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Abstract
The ability to predict the redox properties is an important tool for study electron transfer processes occurring in the
gas-phase (atmospheric chemistry) or in the condensed phase (electrochemistry, biochemistry). MPWB1K/6-31+G(d)
and MPWB1K/tzvp theoretical models were found to provide reasonable accuracy of the prediction of ionization po-
tentials for mono- and polycyclic azacompounds. The root mean square errors of the methods are 0.19 and 0.20, re-
spectively. While the mean absolute deviation for both methods is the same and equals to 0.15 eV. These theoretical
models were applied to predict ionization potentials for compounds not evaluated experimentally. Influence of substi-
tutes and a number of nitrogen atoms on value of ionization potential was analyzed. Methyl-, and phenyl- groups, and
fused benzo cycle decrease ionization potentials of N-heterocycles. Increase of amount of nitrogen atoms in five-mem-
bered cycles leads to significant enlargement of ionization potentials.
Keywords: azacyclic compounds, DFT, ionization potential.

TEOPETUYHE AOC/JIXKEHHA NOTEHLIAJIIB IOHI3ALII
N-TETEPOLOUKJ/ITYHUX CITIOJIYK

Jrogmuia K. CBATEeHKO'

Kipoeozpadcwkull depircasHull nedazozivHull yHisepcumem im. B. BunHuueHka, Kipogoepad, 25006, Ykpaina
AHoTanisa
JdoBeaeHo, mo TeopetuyHi moaeai MPWB1K/6-31+G(d) i MPWB1K/tzvp 3a6e3ne4yioTh rapHy TOYHiCTh IPOTHO3Y MO-
TeHLia/IiB ioHi3anii A1 MOHO- i MONMINUK/IIYHUX a3acnolyK. CepeAHbOKBaApaTUYHe BiiXHJIEHHA MeTOAIB CTAHOBUTh
0,19i 0,20 BiznOBiAHO, y TOI Yac AK cepeJHE aGCOTIOTHE BiAXUIEeHHS AJis1 060X MeTOAiIB oJHaKoBe i zopiBHI0E 0,15 eB.
Ili TeopeTuyHi MogeJ1i 6y/10 3aCTOCOBAHO /JI1 NPOTHO3yBaHHS NOTeHLia/IiB ioHi3alii cnoayk, AJ1s SIKUX BiJCyTHI Bij-
NMOBiJHi eKcnepuMeHTa/IbHI AaHi. [IpoaHanizoBaHO BIJIMB 3aMiCHMKIB Ta KiJIbKOCTi aToMiB HiTporeHy Ha BeJIM4YUHY
noreHujiajy ionizanii. MeTuabHa i peHisibHA rpyny, a TAaK0XK KOHJEHCOBaHe GeH30JIbHE AP0 3MEHIIYIOTh NOTeHIia-
4 ioHizanii N-reteponukiiB. 36i/ibIIeHHA KisibKOCTi aTomiB HiTporeHy B m’sSTH4YJIeHHUX IIUKJIaX 0GYMOBJIIOE 3HAYHE
3poCTaHHsA NOTeH1iaiB ioHi3aji.
Karouosi caosa: azanukiaivni cnonyku, TOT, noteHuian ioHisaii.

TEOPETUYECKOE MCCJIEAOBAHUE NIOTEHIIUAJIOB UOHU3ALIMU
N-TETEPOIUUK/IMYECKHUX COEAMHEHUHN

Jrogmuia K. CBaTeHKO'

Kuposozpadckuli 2ocydapcmeeHHblil nedazozuyeckull yHugsepcumem um. B. BunHuuenka, Kuposoepad, 25006, Ykpauna
AHHoOTaULu4g
Joka3zaHo, yTo TeopeTudeckue moaeau MPWB1K/6-31+G(d) u MPWB1K/tzvp o6ecne4nBalOT XOpOUIyI0 TOYHOCTh
NMPOrHO3a MOTEHI[UA/IOB MOHU3AIUM JJIsI MOHO- U NMOJIMIUKINYECKHX a3acoeAuHeHMil. CpejHeKBaApaTH4YHasA MO-
rpemHocTb MeToA0B paBHa 0,19 u 0,20 cOOTBETCTBEHHO, B TO BpeMsl Kak cpeJHee aGCOITHOE OTK/IOHEHME AJIs1 060-
HUX METO/O0B OAUHAKOBO U paBHO 0,15 3B. 3TN TeopeTudeckne Mo e/ GbLJIM MPUMEHEHbI /IS MPOrHO3MPOBAaHHUSA MO-
TEHI[UA/IOB HOHU3ALUH COeJUHEHHUH, /i1 KOTOPBIX OTCYTCTBYIOT COOTBETCTBYIOIME IKCIIepUMEHTAIbHbIE JaHHbIE.
IIpoaHa/IM3MPOBAHO BJIMSHHE 3aMeCTHTe/Iell M KOJIMYeCTBA aTOMOB a30Ta Ha BeJIMYMHY NMOTEHIMa/la HOHU3aALMH.
MeTuibHasA U GpeHWIbHas IPYINb], a TAKXKe KOHAEHCUPOBaHOe GeH30J/IbHOEe S1/Ip0 YMEHbIIAOT NOTeHa/Ibl HOHHM3a-
vy N-reTeponyKJ/IOB. YBeIMYeHHe KOJIMYeCTBA aTOMOB a30Ta B NATHY/IEHHbIX IUKJIaX NIPUBOAUT K 3HAYMTETbHOMY
BO3PacTaHUIO OTEHI[UA/I0B HOHU3ALUH.
Kawuesvle ca106a: azauukandeckue coeguHenusi, TOII, noTeHMam HOHU3AIU Y.
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Introduction

Redox reactions are widely spread in nature
and used in industry. Knowledge of electrochem-
ical properties of compounds is highly desirable
to understand the nature of electron-transfer re-
actions and the determination of molecular char-
acteristics. Sometimes, not only the magnitude but
even the sign of redox characteristics are difficult
to experimental measure. In those cases, the theo-
retical prediction of such properties as ionization
potential, electron affinity, reduction and oxida-
tion potentials is used. In this context the search
of methods to accurately predict redox properties
has a great interest of chemical community. Dif-
ferent approaches were examined for some class-
es of organic compounds [1-10]. Some of the pre-
dictions are quite accurate (errors are in a range
of 0.1-0.2 eV) and cover a wide range of classes
of organic molecules. The present study contin-
ues our work in prediction of one electron oxida-
tion properties for nitrogen-containing heterocy-
clic compounds [8; 9]. Earlier we obtained a good
accuracy in prediction of electron attachment en-
ergy for azacyclic compounds, quinones and nitro-
compounds at the MPWB1K/tzvp level of theory
[8]. The aim of this study is to establish a compu-
tational protocol that accurately calculates ion-
ization potentials (IPs) for N-heterocyclic com-
pounds and is able to predict redox properties for
compounds where experimentally measured po-
tentials are unavailable. For the present study 29
mono- and polycyclic azacompounds containing
five, and six-membered rings with available exper-
imental IPs were chosen (see Fig. 1). These com-
pounds contain varying numbers of nitrogen at-
oms in a heterocycle.

Computational Details

All of the calculations were performed using
the Gaussian 09 program package [11]. The ge-
ometry of neutral, and radical species were opti-
mized at MPWB1K/6-31+G(d) and MPWB1K/tz-
vp levels of theory [12].Harmonic vibrations were
calculated for all structures obtained to establish
that a minimum was observed. IPs were calculat-
ed as the electronic energy difference between
cation-radical oxidized and neutral reduced forms
corrected by zero-point energy.

Results and Discussion

Calculated IPs of azacompounds were com-
pared with experimental data. Table 1 summariz-
es the calculated and available experimental val-
ues of IPs, the Root Mean Square Error (RMSE),
and Mean Absolute Deviation (MAD). Calculated
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[Ps are in a good agreement with experimental da-
ta: MAD is 0.15 eV, correlation coefficient is 0.96
(Fig. 2). MPWBI1K functional gave slightly better
results with the 6-31+G(d) basis set as compared
to the tzvp basis. The RMSE was found to be 0.19
and 0.20, respectively. Since the present function-
al and basis sets are able to provide the accuracy
closed to experimental measurements they were
used to predict IPs for azacyclic compounds (30-
44) with unmeasured ionization energy to the
best of our leowledge (Table 1).
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Fig. 1. Numbering of considered compounds

Table 1

Calculated and available experimental ionization poten-

tials E° , (eV) of azacyclic compounds (1-44), RMSE and
MAD of calculated values vs. experimental data

Compound Calc. Exp.[13]
number MPWB1K/6-  MPWB1K/tzvp

31+G(d)
1 9.03 9.00 9.10
2 8.54 8.48 8.64
3 9.32 9.28 9.21
4 9.25 9.22 9.29
5 8.78 8.74 8.80
6 9.14 9.06 9.30
7 10.03 9.99 10.01
8 9.00 8.94 9.20
9 9.28 9.21 9.24
10 8.00 8.02 8.02
11 9.16 9.16 9.25
12 8.65 8.66 8.81
13 9.74 973 10.10
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Table 1 (continued)

Compound Calc. Exp.[13]
number MPWB1K/6- MPWB1K/tzvp
31+G(d)
14 9.89 9.87 9.80
15 7.56 7.57 7.76
16 7.37 7.38 7.40
17 7.31 7.32 7.51
18 7.43 7.44 7.38
19 8.20 8.21 8.35
20 8.20 8.20 8.20
21 8.80 8.79 9.20
22 9.10 9.10 9.35
23 8.38 8.38 8.62
24 8.29 8.29 8.50
25 8.11 8.04 8.51
26 8.91 8.88 9.00
27 8.79 8.77 9.01
28 7.60 7.60 7.39
29 8.04 8.03 8.33
30 7.28 7.28 -
31 7.06 7.06 -
32 7.12 7.12 -
33 6.99 7.00 -
34 8.20 8.19 -
35 8.18 8.10 -
36 7.89 7.88 -
37 7.51 7.51 -
38 9.00 8.96 -
39 7.88 7.79 -
40 8.07 8.06 -
41 10.61 10.55 -
42 10.32 10.22 -
43 9.77 9.75 -
44 9.24 9.21 -
RMSE 0.19 0.20
MAD 0.15 0.15
11
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Fig. 2. Plots of experimental ionization potentials E°
(eV) of azacyclic compounds vs. calculated data: a - MP-

WB1K/6-31+G(d); b - MPWB1K/tzvp
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Fig. 3. MPWB1K/6-31+G(d) calculated ionization poten-
tials E°_, (eV) of azacyclic compounds

As can be seen from the Table 1 and Fig. 3 sub-
stitutes affect on the value of IP of heterocycles.
Methyl- and phenyl- groups decrease IP by 0.1-
0.4 eV and 0.5-0.6 eV, respectively. Fused phenyl
cycle reduces IP by 0.5-0.9 eV and 0.1-0.5 eV in
five- and six-membered heterocycles, respectively
(Fig. 3a,b). Increase of number of nitrogen atoms
in five-membered cycles leads to a significant en-
largement of IP about 0.6-1.2 eV (Fig. 3c). While in
case of six-membered heterocycles the correlation
between IP and the number of nitrogen atoms in
cycle is not observed (Fig. 3d).
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Conclusions

MPWB1K/6-31+G(d) and MPWBI1K/tzvp
methods have been found to provide a good agree-
ment with experiment, and may be used for re-
alistic calculations of IP of azacyclic compounds.
Alkyl and phenyl substitutes decrease the val-
ue of IP. While the increase of nitrogen atoms in a
five-membered cycle enlarges IP.
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