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CHAPTER I

INTRODUCTION

Tn this Chapter the general aspects of molecular
Lémplexés (including the theories) and some of the spectral
nd nonspectral methods which are of relevance to the
?’udies, reported in this thesis, and of general interest

ave heen briefly reviewed.

1« ELECTRON DONOR ACCEPTOR SYSTEMS

It has been well known for many years that when
olecules like aromatic hydrocarbons, amines, phenols, etc.
e mixed with a large class of molecules like nitro-
npounds, quinones, halogemns, etc. in suiﬁable solﬁents,

e colour of the solutions change. When the solutions of
e two such reagents are mixed, the profound change in
lour clearly indicates the formation of a complex, The
ncipal feature of the type of complex formation is the .

carance of a new and intense abisorption band in ultra-
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or visible region of the gpectrum. Pfeliffer’ who
classified these complexes suggested that the utili-

n of secondary valencies was involved in their fornma-

When the molecules interact strongly, the molecules
very close to each otherAgnd the distamce between the
ecules will be very small; this leads to the formation of
chemical entities and %hé tchemicalt (valgncej forces
,;@ operative in such cases, The en@rgies of such inter-
rition.are of the order of 10@=400 kdJ/mole, The interaction
)ccuring at large separation (i.e, weak interactions) are

e to 'physical! (van der Waal) forces and the ene:gies of
»ézch interactions are of the or&ef of a few'kJ/mole. This
jcmprises of electrostatic (or coulombic) induction and
gpersiOn energies, In between these two extremes,off
chemical' and ‘physical' forces, there are forces which

se due to ﬁhe interactions occuring at ’intermediatef
parations, These are called 'Charge-transfert forces?f5
ey are cohesgive 1n nature a@d are an 'admixturet! of the
:gheﬁical and phgsical forces, whose ¢ontributions depend on
the molecules taking part in the interaction, They are
atkvely stronger than physical forces but much weaker
¥,én chemical forces., Thus they lead to the possibility of

aded¥ interacﬁion hetween the molecules and the



tion of 'molecular complexes®s

Tt is difficult to define precisely the term

ccular complex', However, according to Mulliken and

von?’E nA molecular complex between two unlike molecules

on 'association! somewhat stronger than ordinary Van der

1t g interactions, of definite stoichiometry., (This

finition can be extended to hydrogen bonding alse), - The

tners are often already closed shell (saturated Valence)‘

electronic structures. 1In weak complexéS‘tha“?ﬁdenti@ﬁes of

the original molecules are preserved to a large extent,

GENERAL FEATURES OF. MOLECULAR COMPLEXES

:l2~'

Whenever the molecules interact to form an

ssociated species’, there will be new absorption in clec-

onic/infrared spectral regions Or there may be any pertur-

bation of the donor acceptor bonds., SO any theory of mole-

cular complexes (EDA systems) should explain satisfactorily

+the following general features of absorption spectra and

nergy changes associated with such comnlex formation%

) Generally; a new absorption band (due to the complex)

is observed in ultravioletl or visible region of the .

spectrum., However, the absence of such band in the

ultraviolet or visible region does not necessarily

o




(i1)

(didii)

(iv)

(v)

mean that the complex does not exist and in such cases
the changes in other physical properties (nonspectral)
can bhe moticed, i

The broad absorption band suggests the loose nature of
binding in the ground state of the complex., The }\max
corfesponds to the energy required to exgite the elec-
ﬁfon from the most probable ground state to the
excited state of the complex,

The charge~transfer band is generally highly inteunse,
The molar extinction coefficient of the camplex can be
as high as 104 an? mql'"T T,

The enthalpies of formatiém of molecular complex gre
of the order of 5-75 kJ/mole. This indicates the weak
nature of binding in the ground state of the complex,
The intermolécular separation of the conmplex is much
larger than normal ionic or co-valent bond lengths,
but slightly smaller than the Van der Waals radii.

The complex formation affects the charge-distribution,
in the donors and acceptors to some extent,.'Thus
generally, the colour of iodine changes from violet to
red or to brown as the ability of donor to donate
electron increases. At the same time, the position of
iodine absorption maximum shifts to shorter wave
length (blue shift), When an iodine molecule in. the

couplex is excited, the promcted electrons of donor
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passes from a bonding (or non-bonding) ol bods ke an
antibonding orbital of iodine., The result is an
inecrease in the size of the molecule, Therefore, due
to the exchange repulsion in the complex and iodine
molecule, more energy is required to promote the elec-
trons. S0, iodine absorption shifts to lower wave-
length, The molar absorptivity coefficieﬁt of complexed
iodine may increase or decrease.

i'(vii) The complex formation invariably occurs between mdle«
cules of low ionization potential and high electron
affinity. It has been found that for a given acceptor
52nax varies directly with the ionization potential of
donors having similar structures,

(viii)Generally, the donor, acceptor and complex differ in

polarity.

(ix) The charge-transfer band positicn depsnds on the nature

of the mediun/solvent.
An evaluation of the thermodynamic parameters of EDA

systems/molecular complexes, such as change in enthalpy,

;AI{O, entropy, -&SO’ and gtandard free energy, -bGO_,

occuring on complex formation, provide useful evidenceds
' regarding the nature and strength of the binding of the
complex. These thermodynamic parameters are determined from

. 2 knowledge of the equilibrium constants of complex formation
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at different temperaturesi In addition, one can also obtain
useful information regardingz the oscillator strength and the

transition dipole moment of the charge transfer bands:

Hydrogen bonding is an important aSpect in the study of
the interaction between electron donors and acceptors (i.e.
proton acceptors and donors) and it is necdless to emphasize
the importance of this phenomenon in chemistry?"10 As hydro=-
gen bonding is an attractive interaction between two mole-
cules (or between two parts of the same molecule) which
requires the presence of a hydrogen atom in the vieinity.
So the general term ﬁolecular complexes/electron donor-acce-
ptor system include hydrogen bonding (proton acceptor-donor
system) ., Thcrefofe general theory of molecular complexes cail

be extended to hydrogen bonding als0.

I. %, MULLIKEN'S THEORY OF MOLECULAR COMPLEXES

Flectron transfer theory has bee: developed along

SN
2,11 Charge~transfer

two separate lines, namely, Mulliken's
theory and Hush?sja intervalence transfer theory., The former
deals with electronic effects and is related to transitions
in the uv and visible region (and is related to formation of
molecular complexes) whereas the latter bne deals with

vibrational effects and ig related to transitions in the

infrarcd region, Mulliken's theory malnly concentrates on




electronic cffects (and it neglects molecular structural

chances after complexation and vibrational structure in the

~ transition is ignored), whereas Hush's theory in its use o

two displaced harmcnic oscillators neglects electronic effects
P 2

(and neglects Franck=Condon overlap factor)s So recently
Ying-Nan Chiu13 has developed o unified molecular charge-
transfer theory and includes all ranges of molecular inter-

actions. This umified theory of molecular charge-~transfer

reduces to Mulliken's theory of charge-transfer molecular
complexes when only strong electronic effecects are

and becomes Hush's theory of intervalence of charge-transfer

wiN

when the vibrational effects are more predominant, Person

~

in his rccent article has examined the general theory oI

The resonance structure theory of

9,11

wes which has been developed by Mullikensg

intermolecular forces.

molecular comple
has been generally accepted (for electronic transitions).

We will summarize the salient aspects of Mulliken's theory of

wmolecular complexes.

The interacction between an electron donor, D, and an

to the formation of a complex,

1

electron acceptor, A, leading
DA (in the absence of any media), caun be represcnted by the

following resonance structures,

b % & =3 (DA &> (D -a3) . (D L)
I IT TIE v



’;he structure I is for molecules; when they are far apart and
‘there is no interaction between the molccules. In structure
;II, the donor and acceptor are at equilibrium separation of

" the complex, but only tphysical forces'! are operative between
:them and it is called 'no-bond! structure., The structures

" 117 and IV arc the dative structures; in IIT an electron is
transfered from donor to acceptor and in IV, from acceptor to
to donor, 1In view of the electron donating and accepting
tendoncies of D and A, the contribution of the structure IV

can be neglected,

The wave funection for the ground state of complex,?@v
can be expressed as a linear combination of the wave func-
tions of the 'no-bond' structure, Vﬁ’ and the dative struc-
ture, Vﬁ, nezlecting the contribution of the lonic structures,
Y I
(D = 4 )

# o S i s :
}(/N = a 'WQ‘(D'..‘A) 400 5{)1(.]-) e ) .toIo‘“d

(AT

A correspondingz excited state of the complex can be
represented by the wave function, ‘yES

&

B e ayﬁ(ﬁ~f)~ﬁqgmm s
The difference in energy between the two states is
equal to the energy of gquantum at the maximum of the absorp-
tion band. The ratio ba/a2 in the normal state recpresents

the proportion in which the dative and no-bond structure



= bute and can vary from zero for nO clectron transfer -
snfinity for complete clectron transfer. _The cocfficients,
and b are nearly equal to a and. b, .The emergies of comp-
ground state (WN} and excited state, Wy, cab be

;g;,inms
Wavw.functlons which are

ned by golving schritdinger

rmalised,  For weak interactions the ground.state enerey,
L and the excited state enersy, Vigs may be obtained appro—- -

*f;tely'by second order perturbatlon theogy:
(Hyy = wo.sm}

W, = W = -
N a ] :
= 2
(H., = Wi eSyq)
WE = \H“ + 28! 1 61" e I. L}'t

Wy = f P ot ol T
Mg ﬂ"xﬂ Vyal”
foy = VB 19T
o1 = f‘f’o Yyl

v between these

'zf'differeﬁcefin energ tyo states, Le€ss

ween WEfand WN’ is equal to the energy of the gquantum at

,.w maximum of the absorption hands

The schematlc energy dlagrams for spectra of molecu=

vn in Fige Ie 1 and Fige Is 2e It can

'3; complexes are sho
figure T. 1 ~that
i & L B 60

pe seen from the

o

" -
h o = I‘D

Iy A
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‘Fige I. 1. Schematic Emergy Level Diagram showir
‘ . Various Contributionss
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Fig, I. 2, Schematiec Diagram showing Electroniec Excitation:

1) Lowest Energy CT baﬁé&§  s

a% Exeitation from penultimate donor level;
3) Exeitation to higherﬁsmggy acceptor level;
;) Higher energy acceptor to donor CT band; -
5) Intramolecular donor excitation and

6) Intramolecular acceptor excitation.




here Fy is the ionization potential of douor, L is the
lcotron affinity of the acceptor, Eg, Is the Coulombic

R ool g e ; ; 5
erpy hetween D —=A  and D s WO is the no-bond energy

[N

A
j95]

s Tel XE and XN are resonance emergies of the excited an

ound states,

A = By ¥ Wy - Xp + Xy

‘The term, Charge-transfer absorption, thus is applicable to
£

211 absorption associated with the transitions from tac
normal (ground) state to the excited state of the complex,
As it can be seen from the above equation, (T.6,)4
Chqrfewtrﬁnuf r energy &1§%mp increasee with the ionization
potential of the donors (for a particular acceptor) having

< 1.

similar structure. The enerpy assoclated with the Charge-

)

transfer transition is related to the ZD of the donor {(for

articular acceptor) is given by hi%T ="Fs~E fa

ba
= 2/}2/(1 - E, -A ) 7. 1In the case of aromatic hy drocarbon-

iodine systems; Briegleb14 has shcwn that

; |V

- e : , . 2
h:))CT —_ (ID e C.‘) + oy = LI Io?c
where C1 and C2 are terms containing (EA T WO) and

n 2 2y T g TEes LN o .
 @80 + 131 ) respectively, W, is the “smm of seweral terms
interaction

L including electrostatic energy (dipole~dipole

etc,) and



? = 2 , o o EANPNCR

[

1”5%T was plotted against ID’ Brieglebiq found that th

gould be fitted by eurves of the form siven by equation
S Although, the relation expressed by the equation (Ii7)

-linear hetween h%lT and ID, the plots are only slightly

1

over the observed (or practical) range of Tpe Thus,

f the data can be fitted by a linear relation of the

(for weak I2 complexes and within the limits of experi-

8rror).
hDCT =- 0,87 ID L 0056 T oee s .l:l Iﬁat

2 linear relationships have slopes somewhat less thanm

£y. The constantas in the linear relation have no direct

tical sighifiqance.

 'Amines do not fall in line with the hi%T ¥s I releation
17 ;7 obeyed by weak 12 conplexess Yada, Tanka and
ura1§ have derived the following equation for such
complexes

; W, = WA
T 1 o S
01

Tt is now realized that linearity between hi%T and Ip
universal rulez5*17 since with the ehange of donor,
- ) : £l 16
gother factors such as the overlap integral vary as well.

aber of workers have corrslatcd h;%T values with ID for
./



interaction of a related series of donors with an acecep~
5 and the results of such corrclations are summarized By

t and DWiV@di}g

continuous range of reclative orientations of the two and
éherefore, generally causes a continucus variation in the
jghergy of the ground state. The absorption corresponds to
ihe transition from the most probable ground state alignment

" of the donor and acceptor specles, /

The charge-transfer absorption depends on the transition
Berobability anc transition moment., The oscillator strength,

£ for an eleectronic transition is given by

% 2
e 2e 905 HC ke G
£ = t%\f
JTeZWO jﬂv

= 18 % 10~ ‘
= 5,318 % 10 févsv

= L}.,}?_ X 10"”9% Aaj * e e 0 1010.

max
whore A». is the width in cm'1 of the band between the two

frequencies at which €“= () émax‘ Here it must be noted

“that the accuracy of the apnroximation depecnds ou the band

shapc.

The intensity of a charge-fransier band is proportional

. s 2 . .
to the sguare of the tran81t10n,moment,drtvw. The oscillator



Ltrenfthg f{ and elcctronic transition dipole, yNe are

( 8](' mne ),,3( J"(VN )

fVN = PEPRS 10116
G Cap
My = 040958 fl,___:}
2w 040958 f Swax 0% ﬁ” oy B,
9 . w

3 There has been considerable discussion in literature
 about the role of charge-transfer to the ground state stabi-
élltles of molbculnr complexes (particularly in the case of
'fweak~molecular complexes) ., Mulliken'35 theory has been

- quite successful in explaining the spectral characteristics

- of strong as well as weak molecular complexes, However,
reccent quantum chemical studies have suggested that many
such complexes, especially weak complexes arc formed primarily

due to 'electrostatic' or 'polarization® inte ructlans19 =i

ez have dhown that the interaction enecrgy of a

'  Umey ama et al
complex, comprises of five components, electrostatic, which
arises from multiple dinteractions between the molecules D
and A (which may be attractive or recpulsive); polar rization,
which is due to induced multiple interactions and higher
order coupling (and is always attractive); exchange repul-
sion, which is the short range repulsion duc to electron
distribution of 4 with that of D; Charge-transfer, which is

due to charge-iransfer from donor to acceptor (it is always



etive); and coupling energy; which accounts for higher
suteractionsa In addition to this, there is a contri-
frirom correlation encrgy; both intra=molecnlar and
;ileculer A part of intermolecular correlation energy

i spersion energy, which results from 1nstantaneous pola~
Fan of D and A, As mentioned in the beginning, Chlu15
-veloped unified molecular chargeutransfer theory
1ncludes all ranges of molecular interactions; in the
Df strong electronic effect (UV and visible reélon) it
= to Mulliken's theory. It must be mentioned here, as
4 out by Person> that Mulliken's theory still holds
for whole range of m@iecul%r complexes; in the case of
jganplexes, the no-bond structure, which comprises of
;ﬁinteractions,'except charge transfer, is the major
,?bution to the ovérall wavefunction of the ground state
e complex (a}}b), and hence to the ground state Stabiﬁﬁm
gﬁ ierm wmolecular complex' rather than iCharge-transfer®
7trostatic compléx (or Electron Donor-Acceptor Systems)

0 be reasonatle to represent the systems.

fter Mulliﬁken's5 valence bond approach for the study of
jﬁlnr complexes, attempts were made to describe the donor
tor interaction by molecular orbital method -and the
étion theory is used to describe weak interactions
JT- 17 and -6 co.mplexes?3 27 qnhe stability of the

is due to the decrease in the potential energy of the



systemg But this pertufbaﬁion‘methoé could not be applied

21 28

for strong interactions? Fukui®® used linear combination

of atomiec orbitals of the donor and accepfor for representing
the molecular orbital of the complex: Guryanova et a123
briefly suwmmarized the applicability of VB and MO method for
the study of interaction between molecules, and are of the
opinion that bofh these methods are approximate gnd semilempie-
rical and for describing the weak complexes, the Mulliken's
VE method which is simple, is bettery, while the more modeérn
MO method may be more suitable for describing complexes with

stronger intermolecular bonds,

Since the intermolecular interaction is fairly weak, the
original bond energies are slightly changed, leaving the
absorption bands of donor and acceptor almost unchanged,

In other words, the dnteraction energics in the ground
state are small compared with the transition energices to the
excited state, Each such transition.mﬁy be considered as
ariging from the transfer of an electron from a filled
ofbital of the donor to an empty orbital of the acceptor,

The energy of this transition is given by

E-- = hb = Aj"D- v v s w 11130

1d i
where Aj and Di are the energies of the jth (lowest unoccu-~
pied orbital) and ith (highest occupied) orbital, In

aromatic hydrocarbons the energy of the highest ocecupied



16

“

M.0. in the ground state may be expressed in a simple

Huckel treatment, D ::céf%—/gx.o where GC_is the coulomb
1 4 Ak

tintegral,JQ is the resonance integral and x; is the Huckel

Pparameter for this orbital. The energy of the first transi-

* tion band of the complex of such hydrocarhon donors with the

- given acceptor is given by,

h;CT = A - D + P

— Aj ~OC —‘/Bxi + P : s e s e & I.‘}L{rO

where P is an energy term which corresponds to a perturbation
of the appropriate energy levels in the donor and acceptor.
The applicability of this model was tested with tctracyano-
ethylene as acceptor and different aromatic hydrocarbons as

6

donors,

IT. 4. CLASSIFICATION OF DONORS AND ACCEPTORS

Mullikens,has classified donors and acceptors of
various types leading to the formation of molecular complexes
of varying strengths, i.c. the energy of formation of mole-
cular complex in the ground state (Table T.1.). At one
extreme, we have the strong Lewls acid-Lewis base addition

compounds, and at the other, the weak fcontact pairs'. The

@

various types of donors and acceptors and the approximate

energy ranges are shown in Table I,2, The J{-donors- §-



Table »Io J"z -

Classification of Donors and Acceptors

Aromatic and i
unsaturated hydro-
carbons and those
substituted with
clectron donating
groups; intramole-
cular donor island

Eroups,

pmber § Functiory VDonor.Type Acceptor Type
- Type ftrﬁctur88~‘Examples . Structure Examples
Free R No, CEHB‘ H & X, H, OH
(a) Incre- n RBN’ R5S, v BFB’ AlXB,
valent, R0, R,CO. SnClq.
(b) Sacri- § Aliphatic 6 Xy CCL
fieial. hy drocarbous. (X = halogens)

Aromatic and
unsaturated
hydrocarbons
with electron
withdrawing
groups; intra-
molecular
acceptor

island groups




Donor Acceptor Systems and Their Encrgy Ramges

18

(
Type Examples Energy Ranges,
kJ/mole

1. Contact pairs Cyclohexane + IZ; <i10
Benzene + CClq

2s 7t~6\ Benzene + I; 5-20
Phenanthrenc + IE

3. 1-JC Naphthalene + sym- 5-20
trinitrobenzene,

q; n-" Amines + I,; 15=75

’ Carbonyl compounds + IZ‘
S5e 0=V Fther + BF Very strong

3;
Amines -+ BF. addition
©

compounds.




i3

scceptor complexes and the p-donor- 6~ccceptor complexes may
exist as £Qiof or as 1i{1 complexesi the Al complexes are
gencrally found in solid state and the 1i1 complexes in

solution and vapor phasess

The molecular complexes formed between n-donors and

£ ~-acceptors are very strong and there is a considerable
{contributioh of the dative structure (D'—A") to the stabi-
‘Llity of the ground state., Several attempts have been made

: to establish a pattern of the relationship between hﬁ%T and
,aJuDA’ the dipole mément of the charge~transfer complex in the
- ground state, and the heat of formation, - /AH, of the

e3,

complexy s

el oo Lo i =
T 0+ B, 001 + B+ (B2
h'QC’I‘ : al (a*)a
= T ————— ® ® & ® o & 0 0D S I B S F LI 4 1015"0
GrA ‘
2 o
where A = a°(1 + %;861 e gg 5 %pyig'...I.16
: a a

From the experimental values of “‘3H5~/1DA and h'i}jT9
equation I,10 can be used to estimate the overlap integral
301. The contact molecular complexes arise out of collisions
between donor and acceptor species. The enthalpies of forma-
tion of such complexes are very small, For weakly inter-
acting systems, Keta.1;..aa:c"2L‘L assuned that 2K a® and (5*)2<§

(a)% and derived the equation



[
Fons)

:4:3;?[ 7 QH P ba“ o= s £ b I N 1 7 i
Fa s “"_‘2"‘" . s ¢ o0 . ®
hﬁ)CT a

'i; magnitude bz/a2 is a measure of the pdlarity of the
sgplex. After ~O8H and hEhT4have been experimentally
jétermined, one can use this equation to calculate b2/a2;
this evaluation will be very approximatec, In between these
ﬁm extremes, the molecular complexes of varying strengths
% e formed depending on the particular donor and acceptor

species forming the complexes, It must be mentioned here

_%hat the terms, donor and acceptor are only relative,

I. 5 METHODS USED IN THE STUDY OF MOLECULAR COMPLEXES

An important feature of weak attractive interactions
;{molecular complexeé/hydrogen bonding) in solution is that
iat ordinary temperatures, only a fraction of the molecules
“are generally associated., At equilibrium, while a certain
;(number of new complexes arc continuously broken, due to the
;:kinetic energy of motion of the interacting molecules, The
| formation of molecular complexes, hydrogen bonds may be

- proved and their compositions may be established from a

m study of the associated characteristic abrupt changes from
 ideal behaviour in certain physical properties, Any physi-
. cal property will be suitable for such studies if it is

3 reversible to the effects of dilution and temperature?g This



properties include the absorption of ultra-viclet or visible
rgadiation, vapor pr>ssure)dielectric constant, refraqtiva
Badex, conductometric titrations, wiscosity, surfacc
BEcnsion, Gt¢?3,29—34 Recently valuable information have been
obtained from calorj.me’cry35""37 Gas-liquid Chromatographﬁ%%}aqo

ultracentrifug atloﬂ41 fluorescence measurement‘2 Bk

solubi-
dity methodg5 constant activity method?6 microwave spectro=-
scopy47 L double diffusion uv-method, vibrational spectro-

SCOPJDl =22 Raman SprthSCOOy56 -60
65-71

picosecond spectroscop&léh

72,73

electron spin rcsonance,

7

positron annihilation life time measureme nts,4 dielectric

75~"76 7578

nuclear magnetic resonance,

and dipole moment measurements,

79

NQR spectroscopy,

8 T81

chemical dynamics;’ Mossbauer 51 curoscooy Mass spectro-

metry%z =81 Overhauser effocts 86 optical dichrogiem of
gingle crystals§7 ~90 magnetic circular dlch“oulsm?1 Xeray
72790 clectrical and optical

and neutron diffraction studies;

roperties of solid molecular Com016X0895’97~1O5 magnetic

properties of molecular couplexesQZ 106-111

and phase dlagfam212 17 cyclic voltanetry,

phase transition

1186-121 ultrasonic

126

1ntcrforrouvtry922 125 differential thermal analysis,

127-135

The
contributions of Tamres and coworkers in undomstapdmg
the natufe of dnteractions of molecules in vapor phases and
contact charge transfer complexes, Nagalkure and coworkers on
101ble"156 Kuroda and others on PES/E.E‘:’CA}5?"1L"O Matsunaga

141

and coworkers on the studies of charge transfer and



1 coworker

yu2-19
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proton transfer processcs, Muralikrishna an
Sn using CT complexes in analytical studics, Rhowmik and

1602160 . : :
;coworkers16o 169 in the effecct of solvents on spectra and

thermodynamics of charge-transfer complexes, Plusinski and
-cowcrkers17o on detection of charge transfer complexes in
 solution by the method of isosbestic points and recently

photo~acoustic spectroscopy}r?1 Radiotracer techniquesz72

polarographic techniqueSZYZa’b stopped flow techﬁiquei68 are
also being used in the study of molecular interactions. In
addition, theoretical studies on molecular complexcs are

. also being carried outz72“18® Such étudios will undoubtebly
be very useful in understanding the nature of molecular
interactions.

Generally, the molecular complexes canno?%e‘isolated in
purc state, but exist in solution in equilibrium with pure
components, So it is not surprising that rolecular complexes
have been studied most extensively in solutions, though many
recent studices have bcen done in vapor phnases as we1138§
Although, the interaction of an elcetron donor D, with am
aceceptor, A, may give rise Lo more than onec species of
complex in sclution, most of the methods used for evaluating
the association constant asswmes that a single complex

species with a definite stoichiometry is formed,. Thus, for

equilibriwn,
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K = DA/
Foifad
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fhere f Bk s [/"A_7 and ZfDA_7'represent the equilibrium
'Lanuentrﬂtlon of donor, acceptor and complex and /"D 7 and
T 7 are the initial concentrations of donor and acccftor,
;resp@ctively. It is generally assumed that as the solutions
;.re very dilute, the act1v1ty coefficients of the species DA,
D and 4 are unltymz"m4 when the aoncentrqt¢on of donor is
fyery Jmuch,in excess of that of acceptor (D}ﬁg), (or vice
?&éﬁsg) then (Z*D;7o - /7AD_7) can be replaced by A”D~7O

':the above equation, Expressing the'concentration of.the
geomplex in ter@s df experimeﬁtally meaéureable absorbance
'(ZfDAn7 = 0,D./8.1.) the ahove equation (1.19) can be

- rewritten as,

Ll 1 1 1

: — R 55 T s e ICZO'
0,D. Re& D7 =

" This is the origzinal Bencsi-Hildebrand equatton}“? Even-

though, the Penesi-Hilcebrand equation can be used to obtain
the equilibrium constant, one has to use modified equations

for obtaining the correct values. These modified and < ¢

4
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.equatlons ané suwmarlzed by Rao ot al
_S2a

as well as by

in recent reviews,

Recontlyv it has becn felt that the data obtained by

al spuctroscaﬂy on molecular comployes should be

wour of above ideas are i~

In using spectral methods to study complex formation,
ituis necessary to infer two parameters from a set of
measurements atvvarious concentrations, the equilibrium
constant of complex formation, K, and the molar extimc-
tion coefficient, € , of a spectral band, Although
the product K.,& can be detérmined from spectral
measurements restricted to the dilute solution region,
the resolution of the product K.€ into separate values
of X and € 4 requires spectral measurements extending
into concentration ranges in which a sizable fraction
0f the least concentrated solute (usually the acceptor)
is in the complexed lorm186 188 Thus, in studles of
complexes for which K'is considerably less than 1 M 1,
1t is necessary to usc solute concentration well in
excess of 1M, At such conecentration levels, the mcedium
remains hardly equivalent to pure solventy in fact, it
may be expected that both the spectral and the thermo-

dynanic properties of the solute species are sig nifi~
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htteants have.been nace to: sceount for the eife

able concentrations of dissolvec solutes . on specific

anc non-specific interactions of the solvent witli donor,
- e a2 ] e 1/Q"‘191 S R Y
acceptor anc complex i molecules, tn adcition, there

may be hisher order (nim) couwplexes at hizher donor/
192-195

acceptor concentrations.

;) The interpretation of the spectra of donor, acceptor
and complex may be complicated by the presence of nume-
rous orientation isomers, of the 131 complex or contact
charge—transfer complexes and the calculated value of
& is the weighted average of extinction coefficients
of various orientatlonlsomers‘9 So, doubts have been

raised on the validity of optically determined values
of X a,md & (ffomEE ), particulariy in the case of weak

molecular complexes195

In devéloping and testing theories of molecular inter-
éctions, it is essential that we must have accurate values
?cf K and & for weak complexes too, for which the conventiaial
;‘spectral method alone cannot yield reliable results, It is
‘?belleved that it will be fruitful to employ several non-
f!spectral methods (such as solubility, Vvapor pPressure, refrac-
t19o~ZOO

- tive dindex, dielectric constant and dipole moumen

viscosity neasuremeLt201 surface tens:f_onB3 S colligative
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%;erty?OZ’EOB conductivity, etc.).  These methods are
gbably capable of giving reliable values of K forlcomplekas
ren in solutions that are S0 diluté that only a swmall frace-
;Qn of either of»%he donor or'thé'accep%dr'gdlécules are
'Tcamplexea form,ZOL+ Thus, if spectral and non-spectral
%ihods.are empioyed canjugcfively, accurate infdrmatian can

:f obtained about both the spectra and energetics of mole~

ﬁrtry of the complex can be determined by the continuous

??ange mthOdZOs'or by the molar ratio method§06 these methods

radiation absorption etc, are not much helpful when either,
the interaction between the moleCules‘is so weak that thefe
3is only slight perturbation in the spectra of the interacting
moleculss, or when complex formed dissociates to give ions
§ﬁ polar media??7 Under such circumstancesone can determine
;th§ stoichiometry of such ionizable complexes either‘by
FMaking use of any convenient non-spectral method or by
jmeasuring the electrical conductivities of the solutions in
}a'suitable mediag

This thesis embodiesbthe resﬁlts of studies on mole-

?cular complexes/hydrogen bonding by tsing the above mentioned

s
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s familiar methods — conductometry, viscometry, in addi-

n to the usual N infrared spectroscopy.

QUTER AND INNER COMPLEXES

When the donor and acceptor molecules interact to
s complex, the gpound state of the complex which depends
;.gely on the coulombic interaction between the components
= influenced markedly by the dielectric constant of the
um, In some J-donor- 5iacceptor complexes, the new bonds
ch are formed are loosered due to environmental assistance

» transform to the tdissociative' inmer complex, due to the
'ésiure of the bond, In the presence of nonnionizzng s0 lvents,
e two ions formed by the rupture of the & bond will be
f?gether (ion pair); while in an ionizing solvent they are
parated out, Mulliken5’11’208 has compared the Pdisso-
;iative” and Massociative' donor acceptor interactions/
feactions in detail. The ‘associative'! mode helps to form
the 'outer complex'! while the dissociative mode to ‘'inner
}-mplex”. In the presence of a strong environmental condi-
;ions, the activation energy for the transformation of the
outer to inner complex decreases., I1f the environmental
}influence is sufficiently strong, the inner complex may be
‘the stable form, The kinetic study of transformation of

outer complex to inmer complex helps in understanding the



28

nature of interaction and the effect of environmental influ-

snce On the transformationgﬁg'217

T, 7. CONDUCTOMETRIC TITRATION

If the intéraction between the donor and acceptor
Eis very stﬁong, then a high dielectric MQdiavwill facilitate
‘the transformation of the 'outef‘complex' into the tinner
icemplex' by loosening the new bonds.which are f@rmed218;
‘such donor and acceptor species afe ionié. Gutmann and
co—workersz19 had demonstrated that qgnduc£ometry/conducto—
 metric titration can be used to o jS£udy the formatioﬁ of
jsuch complexes, In Jddition to this, the stoichionstry of

. such ionizable complex can be determined conductometrically.

(ref, 220a236)g

_ COMPLEXES AND

' 1.5. YVISCOMEIRIC STUDIES ON MOLECULA
1Y DROGEN_BONDING

When molecules interact to form complexes the

' physical properties of the new species formed will be diffe-
rent (however small it may be) from those'of the reacting
molecules, SO in principle one can study the "interaction’
'rbetween the molecules by noting the change in any of the
properties, e.g. viscosity of the syétems under different

conditions, The viscosities of the "hinary® and 'iternary’
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istems will be different from those of calculated (iees

éfng additivity rules) values and the deviation is an indi-
_tion of interaction between the molecules. It has been
ointed out that viscometric method can be used to ®btain the

eguilibrium constant of complex—-hydrogen bonding directlf??euz

INFRARED SPECTRA OF SOLID MOLECULAR COMPLEXES

The increase in bond lengths which result when

the components‘?'53 These changes (and appearance of new bands
a5 well) and other changes which are characteristic of
symmetry losses leading to vibrations which are forbidden in
free donors and acceptors, generally apparent in the infrared

Zspectra of the adducts.

The interaction of donor with acceptor results either
in perturbation of the vibrational frequencies (if the inter-
action is weak) or accompanied by pronounced changes in
infrarcd apectra. So the "shift" of the donor/acceptor band
V;frequency is a measure of the strength of interaction,
Yarwood and comworkérsa54 have carried out systematic and
. exhaustive investigations on measurement and interpretation
of vibrational spectra of molecular complexes. Similarly

e L]
Hague and co~workers§55 Wood et al§5° Devlin et 3125{ made
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nificant contribution in undcrstanding the nature of

Snteraction between molecules by vibrational spectrosScopy.
5 HJ

The Charge-transfer complexes are Of interest and
are being studied in all branches of chemistry. Tamresaﬁ&
Bod listed the general areas of recent research (experi-

mental) on charge-~transfer complexes:

:1. Vapor phase charge-transfer complexes,

2. Sblvent effects on charge-transfer complexes.

;3. Pressure effects on charge-transfer comploxes.

L, Contact charge-transfer complexes,

5. Excited state properties of charge-transfer complexes.
' 6. [Dlectrical, optical and magnetic properties of
charge-transfer complexes. \

9. Structure of solid charge-transfer complexes.

78. PES/ESCA studies of mole cular complexes,

9, Polarised absor@tion spectral studies of single crystals,
210. Charge-transfer complexes of POlymers.

11, Optically active charge-transfer complexese

‘12, Charge-transfer complexes of bioiogical interest
involving carcinogenic compounds, drug rcceptors.

113. Charge-transfer complexes 1n analysis, chromatographic

separation, catalysis.
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Charge-transfer complexes involving donors with
multiple sites, species which behave cither as donors
or acceptors.

Charge-transfer complexation for estimating electron
affinity of acceptors.

16. Reaction intermediates involving CT complexes.

17. . Organometallic charge-transfer complexes,

Care has been taken to give proper credit for the work
of other authors in the literature. The author would like

to apologize for any omission which may have occurred by
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