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COS1: Orthogonal space of chemical reactivity;

COS2: Orthogonal space of electronic localization function;

COS3: Orthogonal space of bondonic (bosonic) condensation in chemical bond;
COS4: Orthogonal space of enzyme-substrate binding’s probability;

COS5: Orthogonal space of chemical structure-biological activity correlations




COS1: Chemical Reactivity
Electronegativity and Chemical Hardness
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Parr R.G.; Donnelly R.A.; Levy M.; Palke W.E. (1978) Electronegativity: the density functional viewpoint. J. Chem. Phys. 68, 3801-3808; Parr R.G.;
Pearson R.G. (1983) Absolute hardness: companion parameter to absolute electronegativity. J. Am. Chem. Soc. 105, 7512-7516; Parr R.G.; Yang
W. (1989) Density Functional Theory of Atoms and Molecules. Oxford University Press: New York; Putz M.V. (2007) Can quantum-mechanical
description of chemical bond be considered complete? Expert Commentary In: Quantum Chemistry Research Trends, Ed. Kaisas M.P., Nova Science
Publishers Inc.: New York (ISBN: 978-160021-620-6), 3-5; Putz M.V. (2007) Unifying absolute and chemical electronegativity and hardness density
functional formulations through the chemical action concept. In: Progress in Quantum Chemistry Research, Ed. Hoffman E.O., Nova Science
Publishers Inc.: New York (ISBN: 978-1-60021-621-3), 59-121; Putz M.V. (2008) Absolute and Chemical Electronegativity and Hardness, NOVA
Science Publishers Inc.: New York (ISBN: 978-1-60456-937-7), pp. 95; Putz M.V. (2011) Electronegativity and chemical hardness: different patterns
in quantum chemistry. Curr. Phys. Chem. 1(2), 111-139; Putz M.V. (2012) Chemical reactivity and biological activity criteria from DFT parabolic

dependency E=E(N). In: Theoretical and Computational Developments in Modern Density Functional Theory, Ed. Roy A.K., NOVA Science Publishers
Inc.: New York (ISBN: 978-1-61942-779-2), Chapter 17.




COS1: Chemical Reactivity
Electronegativity and Chemical Hardness

Chemical Principle Principle of Bonding

Electronegativity equality: “Electronegativity of all
constituent atoms in a bond or molecule have the
same value” (Sanderson, 1988)

oy =0

Chemical action minimum variation: Global
S I p(r)V(r)dr=0 minimum of bonding is attained by optimizing the
convolution of the applied potential with the
response density (Putz, 2011)

Minimum (residual) electronegativity: “the
Ay <0 constancy of the chemical potential is perturbed by
the electrons of bonds bringing about a finite
difference in regional chemical potential even after
chemical equilibrium is attained globally”
(Tachibana et al., 1999)

5n=0 Hard-and-soft acids and bases: “hard likes hard
and soft likes soft” (Pearson, 1973, 1990, 1997)

Maximum (residual) hardness: “molecules arranges
themselves as to be as hard as possible” (Chattaraj
et al., 1991, 1995)

1

Sanderson R.T. (1988) Principles of electronegativity Part |. General nature. J. Chem. Educ. 65, 112-119; Putz M.V. (2011): Chemical action
concept and principle. MATCH Commun. Math. Comput. Chem. 66(1), 35-63; Tachibana A.; Nakamura K.; Sakata K.; Morisaki T.
(1999) Application of the regional density functional theory: the chemical potential inequality in the HeH+ system. Int. J. Quantum
Chem. 74, 669-679; Pearson R.G. (1973) Hard and Soft Acids and Bases. Dowden, Hutchinson & Ross: Stroudsberg (PA); Pearson R.G.
(1990) Hard and soft acids and bases—the evolution of a chemical concept. Coord. Chem. Rev.100, 403—425; Pearson R. G. (1997) Chemical
Hardness. Wiley-VCH: Weinheim; Chattaraj P.K.; Lee H.; Parr R.G. (1991) Principle of maximum hardness. J. Am. Chem. Soc. 113, 1854-1855;

Chattaraj P.K.; Liu G.H.; Parr R.G. (1995) The maximum hardness principle in the Gyftpoulos-Hatsopoulos three-level model for an atomic or
molecular species and its positive and negative ions. Chem. Phys. Lett. 237, 171-176.
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COS1: Chemical Reactivity
Observability of Electronegativity and Chemical Hardness
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COS1: Chemical Reactivity

Atomic Periodicity. Density Functional Softness Theory Approach
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Putz M.V. (2006) Systematic formulation for electronegativity and hardness and
their atomic scales within density functional softness theory. Int. J. Quantum
Chem. 106(2), 361-389.




COS1: Chemical Reactivity
Atomic Periodicity. Density Functional Softness Theory Approach

the electronic (density-potential) response function (Garza & Robles, 1993)
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COS1: Chemical Reactivity
Atomic Periodicity. Atomic Size-Dependent Properties

Boyd-Markus - BM (1981)
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Boyd R. J.; Markus, G. E. (1981) Electronegativities of the elements
from a nonempirical electrostatic model. J. Chem. Phys. 75, 5385-5389;
Ghanty T.K.; Ghosh S.K. (1996) New scale of atomic orbital radii and
its relationships with polarizability, electronegativity, other atomic
properties, and bond energies of diatomic molecules. J. Phys. Chem.
100, 17429-17433; Ghosh D.C.; Biswas R. (2002) Theoretical
calculation of absolute radii of atoms and ions. Part 1. The atomic radii.
Int. J. Mol. Sci. 3, 87-113.
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Putz M.V.; Russo N.; Sicilia E. (2003) Atomic radii scale and related
size properties from density functional electronegativity formulation. J.
Phys. Chem. A 107(28), 5461-5465.




COS1: Chemical Reactivity
Atomic Periodicity. Atomic Size-Dependent Properties
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COS1: Chemical Reactivity

atomic static dipole polarizability
(Putz et al., 2003)

=
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Putz M.V.; Russo N.; Sicilia E. (2003) Atomic radii scale and related
size properties from density functional electronegativity formulation. J.
Phys. Chem. A 107(28), 5461-5465.

the chemical hardness
as the inverse of the global softness,
S (Berkowitz & Parr, 1988)
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Berkowitz M.; Parr R.G. (1988) Molecular hardness and softness, local
hardness and softness, hardness and softness kernels, and relations among
these quantities. J. Chem. Phys. 88, 2554-2557.
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COS1: Chemical Reactivity
The Sharing-Reactive Ansatz of Bonding

electronic covariance D(A,B) between of the electronic populations
of atoms A and B (Fradera & Sola, 2002; Matito et al., 2007)

F X.; Sola M. izati ization i - J .
D(A,B) _ 2J‘J‘pXC (r,r')dr' dr radera X.; Sola M. (2002) Electron localization and delocalization in open-shell molecules. J. Comp
4B

Chem. 23, 1347-1356. Matito E.; Sola M.; Salvador P.; Duran M. (2007) Electron sharing indexes at
the correlated level. Application to aromaticity calculations. Faraday Discuss. 135, 325-345.

exchange-correlation density

the second-order density matrix  integrates in specific LOwdin manner

(6.1 = pE)p(r) = o, (1) I I Prclr,r)dr'dr = N, I I P, )drtdr = N, (N, 1)

the delocalization electronic ansatz (Putz, 2011)

1 D(A.B) = AN Putz M.V. (2011) On relationship between electronic sharing in bonding and electronegativity
5 ( > ) = AB equalization of atoms in molecules. Int. J. Chem. Model. 3(4), 371-384.

the recently proposed softness kernel (Matito & Putz, 2011)

electron delocalization. J. Phys. Chem. A 115(45), 12459-12462.
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COS1: Chemical Reactivity
Additive Model of Atoms in Molecules
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COS1: Chemical Reactivity
Geometric Model of Atoms in Molecules
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COS1: Chemical Reactivity
Reactivity indices up to Spectral Like Resolution
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Putz M.V.; Russo N.; Sicilia E. (2004) On the application of the HSAB principle through the use of improved computational schemes for
chemical hardness evaluation. J. Comp. Chem. 25(7), 994-1003; Putz M.V. (2011) Quantum parabolic effects of electronegativity and
chemical hardness on carbon n-systems. In: Carbon Bonding and Structures: Advances in Physics and Chemistry, Ed. Putz M.V., Springer

Verlag: London (ISBN: 978-94-007-1732-9), 1-32.




COS1: Chemical Reactivity
Reactivity indices up to Spectral Like Resolution

Scheme Electronesatvity Chemical Hardness
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COS1: Chemical Reactivity
Introducing Absolute Aromaticity
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Putz M.V. (2010) On absolute aromaticity within electronegativity and chemical hardness
reactivity pictures. MATCH Commun. Math. Comput. Chem. 64(2), 391-418.




1 Benzene
2 Naphthalene
3 Anthracene
4 Phenanthrene
5 Pyrene
6 Naphthacene
7 Benz[alanthracene
8 Chrysene
9 Triphenylene
10 Perylene
11 Benzo[e]pyrene
12 Benzo[a]pyrene
13 Pentacene
14 Benzo[a]naphthacene
15 Dibenz[a, fi]anthracene
16 Benzo[b]chrysene
17 Picene
18 Benzo[ghi]perylene
19 Anthanthrene
20 Naphtho[2.1,8-
gralnaphthacene
21 Benzo[a]pervlene
22 Benzo[b]perylene
23 Coronene
24 Zethrene
25 Benzo[a]pentacene
26 Dibenzo[b,k]chrysene
27  Naphtho[2.3-g]chrysene
28 Naphtho[8.1,2-
bed]perylene
29 Dibenzo[cd,Im]pervlene
30 Dibenzo[a,f]perylene
31 Phenanthro[1.10.9.8-
opgralperylene
32 Dibenzo[de op]pentacene
33 Dibenzo[a,{]pentacene
34 Benzo[2. 1-a:3 4.-
a’ Jdianthracene
3s Naphtho[2.1,8-

yzalhexacene

COS1: Chemical Reactivity
Introducing Absolute Aromaticity
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topological index of reactivity —~TIR ~ €xaltation magnetic susceptibility A
(Ciesielski et al., 2009) [cgs-ppm] (Ciesielski et al., 2009)

Ciesielski A.; Krygowski T.M.; Cyranski M.K.; Dobrowolski M.A.; Balaban A.T. (2009) Are thermodynamic
and kinetic stabilities correlated? A topological index of reactivity toward electrophiles used as a criterion of
aromaticity of polycyclic benzenoid hydrocarbons. J. Chem. Inf. Model. 49, 369-376; Putz M.V. (2010) On
absolute aromaticity within electronegativity and chemical hardness reactivity pictures. MATCH Commun.
Math. Comput. Chem. 64(2), 391-418.




COS1: Chemical Reactivity
Orthogonal x-n Patterns in (Solvent) Reactivity by HSAB Principle

acid + base < salt + water By =8, 45y —hy <> by —hy +5, =5

acid 1 + base 2 & acid 2 + base 1 H-X" + HO-OH < HO-X + H-OH

Xa2clev]

M2 [ev]

Putz M.V. (2011) Electronegativity and chemical hardness: different patterns in quantum
chemistry. Curr. Phys. Chem. 1(2), 111-139.




COS1: Chemical Reactivity

Maximum Hardness (MH) Index Y
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1= £+ Y Y(auw)

y=n=8_n_58 1/+fe
n non 0.3

Putz M.V. (2008) Maximum

hardness index of quantum (0.,0)
acid-base bonding. MATCH

Commun. Math. Comput.

Chem. 60(3), 845-868.
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COS1: Chemical Reactivity
Maximum Hardness (MH) Index Y

Electronegativity Source Chemical Hardness Functionals
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COS1: Chemical Reactivity-Perspectives
Golden Ratio Driving Chemical Reactivity

“WAVE ® PARTICLE = constant”

WAVE ® PARTICLE = n,,, ,h

AOxO =nyh

AO =

AN _N-Z o=N
z z

Heisenberg imbalance equation for valence atoms

N-Z N _
z z

1

:—N+\/N2+4N2 _

2

VA Nt =0.6180

~1+4/5
T =
2

N

7 [1..STABLE (PHYSICAL) ATOM
7..REACTIVE (CHEMICAL) ATOM

Putz M.V. (2012) Valence Atom with Bohmian Quantum Potential: The Golden Ratio Approach.
Chemistry Central Journal, 6 135 (16 pages); DOI: 10.1186/1752-153X-6-135




COS1: Chemical Reactivity-Perspectives
Golden Ratio Driving Chemical Reactivity

433

p(r,&)=N=—exp[-257]
T Atom z I[eV] AleV] N NT

H 1 13595 07542 0558735 0607681
5 5 L 3 5.390 0620 0629979 0516636
E[§]=T[§]+Vee[§]+Vne[§]=N§—+(N2—N)—§—N§ B 5 8296 0278 0534672 0830952
2 16 C 6 11.256 1268 0626952 0367488
o 8 13614 1462 0620309 0375636
8E[§] 0 £= 21-5N F g 1742 3399 0742422 0.823043
PY: = 16 Na K 5.138 0546 0618802 0648699
Al 13 5.984 0442 0579755 0402127
) si 14 8149 1385 070476 0757049

E, (au)= 25 N2— 105 N+ 441 - 1 (21 _ 5]\7)2 - S (6.SOT — N)2 P 15 10481 07464 0576651 00995049
512 256 512 512 5 16 10357 20772 0750876 0430724
cl 17 1301 3615 0884779 0751744
N = 6.80r N = 6.80£ Nopoy =N™ = 2.60768VZ K 19 4339 05012 063059 0366618
N v 7 .74 052 0584648 0505999
cr 24 6763 0667 0609416 0774976
Fe % 790 0164 05212 0796616
E,oput E et Co 7 786 0662 059197 0549908
Ni 8 7433 1157 067856 0798551

7 Cu 3 7.724 1226 0688673 027917
I I DET Se E7] 975 20206 0751417 0205262
Br 35 1184 3364 0896885 0427249
neutral / Torr Rb 37 4176 04850 0631707  08519M
Zper Zr 40 584 0427 0566584 0492423
_j _12 e — I~ Nb 41 588 0834 0649348 0667305
E* i Mo 42 7.10 0747 0617582 0899704
i Rh 45 746 1138 0680006 0492855
Nreact ¢ N* Nreact Pd 46 833 0558 05717% 0686153
-1 0 +1 1 0 +1 Ag 47 7574 1303 0707782 087736
Sn 50 7342 125 0705187 0439089
) sb 51 8639 105 0638358 0622567
. 0E,, n" _1 0 Eg Te 52 301 15708 0779375 0.804255
£ =7 ON 2( oN? I 53 10454 3061 091404 0984204

N=260768vZ ) z-v ) 5y

=0.209963(au.) = 5.713(eV)

% (au.)=13286(cV)




COS1: Chemical Reactivity-Perspectives
Golden Ratio Driving Chemical Reactivity

special charge wave function based on their difference on the golden ratio scale

NC™ = 0.677771 —0.193006 Z + 0.104303 Z° * -
—0.0242757 Z* +0.00302359 Z* LIJZ = T(N CZ - N CZ )
~0.000220204 Z° +9.79371-10° Z° s = i |
—2.6894 10727 +4.4448 107 Z* [I¥,[dz =0.667233~7 j(NC; - NC; Jaz vo=l+e
—4.05002-10™Z° +1.56254 .10 7" 1 :

NC™ =0.768074 —0.224502 Z + 0.076654 Z° \/ Sf (e, - NC) Vdz ~2r

~0.0107337 Z* +0.000667575 Z* i
—0.000012746 Z° —6.0246 .10~ Z° ¥,
+4.01411-10°Z7 —9.49568 107 Z*
+1.05449 1071 Z° — 4.58533 .10 2"
.
M /\
/ 10 20 30 ‘ ) \ z
¥,
.
, - " p” " - zZ




COS1: Chemical Reactivity-Perspectives

Chemical Power Index

Putz M.V. (2013) Chemical orthogonal space of electronegativity and hardness. Introducing chemical power; in preparation.




COS1: Chemical Reactivity-Perspectives

Structural Coloring with Chemical Reactivity

SLE>10P> C2> 61> 21'> (4

Putz M.V., Ori O., Cataldo F., Putz A.M. (2013) Parabolic reactivity “coloring” molecular topology. Application on carcinogenic PAHs. Curr
Org. Chem. (2013) accepted (ISI Impact Factor ~3.); on Hot Topic Special Issue Ref: HT-SBJ-COC-0050, Topic: Polycyclic Aromatic
Hydrocarbons: From Structure to Chemical Reactivity to Biological Activity, Guest Editor: Mihai V. Putz, Publication Date: July 2013
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Orthogonal Spaces of Chemical Reactivity
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COS2: Electronic Localization

Electronic localization function
defined as the “step” realization of orthogonality

5 1 0,Vp(r)>> p(r)
S f( D, (p(r))J - {L Vpl(r)<<p(r)
D, (p(r))
density gradient component density homogeneous contribution
1 V)

D, =3 XV -

D,(r)= %(37[2)2/3[,0(1')]5/3 =2.871p(r)°"

8 p(r)
Hartree-Fock (or Kohn-Sham) orbitals ¢,

Dg accounts for the excess of local
kinetic energy density due to
Pauli repulsion

D, plays the role of
the “renormalization” factor

Fokker-Planck path integral (Kleinert,Pelster & Putz, 2002) in atomic units

x(, )=, 4 4
, RN e 1 ,
(xb,tb,xa,ta)FP—x(t;L Qx(t)exp{ : j difx(1)— K (x(t))] : j diK (x(t))}

the drift function h— D, (x.) anharmonic potential
K(x(1))=-0,U(x)

K(x)=—hx—gx’

Kleinert, H., Pelster, A., Putz M.V. (2002) Variational perturbation theory for Markov processes. Phys. Rev. E 65(6), 066128/1-7;
Putz M.V. (2005) Markovian approach of the electron localization functions. Int. J. Quantum Chem. 105(1), 1-11.




the bilocal dependency

X X
U(xa’xb) = h(xa)7b+ g(xa)Tb

(i) Solving the path integral the time-
dependent (spin) conditioned probability
is provided

(if) Stationary (spin) conditioned probability

lim (x,.t,5x,.t, )5 = (x,.t,x,.t, )
(th—til;l—lwroo xb’ b’xa’ alFp — xb’ b’xa’ alFP/w

(ii) Adjusting the exchange (parallel
spins) conditional probability

(Parr & Yang, 1989; Koch & Holthausen,
2000; Ayers & Levy, 2001)

(iv) Identification with conditioned pair
probability (Becke, 1988; Putz, 2009)

oo . ~ 2
P ('xb s X, ) = Ao‘o"xb

COS2: Electronic Localization
Electronic localization function algorithm

density (radial) equation of Poisson type

p(x,) =V, U(x,,x,) =h(x,)+3g(x,)x;

(xb,tb;x t

a’”a

(xb,tb;x

400

4
X

)t ) -

a’’a/FPlw

)i
FpP

. x* /oo
j(xb’tb’xa’ta)FP/w dxb :_1
1 hxbz—gx;‘
( . )x“/aa _ 2
xb’tb’xa’ta FPlo — 3 g
8 h’

x:+[

2h
g

Koch W.; Holthausen M.C. (2002) A Chemist's Guide to Density Functional Theory (2nd ed.). Wiley-VCH: Weinheim. Ayers P.W.; Levy
M. (2001) Sum rules for exchange and correlation potentials. J. Chem. Phys. 115, 4438-4443; Becke A.D. (1988) Correlation energy of an
inhomogeneous electron gas: A coordinate-space model. J. Chem. Phys. 88, 1053-1062. Parr R.G.; Yang W. (1989) Density Functional
Theory of Atoms and Molecules. Oxford University Press: New York; Putz M.V. (2009) Path integrals for electronic densities, reactivity
indices, and localization functions in quantum systems. Int. J. Mol. Sci. 10(11), 4816-4940.




COS2: Electronic Localization
Markovian localization functions

Laplacian field: M1: Markovian one gradient field: M2: Markovian two

ELF"'(h,g,A_,x,) ELF"*(h,g, A, ,x,)

L e L2k (3L 2 1o s h2e (31 2 s 2

_30xb+12{g +Aw(4 I gﬂxb gxb be+3{g +Aw(4 R gﬂxb gxb
butterfly elementary catastrophe swallow tail elementary catastrophe

VELF"* =0
M?2:
AELF"* =0

ELF"(x) = 1 72 ELF(x)= —1(x) B —; (x) ELF"*(x)= 1 72
[¢*(-0,@.0,] 58] ) [¢*(0.@0.0,@]

|v |—g—)g*(—g,h)>0|




COS2: Electronic Localization
Special Markovian Electronic Localization Forms

e (= . (&) D,(x)Y
s g o5

1
1+(D, (x)/ D, (x)f

M1 _ 1 3/2_ BE 2 M2 _
ELF (x)_{1+ (Dg(x)/Dh(x))z} = [ELF™ (0] ELF (x)_{

} = ELF™ ()]

Putz M.V. (2009) Path integrals for electronic densities, reactivity indices, and localization functions in quantum systems. Int. J.
Mol. Sci. 10(11), 4816-4940. Becke A.D.; Edgecombe K.E. (1990) A simple measure of electron localization in atomic and
molecular systems. J. Chem Phys. 92, 5397-5403.




COS2: Electronic Localization
Special Markovian Electronic Localization Forms

g*(~g,h) = exp{(‘—;’] } - exp[(ggg j ] )

ey o] 3(P@) v ] 5(D,Y
EL (x) = exp[ ) ( D, (X)j ] EL (x)= exp[ 1 (—Dh (X)J ]




COS2: Electronic Localization
Special Markovian Electronic Localization Forms

g*(—g,h)= cosh{«/a %} - cosh{ﬁ Dg_(x)} >0

,(X)

ELF"" (x) = {sech{ﬁ 2, }} ELF"**(x) = {sech{ﬁ £, }}
D, (x) D, (x)

ELFPE_pppMi+ ELFPE _EL P+




COS2: Electronic Localization
Atomic case

Hartree-Fock (HF) orbitals
(Clementi & Roetti, 1974)

@/ (1) = 5.97998e 71555 154 412105 10.864275¢ 7
+0.116083¢ %" —0.00616627¢ >***" +0.00316777¢**"**

P17 (1) = —4.69086¢ ™ — 49,4426 4 —18.169¢
+12.2167e %% +7.17766¢ % +0.775679¢ 7%

54513824 1 16.1988¢ 454"
+5.3916¢ % +0.639566¢ 4

Clementi E.; Roetti C. (1974) Roothaan-Hartree-Fock atomic
wavefunctions: Basis functions and their coefficients for ground
and certain excited states of neutral and ionized atoms, Z<54.
At. Data. Nucl. Data. Tables 14, 177-478.

oy (r)=r

self-consistent field
(Gombas & Szondy, 1970)

Py (r)=353.397¢r

QECFI (r) — 5.8951 le—2.006rr3/2
02" (r) =353.397¢7"r

¢§SCF2 (r) — _307.0248*948%‘,/ + 2.31275672,006;",/3/2

@357 (r) =5.895117%% 12

14

12

10

EL

1 B W .5 1 1.5 H 2.5 3
2 2
r p(r) = z qnl r¢)nl (r)|
nl
o T 07 i F\_'\\I‘
’\ 1( It !'( J
ik : Ilil 0. | ff
; fli Ili‘
0.8 :‘ {E 0.6 i i!
n ll:'
L i
i n
0.4 b 0.4 ". |:
l‘:: li il
0.z ||:\| f‘i 0.z ll:l ’}:
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Gombas P.; Szondy T. (1970) Solutions of the Simplified Self-
Consistent Field for All Atoms of the Periodic System of
Elements from Z=2 to Z=92. Adam Hilger Ltd: London.

Putz M.V. (2005) Markovian approach of the electron localization functions.
Int. J. Quantum Chem. 105(1), 1-11.
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COS2: Electronic Localization

Molecular case

atomic functions (Gombas & Szondy, 1970)

11 (r) = 8.863248r exp(— 2.698r) _ _
orthonormal orbital eigen-waves

() = 0.3697217°"% exp(- 0.797r) y L
pis ()= £ (r)

o0
Li ]2 _ _ Li Li
[rHefdr=1.n=12 oL () = £ ()
0
Li Li| Li Li
ok () = Clpkt () - apt ()]
2 R
o0
Li Li
[o3 (el (rdr =0
z.5 F 0
< 2
Li
Y [lorifar=1
2 0
Lig AP Li
Pri(r)= 2[%’ (r)] + [cozs’ (r)]2
1.5 | 0
[prr)dr=3
0
. ELFy;
Putz M.V.; Chiriac A. (2008)
Quantum perspectives on the
nature of the chemical bond. In:
LR Advances in Quantum Chemical
Bonding Structures, Ed. Putz
M.V., Transworld Research
Network: Kerala (ISBN: 978-81-
7895-306-9) 1-43.

z 2 & r(a.u.]l ]




COS2: Electronic Localization
Molecular case

One can equally say that in
the crossing vicinity of AlM-
ELFs the electrons are at the
same time completely
localized (for bonding with
ELF, — ELF, —0) and
completely delocalized for
atomic systems (with

ELF,  —1), according to
above the ELF definition and
present signification.

In other words it can be
alleged that ELF application
on chemical bond helps in
identifying the molecular
region where the electrons
undergo the transition from
the complete delocalization in
§ afoms to localization in
L molecular bonding behavior.

ELF !




COS2: Electronic Localization-Perspectives

Putz M.V.; Matito E. (2013)

Analytical chemical hardness

in density functional softness
theory, in preparation.

Electronic Density Derivatives

52,0(1‘1,1‘2) _9
SN2

two-points (non-local) chemical softness function

s(r,,1,) = _|:5p2(1'1,1'2):|

oy

the idempotency relationship

jpz (1,1, )dr, = .[p(rl ,1,)p(r,,1)dr, = p(r,,1,) = p(r,)

fulfils the softness hierarchy

s(r) = Is(rlarz)drz

the linear response function successively writes

K(rlarz):[

op(r,)

oV (r,)

_ s(l‘l)s(l‘z) __
JN— S(rl’r2)+—S

1
7

|

5p2(l'l,l’2) 4 f(rl)f(rz)
N | ]

first order derivatives

% @) f ) - ()
op(r,1,) _ S () f () —nx(r,r,)
ON 2p(r,1,)

second order derivatives

52,02(1‘1,1'2) _
N

2[5Nf(r1 )]f(rz) - [aNU]K(r1 ,ry)— 77[51\1’((1'1 Iy )]

5’ p(r,r,)

P, )8, (f (1) f(r,) —nx(r,,1,))

SN® 2p (r,n) |-

(f()f () —nx(r,r,))
2p(t,,1,)




Conclusions COS2:
Orthogonal Space of Electronic Localization

Markovian Approach of the Electron
Localization Functions
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1 0,Vo(r)>> p(r)
7 glpm)) ~ LVp(r)<<plr)
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ELF =

Int. J. Mol. Sci. 2009. 10, 4816-4940: doi:10.3390/ijms10114816
International Journal of
Molecular Sciences
ISSN 1422-0067
www.mdpi.com/journal/ijms
Review
Path Integrals for Electronic Densities, Reactivity Indices, and
Localization Functions in Quantum Systems

Mihai V. Putz

PHYSICAL REVIEW E, VOLUME 65, 066128

Variational perturbation theory for Markov processes

Hagen Kleinert,* Axel Pelster,T and Mihai V. Putz*
Institut fir Theoretische Physik, Freie Universitat Berlin, Arnimallee 14, D-14195 Berlin, Germany

(Received 16 August 2001; published 28 June 2002)




COS3: Bondonic Condensation of Chemical Bonding

Most Expected Bosonic Nature of the Chemical Bond: The Bondon

Through performing the chemical field
gauge algorithm, either by Schroedinger W (2m 1)

Mg = n=012._.

or Dirac quantum level analysis, one |_ 2 EponiX sons e
obtains the working expression for the | @ NANANBNANNS

bondonic ground state properties B, . dkcal I mollx X, f 4] = 182019

k. i
c - m, 87.8603
Bond ¥ . Eypd My Vg e 37 t5[x107] me 2
i on on _"5 _ _58 m 0
TP ) eatmon T, S =Ll S = DAT g M [kcal/mol])(Xbond[A]]
HH 0.60 1042 234219 3451 03435 9236
c—C 154 812 045624 6.890 0.687 11804
c-C® 154 170.9 021678 14385 1.446 5743 ¢ = Vs _ 100 [%]
Cc=C 134 147 033286 10.816 1.082 6616 Toe 327817 x10°
c=C 1.20 194 0.31451 12.753 1.279 5.037 1+ 0 2
s =~ 2
N=N 1.10 225 032272 13.544 1.36 4352 (Ebond [kcal /mol]) (Xbond [A]j
0=0 1.10 118.4 0.61327 7.175 0.716 8.160
F-F 128 376 142621 2.657 0.264 25.582
c-c 198 58 0.3864 6.330 0.631 16.639 0
& 2.66 36.1 0.3440 5.296 0528 26.701 ] (Ebond [kcal/mol]) X,,..[4]
cH 1.09 992 0.7455 5.961 0.594 9724 ¢, = s
N-H 1.02 93.4 0.9042 5254 0.523 10.32 ‘ e 327 J3.27817x10°
O-H 0.96 110.6 0.8620 5.854 0.583 8.721
Cc-0 142 82 05314 6418 0.64 11.771
c=0" 121 166 0.3615 11.026 1.104 5.862 { = 2h — 2h — 0-0257618X10—15[S]
c=09 115 191.6 0.3467 12.081 1211 5.091 B m v2 ( )( 10_2)2 c gz SI
cc | 176 78 03636 7.560 0.754 12.394 B8°8 myG,, \€S, - m2v
C-Br 191 68 0.3542 7.155 0.714 14.208
1 210 51 0.3906 5.905 0.588 18.9131
(a) in diamond: (b) in CH,O: (c) in O=C=0 Proper’t}r gm g'l-' ge tﬂ
Chemical bond
Putz M.V. (2010): The bondons: the quantum particles Covalence > << << >
of the chemical bond. Int. J. Mol. Sci. 11(11), 4227- Multiple bonds < > - <
4256; Putz M.V. (2012) Quantum Theory: Density, .
(2012) Q v y Metallic << > > <

Condensation, and Bonding. Apple Academic Press: .
New Jersey, USA (ISBN: 978-1-926895-14-7), pp. 240. Tonic — =




COS3: Bondonic Condensation of Chemical Bonding

Bosonic Condensation with Density Functional Pattern

N = [ p(r)dr = [y () dr
() = Peonpensars (V) + Perpic (T)

2 2 1
=¥ ()" + ;|¢k (r)| (L)1

the order parameter and
the super-fluidic density (Putz, 2012)

¥(r) = (p(r)), PO =y (1) = (" (O (1)
PO = (v (W), ! ks
W(r) =Y, (1) = (p(r)),

KS
T

Landau energy functional (Huang, 2001)

Ely.y'1=| d{z'fn V@) + @) - wly @)+ %(W*(r)w(r))z}
: : OE
Gross-Pitaevsky (1961) equation 0= o

h2
{— S Vi V() glwlz}w = uy
m

B

Huang K. (2001) /Introduction to Statistical Physics. London: Taylor and Francis.; Gross E.P.
(1961) Structure of a quantized vortex in boson systems. Nuovo Cimento 20, 454-477,

Pitaevsky L.P. (1961) Vortex lines in an imperfect Bose gas. Sov. Phys. - JETP 13, 451-454;
Putz M.V. (2012) Conceptual density functional theory: from inhomogeneous electronic gas to
Bose-Einstein condensates. In: Chemical Information and Computational Challenges in 21st,
Ed. Putz M.V., NOVA Science Publishers, Inc.: New York (ISBN: 978-1-61209-712-1).

(d) T=0[K]

Ketterle W. (2002) Nobel Lecture: when
atoms behave as waves: Bose-Einstein
condensation and the atom laser, Rev.
Mod. Phys. 74, 1131-1151.




COS3: Bondonic Condensation of Chemical Bonding

Working BEC Connections with Density Functional Theory

Thomas-Fermi approximation: the kinetic g o
energy can be neglected in the stationary 18— T S g et
Gross-Pitaevsky equation ® 1) Y ]

/ b |1} RSN PRORLEREE

b8 ¥ 1000
Fulpl |y = l{M} , ,x..
= PalPL | =
v = . Lu-vm)] u=rvm+ R v el ow || ; .
2, CRINkg .
[ary ) =— j dr[u-v (@)} j dr[V Fy P fdr\!//(r)\ ;KU & H s
CH el
Elp]= f deV () p(r)+ E, [ p1+ Ec,,[ p1+ Exc[ Pl = Cylpl+ Fil P s g7 S——
“more is different” (Anderson, 1972) L b
“infinite more is the same” (Kadanoff, 2009) T e
Anderson P. (1972) More is different. Sci. New Ser. 177, 393-396; Kadanoff L.P. @ 1 r-;'f:;’, 7 Tk
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*BEC with finite numbers of bosons’ interaction, as is the practical case;
*Chemical Bonding with single bosonic (bondonic) appearance.




COS3: Bondonic Condensation of Chemical Bonding

Homopolar Chemical Bonding by Bosonic-Bondons
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Putz M.V. (2011) Hidden side of chemical bond: the bosonic condensate. In: Advances In Chemistry Research.
Volume 10, Ed. Taylor J.C., NOVA Science Publishers, Inc.: New York (ISBN: 978-1-61324-018-2), 261-298.




COS3: Bondonic Condensation of Chemical Bonding
Homopolar Chemical Bonding by Bosonic-Bondons
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COS3: Bondonic Condensation of Chemical Bonding

Homopolar Chemical Bonding by Bosonic-Bondons H, &vs. He,
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Putz M.V. (2012) Density Functional Theory of Bose-Einstein Condensation: Road to Chemical Bonding Quantum Condensate.
Structure and Bonding 149, 1-50; DOI: 10.1007/978-3-642-32753-7_1




COS3: Bondonic Condensation of Chemical Bonding-Perspectives

Bondonic Characterization of Extended Nanosystems: Graphene
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COS3: Bondonic Condensation of Chemical Bonding-Perspectives
Bondonic Characterization of Extended Nanosystems: Graphene

transition between two phases of a nanosystem, e.g. an ideal and a
modified (with defects) ones, as follows:
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Conclusions COS3:
Orthogonal Space of Bondonic Condensation of Chemical Bonding
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COS4: Enzyme-Substrate Interaction’s Logistics
Enzyme Kinetics as Quantum Delayed Tunnelling Phenomena

Brownian enzymic reaction Brown A.J. (1902) Enzyme action. J. Chem. Soc. Trans. 81, 373-388;

Michaelis L.; Menten M.L. (1913) Die kinetik der invertinwirkung. Biochem.
(Brown, 1902) Z. 49, 333-369.
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Putz M.V.; Putz A.M. (2011) Logistic vs. W-Lambert information in quantum modeling of enzyme kinetics. Int. J. Chemoinf. Chem. Eng. 1(1), 42-60.




COS4: Enzyme-Substrate Interaction’s Logistics

Logistic Enzyme Kinetics

One considers the orthogonal completion of the substrate probability
binding space within the enzymic complexes in a probabilistic form
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Schnell S.; Mendoza C. (1997) Closed form solution for time- Putz M.V.; Lacrama A.-M.; Ostafe, V. (2007) Introducing logistic
dependent enzyme kinetics. J. Theor. Biol. 187, 207-212. enzyme kinetics. J. Optoelectron. Adv. Mater. 9(9), 2910 — 2916.




COS4: Enzyme-Substrate Interaction’s Logistics

Solving the Enzyme-Substrate Kinetics’ Paradox

the logistic transformation le(fzefze_ﬁ’)%ﬁln(lJr(ef ’ —1)€_f 3t)

Putz M.V., Lacrama, A.-M., Ostafe, V. (2006) Full analytic progress curves of the enzymic reactions in vitro. Int. J. Mol. Sci. 7(11), 469-484.
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COS4: Enzyme-Substrate Interaction’s Logistics

Solving the Enzyme-Substrate Kinetics’ Paradox

velocity of enzyme reaction V., =10-*M-s-" and the Michaelis constant K,;=2-10-*M
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Putz M.V.; Lacrama A.-M. (2007) Enzymatic control of the bio-inspired nanomaterials at the
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COS4: Enzyme-Substrate Interaction’s Logistics

Application to Mixed Inhibition
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COS4: Enzyme-Substrate Interaction’s Logistics

Quantum in vitro (a) and in vivo (b) energetic diagrams
of the generalized Brownian enzyme-catalyzed reaction
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COS4: Enzyme-Substrate Interaction’s Logistics

On Haldane-Radi¢ Logistic Enzyme Kinetics
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COS4: Enzyme-Substrate Interaction’s Logistics-Perspectives

Chemical Reactivity Logistical Driving Biological Activity

Activity Structural predictor variables
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COS5: Chemical Structure-Biological Activity Correlation
OECD-QSAR Principles:

OECD-QSAR-1: a defined endpoint
OECD-QSAR-2: an unambiguous algorithm
OECD-QSAR-3: a defined domain of applicability
OECD-QSAR-4: appropriate measures of goodness-of—fit, robustness and predictivity
OECD-QSAR-5: a mechanistic interpretation, if possible
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Putz M.V. Editor (2012) QSAR & SPECTRAL-SAR in Computational Ecotoxicology. Apple Academic Press: New Jersey,
USA (ISBN: 978-1-926895-13-0), pp. 256; Putz M.V.; Putz A.M.; Barou R. (2011) Spectral-SAR realization of OECD-
QSAR principles. Int. J. Chem. Model. 3(3), 173-190.




COS5: Chemical Structure-Biological Activity Correlation
OECD-QSAR-2: Spectral-SAR Algorithm on Chemical Hilbert Space
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COS5: Chemical Structure-Biological Activity Correlation
OECD-QSARS: Extending Spectral-SAR to composed structures

The four most important classes of ionic liquids based on the reference cation:
(1) imidazolium, (2) pyridinium-, (3) phosphonium-, (4) ammonium-
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V. (2007) A Spectral-SAR model for N\ R7 R7 Structure Activity Relationship .
th.e anionic-cationic interaction in Ri~py "y -R2 | R1 —|:|>+—|:eg R1 —r\IJ+—F23 (Spectral-SAR) Assessment of lonic
ionic liquids: application to Vibrio W - | I Liquids’ in Silico Ecotoxicity", in "IONIC
) : N . R4 R4 LIQUIDS - NEW ASPECTS FOR THE
gsghegltgcgé%xmlty. Int. J. Mol. Sci. R1 FUTURE", Jun-ichi Kadokawa (Ed.),
(8), TORe- (1 (2 (2 (4) InTech, Inc., Rijeka-New York-
Shanghai, Croatia-USA-China, ISBN:
978-953-51-0937-2, Chapter 4
(DOI:10.5772/51657), pp. 85-126
|0+> model
Yie)" = Os-sar|0+) = Ossar F({ X ) { X
‘ AC> o SAR‘ +> BBl f(ﬁ A>}’ﬁ C>}) |1 +> model
" gn . 1+ A
Hansch specification of the spectral vectors: [%ie)" =14)=[¥,) +[¥e) = Os-suelg({ . M)+ e X))
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COS5: Chemical Structure-Biological Activity Correlation
OECD-QSAR4: Algebraic Correlation Factor

Y oss = Yo prip + D€ Timisoara Theorem on the Algebraic Spectral-SAR correlation

ALGEBRAIC > STATISTIC
Ts_s4r Tos4r

2 2 2
Y oss =Y prep + P +2Y_pppp - PE;

Proof: <YPRED |YPRED> >1 <YOBS - YPRED |YOBS - YPRED>
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ZI: -OBS Z:,YzzPRED +Zpe +2ZI:Y1 PrED " P, <Y0BS |Y0BS> <YOBS _YOBS ‘YOBS _Y03s>
— 1 &
iYi—PRED “pe; = <YPRED |pe> =0 Yoss = N;yi—OBS ‘ OBS> ( zyl oS j|1 b > an
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RA= F41GEBRAIC = % <1 Putz M.V.; Putz A.M. (2011) Timisoara Spectral — Structure Activity Relationship (Spectral-SAR) algorithm:
|v H| OBS H from statistical and algebraic fundamentals to quantum consequences. In: Quantum Frontiers of Atoms and

Molecules, Ed. Putz M.V., NOVA Science Publishers, Inc.: New York (ISBN: 978-1-61668-158-6), 539-580.




COS5: Chemical Structure-Biological Activity Correlation
OECD-QSAR4: Algebraic Correlation Factor

Application on Tetrahymena pyriformis

ecotoxic activity to Tetrahymena pyriformis, determined in a population growth impairment assay with a 40 h
static design and population density measured spectrophotometrically as the endpoint A=Log (1/1GC50)

Models Vectors

1 methanol A Loo P POL E Ia
T0T Xoi. X,
2 ethanol ‘1> o ‘ OH l>
3 butan-1-ol
4 butanone |Y> ‘X0> ‘Xl} ‘X2> ‘X3> Ib 1 Xo). | X,)
5 pentan-3-one
I
6 phenol ‘ ‘X0>=‘X3>
7 aniline In I I Il Ji1) I Il
3 3-cresol H| r srepctn|| 386176 62803 60607 624858 63107 6AiGAl eaassy Lo PAYRPAND Y
9 4-methoxiphenol I ‘ X ) ‘ X > ‘ X >
10 2-hydroxyaniline , STATISTIC 0.53905 090759  0.88193 091074 092214 09395  0.9409 072177173
S-S4R

11 Benzaldehyde wcEsRAC 05651 09114 088705 091455 092543 094204 o943 K€ X)) X,) | X5)
12 2-cresol TS san
13 3.4-dimeyhylphenol mr ‘ X, } . ‘ X, > ‘ Xz) . X3>
14 3-nitrotoluene
15  4-chlorophenol .
16 2.4-dinitroaniline ool e
17 2-methyl-1-4-naphtoquinone )
18 1.2-dichlorobenzene o rgiggpe Putz M.V.,

Lacrama, A.-M.

19 2.4-dinitrophenol
20 1.4-dinitrobenzene
21 2 4-dinitrotoluene

Ts.54R
e
%

(2007) Introducing
Spectral Structure

. . < Activit
22 2.6-ditertbutil 4-methyl phenol g » Relation“s”h)i/p (s-
23 2.3.5.6-tetrachloroaniline £ TopectmatSpace. SAR) analysis.

24 penthaclorophenol
25 phenylazophenol
26 pentabromophenol

Application to
ecotoxicology. Int.
J. Mol. Sci. 8(5),
363-391.
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COS5: Chemical Structure-Biological Activity Correlation
OECD-QSARS5: Spectral-SAR Map of Mechanistic Interaction

ALGEBRAIC
Y > TS s4r >

x,))=0,
A,B: PREDICTED ENDPOINTS

A ,B =O,<a,ﬂ,7/,...>,
()™ 3} a,fB,y,.... SPECTRAL PATHS

Der(Y),

X,),

X s

Og_sur

0=oltr]=sy(| )|~ +(R ~R, Y. L“ENDPOINTS MODELS

the shortest path the faster biological-chemical interaction is activated,
thus assuring the more effective (toxico-) chemical effect on biological system

Path Value @
Statistic Algebraic g
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Putz M.V., Lacrama, A.-M. (2007) Introducing Spectral Structure Activity Relationship (S-SAR) analysis. Application to ecotoxicology. Int. J. Mol.
Sci. 8(5), 363-391; Lacrama, A.-M., Putz M.V., Ostafe, V. (2008) Designing a spectral structure-activity ecotoxico-logistical battery. In: Advances in
Quantum Chemical Bonding Structures, Ed. Putz M.V., Transworld Research Network: Kerala (ISBN: 978-81-7895-306-9), 389-419; Chicu S.A;
Putz M.V. (2009) KéIn-Timisoara molecular activity combined models toward interspecies toxicity assessment. Int. J. Mol. Sci. 10(10), 4474-4497.




COS5: Chemical Structure-Biological Activity Correlation-Perspectives!

The Catastrophe-QSAR Approach

Model QSAR Equation
GROUP I: with one descriptor only, ‘X 1)

Gaussian mapping
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Fold )= Sl )+ £l X2 (Putz et al., 2011)
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