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ABSTRACT

Calculationsof interaction energy (E, ,), chargetransfer (AN) and lowering of
energy (AE) between acceptor metal halides (chloride, bromide and iodide)
of tin, zinc, mercury, cadmium and donor organic bases (8-nitroquinoline>
quinolinic acid> isoquinoline>quinoline>2-aminoquinoline>8-quinoline
sul phonicacid> 2-phenyl quinoline>5-nitroquinoline) have been done by DFT-
B88PW91 method using CA Che software. The resultsindicate that acceptor
srengthisintheorder SnCl >HgCl,>SnBr >HgBr,>Snl >CdCl_>Hgl >ZnCl_>
CdBr,>ZnBr,>Cdl >Znl, and the base strength is in the order 8-
nitroquinoline> quinalinic acid>i soqui noline>quinoline>2-aminogquinoline>8-
quinolinesul phonic acid>2-phenyl quinoline>5-nitroquinolinein most of the
cases. The results obtained by interaction energy, charge transfer and low-
ering of energy give amost the same result. The values of energy transfer
(AEW) showed that the complex formation capability is in the sequence
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chloride>bromide>iodide.

INTRODUCTION

Very recently anew method for eva uating themag-
nitude of metal-ligand interaction has been described
(“DFT based calculation of interaction energy between
metal halides and organic bases’, DOI=10.1016/j.
theochem. 2009.03.002). The evauation isbased on
cdculation of interaction energy for interaction between
metal halideand organic bases.

Interaction between astablemoleculeA formed by
the bonding of K atomswith atotal number of elec-
tronsN, and astable molecule B formed by the bind-
ing of L atomswith atotal number of electronsN,in
terms of interaction energy!¥ is given by equation-1
according todensity functional theory.

AE,  =Ep,ql-Elp,] - Elpg] )

The HSAB principle has been interpreted asthe
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result of two opposing tendencies, onerelated to the
chargetransfer process, and the other onerelated to
thereshuffling of theed ectronic dengity. Thisinterpreta-
tionistheresult of making theassumptionthat theinter-
action energy between two chemical speciesA and B,
may be divided into two stepswhich can betaken as
happeningin success on, that istheinteraction energy!?
isgivenby

AE,_ = AEv+ AEp 2
where

AEv= - 1/2((w, - u,)% S, + S.)S,S, ©)
and

AEp=-1/2 (MSS, +S,) 4

where u, and p, arethe chemical potential of A and B, S, and
S, are their global softness, and 1 is a constant related to an
“effective number of valence electrons” that participate in the
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interaction between A and B.

Thefirst term AEv, correspondsto thechargetrans-
fer process betweenA and B arising from thechemical
potential equalization principleat constant external po-
tential. The second term, AEp, correspondsto are-
shuffling of thechargedistribution, anditisbasicaly a
manifestation of themaximum hardnessprinciple. Inthe
original derivation® of Egn.-4, the proportiondity fac-
tor wasgiven by theproduct of congtant timesthe square
of the total number of the electrons (N, +N;). How-
ever, using the hardnessfunctiona and the properties
of the hardness and softness kernels, it was shown
that the correct proportionality factor isgiven by the
product of aconstant timesthe square of an “effective
number of valence electron”. Thus in equation-4, we
have replaced this product by another constant A.

Analysisof theequation-3indicatesthat for agiven
valueof S, thelarger thevaueof S; thebetter, while
equation-4 indicatesthat for thesamevaueof S, the
smalerthevaueof S, thebetter. Sincethetotd energy
isgiven by thesummation of thesetwo terms, it seems
that the best situation correspondsto the average be-
tween thetwo extremesituations, that isS ~S,, which
isprecisaly theglobal HSAB principle. A smilar anay-
sis, based on the two opposing tendencies was first
given by Chattargj et al™. The S, valueof SnCl, if two
vauesareequal thebest interactionisshown between
them. Thisobservation isin conformity with the obser-
vation of Chattargj®®. The application of the concept
has been extended to organic chemistry by Pearsont®.
Weinthis paper present the application of interaction
energy for interaction between metal halides( SnCl,,
SnBr,, Snl,, ZnCl,,, ZnBr,, Znl,, CdCl., CdBr,, Cdl,,
HgCl,, HgBr, and Hgl.) and derivatives of quinolines.

MATERIALAND METHOD

Thestudy materia sof thispaper are8 organic bases
listedin TABLE 1, which have been used asadonor
molecule. Twelvemetd hdideslisted inTABLE 2 have
been used as acceptor molecule. Thestructuresof all
the above compounds have been drawn and their ge-
ometries have been optimized with thehel p of Cache
softwareby DFT method using thebasisDZVP.

Theessentid valuesof chemica potentid, softness,
numbers of e ectron, and lambda have been obtained

TABLE 1: A seriesof twelvelewisacids (A)

S.no. Lewisacids(A) S no. Lewisacids (A)

1 SnCl, 7 Cdcl,

2 SnBr, 8 CdBr,

3 Snl, 9 Cdl,

4 ZnC|2 10 HgC|2

5 ZnBr, 11 HgBr,

6 Znl, 12 Hal,
TABLE 2: A seriesof eight quinolinederivativesasor ganic
bases(B)

S. no. Organic bases (:B) Structure

. . \
1 Quinoline P
N
AN
2 5-Nitroginaline N
NO,
NO,
3 8-Nitroquinoline ®
=
N
N
4 8-Quinolinesulphonic P
acid N
SOgH
N
5 2-Aminoquinoline _
N~ "NH,
X
6 2-Phenylquinoline N
CeHs
o _ COOH
7 Quinalinic acid _ \
N~ "COOH
. - \
8 Isoquinoline ©©
N

by solving the equation described bel ow.

Themethod of eval uation hasbeen deve oped within
theframework of density functional theory!™ andis
based on hard and soft acids and bases principle of
Pearson. Thebasisfor thefocuson electronegativity
[13-14] and hardness*> is provided by density func-
tiona theory (DFT), which guaranteesthat the ground
sateenergy of many el ectron systemsisauniquefunc-
tion of itsdengity. For the changefrom oneground state
to another of an eectronic system, the change of elec-
tronic energy E(p) isgiven by theformuld™”.
dE(p) =pdN +[p(r) dv(r) dr ©)
Wherev(r) isthe external electronic potential anelectronat “r”
experiences due to the nuclei, N is the number of electrons,
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and p the chemical potential is defined ag®®
n=E/N)v,, (6)
and theelectron density p,, isdefined as*?.

P, =LBE/dv(r)], )

Parr et a .*® have shownthat the el ectronegativity
of any chemica speciesisequa tothenegativevaueof
chemicd potentia indeed it followsrigoroud y™?? that
x=-k=(+A)2 (8)
where | and A are ionization potential and electron affinity of
atomic or molecular system. Eqn- 8 may be written as:
A=2y-1 9

Density functional theory providesaquantum me-
chanica judtificationfor € ectronegativity. A concept use
intuitively for along time and validates Sanderson’s
postul ates?! that when two and moreatoms combine
toformamolecule, their electronegativity getsequal -
ized and unique€l ectronegativity existseverywhereina
moleculd?.

According to Koopman’s theorem the I and A are
simply theeigen value of HOMO and LUMO respec-

—= Fyl] Paper

tively with changein sign3. Therefore, from equation-

9weget

A=-(gHOMO +€LUMO)-1 (10)
Thechemica potentid itsef dependonN andvi.e.

w=p(N,v). Parr and Pearson?? have defined hardness

with respecttoN as

n="%. (8|,|/8N)V(r)
=Y. (82E/ 8N?)

=(1-A)2

v(r) (]-1-)

RESULT AND DISCUSSION

Donor acceptor interaction

The donor acceptor interaction between 8 donor
molecules listed in TABLE 1 and twelve acceptor
moleculeslistedin TABLE 2 hasbeen studied interms
of metal ligand interaction energy (E, ) Intotal there
are 96 (8x12) interactions. Theinteraction energy of
disubstituted donorsand metd halidesarepresentedin
TABLES3to 14.

Areferenceto TABLE 3-14 wheretheinteraction

TABLE 3: Interaction of acceptor molecule SnCl, (A) with or ganic bases(B)

Compound Us S Ng A E, E, Eint

Quinoline -4.158 0.581 48 64.00 -0.661 -29.270 -29.931
5-Nitroquinoline -10.816 -0.405 64 92.16 19.089 -427.532 -408.443
8-Nitroquinoline -11.647 -1.012 64 92.16 -14.507 92.331 77.824
8-Quinolinesulphonic acid -4.695 0.606 72 108.16 -0.386 -48.345 -48.731
2-Aminoguinoline -3.497 0.656 54 73.96 -1.182 -31.635 -32.817
2-Phenylquinoline -4.099 0.657 76 116.64 -0.737 -49.845 -50.583

Quinolinic acid -11.197 -1.040 62 88.36 -11.819 83.842 72.023
Isoquinoline -4.121 0.590 48 64.000 -0.689 -29.029 -29.718

Valuesof pua. Sy and N, for acceptor molecule SnCl, (A)
U Sa Na
-6.362 0.513 32
TABLE 4: Interaction of acceptor molecule SnBr ,(A) with or ganic bases(B)
Compound g S Ng Iy E, E, Eint

Quinoline -4.158 0.581 48 64.000 -0.430 -26.758 -27.188
5-Nitroquinoline -10.816 -0.405 64 92.160 14.563 -218.992 -204.429

8-Nitroquinoline -11.647 -1.012 64 92.160 -26.332 116.235 89.903

8-Quinolinesulphonic acid -4.695 0.606 72 108.160 -0.205 -44.282 -44.488
2-Aminoquinoline -3.497 0.656 54 73.960 -0.883 -29.082 -29.965
2-Phenylquinoline -4.099 0.657 76 116.640 -0.490 -45.825 -46.315

Quinolinic acid -11.197 -1.040 62 88.360 -21.509 104.123 82.614

Isoquinoline -4.121 0.590 48 64.000 -0.453 -26.556 -27.009

Values of pa Sy and N4 for acceptor molecule SnBry (A)
Ha Sa Na
-5.855 0.615 32

pA=Chemical potential of molecule A, puB=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 electrons in molecule B, A = (N, + Ny)?/
100, Ep,= Energy corresponds to a reshuffling of the charge distribution, E = Energy corresponds to the charge transfer process, E, =

Interaction energy
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TABLE5: Interaction of acceptor molecule Snl, (A) with or ganic bases(B)

Compound Us S Ns A E, E, Eint
Quinoline -4.158 0.581 48 64.000 -0.300 -22.862 -23.161
5-Nitroquinoline -10.816 -0.405 64 92.160 11.366 -111.244 -99.878
8-Nitroquinoline -11.647 -1.012 64 92.160 -81.617 239.211 157.595
8-Quinolinesulphonic acid ~ -4.695 0.606 72 108.160 -0.109 -37.949 -38.058
2-Aminoquinoline -3.497 0.656 54 73.960 -0.721 -25.065 -25.786
2-Phenylquinoline -4.099 0.657 76 116.640 -0.351 -39.500 -39.851
Quinolinic acid -11.197 -1.040 62 88.360 -62.964 200.363 137.398
Isoquinoline -4.121 0.590 48 64.000 -0.320 -22.714 -23.034
Valuesof pua. Sy and N, for acceptor molecule Snl4 (A)
|27 SA NA
-5.486 0.819 32
TABLE 6: Interaction of acceptor molecule ZnCl(A) with or ganic bases(B)
Compound Ue S Ng A E, E, Eint
Quinoline -4.158 0.581 48 40.960 -0.132 -20.848 -20.981
5-Nitroquinoline -10.816 -0.405 64 64.000 -804.533 10094.843 9290.310
8-Nitroquinoline -11.647 -1.012 64 64.000 -13.779 52.457 38.678
8-Quinolinesulphonic acid -4.695 0.606 72 77.440 -0.033 -38.425 -38.458
2-Aminoquinoline -3.497 0.656 54 49.000 -0.367 -23.157 -23.525
2-Phenylquinoline -4.099 0.657 76 84.640 -0.155 -39.960 -40.115
Quinolinic acid -11.197 -1.040 62 60.840 -11.713 47.688 35.975
Isoquinoline -4.121 0.590 48 40.960 -0.143 -20.658 -20.800
Valuesof pa Sy and N, for acceptor molecule ZnCl, (A)
Ra Sa Na
-5.214 0.402 16
TABLE 7: I nteraction of acceptor moleculeZnBr (A) with or ganic bases(B)
Compound Us S Ng A E, E, Eint
Quinoline -4.158 0.581 48 40.960 -0.091 -19.839 -19.931
5-Nitroquinoline -10.816  -0.405 64 64.000 65.907 -683.865 -617.958
8-Nitroquinoline -11.647 -1.012 64 64.000 -17.981 57.136 39.155
8-Quinolinesulphonic acid -4.695 0.606 72 77.440 -0.013 -36.610 -36.623
2-Aminoquinoline -3.497 0.656 54 49.000 -0.305 -22.113 -22.418
2-Phenylquinoline -4.099 0.657 76 84.640 -0.110 -38.159 -38.270
Quinolinic acid -11.197  -1.040 62 60.840 -15.298 51.741 36.442
Isoguinoline -4.121 0.590 48 40.960 -0.100 -19.666 -19.767
Values of ua. Sy and N, for acceptor molecule ZnBr, (A)
Ba SA NA
-5.007 0.452 16
TABLE 8: I nteraction of acceptor moleculeZnl,, (A) with or ganic bases(B)
Compound HUs SB NB A Ev Eu Eint
Quinoline -4.158 0581 48 40.960 -0.052 -18.681 -18.732
5-Nitroquinoline -10.816 -0.405 64 64.000 34.386 -288.755 -254.369
8-Nitroguinoline -11.647 -1.012 64 64.000 -24.843 64.511 39.668
8-Quinolinesulphonic acid -4.695 0606 72 77.440 -0.001 -34.520 -34.521
2-Aminoquinoline -3.497 0.656 54 49.000 -0.235 -20.905 -21.140
2-Phenylquinoline -4.099 0.657 76 84.640 -0.066 -36.077 -36.142
Quinolinic acid -11.197 -1.040 62 60.840 -21.112 58.064 36.952
Isoquinoline -4.121 0590 48 40.960 -0.058 -18.527 -18.586
Values of pa Sy and N, for acceptor molecule Znl, (A)
Ma Sa Na
-4.773 0.516 16

pA=Chemical potential of molecule A, uB=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 electrons in molecule B, & = (N, + N;)? / 100, E,,= Energy
corresponds to a reshuffling of the charge distribution, E = Energy corresponds to the charge transfer process, E, = Interaction energy
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TABLE 9: Interaction of acceptor molecule CdCI,(A) with organic bases(B)
Compound Us S Ng A E, E, Eint
Quinoline -4.158 0.581 48  40.960 -0.186 -19.425 -19.611
5-Nitroquinoline -10.816 -0405 64  64.000 41.551 -464.977 -423.426
8-Nitroguinoline -11.647 -1.012 64 64.000 -17.632 59.475 41.843
8-Quinolinesulphonic acid -4.695 0.606 72 77.440 -0.058 -35.863 -35.921
2-Aminoquinoline -3.497 0.656 54 49.000 -0.474 -21.682 -22.156
2-Phenylquinoline -4.099 0.657 76  84.640 -0.217 -37.416 -37.633
Quinalinic acid -11.197 -1.040 62  60.840 -14.853 53.755 38.902
Isoquinoline -4.121 0.590 48  40.960 -0.200 -19.259 -19.459
Values of pa Sy and N, for acceptor molecule Znl, (A)
Ha Sa Na
-5.354 0.474 16
TABLE 10: Interaction of acceptor molecule CdBr,(A) with organic bases(B)
Compound Us Ss Ng A E, E, Eint
Quinoline -4.158 0.581 48 40.96 -0.110 -18.739 -18.850
5-Nitroguinoline -10.816 -0.405 64 64.00 31.991 -297.986 -265.995
8-Nitroquinoline -11.647 -1.012 64 64.00 -22511 64.068 41.557
8-Quinolinesul phonic acid -4.695 0.606 72 77.44 -0.018 -34.626 -34.645
2-Aminoquinoline -3.497 0.656 54 49.00 -0.351 -20.966 -21.317
2-Phenylquinoline -4.099 0.657 76 84.64 -0.133 -36.183 -36.315
Quinolinic acid -11.197 -1.040 62 60.84 -19.021 57.686 38.665
Isoquinoline -4.121 0.590 48 40.96 -0.121 -18.585 -18.706
Values of pa Sy and N4 for acceptor molecule CdBr, (A)
KA SA NA
-5.059 0.512 16

pA=Chemical potential of molecule A, uB=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 electrons in molecule B, A = (N, + Ny)? / 100, E ;= Energy
corresponds to a reshuffling of the charge distribution, E = Energy corresponds to the charge transfer process, E, = Interaction energy

TABLE 11: Interaction of acceptor molecule Cdl, (A) with organic bases(B)

Compound Us S Ng A E, E, Eint
5-Nitroquinoline -10.816  -0.405 64 64.000 24.792 -187.940 -163.149
8-Nitroquinoline -11.647  -1.012 64 64.000 -31.293 73.295 42.002

8-Quinolinesul phonic acid -4.695 0.606 72 77.440 -0.001 -32.783 -32.784
2-Aminoquinoline -3.497 0.656 54 49.000 -0.258 -19.896 -20.153
2-Phenylquinoline -4.099 0.657 76 84.640 -0.074 -34.337 -34.410

Quinoalinic acid -11.197 -1.040 62 60.840 -26.391 65.496 39.105
Isoquinoline -4.121 0590 48 40.960 -0.066 -17.582 -17.648
5-Nitroquinoline -10.816  -0.405 64 64.000 24.792 -187.940 -163.149
Values of ua. Sy and N, for acceptor molecule Cdl, (A)
Ua Sa Na
-4.793 0.575 16
TABLE 12: Interaction of acceptor molecule HgCI,(A) with or ganic bases(B)
Compound us S Ns A E, E, Eint
Quinoline -4.158 0581 48 54.760 -0.535 -23.690 -24.225
5-Nitroquinoline -10.816  -0.405 64  81.000 15.309 -237.86 -222.55
8-Nitroquinoline -11.647  -1.012 64 81.000 -20.621 92.764 72.143

8-Quinolinesul phonic acid -4.695 0606 72  96.040 -0.284 -40.657 -40.941
2-Aminoquinoline -3.497 0.656 54  64.000 -1.025 -25.986 -27.011
2-Phenylquinoline -4.099 0.657 76 104.040 -0.604 -42.207 -42.810

Quinolinic acid -11.197  -1.040 62  77.440 -16.829 83.366 66.537
Isoquinoline -4.121 0590 48 54.760 -0.561 -23.505 -24.066
Values of ua. Sp and N, for acceptor molecule HgCI(A)
Ua SA NA
-6.083 0.575 26
—==mmr>  [1o1ganic CHEMISTRY
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TABLE 13: Interaction of acceptor molecule HgBr,(A) with organic bases(B)

Compound Us S Ng A E, E, Eint
Quinoline -4.158 0581 48 54.760 -0.341 -22.785 -23.127
5-Nitroquinoline -10.816  -0.405 64  81.000 15.414 -187.371 -171.957
8-Nitroquinoline -11.647 -1.012 64 81.000 -28.746 103.658 74.912
8-Quinolinesulphonic acid -4.695 0.606 72  96.040 -0.145 -39.137 -39.281
2-Aminoguinoline -3.497 0.656 54  64.000 -0.751 -25.053 -25.804
2-Phenylquinoline -4.099 0.657 76 104.040 -0.392 -40.692 -41.084
Quinoalinic acid -11.197  -1.040 62  77.440 -23.582 92.504 68.922
Isoquinoline -4.121 0.590 48 54.760 -0.361 -22.615 -22.976
Values of ua Sy and N, for acceptor molecule HgBr, (A)
Ha Sa Na
-5.667 0.621 26
TABLE 14: Interaction of acceptor molecule Hgl,(A) with organic bases(B)
Compound Us S Ng A E, E, Eint
Quinoaline -4.158 0581 48 54.760 -0.219 -21.030 -21.249
5-Nitroquinoline -10.816  -0.405 64  81.000 13.902 -127.977 -114.074
8-Nitroquinoline -11.647 -1.012 64 81.000 -50.195 139.466 89.271
8-Quinolinesul phonic acid -4.695 0.606 72  96.040 -0.065 -36.179 -36.244
2-Aminoquinoline -3.497 0.656 54  64.000 -0.575 -23.228 -23.803
2-Phenylquinoline -4.099 0.657 76 104.040 -0.259 -37.731 -37.990
Quinoalinic acid -11.197  -1.040 62  77.440 -40.606 121.661 81.055
Isoquinoline -4.121 0590 48 54.760 -0.236 -20.884 -21.120
Values of ua Sy and N, for acceptor molecule Hgl, (A)
Ba Sa Na
-5.326 0.721 26

pA=Chemical potential of molecule A, uB=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 electrons in molecule B, & = (N, + N;)? / 100, E,,= Energy
corresponds to a reshuffling of the charge distribution, E = Energy corresponds to the charge transfer process, E, = Interaction energy

energy between organic bases-B and metal halidessA  TABLE 15: Valuesof HOM O energy, LUM O ener gy, ioniza-
(H gCI2>SnBr4>HgBr2>SnI4>CdCI2>Hg|2>ZnCI2> tion potential, e_Iectron affinity, absolutehar dnessand global
CdBr>ZnBr,>Cdl, Znl ) are presented very clearly softness potential of acceptor molecules

indicatesthat the acceptor strength of halidesisinthe g 3 B ‘E ? 8
order chloride>bromide>iodide; and the base strength = & & 7§ 5 £ 2§ =
is in the order 8-Nitroquinoline>Quinolinic acid> = 0% o% § N |5 = § o
|soquinoline> Quinoline> 2-Aminoquinoline>8-Quino T 2 = 5 52 5 < T 3
linesul phonicacid>2-Phenyl quinoline> 5-Nitroquinoline r 4 m i o
inmost of the cases. Theacceptor strength of different  SnCl, -8.313-4.411 6.362 8.313 4.411 1.951 0.513
metd halidesisinthefollowing order: SnBr, -7.480-4.229 5.855 7.480 4.229 1.626 0.615

Snl, -6.707 -4.265 5.486 6.707 4.265 1.221 0.819
SnCl >HgCl, >SnBr >HgBr,>Snl >CdCl >Hgl,> .0 7704 2704 5214 7.704 2.724 2.490 0.402

ZnCl_>CdBr,>ZnBr,>Cdl,>Znl, ZnBr, -7.221-2.792 5.007 7.221 2.792 2.215 0.452
Vauesof HOMO energy, LUMO energy, ionization Znl, -6.712-2.833 4.773 6.712 2.833 1.940 0.516

CdBr, -7.011-3.106 5.059 7.011 3.106 1.953 0.512

softnesspotential of acoeptor molecules(metd halides) "y *  ¢'535 3054 4,793 6,532 3.054 1.739 0575
aegivenintheTABLE 15. Metd halidesindecreasing  HgCl, -7.822-4.344 6.083 7.822 4.344 1.739 0.575

order of electronegativity arearranged as bel ow- HgBr, -7.277-4.056 5.667 7.277 4.056 1.611 0.621
SnCl,>HgCl >SnBr,>HgBr,>Snl >CdCl >Hgl > _ Halz -6.712-3939 5326 6.712 3939 1387 0.721
ZnCl >CdBr,>ZnBr >Cdl >Znl, vaueof electronegativity; thegreater will betheacceptor

Thisprovidesthesameorder of acceptor molecules  strength.
aspredicted by the TABLES 3-14 ashigher will bethe
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TABLE 16: HOM O energy, LUM O ener gy, chemical poten-
tial and global softnessvaluesof organic bases(B)

HOMO LUMO Chemical Global
energy energy potential softness

Donor organic bases
B

(eV) (eV) Hp Se

8-Nitroquinoline  -10.658 -12.635 -11.647 -1.012
Quinolinicacid  -10.235 -12.159 -11.197 -1.04
5-Nitroquinoline  -8.345 -13.286 -10.816 -0.405
B'Q“'”O';zﬁ“'phon'c -6.345 -3.045 -4.695 0.606
Quinoline -5.88 -2.436 -4.158 0.581
Isoquinoline -5.816 -2.425 -4.121 0.59
2-Phenylquinoline  -5.62 -2578 -4.099  0.657
2-Aminoquinoline  -5.02 -1.973 -3.497 0.656

TABLE 17: Chemical potential (u,) and global softness(S,)
valuesof acceptor (A)

Metal HOMO LUMO Chemipal Global
halides  SNEroy energy potential  softness
(ev) (ev) Ha Sa
SnCl, -8.313 -4.411 -6.362 0.513
HgCl, -7.822 -4.344 -6.083 0.575
SnBr, -7.48 -4.229 -5.855 0.615
HgBr, -71.277 -4.056 -5.667 0.621
Snl, -6.707 -4.265 -5.486 0.819
Cdcl, -7.465 -3.242 -5.354 0.474
Hol, -6.712 -3.939 -5.326 0.721
ZnCl, -7.704 -2.724 -5.214 0.402
CdBr, -7.011 -3.106 -5.059 0.512
ZnBr, -7.221 -2.792 -5.007 0.452
Cdl, -6.532 -3.054 -4,793 0.575
Znl, -6.712 -2.833 -4.773 0.516

Chemical potential of donor and acceptor molecules

Thechemica potentid (u,, 1;) and globa softness
(S, S,) of donor (B) and acceptor (A) areincludedin
TABLES 16 and 17 respectively which clearly indicate
that-

* Thechemical potentid (u,,) vaueof 8-Nitroquinaline
islowest henceitisbest donor. ThenextisQuinolinic
acid andthelast is2-aminoquinoline.

* Thevauesof chemica potentid (u,) of organic bases
inincreasing order aretabulated in TABLE 16. On
the basis of values of chemical potential () the
compounds can be arranged in thefollowing order
of their donor ability.
8-Nitroguinoline>Quinalinicad d>5-Nitroquinoline>8-
Quinolinesul phonic acid>Quinoline>lsoquinoline>2-
Phenylquinoline>2-Aminoguinoline

= Theacceptor moleculesthat have been studied for
donor-acceptorsinteraction arelistedin TABLE 17,
alongwiththeir values of chemical potential (u,)in

—= Fyll Poper

ascending order, and global softnessvalues.

Thehigher isthevalueof chemical potential (u,)
better will be the acceptor property. Among tin (iv)
halides the SnCl,, has the highest value hence best
acceptor. Among MCI,, (M=Zn, Cd, Hg), the mercury
chlorideisthebest acceptor asit hasthehighest value.
The acceptor strength can bearrangedin thefollowing
order:

SnCl,>HgCl, _SnBr4 HgBr, _Snl
>Hgl,.ZnCl >CdBr, ZnBr, Cdl, Znl,
Energy transfer (AE)

For amolecule p measures the ability to attract
electrons to itself. If two molecules (A and B) are
brought together ectronswill flow fromtheone, which
haslower vaueof p tothat which hashigher value. At
equilibrium asinglevaueof p will exist through out.
AEpistheenergy transfer on account of thisreshuffling.

The AEp showsthat chlorides have higher value
than bromide and iodide. The sequence is
chloride>bromide>iodide. The values do not
demonstrate the order of acceptor or base strength.

.cdcl,

4

Global softnessof donor and acceptor molecules
S, S)

The global softness (S,) values are lowest in
chloridesand highest iniodides, inother wordschlorides
are harder acids as compared to their bromide and
iodide counterpartsin termsof HSAB principle. The
scaeof softnessof varioushdidesisasgiveninTABLE
17.

Analyssof theeguation-3indicatesthat for agiven
vauesof S, thelarger thevaueof S, thebetter, while
equation-4indicatesthat for thesamevauesof S, the
smaller valueof S, thebetter. Sincethetota energy is
given by the summation of thesetwo terms, it seems
that the best situation corresponds to the average
between the two extreme situations, that isS, ~ S,
whichisprecisdy theglobd HSAB principle. Asmilar
analysis, based on the two opposing tendencies, was
first givenby Chattarg et d 5. The S, valueof SnCl4
is 0.513 and S, value of amino toluene is 0.513
(DOI=10.1016/j.theochem.2009.03.002). Sincethe
two values are equal the best interaction is shown
between them. Thisobservationisin conformity with
thegloba HSAB principle
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TABLE 18: Chargetransfer and ener gy change with acceptor molecule SnCl,

Compound A e Na s AN AE
Quinoline 6.362 4.158 1.951 1.722 0.300027 -0.33063
5-Nitroquinoline 6.362 10.8155 1951 -2.4705 4.286333 9.544592
8-Nitroquinoline 6.362 11.6465 1.951 -0.9885 -2.74519 -7.25349
&Qui ”O';rc‘?g‘”' phonic 6.362 4.695 1.951 1.65 0.231463 -0.19292
2-Aminoquinoline 6.362 3.4965 1.951 1.5235 0.412361 -0.59081
2-Phenylquinoline 6.362 4.099 1.951 1521 0.325893 -0.36875
Quinolinic acid 6.362 11.197 1.951 -0.962 -2.44439 -5.90931
Isoquinoline 6.362 4.1205 1.951 1.6955 0.30735 -0.34446

TABLE 19: Chargetransfer and energy change with acceptor molecule SnBr 4

Compound AR AL na ns AN AE
Quinoline 5.8545 4.158 1.6255 1.722 0.253398 -0.21494
5-Nitroquinoline 5.8545 10.8155 16255  -2.4705 2.935503 7.281515
8-Nitroquinoline 5.8545 11.6465 16255  -0.9885 -4.54631 -13.1661
8-Quinolinesulphonic acid 5.8545 4.695 1.6255 1.65 0.176996 -0.10261
2-Aminoquinoline 5.8545 3.4965 1.6255 1.5235 0.374405 -0.44142
2-Phenylquinoline 5.8545 4.099 1.6255 1521 0.278961 -0.24486
Quinolinic acid 5.8545 11.197 1.6255 -0.962 -4.026 -10.7544
Isogquinoline 5.8545 4.1205 1.6255 1.6955 0.261066 -0.22634

Transfer of charge(N) and changein energy (AE)

Metal ligand bond strength between interaction of
acceptor (A) and ligand (B) hasal so been cal cul ated
by solving thefollowing equationsfor shiftin charge
(AN) and lowering energy (AE).,
AN = (x°,- %°%)/ 2(,+ )

AE = - (x°,- x%)*/ 4(n,+ )

Metal ligand bond strength of organic bases (B)
with the acceptor SnCl, (A) as predicted by the
values of AN and AE

Thevauesof AN, AE (calculatedin €V) with the
acceptor molecule SnCl, areincluded in TABLE 18.
Asthevaueof AN increases, the metal ligand bond
strength decreases. Metd ligand bond strengthwiththe
acceptor SnCl, isinthefollowing order as predicted
by thevaluesof AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinaline>2-Phenyl quino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isa'soameasure
of metal ligand bond strength. Themetal ligand bond
strength d so decreaseswith theincreaseinthevaue of
changein energy AE. Meta ligand bond strength of
donor organic bases (B) with the acceptor SnCl, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows-

8-Nitroquinoline>Quinolinic acid>2-Aminoquino

(12)
(13)

line>2-Phenyl quinoline>Isoquinoline>Quinoline>8-
Quinolinesulphonic acid>5-Nitroquinoline

Itisclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline and the minimum strength isin 5-
Nitroquinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor SnBr, (A) as predicted by the
values of AN and AE

Thevaluesof AN, AE (calculatedin €V) withthe
acceptor molecule SnBr, areincluded in TABLE 19.
Asthevalue of AN increases, themetal ligand bond
strength decreases. Metd ligand bond strengthwith the
acceptor SnBr, isinthefollowing order as predicted
by thevaluesof AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinoline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isdsoameasure
of meta ligand bond strength. Themetal ligand bond
strength a so decreaseswith theincreaseintheva ue of
changein energy AE. Metal ligand bond strength of
donor organic bases (B) with the acceptor SnBr, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows
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TABLE 20: Chargetransfer and ener gy change with acceptor molecule Snl,4

Compound A e Na ne AN AE
Quinoline 5.486 4.158 1.221 1.722 0.22562 -0.14981
5-Nitroquinoline 5.486 10.8155 1.221 -2.4705 2.132653 5.682987
8-Nitroquinoline 5.486 11.6465 1.221 -0.9885 -13.2484 -40.8083
8-Quinolinesulphonic acid 5.486 4.695 1.221 1.65 0.137757 -0.05448
2-Aminoquinoline 5.486 3.4965 1.221 1.5235 0.362452 -0.36055
2-Phenylquinoline 5.486 4.099 1.221 1521 0.252918 -0.1754
Quinolinic acid 5.486 11.197 1.221 -0.962 -11.0251 -31.4822
Isoguinoline 5.486 4.1205 1.221 1.6955 0.234099 -0.15983

TABLE 21: Chargetransfer and ener gy change with acceptor molecule ZnCl,

Compound AR e na ns AN AE
Quinoline 5.214 4.158 2.49 1.722 0.125356 -0.06619
5-Nitroquinoline 5.214 10.8155 249  -2.4705 -143.628 -402.267
8-Nitroquinoline 5.214 11.6465 249  -0.9885 -2.14202 -6.88929
8-Quinolinesulphonic acid 5.214 4.695 249 1.65 0.062681 -0.01627
2-Aminoquinoline 5.214 3.4965 249 1.5235 0.213965 -0.18374
2-Phenylquinoline 5.214 4.099 2.49 1521 0.138993 -0.07749
Quinoalinic acid 5.214 11.197 2.49 -0.962 -1.95779 -5.85672
Isoquinoline 5.214 4.1205 2.49 1.6955 0.13063 -0.07142

8-Nitroquinoline>Quinolinic acid>2-Aminoquino
line>2-Phenyl quinoline>1soquinoline>Quinoline>8-
Quinolinesulphonicacid>5-Nitroquinoline
Itisclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline and the minimum strength isin 5-
Nitroquinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor Snl, (A) as predicted by the
values of AN and AE

Thevauesof AN, AE (calculatedin €V) with the
acceptor molecule Snl, areincludedinTABLE 20.As
thevaueof AN increases, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
Snl, isinthefollowing order aspredicted by thevalues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinaline>2-Phenyl quino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isa'soameasure
of metal ligand bond strength. Themetal ligand bond
strength d so decreaseswith theincreaseinthevaue of
changein energy AE. Meta ligand bond strength of
donor organic bases (B) with the acceptor Snl, (A) as
predicted by thevaue of loweringinenergy AEisas
follows-

8-Nitroquinoline>Quinalinic acid>2-Aminoquino
line>2-Phenyl quinoline>Isoquinoline>Quinoline>8-
Quinolinesulphonic acid>5-Nitroquinoline

Itisclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline and the minimum strength isin 5-
Nitroquinoline.

Themetal ligand bond strength of donor organic
baseswithall thehaidesof tin(iv) isexactly inthesame
order.

Metal ligand bond strength of organic bases (B)
with the acceptor ZnCl, (A) as predicted by the
values of AN and AE

Thevaluesof AN, AE (calculatedin V) withthe
acceptor molecule Snl, areincludedinTABLE 21. As
thevaueof AN incresses, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
ZnCl, isinthefollowing order aspredicted by thevaues
of AN.

5-Nitroquinoline>8-Nitroquinoline>Quinolinic
acid> 8-Quinolinesul phonic acid>Quinoline> 1soquino
line>2-Phenyl quinoline>2-Aminoquinoline

Thevaueof changeinenergy AE isasoameasure
of metal ligand bond strength. Themetal ligand bond
strength d so decreaseswith theincreaseinthevaue of
changein energy AE. Metal ligand bond strength of

==  [H01jANIC CHEMISTRY

Au Tudian Journal



54 Interaction energy, charge transfer and energy lowering in metal-ligand interaction

ICAIJ, 4(2) June 2009

FPull Paper

TABLE 22: Chargetransfer and ener gy change with acceptor molecule ZnBr,

Compound A A na ne AN AE
Quinoline 5.0065 4.158 2.2145 1.722 0.107773 -0.04572
5-Nitroquinoline 5.0065 10.8155 22145  -2.4705 11.3457 32.95359
8-Nitroquinoline 5.0065 11.6465 22145  -0.9885 -2.70799 -8.99054
8-Quinolinesulphonic acid 5.0065 4.695 2.2145 1.65 0.040303 -0.00628
2-Aminoguinoline 5.0065 3.4965 2.2145 1.5235 0.20198 -0.15249
2-Phenylquinoline 5.0065 4.099 2.2145 1.521 0.12147 -0.05512
Quinalinic acid 5.0065 11.197 2.2145 -0.962 -2.47126 -7.64916
Isoquinoline 5.0065 4.1205 2.2145 1.6955 0.113299 -0.05019

TABLE 23: Chargetransfer and energy change with acceptor molecule Znl,

Compound A e Na s AN AE
Quinoline 4.7725 4.158 1.9395 1.722 0.083914 -0.02578
5-Nitroquinoline 4.7725 10.8155 19395  -2.4705 5.690207 17.19296
8-Nitroquinoline 4.7725 11.6465 19395  -0.9885 -3.61409 -12.4216
8-Quinolinesul phonic acid 4.7725 4.695 1.9395 1.65 0.010795 -0.00042
2-Aminoquinoline 4.7725 3.4965 1.9395 1.5235 0.184233 -0.11754
2-Phenylquinoline 4.7725 4.099 1.9395 1521 0.097313 -0.03277
Quinalinic acid 4.7725 11.197 1.9395 -0.962 -3.28619 -10.5561
Isoquinoline 4.7725 4.1205 1.9395 1.6955 0.089684 -0.02924

donor organic bases (B) with the acceptor ZnCl,, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows-
5-Nitroquinoline>8-Nitroquinoline>Quinolinic
acid>2-Aminoquinoline>2-Phenylquinoline>
Isoquinoline> Quinoline>8-Quinaolinesulphonic acid.

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 5-
Nitroquinolineas predicted by both AN and AE; and
theminimum strengthisin2-Aminoquinolineaspredicted
by AN and in 8-Quinolinesul phonic acid as predicted
by AE.

Metal ligand bond strength of organic bases (B)
with the acceptor ZnBr, (A) as predicted by the
values of AN and AE

Thevauesof AN, AE (calculatedin €V) with the
acceptor molecule Snl, areincludedinTABLE 22. As
thevaueof AN increases, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
ZnBr, isinthefollowing order aspredicted by thevaues
of AN.

8-Nitroquinoline>Quinolinic acid>8-
Quinolinesul phonic acid>Quinoline>lsoquinoline>2-
Phenyl quinoline>2-Aminoquinoline>5-Nitroquinoline.

Thevaueof changeinenergy AE isa'soameasure
of metal ligand bond strength. Themetal ligand bond

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Metal ligand bond strength of
donor organic bases (B) with the acceptor ZnBr, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows

8-Nitroquinoline>Quinalinic acid>2-Aminoquino
line>2-Phenyl quinoline> | soquinoline>Quinoline>8-
Quinolinesulphonicacid>5-Nitroquinoline.

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline as predicted by both AN and AE; and
theminimum strengthisin 5-Nitroguinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor Znl, (A) as predicted by the
values of AN and AE

Thevaluesof AN, AE (calculatedin e€V) withthe
acceptor molecule Snl, areincludedinTABLE 23. As
thevaueof AN incresses, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
Znl, isinthefollowing order aspredicted by thevaues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinoline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline.

Thevaueof changeinenergy AE isdsoameasure
of meta ligand bond strength. Themetal ligand bond
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TABLE 24: Chargetransfer and energy change with acceptor molecule CdCl,

Compound y AL y AL Na Ne AN AE
Quinoline 5.3535 4.158 2.1115 1.722 0.155928 -0.09321
5-Nitroquinoline 5.3535 10.8155 21115  -2.4705 7.607242 20.77538
8-Nitroquinoline 5.3535 11.6465 21115  -0.9885 -2.80187 -8.81608
8-Quinolinesulphonic acid 5.3535 4.695 2.1115 1.65 0.087532 -0.02882
2-Aminoquinoline 5.3535 3.4965 2.1115 1.5235 0.255433 -0.23717
2-Phenylquinoline 5.3535 4.099 2.1115 1.521 0.172677 -0.10831
Quinalinic acid 5.3535 11.197 2.1115 -0.962 -2.54176 -7.42638
Isoquinoline 5.3535 4.,1205 2.1115 1.6955 0.161939 -0.09984

TABLE 25 : Chargetransfer and energy change with acceptor molecule CdBr,

Compound y AL y AL Ma Mg AN AE
Quinoline 5.0585 4.158 1.9525 1.722 0.122534 -0.05517
5-Nitroquinoline 5.0585 10.8155 1.9525 -2.4705 5.55695 15.99568
8-Nitroquinoline 5.0585 11.6465 1.9525 -0.9885 -3.41701 -11.2556
8-Quinolinesul phonic acid 5.0585 4.695 1.9525 1.65 0.050451 -0.00917
2-Aminoquinoline 5.0585 3.4965 1.9525 1.5235 0.224684 -0.17548
2-Phenylquinoline 5.0585 4.099 1.9525 1521 0.138117 -0.06626
Quinalinic acid 5.0585 11.197 1.9525 -0.962 -3.09869 -9.51065

Isoquinoline 5.0585 4.1205 1.9525 1.6955 0.128564 -0.0603

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Meta ligand bond strength of
donor organic bases (B) with the acceptor Znl,, (A) as
predicted by thevaue of loweringinenergy AE isas
follows

8-Nitroquinoline>Quinolinic acid>2-Aminoquino
line>2-Phenyl quinoline>1soquinoline>Quinoline>8-
Quinolinesul phonicacid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline as predicted by both AN and AE; and
the minimum strengthisin 5-Nitroquinoline.

Metal ligand bond strength of organic bases(B)
with the acceptor CdCl, (A) aspredicted by the
values of AN and AE

Thevauesof AN, AE (caculatedin €V) with the
acceptor molecule Snl, areincludedinTABLE 24.As
thevaueof AN increases, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
CdCl, isinthefollowing order aspredicted by thevaues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinaline>2-Phenyl quino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isalsoameasure
of metal ligand bond strength. Themetal ligand bond

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Metal ligand bond strength of
donor organic bases (B) with the acceptor CdCl, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows-

8-Nitroquinoline>Quinolinic acid>2-Aminoquin
oline>2-Phenyl quinoline>Isoquinoline>Quinoline>8-
Quinolinesul phonic acid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline as predicted by both AN and AE; and
theminimum strengthisin 5-Nitroquinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor CdBr, (A) as predicted by the
values of AN and AE

Thevauesof AN, AE (calculatedin eV) withthe
acceptor molecule Snl, areincluded inTABLE 25.As
thevaueof AN increases, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
CdBr, isinthefollowing order aspredicted by thevaues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinoline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AEisalsoameasure
of metal ligand bond strength. Themetal ligand bond

==  [H01jANIC CHEMISTRY
A Tndian ﬁawm!



56 Interaction energy, charge transfer and energy lowering in metal-ligand interaction

ICAIJ, 4(2) June 2009

FPull Paper

TABLE 26 : Chargetransfer and energy change with acceptor molecule Cdl,

Compound x°A 2% Na ne AN AE
Quinoline 4.793 4.158 1.739 1.722 0.091736 -0.02913
5-Nitroquinoline 4.793 10.8155 1.739 -2.4705 4.116541 12.39594
8-Nitroquinoline 4.793 11.6465 1.739 -0.9885 -4.56596 -15.6464
8-Quinolinesul phonic acid 4.793 4.695 1.739 1.65 0.014459 -0.00071
2-Aminoquinoline 4.793 3.4965 1.739 1.5235 0.198697 -0.12881
2-Phenylquinoline 4.793 4.099 1.739 1521 0.106442 -0.03694
Quinolinic acid 4.793 11.197 1.739 -0.962 -4.12098 -13.1954
Isoquinoline 4.793 4.1205 1.739 1.6955 0.097904 -0.03292

TABLE 27 : Chargetransfer and ener gy change with acceptor molecule HgCl,

Compound A AL na ns AN AE
Quinoline 6.083 4.158 1.739 1.722 0.278099 -0.26767
5-Nitroquinoline 6.083 10.8155 1739  -2.4705 3.234792 7.654325
8-Nitroquinoline 6.083 11.6465 1.739 -0.9885 -3.70653 -10.3106
8-Quinolinesul phonic acid 6.083 4,695 1.739 1.65 0.20478 -0.14212
2-Aminoquinoline 6.083 3.4965 1.739 1.5235 0.396398 -0.51264
2-Phenylquinoline 6.083 4,099 1.739 1521 0.304294 -0.30186
Quinoalinic acid 6.083 11.197 1.739 -0.962 -3.29086 -8.41473
Isoquinoline 6.083 4.1205 1.739 1.6955 0.285704 -0.28035

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Meta ligand bond strength of
donor organic bases (B) with the acceptor CdBr, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows-

8-Nitroquinoline>Quinolinic acid>2-Aminoquinol
ine>2-Phenyl quinoline>lsoquinoline>Quinoline>8-
Quinolinesulphonicacid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinolineas predicted by both AN and AE; and
the minimum strengthisin 5-Nitroquinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor Cdl, (A) as predicted by the
values of AN and AE

Thevauesof AN, AE (calculatedin €V) with the
acceptor molecule Snl, areincludedinTABLE 26.As
thevaueof AN increases, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
Cdl, isinthefollowing order as predicted by theva ues
of AN.

8-Nitroquinoline>Quinalinic acid>8-Quinolinesul
phonic acid>Quinoline>Isoquinoline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isa'soameasure
of metal ligand bond strength. Themetal ligand bond

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Metal ligand bond strength of
donor organic bases (B) with the acceptor Cdl,, (A) as
predicted by thevaue of loweringinenergy AEisas
follows

8-Nitroquinoline>Quinalinic acid>2-Aminoquino
line>2-Phenyl quinoline>Isoquinoline>Quinoline>8-
Quinolinesulphonic acid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline as predicted by both AN and AE; and
theminimum strengthisin 5-Nitroguinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor HQCI, (A) as predicted by the
values of AN and AE

Thevaluesof AN, AE (calculatedin e€V) withthe
acceptor molecule Snl, areincludedinTABLE 27.As
thevaueof AN incresses, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
HgCl, isinthefollowing order aspredicted by theva ues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinoline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isdsoameasure
of meta ligand bond strength. Themetal ligand bond
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TABLE 28: Chargetransfer and energy change with acceptor molecule HgBr ,

Compound A e Na s AN AE
Quinoline 5.6665 4.158 1.6105 1.722 0.226332 -0.17071
5-Nitroquinoline 5.6665 10.8155 1.6105 -2.4705 2.993605 7.707035
8-Nitroquinoline 5.6665 11.6465 1.6105 -0.9885 -4.80707 -14.3732
8-Quinolinesulphonic acid 5.6665 4.695 1.6105 1.65 0.14898 -0.07237
2-Aminoquinoline 5.6665 3.4965 1.6105 1.5235 0.346203 -0.37563
2-Phenylquinoline 5.6665 4.099 1.6105 1521 0.250279 -0.19616
Quinolinic acid 5.6665 11.197 1.6105 -0.962 -4.26407 -11.7912
Isogquinoline 5.6665 4.1205 1.6105 1.6955 0.233817 -0.18074

TABLE 29 : Chargetransfer and energy change with acceptor molecule Hgl ,

Compound y AL x’s Na Ng AN AE
Quinoline 5.3255 4.158 1.3865 1.722 0.187792 -0.10962
5-Nitroquinoline 5.3255 10.8155 1.3865 -2.4705 2.532288 6.95113
8-Nitroquinoline 5.3255 11.6465 1.3865 -0.9885 -7.94095 -25.0974
8-Quinolinesulphonic acid 5.3255 4.695 1.3865 1.65 0.10382 -0.03273
2-Aminoquinoline 5.3255 3.4965 1.3865 1.5235 0.314261 -0.28739
2-Phenylquinoline 5.3255 4.099 1.3865 1521 0.21092 -0.12935
Quinolinic acid 5.3255 11.197 1.3865 -0.962 -6.91578 -20.303
Isoguinoline 5.3255 4.1205 1.3865 1.6955 0.19549 -0.11778

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Meta ligand bond strength of
donor organic bases (B) with the acceptor HYCI,, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows-

8-Nitroquinoline>Quinolinic acid>2-Aminoquino
line>2-Phenyl quinoline>1soquinoline>Quinoline>8-
Quinolinesulphonicacid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline as predicted by both AN and AE; and
the minimum strengthisin 5-Nitroquinoline,

Metal ligand bond strength of organic bases (B)
with the acceptor HgBr, (A) as predicted by the
values of AN and AE

Thevauesof AN, AE (calculatedin €V) with the
acceptor molecule Snl, areincluded inTABLE 28.As
thevaueof AN increases, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
HgBr, isinthefollowing order aspredicted by thevaues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinaline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isa'soameasure
of metal ligand bond strength. Themetal ligand bond

strength a so decreaseswith theincreasein theva ue of
changein energy AE. Metal ligand bond strength of
donor organic bases (B) with the acceptor HgBr, (A)
aspredicted by thevaueof loweringinenergy AEisas
follows

8-Nitroquinoline>Quinalinic acid>2-Aminoquino
line>2-Phenyl quinoline>Isoquinoline>Quinoline>8-
Quinolinesulphonic acid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinoline as predicted by both AN and AE; and
theminimum strengthisin 5-Nitroquinoline.

Metal ligand bond strength of organic bases (B)
with the acceptor Hgl, (A) as predicted by the
values of AN and AE

Thevaluesof AN, AE (calculatedin eV) withthe
acceptor molecule Snl, areincluded inTABLE 29. As
thevaueof AN incresses, themetd ligand bond strength
decreases. Metd ligand bond strength with theacceptor
Hgl, isinthefollowing order aspredicted by thevaues
of AN.

8-Nitroquinoline>Quinolinic acid>8-Quinoline
sulphoni ¢ aci d>Quinoline>l soquinoline>2-Phenylquino
line>2-Aminoquinoline>5-Nitroquinoline

Thevaueof changeinenergy AE isasoameasure
of meta ligand bond strength. Themetal ligand bond
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strength a so decreaseswith theincreasein theva ue of
changein energy AE. Meta ligand bond strength of
donor organic bases (B) with the acceptor Hgl, (A) as
predicted by thevaue of loweringinenergy AE isas
follows-

8-Nitroquinoline>Quinolinic acid>2-Aminoquino
line>2-Phenyl quinoline>1soquinoline>Quinoline>8-
Quinolinesulphonicacid>5-Nitroquinoline

It isclear that the values of AN and AE indicate
amost the sametrend of meta ligand bond strength as
predicted by the values of interaction energy (E, ).
Maximum strength of metal ligand bond is in 8-
Nitroquinolineas predicted by both AN and AE; and
the minimum strengthisin 5-Nitroquinoline.

A referenceto the above Tablesindicatesthat al
thethreemethodsviz interaction energy (E, ), shiftin
charge (AN), and lowering of energy (AE) provide
resultswhich arein consonance to each other, all of
them havereliablepredictive power.

CONCLUSIONS

1. Theacceptor strengthisintheorder SnCl,>HgCl.>
SnBr >HgBr,>Snl >CdCl >Hgl.>ZnCl >CdBr>
ZnBr,>Cdl >Znl,,. The chemical potential (u,)
valuesof organic basesindicate the same order of
base strength asisindicated by interaction energy.

2. Theorganicbasesshow that the8-nitroquinolineis
the strongest base and 5-Nitroquinoline is the
weakest base against all the acceptors. Theorder
is8-Nitroquinoline>Quinaolinic acid>8-Quinoline
sul phoni ¢ aci d>Quinoline>Isoquinoline>2-Phenyl
quinoline>2-Aminoquinoline>5-Nitroquinoline.

3. Episthe energy transfer on account of flow of
eectronsfromlower pto high p. The Epdoesnot
demonstratetheorder of acid or base strength.

4. Thebestinteractioniswhen globd softnessvaues
of acid and base are approximately equal i.e. S~
S, For example, S, = 0.615 for SnBr, and S, =
0.606 for 8-Quinolinesulphonicacid.

5. Higherinteractionenergy (E, ,) indicatesstrong metd
ligand interaction.

6. All the results of interaction energy are in
consonance with theresults of AN and AE.
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