June 2010

Trade Science Ine.

ISSN : 0974 - 746X Volume 5 | ssue 2

Inorganic CHEMISTRY

A Tndéian Yournal

— Pyl Paper

ICAIJ, 5(2), 2010[55-76]

DFT based study of acceptor strength and stability of
complexes formed by metal-ligand interaction

P.P.Singh*, P.P.Agrawal, Manish Kumar Pandey
Chemistry Department, M.L.K. (P.G.) College, Balrampur - 271201, U.P,, (INDIA)
E-mail : dr_ppsingh@sify.com
Received: 29" March, 2010 ; Accepted: 8" April, 2010

ABSTRACT

Interaction energy of 190 interactions between Tin (IV) chloride and their
organometallic derivatives as acceptors (A) and derivatives of pyridine,
bipyridine and phenanthroline as donors (B) have been calculated. Various
calculations indicate that the order of acidic strength of acceptors based on
the values of chemical potential is Triethyl tin (V) chloride < Trimethyl tin
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(IV) chloride < Triphenyl tin (1V) chloride < Diphenyl tin (IV) chloride <
Diethyl tin (IV) chloride< Dimethyl tin (1V) chloride < Phenyl tin (1) chloride
< Ethyl tin (IV) chloride< Methyl tin (1V) chloride< Tin (1V) chloride. Inter-
action energy for the interaction of dimethyl tin (IV) chloride with 2-
nitropyridine islowest and is equal to -1823.15eV which indicates that the
least stable complex is formed by dimethyl tin (IV) chloride with 2-
nitropyridine. Most stable complex isformed by triethyl tin (V) chloridewith
2-nitropyridine and in thiscase the val ue of interaction energy is 1082.43eV.
Thevaluesof chargetransfer (AN) and lowering of energy (AE) also indicate
almost the same sequence of the stability of complexes formed by the do-
nors with the acceptors.  © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Tin(1V) halidesarewd |l known Lewisacids. Their
complexes havebeen extensively studied . Thestudy
has mainly been based on physicochemical andinfra
red spectra studies. The comparative donor strength
of ligands has been based on the magnitude of shiftin
infrared frequency of the donor group. The application
of density functional theory (DFT)! hasgiven anew
concept to chemical system. The concept focuseson
thed ectron density functioninstead of wavefunction®.
For every chemica system thereisaquantity p called
theeectronic chemicd potentia. A chemica systemis

anatom, molecule, ionor radica or severd suchunitin
astate of interaction.

THEORY

This concept has been applied for theoretical de-
termination of comparativedonor strength of various
derivativesof pyridine, bipyridineand phenanthroline
against acceptor tin (1V) chlorideand their organome-
tallic derivatives. Recent work based on density func-
tional theory has devel oped the concept of absolute
electronegativity (y) and absolute hardness (n)1*9. The
definitionsare,
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TABLE 1: List of acceptors

S.No. Name of acceptor (A) Formula of Acceptor (A)

1 Tin(IV) chloride SnCl,

2 Methyl tin (IV) chloride CHsSnCl;

3 Dimethyl tin (1V) chloride (CHa),SnCl,

4  Trimethyl tin (IV) chloride (CHz)3SnCl

5 Ethyl tin (1V) chloride C,HsSnCl5

6 Diethyl tin (IV) chloride (CoHs)25nCl,

7 Triethyl tin (1V) chloride (C,Hs)3SnCl

8 Phenyl tin (IV) chloride CeHsSnCl;

Diphenyl tin (1V) chloride (CgHs)2SNCl,

10 Triphenyl tin (IV) chloride (CgHs)sSnCl
X=-E/N=-p @
n="%E/N}? 2

where E isthe e ectronic energy of amolecule, atom,
orion, N isthenumber of eectrons, and Z isafixed set
of nuclear charges. The absolute el ectro negativity is
also equal to the electronic chemical potential with
changeinsign. Theoperationa definitionsare,

x=(1 +A)/2 ©)
n=(>-4)2 4
wherel istheionization potential and A istheelectron
affinity. Theabsolute el ectro negativity isthe sameas
theMullikenvaue.

Therehasbeen DFT based cal cul ations of metal-
ligand interaction which have provided reliableinfor-
mation about the magnitudeof meta-ligand interaction.
The present work of the paper isbased upon such cd-
culationson thecomplex of tin (IV) halidesand their
organometallic derivativesasLewisacidsand deriva
tivesof pyridine, bipyridineand phenanthrolineasLewis
bases.

DFT provided aquantitative measurefor aquaita-
tive concept that was so successfully used in adescrip-
tion of lewisacidsand bases*®l. Parr and Pearson also
derived simpleexpressionsfor theamount of charge
transfer AN and energy change AE which accompany
theformation of A:B complex from acid A and base B.
Theseexpressionsare,

AN =(x°,—%%)/2(m, * M) €)
AE =- (x°, —x%)*/ 4(n, +n,) 4

Although equations(3) and (4) areincompl ete, they
haveagreat vaueintryingto predict agloba change
during thereaction with aminimum number of param-

eters. The shortcomings of equations (3) and (4) are
known and werepointed out inorigina derivation. Thus
the dependenceof the chemicd potentia on the chang-
ing externd field was neglected. Al so, stereo selectivity
of thereaction isnot manifested through these expres-
sons

Theprocessinvolvingeectrontranser reaction, was
also described by interaction energy™ ™ (AE ), which
isdescribed asfollows:

Consder astablemoleculeA formed by the bond-
ing of K atomswith atotal number of electronsN ,
and a stable molecule B formed by the binding of L
aomswith atotal number of ectronsN,,. Theinterac-
tion energy between these two chemical species, ac-
cordingto DFT, isgiven by,

AE  =E[p,gl - [p.]-[pd] )

It has been shown by Gazquez™, that if theinter-
action energy isdivided into two stepsand one makes
use of the properties of hardness and softness func-
tions, then equation (5) can bewritteninthefollowing
form,

AE, =AE +AEp (6)
where, AE - (u, - 1,)% S, S, £2(S,+S,)} (7)
AE,"-%.A1(S,+S) ®)

n = Chemical potential, S=1/mn, A =(N, + N,)*/
200, N, =total number of electronsinmoleculeA, N,
=tota number of electronsin moleculeB.
Thefirstterm, AE, correspondstothechargetrans-
fer process betweenA and B arisingfrom the chemical
potential equalization principleat constant external po-
tentid. Thesecond term, AE, correspondsto areshuf-
fling of the charge distribution, and it isbasically a
manifestation of themaximum hardnessprinciple. Inthe
original derivation of Gazquez*¥ of equation (8), the
proportionality factor was given by the product of a
constant timesthe square of thetotal number of elec-
trons (N, + N;). However, using the hardness func-
tional, and the properties of the hardness and softness
kernels, it was shown by Parr and Gazquez!** at the
correct proportiondlity factor isgiven by the product of
aconstant timesthe square of an “effective number of
valencedectrons”’. Thus, inequation (8), we havere-
placed this product by another constant .. Recently we
have published apaper inwhichinteraction energy (Eint)
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TABLE2:Lis of donors

M olecular M olecular
NS(') formula of Name of donor (B) Sgrol;c;:;r(g;)f NSo formula of c’j\:)irgf(g) Structure of donor (B)
donor(B) " donor(B)
Derivatives of pyridine CN
% oo o 2N )
1 CeHeN Pyridine | b < s
N N N
~ Cl
2 CsH4N,0, 2-nitropyridine ~ | 4-chloro-2.2’-
' ~
N NO, 12 CoHNLCE pyridine - |
’ S \N
N
3 CsHeN, 2-aminopyridine @\ COOH
N NH, 2.
- 13 CllH 8N202 bi pyrl dine-4- ’ ~
4 CgHeN,O  Pyridine-2-carboxamide ~ | carboxylic acid ~ I ~
N~ ~CONH, N N
= Derivatives of phenanthroline
5 CeHiN, 2-cyanopyridine ~ |
CN _ami -
> 14 G e e
2 p
6 CsH4NCI 2-chloropyridine ~ |
N Cl
3-nitro-1,10-
- NN 15 ChNO2 - penanthraline
7 C¢HsNO2 Pyridine-2-carboxylic acid | P
X
N~ ~COOH
Derivatives of bipyridine 1,10-
NO 16  Cy;3HgN3O phenanthroline-
2 3-carboxamide
8 CyH;N;0,  4-nitro-2,2-bipyridine = =
J J 3-cyano-1,10-
N N 17 CiHls phenanthroline
NH,
9  CyHoN 4-amino-2,2’-bipyridine (=~ ~
10779 ’ Py | 18 CoHNCl 3-chloro-1,10-
\N SN LH7N2- phenanthroline
CONH,
2,2'-bipyridine-4 L0
,2’-bipyridine-4- ;
10 CyHgNZO ) ’z ’ phenanthroline-
uties carboxamide - | - | 19 CHeNoO2 ™5 carboxylic
N N acid
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Graph 1: Interaction ener gy of organic baseswithtin (1V)
chloride

for 324 interactionsbetween 12 meta hadides(A), and
27 organic bases (B) havebeen evd uated with thehelp

Interaction energy
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Graph 2: Interaction ener gy of organic baseswith methyl tin
(IV) chloride

of Cache software using DFT-B88-PW91 method 6!,
Interaction energy (E. ), charge transfer (AN) and

int
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lowering of energy (AE) for 72 interactions between
12 metal halides (A) and 6 sulphur donors (B) have
also been evaluated by uswith the hel p of Cache soft-
wareusing DFT B88-LY Pmethod(*%,

MATERIALSAND METHOD

The DFT based study of meta-ligandinteractionis
mainly based on thefollowing quantum chemical de-
scriptors:

1 Electronegativity (y)

2 lonization potentid (1)
3 Absolutehardness(n)
4 Chemica potentia (u)
5 Global softness(S)

6 Electrondffinity (A)

The above parameters have been evaluated for ac-
ceptor (A) and donor (B) molecules, and the magni-
tudeof interaction will beevauated by solving thefol -
lowing equations. Theinput of the equationwill bethe
values of quantum chemical descriptors described
above.

AN =(x°,—%%)/2(n, +n,)
AE =- (x°, —X%)*/ 4(n, tny)
AE, = AE +AE,

Thevauesof descriptorshave been evauated with
thehel p of computationa chemistry by usingthe Cache
software. The compounds chosen for study as accep-
tor (A) arelisted in TABLE 1 and donor (B) arelisted
inTABLE 2.

The 3D modeling and geometry optimization™"19
of all the compoundslistedin TABLE 1 and 2 have
TABLE 3: Valuesof chemical potential, absolute har dness,

global softness, ionization potential and electron affinity of
tin (IV) chlorideand itsderivatives

Chemical Absolute Global lonization Electron
potential hardness softness potential  affinity

Acceptor

(rA) (na) (Sa) (1a) (An)
Tin (IV) chloride -6.296 1791 0.279 8.086 4505
Methyl tin (1V) chloride -5.411 2113 0.237 7.524 3.298
Dimethyl tin (1V) chloride -4.469 2404 0208 6.873 2.065
Trimethyl tin (IV) chloride  -3.669 2.735 0.183 6.403 0.934
Ethyl tin (1V) chloride -5.323 2.061 0.243 7.384 3.262
Diethyl tin (1V) chloride -4.286 2.261 0.221 6.546 2025
Triethyl tin (1V) chloride -3.478 2571 0.195 6.048 0.907
Phenyl tin (1V) chloride -5.011 1751 0.286 6.762 3.260
Diphenyl tin (1V) chloride -4.281 2.153 0.232 6.434 2.128

Triphenyl tin(IV) chloride  -3.987 2094 0239 1.893

been first done by Cache software using DFT B88-
VWN method. Thevaluesof variousquantum chemi-
cal parameterssuchasyl,A,nS,eHOMO, eHOMO
and Lambda (1) haved so been evd uated withthesame
software using samemethod.

RESULT AND DISCUSSION

Comparison of accepter strength of tin (1V) chlo-
rideand itsderivatives

Thelower isthevaueof chemical potential (u,)

better will bethe acceptor property. Thusthe acceptor
havinglowes vaueof chemica potentid possesseshigh-
est acidic strength. Theva ues of chemical potential,
absolute hardness, global softness, ionization potential
and eectron affinity of tin (IV) chlorideand itsderiva
tivesare shownin TABLE 3. Thevalue of chemical
potential of triethyl tin (IV) chlorideishighest andis
equd to-3.478eV whichindicatesthat theacidic strength
of triethyl tin (1) chlorideislowest amongall thechlo-
ridederivativesof tin. Thevaueof chemical potentia
of tin (IV) chlorideislowest and isequal to -6.296eV
whichindicatesthat theacidic strength of tin (IV) chlo-
rideishighest amongal thechloridederivativesof tin.
Order of acidic strength based on the values of chemi-
ca potential can bearranged asgiven below;
Triethyl tin (1) chloride< Trimethyl tin (IV) chloride<
Triphenyl tin (IV) chloride< Diphenyl tin (1) chloride
<Diethyl tin(IV) chloride< Dimethyl tin (V) chloride
< Phenyl tin (IV) chloride < Ethyl tin (IV) chloride <
Methyl tin (IV) chloride<Tin (V) chloride.

Thelower isthe value of absolute hardness(n,)
better will bethe acceptor property. Thusthe acceptor
havinglowest va ue of aosolute hardnesspossesseshigh-
est acidic strength. The value of absolute hardness of
triethyl tin (1V) chloride is highest and is equal to
2.735eV whichindicatesthat the acidic strength of tri-

0 4 =

o q—.\‘/; - .—:..—v— ¥
o gt NPT IT T ITLFILIT TSI LI
) P WEE Sl Sl Sl A S O o .
g g L U [3) o N o~ O il
§ -1000 1]
o -1200 \\ I"
£ -1400

E 1800 \[
-1800 E
-2000

5

Donors

Graph 3: Interaction ener gy of organic baseswith dimethyl
tin (V) chloride
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ethyl tin (V) chlorideislowest amongall thechloride
derivativesof tin. Theva ue of absolute hardnessof tin
(IV) chlorideislowest andisequa to 1.791eV which
indicatesthat theacidic strength of tin (IV) chlorideis
highest amongdl thechloride derivativesof tin. Order
of acidic strength based on the val uesof absolute hard-
ness can bearranged as given below;

Triethyl tin (IV) chloride< Trimethyl tin(IV) chloride<
Triphenyl tin (IV) chloride< Diphenyl tin (IV) chloride
<Diethyl tin(IV) chloride< Dimethyl tin(IV) chloride
<Phenyl tin (IV) chloride < Ethyl tin (IV) chloride <
Methyl tin (IV) chloride<Tin (1) chloride.

Order of acidic strength of tin (IV) chlorideand its
derivativesshown by thevauesof chemical potential
and absolute hardnessissame.

Acidic strength of acceptorsdependsonthevaue

of ionization potential (1,). Asthevaueof ionization
potentia increases, theacidic strengthincreases. Thus
theacceptor having highest va ue of ionization potentia
possesses highest acidic strength. Thevaueof ioniza-
tion potentid of triethyl tin (IV) chlorideislowest andis
equa t06.048eV whichindicatesthat theacidic strength
of triethyl tin (IV) chlorideislowest amongal thechlo-
ridederivativesof tin. Thevaueof ionization potentia
of tin (IV) chlorideishighest and isequal to 8.086eV
whichindicatesthat theacidic strength of tin (1V) chlo-
rideishighestamongal thechloridederivativesof tin.
Order of acidic strength based on thevalues of ioniza-
tion potentia can bearranged asgiven below;
Triethyl tin (IV) chloride< Triphenyl tin(1V) chloride<
Trimethyl tin(1V) chloride< Diphenyl tin (IV) chloride
<Diethyl tin (IV) chloride< Phenyl tin (IV) chloride<
Dimethyl tin (1V) chloride< Ethyl tin (IV) chloride<
Methyl tin (IV) chloride<Tin (IV) chloride.

Acidic strength of acceptors dependsonthevaue
of ectronafinity (A ). Asthevaueof eectron ffinity
increases, theacidic strength increases. Thusthe ac-
ceptor having highest value of dectron affinity possesses
highest acidic strength. Thevaueof dectron affinity of
triethyl tin (IV) chloride is lowest and is equa to
0.907eV whichindicatesthat the acidic strength of tri-
ethyl tin (V) chlorideislowest amongall thechloride
derivativesof tin. Thevalue of eectron affinity of tin
(IV) chlorideishighest and isequal to 4.505eV which
indicatesthat theacidic strength of tin (IV) chlorideis
highest amongdl thechloride derivativesof tin. Order

= Fuyl] Paper

of acidic strength based on the vaues of dectron affin-
ity can bearranged asgiven below;
Triethyl tin (IV) chloride< Trimethyl tin(1V) chloride<
Triphenyl tin (IV) chloride< Diethyl tin (IV) chloride<
Dimethyl tin(1V) chloride< Diphenyl tin (IV) chloride
<Phenyl tin (IV) chloride < Ethyl tin (1V) chloride<
Methyl tin (IV) chloride<Tin (V) chloride.
Abovediscussion indicatesthat the acceptor tri-
ethyl tin (1V) chloride havethelowest acidic strength
andtin (IV) chloride has highest acidic strengthamong
al thederivativesof tin (1V) chloride. Exact order of
acidic strength of thederivativesof tin (1V) chloride
based on thevaues of chemical potentia isgiven be-
low,
Triethyl tin (IV) chloride< Trimethyl tin(1V) chloride<
Triphenyl tin (IV) chloride< Diphenyl tin (1) chloride
<Diethyl tin(IV) chloride< Dimethyl tin (V) chloride
< Phenyl tin (IV) chloride < Ethyl tin (1V) chloride <
Methyl tin (IV) chloride<Tin (V) chloride.

I nteraction of donorswith acceptor metal halide
SnCl,

Thedonorsaredividedinthree sets. Thefirst set of
donorsarepyridinederivatives, thesecond set and third
set arederivativesof bipyridineand phenanthrolinere-
spectively. They areincluded in TABLE 2 under three
sets.

Theinteraction energy between dl thethree setsof
donors (B) and acceptor (A) have been evaluated and
includedinthe TABLE 4-13. With thedecrease of in-
teraction energy the stability of complexesformed by
organic bases and acceptors decrease. Interaction en-
ergy of donors (B) with acceptor metal halide SnCl,
(A)isshownin TABLE 4. Lowest valueof interaction
energy of interaction of organic base 4-nitro-2,2’-
bipyridinewith acceptor SnCl, has been observed and
itsvalueis-280.425€eV, which indicatesformation of
least stable complex of organic base 4-nitro-2,2’-
bipyridinewith acceptor SnCl,.

Thevaueof interaction energy of organic basepy-
ridinewith meta halide SnCl, ishighest andisequa to
-10.083eV, whichindicatesthat the organic base pyri-
dineforms most stablecomplex with SnCl,. Thevalues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl, isin
thefollowing order;
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TABLE 4: Interaction of donors(B) with theacceptor tin (V) chloride (A)

Donor (B) 19N Sa TP S Na Ng by E, E,. Eint
Derivatives of pyridine
pyridine -6.296 0.559 -3.734 0482 32 30 19.220 -0.849 -9.234 -10.083
2-nitropyridine -6.296 0.559 -8.568 -0.408 32 46 30.420 3.922 -101.339 -97.417
2-aminopyridine -6.296 0.559 -3.041 0549 32 36 23.120 -1.466 -10.439 -11.905
pyridine-2-carboxamide -6.296 0.559 -3.929 0.606 32 46 30.420 -0.814 -13.059 -13.873
2-cyanopyridine -6.296 0.559 -4.725 0518 32 38 24500 -0.331 -11.381 -11.712
2-chloropyridine -6.296 0559 -4.173 0462 32 36 23.120 -0.570 -11.325 -11.895
pyridine-2-carboxylic acid -6.296 0.559 -4.384 0568 32 46 30.420 -0.514 -13.504 -14.018
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -6.296 0.559 -30.352-1.082 32 74 56.180 -334.117 53.693 -280.425
4-amino-2,2’-bipyridine -6.296 0.559 -3.531 0.632 32 64 46.080 -1.133 -19.361 -20.4%
2,2’-bipyridine-4-carboxamide -6.296 0.559 -4.053 0.694 32 74 56.180 -0.779 -22.423 -23.202
4-cyano-2,2’-bipyridine -6.296 0.559 -4.424 0.711 32 66 48.020 -0.548 -18.913 -19.461
4-chloro-2,2’-bipyridine -6.296 0.559 -4.026 0.642 32 64 46.080 -0.770 -19.191 -19.961
2,2’-bipyridine-4-carboxylic acid -6.296 0.559 -4.233 0.743 32 74 56.180 -0.678 -21.588 -22.267
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -6.296 0.559 -3.575 0.678 32 72 54.080 -1.133 -21.873 -23.006
3-nitro-1,10-phenanthroline -6.296 0.559 -22.641-1.299 32 82 64.980-130.904 43.894 -87.010
1,10-phenanthroline-3-carboxamide -6.296 0.559 -4.088 0.709 32 82 64.980 -0.762 -25.624 -26.385
3-cyano-1,10-phenanthroline -6.296 0.559 -4.456 0.695 32 74 56.180 -0.524 -22.402 -22.926
3-chloro-1,10-phenanthroline -6.296 0.559 -4.080 0.637 32 72 54.080 -0.731 -22.611 -23.342
1,10-phenanthroline-3-carboxylicacid  -6.296 0.559 -4.260 0.724 32 82 64.980 -0.653 -25.341 -25.9%4

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, A = (N, + N_)?
/ 200, E, =Energy correspondsto a reshuffling of the charge distribution, E = Energy correspondsto the charge transfer process,

E, .= Interaction energy

2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide < 2-aminopyridine < 2-chloropyridine
< 2-cyanopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide < 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-amino-1,10-
phenanthroline< 3-cyano-1,10-phenanthroline.
Itisevident that the nitro derivativesof pyridine,
bi pyridine and phenanthrolineform least stable com-
plexeswiththetin (1) chloride. Graph betweeninter-
actionenergy of donorswiththeacceptor SnCl, isshown
ingraph 1.

I nteraction of donor swith theacceptor methyl tin
(V) chloride

Interaction energy of donors(B) with acceptor meta
halide SnCl, (A) isshownin TABLES5. Lowest value
of interaction energy of interaction of organic base4-
nitro-2,2’-bipyridinewith acceptor SnCl, has been ob-
served and itsvalue is-280.425eV, which indicates
formation of least stable complex of organic base 4-
nitro-2,2°-bipyridinewith acceptor SnCl .

Theva ueof interaction energy of organic base py-
ridinewith meta haide SnCl, ishighest andisequd to
-10.083eV, whichindicatesthat the organic base pyri-
dineforms most stablecomplex with SnCl . Thevalues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl, isin
thefollowing order;
2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
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TABLE5: Interaction of donor s(B) with theacceptor methyl tin (V) chloride (A)

Donor (B) na Sa

ns Se Na Ng A E, Eyu

Eint

Derivatives of pyridine

pyridine -5.411 0473 -3.734 0482 30 32 19.220 -0.336 -10.058 -10.394
2-nitropyridine -5.411 0.473 -8.568 -0.408 46 32 30.420 14.849 -234.550 -219.702
2-aminopyridine -5.411 0.473 -3.041 0549 36 32 23120 -0.714 -11.310 -12.024
pyridine-2-carboxamide -5.411 0.473 -3.929 0.606 46 32 30.420 -0.292 -14.090 -14.382
2-cyanopyridine -5.411 0.473 -4.725 0.518 38 32 24500 -0.058 -12.360 -12.418
2-chloropyridine -5.411 0473 -4.173 0462 36 32 23120 -0.179 -12.357 -12.537
pyridine-2-carboxylic acid -5.411 0.473 -4.384 0568 46 32 30.420 -0.136 -14.609 -14.745
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -5.411 0.473 -30.352-1.082 74 32 56.180 -261.686 46.170 -215.516
4-amino-2,2’-bipyridine -5.411 0.473 -3.531 0.632 64 32 46.080 -0.478 -20.855 -21.333
2,2’-bipyridine-4-carboxamide -5.411 0.473 -4.053 0.694 74 32 56.180 -0.260 -24.061 -24.320
4-cyano-2,2’-bipyridine -5.411 0.473 -4.424 0.711 66 32 48.020 -0.139 -20.275 -20.413
4-chloro-2,2’-bipyridine -5.411 0.473 -4.026 0.642 64 32 46.080 -0.261 -20.658 -20.919
2,2’-bipyridine-4-carboxylic acid -5.411 0473 -4.233 0.743 74 32 56.180 -0.201 -23.102 -23.302
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.411 0.473 -3.575 0.678 72 32 54.080 -0.470 -23.493 -23.963
3-nitro-1,10-phenanthroline -5.411 0.473 -22.641-1.299 82 32 64.980 -110.526 39.361 -71.165
1,10-phenanthroline-3-carboxamide -5.411 0.473 -4.088 0.709 82 32 64.980 -0.249 -27.470 -27.719
3-cyano-1,10-phenanthroline -5.411 0.473 -4.456 0.695 74 32 56.180 -0.128 -24.036 -24.164
3-chloro-1,10-phenanthroline -5.411 0.473 -4.080 0.637 72 32 54.080 -0.241 -24.347 -24.588
1,10-phenanthroline-3-carboxylic acid -5.411 0.473 -4.260 0.724 82 32 64.980 -0.190 -27.146 -27.336

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, A = (N, + N_)?
/ 200, E, =Energy correspondsto a reshuffling of the charge distribution, E = Energy correspondsto the charge transfer process,

E, .= Interaction energy

2-carboxamide< 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide < 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.
Itisevident that the nitro derivativesof pyridine,
bi pyridine and phenanthrolineform least stable com-
plexeswiththemethyl tin (IV) chloride. Linegraph be-
tween interaction energy of donorswith the acceptor
SnCl, isshowningraph2.
I nteraction of donorswith acceptor dimethyl tin
(V) chloride

Interaction energy of donors(B) with acceptor metd

halide SnCl, (A) isshownin TABLE 6. Lowest value
of interaction energy of interaction of organic base4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed anditsva ueis-280.425eV, which indicates
formation of least stable complex of organic base 4-
nitro-2,2°-bipyridinewith acceptor SnCl .

Theva ueof interaction energy of organic basepy-
ridinewith meta haide SnCl, ishighest andisequd to
-10.083eV, whichindicatesthat the organic base pyri-
dineforms most stablecomplex with SnCl,. Thevalues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl,isin
thefollowing order;
2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide< 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide< 2,2’-bipyridine-4-carboxylicacid < 4-
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TABLE 6: Interaction of donors(B) with theacceptor dimethyl tin (1) chloride (A)

Donor (B) Ha Sa TP S Na Ng by E, E,. Eint
Derivatives of pyridine
pyridine -4.469 0416 -3.734 0482 30 32 19.220 -0.060 -10.700 -10.760
2-nitropyridine -4.469 0.416 -8.568 -0.408 46 32 30.420 188.738 -2011.888 -1823.150
2-aminopyridine -4.469 0416 -3.041 0549 36 32 23.120 -0.241 -11.981 -12.223
pyridine-2-carboxamide -4469 0416 -3.929 0.606 46 32 30.420 -0.036 -14.879 -14.915
2-cyanopyridine -4469 0416 -4.725 0518 38 32 24500 -0.008 -13.118 -13.125
2-chloropyridine -4469 0416 -4.173 0462 36 32 23120 -0.010 -13.163 -13.173
pyridine-2-carboxylic acid -4469 0416 -4.384 0568 46 32 30.420 -0.001 -15460 -15.461
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -4.469 0416 -30.352-1.082 74 32 56.180-226.395 42.197 -184.199
4-amino-2,2’-bipyridine -4469 0416 -3531 0.632 64 32 46.080 -0.110 -21.996 -22.106
2,2’-bipyridine-4-carboxamide -4.469 0416 -4.053 0.694 74 32 56.180 -0.023 -25.302 -25.325
4-cyano-2,2’-bipyridine -4.469 0416 -4424 0.711 66 32 48.020 0.000 -21.305 -21.305
4-chloro-2,2’-bipyridine -4.469 0416 -4.026 0.642 64 32 46.080 -0.025 -21.776 -21.801
2,2’-bipyridine-4-carboxylic acid -4.469 0416 -4.233 0.743 74 32 56.180 -0.007 -24.244 -24.251
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -4.469 0416 -3.575 0.678 72 32 54.080 -0.103 -24.723 -24.826
3-nitro-1,10-phenanthroline -4.469 0416 -22.641-1.299 82 32 64.980-101.047 36.806 -64.241
1,10-phenanthroline-3-carboxamide ~ -4.469 0.416 -4.088 0.709 82 32 64.980 -0.019 -28.869 -28.888
3-cyano-1,10-phenanthroline -4.469 0416 -4.456 0.695 74 32 56.180 0.000 -25.275 -25.275
3-chloro-1,10-phenanthroline -4.469 0416 -4.080 0.637 72 32 54.080 -0.019 -25.671 -25.690
1,10-phenanthroline-3-carboxylic acid -4.469 0.416 -4.260 0.724 82 32 64.980 -0.006 -28.511 -28.517

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electrons in molecule A, N, = total number of electronsin molecule B, » = (N, + Ny)*/
200, E", = Energy corresponds to a reshuffling of the charge distribution, E = Energy corresponds to the charge transfer process, E,

= Interaction energy

amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.
Itisevident that the nitro derivativesof pyridine,
bi pyridine and phenanthrolineform least stable com-
plexeswiththedimethyl tin (IV) chloride. Linegraph
between interaction energy of donorswith the accep-
tor SnCl, isshowningraph 3.

I nteraction of donor swith acceptor trimethyl tin
(V) chloride

Interaction energy of donors(B) with acceptor metd
halide SnCl, (A) isshownin TABLE 7. Lowest value
of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been

observed anditsva ueis-280.425eV, which indicates
formation of least stable complex of organic base 4-
nitro-2,2’-bipyridinewith acceptor SnCl .
Thevaueof interaction energy of organic base py-
ridinewith meta halide SnCl, ishighest andisequal to
-10.083eV, whichindicatesthat the organic base pyri-
dineforms most stablecomplex with SnCl . Thevalues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl, isin
thefollowing order;
pyridine-2-carboxylic acid < pyridine-2-carboxamide
< 2-chloropyridine < 2-cyanopyridine < 2-
aminopyridine< pyridine< 2-nitropyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide< 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
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TABLE 7: Interaction of donors(B) with theacceptor trimethyl tin (V) chloride(A)

Donor (B) Ha Sa Hs S5 Na Ng A E, E, Eint
Derivatives of pyridine
pyridine -3.669 0.366 -3.734 0.482 30 32 19.220 0.000 -11.334 -11.335
2-nitropyridine -3.669 0.366 -8.568 -0.408 46 32 30.420 -41.958 356.075 314.116
2-aminopyridine -3.669 0.366 -3.041 0.549 36 32 23.120 -0.043 -12.640 -12.683
pyridine-2-carboxamide -3.669 0.366 -3.929 0.606 46 32 30.420 -0.008 -15.649 -15.657
2-cyanopyridine -3.669 0.366 -4.725 0.518 38 32 24500 -0.120 -13.864 -13.984
2-chloropyridine -3.669 0.366 -4.173 0.462 36 32 23.120 -0.026 -13.963 -13.989
pyridine-2-carboxylic acid -3.669 0.366 -4.384 0.568 46 32 30.420 -0.057 -16.293 -16.349
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -3.669 0.366 -30.352 -1.082 74 32 56.180 -196.680 39.234 -157.447
4-amino-2,2’-bipyridine -3.669 0.366 -3.531 0.632 64 32 46.080 -0.002 -23.104 -23.107
2,2’-bipyridine-4-carboxamide -3.669 0.366 -4.053 0.694 74 32 56.180 -0.018 -26.502 -26.520
4-cyano-2,2’-bipyridine -3.669 0.366 -4.424 0.711 66 32 48.020 -0.069 -22.300 -22.369
4-chloro-2,2’-bipyridine -3.669 0.366 -4.026 0.642 64 32 46.080 -0.015 -22.863 -22.878
2,2’-bipyridine-4-carboxylic acid -3.669 0.366 -4.233 0.743 74 32 56.180 -0.039 -25.344 -25.383
Derivatives of phenanthraline
3-amino-1,10-phenanthroline -3.669 0.366 -3.575 0.678 72 32 54.080 -0.001 -25.914 -25.915
3-nitro-1,10-phenanthroline -3.669 0.366 -22.641-1.299 82 32 64.980 -91.615 34.823 -56.792
1,10-phenanthroline-3-carboxamide -3.669 0.366 -4.088 0.709 82 32 64.980 -0.021 -30.219 -30.240
3-cyano-1,10-phenanthroline -3.669 0.366 -4.456 0.695 74 32 56.180 -0.074 -26.472 -26.547
3-chloro-1,10-phenanthroline -3.669 0.366 -4.080 0.637 72 32 54.080 -0.020 -26.958 -26.978
1,10-phenanthroline-3-carboxylic acid -3.669 0.366 -4.260 0.724 82 32 64.980 -0.042 -29.827 -29.869

n, = Chemical potential of molecule A, p, = Chemical potential

of molecule B, S, = Global Softness of molecule A, S, = Global

Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, . = (N, + NB)2
/ 200, E, = Energy correspondsto a reshuffling of the charge distribution, E = Energy correspondsto the charge transfer process,

E,,. = Interaction energy

carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.

It isevident that the nitro derivativesof bipyridine
and phenanthrolineform least stable complexeswith
thetrimethyl tin (1) chloride; but carboxylic derivative
of pyridineformsmost stable complex. Linegraph be-
tween interaction energy of donorswith the acceptor
SnCl, isshowningraph4.

I nteraction of donor swith acceptor ethyl tin (1V)
chloride

Interaction energy of donors(B) with acceptor meta
halide SnCl, (A) isshownin TABLE 8. Lowest value
of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed anditsvalueis-280.425eV, whichindicates

formation of least stable complex of organic base 4-
nitro-2,2-bipyridinewith acceptor SnCl .
Thevaueof interaction energy of organic base py-
ridinewith meta halide SnCl, ishighest andisequa to
-10.083eV, whichindicatesthat the organic base pyri-
dineforms most stablecomplex with SnCl . Thevalues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl, isin
thefollowing order;
2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide< 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide< 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
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TABLE 8: Interaction of donor s(B) with theacceptor ethyl tin (1) chloride(A)

Donor (B) B Sa [ S Na Ng A E, E, Eint
Derivatives of pyridine
pyridine -5.323 0485 -3.734 0.482 30 38 23.120 -0.305 -11.950 -12.255
2-nitropyridine -5.323 0485 -8568 -0.408 46 38 35.280 13.583 -229.723 -216.140
2-aminopyridine -5.323 0485 -3.041 0549 36 38 27.380 -0.671 -13.239 -13.910
pyridine-2-carboxamide -5.323 0485 -3.929 0.606 46 38 35280 -0.262 -16.162 -16.424
2-cyanopyridine -5.323 0485 -4.725 0.518 38 38 28.880 -0.045 -14.396 -14.441
2-chloropyridine -5.323 0485 -4.173 0.462 36 38 27.380 -0.157 -14.450 -14.607
pyridine-2-carboxylic acid -5.323 0485 -4.384 0.568 46 38 35280 -0.115 -16.751 -16.867
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -5.323 0485 -30.352-1.082 74 38 62.720 -275.594 52.576 -223.018
4-amino-2,2’-bipyridine -5.323 0485 -3.531 0.632 64 38 52.020 -0.441 -23.292 -23.732
2,2’-bipyridine-4-carboxamide -5.323 0485 -4.053 0.694 74 38 62.720 -0.230 -26.590 -26.820
4-cyano-2,2’-bipyridine -5.323 0485 -4.424 0.711 66 38 54.080 -0.117 -22.605 -22.722
4-chloro-2,2’-bipyridine -5.323 0485 -4.026 0.642 64 38 52.020 -0.233 -23.074 -23.306
2,2’-bipyridine-4-carboxylic acid -5.323 0485 -4.233 0.743 74 38 62.720 -0.174 -25.540 -25.715
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.323 0485 -3.575 0.678 72 38 60.500 -0.432 -26.012 -26.444
3-nitro-1,10-phenanthroline -5.323 0485 -22.641-1.299 82 38 72.000 -116.155 44.253 -71.902
1,10-phenanthroline-3-carboxamide -5.323 0485 -4.088 0.709 82 38 72.000 -0.220 -30.134 -30.354
3-cyano-1,10-phenanthroline -5.323 0485 -4.456 0.695 74 38 62.720 -0.107 -26.563 -26.670
3-chloro-1,10-phenanthroline -5.323 0485 -4.080 0.637 72 38 60.500 -0.213 -26.948 -27.160
1,10-phenanthroline-3-carboxylic acid -5.323 0485 -4.260 0.724 82 38 72.000 -0.164 -29.782 -29.946

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, L = (N, + N_)?
/ 200, E, = Energy correspondsto a reshuffling of the charge distribution, E, = Energy corresponds to the charge transfer process,

E,, = Interaction energy

carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.

It isevident that thenitro derivativesof pyridine,
bipyridine and phenanthrolineform least stable com-
plexeswiththeethyl tin (IV) chloride.

I nter action of donor swith acceptor diethyl tin (1V)
chloride

Interaction energy of donors(B) with acceptor metd
halide SnCl, (A) isshownin TABLE9. Lowest value
of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed and itsva ueis-280.425eV, which indicates
formation of |east stable complex of organic base 4-
nitro-2,2’-bipyridinewith acceptor SnCl,.

Thevadueof interaction energy of organic basepyri-

dinewithmeta haide SnCl, ishighest andisequd to-
10.083eV, whichindicatesthat the organic base pyri-
dineforms most stablecomplex with SnCl . Thevalues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl, isin
thefollowing order;

2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide < 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide < 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.

3-nitro-1,10-phenanthroline< 1,10-phenanthroline-3-
carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.
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TABLE 9: Interaction of donor s(B) with theacceptor diethyl tin (V) chloride (A)

Donor (B) A Sa T S Na Ng A E, E, Eint
Derivatives of pyridine
pyridine -3.734 0.482 -4.286 0.442 30 44 27.380 -0.035 -14.807 -14.842
2-nitropyridine -8.568 -0.408 -4.286 0.442 46 44 40.500 48.765 -596.172 -547.408
2-aminopyridine -3.041 0549 -4.286 0.442 36 44 32.000 -0.190 -16.142 -16.331
pyridine-2-carboxamide -3.929 0.606 -4.286 0.442 46 44 40.500 -0.016 -19.311 -19.327
2-cyanopyridine -4.725 0518 -4.286 0.442 38 44 33.620 -0.023 -17.506 -17.529
2-chloropyridine -4.173 0.462 -4.286 0.442 36 44 32.000 -0.001 -17.687 -17.689
pyridine-2-carboxylic acid -4.384 0.568 -4.286 0.442 46 44 40.500 -0.001 -20.045 -20.046
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -30.352 -1.082 -4.286 0.442 74 44 69.620 -254.280 54.451 -199.829
4-amino-2,2’-bipyridine -3.531 0.632 -4.286 0.442 64 44 58.320 -0.074 -27.154 -27.228
2,2’-bipyridine-4-carboxamide -4.053 0.694 -4.286 0.442 74 44 69.620 -0.007 -30.627 -30.634
4-cyano-2,2’-bipyridine -4.424 0.711 -4.286 0.442 66 44 60.500 -0.003 -26.228 -26.230
4-chloro-2,2’-bipyridine -4.026 0.642 -4.286 0.442 64 44 58.320 -0.009 -26.890 -26.898
2,2’-bipyridine-4-carboxylic acid -4.233 0.743 -4.286 0.442 74 44 69.620 0.000 -29.374 -29.375
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -3.575 0.678 -4.286 0.442 72 44 67.280 -0.068 -30.033 -30.100
3-nitro-1,10-phenanthraline -22.641 -1.299 -4.286 0.442 82 44 79.380 -113.024 46.349 -66.675
1,10-phenanthroline-3-carboxamide -4.088 0.709 -4.286 0.442 82 44 79.380 -0.005 -34.458 -34.463
3-cyano-1,10-phenanthroline -4.456 0.695 -4.286 0.442 74 44 69.620 -0.004 -30.594 -30.598
3-chloro-1,10-phenanthroline -4.080 0.637 -4.286 0.442 72 44 67.280 -0.006 -31.156 -31.161
1,10-phenanthroline-3-carboxylic acid -4.260 0.724 -4.286 0.442 82 44 79.380 0.000 -34.040 -34.040

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, L = (N, + N_)?
/ 200, E, = Energy correspondsto a reshuffling of the charge distribution, E, = Energy corresponds to the charge transfer process,

E,, = Interaction energy

It isevident that thenitro derivativesof pyridine,
bipyridine and phenanthrolineform least stable com-
plexeswiththediethyl tin (IV) chloride.

I nteraction of donor swith acceptor triethyl tin (1V)
chloride

Interaction energy of donors(B) with acceptor metd
halide SnCl, (A) isshownin TABLE 10. Lowest vaue
of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed and itsva ueis-280.425eV, which indicates
formation of |east stable complex of organic base 4-
nitro-2,2’-bipyridinewith acceptor SnCl,.

Thevaueof interaction energy of organic base py-
ridinewithmeta haide SnCl, ishighest andisequa to
-10.083eV, whichindicatesthat the organic base pyri-
dineformsmost stablecomplex with SnCl,. Thevaues

of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl, isin
thefollowing order;
pyridine-2-carboxylic acid < pyridine-2-carboxamide
< 2-chloropyridine < 2-cyanopyridine < 2-
aminopyridine< pyridine< 2-nitropyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide< 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.
Itisevident that thenitro derivativesof bipyridine
and phenanthrolineform most stable complexeswith
thetriethyl tin (1) chloride. Inthe caseof pyridinede-
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TABLE 10: Interaction of donors(B) with theacceptor triethyl tin (1V) chloride (A)
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Donor (B) 19N Sa N Ss Na Ng A E, E, Eint
Derivatives of pyridine
pyridine -3.478 0.389 -3.734 0482 30 50 32.000 -0.007 -18.366 -18.373
2-nitropyridine -3.478 0.389 -8.568 -0.408 46 50 46.080 -106.181 1188.613 1082.432
2-aminopyridine -3.478 0.389 -3.041 0549 36 50 36.980 -0.022 -19.715 -19.736
pyridine-2-carboxamide -3.478 0.389 -3.929 0.606 46 50 46.080 -0.024 -23.149 -23.174
2-cyanopyridine -3.478 0.389 -4.725 0518 38 50 38.720 -0.173 -21.348 -21.520
2-chloropyridine -3.478 0.389 -4.173 0462 36 50 36.980 -0.051 -21.721 -21.772
pyridine-2-carboxylic acid -3.478 0.389 -4.384 0.568 46 50 46.080 -0.095 -24.078 -24.173
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -3.478 0.389 -30.352-1.082 74 50 76.880-219.384 55.498 -163.886
4-amino-2,2’-bipyridine -3.478 0.389 -3.531 0.632 64 50 64.980 0.000 -31.836 -31.836
2,2’-bipyridine-4-carboxamide -3.478 0.389 -4.053 0.694 74 50 76.880 -0.041 -35.486 -35.528
4-cyano-2,2’-bipyridine -3.478 0.389 -4.424 0.711 66 50 67.280 -0.113 -30.581 -30.694
4-chloro-2,2’-bipyridine -3.478 0.389 -4.026 0.642 64 50 64.980 -0.036 -31.511 -31.547
2,2’-bipyridine-4-carboxylic acid -3.478 0.389 -4.233 0.743 74 50 76.880 -0.073 -33.967 -34.039
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -3.478 0.389 -3.575 0.678 72 50 74.420 -0.001 -34.881 -34.882
3-nitro-1,10-phenanthroline -3.478 0.389 -22.641-1.299 82 50 87.120-101.983 47.885 -54.097
1,10-phenanthroline-3-carboxamide -3.478 0.389 -4.088 0.709 82 50 87.120 -0.047 -39.654 -39.701
3-cyano-1,10-phenanthroline -3.478 0.389 -4.456 0.695 74 50 76.880 -0.119 -35.447 -35.566
3-chloro-1,10-phenanthroline -3.478 0.389 -4.080 0.637 72 50 74.420 -0.044 -36.254 -36.298
1,10-phenanthroline-3-carboxylic acid ~ -3.478 0.389 -4.260 0.724 82 50 87.120 -0.077 -39.151 -39.228

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, L = (N, + N_)?
/ 200, E, = Energy correspondsto a reshuffling of the charge distribution, E, = Energy corresponds to the charge transfer process,

E,, = Interaction energy

rivatives, theleast stable complex isformed withthe
donor pyridine-2-carboxylic acid.

I nter action of donor swith acceptor phenyl tin (1V)
chloride

Interaction energy of donors(B) with acceptor meta
halideSnCl, (A) isshowninTABLE 11. Lowest value
of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed and itsva ueis-280.425eV, which indicates
formation of | east stable complex of organic base 4-
nitro-2,2’-bipyridinewith acceptor SnCl,.

Thevaueof interaction energy of organic base py-
ridinewithmeta haide SnCl, ishighest andisequa to
-10.083eV, whichindicatesthat the organic base pyri-
dineformsmost stablecomplex with ShCl,. Thevaues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl,isin

thefollowing order;
2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide < 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide< 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
3-nitro-1,10-phenanthroline < 1,10-phenanthroline-3-
carboxamide< 1,10-phenanthroline-3-carboxylicacid
< 3-chloro-1,10-phenanthroline < 3-cyano-1,10-
phenanthroline < 3-amino-1,10-phenanthroline.
Itisevident that thenitro derivativesof pyridine,
bi pyridine and phenanthrolineform | east stable com-
plexeswith thephenyl tin (1) chloride.

I nteraction of donorswith acceptor diphenyl tin
(V) chloride

Interaction energy of donors(B) with acceptor meta
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TABLE 11 Interaction of donor s(B) with theacceptor phenyl tin (1V) chloride(A)

Donor (B) A Sa T S NaNg A E, E, Eint
Derivatives of pyridine
pyridine -3.734 0.482 -5.011 0.571 30 54 35.280 -0.213 -16.748 -16.961
2-nitropyridine -8.568 -0.408 -5.011 0.571 46 54 50.000 9.067 -153.668 -144.600
2-aminopyridine -3.041 0.549 -5.011 0.571 36 54 40.500 -0.543 -18.081 -18.624
pyridine-2-carboxamide -3.929 0.606 -5.011 0.571 46 54 50.000 -0.172 -21.234 -21.406
2-cyanopyridine -4.725 0.518 -5.011 0.571 38 54 42.320 -0.011 -19.431 -19.442
2-chloropyridine -4.173 0.462 -5.011 0.571 36 54 40.500 -0.090 -19.597 -19.687
pyridine-2-carboxylic acid -4.384 0.568 -5.011 0.571 46 54 50.000 -0.056 -21.950 -22.006
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -30.352 -1.082 -5.011 0.571 74 54 81.920 -388.470 80.225 -308.245
4-amino-2,2’-bipyridine -3.531 0.632 -5.011 0.571 64 54 69.620 -0.329 -28.945 -29.274
2,2’-bipyridine-4-carboxamide -4.053 0.694 -5.011 0.571 74 54 81.920 -0.144 -32.372 -32.516
4-cyano-2,2’-bipyridine -4.424 0.711 -5.011 0.571 66 54 72.000 -0.055 -28.079 -28.134
4-chloro-2,2’-bipyridine -4.026 0.642 -5.011 0.571 64 54 69.620 -0.147 -28.694 -28.841
2,2’-bipyridine-4-carboxylic acid -4.233 0.743 -5.011 0.571 74 54 81.920 -0.098 -31.177 -31.275
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -3.575 0.678 -5.011 0.571 72 54 79.380 -0.320 -31.782 -32.101
3-nitro-1,10-phenanthraline -22.641 -1.299 -5.011 0.571 82 54 92.480 -158.418 63.551 -94.867
1,10-phenanthroline-3-carboxamide -4.088 0.709 -5.011 0.571 82 54 92480 -0.135 -36.109 -36.244
3-cyano-1,10-phenanthroline -4.456 0.695 -5.011 0.571 74 54 81.920 -0.048 -32.341 -32.389
3-chloro-1,10-phenanthroline -4.080 0.637 -5.011 0.571 72 54 79.380 -0.131 -32.844 -32.974
1,10-phenanthroline-3-carboxylic acid -4.260 0.724 -5.011 0.571 82 54 92.480 -0.090 -35.715 -35.805

1, = Chemical potential of molecule A, p, = Chemical potential

of molecule B, S, = Global Softness of molecule A, S, = Global

Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, L = (N, + N_)?
/ 200, E, = Energy corresponds to a reshuffling of the charge distribution, E = Energy corresponds to the charge transfer process,

E, .= Interaction energy

halideSnCl, (A) isshownin TABLE 12. Lowest vaue
of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed and itsva ueis-280.425eV, which indicates
formation of | east stable complex of organic base 4-
nitro-2,2’-bipyridinewith acceptor SnCl,.
Thevaueof interaction energy of organic base py-
ridinewithmeta haide SnCl, ishighest andisequa to
-10.083eV, whichindicatesthat the organic base pyri-
dineformsmost stablecomplex with SnCl,. Thevaues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl,isin
thefollowing order;
2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide< 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-

carboxamide< 2,2’-bipyridine-4-carboxylicacid < 4-
amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
1,10-phenanthroline-3-carboxamide < 1,10-
phenanthroline-3-carboxylic acid < 3-chloro-1,10-
phenanthroline < 3-cyano-1,10-phenanthroline < 3-
amino-1,10-phenanthroline < 3-nitro-1,10-
phenanthroline.

It isevident that the nitro derivatives of pyridine
and bipyridineform most stable complexeswith the
diphenyl tin (IV) chloride. Inthecase of phenanthroline
derivatives, theleast stable complex isformed with the
donor 1,10-phenanthroline-3-carboxamide.

I nteraction of donor swith acceptor triphenyl tin
(V) chloride

Interaction energy of donors(B) with acceptor meta
halide SnCl, (A) isshownin TABLE 13. Lowest vaue
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TABLE 12: Interaction of donors(B) with theacceptor diphenyl tin (V) chloride(A)

Donor (B) Ha Sa s Ss NaNg A E, E, Eint
Derivatives of pyridine
pyridine -4.281 0464 -3.734 0.482 30 76 56.180 -0.035 -29.674 -29.709
2-nitropyridine -4.281 0.464 -8.568 -0.408 46 76 74.420 31.090 -663.814 -632.724
2-aminopyridine -4281 0.464 -3.041 0549 36 76 62.720 -0.193 -30.948 -31.141
pyridine-2-carboxamide -4.281 0.464 -3.929 0.606 46 76 74.420 -0.016 -34.753 -34.769
2-cyanopyridine -4.281 0.464 -4.725 0518 38 76 64.980 -0.024 -33.074 -33.098
2-chloropyridine -4.281 0.464 -4.173 0.462 36 76 62.720 -0.001 -33.841 -33.843
pyridine-2-carboxylic acid -4.281 0.464 -4.384 0.568 46 76 74.420 -0.001 -36.045 -36.046
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -4.281 0.464 -30.352 -1.082 74 76 112.500 -276.626 91.138 -185.489
4-amino-2,2’-bipyridine -4281 0.464 -3.531 0.632 64 76 98.000 -0.075 -44.709 -44.784
2,2’-bipyridine-4-carboxamide -4.281 0.464 -4.053 0.694 74 76 112.500 -0.007 -48.547 -48.554
4-cyano-2,2’-bipyridine -4281 0464 -4.424 0.711 66 76 100.820 -0.003 -42.886 -42.888
4-chloro-2,2’-bipyridine -4281 0464 -4.026 0.642 64 76 98.000 -0.009 -44.283 -44.292
2,2’-bipyridine-4-carboxylic acid -4.281 0464 -4.233 0.743 74 76 112500 0.000 -46.598 -46.598
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -4.281 0.464 -3.575 0.678 72 76 109.520 -0.069 -47.942 -48.011
3-nitro-1,10-phenanthraline -4.281 0.464 -22.641-1.299 82 76 124.820 -121.869 74.811 -47.058
1,10-phenanthroline-3-carboxamide -4.281 0.464 -4.088 0.709 82 76 124.820 -0.005 -53.163 -53.168
3-cyano-1,10-phenanthroline -4.281 0.464 -4.456 0.695 74 76 112.500 -0.004 -48.496 -48.501
3-chloro-1,10-phenanthroline -4.281 0.464 -4.080 0.637 72 76 109.520 -0.005 -49.700 -49.705
1,10-phenanthroline-3-carboxylic acid -4.281 0.464 -4.260 0.724 82 76 124.820 0.000 -52.531 -52.531

n, = Chemical potential of molecule A, p, = Chemical potential

of molecule B, S, = Global Softness of molecule A, S, = Global

Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, . = (N, + NB)2
/ 200, E, = Energy correspondsto a reshuffling of the charge distribution, E, = Energy correspondsto the charge transfer process,

E,, = Interaction energy

of interaction energy of interaction of organic base 4-
nitro-2,2’-bipyridine with acceptor SnCl, has been
observed and itsva ueis-280.425eV, which indicates
formation of | east stable complex of organic base 4-
nitro-2,2’-bipyridinewith acceptor SnCl,,.
Thevaueof interaction energy of organic base py-
ridinewithmeta haide SnCl, ishighest andisequa to
-10.083eV, whichindicatesthat the organic base pyri-
dineformsmost stablecomplex with SnCl,. Thevaues
of interaction energy indicatethat the order of the sta-
bility of complexesformed by donorswith SnCl,isin
thefollowing order;
2-nitropyridine< pyridine-2-carboxylicacid < pyridine-
2-carboxamide < 2-chloropyridine < 2-cyanopyridine
< 2-aminopyridine< pyridine.
4-nitro-2,2’-bipyridine < 2,2’-bipyridine-4-
carboxamide < 2,2’-bipyridine-4-carboxylicacid < 4-

amino-2,2’-bipyridine< 4-chloro-2,2’-bipyridine< 4-
cyano-2,2’-bipyridine.
1,10-phenanthroline-3-carboxamide < 1,10-
phenanthroline-3-carboxylic acid < 3-chloro-1,10-
phenanthroline < 3-cyano-1,10-phenanthroline < 3-
amino-1,10-phenanthroline < 3-nitro-1,10-
phenanthroline.

It isevident that the nitro derivatives of pyridine
and bipyridineform least stable complexeswith the
diphenyl tin(IV) chloride. Inthecase of phenanthroline
derivatives, themost stable complex isformed withthe
donor 1,10-phenanthroline-3-carboxamide.

Chargetransfer and lowering of energy

Thevauesof AN, E (cdculatedineV) areincluded
iINTABLE 14to TABLE 23. Metd ligand bond strength
between interaction of acceptor (A) and donor (B) in-
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TABLE 13: Interaction of donor s(B) with theacceptor triphenyl tin (V) chloride(A)

Donor (B) Ha Sa N S NaNg A E, = Eint
Derivatives of pyridine
pyridine -3.987 0478 -3.734 0.482 3098 81920 -0.008 -42.674 -42.682
2-nitropyridine -3.987 0.478 -8.568 -0.408 46 98 103.680 29.557 -748.531 -718.974
2-aminopyridine -3.987 0478 -3.041 0.549 36 98 89.780 -0.114 -43.730 -43.845
pyridine-2-carboxamide -3.987 0478 -3.929 0.606 46 98 103.680 0.000 -47.827 -47.827
2-cyanopyridine -3.987 0478 -4.725 0.518 38 98 92.480 -0.068 -46.447 -46.515
2-chloropyridine -3.987 0478 -4.173 0.462 36 98 89.780 -0.004 -47.761 -47.765
pyridine-2-carboxylic acid -3.987 0478 -4.384 0.568 46 98 103.680 -0.020 -49.583 -49.603
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -3.987 0.478 -30.352 -1.082 74 98 147.920 -297.311 122.451 -174.860
4-amino-2,2’-bipyridine -3.987 0478 -3.531 0.632 64 98 131.220 -0.028 -59.152 -59.180
2,2’-bipyridine-4-carboxamide -3.987 0478 -4.053 0.694 74 98 147.920 -0.001 -63.113 -63.113
4-cyano-2,2’-bipyridine -3.987 0478 -4.424 0.711 66 98 134.480 -0.027 -56.568 -56.595
4-chloro-2,2’-bipyridine -3.987 0478 -4.026 0.642 64 98 131.220 0.000 -58.595 -58.595
2,2’-bipyridine-4-carboxylic acid -3.987 0478 -4.233 0.743 74 98 147.920 -0.009 -60.606 -60.615
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -3.987 0.478 -3.575 0.678 72 98 144.500 -0.024 -62.532 -62.556
3-nitro-1,10-phenanthroline -3.987 0.478 -22.641 -1.299 82 98 162.000 -131.466 98.656 -32.810
1,10-phenanthroline-3-carboxamide -3.987 0.478 -4.088 0.709 82 98 162.000 -0.001 -68.231 -68.233
3-cyano-1,10-phenanthroline -3.987 0478 -4.456 0.695 74 98 147.920 -0.031 -63.048 -63.079
3-chloro-1,10-phenanthroline -3.987 0.478 -4.080 0.637 72 98 144.500 -0.001 -64.797 -64.798

1,10-phenanthroline-3-carboxylic acid -3.987 0478 -4.260 0.724 82 98 162.000 -0.011 -67.429 -67.440

n, = Chemical potential of molecule A, p, = Chemical potential of molecule B, S, = Global Softness of molecule A, S, = Global
Softness of molecule B, N, = total number of electronsin molecule A, N, = total number of electronsin molecule B, , = (N, + NB)2
/ 200, E, = Energy correspondsto a reshuffling of the charge distribution, E, = Energy correspondsto the charge transfer process,
E,, = Interaction energy

TABLE 14: Chargetransfer and lowering of ener gy in theinteraction of donor swith theacceptor Tin (1V) chloride

Donor (B) ¢eHOMO <¢LUMO AA As Na s AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 6.296 3734 1791 2074 0.331 -0.424
2-nitropyridine -6.119 -11.016 6.296 8568 1791 -2.449 1.726 1.961
2-aminopyridine -4.863 -1.219 6296 3.041 1791 1822 0.450 -0.733
pyridine-2-carboxamide -5.578 -2279 6296 3929 1791 1650 0.344 -0.407
2-cyanopyridine -6.656 2794 6296 4725 1791 1931 0.211 -0.166
2-chloropyridine -6.336 -2.009 6296 4173 1791 2164  0.268 -0.285
pyridine-2-carboxylic acid -6.145 -2.623 6296 4384 1791 1761  0.269 -0.257
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427 -31.276 6.296 30.352 1.791 -0.925 -13.889 -167.059
4-amino-2,2’-bipyridine -5.114 -1.947 6296 3531 1791 1584  0.410 -0.566
2,2’-bipyridine-4-carboxamide -5.493 -2.612 6.296 4.053 1791 1441 @ 0.347 -0.389
4-cyano-2,2’-bipyridine -5.830 -3.017 6296 4424 1791 1407  0.293 -0.274
4-chloro-2,2’-bipyridine -5.583 -2.468 6296 4.026 1791 1558  0.339 -0.385

2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 6296 4.233 1.791 1.347 0.329 -0.339
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Donor (B) ¢eHOMO ¢LUMO 1y, A8 Na Ns AN AE
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2099 6.296 3575 1.791 1476 0417 -0.567
3-nitro-1,10-phenanthroline -21.871  -23411 6.296 22641 1791 -0.770 -8.009 -65.452
1,10-phenanthroline-3-carboxamide -5.497 -2678 6296 4.088 1.791 1410 0345 -0.381
3-cyano-1,10-phenanthroline -5.894 -3.018 6.296 4456 1.791 1438 0285 -0.262
3-chloro-1,10-phenanthroline -5.649 -2511 6296 4.080 1791 1569 0.330 -0.365
1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 6.296 4260 1791 1382 0321 -0.326

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Charge transfer, AE = L owering of energy, eHOMO = HOMO energy of donor, eELUMO = LUM O energy of donor

TABLE 15: Chargetransfer and lowering of ener gy intheinteraction of donor swith theacceptor methyl tin (1V) chloride

Donor (B) ¢eHOMO cLUMO g, s Na Ns AN AE
Derivatives of pyridine
pyridine -5.808 -1660 5411 3734 2113 2074 0.200 -0.168
2-nitropyridine -6.119 -11.016 5411 8568 2113 -2449 4704 7.424
2-aminopyridine -4.863 -1.219 5411 3041 2113 1822 0.301 -0.357
pyridine-2-carboxamide -5.578 -2279 5411 3929 2113 1650 0.197 -0.146
2-cyanopyridine -6.656 -2.794 5411 4725 2113 1931 0.085 -0.029
2-chloropyridine -6.336 -2009 5411 4173 2113 2164 0.145 -0.090
pyridine-2-carboxylic acid -6.145 -2.623 5411 4384 2113 1761 0.133 -0.068
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427  -31.276 5.411 30352 2113 -0.925 -10.492 -130.843
4-amino-2,2’-bipyridine -5.114 -1.947 5411 3531 2113 1584 0.254 -0.239
2,2’-bipyridine-4-carboxamide -5.493 -2.612 5411 4053 2113 1441 0.191 -0.130
4-cyano-2,2’-bipyridine -5.830 -3.017 5411 4424 2113 1407 0.140 -0.069
4-chloro-2,2’-bipyridine -5.583 -2.468 5411 4.026 2113 1558 0.189 -0.131
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 5411 4233 2113 1347 0.170 -0.100
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2099 5411 3575 2113 1476 0.256 -0.235
3-nitro-1,10-phenanthroline -21.871  -23411 5411 22641 2113 -0.770 -6.415 -55.263
1,10-phenanthroline-3-carboxamide -5.497 -2.678 5411 4.088 2113 1410 0.188 -0.124
3-cyano-1,10-phenanthroline -5.894 -3.018 5411 4456 2113 1438 0.134 -0.064
3-chloro-1,10-phenanthraoline -5.649 -2511 5411 4.080 2113 1569 0.181 -0.120
1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 5411 4260 2113 1382 0.165 -0.095

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = L owering of energy, eHOMO = HOMO energy of donor, eELUMO = L UM O energy of donor

creasesasthelowering in energy (AE) decreases. The
bond strength between 2-nitropyridineand dimethyl tin
(V) chlorideisweakest asthe value of AE ishighest
(94.369%V). Strongest bond strength has been observed
between 4-nitro-2,2’-bipyridine and phenyl tin (1V)
chloride in which case the value of E is lowest (-
194.235¢eV).

Metal ligand bond strength between interaction of
acceptor (A) and donor (B) increases as the charge

transfer (AN) increases. Thevauesof chargetransfer
indicatethat theleast stable complex formationisbe-
tween 2-nitropyridineandtriethyl tin (IV) chloride (AN
=-20.861eV). Themost stable complex isformed with
2-nitropyridine and dimethyl tin (1V) chloride (AN =
46.051eV). The values of charge transfer (AN) and
lowering of energy (AE) alsoindicatea most the same
sequence of the stability of complexesformed by the
donorswith the acceptors.
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TABLE 16: Chargetransfer and lowering of ener gy in theinter action of donor swith theacceptor dimethyl tin (1) chloride

Donor (B) ¢eHOMO ¢LUMO g, A Na Ns AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 4.469 3.734 2404 2.074 0.082 -0.030
2-nitropyridine -6.119 -11.016 4469 8568 2404 -2.449 46.051 94.369
2-aminopyridine -4.863 -1.219 4469 3.041 2404 1822 0169 -0.121
pyridine-2-carboxamide -5.578 -2279 4469 3929 2404 1.650 0.067  -0.018
2-cyanopyridine -6.656 -2.794 4469 4725 2404 1931 -0.030 -0.004
2-chloropyridine -6.336 -2.009 4.469 4.173 2404 2164 0.032 -0.005
pyridine-2-carboxylic acid -6.145 -2.623 4469 4384 2404 1.761 0.010 0.000
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427  -31.276 4.469 30.352 2404 -0.925 -8.747 -113.198
4-amino-2,2’-bipyridine -5.114 -1.947 4469 3531 2404 1584 0118  -0.055
2,2’-bipyridine-4-carboxamide -5.493 -2.612 4469 4.053 2404 1441 0.054 -0.011
4-cyano-2,2’-bipyridine -5.830 -3.017 4.469 4.424 2404 1.407 0.006 0.000
4-chloro-2,2’-bipyridine -5.583 -2.468 4469 4.026 2404 1558 0.056 @ -0.012
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 4.469 4.233 2404 1.347 0.032 -0.004
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2.099 4469 3575 2404 1476 0115 @ -0.052
3-nitro-1,10-phenanthroline -21.871  -23.411 4.469 22.641 2404 -0.770 -5.561 -50.523
1,10-phenanthroline-3-carboxamide -5.497 -2.678 4.469 4.088 2404 1410 0.050 -0.010
3-cyano-1,10-phenanthroline -5.894 -3.018 4.469 4.456 2404 1438 0.002 0.000
3-chloro-1,10-phenanthroline -5.649 -2511 4469 4.080 2404 1569 0.049 -0.010

1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 4.469 4.260 2404 1382 0.028 -0.003

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = Lowering of energy, eHOMO = HOMO energy of donor, eELUMO = LUM O energy of donor

TABLE 17: Chargetransfer and lowering of ener gy in theinter action of donor swith theacceptor trimethyl tin (V) chloride

Donor (B) ¢cHOMO <LUMO XA e na s AN AE
Derivatives of pyridine

pyridine -5.808 -1.660 3.669 3.734 2735 2.074 -0.007 0.000

2-nitropyridine -6.119 -11.016 3669 8568 2735 -2449 -8565 -20.979
2-aminopyridine -4.863 -1.219 3669 3.041 2735 1822 0.069 -0.022
pyridine-2-carboxamide -5.578 -2279 3669 3929 2735 1650 -0.030 -0.004
2-cyanopyridine -6.656 -2794 3669 4725 2735 1931 -0.113 -0.060
2-chloropyridine -6.336 -2009 3669 4173 2735 2164 -0.051 -0.013
pyridine-2-carboxylic acid -6.145 -2623 3669 4384 2735 1761 -0.080 -0.028

Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427 -31.276 3.669 30352 2735 -0925 -7.371 -98.340
4-amino-2,2’-bipyridine -5.114 -1.947 3669 3531 2735 1584 0.016 -0.001
2,2’-bipyridine-4-carboxamide -5.493 -2.612 3669 4053 2735 1441 -0.046 -0.009
4-cyano-2,2’-bipyridine -5.830 -3.017 3669 4424 2735 1407 -0.091 -0.034
4-chloro-2,2’-hipyridine -5.583 -2468 3669 4.026 2735 1558 -0.042 -0.007
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 3669 4233 2735 1347 -0.069 -0.019
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2099 3669 3575 2735 1476 0.011 -0.001
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Donor (B) ¢cHOMO <cLUMO xA A8 Na ns AN AE
3-nitro-1,10-phenanthroline -21.871  -23411 3669 22641 2735 -0.770 -4.829 -45.808
1,10-phenanthroline-3-carboxamide -5.497 -2.678 3.669 4.08 2735 1410 -0.051 -0.011
3-cyano-1,10-phenanthroline -5.894 -3.018 3669 4.456 2735 1438 -0.094 -0.037
3-chloro-1,10-phenanthroline -5.649 -2511 3669 4.080 2735 1569 -0.048 -0.010
1,10-phenanthroline-3-carboxylic acid -5.642 -2878 3669 4260 2735 1382 -0.072 -0.021

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = Lowering of energy, eHOMO = HOMO energy of donor, sLUMO = LUM O energy of donor

TABLE 18: Chargetransfer and lowering of energy intheinteraction of donor swith theacceptor ethyl tin (1) chloride

Donor (B) ¢eHOMO cLUMO g, A Na Ns AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 5323 3734 2061 2074 0.192 -0.153
2-nitropyridine -6.119 -11.016 5.323 8568 2061 -2449 4.186 6.791
2-aminopyridine -4.863 -1.219 5323 3041 2061 1822 0.294 -0.335
pyridine-2-carboxamide -5.578 -2279 5323 3929 2061 1650 0.188 -0.131
2-cyanopyridine -6.656 -2794 5323 4725 2061 1931 0.075 -0.022
2-chloropyridine -6.336 -2.009 5323 4173 2061 2164 0.136 -0.078
pyridine-2-carboxylic acid -6.145 -2.623 5323 4384 2061 1761 0.123 -0.058
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427  -31.276 5.323 30.352 2061 -0.925 -11.011 -137.797
4-amino-2,2’-bipyridine -5.114 -1.947 5323 3531 2061 1584 0.246 -0.220
2,2’-bipyridine-4-carboxamide -5.493 -2.612 5323 4053 2061 1441 0.181 -0.115
4-cyano-2,2’-bipyridine -5.830 -3.017 5323 4424 2061 1407 0.130 -0.058
4-chloro-2,2’-bipyridine -5.583 -2.468 5323 4.026 2061 1558 0.179 -0.116
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 5323 4233 2061 1347 0.160 -0.087
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2.099 5323 3575 2061 1476 0.247 -0.216
3-nitro-1,10-phenanthroline -21.871  -23.411 5.323 22641 2061 -0.770 -6.707 -58.078
1,10-phenanthroline-3-carboxamide -5.497 -2.678 5323 4.088 2061 1410 0.178 -0.110
3-cyano-1,10-phenanthroline -5.894 -3.018 5323 4456 2.061 1438 0.124 -0.054
3-chloro-1,10-phenanthroline -5.649 -2511 5323 4.080 2061 1569 0.171 -0.106
1,10-phenanthroline-3-carboxylic acid -5.642 -2878 5323 4260 2061 1.382 0.154 -0.082

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = L owering of energy, eHOMO = HOMO energy of donor, eELUMO = LUM O energy of donor

CONCLUSION

Order of acidic strength of acceptorsbased onthe

valuesof chemical potential hasbeen observerdto be
inthefollowing order;
Triethyl tin (IV) chloride< Trimethyl tin (V) chloride<
Triphenyl tin (IV) chloride< Diphenyl tin (IV) chloride
<Diethyl tin(IV) chloride< Dimethyl tin (V) chloride
<Phenyl tin (IV) chloride < Ethyl tin (IV) chloride <
Methyl tin (IV) chloride<Tin (IV) chloride.

Lowest valueof interaction energy hasbeenfound
for theinteraction of dimethyl tin (V) chloridewith 2-
nitropyridineandisequal to-1823.15eV whichindi-
catesthat theleast stable complex isformed by dim-
ethyl tin (1) chloridewith 2-nitropyridine. Thisisin
accordance with the established fact that the nitro-de-
rivativesaretheweakest. Also theva ue of AEishigh-
et (94.369¢V) in thiscase which a so suggeststhat the
bond strength between 2-nitropyridineand dimethyl tin
(V) chloride isweakest i.e. least stable complex is
formedinthiscase.
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TABLE 19: Chargetransfer and lowering of ener gy intheinteraction of donor swith theacceptor diethyl tin (1V) chloride

Donor (B) ¢eHOMO ¢LUMO  ya xs Na Ne AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 4286 3.734 2261 2.074 0.064 -0.018
2-nitropyridine -6.119 -11.016 4.286 8568 2.261 -2.449 11.388 24.382
2-aminopyridine -4.863 -1.219 4286 3.041 2261 1.822 0.152 -0.095
pyridine-2-carboxamide -5.578 -2279 4286 3929 2261 1.650 0.046 -0.008
2-cyanopyridine -6.656 -2.794 4286 4725 2261 1931 -0.052 -0.012
2-chloropyridine -6.336 -2.009 4286 4173 2261 2164 0.013 -0.001
pyridine-2-carboxylic acid -6.145 -2.623 4286 4384 2261 1761 -0.012 -0.001
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427  -31.276 4286 30.352 2261 -0.925 -9.755 -127.140
4-amino-2,2’-bipyridine -5.114 -1.947 4286 3531 2261 1584 0.098 -0.037
2,2’-bipyridine-4-carboxamide -5.493 -2.612 4286 4.053 2261 1441 0.031 -0.004
4-cyano-2,2’-bipyridine -5.830 -3.017 4286 4.424 2261 1407 -0.019 -0.001
4-chloro-2,2’-bipyridine -5.583 -2.468 4286 4.026 2261 1558 0.034 -0.004
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 4.286 4.233 2261 1.347 0.007 0.000
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2.099 4286 3575 2261 1476 0.095 -0.034
3-nitro-1,10-phenanthroline -21.871  -23.411 4.286 22.641 2261 -0.770 -6.157 -56.512
1,10-phenanthroline-3-carboxamide -5.497 -2678 4286 4.088 2261 1410 0.027 -0.003
3-cyano-1,10-phenanthroline -5.894 -3.018 4286 4.456 2261 1438 -0.023 -0.002
3-chloro-1,10-phenanthroline -5.649 -2511 4286 4.080 2261 1569 0.027 -0.003

1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 4286 4260 2261 1382 0.004 0.000

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = Lowering of energy, eHOMO = HOMO energy of donor, sLUMO = LUM O energy of donor

TABLE 20: Chargetransfer and lowering of ener gy in theinter action of donor swith theacceptor triethyl tin (1) chloride

Donor (B) ¢cHOMO <¢LUMO XA e na s AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 3478 3734 2571 2074 -0.028 -0.004
2-nitropyridine -6.119 -11.016 3478 8568 2571 -2449 -20.861 -53.090
2-aminopyridine -4.863 -1.219 3478 3041 2571 1.822 0.050 -0.011
pyridine-2-carboxamide -5.578 -2279 3478 3929 2571 1650 -0.053 -0.012
2-cyanopyridine -6.656 -2.794 3478 4725 2571 1931 -0.139 -0.086
2-chloropyridine -6.336 -2009 3478 4173 2571 2164 -0.073 -0.026
pyridine-2-carboxylic acid -6.145 -2.623 3478 4384 2571 1761 -0.105 -0.047
Derivatives of bipyridine
4-nitro-2,2>-bipyridine -29.427  -31.276 3478 30352 2571 -0925 -8163 -109.692
4-amino-2,2’-bipyridine -5.114 -1.947 3478 3531 2571 1584 -0.006 0.000
2,2’-bipyridine-4-carboxamide -5.493 -2.612 3478 4.053 2571 1441 -0.072 -0.021
4-cyano-2,2’-bipyridine -5.830 -3.017 3478 4424 2571 1407 -0.119 -0.056
4-chloro-2,2’-bipyridine -5.583 -2.468 3478 4.026 2571 1558 -0.066 -0.018
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 3478 4233 2571 1347 -0.096 -0.036
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2.099 3478 3575 2571 1476 -0.012 -0.001
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Donor (B) ¢HOMO LUMO 1y, xs Na Ns AN AE
3-nitro-1,10-phenanthroline -21.871  -23.411 3478 22641 2571 -0.770 -5.322 -50.991
1,10-phenanthroline-3-carboxamide -5.497 -2678 3478 4.083 2571 1410 -0.077 -0.023
3-cyano-1,10-phenanthroline -5.894 -3.018 3478 4456 2571 1438 -0.122 -0.060
3-chloro-1,10-phenanthroline -5.649 -2511 3478 4.080 2571 1569 -0.073 -0.022

1,10-phenanthroline-3-carboxylic acid -5.642 -2878 3478 4260 2571 1382 -0.099 -0.039

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = L owering of energy, eHOMO = HOMO energy of donor, eELUMO = LUM O energy of donor

TABLE 21: Chargetransfer and lowering of ener gy in theinteraction of donor swith theacceptor phenyl tin (1) chloride

Donor (B) ¢HOMO <LUMO %A A na s AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 5.011 3734 1751 2.074 0.167 -0.107
2-nitropyridine -6.119 -11.016 5.011 8568 1.751 -2.449 2549 4.534
2-aminopyridine -4.863 -1.219 5011 3041 1751 1822 0.276 -0.272
pyridine-2-carboxamide -5.578 -2279 5011 3929 1751 1.650 0.159 -0.086
2-cyanopyridine -6.656 -2.794 5011 4725 1751 1931 0.039 -0.006
2-chloropyridine -6.336 -2.009 5.011 4173 1751 2164 0.107 -0.045
pyridine-2-carboxylic acid -6.145 -2.623 5011 4384 1751 1.761 0.089 -0.028
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427  -31.276 5.011 30.352 1.751 -0.925 -15.330 -194.235
4-amino-2,2’-bipyridine -5.114 -1.947 5011 3531 1751 1.584 0.222 -0.164
2,2’-bipyridine-4-carboxamide -5.493 -2.612 5011 4.053 1.751 1441 0.150 -0.072
4-cyano-2,2’-bipyridine -5.830 -3.017 5011 4424 1.751 1407 0.093 -0.027
4-chloro-2,2’-bipyridine -5.583 -2.468 5011 4.026 1.751 1558 0.149 -0.073
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 5011 4233 1.751 1347 0.126 -0.049
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2.099 5011 3575 1751 1476 0.223 -0.160
3-nitro-1,10-phenanthroline -21.871  -23411 5011 22641 1751 -0.770 -8.986 -79.209
1,10-phenanthroline-3-carboxamide -5.497 -2.678 5011 4088 1751 1410 0.146 -0.067
3-cyano-1,10-phenanthroline -5.894 -3.018 5.011 4456 1751 1438 0.087 -0.024
3-chloro-1,10-phenanthroline -5.649 -2511 5011 4080 1.751 1569 0.140 -0.065

1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 5011 4260 1.751 1382 0.120 -0.045

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = Lowering of energy, eHOMO = HOMO energy of donor, eLUMO = LUM O energy of donor

TABLE 22: Chargetransfer and lowering of ener gy intheinter action of donor swith theacceptor diphenyl tin (1V) chloride

Donor (B) ¢eHOMO ¢LUMO %A X Na Ns AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 4281 3734 2153 2.074 0.065 -0.018
2-nitropyridine -6.119 -11.016 4281 8568 2153 -2.449 7.253 15.545
2-aminopyridine -4.863 -1.219 4281 3.041 2153 1.822 0.156 -0.097
pyridine-2-carboxamide -5.578 -2.279 4281 3929 2153 1.650 0.046 -0.008
2-cyanopyridine -6.656 -2.794 4281 4725 2153 1931 -0.054 -0.012
2-chloropyridine -6.336 -2.009 4281 4173 2153 2.164 0.013 -0.001
pyridine-2-carboxylic acid -6.145 -2.623 4281 4384 2153 1.761 -0.013 -0.001
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427 -31.276  4.281 30.352 2153 -0.925 -10.611 -138.313
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Donor (B) ¢HOMO <¢LUMO %A xB Na Ns AN AE
4-amino-2,2’-bipyridine -5.114 -1.947 4281 3531 2153 1584 0.100 -0.038
2,2’-bipyridine-4-carboxamide -5.493 -2.612 4281 4.053 2153 1441 0.032 -0.004
4-cyano-2,2’-bipyridine -5.830 -3.017 4281 4.424 2153 1407 -0.020 -0.001
4-chloro-2,2’-bipyridine -5.583 -2.468 4281 4.026 2153 1558 0.034 -0.004
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 4281 4233 2153 1.347 0.007 0.000
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2099 4281 3575 2153 1476 0.097 -0.034
3-nitro-1,10-phenanthroline -21.871  -23.411 4.281 22.641 2153 -0.770 -6.638 -60.934
1,10-phenanthroline-3-carboxamide -5.497 -2.678 4281 4.088 2153 1410 0.027 -0.003
3-cyano-1,10-phenanthroline -5.894 -3.018 4281 4.456 2153 1438 -0.024 -0.002
3-chloro-1,10-phenanthroline -5.649 -2511 4281 4.080 2153 1569 0.027 -0.003
1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 4281 4260 2153 1382 0.003 0.000

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = L owering of energy, eHOMO = HOMO energy of donor, eELUMO = LUM O energy of donor

TABLE 23: Chargetransfer and lowering of energy in theinter action of donorswith theacceptor triphenyl tin (V) chloride

Donor (B) ¢cHOMO ¢LUMO AA As Na s AN AE
Derivatives of pyridine
pyridine -5.808 -1.660 3.987 3.734 2.094 2.074 0.030 -0.004
2-nitropyridine -6.119 -11.016 3.987 8568 2.094 -2449 6.452 14.779
2-aminopyridine -4.863 -1.219 3987 3.041 2094 1822 0.121 -0.057
pyridine-2-carboxamide -5.578 -2.279 3987 3929 2094 1650 0.008 0.000
2-cyanopyridine -6.656 -2.794 3987 4725 2094 1931 -0.092 -0.034
2-chloropyridine -6.336 -2.009 3987 4.173 2.094 2164 -0.022 -0.002
pyridine-2-carboxylic acid -6.145 -2.623 3.987 4384 2094 1761 -0.052 -0.010
Derivatives of bipyridine
4-nitro-2,2’-bipyridine -29.427  -31.276 3.987 30.352 2.094 -0.925 -11.277 -148.656
4-amino-2,2’-bipyridine -5.114 -1.947 3987 3531 2.094 1584 0.062 -0.014
2,2’-bipyridine-4-carboxamide -5.493 -2.612 3.987 4.053 2.094 1.441 -0.009 0.000
4-cyano-2,2’-bipyridine -5.830 -3.017 3.987 4.424 2094 1407 -0.062 -0.014
4-chloro-2,2’-bipyridine -5.583 -2.468 3.987 4.026 2.094 1558 -0.005 0.000
2,2’-bipyridine-4-carboxylic acid -5.579 -2.886 3.987 4.233 2.094 1347 -0.036 -0.004
Derivatives of phenanthroline
3-amino-1,10-phenanthroline -5.050 -2.099 3987 3575 2.094 1476 0.058 -0.012
3-nitro-1,10-phenanthroline -21.871  -23.411 3.987 22.641 2094 -0.770 -7.047 -65.733
1,10-phenanthroline-3-carboxamide -5.497 -2.678 3.987 4.088 2.094 1410 -0.014 -0.001
3-cyano-1,10-phenanthroline -5.894 -3.018 3.987 4.456 2.094 1.438 -0.066 -0.016
3-chloro-1,10-phenanthroline -5.649 -2511 3987 4.080 2.094 1569 -0.013 -0.001
1,10-phenanthroline-3-carboxylic acid -5.642 -2.878 3.987 4260 2.094 1382 -0.039 -0.005

%, = Electronegativity of acceptor, y, = Electronegativity of donor, n, = Absolute hardness of acceptor, n, = Absolute hardness of
donor, AN = Chargetransfer, AE = L owering of energy, eHOMO = HOMO energy of donor, eELUMO = LUM O energy of donor

Mogt stable complex isformed by triethyl tin (1V)

chloridewith 2-nitropyridineand inthiscasethevaue
of interaction energy ishighest (1082.43eV). Theval-
ues of chargetransfer (AN) and lowering of energy
(AE) dsoindicatea most the same sequenceof the sta-
bility of complexesformed by thedonorswith the ac-

ceptors.
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