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INTRODUCING
CHEMICAL ORTHOGONAL SPACES (COS)((C)HamC)Ham
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COS1COS1: Orthogonal space of chemical reactivity;: Orthogonal space of chemical reactivity;
COS2COS2: Orthogonal space of electronic localization function;: Orthogonal space of electronic localization function;
COS3COS3: Orthogonal space of bondonic (bosonic) condensation in chemica: Orthogonal space of bondonic (bosonic) condensation in chemical bond;l bond;
COS4COS4: Orthogonal space of enzyme: Orthogonal space of enzyme--substrate bindingsubstrate binding’’s probability;s probability;
COS5COS5: Orthogonal space of chemical structure: Orthogonal space of chemical structure--biological activity correlationsbiological activity correlations



COS1: Chemical Reactivity

Electronegativity and Chemical Hardness
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COS1: Chemical Reactivity

Electronegativity and Chemical Hardness

Maximum (residual) hardness: “molecules arranges 

themselves as to be as hard as possible” (Chattaraj

et al., 1991, 1995)

Hard-and-soft acids and bases: “hard likes hard 

and soft likes soft” (Pearson, 1973, 1990, 1997)

Minimum (residual) electronegativity: “the 

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) 

Chemical action minimum variation: Global 

minimum of bonding is attained by optimizing the 

convolution of the applied potential with the 

response density (Putz, 2011)

Electronegativity equality: “Electronegativity of all 

constituent atoms in a bond or molecule have the 

same value” (Sanderson, 1988)

Principle of BondingChemical Principle
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Sanderson R.T. (1988) Principles of electronegativity Part I. 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.



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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Garza J.; Robles J. (1993) 
Density functional theory 
softness kernel. Phys. Rev. 

A 47, 2680-2685.

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
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Atomic Periodicity. Atomic Size-Dependent Properties 
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size properties from density functional electronegativity formulation. J. 
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Ghanty T.K.; Ghosh S.K. (1996) New scale of atomic orbital radii and 
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100, 17429-17433; Ghosh D.C.; Biswas R. (2002) Theoretical 
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COS1: Chemical Reactivity
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COS1: Chemical Reactivity
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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 & Solà, 2002; Matito et al., 2007) 
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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









∂
∂

+
∂
∂

−







∂
∂

+
∂
∂

−

−
+

−
+

−
≅

∂
∂

=−

+−+−

−+−+−+

221111

33
1

22
1

11
1

642

NNNN

NNNNNN

N

N

E

N

E
β

N

E

N

E
α

EE
c

EE
b

EE
a

N

E
χ










∂
∂

+
∂
∂

−








∂
∂

+
∂
∂

−

+−
+

+−
+

+−
≅

∂
∂

=

+−+−

−+−+−+

22

2

22

2

212

2

12

2

2

33
2

22
2

11
2

2

2

9

2

4

2

2

2
2

2

NNNN

NNNNNNNNN

N

N

E

N

E
β

N

E

N

E
α

EEE
c

EEE
b

EEE
a

N

E
η

( )

( )

( )
6

3

4
2

3

2

23

1

2

1
1

)3()3(

111

)2()2(

11111

)1()1(

1111

LUMOHOMO

LUMOHOMO

LUMOHOMO

CFD

εε
ac

εε
βαacb

εε
cbαaχ

+
−−

+





 +−+−

+





 ++−−=

β

( )

( )

6
3

3

1

4
2

9

2

2

1

29

1

4

1
21

)3()3(

222

)2()2(

22222

)1()1(

22222

HOMOLUMO

HOMOLUMO

HOMOLUMO

CFD

εε
βac

εε
αβacb

εε
cbβαaη

−





 −+

−





 −+++

−





 +++−=

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 
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COS1: Chemical Reactivity

Reactivity indices up to Spectral Like Resolution
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Introducing Absolute Aromaticity
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COS1: Chemical Reactivity

Introducing Absolute Aromaticity

topological index of reactivity –TIR 

(Ciesielski et al., 2009)

exaltation magnetic susceptibility Λ
[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 χ-η Patterns in (Solvent) Reactivity by HSAB Principle

acid + base ↔ salt + water

acid 1 + base 2 ↔ acid 2 + base 1 

12212211 sshhhssh −+−↔−+−

X= NH3, CH3O
-, H2O, CN-, CH3S

- and CH3SH 

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



COS1: Chemical Reactivity
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COS1: Chemical Reactivity

Maximum Hardness (MH) Index Υ
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COS1: Chemical Reactivity-Perspectives

Golden Ratio Driving Chemical ReactivityGolden Ratio Driving Chemical Reactivity
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COS1: Chemical Reactivity-Perspectives

Golden Ratio Driving Chemical ReactivityGolden Ratio Driving Chemical Reactivity
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COS1: Chemical Reactivity-Perspectives

Golden Ratio Driving Chemical ReactivityGolden Ratio Driving Chemical Reactivity
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Chemical Power IndexChemical Power Index

COS1: Chemical Reactivity-Perspectives
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Putz M.V. (2013) Chemical orthogonal space of electronegativity and hardness. Introducing chemical power; in preparation. 



Timisoara-Parma rules: the chemical descriptor (χ or η) values are distributed 

over all nodes of a molecule, which are grouped on successive reticules starting 

from the “central” most populated ones with bonding and nodal (frontier) 

electrons, while considering the equivalent/equidistant reticules until the 

molecular bonding space is fully described with parallel and decreasing CFD 

values of a descriptor (i.e., one common for all nodes of a reticule) and all of the 

CFD models have been used to consider all of the remaining equivalent reticules 

in the molecular space, if any. 

Structural Coloring with Chemical ReactivityStructural Coloring with Chemical Reactivity

COS1: Chemical Reactivity-Perspectives
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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



Conclusions COS1: 

Orthogonal Spaces of Chemical Reactivity
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COS2: Electronic Localization

Electronic localization function 

defined as the “step” realization of orthogonality
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COS2: Electronic Localization

Electronic localization function algorithm

the bilocal dependency
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COS2: Electronic Localization

Markovian localization functions
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COS2: Electronic Localization
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COS2: Electronic Localization
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COS2: Electronic Localization
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COS2: Electronic Localization

Atomic case

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

Gombás 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.



COS2: Electronic Localization

Atomic case



COS2: Electronic Localization

Atomic case



COS2: Electronic Localization

Molecular case

atomic functions (Gombás & Szondy, 1970) 
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COS2: Electronic Localization

Molecular case

One can equally say that in 
the crossing vicinity of AIM-
ELFs the electrons are at the 
same time completely 
localized (for bonding with 
ELFX – ELFH →0) and 
completely delocalized for 
atomic systems (with         
ELFX,H →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 

atoms to localization in 

molecular bonding behavior. 



COS2: Electronic Localization-Perspectives

Electronic Density Derivatives
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Conclusions COS2: 

Orthogonal Space of Electronic Localization
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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
or Dirac quantum level analysis, one 
obtains the working expression for the 
bondonic ground state properties
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Putz M.V. (2010): The bondons: the quantum particles 
of the chemical bond. Int. J. Mol. Sci. 11(11), 4227-
4256; Putz M.V. (2012) Quantum Theory: Density, 
Condensation, and Bonding. Apple Academic Press: 
New Jersey, USA (ISBN: 978-1-926895-14-7), pp. 240.



COS3: Bondonic Condensation of Chemical Bonding

Bosonic Condensation with Density Functional Pattern
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the order parameter and 

the super-fluidic density (Putz, 2012)
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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).
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COS3: Bondonic Condensation of Chemical Bonding

Working BEC Connections with Density Functional Theory

Thomas-Fermi approximation: the kinetic 
energy can be neglected in the stationary 
Gross-Pitaevsky equation 

[ ])(
12

rV
g

−≅ µψ

“more is different” (Anderson, 1972)
“infinite more is the same” (Kadanoff, 2009) 

�“few electrons is different”
�“pairing electrons is the same”

)(

][
)(

r
r

δρ
ρδ

µ HK
F

V +=
)(

2

)(

][1

r
r

V

HK
F

g








≅

δρ
ρδ

ψ

[ ] [ ]∫∫∫ ∇=−≅ 2

2

2

2

4 1
)(

1
)( HKFd

g
Vd

g
d ρµψ rrrrr 2

4

)(
g

F
d HK

η
ψ −≅∫ rr

][][][][][)()(][ ρρρρρρρ HKAXCCoubkin FCEEEVdE +=+++= ∫ rrr

•BEC with finite numbers of bosons’ interaction, as is the practical case;
•Chemical Bonding with single bosonic (bondonic) appearance.
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(2009) More is the same; mean field theory and phase transitions. J. Stat. Phys. 137, 
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Glaum K., Kleinert H., Pelster A. (2007) Condensation 
of ideal Bose gas confined in a box within a canonical 
ensemble. Phys. Rev. A 76, 063604.



COS3: Bondonic Condensation of Chemical Bonding

Homopolar Chemical Bonding by Bosonic-Bondons

consider the Gross-Pitaevsky stationary Hamiltonian 
that can be projected for chemical bond on 
orthogonal fermionic-bondonic (FB) contributions 
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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 H2 &vs. He2
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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

( ) ( )
DEFECTSDCRITICBIDEALCRITICB CC Ξ=Ξ ,, 0 ββ

( )
Ξ+

+Ξ+=












∂
∂

−=
ΞΞ−

2

,,1

2

1

2

3

!
ln]/[

]2[

βββ

β

β N

z
molkcalEN

bondX
N
BN

Bond

transition between two phases of a nanosystem, e.g. an ideal and a 
modified (with defects) ones, as follows:

( )
( ) ( )

( ) B

X

N

B

BB Nk
N

z
kNC bond

2

,,

2

2
2

212

3545

!
ln,

]2[

Ξ+

Ξ+Ξ+
=













∂
∂

=
ΞΞ

β
βββ

β
ββ

bondonic Dulong-Petit limit 0→Ξ∨β2/5 BNk

2/3 BNk maximum topological potential ∞→Ξ∨β









→Ξ∨→Ξ∞

Ξ=Ξ
Ξ=

ΞΞ

Ξ+Ξ
=

00...

...
2

1

4
0

0

0

0

0

D

D

D

D
CRITICβ

CRITICββδ /= DΞΞ= /0σ

( ) ( )
( )( )

38889.2
18

43

15.01

11

2

3, 1&

2
≅ →

++

++
+= →σδ

σδσ
σδσδσ

B

B

Nk

C



Conclusions COS3: 

Orthogonal Space of Bondonic Condensation of Chemical Bonding
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COS4: Enzyme-Substrate Interaction’s Logistics

Brownian enzymic reaction 
(Brown, 1902)  

PEEPESSE
delay +→ →↔+

Enzyme Kinetics as Quantum Delayed Tunnelling Phenomena 

Michaelis-Menten (1913) 

PEESSE
kk

k
+→↔+

−

21

1

Brown A.J. (1902) Enzyme action. J. Chem. Soc. Trans. 81, 373-388; 
Michaelis L.; Menten M.L. (1913) Die kinetik der invertinwirkung. Biochem. 

Z. 49, 333-369. 

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 

)]([)]([1 UNREACTREACT bindbind SS PP +=





>>

→
=

0][,1

0][,0
)]([REACT

bind

bind

bind
S

S
SP





>>

→
=

0][,0

0][,1
)]([UNREACT

bind

bind

bind
S

S
SP

)]([
1)(

))](([
maxmax

REACT tS
dt

d

VV

tv
tS −==P

MM

UNREACT

*

UNREACT ))](([
)]([

1

11
))](([

0)]([

)]([
tS

K

tS
e

tS

M

tS

K

tS

M

PP =
+

≅=
→




























−+=

−

11ln)(][

]0[max

MK

S

MK

tV

ML eeKtS














=

−

MK

tVS

M

MW e
K

S
WKtS

max]0[

0 ][
)(][

1

21

k

kk
K

M

+
= −

][
02max

EkV =

W-Lambert solution 

Logistic solution ( )
( )

O

x

x

x

x

xW

x

x

xW

x
xW

ln

ln

ln

ln...

)(ln
ln

ln
)(ln

ln)( ====

Schnell S.; Mendoza C. (1997) Closed form solution for time-
dependent enzyme kinetics. J. Theor. Biol. 187, 207-212. 

Putz M.V.; Lacrămă A.-M.; Ostafe, V. (2007) Introducing logistic 
enzyme kinetics. J. Optoelectron. Adv. Mater. 9(9), 2910 – 2916.

MK

tS

etS
dt

d

V

)]([

max

1)]([
1 −

−=−



COS4: Enzyme-Substrate Interaction’s Logistics

Solving the Enzyme-Substrate Kinetics’ Paradox 
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COS4: Enzyme-Substrate Interaction’s Logistics

Solving the Enzyme-Substrate Kinetics’ Paradox 

velocity of enzyme reaction Vmax=10–4M⋅s–1 and the Michaelis constant KM=2⋅10–4M
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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

Relationship between the reaction 
rate and the turnover number or 
the effective time of reaction (∆t) 
via Heisenberg relation 
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COS4: Enzyme-Substrate Interaction’s Logistics
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hydrolysis of various concentrations of 

butyrylthiocholine by a fixed concentration 

of butyrylcholinesterase

KM=7.5µM; KSS =8700 µM; Vmax =7.2 µM/min; b=3
Putz M.V. (2011) On reducible character of Haldane-Radić enzyme 
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COS4: Enzyme-Substrate Interaction’s Logistics-Perspectives

Chemical Reactivity Logistical Driving Biological Activity
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Example: chlorinated polycyclic aromatic hydrocarbon action on human 

breast cancer MCF-7 cells as measured by EROD/P450 (CYP) activity

Putz M.V., Putz A.M. (2013) DFT Chemical Reactivity Driven by Biological 
Activity: Applications for the Toxicological Fate of Chlorinated PAHs. Structure 

and Bonding 150, 181–232; DOI: 10.1007/978-3-642-32750-6_6



Conclusions COS4: 

Orthogonal Space of Enzyme-Substrate Interaction’s Logistics
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COS5: Chemical Structure-Biological Activity Correlation

OECDOECD--QSAR PrinciplesQSAR Principles:

OECD-QSAR-1: a defined endpoint
OECDOECD--QSARQSAR--22: an unambiguous algorithm

OECDOECD--QSARQSAR--33: a defined domain of applicability
OECDOECD--QSARQSAR--44: appropriate measures of goodness-of–fit, robustness and predictivity

OECDOECD--QSARQSAR--55: a mechanistic interpretation, if possible

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

OECDOECD--QSARQSAR--2: Spectral2: Spectral--SAR Algorithm on Chemical Hilbert SpaceSAR Algorithm on Chemical Hilbert Space

The (quantum) superposition principle
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Putz M.V., Lacrămă, A.-M. (2007) Introducing Spectral Structure Activity 
Relationship (S-SAR) analysis. Application to ecotoxicology. Int. J. Mol. Sci.

8(5), 363-391. 



COS5: Chemical Structure-Biological Activity Correlation

OECDOECD--QSAR3: Extending SpectralQSAR3: Extending Spectral--SAR to composed  structuresSAR 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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COS5: Chemical Structure-Biological Activity Correlation

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

OECDOECD--QSAR4: Algebraic Correlation Factor 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/IGC50)

Putz M.V., 

Lacrămă, A.-M.

(2007) Introducing 
Spectral Structure 

Activity 
Relationship (S-
SAR) analysis. 
Application to 

ecotoxicology. Int. 

J. Mol. Sci. 8(5), 
363-391. 



COS5: Chemical Structure-Biological Activity Correlation

OECDOECD--QSAR5: SpectralQSAR5: Spectral--SAR Map of Mechanistic Interaction  SAR Map of Mechanistic Interaction  
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COS5: Chemical Structure-Biological Activity Correlation-Perspectives

The CatastropheThe Catastrophe--QSAR ApproachQSAR Approach

Gaussian mapping 
(Putz et al., 2011) 
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Conclusions COS5: 

Orthogonal Space of Chemical Structure-Biological Activity Correlation
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