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Abstract: According to the results of quantum mechanical calculations, it is shown that the reactions of hydro-
and methyl peroxide radicals with one of the components of bio-oil — p-benzylphenol — are thermochemically
favorable. As a result, the addition of p-benzylphenol to the fuel can lead to its low-temperature chain oxidation
and, hence, to a decrease of the time of ignition delays and temperature of ignition.
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Figure Captions

Figure 1 M06-2X/6-31G(d,p) optimized geometries of the most thermochemically stable structures of p-benzylphenol (1A and
2A) and radicals (1B-4B) formed by the abstraction of H atom from them. Bonds lengths are in nanometers

Figure 2 Correction dependence between the tabulated values of enthalpies of atomization of compounds (X) considered
in [9, 10] and their values calculated using the B3LYP/6-31G(d,p) (а) and M06-2X/6-31G(d,p) (b) approaches

Table Captions

Table 1 Values of H0
298.15(Y ) and G0298.15(Y ) determined using the B3LYP/6-31G(d,p) and M06-2X/6-31G(d,p) approaches

Table 2 Parameters of the linear correection dependencies presented in Fig. 2 as well as their values of the root mean squared
errors (RMSE) and standard errors (SE)

Table 3 The calculated (–rH
0
298.15(Y,CALC)a) and corrected (–rH

0
298.15(Y,CORR)a) values of standard enthalpies of the

atomization of the considered compounds (Y ) determined using the B3LYP and M06-2X approaches

Table 4 The calculated (–fH0
298.15(Y,CALC)a (±3RMSE)) and corrected (–fH0

298.15(Y,CORR)a (±3SE)) values of
standard enthalpies of formation of the considered compounds (Y ) determined using the B3LYP/6-31G(d,p) and M06-2X/6-
31G(d,p) values of–rH

0
298.15(Y,CALC)a and–rH

0
298.15(Y,CORR)a approaches

Table 5 The homodesmotic reactions and their values of –rH
0
298.15(Rxi)REAC calculated in this study using the B3LYP/6-

31G(d,p) and M06-2X/6-31G(d,p) approaches as well as their values determined on the basis of the tabulated values [13]

Table 6 The values of δfH0
298.15(Y,CALC)REAC determined using their calculated values of –rH

0
298.15(Rxi)REAC as well as

the consistent values of–fH0
298.15(Y,CALC)REACMEAN

Table 7 The considered reactions of H atom transfer to the peroxy radicals, the B3LYP values of –rS
0
298.15(Rxj) and

–rH
0
298.15(Rxj) determined using the results of the B3LYP, M06-2X calculations as well as the values of –fH0

298.15(1A) and
–fH0

298.15(1B) determined (see Table 6) and used for calculations of the values of–rG
0
298.15(Rxj)

Table 8 The values of S0298.15(Y,CALC) determined in the present study using the B3LYP and M06-2X approaches

Acknowledgments

The authors are grateful to the Ministry of Education and Science of the Russian Federation (АААА-А20-
120011390097-9 and АААА-А20-120011390099-3) for the support of this work.

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2020 volume 13 number 4



G. A. Poskrebyshev, M. R. Kudasheva, and A. A. Poskrebyshev

References
1. Czernik, S., and A. V. Bridgwater. 2004. Overview of appli-

cations of biomass fast pyrolysis oil. Energ. Fuel. 18:590–
598.

2. Poskrebyshev, G. A., and H. Wang. 2010. Surrogate bio-
oil. Catalysis Center for Energy Innovation (CCEI) Spring

Symposium. Newark, DE: University of Delaware.

3. Poskrebyshev, G. A. 2015. Khimicheskiy sostav model’-
nogo biomasla dlya rascheta i optimizatsii proizvodstva
biotopliv [Chemical composition of model bio-oil for cal-
culation and optimization of biofuel production]. Tezisy

konf. “Aviadvigateli XXI veka.” [Conference “Aircraft En-
gines of the XXI Century” Abstracts]. Moscow: CIAM.
1016–1017.

4. Poskrebyshev G. A. 2015. Khimicheskiy sostav surrogat-
noy smesi dlya analiza produktov i optimizatsii usloviy
radiatsionno-khimicheskoy pererabotki biomasla [Chem-
ical composition of surrogate mixture for product analysis
and optimization of conditions of radiation chemical pro-
cessing of bio-oils]. 6th Rossiyskaya konf. “Aktual’nye prob-

lemy khimii vysokikh energiy”: Sb. statey [6th Conference
(Russian) “Actual Problems of High Energy Chemistry”
Proceedings]. Moscow: Granitsa Publs. 296–298.

5. Bertholon, G., M. Giray, R. Perrin, and M. F. Vincent-
Falquet-Berny. 1971. Etude physicochimique des phenols.
OX. Ethanlpies de combustion et energies de resonance
des alcoyl et aryphenols. B. Soc. Chim. Fr. 532:3180–3187.

6. Semenov, N. N. 1934. Tsepnye reaktsii [Chain reactions].
Мoscow: Goskhimtekhizdat. 555 p.

7. Titova, N. S., S. A. Torokhov, and A. M. Starik. 2011.
On kinetic mechanisms of n-decane oxidation. Combust.

Explo. Shock Waves 47(2):129–146.

8. Frisch, M. J., G. W. Trucks, H. B. Schlegel, G. E. Scuseria,
M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone,
G. A. Petersson, H. Nakatsuji, X. Li, M. Caricato,
A. V. Marenich, J. Bloino, B. G. Janesko, R. Gom-
perts, B. Mennucci, H. P. Hratchian, J. V. Ortiz, A. F. Iz-
maylov, J. L. Sonnenberg, D. Williams-Young, F. Ding,
F. Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone,
T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao,
N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehara,
K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Naka-
jima, Y. Honda, O. Kitao, H. Nakai, T. Vreven,

K. Throssell, J. A. Montgomery, Jr., J. E. Peralta,
F. Ogliaro, M. J. Bearpark, J. J. Heyd, E. N. Brothers,
K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi,
J. Normand, K. Raghavachari, A. P. Rendell, J. C. Burant,
S. S. Iyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene,
C. Adamo, R. Cammi, J. W. Ochterski, R. L. Martin,
K. Morokuma, O. Farkas, J. B. Foresman, and D. J. Fox.
2016. Gaussian 16, Revision C.01. Wallingford, CT: Gaus-
sian, Inc.

9. Poskrebyshev, G. A. 2019. The CBS values of –fH0
298,15

and S0298,15 of the phenoxy radicals, formed by abstrac-
tion of H atom from the components of surrogate bio-oil.
Comput. Theor. Chem. 1169:112625.

10. Poskrebyshev, G. A. 2021. The standard thermochemical
properties of the p-benzylphenol and dimethyl phtha-
late, and their temperature dependencies. Comput. Theor.

Chem. 1171:113146.

11. Poskrebyshev, G. A. 2018. Struktura i termokhimicheskie
svoystva fenoksil’nykh radikalov, obrazovannykh iz kom-
ponentov surrogata bionefti [Structures and thermo-
chemical properties of phenoxy radicals, formed from
components of the surrogate bio-oil]. Goren. Vzryv

(Mosk.) — Combustion and Explosion 11(4):14–22.

12. Goos, E., A. Burcat, and B. Ruscic. September 2005.
Extended Third Millennium ideal gas and condensed
phase thermochemical database for combustion with up-
dates from active thermochemical tables. Aerospace En-
gineering, and Argonne National Laboratory, Chemistry
Division. Alexander Burcat and Branko Ruscic Report
ANL 05/20 and TAE 960 Technion-IIT.

13. Afeefy, H. Y., J. F. Liebman, and S. E. Stein. 2018. Neu-
tral thermochemical data in NIST Chemistry WebBook.
NIST Standard Reference Database Number 69. Eds.
P. J. Linstrom and W. G. Mallard. Gaithersburg, MD: Na-
tional Institute of Standards and Technology. Available at:
http://webbook.nist.gov (accessed September 2005).

14. Precomputed scaling factors. NIST Computational
Chemistry Comparison and Benchmark Database —
SRD 101. III.B.3.a. Available at: https://cccbdb.nist.
gov/vibscalejust.asp (accessed November 14, 2020).

15. Weast, R. C., and J. G. Grasselli, eds. 1989. CRC Hand-

book of data on organic compounds. 2nd ed. Boca Raton,
FL: CRC Press, Inc.

Received November 14, 2020

Contributors
Poskrebyshev Gregory A. (b. 1965) — Candidate of Science in technology, leading research scientist, V. L. Talrose
Institute of Energy Problems of Chemical Physics at N. N. Semenov Federal Research Center for Chemical
Physics of the Russian Academy of Sciences, 38-2 Leninsky Prosp., Moscow 119334, Russian Federation;
gposkr@chph.ras.ru

Kudasheva Mary R. (b. 1998) — student, D. I. Mendeleev University of Chemical Technology of Russia, 9 Miusskaya
Sq., Moscow 125047, Russian Federation; kudashevamasha@bk.ru

Poskrebyshev Alexander A. (b. 1961) — leading engineer, V. L. Talrose Institute of Energy Problems of Chemical
Physics at N. N. Semenov Federal Research Center for Chemical Physics of the Russian Academy of Sciences,
38-2 Leninsky Prosp., Moscow 119334, Russian Federation; senior teacher, N. E. Bauman Moscow State Technical
University, 5/1 Baumanskaya 2-ya Str., Moscow 105005, Russian Federation; poskr@mail.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2020 volume 13 number 4




