
ORIGINAL PAPER

Mechanisms on electrical breakdown strength increment
of polyethylene by acetophenone and its analogues addition:
a theoretical study

Hui Zhang & Yan Shang & Hong Zhao & Baozhong Han &

Zesheng Li

Received: 7 March 2013 /Accepted: 12 July 2013 /Published online: 11 August 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract A theoretical investigation is completed on the
mechanism of electrical breakdown strength increment of
polyethylene. It is shown that it is one of the most important
factors for increasing electrical breakdown strength of poly-
ethylene through keto-enol isomerization of acetophenone
and its analogues at the ground state S0 and the lowest triplet
state T1. The minimum structures and transition states of the
keto- and the enol-tautomer of acetophenone and its analogues
at the S0 and T1 states are obtained at the B3LYP/6-311+
G(d,p) level, as well as the harmonic vibration frequencies
of the equilibrium geometries and the minimum energy path
(MEP) by the intrinsic reaction coordinate (IRC) theory at the
same level. The two C–C bond cleavage reaction channels
have been identified in acetophenone. The calculated results
show that the energy barriers of keto-enol isomerization of
acetophenone and its analogues at S0 and T1 states are much

smaller than the average C-C bond energy of polyethylene,
and the acetophenone doping or bond linked into polyethylene
can increase the electrical breakdown strength and inhibit
polyethylene electrical tree initiation and aging.
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Introduction

The electrical tree aging is a leading factor of degradation of
cross-linking polyethylene (XLPE) insulated high-voltage ca-
ble. It limits the life expectancy of the cable insulation and
even causes a sudden breakdown of the insulation when the
rated voltage is above 110 kV [1–4]. Tu et al. reported the
addition in the insulation so called voltage stabilizer that can
capture the high mobility electron and absorb the energy
accumulated by electrical field. This will cause the 2–4 times
increment of initial voltage of electrical tree of XLPE [5].
Yamano et al. and Englund et al. reported that the π-bond of
polycyclic aromatic hydrocarbons has the capacity of absorb-
ing the energy of moving electrons. The addition of polycyclic
aromatic hydrocarbons is effective for inhibiting the polymer
molecule chain fracture caused by electron bombardment,
thus increasing the initial voltage of electrical tree of PE and
inhibiting the electrical tree initiation [6, 7]. Our research
group observed that addition of acetophenone in proper
amount leads to a 50 % increase of the alternate current
(AC) breakdown strength of PE and a remarkable improve-
ment of electrical tree resistance capability.

The sensitized phosphorescence excitation spectra of jet-
cooled acetophenone have been measured by Ito and co-
workers [8]. The lowest excited singlet state is Sl (n, π*) with
the origin of Sl (n, π*) ← S0 transition of 27 279 cm−1

(77.99 kcal mol−1). Additionally, the origin of the first triplet
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state T1 (n, π*) ← S0 shows at 25 791 cm−1 (73.74 kcal
mol−1), and the triplet state T2 (π, π*) is suggested to lie near
Tl (n, π*) for the isolated molecule. They raised that the T2

(π, π*) triplet state plays an essential role in the efficient S1-
T2 intersystem crossing. The efficient intersystem crossing
from Sl to the triplet manifold is usually explained by the
direct spin-orbit coupling between Sl and a lower energy T2.
Acetophenone are very weakly fluorescent, but highly phos-
phorescent under isolated molecular condition.

Fang and co-workers [9, 10] have theoretically discovered a
minimum energy crossing point among the three potential
energy surfaces (S1, T1, and T2) of acetophenone. The electronic
and geometric structures predicted for the transient dark states
are in good agreement with those determined using ultrafast
electron diffraction experiments by Zewail and co-workers [11,
12]. The existence of the S1/T2/T1 intersection results in the S1
→ T1 transition via the T2 state. The T2 state functions as a relay
and enables the S1→ T1 intersystem crossing to take place with
a high rate. This is the reason that the lifetime of S1 state for
aromatic ketones is much shorter than that for aliphatic ketones,
and aromatic carbonyl compounds are highly phosphorescent.
Therefore C-C bonds cleavage reactions occurs only at the
lowest triplet state for most of the aromatic ketones.

Thiel and co-workers [13] reported a theoretical study on
the electronic excited states and the mechanisms of photodis-
sociation of acetophenone. They also found the S1/T2/T1
three-state intersection which allows for an efficient transition
from S1 to T1 by intersystem crossing through T2. Then the
radical photodissociation reactions occur in the T1 state. Ex-
citation (n → π*) of a ketone from the ground state to its
excited state may lead primarily to the cleavage of the α-CC
bonds (α-cleavage) at the α position of the excited carbonyl
group of carbonyl compounds. This process produces a radi-
cal pair (an acyl radical and an alkyl radical). The detailed α-
cleavage reaction mechanism and the related dynamic behav-
ior are the key to understanding the photochemistry for the
entire carbonyl family. This fundamental photochemical pro-
cess is commonly known as Norrish type I reaction. Aromatic
carbonyl compounds have relatively large π electron conju-
gation system between the aromatic and carbonyl groups,
which influences the photodissociation mechanisms [14, 15].
The T1 reactions have been identified to mainly yield benzoyl
and methyl radicals for acetophenone [16]. The structures of
the highest points along the corresponding minimum-energy
reaction paths was taken as the transition states for the two
C–C bond cleavage reactions.

A spectrum of electronic transitions by symmetry is both
spin and orbital forbidden. Such transitions are only allowed
through the coupling of nuclear and electronic motions. Spins
are singlet-coupled inside chemically stable organic molecules,
the ground states of which are spin singlets with closed elec-
tronic shells. The first excited states are triplets, since normally
such species belong to single electron excitations [17, 18].

Carriers (electrons) which gain enough kinetic energy un-
der the electric field in insulating materials are known as hot
electrons. Afterward, bound electrons are knocked free from
atoms through the collisions with hot electrons and create new
carriers. If this process forms a chain reaction, the carrier
concentration in the material will be a sharp increase and it
can result in a loss of insulating properties of the material. Hot
electrons collide to a special structure molecular (such as
acetophenone) and release energy to the molecular in the form
of heat energy, then the electrons released from the molecular
with low energy are known as secondary electrons. This
energy of hot electrons dissipates in three ways when the
addition of acetophenone: (1) acetophenone can overcome
the barriers then accomplishes isomerization in the ground
state S0; (2) acetophenone can accomplish transitions between
different electronic states Sl (n, π*) ← S0 transition; (3) hot
electrons hit C-C bond of XLPE and break the bond. When hot
electrons are injected into PE composites (include acetophenone
as additive), acetophenone will be excited to the first singlet
excited state S1 or higher-lying S2 state depending on the
intensity of the electric voltage. The chemistry process starting
from S2 or S1 states has been studied very well [8–10]. As
introduced above, the molecule will undergo an efficient
intersystem crossing from initial excited states to the lowest
triplet state T1 through the S1/T2/T1 three-state intersection.
These dark intermediate structures and conjectural mechanisms
are essential to understanding the mechanism of keto-enol
isomerization of acetophenone and play critical roles in PE
composites to inhibit polyethylene electrical tree initiation and
aging when chemical compound doping or bond linked to
PE. However, it is very difficult or impossible to observe the
intersection structure involved in the transitions states of
acetophenone isomerization on the PE composites in experi-
ments at present. Therefore, the theoretical studies on the keto-
enol isomerizations of acetophenone on the ground state and
the lowest triplet state are very necessary. It is expected to be
informative for understanding the mechanism of electrical
breakdown strength increment for polyethylene.

This work aims to provide a systematic study on the
mechanism of isomerizations of acetophenone and its ana-
logues at S0 and T1 states, and the two C–C bond cleavage
reactions occuring in the T1 state. We focus on the bond
cleavage reactions in the lowest triple state, without address-
ing the competing molecular photodissociation processes
[12]. The energy barriers and reaction enthalpies have also
been calculated using density function theory [19], involving
acetophenone bond linked to the carbon chain of PE (such as
structural segments n=1, 2, 3, 4, and 5 versus KCC, p-KP4, p-
KP6, p-KP8, and p-KP10, respectively) via para-positions.
The different substituent groups, such as alkyl and hetero-
atoms, have been chosen in the present study to evaluate the
substituent and functional effect. A comparison between the
theoretical at present and experimental results is discussed.
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The research results will be helpful for further experimental
investigations. The keto- and enol-tautomers of acetophenone
and its analogues are abbreviated to K and E, respectively, while
the transition state and reaction channel are abbreviated to TS
and R, respectively. For distinguishing the triplet from the singlet
state, the “3” is added to the corresponding abbreviations for T1
state. The twoC–C bond cleavage reactions of C6H5COCH3 (K)
channels in the triplet state are abbreviated to RD1 andRD2. The
30 possible isomerization reaction channels and the two C–C
bond cleavage reaction channels have been studied, as follows:

K → E (R) K3→ E3 (R3)

KC→ EC (RC) KC3 → EC3 (RC3)

KCC → ECC (RCC) KCC3 → ECC3 (RCC3)

p-KP4 → p-EP4 (p-RP4) p-KP43→ p-EP43 (p-RP43)

p-KP6 → p-EP6 (p-RP6) p-KP63→ p-EP63 (p-RP63)

p-KP8 → p-EP8 (p-RP8) p-KP83→ p-EP83 (p-RP83)

p-KP10→ p-EP10 (p-RP10) p-KP103 → p-EP103 (p-RP103)

K1→ E1 (R1) K13 → E13 (R13)

K2→ E2 (R2) K23 → E23 (R23)

KOH → EOH (ROH) KOH3→ EOH3 (ROH3)

KOC → EOC (ROC) KOC3→ EOC3 (ROC3)

KSH → ESH (RSH) KSH3→ ESH3 (RSH3)

KN → EN (RN) KN3 → EN3 (RN3)

KNC → ENC (RNC) KNC3→ ENC3 (RNC3)

KNCOC → ENCOC (RNCOC) KNCOC3→ ENCOC3 (RNCOC3)

K → C6H5CO + CH3 (RD1) K → C6H5 + COCH3 (RD2)

Computational methods

In the present work, the equilibrium geometries and frequen-
cies of all the stationary points (keto- and enol-tautomers of
acetophenone and its analogues, and the corresponding tran-
sition states) are optimized at the ground state S0 and the
triplet state T1 using B3LYP method [20–23] with the 6-
311+G(d,p) basis set without any constraint. The minimum
energy path (MEP) is obtained by intrinsic reaction coordinate
(IRC) theory in mass-weighted Cartesian coordinates with a
gradient step-size of 0.05 (amu)1/2 bohr. At the same level, the
energy derivatives, including gradients and Hessians at geom-
etries along theMEP, are obtained to calculate the curvature of
the reaction path and the generalized vibrational frequencies
along the reaction path. In order to obtain more accurate ener-
gies of the two C–C bond cleavage reactions in acetophenone,
the energies of the equilibrium geometries are refined
by the quadratic configuration interaction with single and
double substitutions with a triple contribution QCISD(T)
[24] method based on the B3LYP/6-311+G(d,p) geometries.
All the electronic structure calculations are performed using
GAUSSIAN09 program package [25].

Results and discussion

Stationary points

The optimized geometric structures on S0 and T1 states of the
keto tautomers of acetophenone and its analogues, the enol
tautomers of acetophenone and its analogues, and the corre-
sponding transition states for 30 reaction channels are com-
pleted at the B3LYP/6-311+G(d,p) level, involving the two
C–C bond cleavage reactions of acetophenone on T1 state.
The optimized geometric structures of the keto- and enol-
tautomers of acetophenone and its analogues, and transition
states are presented in Figs. 1, 2, 3. Optimized bond lengths of
breaking and forming bonds and the corresponding harmonic
vibrational frequencies for the 30 transition states in its S0 and
T1 states are listed in Table 1 as well as that of the two C–C
bond cleavage reactions in T1 state. All the transition states are
confirmed by normal-mode analysis to only have one imagi-
nary frequency corresponding to the stretching modes of the
coupling breaking and forming bonds.

In Table 1, it can be seen that the transition state structure
on S0 states TS2 of reaction R2, the length of the O―H bond
which will be broken stretches by 35% over the O―H regular
bond length in K2, and the product-forming H―O bond is
elongated by about 35 % over the equilibrium bond length
in equilibrium E2. Thus, reaction R2 proceeds via a sym-
metrical barrier. It also can be seen that the other transition
state structures of the 30 reactions on S0 state have a common
character. The elongation of the breaking bond is larger than
that of the forming bond, the other keto-enol isomerization
transition state structures of acetophenone and its analogues
reaction systems are all product-like, i.e., those reaction chan-
nels will proceed via “late” transition states, which is consis-
tent with Hammond’s postulate [26], applied for an endother-
mic reaction.

Energetics

The reaction enthalpies at 298 K (ΔH298
0) and the potential

barrier heights (ΔETS) with zero-point energy (ZPE) correc-
tions for the 30 reactions calculated at the B3LYP/6-311+
G(d,p) level are listed in Table 2, as well as the relative margin
of energies (ΔET1-S0) between S0 with T1 states for the keto-
tautomers of acetophenone and its analogues, together with
that of the two C–C bond cleavage reactions calculated at the
QCISD(T)/6-311+G(3df,2p)//B3LYP/6-311+G(d,p) levels
(unit in kcal mol−1) in T1 state. All 30 reactions have energy
barriers; especially the reaction enthalpy almost is zero in the
T1 state. As discussed above, the S1/T2/T1 three-state inter-
section region can efficiently funnel electron population from
S1 to T1 as a consequence of the relay effect of the T2 state.
Therefore we focus on the dissociation reactions in the lowest
triplet state. For RD1 and RD2 reactions, the values in
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parentheses are calculated at the B3LYP/6-311+G(d,p) level.
The potential barrier height of reaction channel RD1
(17.92 kcal mol−1) is much lower than the RD2 (27.58 kcal

mol−1) at the QCISD(T)//B3LYP level. The former reaction
channel (RD1) is less endothermic than the later (RD2) by
about 17.19 kcal mol−1, and as a result, RD1 is more

TS TS1 TS2 TSC TSN TSOH TSSH TSNC TSOC TSNCOC

TS3 TS13 TS23 TSC3 TSN3 TSOH3 TSSH3 TSNC3 TSOC3 TSNCOC3

TSCC p-TSP4 p-TSP6 p-TSP8 p-TSP10 TSCC3 p-TSP43 p-TSP63 p-TSP83 p-TSP103

Fig. 1 Optimized geometric structures of the 30 transition states at the B3LYP/6-311+G(d,p) level

K K1 K2 KC KN KOH KSH KNC KOC KNCOC

K3 K13 K23 KC3 KN3 KOH3 KSH3 KNC3 KOC3 KNCOC3

KCC p-KP4 p-KP6 p-KP8 p-KP10 KCC3 p-KP43 p-KP63 p-KP83 p-KP103

Fig. 2 Optimized geometric structures of the 15 keto tautomer of acetophenone and its analogues at the B3LYP/6-311+G(d,p) level
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thermodynamically and kinetically favorable than RD2. The
reaction channel RD1 will dominate the formation of ground-
state C6H5CO and CH3 radicals, as the products.

Table 3 lists the calculated adiabatic excitation energies of
acetophenone in the lowest five electronically excited states

(T1, S1, T2, S2, and S3) and the experimental data [8, 10, 12,
13, 27, 28]. The adiabatic excitation energyΔET1-S0 calculat-
ed at QCISD(T)//B3LYP level of acetophenone is 74.92 kcal
mol−1, showing good consistency with the reported results,
73.74 [8], 73.07 [12], and 72.5 [13] kcal mol−1. This implies

E E1 E2 EC EN EOH ESH ENC EOC ENCOC

E3 E13 E23 EC3 EN3 EOH3 ESH3 ENC3 EOC3 ENCOC3

ECC p-EP4 p-EP6 p-EP8 p-EP10 ECC3 p-EP43 p-EP63 p-EP83 p-EP103

Fig. 3 Optimized geometric structures of the 15 enol tautomer of acetophenone and its analogues at the B3LYP/6-311+G(d,p) level

Table 1 Optimized bond lengths
of breaking and forming bonds
(in angstrom) for the 17 transition
states, and calculated frequencies
(in cm−1) in its S0 ground state
and T1 triplet state for the 30
transition states at the B3LYP/6-
311+G(d,p) level together with
that of the breaking bonds for the
two C–C bond cleavage reactions
in T1 state

Reaction equation S0 (breaking/
forming bonds)

S0 frequencies T1 (breaking/
forming bonds)

T1 frequencies

K → E (R) 1.491/1.276 2175 i 1.375/1.281 2004 i

KC→ EC (RC) 1.492/1.273 2163 i 1.375/1.281 2004 i

KCC → ECC (RCC) 1.492/1.272 2161 i 1.375/1.282 2004 i

p-KP4 → p-EP4 (p-RP4) 1.492/1.273 2163 i 1.375/1.281 2006 i

p-KP6 → p-EP6 (p-RP6) 1.491/1.274 2166 i 1.374/1.281 2004 i

p-KP8 → p-EP8 (p-RP8) 1.492/1.273 2162 i 1.375/1.281 2005 i

p-KP10→ p-EP10 (p-RP10) 1.493/1.273 2161 i 1.375/1.281 2004 i

K1→ E1 (R1) 1.327/1.316 1956 i 1.304/1.248 2023 i

K2→ E2 (R2) 1.302/1.302 1953 i 1.301/1.301 2038 i

KOH → EOH (ROH) 1.493/1.271 2149 i 1.374/1.282 2004 i

KOC → EOC (ROC) 1.495/1.269 2143 i 1.374/1.282 2004 i

KSH → ESH (RSH) 1.492/1.274 2163 i 1.375/1.282 2003 i

KN → EN (RN) 1.496/1.266 2126 i 1.373/1.282 2004 i

KNC → ENC (RNC) 1.496/1.265 2116 i 1.373/1.282 2006 i

KNCOC → ENCOC (RNCOC) 1.493/1.272 2156 i 1.375/1.281 2005 i

K → C6H5CO + CH3 (RD1) 2.118 402 i

K → C6H5 + COCH3 (RD2) 2.165 268 i
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that the QCISD(T)/6-311+G(3df,2p)//B3LYP/6-311+G(d,p)
level is reasonable and reliable for the studies of the two C–
C bond cleavage reactions. Due to the lack of the fully
optimized transition states for the two C–C bond cleavage

reactions, our calculation may provide reliable information for
future experiment investigations.

The calculated results in S0 state show that the reac-
tion energy barrier of keto-enol isomerization, involving

Table 2 The reaction enthalpies at 298 K (ΔH298
0), the potential barrier

heights TSs (ΔETS) with zero-point energy (ZPE) corrections, relative
margin of energies (ΔET1-S0) between S0 with T1 states for the keto-
tautomer of acetophenone and its analogues, as well as that of the two

C–C bond cleavage reactions, calculated at the B3LYP/6-311+G(d,p) and
QCISD(T)/6-311+G(3df,2p)//B3LYP/6-311+G(d,p) levels, respectively
(unit in kcal mol−1)

a experimental value taken from Ref.[8]
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the simulation that acetophenone is bond linked to the
carbon chain para-position of PE, KCC and p-KPn (n=4, 6, 8,
and 10), will decrease, as alkyl groups will exhibit induc-
tive electron-donating effect and σ-π super-conjugated
effect. As a result, a lower amount of energy is needed to
complete the keto-enol isomerization, which is much lower
than that for the carbon-carbon single bond energy (average
bond energy is 82.95 kcal mol−1) in XLPE. We replaced the –
CH3 in the acetyl group of acetophenone by –NH2 (K1) or –OH
(K2). The H in –NH2 and –OH will be more active than that in
–CH3 due to the larger electronegativity of N and O than that of
C. Therefore, the H in –NH2 and –OH dissociates easier and
leads to more facile isomerization and lower energy barriers.

When heteroatom (N, O, and S) is linked to acetonpheone
via single bond in S0 state, the energy barriers of keto-enol
isomerization will be decreased. Distinct electron donating
conjugated effect and relatively weak electron withdrawing
inductive effect will be present when –NHR (R = H, CH3, and
CH2CH3) is linked to benzene ring (KN, KNC, and KNCC).
The electron withdrawing effect is larger when the substituent
group is acylamino (KNCOC) than KN, the energy barrier is
still lower thanK.When –OR and –OH links to acetonpheone,
they exhibit inductive electron withdrawing effect and elec-
tron donating conjugated effect at the same time, while the
latter is stronger than the former and results in good electron
donating effect at last. The electron density in benzene ring
will be increased when electron-donating group links to
acetonpheone, and it will further impel the transfer of π
electrons to O in –C = O, which will in turn exert stronger
attraction to H in acetyl, and thus isomerization occurs in an
easier fashion. In the case of KSH in S0 state, S and O belong
to the same oxygenic group and possess similar electron
effect. Moreover S has a larger atomic radius and conjugate
less efficiently to benzene ring than O. Hence, energy barrier
of isomerization decreases to a lesser extent than that of –OH,
when –SH links to the para-position of acetonpheone. C, N,
and O all belong to the same second period of element, and
follow an electron-donating capability order of –NH2 > −OH
> −R. When N, O, and C atoms are linked to para-position of
acetonphenone (KN, KOH, and KC), the corresponding ener-
gy barriers of isomerization will gradually increase according-
ly as the order shown in the Table 2.

The above results indicate that the better electron donating
ability of groups linked to acetophenone, the more energy
barrier decreases, the easier isomerization occurs, the easier
the energy high-energy electrons absorbed and transferred
when high-energy electrons are injected into PE, without
reference to acetophenone and its analogues are doped into
or acetophenone bonded to the chains of PE, and vice versa.
The conjugation in acetophenone between the aromatic ring
and the carbonyl group has a noticeable influence on the
relative energies of the nπ* and ππ* states as well as their
chemical reactivity. Upon energies of high-energy electronics
absorption, acetophenone can undergo two general types of
processes: isomerization and transitions between electronic
states while either conserving spin (internal conversion) or
altering spin (intersystem crossing). When acetophenone ab-
sorbs the energy, it is initially excited to the bright S2 state
(adiabatic excitation energy 101.22 [27] kcal mol−1), followed
by an ultrafast S2→ S1 internal conversion and relaxation to the
S1 minimum (77.99 [8] kcal mol−1). The S1 → T1 intersystem
crossing can occur efficiently.With the available excess energy,
acetophenone can overcome the barriers of cleavage in the T1
state (RD1 at 17.92 kcal mol−1 and RD2 at 27.58 kcal mol−1)
and form the corresponding ground-state products. With the
rather small TS energy barrier of dissociation channel, RD1 is
expected to be accessible with a preference cleavage for
forming C6H5CO and CH3 radicals.

When the electron energy accumulated by electric field
exceeds 62.31 kcal mol−1, acetophenone exchanges the ener-
gy with this “hot” electron, accomplishes isomerization from
keto- to enol-tautomers, and releases a secondary electron
with low energy. When the system absorbs energy from
another “hot” electron, isomerization reaction from enol- to
keto-tautomers occurs. The reaction occurs repeated made the
“hot” electrons “cool” which cannot bob the C-C bond of
XLPE with 82.95 kcal mol−1 bond breaking energy. With the
macro-point of view, the composite exhibits an elevated initi-
ation voltage of electrical tree and AC breakdown strength.

The detailed knowledge of mechanism for aromatic car-
bonyl compounds provides the basis for our understanding of
the chemical compound doping or bond linked with XLPE
electrical properties improvement. Looking further into the
future, theoretical calculations provide not only new insights

Table 3 The calculated and experimental adiabatic excitation energies (unit in kcal mol−1) of acetophenone in the lowest five electronically excited
states (T1, S1, T2, S2, and S3)

K → E (R) ΔES0-S1 ΔES0-S2 ΔES0-S3 ΔET2-S0 ΔET1-S0

QCISD(T)//B3LYP 74.92

CIPT2/cc-pVDZ//
CASSCF(12,11)/6-31+G*

79.0d 78.1f (3.39 eV) 103.14e (36 074 cm−1)
101.2f (4.39 eV)

71.77e (25 102 cm−1)
78.7f (3.41 eV)

73.07e (25 556 cm−1)
72.5f (3.14 eV)

Expl. 77.99a (27 279 cm−1) 101.22b (35 402 cm−1) 119.21c (41 695 cm−1) 73.74a (25 791 cm−1)

a Ref.[8]; b Ref.[12]; c Ref.[27]; d Ref.[10] calculated at CASSCF(10,8)/6-31G* level; e Ref.[28] calculated at MCSCF(10,9)/6-311G(d,p) level; f Ref.[13]
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into experimental findings but also some guidance to experi-
mental study of mechanism of elevating breakdown strength
of XLPE. The relative work is currently underway. Further
work to account for electron flux during the chemical reaction
[29, 30], intramolecular stabilization effects QTAIM analysis
[31–34], ionization potentials, electron affinities, extraction
potentials, and reorganization energies etc. in a selected set
of the presently investigated molecules additive in XLPE is
under way.

Conclusions

In this paper, a systematically theoretical study on the mech-
anism of isomerizations of acetophenone and its analogues in
S0 and T1 states and the two C–C bond fission reactions have
been carried out. On S0 state, energy barriers for these isom-
erization reactions (30 reaction systems) are needed to over-
come for both reactions of keto- to enol- and enol- to keto-
tautomers. The energy barriers of isomerization from keto- to
enol-tautomers decrease when electron donating alkyl groups
or heteroatoms are linked to para-position of acetophenone.
The energy barriers obviously decrease in T1 triplet state versus
its S0 ground state. To overcome energy barriers of both for-
ward and reverse reactions are almost equal in the T1 state. The
cleavage is strongly dominant of dissociation channel RD1
because of the lower barrier. The energy barriers of the 30
reactions are lower than that for the breakdown of the C-C
single bond in XLPE. Finally, acetophenone can inhibit poly-
ethylene electrical tree as well as improve the alternate break-
down strength XLPE through either doping into PE composite
or linked to PE chains.
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