8470410 -560.5323580 -560.5911660 

1 HCO2Ha_aaa -266.2180769 -266.1528269 -266.1915219 

2 HCO2Hb_aap -266.2118439 -266.1467599 -266.1854919 

 
 

Table S3.4.27. Calculated energies. Individual selected conformers. 

№ (U)B3LYP-D3/6-31+G(d,p) 

142



 

Etot H298 G298 

MIN HOH (1Ha) -152.8788957 -152.8258677 -152.8583797 

1 HOH_aaa (1Ha) -152.8788957 -152.8258677 -152.8583797 

MIN CH3OH -192.1806009 -192.0973579 -192.1356679 

1 CH3OH_aad -192.1806009 -192.0973579 -192.1356679 

MIN CH3CH2OH -231.5057597 -231.3928417 -231.4348052 

1 CH3CH2OH1_adc -231.5057597 -231.3928417 -231.4345447 

2 CH3CH2OH2_aac -231.5055962 -231.3927152 -231.4348052 

MIN BuOH -310.1460146 -309.9733856 -310.0225041 

1 BuOH4d_aam -310.1460146 -309.9733856 -310.0204646 

2 BuOH4d_aan -310.1458135 -309.9732155 -310.0199015 

3 BuOH3a_abg -310.1457401 -309.9731791 -310.0225041 

4 BuOH1a_abw -310.1456670 -309.9730840 -310.0211910 

5 BuOH4d_aaj -310.1457031 -309.9730681 -310.0211031 

6 BuOH6b_aaj -310.1457266 -309.9729256 -310.0192076 

7 BuOH6b_aco -310.1454734 -309.9727474 -310.0187914 

8 BuOH7b_aac -310.1452882 -309.9726582 -310.0218062 

9 BuOH5c_aai -310.1451066 -309.9723796 -310.0209866 

10 BuOH2b_aad -310.1449048 -309.9721828 -310.0211958 

11 BuOH13c_aay -310.1447026 -309.9719996 -310.0182506 

12 BuOH9b_abm -310.1445683 -309.9717783 -310.0202143 

13 BuOH11d_aag -310.1443988 -309.9716568 -310.0205268 

14 BuOH10d_ace -310.1441468 -309.9714628 -310.0200078 

15 BuOH14b_abp -310.1438578 -309.9711038 -310.0167318 

16 BuOH12c_aay -310.1436168 -309.9710228 -310.0197468 

17 BuOH14b_aad -310.1426844 -309.9700614 -310.0179524 

MIN tBuOH -310.1568402 -309.9856822 -310.0328412 

1 t-BuOH_abj -310.1568402 -309.9856822 -310.0328412 

MIN PhCH2OH -423.2622649 -423.0931739 -423.1413889 

1 PhCH2OH2_abt -423.2622649 -423.0931739 -423.1413889 

2 PhCH2OH2_acy -423.2619349 -423.0928519 -423.1409129 

3 PhCH2OH1_aaw -423.2576000 -423.0887560 -423.1403290 

MIN PhC(CH3)2OH -501.9117965 -501.6843555 -501.7378077 

1 PhCCH32OH2_abp -501.9117965 -501.6843555 -501.7377925 

2 PhCCH32OH1_adt -501.9117847 -501.6842417 -501.7378077 

3 PhCCH32OH2_act -501.9113477 -501.6839507 -501.7373657 

4 PhCCH32OH3_aah -501.9080685 -501.6807175 -501.7363955 

MIN PhOH -383.9485501 -383.8096111 -383.8549621 

1 PhOH_abf -383.9485501 -383.8096111 -383.8549621 

MIN p-nitro-PhOH -588.4669965 -588.3227945 -588.3736785 

1 p-nitro-PhOH_aab -588.4669965 -588.3227945 -588.3736785 

MIN p-methyl-PhOH -423.2710744 -423.1029364 -423.1534904 

1 p-methyl-PhOH_aax -423.2710744 -423.1029364 -423.1534904 

MIN p-amino-PhOH -439.3090547 -439.1520897 -439.2007237 
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1 p-amino-PhOH_abd -439.3090547 -439.1520897 -439.2007237 

2 p-amino-PhOH_aab -439.2698179 -439.1116649 -439.1539019 

MIN HOOH -228.0071774 -227.9486274 -227.9831884 

1 HOOH_aam -228.0071774 -227.9486274 -227.9831884 

2 HOOH_acf -228.0063729 -227.9479129 -227.9827669 

MIN CH3OOH -267.3199916 -267.2321836 -267.2707406 

1 CH3OOH_aac -267.3199916 -267.2321836 -267.2707406 

2 CH3OOH_aci -267.3190828 -267.2313568 -267.2704078 

MIN t-BuOOH -385.2963238 -385.1204028 -385.1670718 

1 t-BuOOH_aav -385.2963238 -385.1204028 -385.1670718 

2 t-BuOOH_ace -385.2949870 -385.1192420 -385.1665140 

MIN PhCH2OOH -498.4013947 -498.2275437 -498.2771307 

1 PhCH2OOH2_acb -498.4013947 -498.2275437 -498.2771307 

2 PhCH2OOH2_aak -498.4008168 -498.2270908 -498.2768988 

3 PhCH2OOH1_acd -498.3978303 -498.2242093 -498.2754443 

4 PhCH2OOH1_aar -498.3963760 -498.2228730 -498.2742700 

5 PhCH2OOH3_adj -498.3960192 -498.2226332 -498.2740592 

6 PhCH2OOH3_acq -498.3960151 -498.2224901 -498.2737491 

7 PhCH2OOH3_aad -498.3951751 -498.2218671 -498.2736591 

MIN TEMPOH -560.8586666 -560.5429816 -560.5973646 

1 TEMPOH_aaq -560.8586666 -560.5429816 -560.5973646 

2 TEMPOHa_abd -560.8450804 -560.5304954 -560.5889814 

MIN HOO• -227.3673314 -227.3213374 -227.3579179 

1 HOO_aae -227.3673314 -227.3213374 -227.3552984 

2 HOO_adq -227.3663789 -227.3205959 -227.3579179 

MIN HCO2H -266.2302275 -266.1644195 -266.1993165 

1 HCO2Ha_acd -266.2302275 -266.1644195 -266.1993165 

2 HCO2Hb_aab -266.2192902 -266.1538732 -266.1920022 

 
Table S3.4.28. Calculated energies. Individual selected conformers. 

№ 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 <S2> Etot H298 G298 <S2> Etot H298 G298 

MIN HO• (1a_2) -151.9757359 -151.9371969 -151.9711719 
 

-152.0264294 -151.9878904 -152.0218654 
 

-152.0569529 -152.0184139 -152.0523889 

2 HO_aab (1a_2) -151.9757359 -151.9371969 -151.9711719 0.7565 -152.0264294 -151.9878904 -152.0218654 0.7570 -152.0569529 -152.0184139 -152.0523889 

MIN CH3O• -191.2148530 -191.1467670 -191.1839820 
 

-191.2769642 -191.2088782 -191.2460932 
 

-191.3147506 -191.2466646 -191.2838796 

1 CH3O1_aab -191.2148530 -191.1467670 -191.1839820 0.7599 -191.2769642 -191.2088782 -191.2460932 0.7603 -191.3147506 -191.2466646 -191.2838796 

MIN CH3CH2O• -230.4591874 -230.3612794 -230.4026374 
 

-230.5325112 -230.4348874 -230.4762454 
 

-230.5774931 -230.4799053 -230.5212633 

1 CH3CH2O1_aah -230.4588664 -230.3612794 -230.4026374 0.7602 -230.5324744 -230.4348874 -230.4762454 0.7606 -230.5774923 -230.4799053 -230.5212633 

2 CH3CH2O1_aac -230.4590022 -230.3610562 -230.4013792 0.7601 -230.5325085 -230.4345625 -230.4748855 0.7605 -230.5774931 -230.4795471 -230.5198701 

3 CH3CH2O1_acm -230.4591874 -230.3603814 -230.4001734 0.7601 -230.5325112 -230.4337052 -230.4734972 0.7605 -230.5774105 -230.4786045 -230.5183965 

MIN BuO• -308.9394218 -308.7817518 -308.8291523 
 

-309.0357341 -308.8780641 -308.9257413 
 

-309.0951137 -308.9374437 -308.9852008 

1 BuO2_acz -308.9394218 -308.7817518 -308.8279868 0.7602 -309.0357341 -308.8780641 -308.9242991 0.7606 -309.0951137 -308.9374437 -308.9836787 

2 BuO3_adb -308.9388118 -308.7809438 -308.8261108 0.7604 -309.0349102 -308.8770422 -308.9222092 0.7608 -309.0941984 -308.9363304 -308.9814974 

3 BuO2_aal -308.9380793 -308.7807533 -308.8291523 0.7602 -309.0346683 -308.8773423 -308.9257413 0.7606 -309.0941278 -308.9368018 -308.9852008 

4 BuO1_abu -308.9377818 -308.7800458 -308.8274788 0.7601 -309.0343653 -308.8766293 -308.9240623 0.7606 -309.0938198 -308.9360838 -308.9835168 

5 BuO4_abu -308.9378445 -308.7801555 -308.8265695 0.7602 -309.0342211 -308.8765321 -308.9229461 0.7606 -309.0936213 -308.9359323 -308.9823463 
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6 BuO3_aay -308.9377405 -308.7799775 -308.8276445 0.7602 -309.0340177 -308.8762547 -308.9239217 0.7607 -309.0933587 -308.9355957 -308.9832627 

7 BuO4_aap -308.9372957 -308.7798177 -308.8281357 0.7602 -309.0338128 -308.8763348 -308.9246528 0.7607 -309.0932341 -308.9357561 -308.9840741 

8 BuO1_aab -308.9383738 -308.7795838 -308.8262988 0.7607 -309.0348528 -308.8760628 -308.9227778 0.7611 -309.0942795 -308.9354895 -308.9822045 

9 BuO4_act -308.9377411 -308.7800991 -308.8269521 0.7600 -309.0338535 -308.8762115 -308.9230645 0.7604 -309.0931232 -308.9354812 -308.9823342 

10 BuO4_acc -308.9376950 -308.7791170 -308.8251750 0.7610 -309.0339740 -308.8753960 -308.9214540 0.7614 -309.0933256 -308.9347476 -308.9808056 

11 BuO3_aao -308.9375812 -308.7792072 -308.8251942 0.7612 -309.0336444 -308.8752704 -308.9212574 0.7616 -309.0929108 -308.9345368 -308.9805238 

12 BuO5_aak -308.9377092 -308.7789732 -308.8254352 0.7607 -309.0340793 -308.8753433 -308.9218053 0.7611 -309.0934402 -308.9347042 -308.9811662 

13 BuO2_acl -308.9377993 -308.7792503 -308.8261033 0.7609 -309.0341591 -308.8756101 -308.9224631 0.7613 -309.0935102 -308.9349612 -308.9818142 

14 BuO5_abp -308.9366561 -308.7790061 -308.8267991 0.7601 -309.0333646 -308.8757146 -308.9235076 0.7606 -309.0928679 -308.9352179 -308.9830109 

15 BuO4_aar -308.9373283 -308.7787573 -308.8253013 0.7611 -309.0336385 -308.8750675 -308.9216115 0.7615 -309.0929806 -308.9344096 -308.9809536 

16 BuO5_abt -308.9372698 -308.7784998 -308.8253948 0.7608 -309.0337355 -308.8749655 -308.9218605 0.7613 -309.0931544 -308.9343844 -308.9812794 

MIN tBuO• -308.9498819 -308.7923709 -308.8373419 
 

-309.0461061 -308.8885951 -308.9335661 
 

-309.1054728 -308.9479618 -308.9929328 

1 t-BuO2_aaw -308.9498819 -308.7923709 -308.8373419 0.7599 -309.0461061 -308.8885951 -308.9335661 0.7603 -309.1054728 -308.9479618 -308.9929328 

MIN PhCH2O• -421.8296737 -421.6750180 -421.7249250 
 

-421.9555656 -421.8012743 -421.8511813 
 

-422.0333897 -421.8792789 -421.9291859 

1 PhCH2O2_aah -421.8285580 -421.6750180 -421.7249250 0.7610 -421.9548143 -421.8012743 -421.8511813 0.7614 -422.0328189 -421.8792789 -421.9291859 

2 PhCH2O3_aaj -421.8296737 -421.6740527 -421.7214767 1.2549 -421.9555656 -421.7999446 -421.8473686 1.2540 -422.0333897 -421.8777687 -421.9251927 

3 PhCH2O2_acc -421.8281661 -421.6743551 -421.7246591 1.2191 -421.9545012 -421.8006902 -421.8509942 1.2176 -422.0325387 -421.8787277 -421.9290317 

4 PhCH2O2_aaw -421.8280694 -421.6743784 -421.7236614 0.8511 -421.9539295 -421.8002385 -421.8495215 0.8260 -422.0317128 -421.8780218 -421.9273048 

MIN PhC(CH3)2O• -500.3191994 -500.1055304 -500.1591424 
 

-500.4677291 -500.2540601 -500.3076721 
 

-500.5598151 -500.3461461 -500.3997581 

1 PhCCH32O2_a_aau -500.3191994 -500.1055304 -500.1591424 0.7604 -500.4677291 -500.2540601 -500.3076721 0.7608 -500.5598151 -500.3461461 -500.3997581 

2 PhCCH32O2_a_aam -500.3181451 -500.1038481 -500.1561741 1.2577 -500.4667754 -500.2524784 -500.3048044 1.2569 -500.5589355 -500.3446385 -500.3969645 

3 PhCCH32O3_acx -500.3186717 -500.1048947 -500.1581927 0.7665 -500.4666561 -500.2528791 -500.3061771 0.7623 -500.5585025 -500.3447255 -500.3980235 

4 PhCCH32O2_a_abh -500.3177741 -500.1040231 -500.1580511 1.2442 -500.4663933 -500.2526423 -500.3066703 0.7743 -500.5583435 -500.3445925 -500.3986205 

5 PhCCH32O3_abq -500.3168987 -500.1032437 -500.1578817 0.8156 -500.4658018 -500.2521468 -500.3067848 0.8168 -500.5580671 -500.3444121 -500.3990501 

6 PhCCH32O2_a_ads -500.3168405 -500.1028195 -500.1560425 0.7600 -500.4651526 -500.2511316 -500.3043546 0.8443 -500.5572774 -500.3432564 -500.3964794 

MIN PhO• -382.6267884 -382.5012544 -382.5459424 
 

-382.7421138 -382.6165798 -382.6612678 
 

-382.8132218 -382.6876878 -382.7323758 

1 PhO_ace -382.6267884 -382.5012544 -382.5459424 1.3416 -382.7421138 -382.6165798 -382.6612678 1.3406 -382.8132218 -382.6876878 -382.7323758 

MIN p-nitro-PhO• -586.8501417 -586.7198887 -586.7717057 
 

-587.0281254 -586.8978724 -586.9496894 
 

-587.1375825 -587.0073295 -587.0591465 

1 p-nitro-PhO_aac -586.8501417 -586.7198887 -586.7717057 1.3882 -587.0281254 -586.8978724 -586.9496894 1.3894 -587.1375825 -587.0073295 -587.0591465 

MIN p-methyl-PhO• -421.8716077 -421.7168017 -421.7666647 
 

-421.9986961 -421.8438901 -421.8937531 
 

-422.0771823 -421.9223763 -421.9722393 

1 p-methyl-PhO_aak -421.8716077 -421.7168017 -421.7666647 1.3265 -421.9986961 -421.8438901 -421.8937531 1.3253 -422.0771823 -421.9223763 -421.9722393 

MIN p-amino-PhO• -437.9107155 -437.7666545 -437.8155515 
 

-438.0446693 -437.9006083 -437.9495053 
 

-438.1271767 -437.9831157 -438.0320127 

1 p-amino-PhO_abh -437.9107155 -437.7666545 -437.8155515 1.2226 -438.0446693 -437.9006083 -437.9495053 1.2233 -438.1271767 -437.9831157 -438.0320127 

MIN HOO• -227.0600436 -227.0140496 -227.0480106 
 

-227.1332118 -227.0872178 -227.1211788 
 

-227.1778250 -227.1318310 -227.1657920 

1 HOO_aae -227.0600436 -227.0140496 -227.0480106 0.7628 -227.1332118 -227.0872178 -227.1211788 0.7641 -227.1778250 -227.1318310 -227.1657920 

2 HOO_aaf -227.0493808 -227.0040058 -227.0420348 0.7624 -227.1232718 -227.0778968 -227.1159258 0.7634 -227.1680248 -227.1226498 -227.1606788 

3 HOO_aag -227.0494936 -227.0041156 -227.0421206 0.7623 -227.1233088 -227.0779308 -227.1159358 0.7632 -227.1680422 -227.1226642 -227.1606692 

MIN CH3OO• -266.2831135 -266.2077835 -266.2479864 
 

-266.3682003 -266.2928703 -266.3331999 
 

-266.4201260 -266.3447960 -266.3850969 

1 CH3OO_adp -266.2831135 -266.2077835 -266.2474435 0.7634 -266.3682003 -266.2928703 -266.3325303 0.7644 -266.4201260 -266.3447960 -266.3844560 

2 CH3OO_aay -266.2810775 -266.2058935 -266.2479805 0.7632 -266.3662969 -266.2911129 -266.3331999 0.7642 -266.4181939 -266.3430099 -266.3850969 

3 CH3OO_aal -266.2812084 -266.2060144 -266.2479864 0.7631 -266.3663192 -266.2911252 -266.3330972 0.7640 -266.4181815 -266.3429875 -266.3849595 

MIN t-BuOO• -384.0197322 -383.8563702 -383.9053298 
 

-384.1388190 -383.9754570 -384.0250708 
 

-384.2122905 -384.0489285 -384.0987611 

1 t-BuOO_acq -384.0197322 -383.8563702 -383.9039822 0.7642 -384.1388190 -383.9754570 -384.0230690 0.7651 -384.2122905 -384.0489285 -384.0965405 

2 t-BuOO_aao -384.0178004 -383.8545814 -383.9050674 0.7638 -384.1374195 -383.9742005 -384.0246865 0.7647 -384.2110869 -384.0478679 -384.0983539 

3 t-BuOO_aad -384.0175108 -383.8543448 -383.9053298 0.7641 -384.1372518 -383.9740858 -384.0250708 0.7649 -384.2109421 -384.0477761 -384.0987611 

MIN PhCH2OO• -496.8987114 -496.7374744 -496.7884838 
 

-497.0473471 -496.8861101 -496.9379697 
 

-497.1391863 -496.9779493 -497.0300677 

1 PhCH2OO2_adm -496.8987114 -496.7374744 -496.7876754 0.7642 -497.0473471 -496.8861101 -496.9363111 0.7649 -497.1391863 -496.9779493 -497.0281503 

2 PhCH2OO1_aae -496.8964677 -496.7354247 -496.7877327 0.7640 -497.0457966 -496.8847536 -496.9370616 0.7649 -497.1379076 -496.9768646 -497.0291726 

3 PhCH2OO2_adu -496.8959457 -496.7351717 -496.7881177 0.7748 -497.0449558 -496.8841818 -496.9371278 0.7700 -497.1369690 -496.9761950 -497.0291410 
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4 PhCH2OO1_aaw -496.8948460 -496.7339210 -496.7883080 0.7635 -497.0441426 -496.8832176 -496.9376046 0.7672 -497.1361891 -496.9752641 -497.0296511 

5 PhCH2OO2_acs -496.8948434 -496.7338784 -496.7882194 0.7727 -497.0441005 -496.8831355 -496.9374765 0.7736 -497.1361448 -496.9751798 -497.0295208 

6 PhCH2OO1_aap -496.8942898 -496.7334118 -496.7884838 0.7638 -497.0437757 -496.8828977 -496.9379697 0.7653 -497.1358737 -496.9749957 -497.0300677 

MIN TEMPO• -559.2216329 -558.9184739 -558.9756730 
 

-559.3914796 -559.0883206 -559.1453635 
 

-559.4970514 -559.1938924 -559.2509074 

1 TEMPO_ace -559.2216329 -558.9184739 -558.9754889 0.7733 -559.3914796 -559.0883206 -559.1453356 0.7744 -559.4970514 -559.1938924 -559.2509074 

2 TEMPO_aab -559.2213938 -558.9182398 -558.9750318 0.7734 -559.3911281 -559.0879741 -559.1447661 0.7744 -559.4966593 -559.1935053 -559.2502973 

3 TEMPO_acg -559.2215070 -558.9183880 -558.9756730 0.7737 -559.3911975 -559.0880785 -559.1453635 0.7743 -559.4967180 -559.1935990 -559.2508840 

MIN •OO• -226.4612261 -226.4275761 -226.4670925 
 

-226.5331585 -226.4995085 -226.5386392 
 

-226.5766791 -226.5430291 -226.5821441 

1 3O2_aai -226.4610732 -226.4274292 -226.4669582 2.0432 -226.5326790 -226.4990350 -226.5385640 2.0472 -226.5760125 -226.5423685 -226.5818975 

2 3O2_aaa -226.4612261 -226.4275761 -226.4666911 2.0434 -226.5331585 -226.4995085 -226.5386235 2.0470 -226.5766791 -226.5430291 -226.5821441 

3 3O2_aam -226.4611445 -226.4274925 -226.4670925 2.0433 -226.5326912 -226.4990392 -226.5386392 2.0473 -226.5759895 -226.5423375 -226.5819375 

MIN HCO2• -265.1474740 -265.0961010 -265.1307240 
 

-265.2305141 -265.1791411 -265.2137641 
 

-265.2811729 -265.2297999 -265.2644229 

1 HCO2_acr -265.1474740 -265.0961010 -265.1307240 0.7628 -265.2305141 -265.1791411 -265.2137641 0.7633 -265.2811729 -265.2297999 -265.2644229 

 
Table S3.4.29. Calculated energies. Individual selected conformers. 

№ 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

MIN HOH (1Ha) -152.6731057 -152.6200777 -152.6525897 -152.7274519 -152.6744239 -152.7069359 -152.7601617 -152.7071337 -152.7396457 

1 HOH_aaa (1Ha) -152.6731057 -152.6200777 -152.6525897 -152.7274519 -152.6744239 -152.7069359 -152.7601617 -152.7071337 -152.7396457 

MIN CH3OH -191.8921279 -191.8087069 -191.8457509 -191.9572352 -191.8738142 -191.9108582 -191.9967983 -191.9133773 -191.9504213 

1 CH3OH_aap -191.8921279 -191.8087069 -191.8457509 -191.9572352 -191.8738142 -191.9108582 -191.9967983 -191.9133773 -191.9504213 

MIN CH3CH2OH -231.1376808 -231.0245488 -231.0643876 -231.2139118 -231.1007798 -231.1406241 -231.2605770 -231.1474483 -231.1873123 

1 CH3CH2OH1_adi -231.1376808 -231.0245488 -231.0637078 -231.2139118 -231.1007798 -231.1399388 -231.2605770 -231.1474450 -231.1866040 

2 CH3CH2OH2_abj -231.1376336 -231.0245376 -231.0643876 -231.2138701 -231.1007741 -231.1406241 -231.2605443 -231.1474483 -231.1872983 

3 CH3CH2OH1_aaf -231.1365169 -231.0234809 -231.0640409 -231.2130355 -231.0999995 -231.1405595 -231.2597883 -231.1467523 -231.1873123 

MIN BuOH -309.6169486 -309.4441796 -309.4915421 -309.7161024 -309.5432970 -309.5905041 -309.7772099 -309.6043845 -309.6515895 

1 BuOH4d_aae -309.6169073 -309.4439763 -309.4906063 -309.7161024 -309.5431714 -309.5898014 -309.7772099 -309.6042789 -309.6509089 

2 BuOH3a_ada -309.6163497 -309.4436167 -309.4901857 -309.7157081 -309.5429751 -309.5895441 -309.7768852 -309.6041522 -309.6507212 

3 BuOH5c_aap -309.6167760 -309.4438500 -309.4892940 -309.7158193 -309.5428933 -309.5883373 -309.7768883 -309.6039623 -309.6494063 

4 BuOH8b_aas -309.6166517 -309.4437607 -309.4903187 -309.7159934 -309.5431024 -309.5896604 -309.7771556 -309.6042646 -309.6508226 

5 BuOH1a_abs -309.6169486 -309.4441796 -309.4913846 -309.7160660 -309.5432970 -309.5905020 -309.7771535 -309.6043845 -309.6515895 

6 BuOH7b_aam -309.6164326 -309.4435376 -309.4904476 -309.7157487 -309.5428537 -309.5897637 -309.7769086 -309.6040136 -309.6509236 

7 BuOH6b_aax -309.6159141 -309.4429161 -309.4891541 -309.7151058 -309.5421078 -309.5883458 -309.7762209 -309.6032229 -309.6494609 

8 BuOH1a_adi -309.6165653 -309.4437873 -309.4905013 -309.7155468 -309.5427688 -309.5894828 -309.7765518 -309.6037738 -309.6504878 

9 BuOH4d_aag -309.6153808 -309.4425278 -309.4899478 -309.7149782 -309.5421252 -309.5895452 -309.7762241 -309.6033711 -309.6507911 

10 BuOH2b_ada -309.6162778 -309.4433888 -309.4904688 -309.7153077 -309.5424187 -309.5894987 -309.7763513 -309.6034623 -309.6505423 

11 BuOH8b_abv -309.6152798 -309.4424598 -309.4904788 -309.7149118 -309.5420918 -309.5901108 -309.7761601 -309.6033401 -309.6513591 

12 BuOH3a_adl -309.6162611 -309.4437141 -309.4915421 -309.7152231 -309.5426761 -309.5905041 -309.7762153 -309.6036683 -309.6514963 

13 BuOH2b_ade -309.6165611 -309.4435941 -309.4893951 -309.7152765 -309.5423095 -309.5881105 -309.7761979 -309.6032309 -309.6490319 

14 BuOH9b_abb -309.6157015 -309.4426685 -309.4889185 -309.7149894 -309.5419564 -309.5882064 -309.7761205 -309.6030875 -309.6493375 

15 BuOH11d_aab -309.6153788 -309.4424418 -309.4889768 -309.7147112 -309.5417742 -309.5883092 -309.7758698 -309.6029328 -309.6494678 

16 BuOH5c_abn -309.6150479 -309.4422189 -309.4901819 -309.7144029 -309.5415739 -309.5895369 -309.7755447 -309.6027157 -309.6506787 

17 BuOH10d_acr -309.6153105 -309.4423475 -309.4892675 -309.7146087 -309.5416457 -309.5885657 -309.7757589 -309.6027959 -309.6497159 

18 BuOH14b_aah -309.6149870 -309.4420820 -309.4874080 -309.7137451 -309.5408401 -309.5861661 -309.7746838 -309.6017788 -309.6471048 

19 BuOH6b_aaf -309.6145137 -309.4416207 -309.4892417 -309.7141063 -309.5412133 -309.5888343 -309.7753556 -309.6024626 -309.6500836 

146



20 BuOH12c_acs -309.6155352 -309.4426362 -309.4888072 -309.7140954 -309.5411964 -309.5873674 -309.7749487 -309.6020497 -309.6482207 

21 BuOH13c_aau -309.6149118 -309.4421368 -309.4883248 -309.7137957 -309.5410207 -309.5872087 -309.7747997 -309.6020247 -309.6482127 

22 BuOH9b_abv -309.6143694 -309.4414334 -309.4891114 -309.7139691 -309.5410331 -309.5887111 -309.7752023 -309.6022663 -309.6499443 

23 BuOH11d_aai -309.6141896 -309.4412636 -309.4889076 -309.7137683 -309.5408423 -309.5884863 -309.7749947 -309.6020687 -309.6497127 

24 BuOH13c_abd -309.6136807 -309.4410027 -309.4895057 -309.7128293 -309.5401513 -309.5886543 -309.7738946 -309.6012166 -309.6497196 

25 BuOH12c_abd -309.6150363 -309.4421023 -309.4876893 -309.7134880 -309.5405540 -309.5861410 -309.7742884 -309.6013544 -309.6469414 

26 BuOH14b_aaa -309.6130309 -309.4401869 -309.4874519 -309.7125220 -309.5396780 -309.5869430 -309.7737171 -309.6008731 -309.6481381 

MIN tBuOH -309.6295403 -309.4581353 -309.5026803 -309.7285509 -309.5571459 -309.6016909 -309.7896487 -309.6182437 -309.6627887 

1 t-BuOH_acj -309.6295403 -309.4581353 -309.5026803 -309.7285509 -309.5571459 -309.6016909 -309.7896487 -309.6182437 -309.6627887 

MIN PhCH2OH -422.5101644 -422.3408384 -422.3887764 -422.6389398 -422.4696138 -422.5179505 -422.7185359 -422.5492099 -422.5976598 

1 PhCH2OH2_aae -422.5101644 -422.3408384 -422.3883454 -422.6389398 -422.4696138 -422.5171208 -422.7185359 -422.5492099 -422.5967169 

2 PhCH2OH2_aaa -422.5075854 -422.3384364 -422.3887764 -422.6367595 -422.4676105 -422.5179505 -422.7164688 -422.5473198 -422.5976598 

3 PhCH2OH1_aad -422.5077548 -422.3385598 -422.3866898 -422.6364834 -422.4672884 -422.5154184 -422.7160349 -422.5468399 -422.5949699 

4 PhCH2OH1_adk -422.5074274 -422.3383324 -422.3871854 -422.6362011 -422.4671061 -422.5159591 -422.7157604 -422.5466654 -422.5955184 

5 PhCH2OH2_aca -422.4773756 -422.3175336 -422.3717736 -422.6054117 -422.4455697 -422.4998097 -422.6843839 -422.5245419 -422.5787819 

MIN PhC(CH3)2OH -500.9999606 -500.7722756 -500.8252048 -501.1513211 -500.9236361 -500.9764792 -501.2451950 -501.0175100 -501.0703016 

1 PhCCH32OH1_abo -500.9999606 -500.7722756 -500.8250296 -501.1513211 -500.9236361 -500.9763901 -501.2451950 -501.0175100 -501.0702640 

2 PhCCH32OH1_abf -500.9996578 -500.7719548 -500.8252048 -501.1509322 -500.9232292 -500.9764792 -501.2447546 -501.0170516 -501.0703016 

3 PhCCH32OH3_abn -500.9992887 -500.7718017 -500.8246747 -501.1501108 -500.9226238 -500.9754968 -501.2437311 -501.0162441 -501.0691171 

4 PhCCH32OH1_ack -500.9990503 -500.7715413 -500.8247223 -501.1499794 -500.9224704 -500.9756514 -501.2436539 -501.0161449 -501.0693259 

5 PhCCH32OH1_aal -500.9971921 -500.7694911 -500.8219081 -501.1483079 -500.9206069 -500.9730239 -501.2420490 -501.0143480 -501.0667650 

6 PhCCH32OH1_adj -500.9965721 -500.7690231 -500.8223101 -501.1482709 -500.9207219 -500.9740089 -501.2422747 -501.0147257 -501.0680127 

7 PhCCH32OH3_abt -500.9970403 -500.7693873 -500.8221983 -501.1483495 -500.9206965 -500.9735075 -501.2421655 -501.0145125 -501.0673235 

MIN PhOH -383.2734668 -383.1348428 -383.1804348 -383.3906950 -383.2520710 -383.2976630 -383.4629917 -383.3243677 -383.3699597 

1 PhOH_aab -383.2734668 -383.1348428 -383.1804348 -383.3906950 -383.2520710 -383.2976630 -383.4629917 -383.3243677 -383.3699597 

MIN p-nitro-PhOH -587.5028109 -587.3591249 -587.4110819 -587.6832398 -587.5395538 -587.5915108 -587.7942345 -587.6505485 -587.7025055 

1 p-nitro-PhOH_aak -587.5028109 -587.3591249 -587.4110819 -587.6832398 -587.5395538 -587.5915108 -587.7942345 -587.6505485 -587.7025055 

MIN p-methyl-PhOH -422.5157144 -422.3479244 -422.3990174 -422.6444568 -422.4766668 -422.5277598 -422.7239998 -422.5562098 -422.6073028 

1 p-methyl-PhOH_aac -422.5157144 -422.3479244 -422.3990174 -422.6444568 -422.4766668 -422.5277598 -422.7239998 -422.5562098 -422.6073028 

MIN p-amino-PhOH -438.5457292 -438.3891052 -438.4382822 -438.6810510 -438.5244270 -438.5736040 -438.7644517 -438.6078277 -438.6570047 

1 p-amino-PhOH_adq -438.5457292 -438.3891052 -438.4382822 -438.6810510 -438.5244270 -438.5736040 -438.7644517 -438.6078277 -438.6570047 

2 p-amino-PhOH_adf -438.5456081 -438.3889811 -438.4381091 -438.6809538 -438.5243268 -438.5734548 -438.7643647 -438.6077377 -438.6568657 

MIN HOOH -227.7032047 -227.6446547 -227.6792157 -227.7032047 -227.6446547 -227.6792157 -227.8253138 -227.7667638 -227.8013248 

1 HOOH_aam -227.7032047 -227.6446547 -227.6792157 -227.7032047 -227.6446547 -227.6792157 -227.8253138 -227.7667638 -227.8013248 

2 HOOH_acd -227.6975987 -227.6393637 -227.6767807 -227.6975987 -227.6393637 -227.6767807 -227.8203229 -227.7620879 -227.7995049 

3 HOOH_acf -227.7023510 -227.6438910 -227.6787450 -227.7023510 -227.6438910 -227.6787450 -227.8245253 -227.7660653 -227.8009193 

4 HOOH_acn -227.6975095 -227.6392905 -227.6769635 -227.6975095 -227.6392905 -227.6769635 -227.8199653 -227.7617463 -227.7994193 

MIN CH3OOH -266.9275901 -266.8400791 -266.8810381 -267.0148989 -266.9273879 -266.9683469 -267.0682908 -266.9807798 -267.0217388 

1 CH3OOH_aax -266.9275901 -266.8400791 -266.8810381 -267.0148989 -266.9273879 -266.9683469 -267.0682908 -266.9807798 -267.0217388 

2 CH3OOH_acq -266.9268820 -266.8393690 -266.8792440 -267.0142527 -266.9267397 -266.9666147 -267.0676725 -266.9801595 -267.0200345 

3 CH3OOH_aau -266.9265674 -266.8390074 -266.8792684 -267.0138973 -266.9263373 -266.9665983 -267.0673198 -266.9797598 -267.0200208 

MIN t-BuOOH -384.6619246 -384.4863490 -384.5358530 -384.7833855 -384.6078955 -384.6573995 -384.8584530 -384.6829630 -384.7324670 

1 t-BuOOH_aby -384.6618390 -384.4863490 -384.5358530 -384.7833855 -384.6078955 -384.6573995 -384.8584530 -384.6829630 -384.7324670 

2 t-BuOOH_adj -384.6619246 -384.4862976 -384.5346396 -384.7833018 -384.6076748 -384.6560168 -384.8582964 -384.6826694 -384.7310114 

MIN PhCH2OOH -497.5458882 -497.3722672 -497.4235143 -497.6969494 -497.5233284 -497.5749588 -497.7904095 -497.6167885 -497.6685184 

1 PhCH2OOH2_aag -497.5458882 -497.3722672 -497.4221312 -497.6969494 -497.5233284 -497.5731924 -497.7904095 -497.6167885 -497.6666525 

2 PhCH2OOH3_abi -497.5436716 -497.3703236 -497.4215326 -497.6949695 -497.5216215 -497.5728305 -497.7885235 -497.6151755 -497.6663845 

3 PhCH2OOH2_aai -497.5427253 -497.3694203 -497.4235143 -497.6941698 -497.5208648 -497.5749588 -497.7877294 -497.6144244 -497.6685184 

4 PhCH2OOH3_aae -497.5427805 -497.3695395 -497.4208895 -497.6931651 -497.5199241 -497.5712741 -497.7863272 -497.6130862 -497.6644362 
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5 PhCH2OOH1_acj -497.5412760 -497.3680010 -497.4209290 -497.6928750 -497.5196000 -497.5725280 -497.7864931 -497.6132181 -497.6661461 

MIN TEMPOH -559.8417605 -559.5266685 -559.5843303 -560.0121869 -559.6972449 -559.7553369 -560.1185319 -559.8035899 -559.8616819 

1 TEMPOHa_abx -559.8417605 -559.5266685 -559.5823945 -560.0121830 -559.6970910 -559.7528170 -560.1182613 -559.8031693 -559.8588953 

2 TEMPOH_aab -559.8411803 -559.5262383 -559.5843303 -560.0121869 -559.6972449 -559.7553369 -560.1185319 -559.8035899 -559.8616819 

3 TEMPOH_aba -559.8407255 -559.5255315 -559.5834225 -560.0119223 -559.6967283 -559.7546193 -560.1183517 -559.8031577 -559.8610487 

4 TEMPOHa_ade -559.8358576 -559.5211746 -559.5799826 -560.0075814 -559.6928984 -559.7517064 -560.1142119 -559.7995289 -559.8583369 

MIN HCO2H -265.8388504 -265.7736004 -265.8122954 -265.9255200 -265.8602700 -265.8989650 -265.9782849 -265.9130349 -265.9517299 

1 HCO2Ha_aaa -265.8388504 -265.7736004 -265.8122954 -265.9255200 -265.8602700 -265.8989650 -265.9782849 -265.9130349 -265.9517299 

2 HCO2Hb_aap -265.8332961 -265.7682121 -265.8069441 -265.9198546 -265.8547706 -265.8935026 -265.9724850 -265.9074010 -265.9461330 

 
Table S3.4.30. Calculated energies. Individual selected conformers. 

№ 

 

DLPNO-CCSD(T)/cc-pVTZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/cc-pVQZ// 
(U)B3LYP-D3/6-31+G(d,p) 

DLPNO-CCSD(T)/CBS// 
(U)B3LYP-D3/6-31+G(d,p) 

Etot H298 G298 Etot H298 G298 Etot H298 G298 

MIN HOH (1Ha) -152.6731057 -152.6200777 -152.6525897 -152.7274519 -152.6744239 -152.7069359 -152.7601617 -152.7071337 -152.7396457 

1 HOH_aaa (1Ha) -152.6731057 -152.6200777 -152.6525897 -152.7274519 -152.6744239 -152.7069359 -152.7601617 -152.7071337 -152.7396457 

MIN CH3OH -191.8920076 -191.8087646 -191.8470746 -191.9566571 -191.8734141 -191.9117241 -191.9960152 -191.9127722 -191.9510822 

1 CH3OH_aad -191.8920076 -191.8087646 -191.8470746 -191.9566571 -191.8734141 -191.9117241 -191.9960152 -191.9127722 -191.9510822 

MIN CH3CH2OH -231.1366266 -231.0237086 -231.0655436 -231.2124469 -231.0995289 -231.1416047 -231.2589655 -231.1460845 -231.1881745 

1 CH3CH2OH1_adc -231.1366266 -231.0237086 -231.0654116 -231.2124469 -231.0995289 -231.1412319 -231.2589009 -231.1459829 -231.1876859 

2 CH3CH2OH2_aac -231.1363346 -231.0234536 -231.0655436 -231.2123957 -231.0995147 -231.1416047 -231.2589655 -231.1460845 -231.1881745 

MIN BuOH -309.6158437 -309.4432827 -309.4926077 -309.7144797 -309.5419187 -309.5912437 -309.7754340 -309.6028510 -309.6520849 

1 BuOH4d_aam -309.6156970 -309.4430680 -309.4901470 -309.7144751 -309.5418461 -309.5889251 -309.7753901 -309.6027611 -309.6498401 

2 BuOH4d_aan -309.6154851 -309.4428871 -309.4895731 -309.7142748 -309.5416768 -309.5883628 -309.7751998 -309.6026018 -309.6492878 

3 BuOH3a_abg -309.6158437 -309.4432827 -309.4926077 -309.7144797 -309.5419187 -309.5912437 -309.7753209 -309.6027599 -309.6520849 

4 BuOH1a_abw -309.6155279 -309.4429449 -309.4910519 -309.7144592 -309.5418762 -309.5899832 -309.7754340 -309.6028510 -309.6509580 

5 BuOH4d_aaj -309.6153393 -309.4427043 -309.4907393 -309.7141723 -309.5415373 -309.5895723 -309.7751136 -309.6024786 -309.6505136 

6 BuOH6b_aaj -309.6153949 -309.4425939 -309.4888759 -309.7140911 -309.5412901 -309.5875721 -309.7749985 -309.6021975 -309.6484795 

7 BuOH6b_aco -309.6150789 -309.4423529 -309.4883969 -309.7138919 -309.5411659 -309.5872099 -309.7748499 -309.6021239 -309.6481679 

8 BuOH7b_aac -309.6149361 -309.4423061 -309.4914541 -309.7140608 -309.5414308 -309.5905788 -309.7751086 -309.6024786 -309.6516266 

9 BuOH5c_aai -309.6153161 -309.4425891 -309.4911961 -309.7138882 -309.5411612 -309.5897682 -309.7747014 -309.6019744 -309.6505814 

10 BuOH2b_aad -309.6149407 -309.4422187 -309.4912317 -309.7138309 -309.5411089 -309.5901219 -309.7747883 -309.6020663 -309.6510793 

11 BuOH13c_aay -309.6145750 -309.4418720 -309.4881230 -309.7129382 -309.5402352 -309.5864862 -309.7736984 -309.6009954 -309.6472464 

12 BuOH9b_abm -309.6143628 -309.4415728 -309.4900088 -309.7132438 -309.5404538 -309.5888898 -309.7741758 -309.6013858 -309.6498218 

13 BuOH11d_aag -309.6141664 -309.4414244 -309.4902944 -309.7130418 -309.5402998 -309.5891698 -309.7739730 -309.6012310 -309.6501010 

14 BuOH10d_ace -309.6138649 -309.4411809 -309.4897259 -309.7129556 -309.5402716 -309.5888166 -309.7739870 -309.6013030 -309.6498480 

15 BuOH14b_abp -309.6138453 -309.4410913 -309.4867193 -309.7123095 -309.5395555 -309.5851835 -309.7731185 -309.6003645 -309.6459925 

16 BuOH12c_aay -309.6135309 -309.4409369 -309.4896609 -309.7122183 -309.5396243 -309.5883483 -309.7731017 -309.6005077 -309.6492317 

17 BuOH14b_aad -309.6124393 -309.4398163 -309.4877073 -309.7110791 -309.5384561 -309.5863471 -309.7719546 -309.5993316 -309.6472226 

MIN tBuOH -309.6276702 -309.4565122 -309.5036712 -309.7264474 -309.5552894 -309.6024484 -309.7874221 -309.6162641 -309.6634231 

1 t-BuOH_abj -309.6276702 -309.4565122 -309.5036712 -309.7264474 -309.5552894 -309.6024484 -309.7874221 -309.6162641 -309.6634231 

MIN PhCH2OH -422.5110218 -422.3419388 -422.3901208 -422.6394570 -422.4703660 -422.5185810 -422.7189205 -422.5498295 -422.5980445 

1 PhCH2OH2_abt -422.5109968 -422.3419058 -422.3901208 -422.6394570 -422.4703660 -422.5185810 -422.7189205 -422.5498295 -422.5980445 

2 PhCH2OH2_acy -422.5110218 -422.3419388 -422.3899998 -422.6393019 -422.4702189 -422.5182799 -422.7186828 -422.5495998 -422.5976608 

3 PhCH2OH1_aaw -422.5069197 -422.3380757 -422.3896487 -422.6356443 -422.4668003 -422.5183733 -422.7151969 -422.5463529 -422.5979259 

MIN PhC(CH3)2OH -501.0013758 -500.7739086 -500.8273988 -501.1523178 -500.9248224 -500.9783408 -501.2460177 -501.0185053 -501.0720407 
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1 PhCCH32OH2_abp -501.0013496 -500.7739086 -500.8273456 -501.1522634 -500.9248224 -500.9782594 -501.2459463 -501.0185053 -501.0719423 

2 PhCCH32OH1_adt -501.0013758 -500.7738328 -500.8273988 -501.1523178 -500.9247748 -500.9783408 -501.2460177 -501.0184747 -501.0720407 

3 PhCCH32OH2_act -501.0011222 -500.7737252 -500.8271402 -501.1519694 -500.9245724 -500.9779874 -501.2456235 -501.0182265 -501.0716415 

4 PhCCH32OH3_aah -500.9981375 -500.7707865 -500.8264645 -501.1493162 -500.9219652 -500.9776432 -501.2431005 -501.0157495 -501.0714275 

MIN PhOH -383.2780761 -383.1391371 -383.1844881 -383.3945793 -383.2556403 -383.3009913 -383.4665405 -383.3276015 -383.3729525 

1 PhOH_abf -383.2780761 -383.1391371 -383.1844881 -383.3945793 -383.2556403 -383.3009913 -383.4665405 -383.3276015 -383.3729525 

MIN p-nitro-PhOH -587.5108550 -587.3666530 -587.4175370 -587.6905927 -587.5463907 -587.5972747 -587.8013309 -587.6571289 -587.7080129 

1 p-nitro-PhOH_aab -587.5108550 -587.3666530 -587.4175370 -587.6905927 -587.5463907 -587.5972747 -587.8013309 -587.6571289 -587.7080129 

MIN p-methyl-PhOH -422.5198750 -422.3517370 -422.4022910 -422.6478996 -422.4797616 -422.5303156 -422.7271083 -422.5589703 -422.6095243 

1 p-methyl-PhOH_aax -422.5198750 -422.3517370 -422.4022910 -422.6478996 -422.4797616 -422.5303156 -422.7271083 -422.5589703 -422.6095243 

MIN p-amino-PhOH -438.5491428 -438.3921778 -438.4408118 -438.6838460 -438.5268810 -438.5755150 -438.7669651 -438.6100001 -438.6586341 

1 p-amino-PhOH_abd -438.5491428 -438.3921778 -438.4408118 -438.6838460 -438.5268810 -438.5755150 -438.7669651 -438.6100001 -438.6586341 

2 p-amino-PhOH_aab -438.5135662 -438.3554132 -438.3976502 -438.6475855 -438.4894325 -438.5316695 -438.7303592 -438.5722062 -438.6144432 

MIN HOOH -227.7032047 -227.6446547 -227.6792157 -227.7032047 -227.6446547 -227.6792157 -227.8253138 -227.7667638 -227.8013248 

1 HOOH_aam -227.7032047 -227.6446547 -227.6792157 -227.7032047 -227.6446547 -227.6792157 -227.8253138 -227.7667638 -227.8013248 

2 HOOH_acf -227.7023510 -227.6438910 -227.6787450 -227.7023510 -227.6438910 -227.6787450 -227.8245253 -227.7660653 -227.8009193 

MIN CH3OOH -266.9319970 -266.8441890 -266.8827460 -267.0189016 -266.9310936 -266.9696506 -267.0721768 -266.9843688 -267.0229258 

1 CH3OOH_aac -266.9319970 -266.8441890 -266.8827460 -267.0189016 -266.9310936 -266.9696506 -267.0721768 -266.9843688 -267.0229258 

2 CH3OOH_aci -266.9312443 -266.8435183 -266.8825693 -267.0181192 -266.9303932 -266.9694442 -267.0713804 -266.9836544 -267.0227054 

MIN t-BuOOH -384.6672604 -384.4913394 -384.5380653 -384.7883871 -384.6124661 -384.6591351 -384.8633289 -384.6874079 -384.7340769 

1 t-BuOOH_aav -384.6672604 -384.4913394 -384.5380084 -384.7883871 -384.6124661 -384.6591351 -384.8633289 -384.6874079 -384.7340769 

2 t-BuOOH_ace -384.6665383 -384.4907933 -384.5380653 -384.7874946 -384.6117496 -384.6590216 -384.8623524 -384.6866074 -384.7338794 

MIN PhCH2OOH -497.5509804 -497.3771294 -497.4267164 -497.7014254 -497.5275744 -497.5771614 -497.7946625 -497.6208115 -497.6703985 

1 PhCH2OOH2_acb -497.5509804 -497.3771294 -497.4267164 -497.7014254 -497.5275744 -497.5771614 -497.7946625 -497.6208115 -497.6703985 

2 PhCH2OOH2_aak -497.5504243 -497.3766983 -497.4265063 -497.7009235 -497.5271975 -497.5770055 -497.7941818 -497.6204558 -497.6702638 

3 PhCH2OOH1_acd -497.5473720 -497.3737510 -497.4249860 -497.6983979 -497.5247769 -497.5760119 -497.7918273 -497.6182063 -497.6694413 

4 PhCH2OOH1_aar -497.5461549 -497.3726519 -497.4240489 -497.6972670 -497.5237640 -497.5751610 -497.7907384 -497.6172354 -497.6686324 

5 PhCH2OOH3_adj -497.5459113 -497.3725253 -497.4239513 -497.6968023 -497.5234163 -497.5748423 -497.7901857 -497.6167997 -497.6682257 

6 PhCH2OOH3_acq -497.5456741 -497.3721491 -497.4234081 -497.6967199 -497.5231949 -497.5744539 -497.7901605 -497.6166355 -497.6678945 

7 PhCH2OOH3_aad -497.5453207 -497.3720127 -497.4238047 -497.6961215 -497.5228135 -497.5746055 -497.7894608 -497.6161528 -497.6679448 

MIN TEMPOH -559.8476818 -559.5319968 -559.5863798 -560.0182386 -559.7025536 -559.7569366 -560.1244299 -559.8087449 -559.8631279 

1 TEMPOH_aaq -559.8476818 -559.5319968 -559.5863798 -560.0182386 -559.7025536 -559.7569366 -560.1244299 -559.8087449 -559.8631279 

2 TEMPOHa_abd -559.8359444 -559.5213594 -559.5798454 -560.0066661 -559.6920811 -559.7505671 -560.1128891 -559.7983041 -559.8567901 

MIN HOO• -227.0600436 -227.0140496 -227.0502649 -227.1332118 -227.0872178 -227.1236033 -227.1778249 -227.1318309 -227.1682823 

1 HOO_aae -227.0600436 -227.0140496 -227.0480106 -227.1332118 -227.0872178 -227.1211788 -227.1778249 -227.1318309 -227.1657919 

2 HOO_adq -227.0587259 -227.0129429 -227.0502649 -227.1320643 -227.0862813 -227.1236033 -227.1767433 -227.1309603 -227.1682823 

MIN HCO2H -265.8507511 -265.7849431 -265.8198401 -265.9365719 -265.8707639 -265.9056609 -265.9890000 -265.9231920 -265.9580890 

1 HCO2Ha_acd -265.8507511 -265.7849431 -265.8198401 -265.9365719 -265.8707639 -265.9056609 -265.9890000 -265.9231920 -265.9580890 

2 HCO2Hb_aab -265.8403897 -265.7749727 -265.8131017 -265.9266726 -265.8612556 -265.8993846 -265.9791870 -265.9137700 -265.9518990 
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The properties of the oxidation products of 5mC and 5mU in their protonated, neutral and 

deprotonated forms were studied. Radical stabilization energies (RSE) have been calculated at the 

SMD(H2O)/(U)B3LYP-D3 and SMD(H2O)/DLPNO-CCSD(T) levels of theory. In the derivatives of 

uracil and cytosine, among the substituents at the 5th position, the following trend in BDE values is 

observed: 5dhm- < 5hm- < 5m- < 5f- (where 5dhm is dihydroxymethyl, 5hm — hydroxymethyl, 5m 

— methyl, 5f — formyl). It has been established that the charge distribution will strongly affect the 

reactivity of both closed- and open-shell systems. Protonation increases the calculated BDE(C-H) 

values in cytosine derivatives, while deprotonation decreases them in uracil derivatives. Addition of 

one explicit water does not change the results notably. Attaching a complementary base increases the 

calculated BDE(C-H) value and does not change the observed trend. 

Introduction 

Epigenetic control of gene expression involves the methylation and demethylation of cytosine (C).1 

Therefore, the fundamental steps of the oxidation process of 5-methyl-cytosine are important to 

understand the reaction pathways under physiological conditions. Starting from 5-methylcytosine 

(5mC), the latter process is currently assumed to proceed in a stepwise manner with 5-

hydroxymethylcytosine (5hmC), 5-formylcyctosine (5fC), 5-carboxycytosine (5caC) as discrete 

intermediates (Fig. 1).2 While their formation in epigenetic regulation is controlled by 2-oxoglutarate 

dependent ten‐eleven‐translocation (TET) oxidases, unregulated formation of these intermediates is 

also observed in chemical oxidation reactions of 5mC. In aqueous solution all these cytosine 

derivatives are prone to undergo solvolytic deamination to the respective thymine (T, 5mU, 6) or 

uracil (U) derivatives (Figure 1). 

It has been observed experimentally that 5-methyl-2′-deoxycytidine (5mdC) can be sequentially 

oxidized by air to 5-hydroxymethyl-2′-deoxycytidine (5hmdC), 5-formyl-2′-deoxycytidine (5fdC), 5-

carboxy-2′-deoxycytidine (5hmdC) at 60.0°C and pH 7.4.3 In other work, authors4 report about the 

use of a biomimetic iron(IV)‐oxo complex, reminiscent of the activity of TET enzymes. These studies 

show that 5hmC is preferentially turned over compared with 5mC and 5fC and this is in line with the 

calculated bond dissociation enthalpies.5 However, it has been noted that 5fC may partially exist in a 

hydrated form in aqueous solution. In our recent theoretical and experimental study,6 it has been 

found that in water solution there is > 0.5% of 5fC in hydrated form (5dhmC) and of about 2% of 5fU 

(5dhmU). BDE values for the hydrated forms of 5fC and 5fU are not yet available in the literature. 
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Figure 1. Cytosine derivatives formed during epigenetic gene regulation together with their 

deamination products. The wavy line 4indicates the C-H bonds for which the homolytic dissociation 

enthalpies (BDE) were calculated. DNMT - DNA methyltransferases, TET - ten-eleven translocation 

enzymes, BER - base excision repair. 

It is well known from experimental data that cytosine derivatives 1-6 can be protonated7,8 in aqueous 

solution, while uracil derivatives 7-12 can be deprotonated.7-10 The protonated cytosine molecule 

might contribute significantly to the stabilization of the triplex C-G-C+ structure.11,12 Key parameters 

determining the ease of oxidation of these nucleotide bases are the respective homolytic C-H bond 

dissociation enthalpies (BDE). These are currently not available from experimental measurements, 

and we therefore report here the results of quantum chemical studies using a hierarchy of theoretical 

methods and employing the benzylic C-H bond enthalpy in toluene (Ph-CH3) as a reference. The 

latter has been determined experimentally in the gas phase as 𝐁𝐃𝐄𝐞𝐱𝐩
𝐠𝐚𝐬

(PhCH2-H) = +375.5 ± 2.5 kJ 

mol-1.13,14 The protonation and deprotonation processes can affect BDE values by creating a positive 

or a negative charge on the nucleotide base and make its oxidation either more endergonic or more 

exergonic. 

Computational details 

BDE values were calculated relative to the reference compound using the isodesmic hydrogen transfer 

reaction in the solution phase (Figure 2) and equations 1-4, which allows more accurate determination 

of the stability of C-centered radicals and BDE values. 15 A «gas» symbol (gas) denotes a standard 

state of 1 atm in the gas phase and «solution» (sol) denotes 1 mol l-l in the solution phase. Unlike the 

hydrogen abstraction reaction (HAR), the isodesmic hydrogen transfer reaction (HTR) involves 

products and substrates that are similar in stability and structure. To use this strategy, in addition to 

the calculated values of the formation enthalpy of reactants and products, the experimental value of 

𝐁𝐃𝐄𝐞𝐱𝐩
𝐠𝐚𝐬

(PhCH2-H) = +375.5 ± 2.5 kJ mol-1 is required. 13,14 
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Figure 2. Thermodynamic cycle used in the calculation of BDE(C-H) in solution phase. 

RSEgas = Hgas(R•) + Hgas(PhCH3) − Hgas(R-H) − Hgas(PhCH2•) (1) 

RSEsol = Hsol(R•) + Hsol(PhCH3) − Hsol(R-H) − Hsol(PhCH2•) (2) 

ΔRSEsolv = RSEsol − RSEgas
 (3) 

BDEsol(C-H) = BDEexp
gas

(PhCH2-H) + RSEgas + ΔRSEsolv  (4) 

 

In this work, all geometries were optimized at the SMD(H2O)/B3LYP-D3/6-31+G(d,p) level of 

theory with the SMD implicit solvent model 16 using Gaussian09, Revision D.01. The D3 version of 

Grimme’s dispersion was added to the method of optimization to account for dispersion 

interactions.18,19 Since the relative tautomeric stability of the studied molecules is not trivial and can 

change due to solvation effects, we tested all possible tautomers. Tautomers also varied across base 

pairs, allowing for the possibility of intermolecular proton transfer. Using the expression Cn
k =

n!

(n−k)! ∙ k!
, one can estimate the number of possible tautomers of an asymmetric molecule having n lone 

pairs and k acidic protons (k ⩽ n). The initial geometries of tautomers were created manually and 

then fully optimized. 

To identify the conformations of diol molecules and their radicals, a relaxed potential energy surface 

scan on two dihedral angles H-O-C-C (two hydroxyl groups) was performed. The conformations with 

the lowest energies on the potential energy surface were then fully optimized. For each studied 

nucleobase, all the stable tautomers and conformers were considered when calculating the 

Boltzmann-weighted enthalpies of formation in the solution phase Hsol. The individuality of the 

found conformers/tautomers was confirmed using an energy criterion of ∆Etot > 10-7 a.u. and 

comparing geometries by distances between each atom and the centroid point.20,21 Thermochemical 

corrections to Hsol were calculated with GoodVibes using the quasi-harmonic approximation.22 

Frequency calculations have been carried out to verify that the optimized structures are true minima. 

Single point energies were calculated for the optimized geometries at the DLPNO-CCSD(T) level of 

theory.23-25 Two-point (cc-pVTZ and cc-pVQZ) extrapolation was employed at the DLPNO-

CCSD(T) level to estimate a result obtained using a complete (infinitely large) basis set.24,26 Standard 

state solvation enthalpies 𝚫𝐇𝐬𝐨𝐥𝐯 were computed as the difference between the solution phase 

enthalpy 𝐇𝐬𝐨𝐥 of the solution phase optimized molecule (SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p)), 

and the gas phase single point enthalpy 𝐇𝐠𝐚𝐬 ((U)B3LYP-D3/6-31+G(d,p)//SMD(H2O)/(U)B3LYP-

D3/6-31+G(d,p)): 
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ΔHsolv = Hsol −  Hgas (5) 

The solution phase enthalpies Hsol at the DLPNO-CCSD(T) level of theory are computed by 

combining the gas phase enthalpies with the solvation enthalpies ΔHsolv: 

Hsol = Etot
DLPNO−CCSD(T)

+ ZPESMD/(U)B3LYP−D3 + ΔH0K→298K
SMD/(U)B3LYP−D3

 + ΔH0K→298K
1atm→1M

+ ΔHsolv 

(6) 

 

ΔH0K→298K
1atm→1M = +7.91 kJ mol-1 is the enthalpy difference for converting from the standard state 

concentration of 1 atm to the standard state concentration of 1 mol l-l.  

The SMD implicit solvation model augmented with one explicit water molecule was also used to 

calculate BDE values. The optimized water-complexed geometries have been located by a stochastic 

search procedure. This procedure generates geometries with random arrangement water molecules 

around the respective structure.27-29 100 random structures with one explicit water were generated for 

all species from Figure 1 and their C-centered radicals and then fully optimized. This procedure was 

made only for the most stable conformers/tautomers that contribute to the Boltzmann average Etot 

values more than 2%. All the calculated BDE values in this work are Boltzmann averaged values. 

Results and discussion 

Calculated BDE(C-H) values 

The calculated BDE and RSE values are presented in Table 1 and in Figure 3. The presence or absence 

of the 1-methyl group does not cause a large difference in the calculated BDEs. According to 

DLPNO-CCSD(T) results, the C-H bond in 5m1mC with calculated BDE = +387.5 kJ mol-1 is slightly 

stronger (RSE = +12.0) than in toluene (exp. +375.5 ± 2.5 kJ mol-1). Protonation of 5m1mC makes 

C-H bond in p_5m1mC stronger, BDE = +394.4 kJ mol-1 (RSE = +18.9). In the following, the RSE 

values are given in kJ mol-1 in parentheses.  

In 5hm1mC, the calculated BDE(C-H) = +367.7 kJ mol-1 is -7.8 kJ mol-1 smaller than in toluene. It 

is interesting to note that the best tautomer of r_5hm1mC is having a formyl group (Table S11) due 

to the migration of the proton H+ from the hydroxy group to the N3 atom. This radical tautomer is 

structurally similar to the protonated 5f1mC molecule. Protonation of 5hm1mC almost does not 

change BDE(C-H) = +367.4 kJ mol-1 value notably for p_5hm1mC. 

It is more difficult to abstract a H atom from the 5-formyl group: in 5f1mC BDE(C-H) = +399.8 kJ 

mol-1 (+24.3), and protonation of 5f1mC makes the H abstraction in p_5f1mC even more endothermic 

with BDE(C-H) = +405.4 kJ mol-1 (+29.9). 

Surprisingly, 5dhm1mC is having a very weak C-H bond with BDE = +322.1 kJ mol-1 (-53.4). The 

most stable tautomer of r_5dhm1mC is having a carboxy group (See SI) because of migration of a H+ 

from the -C(OH)2• group to the N3 atom.  Protonation of 5dhm1mC has a very large effect on the 

BDE value, which gives +363.8 kJ mol-1 (-11.7) in p_5dhm1mC. The protonated radical 

pr_5dhm1mC is also (like the neutral r_5dhm1mC radical) having a carboxy group, but in this case 

a proton H+ moves from the hydroxy (diol) to the amino group. Thus, we can make the general 

conclusion, that protonation of cytosine derivatives increases their BDE(C-H) values. 
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The C-H bond in 5m1mU has almost the same BDE = +381.6 kJ mol-1 (+6.1) as in toluene. 

Deprotonation of 5m1mU slightly weakens C-H bond bringing BDE in d_5m1mU to + 379.4 kJ mol-

1 (+3.9). The C-H bond strength in 5hm1mU is weaker than in toluene with BDE = + 359.5 kJ mol-1 

(-16.0). Deprotonation of 5hm1mU has a large effect on BDE, which is equal to + 352.2 kJ mol-1 (-

23.3) in d_5hm1mU, the most stable tautomer of dr_5hm1mU is having a formyl group (Table S11) 

because of moving a H+ from the hydroxy group to the N3 atom. It is more difficult to remove a H 

atom from the 5-formyl group, the BDE value in 5f1mU being +394.8 kJ mol-1 (+19.3), while 

deprotonation of 5f1mU only slightly decreases BDE in d_5f1mU to +390.3 kJ mol-1 (+14.8). 

In 5dhm1mU, the C-H bond turns out to be is as strong as in 5hm1mU, but slightly weaker and 

corresponds to BDE = +354.6 kJ mol-1 (-20.9). Deprotonation of 5dhm1mU dramatically weakens С-

H bond bringing its BDE value to +329.4 kJ mol-1 (-46.1) in d_5dhm1mU, herein dr_5dhm1mU 

radical is having a carboxy group because of moving of H+ from hydroxy group to amino group. 

(Table S11) Thus, deprotonation decreases BDEs(C-H) in uracil derivatives 

Table 1. The calculated Boltzmann avg. BDE(C-H) values in kJ mol-1 at 298.15 K are presented for 

5-substituted N-1-methyl-cytosine (1mC) and 5-substituted N-1-methyl-uracil (1mU) molecules. 

5-sub. q 

BDE (5-sub.-1mC)  BDE (5-sub.-1mC) 

– + H2O + 9mG – + H2O + 9mA 

DFT CBS DFT CBS DFT CBS DFT CBS DFT CBS DFT CBS 

m- 

-1       371.4 379.4 372.7 380.3   

0 380.5 387.5 380.8 384.7 380.7 394.1 376.7 381.6 378.6 382.3 377.0 387.9 

+1 389.0 394.4 387.2 393.7         

hm- 

-1       324.6 352.2 325.9 350.9   

0 355.0 367.7 354.8 363.8 357.7 373.6 347.2 359.5 348.1 358.2 348.1 365.7 

+1 357.4 367.4 356.4 369.6         

f- 

-1       386.4 390.3 387.4 390.6   

0 397.7 399.8 406.2 407.6 396.8 405.8 392.5 394.8 393.1 395.7 391.2 399.8 

+1 404.3 405.4 403.7 403.4         

dhm- 

-1       305.0 329.4 310.5 335.1   

0 304.6 322.1 306.1 323.9 332.2 352.4 341.2 354.6 332.5 349.4 339.5 362.4 

+1 358.4 363.8 348.1 358.1         

 

RSE 

BDE 

DFT 

CBS 

– calculated ΔBDE value relative to toluene  

– the sum of the RSE value and exp. BDE(C-H) value of +375.5 kJ mol-1(toluene) 

– SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) 

– SMD(H2O)/DLPNO-CCSD(T)/CBS//SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) 
 

Effect of one explicit water on the calculated BDE(C-H) values 

Introduction of one explicit water molecule in case of neutral 5f1mC increases the calculated BDE(C-

H) value by +7.8 kJ mol-1 (CBS; Table 1). Another case, in which a notable explicit-water-effect can 

be observed, is the protonated diol p_5dhm1mC with ΔBDE(C-H) = -5.7 kJ mol-1. Also, a positive 

effect of +5.7 kJ mol-1 can be seen for the deprotonated d_5dhm1mU diol molecule, while for its 

neutral 5dhm1mU form this effect is apposite with ΔBDE(C-H) = -5.1 kJ mol-1. For the other 

molecules in Table 1 one explicit water molecule has almost no effect on the calculated BDE values.  
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Figure 3. The Boltzmann averaged BDE(C-H) values in kJ mol-1 at 298.15 K without explicit water 

calculated at the SMD(H2O)/DLPNO-CCSD(T)/CBS//SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) level 

of theory. 

Effect of base pairing 

In the general case, the presence of a complementary base (guanine) increases the BDE(C-H) values 

in modified cytosines, which may play a role in protecting methylated/modified DNA from 

spontaneous oxidation. It is important to note that the relative position of the modified nucleobases 

on the BDE scale is maintained even when a complementary base is attached. The effect of adding 

of a complementary base ΔBDEsol (+ c. base) is equal to the difference in complexation enthalpies 

between radical-base pair and neutral base-base pair: 

ΔBDEsol(+ c. base) = BDEsol(base + c. base) − BDEsol(base) =  

                                  = ΔHcomplex.
sol (radical + c. base) − ΔHcomplex.

sol (base + c. base)  

(7) 

ΔHcomplex.
sol (base + c. base) = Hsol(base + c. base) − Hsol(base) − Hsol(c. base)  (8) 

ΔHcomplex.
sol (radical + c. base) = Hsol(radical + c. base) − Hsol(radical) − Hsol(c. base) (9) 

 

Hydrogen bond interactions with a complementary pair cause30 inter- and intramolecular 

redistribution of charges: 1) in pairs G-C type guanine G is negatively charged, modified cytosine C 

is positively charged, while in A-U type pairs adenine A is positively charged, modified uracil U is 

negatively charged; 2) atomic charges in the corresponding radical on the spin-carrying atoms become 

more positive, which reduces the radical stability. (See NBO and Mulliken charges in SI) This effect 

is about +5-8 kJ mol-1 (CBS). 
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The 9mG…5dhm1mC complex should be considered separately, where the presence of a 

complementary base (9mG) blocks the resulting 5r_5dhm1mC radical from transferring an acidic 

proton from the spin-carrying -C(OH)2• group to the 3N atom, which additionally increases the 

BDE(C-H) value by +28 kJ mol-1 (CBS). 

These effects indicate that G-C type base pairs need to be detached from each other for a less 

energetically expensive oxidation. This is consistent with the structure of the TET2-DNA complex31, 

in which cytosine does not come into contact with guanine. 

Conclusions 

In the C and U derivatives, among the substituents in the 5th position, the following trend in BDE 

values is observed 5dhm- < 5hm- < 5m- < 5f- (where 5dhm is dihydroxymethyl, 5hm — 

hydroxymethyl, 5m — methyl, 5f — formyl). The presence or absence of the 1-methyl group has 

almost no effect on the calculated BDEsol(C-H) values. The charge effect is clearly visible: 

protonation increases BDEsol(C-H) in cytosine derivatives, while deprotonation decreases BDEsol(C-

H) in uracil derivatives. In general, one explicit water molecule does not cause a large difference in 

the calculated BDE values. The presence of a complementary base increases the BDEsol(C-H) values 

in all studied modified nucleobases by +6-8 kJ mol-1. The relative position of the modified 

nucleobases on the BDEsol(C-H) scale is maintained even when a complementary base is attached. 

Consequently, base pairs (G-C) need to be detached from each other for a more facile C-H bond 

activation step. 
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[28] D. Šakić, V. Vrček, J. Phys. Chem. A 2012, 116, 1298. 
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The Redox Properties of Cytosine derivatives: 

CH Bond Dissociation Energies 
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1. General Results 
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1) RSEgas = Hgas
∘ (R•) + Hgas

∘ (PhCH3) − Hgas
∘ (R-H) − Hgas

∘ (PhCH2•) 

2) RSEsol  = Hsol
∗ (R•) + Hsol

∗ (PhCH3) − Hsol
∗ (R-H) − Hsol

∗ (PhCH2•) 

3) ΔRSEsolv = RSEsol − RSEgas 

4) BDEsol(C-H) = BDEgas
exp

(PhCH2-H) + RSEgas + ΔRSEsolv 

Figure 1.1.1. Thermodynamic cycle used in the calculation of BDE. 
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Figure 1.2.1. The Boltzmann averaged BDE(C-H) values in kJ mol-1 at 298.15 K without explicit water calculated at the 

SMD(H2O)/DLPNO-CCSD(T)/CBS//SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) level of theory. 
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5-Sub. q 

-H -CH3  -H -CH3 -H -CH3 -H -CH3 

     BDE BDE 

Molecule Molecule  Radical Radical DFT CBS 

m- 

-1          

0 

 

 

 

 
 

381.2 380.5 387.3 387.5 

1 

 
 

 

  

388.3 389.0 393.0 394.4 

hm- 

-1          

0 

 

 

 

 
 

355.6 355.0 367.0 367.7 

1 

 

 

 

 
 

358.6 357.4 368.2 367.4 

f- 

-1          

0 

  

 

 
 

398.1 397.7 399.7 399.8 

1 

  

 

 
 

405.0 404.3 405.7 405.4 

dhm- 

-1          

0 
 

 

 

 
 

304.2 304.6 321.5 322.1 

1 

  

 

  

353.9 358.4 372.1 363.8 

ca- 

0 

 
 

   

    

 

 
 

   

    

Figure 1.3.1. The best by DFT-H* calculated C-structures and their BDE(C-H). 
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5-Sub. q 

-H -CH3  -H -CH3 -H -CH3 -H -CH3 

     BDE BDE 

Molecule Molecule  Radical Radical DFT CBS 

m- 

-1 

 

 

 

 

 

370.6 371.4 379.6 379.4 

0 

 
 

 

 
 

378.1 376.7 382.9 381.6 

1          

hm- 

-1 

 
 

 

  

333.2 324.6 354.2 352.2 

0 

 
 

 

 
 

346.7 347.2 359.9 359.5 

1          

f- 

-1 
 

 

 

 

 

388.4 386.4 389.5 390.3 

0 

 
 

 

  

392.4 392.5 394.2 394.8 

1          

dhm- 

-1 

 
 

 

 
 

306.3 305.0 329.7 329.4 

0 

 
 

 

 
 

336.8 341.2 351.9 354.6 

1          

 -1 
 

 

       

ca- 0 

  

       

Figure 1.3.2. The best by DFT-H* calculated U-structures and their BDE(C-H). 
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Table 1.4.1. Structures (best by DFT-H*) and the calculated BDE values. Mulliken charges (above) and spin densities 

(below). 

5-Sub. 
Substrate Product BDE BDE 

Best str. Best str. DFT CBS 

m 

  

381.7 394.2 

 G_5mC1 G_r5mC1   

 
0.0395 -0.0395 

0.0000 0.0000 

0.0330 -0.0330 

0.9999 0.0001 
  

hm 

  

361.0 379.1 

 G_5hmC1 G_r5hmC1   

 
0.0347 -0.0347 

0.0000 0.0000 

0.0284 -0.0284 

0.9997 0.0003 
  

f 

  

397.9 405.7 

 G_5fC1 G_r5fC1   

 
0.0241 -0.0241 

0.0000 0.0000 

0.0213 -0.0213 

0.9988 0.0012 
  

dhm 

  

333.4 352.4 

 G_5dhmC1 G_r5dhmC11iss   

 
0.0312 -0.0312 

0.0000 0.0000 

-0.0823 0.0823 

1.0025 -0.0025 
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Table 1.4.2. Structures (best by DFT-H*) and the calculated BDE values. Mulliken charges (above) and spin densities 

(below). 

5-Sub. 
Substrate Product BDE BDE 

Best str. Best str. DFT CBS 

m 

  

380.7 394.1 

 9mG_1m5mC 9mG_1mr5mC   

 
0.0251 -0.0251 

0.0000 0.0000 

0.0211 -0.0211 

0.9998 0.0002 
  

hm 

  

357.7 373.6 

 9mG_1m5hmCh 9mG_1mr5hmC1   

 
0.0267 -0.0267 

0.0000 0.0000 

0.0173 -0.0173 

0.9998 0.0002 
  

f 

  

396.8 405.8 

 9mG_1m5fC 9mG_1mr5fC   

 
0.0165 -0.0165 

0.0000 0.0000 

0.0147 -0.0147 

0.9976 0.0024 
  

dhm 

  

332.2 352.4 

 9mG_1m5dhmC1 9mG_1mr5dhmCt3ss   

 
0.0213 -0.0213 

0.0000 0.0000 

-0.0951 0.0951 

0.9985 0.0015 
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Table 1.4.3. Structures (best by DFT-H*). Mulliken charges (left column) and spin densities (right column). 
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Table 1.4.3. Structures (best by DFT-H*). Mulliken charges (left column) and spin densities (right column). 
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Table 1.4.4. Structures (best by DFT-H*). NBO charges (left column) and spin densities (right column). 

  

  
 

  

169



Table 1.4.4. Structures (best by DFT-H*). NBO charges (left column) and spin densities (right column). 

  

  
 

LINK 

/scr7/vasily/DNA/1mC/ 

/scr7/vasily/DNA/1mU/ 

/scr7/vasily/DNA/9mG_1mC/ 

/scr7/vasily/DNA/9mA_1mU/ 
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Table 1.5.1. Structures (best by DFT-H*) and the calculated BDE values. Mulliken charges (above) and spin densities (below). 

5-Sub. 
Substrate Product BDE 

Best str. Best str. DFT CBS 

m 

  

377.5 387.6 

 A_T1 A_r5mU1   

     

hm 

  

349.0 366.1 

 A_5hmU1 A_r5hmU21   

     

f 

  

391.8 398.8 

 A_5fU1 A_r5fU1   

     

dhm 

  

339.7 361.0 

 A_5dhmU1 A_r5dhmU1s7   
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Table 1.5.2. Structures (best by DFT-H*) and the calculated BDE values. Mulliken charges (above) and spin densities (below). 

5-

Sub. 

Substrate Product BDE 

Best str. Best str. DFT CBS 

m 

  

377.0 387.9 

 9mA_1mT 9mA_1mr5mU   

 
-0.0775 0.0775 

0.0000 0.0000 

-0.0783 0.0783 

0.9997 0.0003 
  

hm 

  

348.1 365.7 

 9mA_1m5hmU 9mA_1mr5hmU1   

 
-0.0788 0.0788 

0.0000 0.0000 

-0.0762 0.0762 

0.9995 0.0005 
  

f 

  

391.2 399.8 

 9mA_1m5fU1 9mA_1mr5fU   

 
-0.0859 0.0859 

0.0000 0.0000 

-0.0859 0.0859 

0.9980 0.0020 
  

dhm 

 
 

339.5 362.4 

 9mA_1m5dhmU1 9mA_1mr5dhmU_3iss   

 
-0.0884 0.0885 

0.0000 0.0000 
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Table 1.5.3. Structures (best by DFT-H*). Mulliken charges (left column) and spin densities (right column). 
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Table 1.5.4. Structures (best by DFT-H*). NBO charges (left column) and spin densities (right column). 
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LINK 

/scr7/vasily/DNA/1mC/ 

/scr7/vasily/DNA/1mU/ 

/scr7/vasily/DNA/9mG_1mC/ 

/scr7/vasily/DNA/9mA_1mU/ 
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2. Detailed results 
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Table 2.1.1. The Boltzmann averaged RSE and BDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic 

Approximation) (kJ/mol) 

Molecule Net 

Charge 

Multipl RSE/BDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔH298 ΔH298 ΔΔHSOLV 

= 

ΔRSESOLV 

ΔH298 ΔH298 ΔH298 ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

5mC 0 1 RSE 5.7 0.8 4.9 10.8 10.8 10.8 11.0 11.5 11.8 

 
  

BDE 381.2 376.3  386.3 386.3 386.3 386.5 387.0 387.3 

p_5mC 1 1 RSE 12.8 13.4 -0.6 17.4 17.8 17.9 16.8 17.3 17.5 

 
  

BDE 388.3 388.9  392.9 393.3 393.4 392.3 392.8 393.0 

             
5hmC 0 1 RSE -19.9 -42.0 22.1 11.7 9.9 8.8 -7.0 -8.3 -8.5 

 
  

BDE 355.6 333.5  387.2 385.4 384.3 368.5 367.2 367.0 

p_5hmC 1 1 RSE -16.9 -37.5 20.6 -3.2 -2.4 -1.9 -6.8 -7.4 -7.3 

 
  

BDE 358.6 338.0  372.3 373.1 373.6 368.7 368.1 368.2 

             
5fC 0 1 RSE 22.6 12.0 10.6 21.6 22.4 23.0 22.1 23.4 24.2 

 
  

BDE 398.1 387.5  397.1 397.9 398.5 397.6 398.9 399.7 

p_5fC 1 1 RSE 29.5 25.2 4.3 25.2 26.1 26.8 28.4 29.4 30.2 

 
  

BDE 405.0 400.7  400.7 401.6 402.3 403.9 404.9 405.7 

             
5dhmC 0 1 RSE -71.3 -108.5 37.2 -44.4 -46.7 -48.0 -53.5 -53.4 -54.0 

   BDE 304.2 267.0  331.1 328.8 327.5 322.0 322.1 321.5 

p_5dhmC 1 1 RSE -21.6 -30.7 9.2 -7.0 -7.1 -6.8 -17.9 -3.6 -3.4 

   BDE 353.9 344.8  368.5 368.4 368.7 357.6 371.9 372.1 
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Table 2.1.2. The Boltzmann averaged RSE and BDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic 

Approximation) (kJ/mol) 

Molecule Net 

Charge 

Multipl RSE/BDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔH298 ΔH298 ΔΔHSOLV 

= 

ΔRSESOLV 

ΔH298 ΔH298 ΔH298 ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

1m5mC 0 1 RSE 5.0 -3.4 8.4 11.0 11.6 12.0 11.0 11.6 12.0 

 
  

BDE 380.5 372.1  386.5 387.1 387.5 386.5 387.1 387.5 

p_1m5mC 1 1 RSE 13.5 12.9 0.7 18.8 19.0 19.2 18.4 18.7 18.9 

 
  

BDE 389.0 388.4  394.3 394.5 394.7 393.9 394.2 394.4 

             
1m5hmC 0 1 RSE -20.5 -46.1 25.6 0.1 0.1 -0.2 -6.7 -6.9 -7.8 

 
  

BDE 355.0 329.4  375.6 375.6 375.3 368.8 368.6 367.7 

p_1m5hmC 1 1 RSE -18.1 -37.6 19.6 -4.8 -3.4 -3.5 -7.9 -12.3 -8.1 

 
  

BDE 357.4 337.9  370.7 372.1 372.0 367.6 363.2 367.4 

             
1m5fC 0 1 RSE 22.2 8.3 13.9 22.0 23.4 24.3 22.1 23.4 24.3 

 
  

BDE 397.7 383.8  397.5 398.9 399.8 397.6 398.9 399.8 

p_1m5fC 1 1 RSE 28.8 24.3 4.5 25.2 26.4 27.5 28.0 28.5 29.9 

 
  

BDE 404.3 399.8  400.7 401.9 403.0 403.5 404.0 405.4 

             
1m5dhmC 0 1 RSE -70.9 -104.8 33.9 -53.7 -55.1 -55.9 -51.3 -52.4 -53.4 

   BDE 304.6 270.7  321.8 320.4 319.6 324.2 323.1 322.1 

p_1m5dhmC 1 1 RSE -17.1 -25.8 8.7 -3.4 -2.4 -3.1 -12.9 -12.2 -11.7 

   BDE 358.4 349.7  372.1 373.1 372.4 362.6 363.3 363.8 
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Table 2.1.3. The Boltzmann averaged RSE and BDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITH the addition of explicit water. (Quasi-Harmonic Approximation) 

(kJ/mol) 

Molecule Net 

Charge 

Multipl RSE/BDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔH298 ΔH298 ΔΔHSOLV 

= 

ΔRSESOLV 

ΔH298 ΔH298 ΔH298 ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

1m5mC 0 1 RSE 5.3 -5.4 10.7 20.5 14.4 5.9 1.7 12.4 9.2 

 
  

BDE 380.8 370.1  396.0 389.9 381.4 377.2 387.9 384.7 

p_1m5mC 1 1 RSE 11.7 13.7 -1.9 16.7 17.1 17.3 17.5 17.9 18.2 

 
  

BDE 387.2 389.2  392.2 392.6 392.8 393.0 393.4 393.7 

             

1m5hmC 0 1 RSE -20.7 -43.9 23.2 -6.7 -3.4 -1.9 -12.9 -12.5 -11.7 

 
  

BDE 354.8 331.6  368.8 372.1 373.6 362.6 363.0 363.8 

p_1m5hmC 1 1 RSE -19.1 -29.0 9.9 -6.7 -5.9 -5.5 -5.9 -5.9 -5.9 

 
  

BDE 356.4 346.5  368.8 369.6 370.0 369.6 369.6 369.6 

             

1m5fC 0 1 RSE 30.7 20.5 10.2 29.3 31.3 32.5 28.9 30.8 32.1 

 
  

BDE 406.2 396.0  404.8 406.8 408.0 404.4 406.3 407.6 

p_1m5fC 1 1 RSE 28.2 21.9 6.2 27.7 29.0 29.9 25.2 26.8 27.9 

 
  

BDE 403.7 397.4  403.2 404.5 405.4 400.7 402.3 403.4 

             

1m5dhmC 0 1 RSE -69.4 -105.8 36.4 -59.5 -58.5 -58.1 -49.1 -52.1 -51.6 

   BDE 306.1 269.7  316.0 317.0 317.4 326.4 323.4 323.9 

p_1m5dhmC 1 1 RSE -27.4 -28.5 1.1 -10.9 -10.8 -10.9 -15.3 -14.8 -17.4 

   BDE 348.1 347.0  364.6 364.7 364.6 360.2 360.7 358.1 

 

  

180



Table 2.1.4. The Boltzmann averaged ΔRSE and ΔBDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory as difference in RSE and BDE values between systems WITH and WITHOUT the 

addition of explicit water. (Quasi-Harmonic Approximation) (kJ/mol) 

Molecule Net 

Charge 

Multipl ΔRSE/ΔBDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔΔH298 ΔΔH298 ΔΔΔHSOLV 

= 

ΔΔRSESOLV 

ΔΔH298 ΔΔH298 ΔΔH298 ΔΔH298 

+ 

ΔΔRSESOLV 

ΔΔH298 

+ 

ΔΔRSESOLV 

ΔΔH298 

+ 

ΔΔRSESOLV 

1m5mC 0 1 ΔRSE/ΔBDE 0.4 -2.0 0.0 9.4 2.9 -6.1 -9.3 0.8 -2.8 

 
  

          

p_1m5mC 1 1 ΔRSE/ΔBDE -1.8 0.8 0.0 -2.2 -2.0 -1.9 -0.8 -0.8 -0.7 

 
  

          

             

1m5hmC 0 1 ΔRSE/ΔBDE -0.2 2.1 0.0 -6.8 -3.5 -1.8 -6.1 -5.7 -3.9 

 
  

          

p_1m5hmC 1 1 ΔRSE/ΔBDE -1.0 8.6 0.0 -1.9 -2.6 -2.1 2.0 6.4 2.2 

 
  

          

             

1m5fC 0 1 ΔRSE/ΔBDE 8.5 12.2 0.0 7.2 7.9 8.2 6.9 7.4 7.8 

 
  

          

p_1m5fC 1 1 ΔRSE/ΔBDE -0.6 -2.4 0.0 2.5 2.6 2.4 -2.8 -1.7 -2.0 

 
  

          

             

1m5dhmC 0 1 ΔRSE/ΔBDE 1.5 -1.0 0.0 -5.8 -3.4 -2.2 2.2 0.2 1.8 

             

p_1m5dhmC 1 1 ΔRSE/ΔBDE -10.3 -2.8 0.0 -7.5 -8.5 -7.8 -2.4 -2.7 -5.7 
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Table 2.2.1. The Boltzmann averaged RSE and BDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic 

Approximation) (kJ/mol) 

Molecule Net 

Charge 

Multipl RSE/BDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔH298 ΔH298 ΔRSESOLV ΔH298 ΔH298 ΔH298 ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

d_5mU -1 1 RSE -4.9 -20.5 15.6 -13.2 -12.6 -12.2 2.5 3.4 4.1 

   BDE 370.6 355.0  362.3 362.9 363.3 378.0 378.9 379.6 

5mU 0 1 RSE 2.6 -3.4 5.9 0.7 1.2 1.4 6.6 7.1 7.4 

   BDE 378.1 372.1  376.2 376.7 376.9 382.1 382.6 382.9 

             

d_5hmU -1 1 RSE -42.3 -45.6 3.4 -30.6 -28.4 -27.6 -22.8 -21.9 -21.3 

   BDE 333.2 329.9  344.9 347.1 347.9 352.7 353.6 354.2 

5hmU 0 1 RSE -28.8 -48.7 19.9 -40.0 -37.8 -36.6 -18.6 -16.6 -15.6 

   BDE 346.7 326.8  335.5 337.7 338.9 356.9 358.9 359.9 

             

d_5fU -1 1 RSE 12.9 7.9 5.0 5.7 6.7 7.5 12.2 13.3 14.0 

   BDE 388.4 383.4  381.2 382.2 383.0 387.7 388.8 389.5 

5fU 0 1 RSE 16.9 19.6 -2.8 15.9 17.3 18.5 16.7 17.9 18.7 

   BDE 392.4 395.1  391.4 392.8 394.0 392.2 393.4 394.2 

             

d_5dhmU -1 1 RSE -69.2 -99.2 30.0 -79.0 -77.1 -76.7 -47.6 -46.1 -45.8 

   BDE 306.3 276.3  296.5 298.4 298.8 327.9 329.4 329.7 

5dhmU 0 1 RSE -38.7 -70.9 32.2 -57.0 -55.9 -55.4 -24.8 -23.9 -23.6 

   BDE 336.8 304.6  318.5 319.6 320.1 350.7 351.6 351.9 
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Table 2.2.2. The Boltzmann averaged RSE and BDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic 

Approximation) (kJ/mol) 

Molecule Net 

Charge 

Multipl RSE/BDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔH298 ΔH298 ΔRSESOLV ΔH298 ΔH298 ΔH298 ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

d_1m5mU -1 1 RSE -4.1 -19.3 15.2 -12.2 -11.7 -11.3 3.0 3.6 3.9 

   BDE 371.4 356.2  363.3 363.8 364.2 378.5 379.1 379.4 

1m5mU 0 1 RSE 1.2 -5.0 6.2 -0.7 -0.3 -0.1 5.5 5.9 6.1 

   BDE 376.7 370.5  374.8 375.2 375.4 381.0 381.4 381.6 

             

d_1m5hmU -1 1 RSE -50.9 -93.9 42.9 -67.1 -66.3 -66.3 -25.8 -23.8 -23.3 

   BDE 324.6 281.6  308.4 309.2 309.2 349.7 351.7 352.2 

1m5hmU 0 1 RSE -28.3 -49.5 21.1 -40.8 -38.8 -37.8 -17.8 -16.5 -16.0 

   BDE 347.2 326.0  334.7 336.7 337.7 357.7 359.0 359.5 

             

d_1m5fU -1 1 RSE 10.9 14.6 -3.6 12.9 14.3 15.6 12.5 13.9 14.8 

   BDE 386.4 390.1  388.4 389.8 391.1 388.0 389.4 390.3 

1m5fU 0 1 RSE 17.0 19.7 -2.7 16.6 18.0 19.3 17.0 18.3 19.3 

   BDE 392.5 395.2  392.1 393.5 394.8 392.5 393.8 394.8 

             

d_1m5dhmU -1 1 RSE -70.5 -104.7 34.2 -81.9 -81.1 -81.3 -46.5 -46.0 -46.1 

   BDE 305.0 270.8  293.6 294.4 294.2 329.0 329.5 329.4 

1m5dhmU 0 1 RSE -34.3 -66.6 32.3 -57.7 -56.6 -56.0 -22.1 -21.2 -20.9 

   BDE 341.2 308.9  317.8 318.9 319.5 353.4 354.3 354.6 
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Table 2.2.3. The Boltzmann averaged RSE and BDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITH the addition of explicit water. (Quasi-Harmonic Approximation) 

(kJ/mol) 

Molecule Net 

Charge 

Multipl RSE/BDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔH298 ΔH298 ΔRSESOLV ΔH298 ΔH298 ΔH298 ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

ΔH298 

+ 

ΔRSESOLV 

d_1m5mU -1 1 RSE -2.8 -16.1 13.3 4.0 4.4 4.7 3.6 4.3 4.8 

   BDE 372.7 359.4  379.5 379.9 380.2 379.1 379.8 380.3 

1m5mU 0 1 RSE 3.1 -2.6 5.7 5.3 6.8 7.7 6.3 6.5 6.8 

   BDE 378.6 372.9  380.8 382.3 383.2 381.8 382.0 382.3 

             

d_1m5hmU -1 1 RSE -49.6 -87.0 37.4 -28.0 -26.1 -25.6 -25.1 -24.6 -24.6 

   BDE 325.9 288.5  347.5 349.4 349.9 350.4 350.9 350.9 

1m5hmU 0 1 RSE -27.4 -34.2 6.8 -10.0 -8.9 -8.2 -19.1 -18.0 -17.3 

   BDE 348.1 341.3  365.5 366.6 367.3 356.4 357.5 358.2 

             

d_1m5fU -1 1 RSE 11.9 18.0 -6.1 9.1 10.5 11.7 13.2 14.3 15.1 

   BDE 387.4 393.5  384.6 386.0 387.2 388.7 389.8 390.6 

1m5fU 0 1 RSE 17.6 22.2 -4.6 17.1 18.2 19.3 16.6 19.0 20.2 

   BDE 393.1 397.7  392.6 393.7 394.8 392.1 394.5 395.7 

             

d_1m5dhmU -1 1 RSE -65.0 -98.7 33.7 -41.1 -42.5 -43.4 -38.3 -39.6 -40.4 

   BDE 310.5 276.8  334.4 333.0 332.1 337.2 335.9 335.1 

1m5dhmU 0 1 RSE -43.0 -68.1 25.2 -31.9 -31.1 -30.8 -27.5 -26.4 -26.1 

   BDE 332.5 307.4  343.6 344.4 344.7 348.0 349.1 349.4 
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Table 2.2.4. The Boltzmann averaged ΔRSE and ΔBDE values calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory as difference in RSE and BDE values between systems WITH and WITHOUT the 

addition of explicit water. (Quasi-Harmonic Approximation) (kJ/mol) 

Molecule Net 

Charge 

Multipl ΔRSE/ΔBDE  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

ΔΔH298 ΔΔH298 ΔΔRSESOLV ΔΔH298 ΔΔH298 ΔΔH298 ΔΔH298 

+ 

ΔΔRSESOLV 

ΔΔH298 

+ 

ΔΔRSESOLV 

ΔΔH298 

+ 

ΔΔRSESOLV 

d_1m5mU -1 1 ΔRSE/ΔBDE 1.3 3.2 0.0 16.2 16.0 16.0 0.6 0.8 0.9 

             

1m5mU 0 1 ΔRSE/ΔBDE 1.9 2.4 0.0 6.1 7.1 7.8 0.8 0.6 0.7 

             

             

d_1m5hmU -1 1 ΔRSE/ΔBDE 1.4 6.9 0.0 39.1 40.2 40.7 0.6 -0.7 -1.3 

             

1m5hmU 0 1 ΔRSE/ΔBDE 0.9 15.2 0.0 30.8 29.9 29.6 -1.3 -1.4 -1.3 

             

             

d_1m5fU -1 1 ΔRSE/ΔBDE 0.9 3.4 0.0 -3.8 -3.8 -3.8 0.6 0.4 0.3 

             

1m5fU 0 1 ΔRSE/ΔBDE 0.5 2.5 0.0 0.5 0.2 0.0 -0.4 0.6 1.0 

             

             

d_1m5dhmU -1 1 ΔRSE/ΔBDE 5.5 6.0 0.0 40.9 38.6 37.8 8.2 6.5 5.7 

             

1m5dhmU 0 1 ΔRSE/ΔBDE -8.7 -1.6 0.0 25.8 25.5 25.2 -5.4 -5.2 -5.1 
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Table 2.3.1. Effect of base pairing on BDE values. 

5-Sub. q 

BDE Complexation 

DFT DFT 

1mC 9mG_1mC 9mG effect 9mG_1mC 9mG_1mC 

5-radical 

Δ 

m- 

-1       

0 380.5 380.7 0.2 -48.8 -48.6 0.2 

1 389.0      

hm- 

-1       

0 355.0 357.7 2.8 -49.1 -46.4 2.8 

1 357.4      

f- 

-1       

0 397.7 396.8 -0.9 -46.4 -47.3 -0.9 

1 404.3      

dhm- 

-1       

0 304.6 332.2 27.6 -50.2 -22.7 27.6 

1 358.4      
 

5-Sub. q 

BDE Complexation 

CBS CBS 

1mC 9mG_1mC 9mG effect 9mG_1mC 9mG_1mC 

5-radical 

Δ 

m- 

-1       

0 387.5 394.1 6.6 -39.5 -32.9 6.6 

1 394.4      

hm- 

-1       

0 367.7 373.6 5.9 -40.5 -34.6 5.9 

1 367.4      

f- 

-1       

0 399.8 405.8 6.0 -39.1 -33.1 6.0 

1 405.4      

dhm- 

-1       

0 322.1 352.4 30.3 -39.3 -9.0 
30.3 

2.4+27.9 

1 363.8      
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Table 2.3.2. Effect of base pairing on BDE values. 

5-Sub. q 

BDE Complexation 

DFT DFT 

1mU 9mA_1mU 9mA effect 9mA_1mU 9mA_1mU 

5-radical 

Δ 

m- 

-1 371.4      

0 376.7 377.0 0.3 -33.6 -33.3 0.3 

1       

hm- 

-1 324.6      

0 347.2 348.1 0.9 -36.4 -35.5 0.9 

1       

f- 

-1 386.4      

0 392.5 391.2 -1.4 -35.9 -37.2 -1.4 

1       

dhm- 

-1 305.0      

0 341.2 339.5 -1.7 -36.7 -38.4 -1.7 

1       
 

5-Sub. q 

BDE Complexation 

CBS CBS 

1mU 9mA_1mU 9mA effect 9mA_1mU 9mA_1mU 

5-radical 

Δ 

m- 

-1 379.4      

0 381.6 387.9 6.3 -27.6 -21.3 6.3 

1       

hm- 

-1 352.2      

0 359.5 365.7 6.2 -28.7 -22.5 6.2 

1       

f- 

-1 390.3      

0 394.8 399.8 5.0 -29.4 -24.4 5.0 

1       

dhm- 

-1 329.4      

0 354.6 362.4 7.8 -30.8 -23.0 7.8 

1       
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Table 2.4.1. Structures and Boltzmann averaged complexation enthalpies calculated by SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p). The best conformer/tautomer in terms of 

enthalpy is shown (∆∆H𝑠𝑜𝑙
∗ = 0.0), for not the best structures, the relative enthalpy (∆∆H𝑠𝑜𝑙

∗ > 0.0) is assigned below 

 
Substrate 

Product 
Substrate Product Complexation  

DFT 

Complexation  

CBS 

5-Sub. File Name File Name File Name 
Best str./ 

same str. 
Best str. Best str. ∆H𝑠𝑜𝑙

∗  ∆∆H𝑠𝑜𝑙
∗  ∆H𝑠𝑜𝑙

∗  ∆∆H𝑠𝑜𝑙
∗  

 C1 G G_C1 

 

 

 

-49.6 0.0 -40.4 0.0 

 1mC 9mG 9mG_1mC 

 
 

 

-49.4 0.0 -40.1 0.0 

m 1m5mC 9mG 9mG_1m5mC 

 
 

 

-48.8 0.0 -39.5 0.0 

hm 1m5hmCh 9mG 9mG_1m5hmCh 

 
 

 

-49.1 0.0 -40.5 0.0 

f 1m5fCb 9mG 9mG_1m5fC 

 
 

 

-46.4 0.0 -39.1 0.0 

dhm 1m5dhmCha 9mG 9mG_1m5dhmC1 

 
 

 

-50.2 0.0 -39.3 0.0 

ca 

1m5caC7_a 9mG 9mG_1m5caC1 

 
 

 

-43.1 0.0 -39.5 0.0 

1m5caC3_b 9mG 9mG_1m5caC1 
 

+3.8 
 

 

-46.9 -3.8  
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Table 2.4.2. Structures and Boltzmann averaged complexation enthalpies calculated by SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p). The best conformer/tautomer in terms of 

enthalpy is shown (∆∆H𝑠𝑜𝑙
∗ = 0.0), for not the best structures, the relative enthalpy (∆∆H𝑠𝑜𝑙

∗ > 0.0) is assigned below 

 Substrate 
Product 

Substrate Product Complexation 

DFT 

Complexation 

CBS 

 
File Name File Name File Name 

Best str./ 

same str. 
Best str. ∆H𝑠𝑜𝑙

∗  ∆H𝑠𝑜𝑙
∗  ∆∆H𝑠𝑜𝑙

∗  ∆H𝑠𝑜𝑙
∗  ∆∆H𝑠𝑜𝑙

∗  

m 5r_1m5mC 9mG 9mG_1mr5mC 

 

 

 

-48.6 0.0 -32.9 0.0 

hm 5r_1m5hmC1c 9mG 9mG_1mr5hmC1 

 

 

 

-46.4 0.0 -34.6 0.0 

f 5r_1m5fCb 9mG 9mG_1mr5fC 

 

 

 

-47.3 0.0 -33.1 0.0 

dhm 

5r_1m5dhmCd9 9mG 9mG_1mr5dhmCt3ss 

 
NEUTRAL 

 
NEUTRAL  

NEUTRAL 

-22.7 0.0 -9.0 0.0 

5r_1m5dhmCd9 9mG 9mG_1mr5dhmC 

 
NEUTRAL 

 
NEUTRAL 

 
 

NEUTRAL 

+34.8 

+34.7 

+12.1 +34.8   

5r_1m5dhmCa1 9mG 9mG_1mr5dhmC 
 

+64.2 

+62.6 

 
 

+34.8 

+34.7 

-52.1 

+34.8 

-64.2 

= 

-29.4 

-36.9 

+34.7 

-62.6 

= 

-27.9 
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Table 2.5.1. Structures and complexation enthalpies calculated by SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) 

 
Substrate 

Product Substrate 
Product Complexation 

DFT 

Complexation 
CBS 

5-

Sub. 
File Name 

File 

Name 
File Name 

Best str./ 

same str. 
Best str. ∆H𝑠𝑜𝑙

∗  ∆H𝑠𝑜𝑙
∗  ∆∆H𝑠𝑜𝑙

∗  ∆H𝑠𝑜𝑙
∗  ∆∆H𝑠𝑜𝑙

∗  

 U14 A A_U1 

 
 

 

-36.6 0.0 -29.6 0.0 

 1mU3 9mA 9mA_1mU 

 

 

 

-34.3 0.0 -61.3 0.0 

m 1m5mU 9mA 9mA_1mT 

 

 

 

-33.6 0.0 -27.6 0.0 

hm 1m5hmU2 9mA 9mA_1m5hmU 

 

 

 

-36.4 0.0 -28.7 0.0 

f 

1m5fU3_ 9mA 9mA_1m5fU1 

 
 

 

-35.9 0.0 -29.4 0.0 

1m5fU3_a 9mA 9mA_1m5fU1 

 
+0.5 

 

 

-36.4 -0.5   
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dhm 1m5dhmU_a_10 9mA 9mA_1m5dhmU1 

 

 

 

-36.7 0.0 -30.8 0.0 

ca 1m5caU35_a 9mA 9mA_1m5caU1 

 
 

 

-36.7 0.0 -29.1 0.0 

 

Table 2.5.2. Structures and complexation enthalpies calculated by SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) 

 
Substrate 

Product Substrate 
Product Complexation 

DFT 

Complexation 
CBS 

5-

Sub. 
File Name 

File 

Name 
File Name 

Best str./ 

same str. 
∆H𝑠𝑜𝑙

∗  ∆∆H𝑠𝑜𝑙
∗  ∆H𝑠𝑜𝑙

∗  ∆∆H𝑠𝑜𝑙
∗  ∆H𝑠𝑜𝑙

∗  ∆∆H𝑠𝑜𝑙
∗  

m 5r_1m5mU 9mA 9mA_1mr5mU 

 

 

 

-33.3 0.0 -21.3 0.0 

hm 5r_1m5hmU32_b 9mA 9mA_1mr5hmU1 

 

 

 

-35.5 0.0 -22.5 0.0 

f 5r_1m5fU3_b 9mA 9mA_1mr5fU 

 
 

 

-37.2 0.0 -24.4 0.0 

dhm 5r_1m5dhmU_32_b_a 9mA 9mA_1mr5dhmU_3iss 

 

 

 

-38.4 0.0 -23.0 0.0 

 191



3. Boltzmann 

Averaged Data 
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Table 3.1.1. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

CH3-Ph 0 1 -271.4636040 -271.4626275 -0.0009765 -270.9115772 -270.9889446 -271.0372150 -270.9125537 -270.9899211 -271.0381915 

•CH2-Ph 0 2 -270.8246499 -270.8239369 -0.0007130 -270.2717247 -270.3478077 -270.3952238 -270.2724377 -270.3485207 -270.3959368 
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Table 3.2.1. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

C 0 1 -394.9002852 -394.8630216 -0.0372637 -394.1901311 -394.3090823 -394.3824296 -394.2229695 -394.3426726 -394.4163627 

p_C 1 1 -395.3402582 -395.2277152 -0.1125430 -394.5569036 -394.6731181 -394.7449135 -394.6664686 -394.7827477 -394.8546113 

            

5mC 0 1 -434.1948936 -434.1579944 -0.0368993 -433.4042339 -433.5347888 -433.6154152 -433.4368219 -433.5681545 -433.6491569 

r_5mC 0 2 -433.5537729 -433.5190049 -0.0347681 -432.7621167 -432.8913965 -432.9711715 -432.7924973 -432.9223705 -433.0023986 

p_5mC 1 1 -434.6358882 -434.5276891 -0.1081991 -433.7756603 -433.9036812 -433.9828680 -433.8809986 -434.0090800 -434.0883237 

pr_5mC 1 2 -433.9920718 -433.8838962 -0.1081756 -433.1289290 -433.2555416 -433.3338079 -433.2344797 -433.3611077 -433.4394111 

            
5hmC 0 1 -509.4145310 -509.3732999 -0.0412311 -508.5223747 -508.6772191 -508.7727253 -508.5592912 -508.7149302 -508.8108203 

r_5hmC 0 2 -508.7831389 -508.7505939 -0.0325450 -507.8864902 -508.0407372 -508.1358034 -507.9218394 -508.0766903 -508.1717891 

p_5hmC 1 1 -509.8541340 -509.7381814 -0.1159526 -508.8898892 -509.0421492 -509.1361814 -509.0028449 -509.1550559 -509.2491150 

pr_5hmC 1 2 -509.2216057 -509.1137582 -0.1078474 -508.2590957 -508.4097608 -508.5027522 -508.3653216 -508.5164837 -508.6096518 

            
5fC 0 1 -508.2303128 -508.1940904 -0.0362224 -507.3450550 -507.4973134 -507.5911362 -507.3773748 -507.5303044 -507.6244223 

r_5fC 0 2 -507.5827454 -507.5508132 -0.0319322 -506.7010189 -506.8516567 -506.9444084 -506.7288353 -506.8800087 -506.9729640 

p_5fC 1 1 -508.6646309 -508.5456219 -0.1190090 -507.6996487 -507.8490624 -507.9412490 -507.8176793 -507.9671595 -508.0594140 

pr_5fC 1 2 -508.0144230 -507.8973217 -0.1171014 -507.0518565 -507.1996266 -507.2906860 -507.1667467 -507.3145491 -507.4056583 

            
5dhmC 0 1 -584.6470168 -584.6006968 -0.0463199 -583.6539392 -583.8329866 -583.9434257 -583.6966148 -583.8764511 -583.9872316 

r_5dhmC 0 2 -584.0352135 -584.0033428 -0.0318706 -583.0451685 -583.2238161 -583.3339080 -583.0768619 -583.2553883 -583.3655281 

p_5dhmC 1 1 -585.0856230 -584.9676398 -0.1179832 -584.0234104 -584.1995284 -584.3083261 -584.1393633 -584.3154649 -584.4242682 

pr_5dhmC 1 2 -584.4548875 -584.3406585 -0.1142290 -583.3897198 -583.5645822 -583.6723995 -583.5060589 -583.6754214 -583.7832898 

 
  

         

d_5caC -1 1 -583.0421912 -582.9277882 -0.1144029 -581.9670249 -582.1509334 -582.2635259 -582.0814923 -582.2653868 -582.3779745 

5caC 0 1 -583.4839942 -583.4461629 -0.0378314 -582.5020037 -582.6786761 -582.7875733 -582.5348828 -582.7121301 -582.8213558 

p_5caC 1 1 -583.9180477 -583.8023071 -0.1157405 -582.8605021 -583.0342190 -583.1414065 -582.9753375 -583.1490837 -583.2563229 
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Table 3.2.2. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

1mC 0 1 -434.1828809 -434.1483167 -0.0345642 -433.3905446 -433.5213513 -433.6020400 -433.4251088 -433.5559155 -433.6366042 

p_1mC 1 1 -434.6242995 -434.5186796 -0.1056199 -433.7665914 -433.8941713 -433.9731067 -433.8691372 -433.9968475 -434.0758679 

            

1m5mC 0 1 -473.4772959 -473.4425587 -0.0347372 -472.6041522 -472.7465964 -472.8346048 -472.6388893 -472.7813336 -472.8693420 

r_1m5mC 0 2 -472.8364535 -472.8051645 -0.0312890 -471.9632832 -472.1042371 -472.1912405 -471.9945722 -472.1355261 -472.2225295 

p_1m5mC 1 1 -473.9200379 -473.8181780 -0.1018599 -472.9851439 -473.1244898 -473.2107888 -473.0838835 -473.2233626 -473.3097423 

pr_1m5mC 1 2 -473.2759310 -473.1745921 -0.1013389 -472.3383798 -472.4763556 -472.5617533 -472.4367674 -472.5748317 -472.6602941 

            
1m5hmC 0 1 -548.6971223 -548.6575170 -0.0396054 -547.7218813 -547.8886965 -547.9915901 -547.7615266 -547.9286475 -548.0312196 

r_1m5hmC 0 2 -548.0659799 -548.0363757 -0.0296042 -547.0917352 -547.2572641 -547.3593939 -547.1239755 -547.2898562 -547.3919294 

p_1m5hmC 1 1 -549.1375754 -549.0283743 -0.1092011 -548.0988038 -548.2626612 -548.3635893 -548.2049976 -548.3599575 -548.4700231 

pr_1m5hmC 1 2 -548.5055028 -548.4040235 -0.1014793 -547.4682357 -547.6302613 -547.7303740 -547.5678811 -547.7232318 -547.8308546 

            
1m5fC 0 1 -547.5142059 -547.4808442 -0.0333618 -546.5472962 -546.7113818 -546.8125323 -546.5806589 -546.7447450 -546.8458955 

r_1m5fC 0 2 -546.8667838 -546.8389978 -0.0277859 -545.9043619 -546.0666441 -546.1665986 -545.9321438 -546.0944334 -546.1943918 

p_1m5fC 1 1 -547.9493050 -547.8388851 -0.1104199 -546.9105186 -547.0713535 -547.1707118 -547.0207721 -547.1816715 -547.2810553 

pr_1m5fC 1 2 -547.2993792 -547.1909313 -0.1084479 -546.2627613 -546.4218568 -546.5199468 -546.3699912 -546.5294036 -546.6274083 

            
1m5dhmC 0 1 -623.9295773 -623.8869992 -0.0425780 -622.8556760 -623.0464682 -623.1642105 -622.8988207 -623.0896872 -623.2074402 

r_1m5dhmC 0 2 -623.3176379 -623.2882291 -0.0294087 -622.2491941 -622.4392134 -622.5564204 -622.2782433 -622.4682335 -622.5855381 

p_1m5dhmC 1 1 -624.3695957 -624.2583499 -0.1112459 -623.2328294 -623.4206865 -623.5361777 -623.3419509 -623.5295365 -623.6454706 

pr_1m5dhmC 1 2 -623.7371530 -623.6294700 -0.1076830 -622.5975675 -622.7837497 -622.8986641 -622.7067502 -622.8927674 -623.0076679 

 
  

         
d_1m5caC -1 1 -622.3248894 -622.2117856 -0.1131038 -621.1709784 -621.3658121 -621.4853136 -621.2840822 -621.4789159 -621.5984174 

1m5caC 0 1 -622.7680558 -622.7321466 -0.0359092 -621.7033812 -621.8918541 -622.0080775 -621.7379119 -621.9264868 -622.0424962 

p_1m5caC 1 1 -623.2027056 -623.0947087 -0.1079969 -622.0706377 -622.2557768 -622.3701232 -622.1784518 -622.3638313 -622.4780510 
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Table 3.2.3. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITH the addition of explicit water. (Quasi-Harmonic Approximation) (for 1 
mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS // 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

1m5mC 0 1 -549.9076660 -549.8669149 -0.0407511 -548.9244369 -549.0936364 -549.1979438 -548.9662454 -549.1355689 -549.2398756 

r_1m5mC 0 2 -549.2666813 -549.2302670 -0.0364143 -548.2808642 -548.4510728 -548.5577822 -548.3254747 -548.4894550 -548.5941195 

p_1m5mC 1 1 -550.3505541 -550.2550684 -0.0954857 -549.3160046 -549.4811336 -549.5833101 -549.4125569 -549.5778461 -549.6800806 

pr_1m5mC 1 2 -549.7071269 -549.6111720 -0.0959549 -548.6690705 -548.8327643 -548.9340105 -548.7657620 -548.9296099 -549.0308979 

            

1m5hmC 0 1 -625.1272570 -625.0831647 -0.0440923 -624.0418193 -624.2358525 -624.3552840 -624.0889121 -624.2822544 -624.4014369 

r_1m5hmC 0 2 -624.4961903 -624.4612101 -0.0349802 -623.4133832 -623.6048535 -623.7228807 -623.4536939 -623.6456273 -623.7636258 

p_1m5hmC 1 1 -625.5691043 -625.4671266 -0.1019777 -624.4316752 -624.6211194 -624.7381787 -624.5346008 -624.7244429 -624.8415118 

pr_1m5hmC 1 2 -624.9374176 -624.8394839 -0.0979337 -623.7981516 -623.9860266 -624.1020722 -623.8967259 -624.0852762 -624.2014925 

 -1 2          

1m5fC 0 1 -623.9436718 -623.9046318 -0.0390400 -622.8661426 -623.0573583 -623.1749587 -622.9071879 -623.0981599 -623.2156144 

r_1m5fC 0 2 -623.2930148 -623.2581321 -0.0348827 -622.2190376 -622.4082071 -622.5244705 -622.2560625 -622.4450125 -622.5611380 

p_1m5fC 1 1 -624.3813547 -624.2789275 -0.1024272 -623.2471137 -623.4337169 -623.5489590 -623.3499009 -623.5367215 -623.6520588 

pr_1m5fC 1 2 -623.7316709 -623.6318829 -0.0997881 -622.5990868 -622.7839151 -622.8979599 -622.7001758 -622.8851139 -622.9991651 

 -1 2          

1m5dhmC 0 1 -700.3599577 -700.3127200 -0.0472378 -699.1758447 -699.3940082 -699.5283679 -699.2274677 -699.4440190 -699.5776351 

r_1m5dhmC 0 2 -699.7474408 -699.7143130 -0.0331278 -698.5725055 -698.7889948 -698.9223577 -698.6060472 -698.8224703 -698.9550341 

p_1m5dhmC 1 1 -700.8005960 -700.6941548 -0.1064412 -699.5635963 -699.7771410 -699.9090081 -699.6715418 -699.8851161 -700.0157566 

pr_1m5dhmC 1 2 -700.1720863 -700.0663363 -0.1057500 -698.9283144 -699.1405597 -699.2715892 -699.0372466 -699.2493592 -699.3801233 

            

d_1m5caC -1 1 -698.7562066 -698.6478637 -0.1083428 -697.5033405 -697.5033405 -697.8599491 -697.6125406 -697.6125406 -697.9692036 

1m5caC 0 1 -699.1990162 -699.1557079 -0.0433083 -698.0242067 -698.2387628 -698.3711174 -698.0662340 -698.2806319 -698.4130259 

p_1m5caC 1 1 -699.6356477 -699.5341491 -0.1014986 -698.4067503 -698.6176297 -698.7478558 -698.5084476 -698.7195556 -698.8498601 
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Table 3.3.1. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS // 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

d_U -1 1 -414.3302851 -414.2305472 -0.0997379 -413.5342211 -413.6649952 -413.7449751 -413.6338620 -413.7645658 -413.8445978 

U 0 1 -414.7864773 -414.7597206 -0.0267567 -414.0749408 -414.2002966 -414.2775394 -414.1016974 -414.2270532 -414.3042960 

            

d_5mU -1 1 -453.6242205 -453.5242098 -0.1000107 -452.7479646 -452.8899348 -452.9770540 -452.8478512 -452.9899794 -453.0773081 

dr_5mU -1 2 -452.9871219 -452.8933095 -0.0938124 -452.1131348 -452.2536052 -452.3397274 -452.2067898 -452.3472763 -452.4334975 

5mU 0 1 -454.0822391 -454.0565933 -0.0256458 -453.2910403 -453.4278916 -453.5124007 -453.3166861 -453.4535374 -453.5380465 

r_5mU 0 2 -453.4423096 -453.4191907 -0.0231189 -452.6509246 -452.7863003 -452.8698648 -452.6740434 -452.8094191 -452.8929836 

            
d_5hmU -1 1 -528.8462865 -528.7464771 -0.0998094 -527.8720926 -528.0389514 -528.1412151 -527.9718540 -528.1390391 -528.2415041 

dr_5hmU -1 2 -528.2234248 -528.1251554 -0.0982694 -527.2438983 -527.4086343 -527.5097383 -527.3404187 -527.5059678 -527.6073686 

5hmU 0 1 -529.3010986 -529.2692072 -0.0318914 -528.4062670 -528.5678802 -528.6674695 -528.4387208 -528.6002476 -528.6997884 

r_5hmU 0 2 -528.6731301 -528.6490765 -0.0240536 -527.7816625 -527.9411291 -528.0394298 -527.8057054 -527.9651688 -528.0634690 

            
d_5fU -1 1 -527.6652465 -527.5749671 -0.0902794 -526.7038296 -526.8672676 -526.9675542 -526.7949608 -526.9584859 -527.0586998 

dr_5fU -1 2 -527.0213802 -526.9332749 -0.0881052 -526.0618171 -526.2235889 -526.3227121 -526.1501925 -526.3120103 -526.4111237 

5fU 0 1 -528.1109990 -528.0812198 -0.0297792 -527.2218447 -527.3802054 -527.4778449 -527.2530378 -527.4113322 -527.5088291 

r_5fU 0 2 -527.4656240 -527.4350570 -0.0305670 -526.5759266 -526.7324818 -526.8288189 -526.6065636 -526.7631184 -526.8594524 

            
d_5dhmU -1 1 -604.0794988 -603.9651873 -0.1143115 -602.9964660 -603.1883838 -603.3058737 -603.1111220 -603.3028611 -603.4202683 

dr_5dhmU -1 2 -603.4669081 -603.3642873 -0.1026208 -602.3866879 -602.5766077 -602.6931029 -602.4891356 -602.6790110 -602.7954745 

5dhmU 0 1 -604.5343668 -604.4965356 -0.0378312 -603.5380649 -603.7237970 -603.8382452 -603.5759197 -603.7615766 -603.8759492 

r_5dhmU 0 2 -603.9101616 -603.8848621 -0.0252996 -602.9199055 -603.1039447 -603.2173557 -602.9452461 -603.1292794 -603.2426678 

            
dd_5caU -2 1 -602.4666676 -602.1558041 -0.3108635 -601.1754808 -601.3720381 -601.4915245 -601.4810899 -601.6788945 -601.7990454 

d_5caU -1 1 -602.9248548 -602.8357105 -0.0891443 -601.8713919 -602.0591596 -602.1744431 -601.9606827 -602.1482991 -602.2635053 

5caU 0 1 -603.3699158 -603.3355081 -0.0344077 -602.3819889 -602.5647503 -602.6773400 -602.4164043 -602.5991654 -602.7117546 
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Table 3.3.2. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS // 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

d_1mU -1 1 -453.6090357 -453.4905081 -0.1185276 -452.7157914 -452.8584425 -452.9456590 -452.8343190 -452.9769701 -453.0641866 

1mU 0 1 -454.0697788 -454.0456597 -0.0241191 -453.2629161 -453.4165035 -453.4838306 -453.2911537 -453.4406225 -453.5122603 

            

d_1m5mU -1 1 -492.9030190 -492.7858194 -0.1171996 -491.9316243 -492.0853931 -492.1797288 -492.0488239 -492.2025928 -492.2969285 

dr_1m5mU -1 2 -492.2656226 -492.1544902 -0.1111324 -491.2964336 -491.4486981 -491.5420425 -491.4075660 -491.5598305 -491.6531749 

1m5mU 0 1 -493.3647614 -493.3421536 -0.0226078 -492.4957950 -492.6438314 -492.7353695 -492.5184028 -492.6664392 -492.7579773 

r_1m5mU 0 2 -492.7253469 -492.7053748 -0.0199721 -491.8562154 -492.0028104 -492.0934183 -491.8761875 -492.0227825 -492.1133904 

            
d_1m5hmU -1 1 -568.1248431 -568.0114126 -0.1134304 -567.0594157 -567.2378106 -567.3471854 -567.1727954 -567.3511701 -567.4605404 

dr_1m5hmU -1 2 -567.5052927 -567.4084798 -0.0968129 -566.4451210 -566.6219313 -566.7304575 -566.5424904 -566.7188535 -566.8271609 

1m5hmU 0 1 -568.5839058 -568.5549199 -0.0289859 -567.6110754 -567.7838892 -567.8905119 -567.6407342 -567.8134559 -567.9200324 

r_1m5hmU 0 2 -567.9557329 -567.9350639 -0.0206690 -566.9867507 -567.1575122 -567.2629009 -567.0073922 -567.1783493 -567.2838701 

            
d_1m5fU -1 1 -566.9402439 -566.8323004 -0.1079435 -565.8814191 -566.0568917 -566.1644979 -565.9906179 -566.1660763 -566.2735195 

dr_1m5fU -1 2 -566.2971239 -566.1880636 -0.1090603 -565.2366686 -565.4103166 -565.5165803 -565.3457239 -565.5193701 -565.6256291 

1m5fU 0 1 -567.3947807 -567.3681272 -0.0266536 -566.4275579 -566.5971494 -566.7018398 -566.4555113 -566.6250569 -566.7296194 

r_1m5fU 0 2 -566.7493358 -566.7219185 -0.0274173 -565.7813798 -565.9491405 -566.0525071 -565.8089080 -565.9766694 -566.0800324 

            
d_1m5dhmU -1 1 -643.3610219 -643.2472046 -0.1138173 -642.1993575 -642.4018710 -642.5261223 -642.3133462 -642.5157907 -642.6399972 

dr_1m5dhmU -1 2 -642.7489352 -642.6483947 -0.1005405 -641.5907117 -641.7916211 -641.9150794 -641.6909511 -641.8919296 -642.0152896 

1m5dhmU 0 1 -643.8179202 -643.7832937 -0.0346265 -642.7436965 -642.9406583 -643.0621544 -642.7782553 -642.9751516 -643.0965932 

r_1m5dhmU 0 2 -643.1920155 -643.1699588 -0.0220567 -642.1258227 -642.3210711 -642.4414893 -642.1465430 -642.3418437 -642.4623053 

            
dd_1m5caU -2 1 -641.7428765 -641.4092049 -0.3336716 -640.3465100 -640.5554838 -640.6825624 -640.6801816 -640.8891554 -641.0162340 

d_1m5caU -1 1 -642.2051778 -642.1033062 -0.1018715 -641.0595058 -641.2588416 -641.3812199 -641.1612901 -641.3605782 -641.4829313 

1m5caU 0 1 -642.6539236 -642.6228380 -0.0310856 -641.5881574 -641.7821900 -641.9018553 -641.6192513 -641.8132840 -641.9329493 

  

198



Table 3.3.3. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITH the addition of explicit water. (Quasi-Harmonic Approximation) (for 1 
mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS // 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

d_1m5mU -1 1 -569.3348997 -569.2219672 -0.1129324 -568.2632957 -568.4436454 -568.5542013 -568.3765561 -568.5569261 -568.6674824 

dr_1m5mU -1 2 -568.6970106 -568.5894231 -0.1075875 -567.6270007 -567.8059250 -567.9155107 -567.7350626 -567.9138751 -568.0234002 

1m5mU 0 1 -569.7939381 -569.7627595 -0.0311786 -568.8126939 -568.9876531 -569.0956531 -568.8447766 -569.0196091 -569.1274253 

r_1m5mU 0 2 -569.1538187 -569.1250783 -0.0287405 -568.1729792 -568.3460866 -568.4529187 -568.2022736 -568.3757141 -568.4825881 

            

d_n1m5hmU -1 1 -644.5572704 -644.4458597 -0.1114107 -643.3892885 -643.5944376 -643.7200997 -643.5024416 -643.7069231 -643.8323433 

dr_1m5hmU -1 2 -643.9372036 -643.8402962 -0.0969074 -642.7743373 -642.9774685 -643.1020951 -642.8719039 -643.0748741 -643.1994606 

1m5hmU 0 1 -645.0149351 -644.9802946 -0.0346405 -643.9333504 -644.1323891 -644.2550638 -643.9690504 -644.1680957 -644.2907691 

r_1m5hmU 0 2 -644.3864266 -644.3546353 -0.0317914 -643.2998748 -643.4972239 -643.6187826 -643.3361928 -643.5335344 -643.6550878 

            

d_1m5fU -1 1 -643.3712968 -643.2662239 -0.1050729 -642.2113012 -642.4134043 -642.5372039 -642.3180585 -642.5200915 -642.6437394 

dr_1m5fU -1 2 -642.7278177 -642.6206776 -0.1071401 -641.5656541 -641.7659462 -641.8884199 -641.6729242 -641.8732331 -641.9957408 

1m5fU 0 1 -643.8235312 -643.7908247 -0.0327065 -642.7485889 -642.9443490 -643.0650163 -642.7813633 -642.9779151 -643.0988171 

r_1m5fU 0 2 -643.1778808 -643.1436697 -0.0342112 -642.1004619 -642.2945100 -642.4138991 -642.1349118 -642.3292804 -642.4488595 

            

d_1m5dhmU -1 1 -719.7939418 -719.6814864 -0.1124554 -718.5299851 -718.7581544 -718.8982553 -718.6446181 -718.8728027 -719.0129127 

dr_1m5dhmU -1 2 -719.1797571 -719.0803975 -0.0993596 -717.9186100 -718.1460244 -718.2856456 -718.0191084 -718.2464727 -718.3860526 

1m5dhmU 0 1 -720.2478560 -720.2070818 -0.0407743 -719.0638204 -719.2868344 -719.4242934 -719.1064785 -719.3295390 -719.4670096 

r_1m5dhmU 0 2 -719.6252724 -719.5943447 -0.0309276 -718.4456930 -718.6671254 -718.8036029 -718.4768312 -718.6981965 -718.8346812 

            

dd_1m5caU -2 1 -718.1754864 -717.8586859 -0.3168004 -716.6926733 -716.9274261 -717.0704724 -717.0103045 -717.2450355 -717.3880003 

d_1m5caU -1 1 -718.6363203 -718.5340537 -0.1022665 -717.3630599 -717.5901115 -717.7293293 -717.4856701 -717.7128186 -717.8520714 

1m5caU 0 1 -719.0824336 -719.0473340 -0.0350996 -717.9100384 -718.1302493 -718.2659196 -717.9454482 -718.1661159 -718.3020095 
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Table 3.4.1. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

G_5mC 0 1 -976.7341745 -976.6831386 -0.0510358 -975.0015105 -975.2944940 -975.4756601 -975.0525505 -975.3455323 -975.5266977 

G_r5mC 0 2 -976.0928486 -976.0437996 -0.0490490 -974.3566246 -974.6481058 -974.8282631 -974.4056736 -974.6971547 -974.8773120 

 1 1          
 1 2          
            

G_5hmC 0 1 -1051.9532312 -1051.8941581 -0.0590731 -1050.1156746 -1050.4331207 -1050.6292241 -1050.1747477 -1050.4921938 -1050.6882972 

G_r5hmC 0 2 -1051.3197880 -1051.2640915 -0.0556965 -1049.4783334 -1049.7940234 -1049.9889830 -1049.5340300 -1049.8497199 -1050.0446795 

 1 1          
 1 2          
            

G_5fC 0 1 -1050.7691449 -1050.7142501 -0.0548947 -1048.9385966 -1049.2531381 -1049.4473908 -1048.9934923 -1049.3080339 -1049.5022865 

G_r5fC 0 2 -1050.1216451 -1050.0727206 -0.0489245 -1048.2940078 -1048.6066209 -1048.7995810 -1048.3429392 -1048.6555538 -1048.8485148 

 1 1          
 1 2          
            

G_5dhmC 0 1 -1127.1867513 -1127.1260700 -0.0606813 -1125.2514788 -1125.5928592 -1125.8037810 -1125.3121604 -1125.6535406 -1125.8644624 

G_r5dhmC 0 2 -1126.5638232 -1126.4956459 -0.0681772 -1124.6113561 -1124.9520900 -1125.1624145 -1124.6799228 -1125.0206631 -1125.2310013 

 1 1          
 1 2          
            

 -1 1          
G_5caC 0 1 -1126.0215908 -1125.9664601 -0.0551307 -1124.0953731 -1124.4342919 -1124.6436063 -1124.1506462 -1124.4895635 -1124.6988755 

 1 1          
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Table 3.4.2. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

9mG_1m5mC 0 1 -1055.3009467 -1055.2560800 -0.0448667 -1053.4130116 -1053.7281926 -1053.9233484 -1053.4578783 -1053.7730593 -1053.9682151 

9mG_1mr5mC 0 2 -1054.6600169 -1054.6171231 -0.0428938 -1052.7681072 -1053.0818261 -1053.2759935 -1052.8110010 -1053.1247199 -1053.3188873 

 1 1          
 1 2          
            

9mG_1m5hmC 0 1 -1130.5208937 -1130.4686795 -0.0522143 -1128.5283412 -1128.8679885 -1129.0781160 -1128.5807377 -1128.9203706 -1129.1304829 

9mG_1mr5hmC 0 2 -1129.8887011 -1129.8374166 -0.0512845 -1127.8900139 -1128.2284384 -1128.4375782 -1127.9413623 -1128.2798089 -1128.4889495 

 1 1          
 1 2          
            

9mG_1m5fC 0 1 -1129.3369215 -1129.2881529 -0.0487686 -1127.3505999 -1127.6874995 -1127.8958386 -1127.3993684 -1127.7362680 -1127.9446071 

9mG_1mr5fC 0 2 -1128.6898606 -1128.6471047 -0.0427559 -1126.7061209 -1127.0410529 -1127.2480704 -1126.7488768 -1127.0838088 -1127.2908263 

 1 1          
 1 2          
            

9mG_1m5dhmC 0 1 -1205.7537640 -1205.6993945 -0.0543694 -1203.6630990 -1204.0267840 -1204.2517613 -1203.7176535 -1204.0812965 -1204.3062363 

9mG_1mr5dhmC 0 2 -1205.1313186 -1205.0706569 -0.0606618 -1203.0213084 -1203.3846601 -1203.6092433 -1203.0851701 -1203.4483400 -1203.6727799 

 1 1          
 1 2          
            

 -1 1          
9mG_1m5caC 0 1 -1204.5895406 -1204.5407208 -0.0488198 -1202.5077953 -1202.8690270 -1203.0923997 -1202.5567861 -1202.9180069 -1203.1413744 

 1 1          
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Table 3.5.1. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

 -1 1          

 -1 2          

A_T 0 1 -921.3653902 -921.3252279 -0.0401623 -919.7352227 -920.0092200 -920.1787687 -919.7753877 -920.0493849 -920.2189334 

A_r5mU 0 2 -920.7256811 -920.6879801 -0.0377010 -919.0934326 -919.3658493 -919.5343713 -919.1311408 -919.4035571 -919.5720788 

            
 -1 1          
 -1 2          

A_5hmU 0 1 -996.5856637 -996.5389766 -0.0466871 -994.8516122 -995.1502773 -995.3348524 -994.8983059 -995.1969706 -995.3815453 

A_r5hmU 0 2 -995.9568193 -995.9173163 -0.0395030 -994.2236198 -994.5201135 -994.7033791 -994.2631275 -994.5596186 -994.7428837 

            
 -1 1          
 -1 2          

A_5fU 0 1 -995.3950643 -995.3512242 -0.0438402 -993.6670153 -993.9625799 -994.1452882 -993.7122353 -994.0077561 -994.1903128 

A_r5fU 0 2 -994.7499143 -994.7056936 -0.0442207 -993.0198435 -993.3134985 -993.4948142 -993.0642518 -993.3578981 -993.5392024 

            
 -1 1          
 -1 2          

A_5dhmU 0 1 -1071.8191427 -1071.7661888 -0.0529539 -1069.9834224 -1070.3061551 -1070.5055302 -1070.0363990 -1070.3591300 -1070.5585032 

A_r5dhmU 0 2 -1071.1938224 -1071.1519910 -0.0418314 -1069.3607957 -1069.6818303 -1069.8801782 -1069.4023834 -1069.7234179 -1069.9217658 

            

 -2 1          
 -1 1          

A_5caU 0 1 -1070.6545301 -1070.6061163 -0.0484138 -1068.8275199 -1069.1474484 -1069.3450985 -1068.8761504 -1069.1960453 -1069.3936675 
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Table 3.5.2. The Boltzmann averaged enthalpies calculated at the (U)B3LYP-D3 and DLPNO-CCSD(T) level of theory for the systems WITHOUT the addition of explicit water. (Quasi-Harmonic Approximation) 
(for 1 mol at 1 atm) 

 

Molecule Net 

Charge 

Multipl  

SMD/(U)B3LYP-D3/6-31+G(d,p) 

 DLPNO-CCSD(T)/BASIS// 

SMD/(U)B3LYP-D3/6-31+G(d,p)  
 Single 

Point 

Wihtout 

SMD 

 cc-pVTZ cc-pVQZ CBS cc-pVTZ cc-pVQZ CBS 

solution gas solvation gas gas gas solution solution solution 

H298 H298 ΔHSOLV 

= 

ΔESOLV 

H298 H298 H298 H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

H298 

+ 

ΔESOLV 

 -1 1          

 -1 2          

9mA_1mT 0 1 -999.9325973 -999.8984216 -0.0341757 -998.1464665 -998.4428088 -998.6264134 -998.1806422 -998.4769845 -998.6605891 

9mA_1mr5mU 0 2 -999.2930540 -999.2613811 -0.0316729 -997.5045858 -997.7993603 -997.9819359 -997.5362587 -997.8310332 -998.0136088 

            
 -1 1          
 -1 2          

9mA_1m5hmU 0 1 -1075.1527932 -1075.1123445 -0.0404487 -1073.2629440 -1073.5839952 -1073.7826483 -1073.3033927 -1073.6244439 -1073.8230970 

9mA_1mr5hmU 0 2 -1074.5242718 -1074.4909980 -0.0332738 -1072.6350663 -1072.9539559 -1073.1512910 -1072.6683403 -1072.9872301 -1073.1845653 

            
 -1 1          
 -1 2          

9mA_1m5fU 0 1 -1073.9634709 -1073.9259778 -0.0374932 -1072.0794714 -1072.3974553 -1072.5942600 -1072.1183323 -1072.4362862 -1072.6329478 

9mA_1mr5fU 0 2 -1073.3185498 -1073.2804296 -0.0381202 -1071.4318817 -1071.7478865 -1071.9432448 -1071.4700811 -1071.7860853 -1071.9814399 

            
 -1 1          
 -1 2          

9mA_1m5dhmU 0 1 -1150.3869361 -1150.3405320 -0.0464041 -1148.3953454 -1148.7404759 -1148.9539482 -1148.4418448 -1148.7869777 -1149.0004468 

9mA_1mr5dhmU 0 2 -1149.7616822 -1149.7253512 -0.0363310 -1147.7719723 -1148.1154290 -1148.3278605 -1147.8072899 -1148.1507466 -1148.3631781 

            

 -2 1          
 -1 1          

9mA_1m5caU 0 1 -1149.2229189 -1149.1809583 -0.0419606 -1147.2400838 -1147.5824475 -1147.7941995 -1147.2820456 -1147.6244087 -1147.8361604 
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5-Formylcytosine is an important nucleobase in epigenetic regulation, whose hydrate form has 

been implicated in the formation of 5-carboxycytosine as well as oligonucleotide binding 

events. The hydrate content of 5-formylcytosine and its uracil derivative has now been 

quantified using a combination of NMR and mass spectroscopic measurements as well as 

theoretical studies. Small amounts of hydrate can be identified for the protonated form of 5-

formylcytosine and for neutral 5-formyluracil. For neutral 5-formylcytosine, however, direct 

detection of the hydrate was not possible due to its very low abundance. This is in full 

agreement with theoretical estimates. 
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5. Autoxidation of 1,5-Dimethylcytosine:  

Computational Study 

Vasily Korotenko, Hendrik Zipse 
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Author contributions: The project was conceived by V.K. and H.Z. The computational study 
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The (aut)oxidation reaction of 1,5-dimethylcytosine (1,5-dmC) was studied using DFT and 

DLPNO-CCSD(T) levels of theory. The autoxidation of 5mC is unlikely to occur through 

initiation by triplet oxygen or through unimolecular decomposition of hydroperoxides. All 

endergonic bimolecular chain reactions between neural closed-shell compounds and free 

radicals involve the transfer of a hydrogen atom to form a product with a higher BDE value. 

The thermodynamics of the presented mechanism, in principle, agrees with the experimental 

kinetics. We assume that the protonation (pH < 7) of oxidizable nucleic acids inhibits the 

oxidation process by increasing the BDE(C-H) values. 
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Autoxidation of 1,5-Dimethylcytosine:  
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V. Korotenko, H. Zipse* 

Dept. Chemistry, LMU Munich, Butenandtstr. 5-13, D-81377 Munich, Germany 
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The (aut)oxidation reaction of 1,5-dimethylcytosine (1,5-dmC) was studied using DFT and 

DLPNO-CCSD(T) levels of theory. The autoxidation of 5mC is unlikely to occur through 

initiation by triplet oxygen or through unimolecular decomposition of hydroperoxides. All 

endergonic bimolecular chain reactions between neural closed-shell compounds and free 

radicals involve the transfer of a hydrogen atom to form a product with a higher BDE value. 

The thermodynamics of the presented mechanism, in principle, agrees with the experimental 

kinetics. We assume that the protonation (pH < 7) of oxidizable nucleic acids inhibits the 

oxidation process by increasing the BDE(C-H) values. 

Introduction 

Autoxidation reactions are defined as oxidations which can be brought about by oxygen gas at 

normal temperatures without the intervention of a visible flame or of an electric spark. 

Execution of a controlled hydrocarbon autoxidation is a challenge receiving increasing 

attention in both academic and industrial research.1 This work is focusing on the calculated 

enthalpies and free energies of the autoxidation 1,5-dimethylcytosine. It has been observed 

experimentally that 5-methyl-2′-deoxycytidine (5mdC) can be sequentially oxidized by air to 

5-hydroxymethyl-2′-deoxycytidine (5hmdC), 5-formyl-2′-deoxycytidine (5fdC), 5-carboxy-2′-

deoxycytidine (5hmdC).2 (Figure 1) The mechanistic study of this reaction can help to better 

understand the chemical aspects of the oxidative epigenetic regulation of the DNA 

methylation.3 (Figure 2) 

 

 

a b 

Figure 1. Experimental data reported in ref.2 : a) oxidation products, and b) oxidation kinetics 

of 5mdC to 5hmdC (cyan), 5hmdC to 5fdC (blue), and 5fdC to 5cadC (green) at 60°C and pH 

7.4. While 5hmdC is efficiently oxidized to 5fdC, 5fdC gives only a little 5cadC. Depicted are 

the means of triplicate experiments; error bars reflect the standard deviations.in the experiment. 
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Figure 2. Cytosine derivatives formed during epigenetic gene regulation together with their 

deamination products. The wavy line indicates the C-H bonds for which the homolytic 

dissociation enthalpies (BDE) were calculated. DNMT - DNA methyltransferases, TET - ten-

eleven translocation enzymes, BER - base excision repair. 

 

Autoxidation reactions involve chain initiation reactions, chain propagation and chain 

termination reactions. While the last two reaction types seem to be quite well established, the 

primary chain initiation reactions remain hypothetical.4 Possible initiation reactions are: (a) the 

unimolecular dissociation of hydroperoxides into benzyloxy radical and hydroxyl radical, (b) 

the bimolecular hydroperoxide decomposition, in which benzyloxy radical, benzylperoxy 

radical and a water molecule are formed or the direct reaction of the hydrocarbon with either 

(c) triplet oxygen or (d) ozone.5 Zipse and Sandhiya have investigated the autoxidation 

initiation reactions (a), (b) and (c) on the example of toluene, which is comparable to 1,5-

dimethylcytosine. They used CBS, QB3, G4 and G3B3 calculations to come to the conclusion 

that the autoxidation of hydrocarbons is unlikely to occur through initiation by triplet oxygen 

(c) or through unimolecular decomposition of hydroperoxides (a) due to a high positive 

enthalpy (ΔH298(c)=+169.9±2.0 kJ mol-1 and ΔH298 (a)=+202.0±11.6 kJ mol-1). The 

bimolecular hydroperoxide decomposition (b) is the reaction with the lowest enthalpy (ΔH298 

(b)=+65.8±14.8 kJ mol-1) and therefore the most favorable out of these three reactions, even 

though the enthalpy is still higher than zero.5 

Originally it was considered that autoxidation reaction chains are initiated by the thermal 

decomposition of hydroperoxides contained in the substrate.6 If that was true, then the thermal 

oxidation of the same organic material would be quite reproducible, which is not the case, as 

shown by Gugumus in 1998. He observed that the lifetime of polypropylene decreases at a 

higher ozone level and came to the conclusion that hydroperoxide initiated chain oxidation is 

determining only the rate of oxidation after the induction period. This is assumed to be valid 

also for other organic materials.4 Considering the research done by Zipse, Sandhiya and 

Gugumus that was mentioned before the direct reaction of the hydrocarbon with ozone it is 

most likely to substantially contribute to the chain initiation. 

First, the thermodynamics of oxidation will depend on the stability of the oxidizing species, 

which in this reaction are oxygen-centered radicals. In chapter 2, it has been established, that 

in the presence of one explicit water molecule, the BDE(O-H) values in alcohols become 

higher, which means that the RSE(RO•) values of the corresponding radicals become less 
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negative: the radicals are less stable (Figure 3). This allows us (very careful) to make a 

hypothesis that the oxygen-centered radicals show more activity in water solution than in gas 

phase, even just because alcohol has one hydrogen atom more than its O-radical, and can form 

at least one more stabilizing intermolecular hydrogen bond. 

 

Figure 3. The calculated at the DLPNO-CCSD(T)/CBS level of theory BDE(O-O) values, 

BDE(O-H) values and the highest BDE-A(O-H)/BDE-D(O-H) values (best conformation by 

enthalpy) in kJ mol-1. 

Second, the thermodynamics of oxidation will depend on the BDE(C-H) values of the species 

being oxidized. In chapter 3 we showed, that in the derivatives of cytosine, among the 

substituent groups in the 5th position, the following trend in BDE(C-H) values is observed 

5dhm- < 5hm- < 5m- < 5f- (where 5dhm- substituent is dihydroxymethyl, 5hm — 

hydroxymethyl, 5m — methyl, 5f — formyl). It has been also established that the charge will 

strongly affect the reactivity of studied molecules: protonation increases the calculated BDE(C-

H) values in cytosine derivatives (Figure 4). Based on this knowledge about the oxidizing and 

reducing agents under consideration, it is possible to propose a mechanism for the autoxidation 

of 1,5-dimethylcytosine, which is presented in Figures 5-7. 
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Figure 4. The calculated at the SMD(H2O)/DLPNO-CCSD(T)/CBS level of theory BDE(C-H) 

values in kJ mol-1. 

 

 

Figure 5. The proposal mechanism of (aut)oxidation reaction: initiation, cycles 1-4. Stable 

products: 5hm1mC, 5f1mC. 
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Figure 6. The proposal mechanism of (aut)oxidation reaction: cycles 5-8. Stable products: 

5f1mC, 5ca1mC. 

 

Figure 7. The proposal mechanism of (aut)oxidation reaction: cycle 9 and some possible 

reactions between peroxides and 5f1mC. Stable product: 5ca1mC. 
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Computational details 

In this work, all geometries were optimized at the SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p) 

level of theory with the SMD implicit solvent model7 using Gaussian09, Revision D.01.8 D3 

version of Grimme’s dispersion was added to the method of optimization to account the 

dispersion interactions.9,10 Since the relative tautomeric stability of the studied molecules is not 

trivial and can be changed due to solvation effects, we tested all possible tautomers. Using the 

expression 𝐶𝑛
𝑘 =

𝑛!

(𝑛−𝑘)! ∙ 𝑘!
, one can estimate the number of possible tautomers of an asymmetric 

molecule having n lone pairs and k acidic protons (k ⩽ n). The individuality of the found 

conformers/tautomers was confirmed using an energy criterion (∆Etot > 10-7 a.u.) and 

comparing geometries by distances between each atom and the centroid point.11,12 Frequency 

calculations have been carried out to verify that the optimized structures are real minima 

without any imaginary vibration frequency. 

Frequency calculations have been carried out to verify that the optimized structures are true 

minima. Thermochemical corrections to Hgas and Ggas
 at 298.15 K were calculated with  

GoodVibes using the quasi-harmonic approximation.13 A «gas» symbol (gas) denotes a standard 

state of 1 atm in the gas phase and «solution» (sol) denotes 1 mol l-l in the solution phase. For each 

studied nucleobase, all the stable tautomers and conformers were taken into account when 

calculating the Boltzmann-weighted values of Etot, Hsol, and Gsol. The single point energies 

were also calculated for the optimized geometries at the DLPNO-CCSD(T) level.14-16 Two-

point (cc-pVTZ and cc-pVQZ) extrapolation was employed at the DLPNO-CCSD(T) level of 

theory to estimate a result obtained using a complete (infinitely large) basis set.15,17 Standard 

state solvation free energies ΔGsolv were computed as the difference between the solution phase 

free energy Gsol of the solution phase optimized molecule (SMD(H2O)/(U)B3LYP-D3/6-

31+G(d,p)), and the gas phase single point free energy Ggas ((U)B3LYP-D3/6-

31+G(d,p)//SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p)) 

ΔGsolv = Gsol −  Ggas 

The solution phase single-point free energies Gsol are computed by combining the gas phase 

free energies Ggas with the solvation free energies ΔGsolv 

Gsol = Etot
single−point

+  ZPESMD/(U)B3LYP−D3 + ΔG0K→298K
SMD/(U)B3LYP−D3

 + ΔG0K→298K
1atm→1M + ΔGsolv 

ΔG0K→298K
1atm→1M  = +7.91 kJ mol-1 is the free energy difference for converting from the standard 

state concentration of 1 atm to the standard state concentration of 1 mol l-l.  

Results 

The calculated results are presented in table 1. The calculations confirm that not only the 

enthalpy but also the free energy of the initiation reaction with triplet oxygen are highly positive 

making the reaction energetically not favorable (the most endothermic and endergonic 

reaction). This is due to the formation of a primary carbon radical from generally stable, 

biradical triplet oxygen. The enthalpy also matches very well with the enthalpy of reaction (c) 

found in the literature. If the depicted mechanism resembles the enzymatic cycle, TET enzymes 

likely increase reaction rates by stabilizing this highest-energy intermediate, which would also 

lower the activation energy according to the Bell-Evans-Polanyi principle. The highly reactive 

5r_1,5-dmC is then oxidized by triplet oxygen in reaction 2. As the peroxy radical is more 

stable, this reaction is exothermic. But due to the reduction in moles and thus reduction of 

entropy, the liberated free energy is -7.91 kJ mol-1 lower: this correction is included in all to all 

calculated free energies in this work for reactions with the increase (+7.91) or decrease (-7.91) 

of moles. It is noticeable that reaction 3 is also slightly endothermic and endergonic. The reason 

for this is that the corresponding BDE(C-H) value is significantly higher, than that of the ROO–

H bond (the formation of primary doublet 5r_1,5-dmC is thermodynamically unfavorable). 

However, as the educt of reaction 3 is a doublet species as well, the reaction is much less 

endothermic and endergonic than the initiation. That would imply that the reverse reaction 

should dominate over the forward one. Since this reaction is just a small step in a larger 
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mechanism, there could still be a driving force through one of the following reactions making 

reaction 3 possible, for example if the formed hydroperoxide is rapidly consumed in reaction 

4 or 5. That should be carefully considered from case to case and is not completely clear in this 

situation. According to Coote and co-workers reaction 3 is just not as relevant in autoxidation 

reactions as commonly assumed.18 

 

Table 1. The calculated at the SMD(H2O)/(U)B3LYP-D3/6-31+G(d,p)) and 

SMD(H2O)/DLPNO-CCSD(T)/CBS levels of theory ΔHsol and ΔGsol values of the studied 

reactions in kJ mol-1. 

Cycle Reaction 
Closed-shell DFT DLPNO 

Educt Product ΔHsol ΔGsol ΔHsol ΔGsol 

 1 5mC  153.7 146.8 170.8 164.0 

        

1 
2   -107.2 -67.4 -113.5 -73.6 

3 5mC 5pmC 22.2 23.6 9.6 10.7 

2 
4 5pmC 5hmC -171.6 -174.6 -172.0 -173.6 

5 5mC 5hmC -54.3 -51.1 -66.9 -64.9 

        

3 
6 5pmC  -123.1 -129.3 -121.0 -126.8 

7  5fC -156.8 -188.3 -165.2 -196.8 

        

4 

8 5pmC  -142.2 -146.5 -128.3 -132.3 

9 5pmC 5pmC 19.1 17.2 7.3 5.5 

10  5fC -156.8 -188.3 -165.2 -196.8 

        

5 
11 5hmC 5phmC 4.2 0.2 -21.3 -24.0 

12   -116.8 -73.6 -115.5 -73.9 

 13 5hpmC 5fC 7.7 -33.7 19.6 -21.6 

        

6 
14 5hmC  -147.7 -135.6 -172.0 -162.2 

15  5dhmC (5fC) -145.5 -151.9 -138.4 -143.2 

        

7 
16 5fC  -2.7 -4.4 -22.8 -24.4 

17  5pcaC -133.2 -93.1 -142.3 -102.0 

        

8 
18 5dhmC (5fC)  -62.8 -67.0 -5.2 -4.2 

19  5pdhmC -56.0 -8.6 -137.8 -94.8 

 
20 5pdhmC 5caC -42.3 -87.4 -27.7 -73.4 

21 5pdhmC 5pcaC -37.9 -80.6 -31.6 -74.1 

        

 22 5hmC + 5fC 5fC_5pmC -28.9 29.1 -41.6 17.5 

9 
23 5fC_5pmC 5hmC -333.8 -340.8 -316.2 -321.6 

24  5caC 47.4 -3.1 27.8 -25.6 

 25  5hmC + 5caC -286.4 -343.9 -288.4 -347.2 

        

 26 5phmC + 5fC  -26.3 36.0 - - 

 27  5dhmC+ 5caC -294.6 -354.2 - - 

        

 28 5pcaC + 5fC  -18.3 38.2 - - 

 29  5caC + 5caC -335.5 -388.3 - - 

        

 30 HOOH + 5fC  -7.8 33.6 - - 

 31  HOH + 5caC -341.5 -376.9 - - 

Orange Endergonic limiting reactions 

Yellow Exergonic reactions dependent on limiting reactions 

Green Exergonic reactions or cycles 
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Reaction 4 is exothermic and exergonic as a methyl radical is oxidized to an oxo-methyl radical. 

Here, among the three bonds (BDE(C-H, O-O, O-H) = +370.5, +230.9, +381.2 kJ mol-1) in the 

5pm1mC molecule, the weakest O-O bond breaks. This reaction really influences the overall 

enthalpy and free energy change of the reaction mechanism. Reaction 5 completes the second 

cycle and thus replenishes the central radical intermediate. 

Reaction 6 starts cycle 3, where the C-H bond in the 5pm1mC molecule is breaking, which 

leads to the formation of an unstable radical 5r_5pm1mC, which then decomposes into a 

hydroxyl radical HO• and 5f1mC in reaction 7. 

Reaction 8 starts the more complicated cycle 4, where the OH bond in the 5pm1mC molecule 

is breaking. Reaction 9 is slightly endergonic, because in the 5pm1mC molecule the BDE(C-

H) value is slightly higher than the BDE(O-H) value. Cycle 4 is finishing with the formation 

of hydroxyl radical HO• and 5f1mC in a highly exothermic manner. 

Reactions 11-15 are exergonic and can be a good reason for both the increased 5f1mC (product) 

and decreased 5hm1mC (educt) concentrations observed in the kinetics measurements. 2 It 

should be noted that the resulting hydrate (~0.5%) in reaction 14 exergonic decomposes into 

5f1mC (~99.5%) and HOH molecule.3 

The percarboxylic acid 5pcaC that forms in cycles 7 and 8 can also serve as a source of the 

hydroxide radical HO• in cycle 1, in which case 5ca1mC will be one of the products of the 

cycle. Note that cycle 8 is generally exergonic, but it is thermodynamically limited by the 

positive free energy formation of the 5dhmC hydrate.3 The BDE(O-H, in the peroxy group) 

and BDE(O-O) scales in figure 3 show that among all the studied peroxides, 1m5pcaC has the 

strongest O-H and O-O bond. We hypothesize that this peroxide is the least active and can be 

seen in solution upon closer experimental examination. 

Cycle 9 is exergonic; however, it is thermodynamically limited by the positive free energy 

formation of the 5f1mC_5pm1mC molecule (reaction 22). In this case, the 5f1mC_5pm1mC 

molecule will rather decompose into 5ca1mC and 5hm1mC than take part in cycle 9. In 

addition, we considered different variants of reaction 22: reactions 26, 28 and 30 - they are all 

endergonic and their products exergonic decompose with the formation of 5ca1mC (reactions 

27, 29 and 31). Thus, the performed calculations show that the autoxidation of 1,5-dmC is 

thermodynamically probable. However, conclusions for biological systems should be made 

with caution, since the natural environment of cytosine has been completely ignored. 

 

Conclusions 

The current proposal mechanism is very similar with the toluene (aut)oxidation mechanism. 5 

The (aut)oxidation of 5mC is unlikely to occur through initiation by triplet oxygen or through 

unimolecular decomposition of hydroperoxides, rather, by ozone. 

All endergonic bimolecular chain reactions between neural compounds and free radicals 

involve the transfer of a hydrogen atom to form a neural compound with a higher BDE value. 

Absolutely most of the reactions in the considered (aut)oxidation mechanism is exergonic, with 

the exception of endergonic reactions that are thermodynamically limiting: 1 (initiation) > 22 

> 3 > 9.  

Based on the considered mechanism, it is possible to explain the results of the kinetic 

experiment2 shown in figure 1, where the following trend in the oxidation rate of molecules 

can be seen 5fC > 5caC > 5hmC: 

5fC is readily formed in exergonic cycles 3, 5 and 6 and not readily consumed in the slightly 

exergonic cycle 8 (ΔGsol of the cycle start -4.2 kJ/mol), so 5fC may accumulate in solution 

5caC is formed predominantly in the cycle 8 
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5hmC is hardly produced in cycle 1 (ΔGsol of the limiting reaction 3: +10.5 kJ/mol) and very 

easily consumed in exergonic cycles 5 and 6 

Lowering the pH value will likely slow down the oxidation process by protonating the 

nucleobases and increasing the BDE(C-H) values. 
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6.1. Conformational Analysis Tools 
 

Energy sorting script (ESS) 

The Energy Sorting Script allows you to discard unnecessary calculation results, possibly 

containing repeating structures using energy criterion (∆Etot > 10-7 a.u. by default). 

Options 

 

-7 Etot criterion 0.0000001 a.u. (by default) 

-6 Etot criterion 0.000001 a.u. 

-5 Etot criterion 0.00001 a.u. 

-4 Etot criterion 0.0001 a.u. 

-3 Etot criterion 0.001 a.u. 

-z Zero criterion 0 a.u. 

-c To enter your Etot criterion manually (0.0000001 a.u. by default) 

-s To enforce singlet output: <S²>=0.0000 

-lm Search for local minima (by default) 

-ts Search for transitional states 

-a You need all files in the list (without any exclusion) 

-H298 Sort by H298 

-G298 Sort by G298 

 

The general algorithm of ESS includes the following steps1 

1) Extraction of the most important data from a list of Gaussian-log files: filename, ZPE1, 

δH.1, δG.1, Etot, <S²>, 1-st frequency. Check, if 1-st frequency > 0.  

2) Sorting the list of extracted data in ascending order of Etot. 

3) Comparison by Etot. Each log-file will be compared with the previos one by Etot using the 

following criterion: If ∆Etot > 10-7 Hartree (by default) then it makes sense to consider this file. 

Otherwise: the current file is most likely a “replicant/duplicate”, possibly containing the same 

structure as in previous file. 

Benefits: 

- Allows you to reduce the number of conformers in the list quickly 

 

Disadvantages: 

- The “replicant” structures can still be presented in the list, because this analysis does not take 

into account geometry: 

First example: Geometries can be almost the same, but have slightly different energies due to 

the difference in the number of geometry-convergence steps or in the number of SCF steps.  

The second example: a radical particle with the same geometry can have two different wave 

functions that differ greatly in energy.  

- Loss of structures (which is very rare, but possible) with a high conformational lability of the 

molecule: two different conformers can have almost the same energy (with a difference of less 

than ∆Etot criterion). In this case, the structure will be eliminated from the list. 
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Centroid comparison script (CCS) 

 

The analysis of certain interatomic distances and visualization of geometry is widely used by 

chemists all over the world. However, when it comes to a large number of structures and the 

search for individual conformations among them, "manual" methods take a lot of time and do 

not exclude human error. 

The Centroid Comparison Script allows you to discard unnecessary xyz-files or Gaussian log-

files, possibly containing repeating structures comparing geometries by distances between 

each atom and centroid point. 2 CCS is applicable only in chemistry, but wherever it comes to 

searching for individual geometries (just need to change the length units and criterion). (Figure 

1 and 2) 

 

 
(a) (b) 

Figure 1. Equilateral (a) and Isosceles triangles (b). The lines correspond distances between 

triangle-vertices (gray points) and centroid (purple point). 

 

  
(a) (b) 

Figure 2. Ethylene glycol molecule. The lines correspond to (a) covalent bonds 

and (b) distances between atoms and centroid (purple point). 
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Algorithm/Principle Data General options: 

Full Combinatoric Comparison  
unsorted 

sorted 

xyz/log files: 

ccs -f 

 

(Most accurate/expensive) 

Restricted Combinatoric Comparison 

Based on Geometry Expansion 

unsorted 

sorted 

xyz/log files: 

ccs -r 

ccs -u 

ccs (default for unsorted) 

 

(Very accurate/less expensive) 

Geometry Expansion Comparison 
unsorted 

sorted 

xyz/log files: 

ccs -e 

 

Center of Mass vs. Centroid Comparison 
unsorted 

sorted 

xyz/log files: 

ccs -cmc 

ccs -schwerpunkt 

 

Sorted Geometries Comparison 

 
sorted 

1) xyz/log files: 

create your own “.ccs” input-list file, 

where the geometries are sorted as you 

want (by any property). Each geometry 

will be compared to the previous one 

ccs 

ccs -s 

 

2) log files:  

comparison of energy-neighboring 

geometries (just a special case). In this 

case, ESS will generate an input-list 

ess;ccs 

ess -(option);ccs -(option) 

 

 

Other options: 

 

-nproc number of parallel processes (1 by default; RCC,GEC) 

-dl enter your Δ-length             criterion (0.015 Å by default) 

-dlh enter your ΔExpansion (Δ-lhash) criterion (0.001 Å by default per atom) 

-rm to remove relpicants after analysis! Be carefull 

-symm You have a   symmetric molecule/system  

(at. num. is NOT important by default) 

-nosymm You have an asymmetric molecule/system  

(at. num. is          important by default) 

-num (at. num. is          important by default) 

-nonum (at. num. is NOT important by default) 
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Full combinatoric comparison 

 

1) Reading of the Geometry from each xyz/log file (G - matrix). The number of atoms n must 

be the same in all files 

𝐆 = [

𝑥1 𝑦1 𝑧1

… … …
𝑥𝑖 𝑦𝑖 𝑧𝑖

𝑥𝑛 𝑦𝑛 𝑧𝑛

] 

 

2) Calculation of Сentroid point 𝐶 (𝑥𝑐; 𝑦𝑐; 𝑧𝑐) for each geometry: 

 

𝑥𝑐 =
∑ 𝑥𝑖

𝑛
𝑖=0

n
 

𝑦𝑐 =
∑ 𝑦𝑖

𝑛
𝑖=0

n
 

𝑧𝑐 =
∑ 𝑧𝑖

𝑛
𝑖=0

n
 

and definition of 𝐂 – matrix with n lines for each geometry: 

 

𝐂 = [

𝑥𝑐 𝑦𝑐 𝑧𝑐

… … …
𝑥𝑐 𝑦𝑐 𝑧𝑐

𝑥𝑐 𝑦𝑐 𝑧𝑐

] 

 

3) Calculation of 𝐋 – matrix for each geometry, which contains «xyz-components of the 

absolute distance 𝑙𝑖 from 𝑖th atom to the 𝐶𝑥𝑦𝑧 point (𝑖 =1 to 𝑛): 

𝐋 = 𝐆 − 𝐂 = [

𝑥1 𝑦1 𝑧1

… … …
𝑥𝑖 𝑦𝑖 𝑧𝑖

𝑥𝑛 𝑦𝑛 𝑧𝑛

] − [

𝑥𝑐 𝑦𝑐 𝑧𝑐

… … …
𝑥𝑐 𝑦𝑐 𝑧𝑐

𝑥𝑐 𝑦𝑐 𝑧𝑐

] =

[
 
 
 
𝑙1
𝑥 𝑙1

𝑦
𝑙1
𝑧

… … …
𝑙𝑖
𝑥 𝑙𝑖

𝑦
𝑙𝑖
𝑧

𝑙𝑛
𝑥 𝑙𝑛

𝑦
𝑙𝑛
𝑧]
 
 
 

 

This equation is equivalent to the translation of the molecule , leading to the alignment of the 

centroid with the origin 𝐶𝑥𝑦𝑧 (0;0;0) 

 

In other words, 𝐋 – matrix contains the difference in the coordinates of each atom 𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 (𝑖 
=1 to 𝑛) and coordinates the 𝐶𝑥𝑦𝑧  point: 

𝑙𝑖
𝑥 = 𝑥𝑖−𝑥𝑐 

𝑙𝑖
𝑦

= 𝑦𝑖−𝑦𝑐 

𝑙𝑖
𝑧 = 𝑧𝑖−𝑧𝑐 

 

Which is needed to calculate the distancies between each atom and the centroid point 

𝑙𝑖 = √(𝑙𝑖
𝑥)2 + (𝑙𝑖

𝑦
)2 +  (𝑙𝑖

𝑧)2 

 

And to define the 𝐥 – column-matrix 

𝐥 = [

𝑙1
…
𝑙𝑖
𝑙𝑛

]  

 

4) Calculation of ∆𝐥 – column-matrices: ∆𝐥𝒋 = |𝐥𝒋 − 𝐥𝒓𝒆𝒇|, where 𝑗 is the geometry number (𝑗 = 

2 to 𝑁, 𝑁 is the number of geometries). 𝐥𝒓𝒆𝒇 corresponds to the first structure in the list, which 

is individual by default. This structure will be used as a reference, with which all the other 𝑁 −
1 structures will be compared 
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∆𝐥𝒋 = ||[

𝑙1
…
𝑙𝑖
𝑙𝑙

]

𝒋

− [

𝑙1
…
𝑙𝑖
𝑙𝑙

]

𝑟𝑒𝑓

|| = [

∆𝑙1
…
∆𝑙𝑖
∆𝑙𝑙

]

𝒋

(Lenght Change) 

∆𝐟𝒋 – column-matrices will be computed sequentially for 𝑁 − 1 geometries in the list. 

 

5) Geometry-individuality criterion. Each considered j-th geometry will be compared with the 

reference geometry using the following criterion: If at least one element of the ∆𝐥𝒋 is  > 0.02 

Angström, then the j-th geometry can be considered different from the reference and it will be 

added to the new list for the next iteration) Otherwise: the j-th geometry is a “replicant” of 

the reference geometry. Start next iteration including steps 4 and 5 using new list. Iterate 

until the new list has >1 geometries. If only 1 last geometry is left in the new list, this is the 

last individual. Thus, the number of iterations will be equal to the number of individuals in 

total.  
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Restricted combinatoric comparison based on geometry expansion  

 

1) See Full Combinatoric Comparison 

 

2) See Full Combinatoric Comparison 

 

3) Modification: Additionally, Geometric Expansion value will be calculated for each 

geometry 

𝑙ℎ𝑎𝑠ℎ = ∑𝑙𝑖

𝑛

𝑖=0

 

 

4) Modification: Structures in the list should be ranked in ascending order of their Geometric 

Expansion (𝑙ℎ𝑎𝑠ℎ value). ∆𝐟𝒋  

Calculation of ∆𝐥 – column-matrices: ∆𝐥𝒋 = |𝐥𝒋 − 𝐥𝒓𝒆𝒇|, 

Only if ∆𝑙ℎ𝑎𝑠ℎ𝒋
= |𝑙ℎ𝑎𝑠ℎ𝒋

− 𝑙ℎ𝑎𝑠ℎ𝒓𝒆𝒇
| < 0.01 Angström (per atom); Otherwise: geometries are 

too different and no comparison is needed. 

 

5) See Full Combinatoric Comparison 
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Restricted combinatoric comparison based on RMSD 

 

Modification: Structures in the list should be ranked in ascending order of their RMSD value 

Not robust to change of atomic numeration  

Not robust/efficient for a symmetrical system or system which consists of symmetrical 

elements, for example: 

 

 

     

 

Reference geometry 
     RMSD = 0.98 Å 

     ∆lhash = 0.00 Å 

       

Figure 3. Comparison of RMSD and ∆lhash: application to HO•..HOH complex. 
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Geometry expansion comparison  

 

“Rearranging the positions of the terms does not change the sum” 

Algebra 

This option would be suitable if: 

- you want to analyze xyz files (the energy is unknown) 

- you want to analyze log files without the ESS analysis first. 

In this case, CCS will compare geometries by the sum of all distances (𝑙ℎ𝑎𝑠ℎ value). The 

Algorithm of CCS includes the following steps2 

 

1) Reading of the Geometry from each xyz/log file (G - matrix). The number of atoms n must 

be the same in all files 

2) Calculation of Сentroid point 𝐶 (𝑥𝑐; 𝑦𝑐; 𝑧𝑐) for each geometry 

3) Calculation of the 𝐥 – column-matrix and its 𝑙ℎ𝑎𝑠ℎ value for each geometry 

 

𝑙ℎ𝑎𝑠ℎ = ∑𝑙𝑖

𝑛

𝑖=0

 

4) Calculation of ∆𝑙ℎ𝑎𝑠ℎ𝒋
 – values: ∆𝑙ℎ𝑎𝑠ℎ𝒋

= |𝑙ℎ𝑎𝑠ℎ𝒋
− 𝑙ℎ𝑎𝑠ℎ𝒋−𝟏

|, where 𝑗 is the geometry 

number (𝑗 = 2 to 𝑁 , 𝑁 is the number of geometries). ∆𝑙ℎ𝑎𝑠ℎ𝒋
 –values will be computed 

sequentially for (𝑁 − 1) geometries ranked in ascending order of their 𝑙ℎ𝑎𝑠ℎ value. 

 

5) Geometry-individuality criterion. Each considered j-th geometry will be compared with the 

previous one j-th geometry using the corresponding ∆𝑙ℎ𝑎𝑠ℎ𝒋
 –value and the following criterion: 

If ∆𝑙ℎ𝑎𝑠ℎ𝒋
 > 0.001 Angström (per atom), then the j-th geometry is considered different from the 

previous one and, therefore, “individual”. Otherwise: the j-th geometry is a “replicant” of j-th 

geometry. 
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Sorted geometries comparison 

 

To start, you need to create a “.ccs” input-list file, where the geometries are sorted as you want 

(by any property). If you want to make aa comparison of energy-neighboring geometries, you 

need a special input-list, where the geometries are sorted by energy. Such a list can be crated 

using ESS. 

In this cases, the algorithm of CCS includes the following steps 

 

1) Reading of the Geometry from each xyz/log file (G - matrix). The number of atoms n must 

be the same in all files 

 

2) Calculation of 𝐂 – matrix for each geometry 

 

3) Calculation of l – column-matrices 

 

4) Calculation of ∆𝐥 – column-matrices: ∆𝐥𝒋 = |𝐥𝒋 − 𝐥𝒋−𝟏|, where 𝑗 is the geometry number (𝑗 = 

2 to 𝑁, 𝑁 is the number of geometries). Matrices will be computed sequentially for (𝑁 − 1) 

geometries. 

 

5) Geometry-individuality criterion. Each considered j-th geometry will be compared with the 

previous one j-th geometry using the following criterion: If at least one element of ∆𝐥𝒋 is  > 

0.05 Angström, then the j-th geometry can be considered different from the previous one and, 

therefore, “individual”. Otherwise:  the j-th geometry is a “replicant” of  previous geometry. 
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Benchmark 

 

If all the structures you are considering are individual, using formula 𝐶𝑁
𝑘 =

𝑁!

(𝑁−𝑘)! ∙ 𝑘!
 known 

from combinatorics, one can estimate the number of geometry-comparisons that occur in the 

full method (k=2 and 𝑁 is the number of files (k ⩽ 𝑁)). 

Let’s take a look at a set of geometries of the same system with the same number of atoms. A 

set of random-generated geometries usually contains 100% «individuals» and 0% 

«replicants». In practice, the percentage of «individuals» after geometry optimization, will 

decrease, but how much depends on the system (size; whether it is symmetrical or consists of 

symmetrical elements). In this example, the percentage in „optimized” of "individuals" ≈ 40-

50%, depending on the number of geometries considered. 

 

 

 
Figure 4. Benchmark for ccs. Time is proportional to: 

Time (ccs -f) ∝ number of atoms, number of geometry-comparisons. 

Time (ccs -r) ∝ number of atoms, number of geometry-comparisons. 

Time (ccs -e) ∝ number of atoms, number of geometries. 

Time (ccs -s) ∝ number of atoms, number of geometries. 

 

In case of large molecules, to decrease the time of calculation it is recommended to decrease 

the the number of atoms: create a list of atoms which you want to analyze “any_name.atoms” 
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Figure 5. Multitasking Benchmark with 200 structures 
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Figure 6. Multitasking Benchmark with 1000 structures 
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Strategy of stochastic conformational search 

 

Sometimes we wonder how to generate random structures (intermolecular dimers, trimers, etc.) 

and make a stochastic conformational search.3-5 Here I will briefly describe the methodology 

of stochastic conformational search using a dimeric system (1 substrate molecule + 1 water 

molecule) as example 

 

1) open or draw your molecule in GV5/GV6 and add one water molecule 

2) save the geometry as example.com file 

3) add “1” after coordinates of second atom 

launch /scr7/vasily/scripts/kick/pre_kick_dimer 

and enter the number of atoms in the second molecule: 3 

4) open the generated example_kick file as text, select all, copy and past to "Input XYZ 

coordinates" WINDOW in the https://kick.science/KICK.html web-page 

5) use these parameters: 

 

   DISTANCE PARAMETER:    2.4 (ANGSTROM) 

   NUMBER OF NEW FILES:   20 

   MINIMAL DISTANCE:     2.0 (ANGSTROM) 

   NUMBER OF FRAGMENTS:    1 

 

6) click the " GENERATE " button 

7) Save the generated kick.xyz file as example_kicked in the same folder as the example.com 

8) Start DFT-optimization and frequencies calculation with 

/scr7/vasily/scripts/kick/kick_b3lyp-D3_6-31+Gdp 

 

Data analysis AFTER the calculations: 

9) sep -n 2 

10) cd normal 

11) 'ess' command 

12) 'ccs' command 

 

References 

[1] V. Korotenko. https://github.com/vnkorotenko/ess. 

[2] V. Korotenko. https://github.com/vnkorotenko/ccs. 

[3] D. Šakić, M. Hanževački, D. M. Smith, V. Vrček, Org. Biomol. Chem. 2015, 13, 11740. 

[4] D. Šakić. https://kick.science/KICK.html. 

[5] M. Saunders, J. Comput. Chem. 2004, 25, 621. 
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