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Abstract 

We have studied the relative positions of the frontier levels determine the main electronic 

properties and reaction ability, there is important necessity to compare the MO of the purine and 

рyrimidine bases: adenine (A), guanine (G), cytosine (C), thymine (T) and uracil (U). The donor 

and acceptor properties are the fundamental characteristic of the conjugated molecules and can 

be quantitatively estimated by relative positions of the frontier molecular orbitals. The MO’s 

energies can be estimated experimentally or quantum-chemically. Analysis of the relative 

position of the frontier levels (calibrated by the energy gap) enables the investigation of the 

donor/acceptor properties of the RNA/DNA bases more detailed. The index φ0 is proposed for 

the quantitative quantum-chemical estimation of the donor ability of the conjugated molecules: it 

points on the shifting of the energy gap relative to the reference electron balanced system. The 

RNA/DNA bases divided strictly by two groups: predominantly donors (φ0 > 0.5) and 

predominantly acceptors (φ0 > 0.5). Each representative base of the first group forms the stable 

base pair the representative base of the second group the difference of indices Δφ0 should be 

optimal to enables the DNA replication. 

 

Keywords: purine and рyrimidine bases; donor/acceptor properties; quantum-chemical 

calculations; frontier levels; middle energy gap; parameter φ 
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1. Introduction 

The nucleic bases – adenine, thymine, guanine, cytosine and uracil are wide known 

building blocks of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). A determination of 

their electronic structure is a great interest so as the NA bases are exceptional stable complex 

molecular assembly with respect to exposure of various environmental factors (Zinger, 1984). It 

is well known that NA basеs can generate the long chain owing to formation of the hydrogen 

bonding between pair of NA bases; such H-bonding is established to be main type of the 

intermolecular and intramolecular interactions which are responsible to biological process’ 

(G.R.Desiraju, T.Stainer, 1999; Grabowski S.J., 2001). Similar non-covalent interactions specify 

the spatial constitution of the RNA/DNA chains and their physical and chemical properties in the 

ground and excited states. Besides the experimental study, the NA bases are favorite objects for 

investigation of electron structure of the individual base molecules as well as their interaсtions 

between them (M. Preuss, et al., 2004; S. S. Wesolowski et al., 2001; Daniele Varsano et al., 

2006). Aromatic π-π stacking interactions are generally defined as the attractive interactions that 

occur between the π-clouds of aromatic systems in a parallel, face-to-face orientation. They play 

a fundamental role in many aspects of chemistry and biochemistry (C. A. Hunter, J. K. M. 

Sanders, 1991; S. K. Burley, G. A. Petsko, 1985), for example in the fields molecular recognition 

(E. A. Meyer et all, 2003) self-assembly (C. G. Claessens, J. F. Stoddart, 1997) supramolecular 

chemistry, and general host-guest interactions (B. Askew et al., 1989; D. B. Smithrud, F. 

Diederich, 1990; C. A. Hunter, 1994; J. Rebek, 1996). π-π -stacking in biology is often integral 

to the structure and function of proteins, cofactors and substrates (G.B. McGaughey et al.,1998).  

  While individually weak, the additive power of these interactions leads to large effects, 

DNA structure being the quintessential example (J. D.Watson, H. C. D. Crick, 1953). In such 

intricate scenarios, very often the π-π interaction is considered as some sort of “deus ex 

machine”, intervening in reactions, stabilizing complexes, and influencing structure. Therefore, 

being able to estimate the energetic and structural features of these interactions would be 

extremely useful in modeling and understanding many important phenomena (Mark P Waller et 

al., 2006). The results of numerous studies show that many properties of NA bases, in particular, 

their affinity to other biomolecules depend on relative positions of their molecular levels, firstly, 

the frontier levels and levels of lone electron pairs of the two-coordinated nitrogen atoms capable 

to generate the hydrogen bonds. The MO energies can be estimated experimentally, for example, 

by photoelectron spectra (Timo Fleig, Stefan Knecht, 2007) or by quantum-chemical calculations 

(Vasily A. Ovchinnikov, Dage Sundholm, 2014; O.O. Brovarets' et al., 2014; Daniel Svozil et 

al., 2004). In addition, to obtain reasonable accuracy for small electron affinities, electronic 

energies have to be calculated with as high precision as possible. This criterion includes 
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sustaining the accuracy in calculating the atomic integrals, tightening the convergence criteria in 

the SCF and post-SCF calculations, etc. Obviously, the challenge of evaluating accurate electron 

affinities becomes more and more difficult as the size of the molecule or complex grows (Anil 

Kumar et al., 2004). 

Using reversible reduction potentials, Wiley (J. R. Wiley et al., 1991) obtained electron 

affinities of the purine and pyrimidine bases of nucleic acids experimentally. Chen (E. C. M. 

Chen, E. S. D.Chen, N. Sane, 1998) calculated the EAs of A, G, C, T, and Uracil (U) using 

semiempirical AM1-MCCI (multiconfigurational configuration interaction). Their AM1-MCCI 

values were found to be in good agreement with the experimental values for all the bases (E. C. 

M.Chen, E. S. D.Chen, 2000). Scheidt (J. Schiedt, R. Weinkauf, D. M. Neumark, E. W. Schlag, 

1998) investigated the electron binding to DNA bases U, T, and C in the presence of water 

clusters using photodetachment-photoelectron spectroscopy (PD-PES). They found positive 

electron affinities (EA) in the 62–86 ±8 meV range for dipole-bound states of the bases.  For U 

and T, they detected one dipole-bound state, while for cytosine, they found two dipole-bound 

states (85 ± 8 and 230 ± 8 meV). 

So, as the relative positions of the frontier levels determine the main electronic properties 

and reaction ability, there is important necessity to compare the MO energies with energies of 

the other conjugated molecules. It was earlier proposed to characterize the donor properties of 

the linear conjugated molecules (α,ω-disubstitutedpolyenes and polemethines) by the shifting of 

the frontier levels caused by introducing of terminal substituents (Kachkovskiy A.D., 1997). 

Similar approach likely can be used to theoretical estimation of the donor/acceptor properties of 

NA bases and their analogues.  

 

2. Electron donor ability of π-electron molecules 

Earlier it was proposed (Kachkovskiy A.D., 1997) to estimate quantitative donor/acceptor 

properties of conjugated molecules by the relative positions of their frontier molecular levels 

using the following formulas:   

ϕ0 = (εLUMO- α)/(εLUMO – εHOMO),(1) 

Where εLUMO is an energy of the lowest molecular orbital;  εHOMO is an energy of the highest 

occupied MO, while α is so-called Coloumb integral (in framework of Hükel approximation), 

which corresponds to an energy of 2pz electron of the carbon atom in sp2-hybridyzation. In the 

neutral linear conjugated systems, polyenes1, polymethine radicals 2 or polyacenes 3, as shown 

earlier (Pilipchuk N.V., Kachkovski O.D. et al., 2005) parameter α is equal the energy gap 

middle.  
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                    H2C = CH – (CH = CH)n – CH = CH21 

                    H2C• – (CH = CH)n – CH = CH22 

 

Indeed, the calculations show that the frontier electron levels in chain of the unsubstitued 

polyenes1 approach to each other regularly upon lengthening of the conjugated chain, so that 

distance between them decreases, as one can see 3 demonstrably for the levels of 

polyenes1obtained by three various methods (M. J. Frisch, G. W. Trucks et al., 2003) in Table 

1(a-c). 

Table 1a 

Unsubstitued polyenes 1.Frontier Level Energies (εi, a.u.) in Hartree-Fock approximation  (HF) 

        * Δ = εLUMO - εHOMOis a energy gap 

Table 1b  

Unsubstituted polyenes 1. Frontier Level Energies ((εi,a.u.) in DFT/CAM-B3LYP 

n DFT/CAM-B3LYP 
HOMO LUMO Δ HOMO+Δ/2 ϕ0 

2 -0,24680 -0,01062 0,23618 -0,12871 0,503 
3 -0,23694 -0,02094 0,21600 -0,12894 0,502 
4 -0,22990 -0,02830 0,20160 -0,12910 0,502 
5 -0,22465 -0,03375 0,19090 -0,12920 0,501 
6 -0,22063 -0,03794 0,18269 -0,12929 0,501 
7 -0,21746 -0,04119 0,17627 -0,12933 0,501 
8 -0,21494 -0,04383 0,17111 -0,12939 0,500 
9 -0,21288 -0,04592 0,16696 -0,12940 0,500 
10 -0,21120 -0,04766 0,16354 -0,12943 0,500 

 

 

n Hartree-Fock/6-31 (d,p) 
HOMO LUMO Δ* HOMO+Δ/2 ϕ0 

2 -0,27665 +0,08745 0,36410 -0,09460 0,501 
3 -0,26544 +0,07612 0,34156 -0,09466 0,500 
4 -0,25763 +0,06822 0,32585 -0,09471 0,500 
5 -0,25196 +0,06250 0,31446 -0,09473 0,500 
6 -0,24774 +0,05824 0,30598 -0,09475 0,500 
7 -0,24451 +0,05496 0,29947 -0,09478 0,500 
8 -0,24198 +0,05240 0,29438 -0,09479 0,500 
9 -0,23990 +0,05027 0,29017 -0,09482 0,500 
10 -0,23896 +0,04861 0,28757 -0,09518 0,499 

n-2
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Table 1-c 

Unsubstitued polyenes 1.Frontier Level Energies (εi, a.u.) in DFT/wB97XD 

n DFT/wB97XD 
HOMO LUMO Δ HOMO+Δ/2 ϕ0 

2 -0,26760 +0,00837 0,27597 -0,12962 0,504 
3 -0,25764 -0,00220 0,25544 -0,12992 0,503 
4 -0,25047 -0,00977 0,2407 -0,13012 0,503 
5 -0,24517 -0,01556 0,22961 -0,13037 0,502 
6 -0,24104 -0,01972 0,22132 -0,13038 0,502 
7 -0,23792 -0,02326 0,21466 -0,13059 0,501 
8 -0,23543 -0,02592 0,20951 -0,13068 0,501 
9 -0,23339 -0,02813 0,20526 -0,13076 0,500 
10 -0,23171 -0,02990 0,20181 -0,13081 0,500 

 

However, the energy gap, δ/2 = εHOMO + (εLUMO+ εHOMO)/2, remains practically same 

independently on the chain length n. Although, the DFT methods taking into consideration the 

electron correlation give the regular somewhat increasing of MO energies because of the 

considerable polarization of the C−H bonds. In the Huekel method, the energy gap in the 

unsubstituted polyenes 1 correspond to Coulomb integral α by the definition, as can be seen 

from Figure 1. 

 

 

 

Figure 1. Energies of frontier MOs and energy gap middle, δ/2 = εHOMO + (εLUMO + εHOMO)/2, 

inpolyenes1 calculated by HF/6-31 (d,p); DFT/CAM-B3LYPandDFT/wB97XD methods 

 

  

E, a.u.

1, n=1-9

φ0(HF) 

HOMO 

LUMO 

φ0(CAM) 

φ0(wB97) 
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Then, we could treate that: 

α =δ/2 =εHOMO + (εLUMO - εHOMO)/2 upon n → maximum (2) 

Similarly, the frontier levels energies for the α- and β-electrons in the polymethine 

radicals 2 demonstrate the analogical dependence on chain length n, what is seen in Figure 2. 

 

 

 

Figure 2. Level energies and energy gap middle for α-electrons (—) and β-electrons (----) in 

neutral polymethine radicals 2(HF). 

 

It is clear seen that the levels for electron with the opposite spins approach regularly; the 

gap middles approach also, so that the value δ/2 tends to the magnitude-0.095a.u., found for the 

polyenes 1. 

 The practically the same value δ/2 is obtained for the third type of neutral linear 

conjugated molecules 3; the positions of both frontier levels as well as the position of the gap 

middle are presented in Figure 3. 

E, a.u. 

2, n=1-9

φ0(β) 

φ0(α) 

HOMO 

LUMO 

α 

α

β 

β 
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Figure 3. Energies of frontier MOs as well as energy gap middle, δ/2, inacenes 3 

 

Thus, the energy gap middle is established to be practically the same and hence enables 

determine the Coulomb integral, α,  in formulas (1). For the three examples 1, 2, 3, the 

parameter ϕ0 = ½ for the enough long conjugated molecules. 

 On the other hand, in the examples above, the donor and acceptor properties are balance 

and consequently could be considered as conjugated molecules where the frontier levels are 

disposed symmetrically relative to the centra inreference electron levels. Then, shifting of 

frontier levels (upon the same energy gap) down can be treated as decreasing of a donor ability 

or/and increasing of an acceptor ability. I.e., the parameter ϕ0 can be used for the quantitative 

estimation of a donor/acceptor strength or a donor/acceptor ability. By definition, the ϕ0 = ½ 

means that the conjugated system is balanced, as regards to its donor/acceptor properties. 

According to the formulas (1), increasing of the value ϕ0 points directly on increasing of the 

acceptor ability; the proposed parameter of relative donor/acceptor ability of conjugated system 

with stable electron shell lies within the range: 0 ≤ϕ0 ≤ 1. If value ϕ0> 0.5, then molecule is 

acceptor, while ϕ0< 0.5 indicates on the prevalent donor property. If value ϕ0> 0.5, then 

molecule is a donor, as it visually pictured in Figure 4b: the frontier levels are shifted up in 

compare the energy gap of the reference molecule (for example, polyene with the same energy 

gap) presented in Fig. 4a. While ϕ0 < 0.5, then it indicates on the prevalent donor property of the 

conjugated molecule, what is illustrated by Figure 4(c). 

E, a.u. 

3, n=1-8

φ0 

HOMO 

LUMO 
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Figure 4. Relative energy gap position in reference molecule (a), donor molecule (b) and 

acceptor molecule (c). 

 

 In the study of the polymethine dyes and α,ω-disubstitued polyenes, the parameter ϕ0  

point on the shifting the energy gap upon introducing of the donor/acceptor terminal residues. 

The analogical approach could be used for estimation the donor/acceptor conjugated molecules, 

particularly, various heterocycles, including the DNA bases.  

 

3. Donor abilities of heterocycles 

 For sake an illustration, let us present the simplest heterocycles containing the nitrogen 

atom and/or other heteroatoms.  In Table 2, the frontier level energies as well as the parameter 

ϕ0for the 6-membered nitrogen-containing heterocycles 4-6 and 5-membered heterocycle 7-8 are 

collected. 

 

 

 

 

Table 2 

Frontier level energies (εi, a.u.) of heterocyclic compounds 4-8(HF) 

Molecule X HOMO LUMO Δ* δ/2 ϕ0 
4  -0,34403 +0,12661 0,47064 -0,10871 0,471 
5  -0,37681 +0,11098 0,48779 -0,13292 0,423 
6  -0,43684 +0,10198 0,53882 -0,16743 0,366 
7 N-H -0,29270 +0,20678 0,49948 -0,04296 0,604 
 O -0,31832 +0,17848 0,4968 -0,06992 0,551 

N
N N

N

N

N

X X

N

4 5 6 7 8 
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 S -0,32859 +0,13707 0,46566 -0,09576 0,499 
8 N-H -0,31928 +0,19522 0,51450 -0,06203 0,564 
 O -0,35032 +0,16558 0,51590 -0,09237 0,505 
 S -0,34771 +0,12310 0,47081 -0,11231 0,464 

1, n =10  -0,23896 +0,04861 0,28757 -0,09518 0,5 
*Δ=  (εLUMO - εHOMO);  δ/2 = (εLUMO +εHOMO)/2;   ϕo = (εLUMO - α)/Δ; α = -0,09518 (1, n =10) 

 

The 6-membered nitrogen cycles 4-6 should be treated as electron-balanced π-systems: a 

number of π-electrons is equal to a number of π-centers. One can see from Table 2 that 

introducing of the nitrogen atoms in benzene cycle (π-electron-balanced molecule) is 

accompanied by regular shifting of the frontier level positions down. Then parameter ϕ0 

decreases regularly every time upon replacement of CH group by another nitrogen atom:  

ϕ0 =0,471(pyridine), 0.423(pyrimidine), 0.366(triazine), i.e. the energy gap shifts regularly 

down. Consequently, it indicates increasing of an acceptor ability, and/or decreasing of a donor 

ability. 

 In a contrast, the 5-membered cycles 7 should be considered as electron-sufficient 

conjugated molecules: a number of π-electrons exceed a number of π-centers. Then both frontier 

levels shift thereafter up so that the gap middle is found closer to the highest occupied level; in 

accordance with this, the parameter ϕ0 increasesalsowhat point in increasing of the donor ability. 

The variation of the heteroatom X cause change of the donor/acceptor properties upon going 

from furan (X = O) to azole (X = NCH3) or thiophene (X = S): ϕ0 = 0.604; 0.551; 0.499, i.e. the 

decreasing of the heteroatom X electrononegativity is accompanied by regular decreasing of the 

acceptor ability. 

 Introducing additionally of the nitrogen atom in the 5-membered heterocycle 8 causes the 

shifting of energy gap down, and hence such chemical change increases acceptor ability, so that 

δϕ0≈0.6 upon going from 8, X = NH to 8, X = O and δϕ0≈0.4 upon going from 8, X = O to 8, X 

= S. 

 It is to be also noted that the HOMO and the LUMO demonstrate the different 

sensitivities to the changes of the chemical constitution and hence the change of the energy gap Δ 

does not correlate with the donor/acceptor parameter ϕ0.  

 

4. Estimation of donor/acceptor ability of NA bases 

Generally, the bases in the DNA subunits are connected sequentially with ribose, 

deoxyribose and phosphorus residues. However here we will study the model heterocylic bases 

9-13, when the base tails are modeled by the saturated methyl (-CH3) group (Figure 4). 
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Figure  4. General structure of studied purine and рyrimidine bases. 

 

The calculated frontier level energies and other characteristics of the studied purine and 

рyrimidine bases 9-13 are collected in Table 3. 

Table 3  

Frontier  level energies  (εi, a.u.) of  purine (9, 10) and рyrimidine (11-13)bases 

Molecule Method HOMO LUMO Δ δ/2 ϕo 
9, A HF -0,30354 +0,13958 0,44312 -0,08198 0,530 

 DFT/CAM -0,26523 +0,03594 0,30117 -0,06622 0,549 
 DFT/wB -0,28686 +0,05595 0,34281 -0,09853 0,545 

 
10, G HF -0,28987 +0,15744 0,44731 -0,09904 0,565 

 DFT/CAM -0,25069 +0,05364 0,30433 -0,11883 0,602 
 DFT/wB -0,27245 +0,07438 0,34683 -0,14236 0,592 

 
11, U HF -0,35216 +0,11451 0,46667 -0,14289 0,449 

 DFT/CAM -0,29745 +0,01274 0,31019 -0,10164 0,458 
 DFT/wB -0,31888 +0,03311 0,35199 -0,1243 0,466 

 
12, C HF -0,32835 +0,12507 0,45342 -0,1248 0,486 

 DFT/CAM -0,27500 +0,02641 0,30141 -0,09542 0,517 
 DFT/wB -0,29654 +0,04695 0,34349 -0,1186 0,517 

 
13, T HF -0,31833 +0,12749 0,44582 -0,11922 0,499 

 DFT/CAM -0,2664 +0,02920 0,2956 -0,11546 0,537 
 DFT/wB -0,28818 +0,04975 0,33793 -0,06622 0,534 

 
1, n =10 HF -0,23896 +0,04861 0,28757 -0,09518 0,5 

 DFT/CAM -0,21120 -0,04766 0,16354 -0,12943 0,5 
 DFT/wB -0,23171 -0,02990 0,20181 -0,13081 0,5 
 

At first, all three used methods give the comparatively close values for the proposed 

donor/acceptor parameter ϕo, in spite of the more essential differences in MO energies. The both 

DFT-method staking into consideration the electron correlation give somewhat higher values 

than simple HF approximation with the bases set. However, all three methods show the same 

9 (A) 10 (G) 11 (U) 12 (C) 13 (T) 
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sensitivities of donor/acceptor parameter on the chemical constitution of the DNA/RNA 

heterocyclic bases. 

So, three bases, U, C, T, are composed of 6-memvered cycle with the exocyclic one-

coordinated oxygen atom giving one 2pz electron in total conjugated system; also, cyctosine and 

thymine have the exocyclic amino group with two electrons included in the π-system, so that 

each molecule has its stable electron shell. Because of the heavy atoms, the heterocyclic bases C 

and T should demonstrate the principally acceptor properties. As regards to U, it contains two t 

one-coordinated oxygen atoms (giving two electrons in the total π-system); two tri-coordinated 

nitrogen atoms give four electrons (at the expense of their LEPs). But, though bases U, C, T are 

electron-sufficient systems, so they are acceptors because of the heavy nitrogen atoms existence 

in their structure.  

In contrast, the heterocyclic bases A and G contains 5-membered cycle with the tri-

coordinated nitrogen atom with its LEP with makes these molecules as high donor π-system; 

thus, their parameters are higher the middle value: ϕo > 0.5, i.e. they should give evidence of 

their donor properties. The tendency predicted all used methods is seen from presented data in 

Table 3 to be the same. 

In simple approaches of molecular orbital theory, the HOMO energy (εHOMO) is related to 

the ionization potential (IP) by Koopmanns’ theorem and the LUMO energy (εLUMO) has been 

used to estimate the electronaffinity (EA). As it seen from the Table 4, parameter φ сhanging in 

the same direction as measured practically ionization potential (Orlov V. M., Smirnov A. N., 

Varshavsky Ya. M., 1976) and electronaffinity (J. R.Wiley, J. M. Robinson et al., 1991). 

 

Table 4 

Correlation of the calculated parameter φ with practically measured EA and IP. 

Bases φ EA, eV 1-φ IP, eV 
10 (G) 0.566 1.51 0.434 7.77 
9 (A) 0.530 0.95 0.470 8.26 
12 (C) 0.472 0.56 0.528 8.68 
13 (T) 0.445 0.79 0.555 8.87 
11 (U) 0.431 0.80 0.569 9.32 

 

Nevertheless our experimental data confirm the general conclusion made of these 

publications, that the purine bases are better electron donors than the pyrimidines. 

 

5.  Comparison of donor/acceptor abilities of the heterocyclic bases of NA 

It is known that the  RNA/DNA bases make up the bases pair in DNA chain molecules, so 

that thestable A-T and G-C pairs are formed, they are connecting by two/three bonding bonds 
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(Zinger, 1984). Besides, the pyrimidines are bonded with the purines; other possible pairs turn 

out to be unstable. Then, let us compare the indicesof the pyrimidine bases with the reference 

long polyene molecule 1 and the pyrimidine 5.  The Figure 5 shows distinctly that the U (uracil) 

and C (cytosine) should predominately treat as acceptors, similarly to the pyrimidine heterocycle 

5, as far as their ϕo < 0.5. Introducing of the donor methyl (-CH3) substituent in the uracil and 

hence going to thymin (T) leads to shifting of the frontier levels up and to decreasing of the 

acceptor property (see increasing  of the index ϕo  in Table 3).  

 

 

Figure 5. Relative positions of pyrimidine bases U, T, C and reference compound  

1 and 5(- - - ϕo) 

 

Inversely, the energy gap of both purine bases, A and G, containing the electron-

excessive 5-membered cycle, is shifted up relatively to the reference molecules 1, n = 10; such 

relative disposition of  the frontier levels resembles the high donor imidazaole7, but is opposite 

to the acceptor pyrimidine, what is visually seen in Figure 6.  
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Figure 6. Relative positions of purine bases A and G and reference compound 1,5, 8 (- - - ϕo). 

 

We could assume that donor/acceptor properties (and hence index ϕ0) influence on the 

charge distribution and hydrogen bonding strength. It is interested to compare the index of each 

RNA/DNA base as well as compare the difference of the indices the pair of the corresponding 

bases connected by the hydrogen bonding. The calculated indices are collected in Figure 7. 

 

 

 

Figure 7. Indices φ0 for RNA/DNA bases 

 

 One can see that the bonding bases pairs are formed so that the index φ0> 0.5 for the first 

base while φ0< 0.5 for the second base, whereas other possible pairs are less stable. It is to be 

notablypointed that the base pairs with maximum or minimum difference of indices Δφ0 are 
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likely not stable. Evidently, there is certain optimal difference Δφ0 in order to the base pair 

should be stable and also enables the DNA replication. The existence of the optimal difference in 

donor/acceptor properties seemly explains the well-known complementarity rule of nucleobases 

(Zinger, 1984). 

 

Conclusion 

 Thus, an analysis of the relative position of the frontier levels (calibrated by the energy 

gap) enables the investigation of the donor/acceptor properties of the RNA/DNA bases more 

detailed. The index φ0is proposed for the quantitative quantum-chemical estimation of the donor 

ability of the conjugated molecules: it points on the shifting of the energy gap relative to the 

reference electron balanced system. The RNA/DNA bases divided strictly by two groups: a) 

predominantly donors (φ0>0.5); b) predominantly acceptors (φ0>0.5). Each representative base 

of the first group forms the stable base pair the representative base of the second group 

(complementarity rule) the difference of indices Δφ0 should be optimal to enables the DNA 

replication. 
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