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ABSTRACT

Energies and densities of certain Lewis acids and bases have been evalu-
ated by semi empirical methods. AM1, PM3 and PM5, on CACHe Soft-
ware. The energy values have been mainly used to prepare the scale of
hardness, and density values for identifying sitesin different compounds.
The metal-ligand interaction and the stability of metal-ligand bond have
been studied with the help of LUMO density values of accepter molecules
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and HOMO density values of donor molecules. The stability of metal
ligand bond has al so been related with transfer of charge AN and lowering

of energy AE on complex formation.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

In our recent communi cation we havemadeaDFT
based study of energiesand densitiesof frontier orbital
of Lewisacidsand basesand their interaction’®. Inthis
paper we present semiemperical -based study.

Semi empirical quantum chemica method can be
used for the cal culation of themolecular parameters.
These methodshave been devel oped within the math-
ematical framework of themolecular orbital theory
(SCFMO) but based on simplications and approxima:
tions introduced into the computational procedure,
which dramatically reduced the computational time?®
Varioussemi empirica methodslike extended Huckel
theory (EHT), completeneglect of differentia overlap
(CNDO)*9, intermediate neglect of differentia over-
lap (INDO)!®, modified INDO (MINDO), modified
neglect of diatomic over lap (MNDO)®, autism model

1-(AMD® and parametric models (PM 3)1% and
PM 5,have been devel oped over thelast few decades
Inthispaperswe have evauated energy and density of
HOMO and LUMO, absol ute hardness el ectronega-
tivity, chemical potentid, ionization potentia and elec-
tron affinity of certain lewisacids and baseswith the
help of AM-1,PM-3 and PM5methods.The param-
eters have been used to draw the scale of hardness of
Lewisacidsand bases, toidentify thesite of activity,
and to study the stability of meta-ligand bond. There-
aultsif semi empirica calculationshavebeen compared
with our earlier work based on Klopman equationf*+2
and alsowith theval ues cal culated by DFT methods.

MATERIALAND METHODS

Metal hdidesof transition and nontransition meta
have been used aslewisacidsand variousorganic com-
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poundsasLewisbases. The acidsand baseshavebeen
used asstudy material of this paper.

The 3D modeling and geometry optimization of all
the compounds have been donewith the help of Cache
software, using PM3Hamiltonian*®, Theva uesof vari-
ous descriptors such asionization potential, electron
affinity, charge, eectron densty, eigenvauesof frontier
orbita, of Lewisacid and Lewisbaseshave beentaken
fromsemi empiricd-AM1, PM3, PM5 caculations. The
valuesof various parametershave been used for solv-
ing the equationsl-6.

Recent work based on density functiond theory has
devel oped the concept of absolute e ectro negativity,
x’ and absolute hardness n*J, The operation (and
approximate) definitionsare: -
x="(1+A)=-p o)
n="(1-A) @)
Where| istheionization potential A isthe electron affinity and
uischemical potential. The absolute electronegativeity isthe
same asthe Mulliken value. When acid and base, are allowed
to react, there will be a shift of electrons from the less elec-
tronegative base (B), to the more electronegative acid (A). The

condition of equilibriumisthat the chemical potential, pA and
uB, become equal, this leads to a shift in charge AN and is

given by the equation.

AN=(x°-x%) [2(n,-1e)] ©)
Electrontransfer leadsto an energy lowering given
by the equation.

AE= (x°,-x%)* [4(n, )] 4)
Inegn 3 and 4 thed ectronegativity differencedrive
the electron transfer, and the sum of hardness param-
etersinhibitsit. The hardnessistheresistance of the
chemicd potentid to changein thenumber of eectrons
or shiftincharge.Thechemica potentia and theabso-
|ute el ectronegativity aremolecular propertiesand not
orbital properties. According to Koopman’stheorem
thel issmply theeigen value of HOM O with change of
signandA istheeigen vaue of LUMO with change of
sgn hencethe eqution-2 can bewritten as.
n=%(ELUMO-eHOMO) (5)
¥ =Y (eLUMO+gHOMO) (6)

RESULTSAND DISCUSSION

Frontier molecular orbital energies
Energiesof HOMO and LUMO arevery popular

—= Fyll Poper

guantum mechanical descriptors. It hasbeen shown*4
that these orbitalsplay amajor rolein governing many
chemical reactions, and areaso responsiblefor charge
transfer complexes. Thetreatment of thefrontier mo-
lecular orbitals separately from the other orbitalsis
based on thegenerd principlesgoverning thenature of
chemical reactiong®. Theenergy of theHOMOisdi-
rectly related to theionization potential and character-
izesthesusceptibility of themolecul etowards attack of
electrophile. Theenergy of LUMO isdirectly related
totheeectron affinity and characterizesthe suscepti-
bility of themoleculetowardsattack of nucleophile. The
concept of hard and soft nucleophilesand € ectrophiles
hasbeenasodirectly related to therel ative energies of
the HOMO and LUMO orbitals. Hard nucleophiles
have alow energy HOM O, soft nucleophileshavea
high energy HOM O, hard electrophiles have ahigh
energy LUMO and soft electrophileshavealow en-
ergy LUMQ!, HOMO-LUMO gap, that isthe dif-
ferencein energy betweentheHOMO and LUMO s
animportant stability index*3.
eLUMO-¢HOM O =energy gap

Absolute hardnessr isequd to haf thevaueof the
differencein energy of the LUMO and HOM O as
showninequation 5.

Metal halides

Theabsolutehardness (1) and el ectronegetivity ()
vauesof trangtion and nontransitionmetd haideshave
been eval uated by solving the egn-5-6 from HOM O
and LUMO energiesand are presentedin TABLE 1A
and 1B in three columns separately for AM1, PM3,
PM5 and DFT methods. TABLE 1A indicatesthat in
case of transition metal halides, none of the methods
provideany logicd trends. In caseof Fe(Il) halidesthe
highest valueof hardnessisof Fe(ll) chlorideindl the
threemethod .In case of cobalt the highest valueisof
fluorideinAM1 and PM 3, whereasin caseof PM5the
highest value of chloride. In case of nickel the highest
vaueisof iodideinAM land fluorideinPM3and PM5.
If dl thefluoridesof AM 1 seriesarecompared the se-
guenceisas.

CoF, >CuF,>FeF,>NiF,

PM3 and PM5, calculationsa so provideirregular
trends. Scale of hardnessif drawn by thevalue of IP
and EA of our previouswork!! or if the softnessval-
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TABLE 1A: Absolutehar dness(n) and electronegativity(y) valuesof transition metal halideder ived by semi empirical method-
AM1, PM 3,and PM 5 method

AM1 PM3 PM5
Compounds Energy Energy Energy
HOMO LUMO n % HOMO LUMO n X HOMO LUMO n
FeF, -14.421  -9.471 2.475 11946 -13.071 -8415 2328 10.743 -13.388 -8.789 2.2995
FeCl, -11.714  -1.242 5.236 6.478 -10.733 -1.208 4.7625 5.9705 -10.424 -0.616 4.904
FeBr, -13.655  -8.109 2.773 10.882 -13.492 -8.088 2702 10.79 -12.284 -60.651 2.3165
Fel, -12.732 -1.73 2.501 10.231  -11.914 -7.205 2.3545 9.5595 -10.754 -7.137 1.8085
Fe(NCS), -9.196 -5.716 174 7.456 -9.227 -6.154 15365 7.6905 -9.067 -599 1.5385
Fe(NCSe), -8.452 -4.642 1.905 6.547 -9506 -643 1538 7.968 -9.064 -6.134 1465
CoCl, -15.092  -7.801 3.6455 114465 -14.811 -7.609 3.601 11.21 -16.241 -8.69 3.7755
Cof, -13.389  -5.338 4.255 9.3635 -15159 -6.401 4.374 10.775 -16.305 -9.207 3.549
CoBr, -13.388  -6.769 3.3095 10.0785 -15.678 -8.915 3.3815 122965 -15.735 -8565 3.585
Col, -12.788  -6.239 3.2745 9.5153 -13.639 -7.185 3.227 10412 -15.194 -7.759 3.7175
Co (NCS), -11.11 -6.212 2.449 8.661 -12.224 -6.98 2622 9.602 -11951 -6.551 2.7
CO(NCSe), -9.829 -5.909 1.96 7.869 -12.398 -7.603 23975 10.0005 -11.91 -6.69 261
NiF; -9.146 -6.248 1.449 7.697 -10.983 -8.168 1.4075 9.5755 -16.334 -11.638 2.348
NiCl, -11.171  -8.364 1.4035 9.7675 -12.329 -9571 1379 1095 -15.046 -10.379 2.3335
NiBr, -11.507  -8.734 13865 10.1205 -12.484 -9.732 1376 11108 -14.381 -10.237 2.072
Nil, -10.998  -6.972 2.013 8985 -11.959 -9.176 1.3915 10.5675 -12.202 -9.07 1.566
Ni(NCS), -9.078 -6.536 1.271 7.807 -9.743 -7.802 0.9705 87725 -10.798 -7.598 16
Ni(NCSe), -12.461  -8.982 17395 107215 -12.015 -10.029 0.993 11.022 -11.22 -7.907 1.6565
CuF, -20.867 -13.743 3.562 17.305 -23.176 -14.226 4.475 18701 -25.018 -15.082 4.968
CuCl, -18.235 -12.511 2.862 15373 -17.216 -11.378 2919 14297 -8.026 -2.176 2.925
CuBr, -16.392  -11.866 2.263 14129 -18.153 -11.167 3493 1466 -6.382 -0.026 3.178
Cul, -15.019 -11.165 1.927 13.092 -12512 -10.591 0.9605 11.5515 -15.232 -11.155 2.0385
Cu(NCS), -13.08 -9.387 1.8465 11.2335 -13977 -7.353 3.312 10.665 13.634 -7.724 2955

Cu(NCSe), -10.392  -8.472 0.96 9.432 -13.964 -7.986 2989 10975 -14391 -7.807 3.292
TABLE 1B: Absolutehar dness(n) and electronegativity(y) valuesof non transition metal halidederived by semi empirical
method-AM 1, PM 3, and PM 5 method

AM1 PM3 PM5
Compound HOMO LUMO HOMO LUMO HOMO LUMO
energy  energy X n energy energy X n energy  energy £ l

ZnF, -13.325 -0.057 6.691 6.634 -15318 -0.974 8.146 7.172 -14081 0.004 7.039 7.043
ZnCl, -12.197 -1.065 6.631 5566 -10.945 -1.768 6.357 4.589 -11.714 -0.260 5987 5.727
ZnBr, -11.365 -1.089 6.227 5.138 -12.619 -2835 7.727 4.892 -11.175 -0.700 5938 5.238
Znl, -10.492 -1.679 6.086 4.407 -10.255 -3422 6.839 3417 -10.031 -1.753 5.892 4.139
Zn(NCS), -9.393 -1.029 5211 4182 -9.406 -2497 5952 3455 -9501 -1.024 5263 4.239
Zn(NCSe), -8.139 -1.389 4764 3375 -9.226 -2.696 5961 3.265 -9.040 -1.248 5144 3.89%
CdF, Error Error Error  Error -12.851 0.096 6.378 6.474 -13.403 -3.506 8.455 4.949
CdcCl, Error Error Error  Error -11.297 -0.882 6.090 5.208 -12.290 -2.636 7.463 4.827
CdBr, Error Error Error  Error -11.890 -1.338 6.614 5.276 -11.480 -2.653 7.067 4.414
Cdl, Error Error Error  Error -9.862 -2499 6.181 3.682 -10.225 -2515 6.370 3.855
Cd(NCS), Error Error Error  Error -9.037 -1.413 5225 3812 -9634 -3.343 6.489 3.146
Cd(NCSe), Error Error Error  Error -8.864 -1.880 5372 3492 -9193 -3465 6.329 2.864
HgF, -12.684 -1.386 7.035 5.649 -13.784 -1541 7.663 6.122 -14.062 -2.708 8.385 5.677
HgCl, -11.929 -2.323 7.126 4803 -10.775 -2.280 6.528 4.248 -11.331 -2530 6.931 4.401
HgBr, -11.164 -2.276  6.720 4444 -12909 -2.414 7.662 5.248 -10.713 -2537 6.625 4.088
Hal, -10.383 -2591 6.487 3.896 -10.227 -3.447 6.837 3.390 -10.123 -3.280 6.702 3.422
Hg(NCS), -9.219 -2.697 5958 3261 -9.029 -2.805 5917 3112 -9433 -3.299 6.366 3.067
Hg(NCSe), -8.032 -3.076 5554 2478 -8891 -3.273 6.082 2809 -8969 -3508 6.239 2.731
SnCly Error Error Error  Error -11.722 -3.962 7.842 3.880 -12.131 -3.422 7.777 4.355
SnBry, Error Error Error  Error -13.023 -5.393 9.208 3.815 -11.525 -3.766 7.646 3.880
Snly Error Error Error  Error -10.323 -4574 7.449 2875 -10.226 -4.218 7.222 3.004
PhsSnCl; Error Error Error  Error -10.507 -3.170 6.839 3.669 -9.935 -2514 6.225 3711
Ph,SnCl, Error Error Error  Error -10.255 -2.183 6.219 4.036 -9.641 -1.733 5.687 3.9%4
Ph3SnCl Error Error Error  Error -9.918 -1.228 5573 4.345 -9.310 -1.087 5199 4.112
CH3SnCl5 Error Error Error  Error -11.381 -3.141 7.261 4.120 -10.818 -2.492 6.655 4.163
(CH3)2SnCl, Error Error Error  Error -10.984 -2172 6.578 4.406 -9985 -1600 5.793 4.193
(CH3)3SnCl Error Error Error  Error  -10.543 -1.091 5.817 4.726 -9.539 -0.781 5.160 4.379
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TABLE 2: Absolute hardness(n) and electronegativity(y valuesof organic basesderived by semi empirical method-AM 1,

PM 3, and PM 5method

AM1 PM3 PM5
Compound HOMO LUMO HOMO LUMO HOMO LUMO
energy energy X energy energy energy energy X n

NH3 -10.418 4223 3.098 7.321 -9.695 3333 3181 6.514 -10.160 2.842 3.659 6.501
CH3NH; -9.756 3813 2972 6.785 -9404 3109 3148 6.257 -9.468 2500 3.484 5.984
(CH3),NH -9.386 3480 2953 6433 -9.219 2909 3155 6.064 -9.089 2286 3.402 5.688
(CH3)sN -9.117 3192 2963 6.155 -9.070 2730 3170 5900 -8867 2122 3.373 5495
PhNH, -8.214 0.758 3728 4.486 -8.067 0.615 3726 4341 -7.978 0.870 3554 4.424
PhsN -7.957 0.180 3.889 4.069 -8.345 0.093 4126 4.219 -8.037 0.393 3.822 4215
HCONH, -10.667 1569 4549 6.118 -9.846 1361 4.243 5.604 -10.519 0.607 4.956 5.563
CH3CONH, -10.542 1513 4515 6.028 -9.751 1294 4229 5523 -10.386 0.690 4.848 5.538
C,HsCONH, -10.517 1550 4484 6.034 -9.728 1323 4203 5.526 -10.348 0.732 4.808 5.540
PhCONH, -9.941 -0.214 5.078 4864 -9719 -0357 5038 4.681 -9.883 -0.366 5.125 4.759
NH,CONH, -10.468 1898 4285 6.183 -9.618 1.061 4.279 5340 -10.309 0.175 5.067 5.242
CH3NHCONH, -10.121 1585 4268 5853 -9.938 1.027 4456 5.483 -10.022 0.325 4.849 5.174
(CH3),NCONH, -9.694 1611 4042 5653 -9.695 0.982 4357 5339 -9.619 0.362 4.629 4.991
PhNHCONH, -8.721 0451 4135 4586 -8.670 0.280 4.195 4475 -8.706 -0.176 4.441 4.265
Ph,NCONH, -8.743 -0.069 4406 4.337 -9206 -0.132 4669 4.537 -8.862 -0.005 4.434 4.429
Ph,NCSNHPh -8.215 -0.378 4297 3919 -8454 -0905 4680 3.775 -8.461 -0.324 4.393 4.069
(CH3),NCONH, -9.694 1611 4042 5653 -9.695 0.982 4357 5339 -9.619 0362 4.629 4.991
HCSNHCHj; -8.563 -0.097 4330 4.233 -8733 -0.706 4.720 4.014 -8.843 -0.290 4.567 4.277
HCSNH, -8.603 -0.105 4354 4249 8777 -0.733 4755 4.022 -8938 -0.367 4.653 4.286
HCSNHC,Hs -8.516 -0.043 4280 4.237 -8.686 -0.656 4.671 4.015 -8.781 -0.225 4.503 4.278
HCSN(C;Hs), -8.383 0.006 4.189 4195 -8578 -0.646 4612 3.966 -8.581 -0.100 4.341 4.241
HCSNHPh -8.754 -0.715 4735 4.020 -8821 -1.174 4998 3.824 -8.804 -0.835 4.820 3.985
HCSNPh, -8.457 -0.539 4498 3959 -8545 -0.873 4709 3.83 -8.568 -0.552 4.560 4.008
NH,CSNH, -8.525 0.365 4.080 4.445 -8618 -0.270 4444 4174 -8915 -0.195 4.555 4.360
(CH3),NCSNH, -8.350 0.386 3982 4368 -8.618 -0.627 4623 3.99% -8.703 -0.109 4.406 4.297
(CHs),NCSNH, -8.291 0344 3974 4318 -8553 -0551 4552 4.001 -8603 -0.049 4.326 4.277
Ph,NCSNHPh -8.215 -0.378 4297 3919 -8454 -0.905 4680 3.775 -8.461 -0.324 4.393 4.069
CH3NHCSeNH, -7.466 -0.199 3833 3634 -818 -0.759 4473 3714 -8.228 -0.281 4.255 3.974
(CH3),NCSeNH, -7.430 -0.172 3801 3.629 -8.09% -0.670 4383 3.713 -8.147 -0.244 4.196 3.952
(CHs),NCSeNH, -7.410 -0.176  3.793 3.617 -8.034 -0.629 4332 3.703 -8.064 -0.195 4.130 3.935
PhNHCSeNH, -7.429 -0.281 3.85 3574 -8033 -0984 4509 3525 -8.153 -0.358 4.256 3.898

uesreported there are examined aclear trend of hard-
nessisdemongirated. Thefluoridesof al thetransition
metal reported thereare harder than other halides. The
softestinal caseisiodide. Thetrend in hardnessvaues
among themetasisFe>Co >N i>Cuwhichisalmost
as per reported trend (28, In case of halides other than
trangtionmeta hadides(TABLE 1B) thesemiemperica
methods provide very good trendswhich are compat-
iblewith established trends. Inal these casesthefluo-
rides havethehighest vaue of hardnessandtheiodides
havethelowest. All thezinc halideshavehigher vaues
of hardness, as compared to their cadmium and mer-
cury counterparts. The Sn(IV) haideshavevery high

vauesof hardness, whichisconsstent with their higher
oxidation state, PM5 method provides better results
than AM1 and PM 3 methods.

Nucleophiles

The absolute hardnessand € ectronegativity values
of organic baseshave similarly been calculated by all
the semi empirica methodsand theresultsareincluded
inTABLE 2. Thescaleof hardness of variousbasesis
according to theestablished trendsand dso similar to
our earlier work™,

Metal-ligand interaction
We have applied theresults of semiempirical cal-
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TABLE 3A: HOM O-LUM O densty valuesof transition metal halidederived by semi empirical method-AM 1, PM 3,and PM 5and
DFt-PW91 method

AM1 PM3 PM5 DFT

Compounds Density Density Density Density
Metal atom  HOMO LUMO HOMO LUMO HOMO LUMO HOMO LUMO
FeF, Fe 0.9420 0.8260 0.9360 0.8380 0.9430 0.8150 0.9990 0.0600
FeCl, Fe 0.8760 0.8800 0.7790  0.8610 0.9930 0.0930 0.7250 0.0390
FeBr, Fe 0.0030 0.8750 0.6800 0.9170 0.9090 0.8620 0.2550 0.0400
Fel, Fe -0.0050 0.8770 0.1800  0.9500 -0.0550 0.7480 0.1290 0.0470
Fe(NCS9), Fe 0.1480 0.4060 0.2200  0.3330 0.9600 0.2320 0.0520 0.0060
Fe(NSCe), Fe 0.0520 0.4360 0.0670  0.9950 0.9620 0.2660 0.0010 0.0170
CoCl, Co 0.4870 0.5610 0.6370  0.9790 0.5920 0.6970 0.9990 0.8150
CoF, Co 0.5770 0.6030 0.5600  0.9270 0.6510 1.5660 0.5680 0.8160
CoBr, Co 0.4590 0.5510 0.5810  0.8650 0.5860 1.1500 0.9830 0.0550
Col, Co 0.8580 0.5150 0.5320 0.9770 1.1710 0.5320 0.9280 0.0720
Co(NCS), Co 0.2480 0.2410 0.3310 0.4130 0.2500 0.1590 0.3670 0.1550
Co(NCSe), Co 0.1810 0.1820 0.2890  0.0620 0.1110 0.2930  -0.0810 0.4270
NiF, Ni 0.8640 0.8440 0.9130  0.9010 0.9220 0.8410 0.8780 0.9660
NiCl, Ni 0.8720 0.8720 1.0000  0.9340 0.0500 0.9740 0.6040 0.6860
NiBr, Ni 0.8000 0.8130 0.9980  0.9200 0.1200 0.7750 0.5520 0.9930
Nil, Ni 0.0716 0.7270 0.9180 0.8980 0.0510 0.6990 0.5090 0.9990
Ni(NC9), Ni 0.7970 0.9100 0.7820  1.0000 0.1340 0.4060 -110.0000 0.0300
Ni(NCSe), Ni 0.2880 0.7120 0.5480 0.0210 0.5850 0.4750 0.2720 0.6480
Cuk, Cu 0.6900 0.6400 1.0000 0.6370 1.0000 0.6310 0.5250 0.4740
Cudl, Cu 0.0301 0.6970 0.3280 0.8970 0.3520 0.7350 0.3680 0.3140
CuBr, Cu 0.1860 0.7200 0.5400 0.7790 0.2280 0.7500 0.3070 0.2550
Cul, Cu 0.1120 0.7400 0.0000  0.9680 0.0400 0.8480 0.2360 0.1860
Cu(NCS), Cu 0.8900 0.1950 0.3700  0.0000 0.3290 0.0000 0.0000 0.1580
Cu(NSCe), Cu 0.0190 0.0910 0.0040  0.0010 0.2650 0.0230 0.1220 0.1140

TABLE 3B: HOM O-L UM O density valuesof non transition metal halidederived by semi empirical method-AM 1, PM 3, and PM 5
AM1 PM3 PM5
Compounds Density Density Density

M etal atom HOMO LUMO HOMO LUMO HOMO LUMO
Znk; Zn 0.0000 0.7290 0.0000 0.6840 0.0000 0.9280
ZnCl, Zn 0.7000 0.9660 0.6740 0.9580 0.7990 0.9800
ZnBr; Zn 0.0000 0.6740 0.0000 0.6770 0.0000 0.8120
Znl; Zn 0.0000 0.5970 0.0000 0.5840 0.0000 0.7000
Zn(NCS), Zn 0.0000 0.7150 0.0000 0.5940 0.0000 0.5330
Zn(NCSe), Zn 0.0000 0.6420 0.0000 0.6340 0.0000 0.5420
CdCl, Cd Error Error 0.0000 0.6340 0.0000 0.5420
Cdl, Cd Error Error Error 0.7510 Error 0.6430
CdF; Cd Error Error 0.0000 0.6890 0.0000 0.6020
CdBr, Cd Error Error Error 0.6540 Error 0.4890
Cd(NCS9), Cd Error Error 0.0000 0.7250 0.0010 0.5860
Cd(NCsSe) Cd 0.0000 0.6850 0.0000 0.7220 0.0000 0.6340
HgCl, Hg Error 0.5780 0.0550 0.7500 0..6700 0.7260
HgBr, Hg 0.0000 0.4480 Error 0.7370 Error 0.6390
Hal Hg Error 0.5610 0.1280 0.5180 0.0000 0.5660
HgF Hg 0.0000 0.7240 Error 0.7210 Error 0.5660
Hg(NCS), Hg 0.7840 0.0100 0.0000 0.7750 0.0000 0.7010
Hg(NCSe), Hg Error Error 0.8870 0.0150 0.7210 0.0220
SnCly Sn Error Error 0.0190 0.3800 0.0000 0.5030
SnBry Sn Error Error 0.0090 0.4170 0.0020 0.4050
Snly Sn Error Error 0.0000 0.3320 0.0290 0.2250
PhSnCl; Ph Error Error 0.0000 0.4390 0.0000 0.5100
Ph,SnCl, Ph Error Error 0.0000 0.4860 0.0000 0.5230
PhsSnClI Ph Error Error 0.0000 0.5280 0.0130 0.5950
PhsSnCls; Ch Error Error 0.0270 0.4200 0.0900 0.5020
(Chg)2SnCl, Ch Error Error 0.0290 0.4560 0.1090 0.5260
(Ch3)sSnCl Ch Error Error 0.0290 0.4880 0.1400 0.6010
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culationstometa ligandinteraction . Thedectrontrans-
fer between donor acceptor reaction involvesdefinite
filled orbita son the donor and definiteempty orbita on
theacceptor . Theimportant donor orbital will usually
bethe HOM O and the most important acceptor orbital
will bethe LUMO .Thenormaized electron dengities
of thesefrontier orbital are called thefukui functionl*3.

TABLE 4: HOM O density valuesof organicdonor s derived
by semi empirical method-AM 1, PM 3,and PM 5.

—> Puyll Peper
f=pHOM O donor molecule

f=pL UM O acceptor molecule

f=1/2 (pHOM O + pL UM O) both donor and acceptor

Thelagt equationisfor thecasewheredectrontrans
ferisinbothdirectionsasin ¢ +  bonding. Thediffer-
ence in energy of the HOMO of nucleophiles and
LUMO of eectrophileshasa so been used to describe
the stability of the bond formed between them(2413.26],
In our recent communi cation we have shown that lower

AM1  PM3 PM5  isthevdueof difference betweentheenergy of HOMO
Compounds '\;tgtgl Density Density Density ~andLUMOgreateristhestability of thebond?. Based
CHNM, N 0755 osle oL " _the above principl es we have made studies of
(CH2),NH N 0654 0764 0649 Vaioustypesof metd-ligandinteraction asbelow.
(CHa)sN N 0622 0737 0617  Frontier molecular orbital densities
PhNH, N 029 0439 0.338 - _
Ph,NH N 0283 0389 0.294 The LUMO densities at metals of metal halides
PhsN N 0291 0398 0304 [Metas=Sn(1V),zn(I1), Cd(I),Hg(I1)], and HOMO
HCONH; O 0319 0237 0351  dengtiesat sulphurinethylenethioureaally thoiourea
CH3CONH, O 0315 0226 0336  anqringnitrogenin nicotinamide, at oxygeninpyridine
C;Eé%?\lwz 8 %32018 8'?22 (? '(;3263 oxide and at phosphorusin tripheny1 phosphine have
2 . . . . . .
NH,CONH, e} 0.483 0 0 been derived and theresultsareincludedin TABLE
CHs;NHCONH, o} 0174 0092 0133 3A,3B,and4. Thedifferencein LUMO densitiesof
PhNHCONH, 0 0.029  0.034 0.37 metalsand HOM O densities of donor atom has been
Ph,NCONH, o) 0032 004 0033  gbtained by theequation:-
HCSNHCH; S 003 0087 003, | rHOMOLUMO]
HCSNH, S 0029 0032 003 .
HCSNHG,Hs S 00163 0361 0352 _ and are presented in TABLE5ThePM3cal-
HCSN(C,Hs), S 0.163 0.355 0.378 culation showsthat Sn(Br) A isbetter acceptor than ShCl 4
CsH4FN N 0018 0019 0013 andSnl,andHgCL,isbetter acceptor ascompared to
CsH4CIN N 0012 0039 0017  CdCl,andZnCl,. PM5 cdculationhowever showsthat
CsHaBIN N 0.009 0014 0012 ghCy and HgCl, are the best acceptor. The results of
CsH4IN N 0006 0.025 0.012
TABLE 5: DifferenceDLH = (HOM O-LUM O), between L UM O density of metal halidesand HOM O density of donor molecules
PM3 PM5 DFT-PW91
Compounds  AEnm™ LUMO HOMO ALH LUMO HOMO ALH LUMO HOMO ALH
SnCl,.2ETU 25740 0380 0.933 0553 0.503 0.892 0.389 0487 0.909 0.422
SnBr,.2ETU 24070 0417 0933 0516 0.405 0.892 0487 0411  0.909 0.498
Snl,.2ETU 21970 0332 0933 0.601 0.225 0892 0.667 0293 0.909 0.616
SnCl4.2ATU 26040 0380 00916 0536 0.503 0.887 0384 0487 0.890 0.403
SnBr,.2ATU 24290 0417 0916 0.499 0.405 0.887 0482 0411  0.890 0.479
Snl,.2ATU 22250 0332 0916 0584  0.225 0.887 0662 0293 0.890 0.597
ZnCL,.2NIA 7.030 0958 0.208 0.750 0.980 0002 0987 0702 0570 0.132
CdCl,.2NIA 6.050 0751 0.208 0.543 0.643 0002 0641 0752 0570 0.182
HgCl,.NIA 5180  0.737 0.208 0.529 0.639 0002 0637 0539 0570 0.031
ZnCl,.2PPh3 0 0.958 0547 0.411 0.980 0491 0489 0702 0525 0.177
CdCl,2PPh3 0980 0751 0.547 0204 0643 0491 0152 0752 0525 0.227
HgCl,PPhs 1.850 0737 0547 0.190 0.639 0491 0148 0539 0525 0.014
ZnCl,.2PYO 6.210 0958 0.315 0.643 0.980 0462 0518 0702 0537 0.165
CdCl,.2PYO 5230 0.751 0.315 0.436 0.643 0462 0181 0752 0537 0.215
HgCl,.2PY O 4360 0737 0315 0422 0.639 0462 0177 0539 0537 0.002
==  [H01jANIC CHEMISTRY
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TABLE 6: Differencebetween theHOM O densty valueof donor sand L UM O densty valueof metal ion-ALH =HOMO-LUMO

HOM O density of donor

LUM O density of metal ions

Li Be S Ca Mg

1 0.92 0.918 0.918 1.015
Donors Site Density ALH =HOMO - LUMO

Ethylenediamine N 0.314 0.686 0.606 0.604 0.604 0.701
Nicotinamide O 0.002 0.998 0.918 0.916 0.916 1.013
Tetrahydrofuran @] 0.539 0.461 0.381 0.379 0.379 0.476
Diethylformamide o] 0.219 0.781 0.701 0.699 0.699 0.796
Triphenyl phospine o] 0.491 0.509 0.429 0.427 0.427 0.524

PM5 cal culations are al so supported by DFT calcula
tionresults, and by AE__ values™. The ALH values
arealso in agreement with theresultsderived by AN
and AEvaues, (TABLE 8). AM 1 cdculdionsindicate
error in number of cases hence havenot beenincluded
inthetable or indiscussion. TheHOMO densities of
certanmetd ionsarepresented in TABLE 6. TheALH
vaueindicatehighest valuefor magnesumand lowest
for calciumfor strontium . Thesame sequence of stabil-
ity isexhibited by logK values?.

Transition metal halide complexes

Since semi empirical methodsdo not provideare-
lidbleinformation about trangtion metal hdideswemade
DFT caculationfor their study . TheLUMO densities
of M (II) halides (M=Fe, Co, Ni, Cu) and HOMO
densitiesof pyridineand isoquinolineat their nitrogen
ends, have been evaluated by DFT method and are
included inTABLE 7 .TheDifferenceintheir energies
doesnot provide any sequence, witch may bewell re-
lated with the experimental resultsor the established
trend. Thef=1/2(HOMO+LUMO), dso doesnot pro-
videany trend. The AE,,/*¥ valuesal so did not provide
any good relationship and agood rel ation with experi-
mentd resultscould only be obtained after addition of
CFSE vauesto AE, values. Similarly onemore pa-
rameter will have to be added to ALH to obtain the
required trend. Density functional theory or electron
density alonecould not describeall the chemical phe-
nomenaits sengitivities of structural perturbation and
responsesto changesin external condition are more
important?, Inthelight of the abovewetried other
parameters, in combination with ALH vaues, which
could provideaproper trend in studying thetransition
metal reactions. lonization potential evaluated by the
method described el sewheré®! provided the solution
If values of IP of the Lewis acids are added to the

TABLE 7: LUMO denstiesand | Pof transition metal halides
and HOM O denstiesof pyridine (Py) and isoquinaline(1 Q) by
DFT-PW 91 method

Compounds pLUMO pHOMO

IP ALH ALH+IP

Fe(py).Cl, 0725 0693 20.11 0.032 20.142
Fe(Ppy).Br, 0255  0.693 19.28 0.438 19.718
Fe(1Q).Cl, 0725 0032 2011 0.693 20.803
Fe(IQ).Br, 0255  0.032 19.28 0.223 19.503
Fe(IQul, 0129 0032 17.84 0.097 17.937
Co(py)sCl, 0568 0693 21.230.125 21.355
Co(Ppy)sBr, 0983 0693 202 029 20.49
Co(IQ),Cl, 0568  0.032 21.230536 21766
Co(IQ)4Br, 0983 0032 202 0951 21.151
Co(IQ, 0928 0032 18.65 0.896 19.546
Ni(py)~Cl, 0.604  0.693 22.27 0.089 22.359
Ni(IQ).Cl, 0.604  0.032 22.27 0.572 22.842
Ni(IQ).Br, 0552 0032 2129 052 2181
Ni(IQ)l, 0509 0032 19.57 0.477 20.047
C(py)s.Cl, 0368  0.693 27.24 0.325 27.565
C(py)sBr, 0307  0.693 26.27 0.386 26.656
C(py)dl. 0236 0.693 24.36 0.457 24.817
CoIQ).Cl, 0.368  0.032 27.340.336 27.676
Co(IQ)4Br, 0307  0.032 2627 0.275 26.545
Co(IQul, 0236 0032 24.36 0.204 24.564

valueof ALH, thefollowing trend in stability of metal
ligand bond isobtained which issimilar to the order
reported onthebasi s of thermodynamic stability(log K)
of transition metal complexes™®.

Cu>Ni>Co>Fe

Chargetransfer N and ener gy lowering AE

There hasbeen number of molecular orbital trest-
ments of Lewisacid-basereactions.The MullikenI
treatment has been recognized as best for donor ac-
ceptor interactionin chargetransfer complexes.

Thistheory usesonly electron affinity A, for ac-
ceptor and only ionization potential | for theelectron
donor. Thequantity (I,-A ) isanenergy cost of trans-
fer of per electronfor donor to acceptor to decidewhich
of thetwo moleculesisdonor and which isacceptor,
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TABLE 8: Theabsolutehardnessand electronegativity of acid (A) and bases(B) and AE and AN derived from them

Compounds A B AE AN
A B ul y4 ul y4

ZnF, NH; 7.0430 7.0390 6.5010 3.6590 0.2109 0.1248
ZnCl, CH3NH, 5.7270 5.9870 5.9840 3.4840 0.1337 0.1069
ZnBr, (CH3),NH 5.2380 5.9380 5.6880 3.4020 0.1472 0.1161
Znl, (CH3)3N 4.1390 5.8920 5.4950 3.3730 0.1647 0.1307
Zn(NCS), PhNH, 4.2390 5.2630 4.4240 3.5540 0.0843 0.0986
Zn(NCSe), PhsN 3.8960 5.1440 4.2150 3.8220 0.0539 0.0815
CdcCl, HCONH, 4.9490 8.4550 5.5630 4.9560 0.2912 0.1664
Cdl, CH3CONH, 4.8270 7.4630 5.5380 4.8480 0.1649 0.1261
CdF, C;HsCONH; 4.4140 7.0670 5.5400 4.8080 0.1282 0.1135
CdBr, PhCONH; 3.8550 6.3700 4.7590 5.1250 0.0450 0.0723
Cd(NCS), NH,CONH, 3.1460 6.4890 5.2420 5.0670 0.0603 0.0848
Cd(NCSe), CH3NHCONH, 2.8640 6.3290 5.1740 4.8490 0.0681 0.0921
HgCl, (CH3),NCONH, 5.6770 8.3850 4.9910 4.6290 0.3306 0.1760
HgBr, PhNHCONH, 4.4010 6.9310 4.2650 4.4410 0.1789 0.1437
Hal, Ph,NCONH, 4.0880 6.6250 4.4290 4.4340 0.1409 0.1286
HgF, Ph,NCONHPh 3.4220 6.7020 4.0690 4.3930 0.1779 0.1541
Hg(NCS), (CH3),NCONH, 3.0670 6.3660 4.9910 4.6290 0.0936 0.1078
Hg(NCSe), HCSNHCH; 2.7310 6.2390 4.2770 4.5670 0.0997 0.1193
SnCl, HCSNH, 4.3550 7.7770 4.2860 4.6530 0.2824 0.1808
SnBr, HCSNHC,Hs 3.8800 7.6460 4.2780 4.5030 0.3027 0.1926
Snly HCSN(C,Hs), 3.0040 7.2220 4.2410 4.3410 0.2864 0.1988
PhSnCl; HCSNHPh 3.7110 6.2250 3.9850 4.8200 0.0641 0.0913
Ph,SnCl, .HCSNPh, 3.9540 5.6870 4.0080 4.5600 0.0399 0.0708
PhsSnCl NH,CSNH, 4.1120 5.1990 4.3600 4.5550 0.0122 0.0380
CH3SnCl3 (CH3)2.NCSNH, 4.1630 6.6550 4.2970 4.4060 0.1495 0.1329
(CH3),SnCl, (CzHs),-NCSNH, 4.1930 5.7930 4.2770 4.3260 0.0635 0.0866
(CHg3)3SnCl Ph,NCSNHPh 4.3790 5.1600 4.0690 4.3930 0.0174 0.0454

we havethefoll owing equation:
(ALAD-(1-A)=200, % ) v
A positivevaueindicatesthat it cost lessenergy to
transfer an electronfrom B toA. Thusthedirection of
electron transfer isdetermined by the absol ute el ec-
tronegativity and the magnitudeisthedriving forcefor
electrontransfer . Theabsol ute el ectronegativity of ac-
ceptor A and donor B calculated by PM5 method are
includedinTABLE 8. A lower vaueof e ectronegativ-
ity isindicative of abetter donor character whereasa
higher valueof electronegativity isindicative of better
acceptor character®™, A referenceto thetableindicates
that el ectronegativity va uesof donor moleculesareless
than of acceptor molecules, hencetheequation-8 hasa
positivevaue. They valuesindicate that the acceptor
srength of Sn (1) haideswill be SnCl, >SnBr,>Snl,
and in case of Zn, Cd and Hg thiocyanates, the mer-

cury thiocyanate will be best acceptor. Onthe basis of
yvauesthebase strength of donor molecules can be
examined.

Thedectronegativity () differencederivesthedec-
tron transfer and the sum of hardness parameter (1)
inhibitsit. Thenet result of shiftincharge AN and low-
eringin energy AE dueto electrontransfer isgiven by
the equations-3 and 4. Thevalueof AN and AE have
been evaluated and areincluded in Table 8. The AN
vauesclearlyindicatethat maximum chargetransferis
inSnCl, complexesand minimumin casePh,SnCl com-
plexes. In caseof Zn, Cd and Hg complexesthe maxi-
mum values of AN and AE are observed in case of
mercury thiocyanate complexes. All theresultsarein
conformity with theresult obtained by ALH valuesand
AE__values™,
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