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ABSTRACT

Interaction energy (E, ), charge transfer (AN) and lowering of energy (AE)
for 72 interactions between 12 metal halides (A) and 6 sulphur donors (B)
have been evaluated with the help of Cache software using DFT B88-LY P
method. The halidesare chloride, bromide and iodide of tin, zinc, cadmium
and mercury. The resultsindicate that acceptor strengthisin the order Snl,
> SnBr, > CdCl,> Cdl > SnCl,,> ZnCl,> HgCl,> CdBr,> Hgl > Znl ,> HgBr,
> ZnBr,. The acceptor strength of tin halides are in the order iodide, bro-
mide > chloride and halides of zinc, cadmium and mercury are in the order
chloride> iodide> bromide. The chemical potentia i, also supports the
above order. Azepane-2-thione (C.H,NS) is the strongest base and
thioformamide (HCSNH,) isthe weakest base againgt al| the acceptors. The
observation also indicates that best interaction is shown when global soft-
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ness values of acid and base are equal.
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INTRODUCTION

Inrecent years, density functiond theory (DFT) has
emerged asapowerful tool throughwhich chemica con-
ceptssuch asreactivity, sdectivity, and reaction path of
asystem have been studied*. Theconceptsof chemica
potentia (1), € ectronegetivity, and hardness (1), col-
lectively known asglobal reactivity descriptors, have
systematized thestudy inthisarea.

The principleof maximum hardness(PMH), re-
lating therelative stability of asystemtoalarger vaue
of hardness, has been tested using semi-empirical as
well asabinitio quantum chemica techniques'?. Lo-
ca reactivity descriptors, such as Fukui function (FF)
and local softness, relating changesin el ectron density
to thenumber of electronsand chemica potentiad, re-
Spectively, havebeen usedto determinethestereactivity

of asystem™. Electrophilic and nucleophilic FFshave
been used asindicatorsof reactivity to nucleophilicand
electrophilic reagents, respectively!'3. Roy et a.*3 pro-
posed that rel ative e ectrophilicity and rel ative nucleo-
philicity, based ontheratio of eectrophilic and nucleo-
philic FFsanditsinverse, aremorereliable descriptors
to locatethe preferable sitesfor el ectrophilic and nu-
cleophilic attack respectively withinamolecule. Parr
and co-workers have defined anew concept of global
philicity™¥ using which Chattargj and co-workershave
defined local philicity indices™!. Theimportance of
chargesand different frontier-controlled descriptorsin
description of eectrogtaticinteractionsin ligand chem-
istry has been highlighted in the pasti**l. Recently,
Tanwar et a. proposed two reactivity descriptorsviz.
normalized Fukui function (NFF) and bond deforma-
tion kernel (BDK)™d for comparative studiesonthe
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systemswith varying number of atoms. A local version
of the hard-soft-acid-base (HSAB) principle, proposed
by Gazquez and Mendez*®, and pursued by Pal and
co-workerg*®, aswell as, Geerlingsand co-workerg'”
to a variety of chemical situations, is suited to
semiquantitative description of interaction energy.

MATERIALAND METHOD

Mulliken*819 suggested that quantities of ioniza-
tion potentid (1) and eectron affinity (A) areof primary
importancefor processesinvolving e ectron transfer re-
actions. Thequantity (1-1,) isan energy cost of trans-
fer of per electron from donor to acceptor to decide
which of thetwo moleculesisdonor and whichisac-
ceptor. Thefollowing equationswasgiven,

(- 1)-(g-1,) = 20¢°,-x%) @

DFT24 confirmed thisconclusion by identifying
thefinitedifferenceformulafor chemica potentid p=
(SE/6N), withthenegativeof Mulliken el ectronegativ-
ity. Moreover, using DFT arguments Parr et. al2529,
wereableto recognizetheimportance of asecond de-
rivativeof Evs. N. Thefinitedifferenceformulafor this
second devivative,

N ="%(BE/BN), =" (BWAN) ~% (I-A) )
Wasidentified by them asan operational definition of
an absolute hardness??9. Therefore, DFT provided a
quantitative measurefor aqualitative concept that was
S0 successfully usedin adescription of Lewisacidsand
bases®. Parr and Pearson a so derived s mpleexpres-
sionsfor theamount of chargetransfer AN and energy
change AE which accompany theformation of A:B com-
plex from acid A and base :B. These expressionsare,
AN = (x°,-x%)/2(m, t M) ©)
AE =-(x°,-x°)74(M, + M) 4

Although equations(3) and (4) areincompl ete, they
haveagreat vaueintryingto predict agloba change
during thereaction with aminimum number of param-
eters. Theshortcomingsof equations3and 4 areknown
and were pointed out in original derivation. Thusthe
dependence of the chemical potentia onthechanging
external field wasneglected. Also, stereosdl ectivity of
thereactionisnot manifested through theseexpressions.

Theprocessinvolvingeectrontrandfer reaction, was
also described by interaction energy®-# (AE, ), which
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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,s] - [p.]-[pg] )

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, -(n,-1p)%.S,SA2(S, + S)} )
And,

AE,~%.M(S, +S,) ®)

Where u= Chemical potential,
S=1/7m,A=(N,+N_.)?/1000

Thefirstterm, AE , correspondsto thechargetrans-
fer process betweenA and B arisingfrom the chemical
potential equalization principleat constant external po-
tential. The second term, AE,, corresponds to are-
shuffling of thechargedistribution, anditisbasicaly 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!**lat the
correct proportiondity factor isgiven by the product of
aconstant timesthe square of an “effective number of
vaenceelectrons’. Thus, in equation (8), we have re-
placed this product by another constant A.

We have considered theinteraction between metal
halidesshownin TABLE 1 and sulphur donorsshown
inTABLE2.

RESULT AND DISCUSSION

Donor acceptor interaction
The donor acceptor interaction between 6 sulphur
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TABLE 1: A series of twelve lewis acids (A) Acceptor
molecules

Formulaof S. Nameof  Formula of
acceptor No.  acceptor acceptor

7 Cd(lichloride CdCl,

Name of
acceptor

1 Sn(iv) chloride SnCl,

S.No.

2 Sn(iv) bromide SnBr, 8 Cd(ll)bromide CdBr,
3 Sn(iv)iodide Snl, 9 Cd(ll)iodide Cdl,
4 Zn(Il)chloride ZnCl, 10 Hg(Il)chloride HgCl,
5 Zn(ll)bromide ZnBr, 11 Hg(ll)bromide HgBr,
6 Zn(ll)iodide Znl, 12 Hg(ll)iodide Hgl,

donor moleculeslisted in TABLE 2 and twelve accep-
tor moleculeslistedin TABLE 1 hasbeenstudiedin
termsof metal ligandinteraction energy (E, ). Intotal
thereare 72 (6 x 12) interactions between sul phur do-
nors and the acceptor metal halides. Theinteraction
energy of sulphur donorsand metal halides are pre-
sented inTABLE 3-14.

I nteraction of sulphur donorswith acceptor metal
halide

Stability of complexesformed by increasesasthe
valueof interaction energy decreases. Interaction en-
ergy of sulphur donors with acceptor metal halide
SnCl,isshowninTABLE 3. Thevalueof interaction
energy of interaction of C.H,,NSwith metal halide
SnCl, islowest (-26.490 Electron Volt) which indi-
catesthat the C;H,,NSforms most stable complex
with SnCl,. Thevaueof interaction energy of interac-
tion of HCSNH, withmetal halide SnCl , ishighest (-
11.590 eV) whichindicatesthat the HCSNH, forms
least stable complex with SnCl,. Thevaluesof inter-
action energy indicatethat the order of the stability of
complexesformed by sulphur donorswith SnCl, isin
thefollowing order,

C,H, NS>CH.NS>HCSN(CH,),>HCSNHC H,
>HCSNHCH,>HCSNH,

Stability of complexesformed with other halides
aredmost inthesame order asindicated by theva ues
presented in TABLE 4-14. Line graph between inter-
action energy of sulphur donorswith the acceptor metd
halide SnCl,, isshownin Graph 1.

Chemical potential of metal halides(u)

Acceptor property of metal halidesdependsonthe
vaueof chemicd potentid (u,). Theloweristhevaue
of chemical potential (u,) better will bethe acceptor
property. Vauesof chemica potentialsof meta halides

@Wu'c CHEMISTRY —

TABLE 2: Third seriesof lewisbases(B)- Sulphur donor

S. Lewisbases . Structure of
Name of lewis bases .
No. (B) lewis bases
Hz/C_C\Hz
1 CHNS,  1,3-thiazolidine-2-thione S\n/NH
S
2 C¢HuINS azepane-2-thione
HN
S
S H
3 HCSNH, thioformamide HJ-l—N/
\
H
S H
. . || /
4 HCSNHCH; N-methylthioformamide H N\
CHjy
S
. . . /CH3
5 HCSN(CHj3), N,N-dimethylthioformamide HJ-l—N\
CHjy
S H
. ) ” /
6 HCSNHC;Hs N-ethylthioformamide H N\
CaHs

aregivenintheTABLE 15. Amongtin (iv) halidesthe
SnCl, hasthelowest value hence best acceptor. The
acceptor strength of tin halidescan bearrangedinthe
following order,

Snl,<SnBr,<SnCl,

Inthe haidesof zinc, thevaueof chemicd poten-
tial of zinc chlorideislowest indicating itshighest ac-
ceptor property. The acceptor strength of zinc haides
can bearranged inthefollowing order,
ZnCl,<Znl,<ZnBr,

Inthehdidesof cadmium, thevaueof chemicd po-
tentid of cadmium chlorideislowestindicatingitshigh-
est acceptor property. The acceptor strength of cad-
mium haidescan bearranged inthefollowing order,
CdCl,<Cdl < CdBr,

Inthehdidesof mercury thevaueof chemical po-
tentia of mercury chlorideislowest indicatingitshigh-
est acceptor property. The acceptor strength of mer-
cury halides can bearranged inthefollowing order,
HgCl,<Hgl,<HgBr,

The acceptor strength of al thetwelve metal ha-
lidescan bearranged in thefollowing order depending
onthevauesof chemica potentid,

Snl, < SnBr, < CdCl, < Cdl,< SnCl, < ZnCl, <
HgCl,<CdBr,<Hgl,<Znl ,<HgBr,<ZnBr,
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TABLE 3: Valuesof inter action ener gy of sulphur donor s(B)
with acceptor metal halide SnCl, (A)
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TABLE 4: Valuesof interaction ener gy of sulphur donor s(B)
with acceptor metal halide SnBr ,(A)

Lewisbases(B) ms Ss NaNg A E, E, Eint

Lewisbases(B) ps Sg NaNg A E, = Eint

CsHsNS, -3.1570.603 32 34 43.560-1.425-18.773-20.19€
CsH1aINS -2.9340.670 32 46 60.840-1.718-24.771-26.49C
HCSNH, -3.3030.664 32 18 25.000-1.355-10.234-11.59C
HCSNHCHj, -3.1510.660 32 24 31.360-1.493-12.875-14.36€
HCSN(CH3),  -3.0310.657 32 30 38.440-1.605-15.827-17.432
HCSNHC,Hs  -3.1470.676 32 30 38.440-1.513-15.579-17.092

C3HsNS, -3.1570.603 32 34 43.560-1.135-16.885-18.021
CeH1INS -2.9340.670 32 46 60.840-1.410-22.405-23.815
HCSNH, -3.3030.664 32 18 25.000-1.067 -9.252 -10.319
HCSNHCH; -3.1510.660 32 24 31.360-1.196-11.636-12.832
HCSN(CH3),  -3.0310.657 32 30 38.440-1.303-14.300-15.602
HCSNHCHs  -3.1470.676 32 30 38.440-1.214-14.097 -15.311

TABLE5: Valuesof inter action ener gy of sulphur donor s(B)
with acceptor metal halide Sni, (A)

TABLE 6: Valuesof interaction ener gy of sulphur donor s(B)
with acceptor metal halideZnCl, (A)

Lewisbases(B) me S NaNg A E, E, Eint

Lewisbases(B) ps Sg NaNg A E, E,. Eint

CsHsNS, -3.1570.603 32 34 43.560-0.947 -14.149-15.09€
CeH1aINS -2.9340.670 32 46 60.840-1.217-18.927-20.144
HCSNH, -3.3030.664 32 18 25.000-0.879 -7.810 -8.689
HCSNHCHj, -3.1510.660 32 24 31.360-1.006 -9.818 -10.824
HCSN(CH3),  -3.0310.657 32 30 38.440-1.111-12.061-13.172
HCSNHC,Hs  -3.1470.676 32 30 38.440-1.023-11.916-12.93¢

C3HsNS, -3.1570.603 32 16 25.000-0.819-15.234-16.054
CeH1INS -2.9340.670 32 16 38.440-0.964 -21.634 -22.598
HCSNH, -3.3030.664 32 16 11.560-0.765 -6.555 -7.320
HCSNHCH; -3.1510.660 32 16 16.000-0.842 -9.109 -9.951
HCSN(CH3),  -3.0310.657 32 16 21.160-0.905-12.095-13.00C
HCSNHCHs  -3.1470.676 32 16 21.160-0.849-11.834-12.682

TABLE 7: Valuesof inter action ener gy of sulphur donor s(B)
with acceptor metal halideZnBr ,(A)

TABLE 8: Valuesof interaction ener gy of sulphur donor s(B)
with acceptor metal halideZnl ,(A)

Lewisbases(B) me S NaNg A E, E, Eint

Lewisbases(B) ps Sg NaNg A E, E,. Eint

CsHsNS, -3.1570.603 32 16 25.000-1.594 -15.489-17.083
CsH1aINS -2.9340.670 32 16 38.440-1.800-21.968 -23.76€
HCSNH, -3.3030.664 32 16 11.560-1.530 -6.657 -8.187
HCSNHCH; -3.1510.660 32 16 16.000-1.635 -9.251 -10.88€
HCSN(CH3),  -3.0310.657 32 16 21.160-1.720-12.284-14.004
HCSNHCHs  -3.1470.676 32 16 21.160-1.646-12.015-13.661

C3HsNS, -3.1570.603 32 16 25.000-1.336-13.961 -15.297
CeH1INS -2.9340.670 32 16 38.440-1.554-19.954 -21.508
HCSNH, -3.3030.664 32 16 11.560-1.270 -6.043 -7.313
HCSNHCH; -3.1510.660 32 16 16.000-1.380 -8.394 -9.774
HCSN(CH3),  -3.0310.657 32 16 21.160-1.469-11.142-12.611
HCSNHCHs  -3.1470.676 32 16 21.160-1.392-10.920-12.312

TABLE 9: Valuesof inter action ener gy of sulphur donor s(B)
with acceptor metal halide CdCl,(A)

TABLE 10: Valuesof inter action ener gy of sulphur donors
(B) with acceptor metal halide CdBr,(A)

Lewisbases(B) ps Sz NaNg A E, = Eint

Lewisbases(B) ms Ss NaNg A E, E. Eint

C3HsNS, -3.1570.603 32 16 25.000-0.627 -15.731-16.358
CeH1aINS -2.9340.670 32 16 38.440-0.744-22.285-23.028
HCSNH, -3.3030.664 32 16 11.560-0.579 -6.754 -7.333
HCSNHCHj,3 -3.1510.660 32 16 16.000-0.643 -9.386 -10.029
HCSN(CH3),  -3.0310.657 32 16 21.160-0.695-12.464 -13.160
HCSNHCHs  -3.1470.676 32 16 21.160-0.648-12.187-12.835

CsHsNS, -3.1570.603 32 16 25.000-0.862 -15.780-16.642
CeH1aINS -2.9340.670 32 16 38.440-1.001 -22.349-23.350
HCSNH, -3.3030.664 32 16 11.560-0.808 -6.773 -7.582
HCSNHCH; -3.1510.660 32 16 16.000-0.883 -9.414 -10.297
HCSN(CH3),  -3.0310.657 32 16 21.160-0.944 -12.501 -13.445
HCSNHCHs  -3.1470.676 32 16 21.160-0.890-12.222-13.111

TABLE 11: Valuesof interaction ener gy of sulphur donors
(B) with acceptor metal halideCdl,(A)

TABLE 12: Valuesof inter action ener gy of sulphur donors
(B) with acceptor metal halideHgCL, (A)

Lewisbases(B) mse S NaNg A E, E, Eint

Lewisbases(B) ps Sg NaNg A E, E,. Eint

CsHsNS, -3.1570.603 32 16 25.000-0.856-14.298-15.154
CeH1aINS -2.9340.670 32 16 38.440-1.019-20.401 -21.42C
HCSNH, -3.3030.664 32 16 11.560-0.799 -6.179 -6.977
HCSNHCH; -3.1510.660 32 16 16.000-0.884 -8.584 -9.468
HCSN(CH3),  -3.0310.657 32 16 21.160-0.954-11.395-12.34¢
HCSNHCHs  -3.1470.676 32 16 21.160-0.892-11.163-12.055

C3HsNS, -3.1570.603 32 26 36.000-0.962-21.479-22.441
CeH1INS -2.9340.670 32 26 51.840-1.125-28.612-29.738
HCSNH, -3.3030.664 32 26 19.360-0.904-10.765-11.668
HCSNHCHj; -3.1510.660 32 26 25.000-0.990-13.955-14.945
HCSN(CH3),  -3.0310.657 32 26 31.360-1.060-17.574-18.633
HCSNHCHs  -3.1470.676 32 26 31.360-0.998-17.201-18.199
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TABLE 13: Valuesof inter action ener gy of sulphur donors
(B) with acceptor metal halideHgBr ,(A)

TABLE 14 : Valuesof inter action ener gy of sulphur donors
(B) with acceptor metal halideHgl,(A)

Lewisbases(B) ps Sg NaNg A E, E, Eint

Lewisbases(B) ps Sg NaNg A E, = Eint

C3HsNS, -3.1570.603 32 26 36.000-1.469-22.694 -24.163
CeH1INS -2.9340.670 32 26 51.840-1.659-30.103 -31.762
HCSNH, -3.3030.664 32 26 19.360-1.407 -11.330-12.737
HCSNHCHj; -3.1510.660 32 26 25.000-1.505-14.691 -16.196
HCSN(CH3),  -3.0310.657 32 26 31.360-1.584 -18.504 -20.088
HCSNHCHs  -3.1470.676 32 26 31.360-1.515-18.092-19.607

C3HsNS, -3.1570.603 32 26 36.000-1.341 -20.054 -21.395
CeH1INS -2.9340.670 32 26 51.840-1.561 -26.848 -28.408
HCSNH, -3.3030.664 32 26 19.360-1.276-10.096-11.372
HCSNHCHj; -3.1510.660 32 26 25.000-1.385-13.085-14.471
HCSN(CH3),  -3.0310.657 32 26 31.360-1.475-16.474-17.949
HCSNHCHs  -3.1470.676 32 26 31.360-1.398-16.146-17.545

TABLE 15: Valuesof HOM O energy, LUM O ener gy, electronegativity, chemical potential, electron affinity, absolute har d-

nessand global softnessof metal halides

Metaar HOMO LUMO  Electron- Chemical lonization  Electron  Absolute Global

halide  energy energy egativity  potential (ua) potential affinity hardness softness(Sa)
SnCly -8.087 -4.500 6.294 -6.294 8.087 4.500 1.794 0.558
SnBry -7.271 -4.361 5.816 -5.816 7.271 4.361 1.455 0.687
Snly -6.497 -4.362 5.430 -5.430 6.497 4.362 1.068 0.937
ZnCl, -10.945 -1.768 6.357 -6.357 10.945 1.768 4.589 0.218
ZnBr, -12.618 -2.836 7.727 -1.727 12.618 2.836 4.891 0.204
Znl, -10.255 -3.423 6.839 -6.839 10.255 3.423 3.416 0.293
CdcCl, -11.298 -0.882 6.090 -6.090 11.298 0.882 5.208 0.192
CdBr, -11.890 -1.338 6.614 -6.614 11.890 1.338 5.276 0.190
Cdl, -9.862 -2.500 6.181 -6.181 9.862 2.500 3.681 0.272
HgCl, -10.775 -2.280 6.528 -6.528 10.775 2.280 4.248 0.235
HgBr, -12.909 -2.414 7.662 -7.662 12.909 2414 5.248 0.191
Hagl, -10.227 -3.447 6.837 -6.837 10.227 3.447 3.390 0.295

TABLE 16: Valuesof HOM O energy, LUM O ener gy, electronegativity, chemical potential, electron affinity, absolute har d-

nessand global softnessof sulphur donors(B)

Lewisbases HOMO energy LUMO energy

Electronegativity

Chemical lonization Electron Absolute Global softness

(B) (eV) (eV) potential potential affinity hardness (Se)
CsHsNS, -4.816 -1.497 3.157 -3.157 4.816 1497 1.660 0.603
CsH1INS -4.425 -1.442 2.934 -2.934  4.425 1442  1.492 0.670
HCSNH, -4.809 -1.796 3.303 -3.303 4,809 1796  1.507 0.664
HCSNHCH; -4.665 -1.636 3.151 -3.151 4.665 1.636 1.515 0.660
HCSN(CHy), -4.553 -1.508 3.031 -3.031 4.553 1508 1.523 0.657
HCSNHC,Hs -4.626 -1.668 3.147 -3.147 4.626 1.668  1.479 0.676

Graph between chemicd potentia of metd halides
isshownintheGraph 2.

Recently the order of acceptor strength in respect
of interaction with nitrogen donors has been shown as
below®,

SnCl,>HgCl,>SnBr,>HgBr, > Snl, > CdCl, >
Hgl,>ZnCl,>CdBr,>ZnBr,>Cdl,>Znl,

Thisorder differswith the present work whichis
on account of changein donor atom from nitrogento
sulphur. Thisisin consonance withthe HSAB prin-
ciple.
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Chemical potential of sulphur donors(u,)

Donor ability of sulphur donors (B) dependson the
vaueof their chemicd potentid. Asthevaueof chemi-
ca potential increases, the donor ability decreasesi.e.
the having lowest value of chemical potential can be
treated asthebest donor. Valuesof chemicd potentials
of sulphur donorsaregivenintheTable-16. Thevaue
of chemical potential of C.H,,NSislowest and the
vaueof HCSNH, ishighest. Thusthebest sulphur do-
norisC.H,,NSand least donor isHCSNH,,. Order of
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TABLE 16(a) : Valuesof S,, S, and their differencesinas- TABLE 16(a) : Valuesof S,, S, and their differencesin as-
cending or der

S.No. Chem. For.

Sz Metal halide S,

© 0O N o o~ WN P

AOD WOW W W WWWWWWNDNDNDDNDNDNDNDDNDNDNDNDERERERERRERRERERERPRPRPRPRPR PR
P O © 0 N O 0o W NP O O 0O NO O D WDNPFP O O 0N O O b W N P O

HCSNHC,Hs 0.676
CsHuNS  0.670
HCSNH,  0.664
HCSNHCH; 0.660
HCSN(CH), 0.657
CHsNS,  0.603
CHsNS,  0.603
HCSN(CH), 0.657
HCSNHCH; 0.660
HCSNH,  0.664
CeHuNS  0.670
HCSNHC,Hs 0.676
HCSNHC,Hs 0.676
CsHuNS  0.670
HCSNH,  0.664
HCSNHCH; 0.660
HCSN(CH.), 0.657
CHsNS,  0.603
CHsNS,  0.603
CHsNS,  0.603
CHsNS,  0.603
HCSN(CH.), 0.657
HCSN(CH), 0.657
HCSNHCH; 0.660
HCSNHCH; 0.660

CH:NS,  0.603
HCSNH,  0.664
HCSNH,  0.664
CeHuNS 0670
CeHuNS 0670
HCSNHC,Hs 0.676
HCSNHC,Hs 0.676
CHsNS,  0.603
HCSN(CHy), 0.657
HCSNHCH; 0.660

HCSNH, 0.664
CeH1INS 0.670
C3H:NS, 0.603
HCSNHC,H;5 0.676
C3H:NS, 0.603
CsH:NS, 0.603

SnBr,
SnBr,
SnBr,
SnBry,
SnBry,
SnCl,
SnBry,
SnCl,
SnCl,
SnCl,
SnCl,
SnCl,
Snly
Snly
Snly
Snly
Snly
Hgl,
Znl,
Cdl,
Snly
Hagl,
Znl,
Hal,
Znl,
HgCl,
Hgl,
Znl,
Hgl,
Znl,
Hal,
Znl,
ZnCl,
Cdl,
Cdl,
Cdl,
Cdl,
ZnBr,
Cdl,
CdCl,
HgBr,

0.687
0.687
0.687
0.687
0.687
0.558
0.687
0.558
0.558
0.558
0.558
0.558
0.937
0.937
0.937
0.937
0.937
0.295
0.293
0.272
0.937
0.295
0.293
0.295
0.293
0.235
0.295
0.293
0.295
0.293
0.295
0.293
0.218
0.272
0.272
0.272
0.272
0.204
0.272
0.192
0.191

cending order

Diffe;f”;ﬁdbiwee” SNo. Chem.For. S; Metal halide S, Diffegf”acﬁdbiwee”
0.011 42 CHNS, 0603 CdBr, 0.190 0.413
0.017 43 HCSN(CH),0.657 HgCl, 0.235 0.422
0.023 44 HCSNHCH; 0.660 HgCl, 0.235 0.425
0.027 45 HCSNH, 0664 HgCl, 0.235 0.429
0.030 46 CHuNS 0670 HgCl, 0.235 0.435
0.045 47 HCSN(CH,),0.657 ZnCl, 0.218 0.439
0.084 48 HCSNHC,Hs0.676 HgCl, 0.235 0.441
0.099 49 HCSNHCH; 0.660 ZnCl, 0.218 0.442
0.102 50 HCSNH, 0.664 2ZnCl, 0.218 0.446
0.106 51 CHuNS 0670 zZnCl, 0.218 0.452
0.112 52 HCSN(CHj),0.657 ZnBr, 0.204 0.453
0.118 53 HCSNHCH; 0.660 ZnBr, 0.204 0.456
0.261 54 HCSNHC,Hs0.676  ZnCl, 0.218 0.458
0.267 55 HCSNH, 0.664 ZnBr, 0.204 0.460
0.273 56 HCSN(CH,),0.657 CdCl, 0.192 0.465
0.277 57 HCSN(CH,),0.657 HgBr, 0.191 0.466
0.280 58 CeHuNS 0670 ZnBr, 0.204 0.466
0.308 59 HCSN(CHg),0.657 CdBr, 0.190 0.467
0.310 60 HCSNHCH; 0.660 CdCl, 0.192 0.468
0.331 61 HCSNHCH; 0.660 HgBr, 0.191 0.469
0.334 62 HCSNHCH; 0.660 CdBr, 0.190 0.470
0.362 63 HCSNH, 0664 CdCl, 0.192 0.472
0.364 64 HCSNHC,Hs0.676  ZnBr, 0.204 0.472
0.365 65 HCSNH,  0.664 HgBr, 0.191 0.473
0.367 66 HCSNH, 0.664 CdBr, 0.190 0.474
0.368 67 CHuNS 0670 CdCl, 0.192 0.478
0.369 68 CoHuNS 0670  HgBr, 0.191 0.479
0.371 69 CiHuNS 0670 CdBr, 0.190 0.480
0.375 70 HCSNHC,Hs0.676  CdCl, 0.192 0.484
0.377 71 HCSNHC,Hs0.676  HgBr,  0.191 0.485
0.381 72 HCSNHC,Hs0.676  CdBr, 0.190 0.486
0.383 donor ability of sulphur donors based onthe value of
0.385 chemicd potentia isasfollows,
0.385 C,H, NS > HCSN(CH,), > CSNHC_H, >
0.388 HCSNHCH,_ > CH.NS,>HCSNH,
0.392 Global softness (S, and S;)
0.3%8 Acidic strength of metal halidedependsonthevaue
0.3%9 of global softness(S, ). Astheva ueof global softness
0.404 incresses, theacidic strength decreases. Theglobal soft-
0.411 ness(S,) vduesarelowestinchloridesand highestin
0.412 iodides, in other words chlorides are harder acids as
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TABLE 17: AN and AE of interaction of sulphur donor swith
SnCl,

TABLE 18: AN and AE of inter action of sulphur donor swith
SnBr,

Lewisbases(B) a2 x ma M8 AN AE

L ewis bases (B) xA xB Na ns AN AE

C3HsNS, 6.293 3.157 1.793 1.660 0.454 -0.712
CeH11NS 6.293 2.934 1.793 1.492 0.511 -0.859
HCSNH, 6.293 3.303 1.793 1.507 0.453 -0.678
HCSNHCH; 6.293 3.151 1.793 1.515 0.475 -0.746
HCSN(CHa), 6.293 3.031 1.793 1.523 0.492 -0.803
HCSNHC;Hs 6.293 3.147 1.793 1.479 0.481 -0.756

CsHsNS, 5.806 3.157 1.464 1.660 0.424 -0.562
CeH1INS 5.806 2.934 1.464 1.492 0.486 -0.698
HCSNH, 5.806 3.303 1.464 1.507 0.421 -0.527
HCSNHCH; 5.806 3.151 1.464 1.515 0.446 -0.592
HCSN(CHs), 5.806 3.031 1.464 1.523 0.465 -0.645
HCSNHC;Hs 5.806 3.147 1.464 1.479 0.452 -0.601

TABLE 19: AN and AE of interaction of sulphur donor swith
Snl,

TABLE 20: AN and AE of interaction of sulphur donorswith
ZnCl
2

L ewis bases (B) XA xB Na e AN AE

L ewis bases (B) XA xB Na N8 AN AE

CsHsNS, 5428 3.157 1.069 1.660 0.416 -0.473
CsH1INS 5428 2.934 1.069 1.492 0.487 -0.608
HCSNH, 5.428 3.303 1.069 1.507 0.413 -0.439
HCSNHCHj, 5428 3.151 1.069 1.515 0.441 -0.502
HCSN(CH,), 5.428 3.031 1.069 1.523 0.463 -0.555
HCSNHC;Hs 5.428 3.147 1.069 1.479 0.448 -0.510

CsHsNS, -2.829 3.157 1.949 1.660 -0.829 -2.482
CsH1aINS -2.829 2,934 1.949 1.492 -0.837 -2.413
HCSNH, -2.829 3.303 1.949 1.507 -0.887 -2.720
HCSNHCHj, -2.829 3.151 1.949 1.515 -0.863 -2.581
HCSN(CH,), -2.829 3.031 1.949 1.523 -0.844 -2.473
HCSNHC;Hs -2.829 3.147 1.949 1.479 -0.872 -2.604

TABLE 21: AN and AE of interaction of sulphur donor swith
ZnBr,

TABLE 22: AN and AE of interaction of sulphur donor swith
Znl,

L ewis bases (B) XA xB Na e AN AE

L ewis bases (B) XA xB na Ns AN AE

CsHsNS, 5.003 3.157 2.218 1.660 0.238 -0.220
CeH1aINS 5.003 2.934 2.218 1.492 0.279 -0.289
HCSNH, 5.003 3.303 2.218 1.507 0.228 -0.194
HCSNHCHj, 5.003 3.151 2.218 1.515 0.248 -0.230
HCSN(CH,), 5.003 3.031 2.218 1.523 0.264 -0.260
HCSNHC;Hs 5.003 3.147 2.218 1.479 0.251 -0.233

C3HsNS, 4.789 3.157 1.921 1.660 0.228 -0.186
CeH1aINS 4789 2934 1921 1492 0.272 -0.252
HCSNH, 4789 3.303 1.921 1.507 0.217 -0.161
HCSNHCHj,3 4789 3.151 1921 1515 0.238 -0.195
HCSN(CH3), 4789 3.031 1.921 1523 0.255 -0.225
HCSNHC;Hs 4.789 3.147 1.921 1.479 0.241 -0.198

TABLE 23: AN and AE of interaction of sulphur donor swith
Cdcl,

TABLE 24: AN and AE of interaction of sulphur donorswith
CdBr,

L ewis bases (B) AA xB Nna Ns AN AE

L ewis bases (B) xA xB Na ns AN AE

C3HsNS, 5354 3.157 2112 1.660 0.291 -0.320
CeH1INS 5354 2934 2112 1.492 0.336 -0.406
HCSNH, 5354 3.303 2.112 1.507 0.283 -0.291
HCSNHCHj; 5354 3.151 2112 1.515 0.304 -0.335
HCSN(CH,), 5354 3.031 2112 1.523 0.320 -0.371
HCSNHC;Hs 5354 3.147 2.112 1.479 0.307 -0.339

CsHsNS, 5.057 3.157 1.954 1.660 0.263 -0.250
CeH1aINS 5.057 2934 1.954 1.492 0.308 -0.327
HCSNH, 5.057 3.303 1.954 1.507 0.254 -0.222
HCSNHCH; 5.057 3.151 1.954 1.515 0.275 -0.262
HCSN(CHs), 5.057 3.031 1.954 1.523 0.291 -0.295
HCSNHC;Hs 5.057 3.147 1.954 1.479 0.278 -0.266

TABLE 25: AN and AE of interaction of sulphur donorswith
Cdl,

TABLE 26: AN and AE of interaction of sulphur donorswith
HgCl,

L ewis bases (B) XA %xB Na e AN AE

L ewis bases (B) XA xB Na s AN AE

CsHsNS, 5.059 3.157 1.953 1.660 0.263 -0.250
CeH1aINS 5.059 2.934 1.953 1.492 0.309 -0.328
HCSNH, 5.059 3.303 1.953 1.507 0.254 -0.223
HCSNHCH; 5.059 3.151 1.953 1.515 0.275 -0.263
HCSN(CHs), 5.059 3.031 1.953 1.523 0.292 -0.296
HCSNHC,Hs 5.059 3.147 1.953 1.479 0.279 -0.266

CsHsNS, 6.083 3.157 1.739 1.660 0.431 -0.630
CeH1aINS 6.083 2.934 1.739 1.492 0.487 -0.768
HCSNH, 6.083 3.303 1.739 1.507 0.428 -0.596
HCSNHCHj, 6.083 3.151 1.739 1.515 0.451 -0.661
HCSN(CH,), 6.083 3.031 1.739 1.523 0.468 -0.714
HCSNHC;Hs 6.083 3.147 1.739 1.479 0.456 -0.670
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TABLE 27: AN and AE of interaction of sulphur donor swith
HgBr,

= Pyl Paper

TABLE 28: AN and AE of interaction of sulphur donor swith
Hdl,

L ewis bases (B) AA xB Nna Ns AN AE L ewis bases (B) XA xB na Ns AN AE
C3HsNS, 5.667 3.157 1.611 1.660 0.384 -0.482 C3HsNS, 5321 3.157 1.391 1.660 0.355 -0.384
CeH1iNS 5667 2.934 1.611 1492 0.441 -0.602 CgH;INS 5321 2934 1.391 1.492 0.414 -0.494
HCSNH, 5.667 3.303 1.611 1.507 0.379 -0.448 HCSNH, 5.321 3.303 1.391 1.507 0.348 -0.351
HCSNHCH; 5.667 3.151 1.611 1.515 0.403 -0.506 HCSNHCHj; 5321 3.151 1.391 1.515 0.373 -0.405
HCSN(CHs3), 5.667 3.031 1.611 1.523 0.421 -0.554 HCSN(CHj,), 5321 3.031 1.391 1.523 0.393 -0.450
HCSNHC;Hs 5.667 3.147 1.611 1.479 0.408 -0.514 HCSNHC.Hs 5.321 3.147 1.391 1.479 0.379 -0.412

T T 0 T T T T T T T T T T T

° C3H5NS2 C6H11INS HCSNH2 HCSNHCH3 HCSN(CH3)2 HCSNHC2H5 .1 1SnCl4 SnBr4 Snl4 nCl2 ZnBr2 nl2 CdCI2 CdBr2 Cdl2 HgCl2 HgBr2 Hgl2
g 10 T2
] /\ s -3
é e \0———0 é -4
§ T s
£ T~ E 6 e

25 =¥ 8 i ~ P e »

o -7
-30
Compound 8 \/ \/
9

Graph 1: Interaction ener gy of sulphur donor swith theac-
ceptor SnCl,
compared to their bromide andiodide counterpartsin
termsof HSAB principle. The scal e of softnessof vari-
oushalidesisasgivenin TABLE 15. Order of global
softnessof metal halidesisgiven below,
CdBr,>HgBr,>CdCl,>ZnBr,>ZnCl,>HgCl,
>Cdl,>Znl,>Hgl,>SnCl,>SnBr,>Snl,
Anaysisof theequation (3) indicatesthat for agiven
vauesof S, thelarger thevalueof S, the better, while
equation (4) indicatesthat for thesamevauesof S, the
smaller valueof S, thebetter. Sincethetotal energy is
given by the summation of thesetwo terms, it seems
that the best situation correspondsto the average be-
tweenthetwo extremesituaionsthat isS,~S,, which
isprecisay theglobal HSAB principle. A smilar anay-
sis, based on the two opposing tendencies, wasfirst
givenby Chattarg etd. The S, valueof SnBr,is0.687
and S, valueof HCSNHC H, is0.676. Sincethetwo
valuesarealmost equa the best interaction isshown
between them. Thisobservationisinconformity with
thegloba HSAB principle. TABLE 16(a) showsthe
valuesof S,, S, and their differencesarrangedin as-
cending order. As we move down to this Table the
strength of interaction decreases. Theweakest interac-
tionisbetweenthe HCSNHC H, andthemetal halide
CdBr, because the difference between S, and S, is
highestinthiscase.

Ep
For amoleculen measuresthe ability to atract elec-

Graph 2: Graph between chemical potential of metal ha-
lides

tronstoitsalf. If two molecules (A and B) are brought
together e ectronswill flow from the one, which has
lower vaueof ptothat which hashigher vaue. At equi-
libriumasinglevaueof pwill existthrough out. AEuis
theenergy transfer on account of thisreshuffling.

The AEn showsthat chlorides have higher value
than bromideand iodide. The sequenceischloride >
bromide>iodide. Thevauesdo not demonstrate the
order of acceptor or base strength.

Comparison with AN

Metal ligand bond strength between interaction of
acceptor (A) and ligand (B) hasal so been calculated
by solving thefoll owing equationsfor shiftin chargeor
chargetransfer AN and lowering of energy AE?® on
formation of A-B.

AN = (x°,-x%)/ 2(n,*+ ng) (12)
AE = -(x°,x%)?/ 4, t M) (13)

Metal ligand bond strength between interaction of
acceptor (A) and ligand (B) increasesasthelowering
inenergy increases. Further thisbond strength decreases
asthechargetransfer increases. Thevauesof AN, AE
(cdculatedineV) areincludedinTABLE 17t0 TABLE
28. All the energies calculated in this chapter e.g.
HOMO energy, LUMO energy etc. arein eectronvolts
(eV).

Areferencetothe TABLE 17to TABLE 28, indi-
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catesthat dl thethree parametersvizinteraction energy
(E,), shiftincharge (AN), andlowering of energy (AE)
provideresultswhich arein consonanceto each other,
all of them havereliable predictive power.

CONCLUSIONS

The acceptor strength of all thetwelve metal ha-
lidescan bearrangedinthefollowing order depending
onthevauesof chemical potential ()

Snl, < SnBr, < CdCl, < Cdl,< SnCl,< ZnCl, <
HgCl,<CdBr,<Hgl,<Znl ,<HgBr,<ZnBr,

Thechemical potential (u,) vauesof indicatethe
sameorder of base strength asisindicated by interac-
tion energy.

The CH,,NSisthestrongest base against dl the
acceptors (A). HCSNH, isthe weakest base against
all theacceptors(A).

Epnistheenergy transfer on account of flow of elec-
tronsfrom lower vaueof ptohighvaueof p. The Ep
doesnot demonstratetheorder of acid or basestrength.

Thebestinteractioniswhen globa softnessval ues
of acidand baseareequal i.e. S,~S..

Theinteractionenergy (E, ,) for interaction between
HgBr, and C.H, NSislowest andisequal t0-31.762;
the next is for interaction of HgCl, with the base
C.,H,,NS, thevaluebeing-29.738.

Order of metd-ligand bond strength for al the 72
interactions between sulphur donorsand meta halides
areshowninthedecreasing order inthe TABLE 29.

The values of interaction energy (E ) above -
14.945 indi cate weak interaction between metal halide
and sulphur donors.

Theleagtinteractionisbetween Cdl, and HCSNH,
asthevaueof interaction energy ishighest and equal to
-6.977 eV.

Order of stable complex formation of sul phur do-
nors(B) issamewith al the halidesof tin, zinc, cad-
miumand mercury.

All theresultsof AN and AE show amost thesame
sequence as predicted by interaction energy.
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