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CHAPT_EPv r 

INTRODUCTION 

In tMs Chapter the general aspects of raolecular 

complexes (includinr the theories) and some of the spectral 

and nonspectral methods which are of relevance to the 

studiesj reported in this thesis, and of general interest 

have been briefly reviev/"ed. 

I. 1, ELECTRQN_JjO_NO_R A_C_CEPTQg_ SY_ST̂ ^̂  

It has been well known for many years that when 

molecules, like aromatic hydrocarbons^ amines, phenols, etc. 

are mixed with a large class of molecules like nitro­

compounds, quinones, halogens, etc, in suitable solv̂ ents, 

the colour of the solutions change. V̂hen the solutions of 

the two such reagents are mixed, the profound change in 

colour clearly indicates the formation of a complex. The 

principal feature of the type of complex fornation is the 

appearance of a new and intense absorption band in ultra-
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violet or visible region of the spectrui-a. Pfeiffer who 

first classified these complexes suĝ jested that the utili­

zation of secondary valencies was involved in their forma­

tion, 

V/hen the molecules interact strongly5 the laolecules 

come very close to each other and the distance hetween the 

molecules v/ill he very small; this leads to the formation of 

nev; chemical entities and the 'chemical' (valence) forces 

are operative in such cases. The energies of such inter­

action are of the order of lOÔ i-OO kJ/mole. The interaction 

occuring at large separation (i,e, v/eak interactions) are 

due to 'physical^ (van der Wa4l) forces and the energies of 

such interactions are of the order of a few kJ/mole, This 

comprises of electrostatic (or coulombic) induction and 

dispersion energies. In between these tvro extremes of 

'chemical' and 'physical' forcesj there are forces which 

arise due to the interactions occuring at 'intermediate' 
2-5 

separations. These are called 'Charge-transfer' forces, 

They are cohesive in nature â d are an 'admixture' of the 

chemical and phy,sical forces, whose contributions depend on 

the molecules taking part in the interaction. They are 

relatively stronger than physical forces but much weaker 

than chemical forces. Thus they lead to the possibility of 

""raded" interaction between the molecul-es and the 



formation of "raolecular complexes"* 

It is difficult to define precisel;)' the terra 

"molecular complex". However5 according to Mullllien and 

Person,*-^ "A raolecular complex between two unlike molecules 

is an 'association' somevifhat stron/̂ er than ordinary Van der 

Waal's interactions, of definite stoichiometry. (This 

definition can "be extended to hydrogen bonding also), The 

partners are often already closed shell(saturated valence) 

electronic structures. In weak complexes the' identities of 

the original molecules are preserved to a large extent, 

!• 2» GENEEAL FEATURES_.OJ_KgLEC£LAR .COlff 

l'?hene.ver the molecules interact to form an 

"associated spracies", there will be new absorption in elec­

tronic/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 

energy changes associated v/ith such complex foriuation, 

(i) Generally, a nev/ absorption band (d.uo to the complex) 

is observed in ultraviolet or visible region of the 

spectrum, Eowever, the absence of such band in the 

ultraviolet or visible region does not necessarily 



mean that the complex does not exist and in such cases 

the changes in other physical properties (nonspectral) 

Can be noticed, 

(ii) The broad absorption band suggests the loose nature of 

binding in the ground state of the complex. The /\. 

corresponds to the energy required to exEite the elec­

tron from the most probable ground state to the 

excited state of .-̂he complex, 

(iii) The charge-transfer band is generally highly intense. 

The molar extinction coefficient of the caraplex can be 

as high as 10 ' dm^ mol 1 m-1 

(iv) The enthalpies of formation of molecular complex •^re 

of the order of 5-75 kJ/mole. This indicates the weak 

nature of binding in the ground state of the complex, 

(v) The intermolecular separation of the complex is much 

larger than normal ionic or co-valent bond lengths,, 

but slightly smaller than the Van der Waals radii, 

(vi) 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' brov/n as the ability of donor to donate 

electron increases. At the same timej the position of 

iodJLne absorption .maximum shifts to shorter wave 

length (blue shift). When an iodine molecule in the 

complex is excited, the promoted electrons of donor 
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passes from a bonding (or non-bonding) orbital to an 

antibondjing orbital of iodine. The result is an 

increase in the size of the nioleeule, I'herefore, due 

to the exchange repulsion in the complex and iodine 

molecule, raore energy is required to promote the elec­

trons, So3 iodine absorption shifts to lower v/ave-

length, The molar absorptivity coefficient of cornpiexed 

iodine may increase or decrease, 

(vii) The complex formation invariably occurs betv̂ feen mole­

cules of low ionization potential and high electron 

affinity. It has be.en found that for a given acceptor 

max '̂ ^̂ i®s directly with the ionization potential of 

donors having similar structures, 

(viii)Generally5 the donorj acceptor and complex differ in 

polarity, 

(ix) The charge-transfer band position depends on the nature 

of the medium/solvent, 

An evaluation of the thermodynamic parameters of EDA 

? systems/molecular complexes, such as change in enthal|iy 

- A H ° S entropy, -AS° and standard free energy, -AG°, 

occuring on com.plex formation, provide useful evidence 

regarding the nature and strength of the binding of the 

complex. These thermodynamic parajiieters are determined from 

a knowledge of the equilibrium constants of complex formation 



at different temperatures. In addition, one can also obtain 

useful information regarding; the oscillator strength and the 
5 

transition dipole noment of the charge transfer bands, 

Iiydro'':ien bonding is an important aspect j.n the stuily of 

the interaction between electron donors and acceptors (i.o, 

proton acceptors and donors) and it is needless to emphasize 

7- 1C 

the importance of this phenomenon in cheinistryi 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 nydrogen atom in the vicinity, 

So the general term molecular complexes/electron donor-acce­

ptor system include hydrogen bonding (proton acceptor-donor 

system). Therefore general theory of molecular complexes can 

be extended to hydrogen bonding also, 

I- 3. MULLIKEN'S THEORY OF MOLECULAR COMPLEXES 

Electron transfer theory has been developed along 

5 11 two separate lines, namely, Mulliken's ' Charge-transfer 

12 theory and IlusbJ s 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 comxplexes) whereas the latter one deals with 

vibrational effects and is related to transitions in the 

infrared region. Mulliken's theory riainlj' concentrates on 



electronic effects (and it neglects molecular structural 

chann;es after comploxation and vibrational structure in the 

transition iig. ignored), whereas Hush' s theorĵ  in its use of 

two displaced harmonic oscillators ner̂ lects electronic effects 

(and neglects Franck-Condon overlap factor)^ So recently 

Yins-Wan Chiu -'' has developed a unified molecular charge-

transfer theory and Includes all ran̂ ês of molecular inter­

actions, This unified theory of molecular charije-transfer 

ro.duces to Mulliken's theory of charge-transfer molecular 

complexes when only strong electronic effects are considered 

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

when the vibrational effects are more predom.inant. Person^ 

in his recent article has examined the general theory of 

intermolecular forces. The resonance structure theory of 

molecular complexes v/hich has been developed by Mulliken,* 

has been generally aacepted (for electronic transitions). 

We will summarize the salient aspects of i'iulliken'e theory of 

molecular complexes. 

The interaS-ction between an electron donorj D, and an 

electron acceptorj A, leading to the formation of a complex, 

DA (in the absence of any media), can be represented by the 

following resonance structures, 

D +• A 4—> (D,A) <r-^ CD^'-A") «—^ • CD^-A"*") 

I II III IV 
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The structure I is for molecules, when they are far apart anr" 

there is no interaction hetv/een the iiolcculcs. In structure 

IIJ the donor and acceptor are at equilibrium separation of 

the compleXj but only 'physical forces' are operative between 

them and it is called «no-bond' structure, 'fhe structures 

III and IV arc the dative structures; jn III an electron is 

transfered fron donor to acceptoE and in IV, from acceptor to 

to donor. In view of the electron donating and accepting 

tendencies of D and A, the contribution of the structure IV 

can be neglected, 

The wave function for the ground state of compleX;, CL/.̂ , 

can be expressed as a linear combination of the wave func­

tions of the 'no-bond' structure, U/ , and' the dative struc­

ture, UA 5 ner̂ lecting the contriiiution of the ionic structurosj 

y-^ - 8^' YQ(^ A) + b ŷ ĈD'̂ .-A"') ,,.1.1* 

A correspondinfi excited state of the complex can be 

represented by the wave function, U/„, 

^ E = *̂ Vl (I^"^—A") - b*lf^Q(D,A) ...1.2. 

The difference in energy between the two states is 

equal to the energy of quantum at the maximum of the absorp-

tion band. The ratio b /a in the normal state represents 

the proportion in which the dative and no-bond structure 



c o n t r i b u t e and can vary from zero for no e l e c t r o n t r a n s f e r 

to i n f i n i t y for coinplete e l e c t r o n t r a n s f e r . The coeff ic ients , 

a and b are nea r ly equal to' a arid b, .The e n e r g i e s of comp­

l e x e s , i n 3:s ground s t a t e (W-vj) and e x c i t e d s t a t e , W-g, can be 

ob ta ined by so lv ing Schrtfdinger Wave func t ions which are 

normal i sed . For weak i n t e r a c t i o n s the ground s t a t e energy, 

W-vp, and the e x c i t e d s t a t e energy, Vv-g, may be ob ta ined appro-

xiLiately by second order p e r t u r b a t i o n theoryj 

and WTJ, - W. * iii ^«-L,J4l— . . , 1, k. 

where, WQ =̂  (•^^^,H(^odT 

1̂ 

ffc^^h •0 - I r 0.-" ro 

w 

The difference in energy betv;een these tv;o states, i, e», 

between W-p and ViL-, is equal to the energy of the quantum at 

the maximum of the absorption band, 

The schematic energy diagrams for spectra of molecu­

lar complexes are shown in Fig, I, t. and Fig, I. 2, It can 

be seen from the figure I, 1 that 

ha>̂ rp = Ij) - (E^ * E^ •̂' ^̂ 0̂  * ^E " % ..1.5. 
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where I' i s the ion iz^ . t ion p o t e n t i a l of doricrj E , i s the 

e lGctron a f f i n i t y of the a^cceptor, E^, i s the Couloiiibic 

enersy between D — A " and D'̂ -̂̂ A j YU i s the no-boncl energy 

and XTP and X-^ are resonance ene rg i e s of the e x c i t e d and 

ground s t a t e s , 

A = E^ +;- W. V + X. 

W N =• ^ H = WQ -̂  X ^ 

The term, Charge-transfer absorption^ thus is applicable tO' 

all absorption associated with the transitions from the 

normal (ground) state to the excited state of the complex. 

As it Can be seen from the above equation, (1,6,),. 

Charge-trans for energy h Vrrpj increases with the ionization 

potential of the donors (for a particular acceptor) having 

similar structure. The energy associated with the Charge-

transfer transition is related to the I„ of the donor (for a 

particular acceptor) is given by ^'^nrr. = 1-r. - E. - A--'-

C^fj /(Ir) ~ E. -2\ ) /• In. the case of aromatic hycLrocarbon-

iodine systems, Briegleb^ has shown that 

\ ^? 
hi;̂ rp = (Ij) - C^) + ^ ... 1.7. 

d p - c^) 

where Ĉ  and Q,^^ are terms containing (E. - E^ + ?I/Q) and 

(̂  '̂  -ft- _̂  ) respectively, ?/„ is the •sum of se-̂ eral terms 

including electrostatic energy (dipole-dipole interaction 

etc,) and 
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A = HQ^ - WQS^^J an d A = H, 01 •M^OI 

When halm was plotted against 1,̂ , Brieglolv^ found that the 

data could be fitted by curves of the forr. ,'3;ivGn by equation 

1.7. Although, the rolatian expressed by the equ-̂ .tion (1,7) 

ia non-linear betv/een hiXrn and I^j the plots are only slightly 

curved over the observed (or practical) range of lys, Thusj 

most of the data can be fitted by a line?,r relatinn of the 

form (for v/eaK Ip complexes and within the limits of experi­

mental QtiDOr) « 

h^^^ =". 0,87 Ij) - 0.36 1 . tJ , 

Such linear relationships have slopes somewhat less than 

unity. The constants in the linertr relation have no direct 

theoretical significance, 

Amines do not fall in line v/ith the h-il^ vjs. Ij^ relation 

^"Eq, 1,7 \/ obeyed by weal̂  Ip complexes, Yadaj Tanka and 

Nagak.ura •̂  have derived the follovifing equation for such 

strong complexes 

(h5,,)2 
^ w 1 w, 0 
Li ~ s, 

1 + _ j — i — - . i , v . 
HiV. - w„ rJ Wo) ^or " "̂M 

It is now realized that linearity between hy^^ and I^ 

15-17 
j-S not universal rule, since with the change of donor, 

the other factors such as the overlap integral vary as well. 
16 

A number of workers have correlated hil,m values vvith Î . for 
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tho interaction of a related series of donors ¥/ith an accep­

tors and the results of such correlations arc summarized by 

Rao, Bhat and Dv/ivodij 

In the spectra, the band ividth is due to the loose 

coupling "betvireen the donor and accejptor components in the 

ground state of the complex. The loose coupling permits a 

continuous range of relative orientations of the tvro and 

theroforej generally causes a continuous variation in the 

energy of the ground state. The absorption corresponds to 

the transition from the most probable ground state alignment 

of the donor and acceptor species, 

The charge-transfer absorption depends on the transition 

probability and transition moment, Tho oscillator strength, 

f, for an electronic transition is giAron by 

7Tê .VQ 

= Zf.32 X 10""^^ Ai>T 1.10. 

where ^̂ l)-, is'the ividth in cm" of the band between the two 

frequencies at which ̂ '-=: (-}) ^ . Here it must be noted 

that the accuracy of the approximation depends on the band 

shape. 

The intensity of a charge-transfer band is proportional 

to the square of the transition moment, MITN* '̂''̂® oscillator 
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strength, f; and eloctr̂ onic transition dipolojytĵ .̂p are 

related, bŷ  2 

. =, ( . M 5 - _ )« c i l ™ . ) ... 1.11. 

°"' }\^ - 0,0958 [-%̂ J'' 
c^ 0.0958 r h ^ ^ ^ f ... 1.12. 

There has been considerable discussion in literature 

about the role of charge-transfer to the ground state stabi­

lities of molecular complexes (particularly in the case of 

weak molecular complexes), Mulliken's theory has been 

quite successful in explaining the spectral characteristics 

of strong as well as v/eak molecular comploxos. However, 

recent quantum chemical studies have suggested that many 

such complexes, especially v/eak complexes are formed primarily 

due to 'electrostatic' or 'polarization^ interactions, ~ 

22 

Uraieyama et al have diown that the interaction energy of a 

complex, comprises of fiv.e components, electrostatic, which 

arises from multiple interactions between the moleaules E 

and A (which may be attractive or repulsive); polarization, 

which is due to induced multiple interactions and higher 

order coupling (and is always attractive)j exchange repul­

sion, which is the short range repulsion due to electron 

distribution of A mth that of D; Charge-transfer, which is 

due to charge-iransfer from donor to acceptor (it is always 
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attractive); and coupl.ing energyj which accounts for higher 

order interactions* In addition to this, there is a contri­

bution from correlation energy, both intra-̂ Kiolecular and 

intermolecular, A part of intermolecul^ir correlation energy 

is dispersion energy, which results from instantaneous pola­

rization of D and A. As mentioned in the beginning, Chlu 

hajg • developed unified molecular charge-transfer theory 

which includes all ranges of molecular interactions; in the 

limit of strong electronic effect (UV and visible region) it 

reduces to Mulliken's theory. It must be mentioned here, as 

pointed out by Person-̂  that Mulliken's theory still holds 

good for whole range of molecular complexes; in the case of 

weak complexes, the no-bond structure, which comprises of 

above interactions, except charge transfer, is the major 

contribution to the overall wavefunction of the ground state 

of the complex (a^b), and hence to the ground state stability, 

So the term "molecular complex" rather than "Charge-transfer" 

or electrostatic complex (or Electron Donor-Acceptor Systems) 

seems to ''-he reasonable to represent the systems. 

5 

After Mulliken's- valence bond approach for the study of 

molecular complexes, attempts were made to describe the donor 

acceptor interaction by molecular orbital m̂ ^̂ thod and the 

perturbation theory is used to describe weak interactions 

namely,/T-TT and TC-^ complexes.^" ' The stability of the 

complex is due to the decrease in the potential energy of the 



system. But this perturbation method could not be applied 
o 1 PA 

for strong interactionsf Ful̂ ui used linear combination 

of atomic orbitals of the donor and acceptor for representing 

the molecular orbital of the coraplex* Giuryanova e.t al ^ 

briefly summarized the applicability of VB and MO method for 

the study of interaction between molecules, and are of the 

Q̂ pinion that both these methods, are approximate and semiempi-

rical and for describing the weak complexes, the Mulliken's. 

VB method which is simple, is better, while the more modern 

MO method may be more suitable for describing complexes with 

stronger intermolocular bonds, 

Since the intermolecular interaction is fairly v̂ eak, the 

original bond energies are slightly changed, leaving the 

absorption bands of donor and acceptor almost unchanged. 

In other words, the -Interaction energies in the ground 

state are small compared with the transition energies to the 

excited state. Each such transition may be considered as 

arising from the transfer of an electron from a filled 

orbital of the donor tO' an empty orbital of the acceptor. 

The energy of this transition is given by 

E. . = h2> - A^ - % ... ... 1,13. 

th where A^ and D̂  are the energies of the j (lowest unoccu-

pied orbital) and i (highest occupied) orbital. In 

aromatic hydrocarbons the energy of the highest occupied 
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M.O. in the ground' state may be expressed in a simple 

Huckel treatment, D. •= oC * /^x., whore ^/^ is the coulomb 

integral, A is the resonance integral and x. is the Huckel 

parameter for this orbital. The energy of the first transi­

tion band of the complex of such hydrocarbon donors with the 

given acceptor is given by, 

- A^ - oC '• ft^± + P 1.1^. 

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 

donors, 

I. k* CLASSIFIC4TI_Q_N OF ,.I)O.WORS_,Â "̂D ACCEPTORS 

5 

Mulliken has classified donors and acceptors of 

various, types leading to the formation ox molecular complexes 

of varying strengths, i.e. the energy of formation of mole­

cular complex in the ground state (Table 1.1,). At one 

extreme, we have the strong Lewis acid-Lewis base addition 

compounds, and at the other, the weeJk ''contact pairs". The 

various types of donors and acceptors and the approximate 

energy ranges are shown in Table 1.2, The /("-donors- (J'-



1 

Classification of Donors and Acceptors 

Number 
of 

Elecl 

Donor Type 

tructures 

Odd . Free R 

Even (a) Incre- n 

valent. 

(b) Sacri- ^ 

ficial. 

Examples 

J > ^ n i ^ ^ ^ . i j a ^ . * ••y-gf 

Acceptor Type 

Structure } Examples 

R^Oj R2CO. 

A l i p h a t i c ^ 

h y d r o c a r b o n s . 

Aromat i c and /[T 

u n s a t u r a t e d h y d r o ­

c a r b o n s and t h o s e 

s u b s t i t u t e d ?idth 

o l o c t r o n d o n a t i n g 

g r o u p s ; i n t r a K o l e -

c u l a r donor i s l a n d 

g r o u p s , 

X, H, OH 

BFy AlX^, 

S n C l , . 

^ 2 ' '^^'^^ 

(X = halogeris) 

Aromat ic and 

u n s a t u r a t e d 

h y d r o c a r b o n s 

w i t h e l e c t r o n 

V7ithdravri.ng 

g r o u p s ; i n t r a -

r r .o lecular 

a c c e p t o r 

i s l a n d groups* 
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Donor Acceptor Systems and Their Energy Ranges 

1. Contact pairs 

2. 71-C' 

3. ii-K 

h, n-P 

5. n-V 

Cyclohexane + I • 

Benzene + CCl, 
k 

Benzene + I ; 

Phenanthrcnc + Ip 

Naphthalene + ŝ^̂ni-

trinitrobenzcne. 

Mines + I • 

<^10 

5-20 

5-20 

15-75 

Carbonyl compourds + I p , 

Ether + BF,; 

Amines + BE 
3 

Very s t rong 

a d d i t i o n 

compounds. 
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acceptor co'inplexes and the n-donors ̂ acceptor complexes may 

exist as cQioQ or as Ijl complexesi the 0(^'.0Q complexes are 

generally found in solid state and the 1•1 complexes in 

solution and vapor phases, 

The molecular complexes formed between n-donors and 

^-acjceptors are very strong and there is a considerable 

contribution of the dative structure (D — A " ) to the stabi­

lity of the ground state. Several attempts have been made 

to establish a pattern of the relationship between hiXm and 

M^., the dipole moment of the charge-transfer complex in the 

ground state, and the heat of formation, -ziK, of the 

complex,-̂ ; 

ha). A H _ iiâ Qrp ^ 

h-v) D U i ' - ? / * ^ 2 

- - ^C^ a (̂ T̂ Ts 
erA 

p * ? 
where A =̂  â (1 + f SQ. )^"1 + ^ + •^^^..,1.16 

a (a ) 

From the experimental values of ~<6H, J^-Q. and hi>.ms 

equation 1,10 can be used to estimate thu overlap integral 

SQ^* The contact molecular complexes arise out of collisions 

betv/een donor and acceptor species* The enthalpies of forma­

tion of such complexes are very small. For v\;eakly inter-

acting systems, Ketelaar ^ assumed that b « a and (b ) « 
* p 

(a ) and derived the equation 
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2 2 
The magnitude b /a is a measure of the polarity of the 
complex. After ~/Mi and ĥ r-m have been experimentally 

2 2 

determined, one can use this equation to calculate b /a ; 

this evaluation will be very approximate. In betv/een these 

two extremes, the molecular complexes of varying strengths 

are formed depending on the particular donor and acceptor 

apecies forming the complexes. It must be mentioned here 

that the terms, donor and acceptor are only relative, 

I. 5. METHODS USED IN THE STUDY OF MOLECULAS COMPLEXES 

An important feature of weak attractive interactions 

(molecular complexes/hydrogen bonding) in solution is that 

at ordinary temperatures, only a fraction of the molecules 

are generally associated. At equilibriums v/hile a certain 

number of new complexes are 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 

study O'f 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 

reversible to the effects O'f dilution and temperature.^ This 
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properties include the absorption of ultra-violet or visible 

radiation, vapor pressure-,dielectric constantj refractive 

index, conductometric titrations, viscosity, surface 

tension, etc.-̂ ' •̂ '̂ Recently valuable information have been 

obtained from calorimetryf'̂ '"-̂ '̂  Gas-liquid Chromatograph/f'-^^'^ 

uitracentrifugation7' fluorescence measurement; *" ^^ solubi­

lity mothod7"' constant activity method7 microwave spectro­

scopy, ""-̂  double diffusion uv-methodK vibrational spectro-

scopy-j'̂ "'''' Raman spectroscopy, picosecond spectroscopy]"^ 

nuclaar magnetic resonance, -'•"'' electron spin resonance,'̂  ''-̂  

positron annihilation life time measurements,'̂ ^ dielectric 

and dipole moment measurements,'-'" NQR spectroscopyj ' ' 

chemioal dynamica,̂ ^ Mossbauer spectroscopy^ "̂̂  Mass. spectro­

metry, ""^ Overhauser effects.^^'^° optical dichrosism of 

single crystals, '~^ magnetic circular dichroz;ism, X4»ray 

and neutron diffraction studios, -̂  electrical and optical 

properties of solid molecular com.plexeŝ '̂"'̂ "" -̂  magnetic 

properties of molecular complexes^ ' phase transition 

IIPII*"? I I P I P I 

and phase diagram, " ' cyclic voltametry, ultrasonic 

interferrometry, "''̂ -̂  differential thermal analysis; The 

contributions of Tajnres and coworkers '"•'-'-̂  in understanding 

the nature of interactions of molecules in vapor phases and 

contact charge transfer complexes, NagaJ-iure and coworkers on 

exciples]-^ Kuroda and others on PES/ESCA, "''̂  Matsunaga 

and coworkers on the studies of charge transf̂ 'r and 
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proton transfer processesj Huralikrishna and coworkors^*^^^"-^ 

in using CT comploxes in analytical studiesj Bhovrmik and 

cov/orkers "'O-'' ±^ T̂̂ Q effect of solvents on spectra and 

thermodynamics of charge-transfer comploxosj Plusinski and 

1 70 
coworkers ' on detection of charge transfo-r comploxes in 
solution by the method of isoshestic points and recently 

171 172. 

photo-acoustic spectroscopy, Radiotracer techniques, 

polarographic techniques, ^' stopped flov; technique are 

also being used in the study of molecular interactions. In 

addition, theoretical studies on molecular complexes are 

also being carried out] '̂ -loQ 3^^]^ studios will undoubtebly 

be very useful in understanding the nature of molecular 

interactions. 

Generally, the molecular complexes cannoiĵ be isolated in 

pure state, but exist in solution in equilibrium with ijure 

components.. So it is not surprising that molecular complexes 

have been studied most extensively in solutions, though many 

recent studies have been done in vapor phases as ¥rellj° 

Although, the interaction of an electron donor D, \cith an 

acceptor. A, may give rise to more than one species of 

complex in solution, most of the methods used for evaluating 

the association constant assumes that a single complex 

species with a definite stoichiometry is formed. Thus, for 

equilibriwflj 

file:///cith
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DA . . . . . . 1.15. 

a thermodynamic oo^uilibrium c o n s t a n t , K, i s ob ta ined ; 

K - /"DA 7 

^ 1-^—^ _...:.i ..1,19. 

W^Jo - r^K7)U\l - /"'DA„7̂  

whore /"*D̂ 7j /""A 7 and /"DA_7 repres.ent the equilibrium 

concentration of donor, acceptor and coniplos and /'°D_7Q and 

r'kj are the initial concentrations of donor and acceptor, 

respectively.. It is generally assuned that as the solutions 

are very dilute, the activity coefficients of the species DA, 

D and A are miity. •'* ^ When the concentration of donor is 

very much in excess of that of acceptor (D^A), (or vice 

versa) then iT'^J^ - "̂*AD_7) can be replaced by C^JQ ^^ 

the above equation. Expressing the concentration of-the 

complex in terms of experimentally measurcable absorbance 

'^C^kJ = O..D../C. 1.) the above equation (1.19) can be 

rewritten aSj 

/"A^/Q.I 1 1 1 _ 

O.D, K.̂  * C'^Jo ^ 
18? 

This is the original rienosi-Hildebrand equation. ̂  Even-

though, the J3enosi-Hildebrand equation can be used to obtain 

the equilibrium constant, one has to use modified equations 

for obtaining the correct values. These modified and -
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4jt 

18 now equat ions and summarized by Rao ot a l as \Yell as "by 

^2a 
Foster^ in recent reviews, 

Recently, it has.been felt that the data obtained by 

optical spectroscopy on molecular complexes should be 

185 
supplemented by non-spectral methods. ""̂  The arguments in 
favour of above ideas are :-

(i) In using spectral methods to study complex formation, 

it is necessary to infer two parameters from a set of 

measurements at-various concentrations, the equilibrium 

constant of complex formation, K, and the molar extinc­

tion coefficient, ^ , of a spectral band. Although 

the product K»£ can be determined from spectral 

measurements restricted to the dilute solution region, 

the resolution of the product K.£ into separate values 

of K and ̂  , requires spectral measurements extending 

into concentration ranges in which a sizable fraction 

of the least concentrated solute (usually the acceptor) 
•I Q(l •< Q O 

is in the complexed form. Thus, in studies of 

complexes for which K is considerably less than 1 M~ , 

it is necessary to use solute concentration well in 

excess of 1M. At such concentration levels, the medium 

remains hardly equivalent to pure solventj in fact, it 

may be expected that both the spectral and the thermo-

dynajnic properties of the solute species are signifi-

file:///Yell


cafttly- clifxerent fron those i in i i : i i t e clilutior,'"^^ 

Atte.rots have been /.lade to accoiait for the effects of 

s izable concentrat ions of dissolvsc so-l\ii<^S. , on specific 

anc. non-specific i n t e r ac t ions of the col'/ent i./ith donor, 

acceptor and complex oolecu.les,^ - ' ^ i jĵ _ gcidition, there 

May be hir^her o.rder (n:H) coi/iplexes a t hi;;:he;i- donor/ 

acceptor concentrations,-^ -^^ 

(ii) The interpretation oi the spectra of donor, acceptor 

and complex may he complicated by the presence of nume­

rous orientation isomers, of the 1;1 coiaplex or contact 

charge-transfer coiaplexes and.the calculated value of 

6 is the weighted average of extinction coefficients 

of various orientation isomers;"'' So, doubts have been 

raised on tlie validity of optically determined values 

of K and G (frem K£ ) 5 particularly in the case of v/eak 

raolecular complexes. °"̂  

In developing and testing theories of molecular inter­

actions, it is essential that v/e must have accurate values 

of K and G for wealc complexes too, for which the conventicrjal 

spectral raethod alone csinnot yield reliable results. It is 

believed that it will be fruitful to employ several non­

spectral methods (such as solubility, vapor pressure, refrac­

tive index, dielectric constant and dipole momentjj-̂ ^̂ " 

viscosity raeasurement, surface tension^^'-^^ colligative 
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property, '-^ conductivityj etc.),' Tiiese methods are 

probably capable of giving reliable values of K for coraplexee 

even in solutions that are so dilute that only a small frac«> 

tion of either of the donor or the acceptor ..iolecules are 

in complexes form. ^ Thus, if spectral and non-spectral 

methods are employed conjunctively, accurate information can 

be obtained about both the spectra and energetics of mole­

cular complexes. In addition, it is to be noted that the 

same technique can not be used under all conditions, 

Although it is mentioned in the literature that the stoichio-

metry of the complex can be determined by the continuous 

change method -̂  or by the molar ratio methodf these methods 

using the measurements of physical properties like uv-vis 

radiation absorption etc* are not much helpful when either, 

the interaction between the molecules is so v/eak that there 

is only slight perturbation in the spectra of the interacting 

molecules, or when corapaiex formed dissociates to give ions 

207 in polar media. Under such circumstances one can determine 
* 

the stoichiometry of such ionizable complexes either by 

making use of any convenient non-spectral method or by 

measuring the electrical conductivities of the solutions in 

a suitable media. 

This thesis embodies the results of studies on mole» 

cular complexes/hydrogen bondj.ng by Using the above maitloned 
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l e s s fa)i i i l iar methods — conductometry, visconietry, i n add i ­

t i o n to the u sua l -f iz ^'- i n f r a r e d spec t roscopy , 

I . 6. p,UTER. AND INNljR COMPLEXES 

When the donor and acceptor molecules i n t e r a c t to 

form a complex, the gioound s t a t e of the complex which depends 

l a r g e l y on the coulombic I n t e r a c t i o n "between the components 

i s i n f luenced markedly by the d i e l e c t r i c cons tan t of the 

medium. In some n_-donor- ( J -accep tor complexes5 the new bonds 

which are formed are loosened due to enviromiiental a s s i s t a n c e 

and t ransform to the ' d i s s o c i a t i v e ' i n n e r complexj due to the 
o 

rupture of the bond. In the presence of non-ionizing solvent̂  

the two ions formed by the rupture of the ^ bond vrf-11 be 

together (ion pair); while in an ionizing solvent they are 

separated out. Mulliken-^' * has compared the ''disso­

ciative" and "'associative" donor acceptor interactions/ 

reactions in detail. The 'associative' mode helps to form 

the 'outer complex' Vifhile the dissociative mode to "inner 

complex". In the presence of a strong environmental condi­

tions, the activation energy for the transformation of the 

outer to inner complex decreases. If the environmental 

influence is sufficiently strong, the inner complex may be 

the stable form. The kinetic study of transformation of 

outer complex to inner complex helps in understanding the 
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nature of interaction and the effect of environwental influ-

ence on the transformation, •̂'̂  

I. ?» CONDUCTOMETRIC TITRATION 

If the interaction between the donor and acceptor 

is very strong, then a high dielectric media will facilitate 

the transformation of the 'outer complex^ into the 'inner 

complex' by loosening the nev/ bonds v/hich are formed ; 

such donor and acceptor species are ionic, Gutmann and 

co-workers -̂  had demonstrated that conductometry/conducto-

metric titration can be used to '"'''' study the formation of 

such complexes. In addition to this, the stoichiometry of 

such ionizable complex can be determined conductometrically. 

(ref* 220-226)» 

1.8. VISCQMETRIC! STUDIES ON MOLECULAR COMPLEXES AND 

When molecules interact to form complexes the 

physical properties of the new species forned will be diffe­

rent (however small it may be) from those of the reacting 

molecules. So in principle one can study the "interaction'' 

between the molecules by noting the change in any of the 

properties, e.g. viscosity of the systems under dif?s,rent 

conditions, The viscosities of the "binary'' and ''ternary" 
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systems will te different from those of calculated (i«e, 

using additivity rules) values and the deviation is an indi­

cation of interaction between the molecules. It has been 

pointed out that viscometric method can "be used to Obtain the 

equilibrium constant of complex-hydro gen bonding directl;̂ '̂̂ "*̂ ^̂  

I* 9. JjNFRARED SPECTRA OF SOLID MOLSCULAH CQMPLEXEjS 

The increase in bond lengths which result when 

donor«-acceptor interaction takes place are generally accom­

panied by corresponding decrease in vibration frequencies of 

the components,-'•^ These changes (and appearance of new bands 

as well) and other changes which are characteristic of 

symmetry losses leading to vibrations v/hich are forbidden in 

free donors and acceptors, generally apparent in the infr^e-fl 

spectra 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 

infrared spectra. So the "shift" of the donor/acceptor band 

frequency is a measure of the strength of interaction, 

Yarwood and co-workers ^ have carried out systematic and 

exhaustive investigations on measurement and interpretation 

of vibrational spectra of molecular complexes. Si»-ilarly 

pec ?5'̂  257 
Haque and co-workers, •'̂  ¥ifood et al, Devlin et al made 
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significant contribution in understanding the nature of 

interaction between iuolecules by vibrational spectroscopy^ 

The Charge-transfer complexes are of interest and 

258 

are being studied in all branches of chemistry, Tamres 

had listed the general areas of recent research (experi­

mental) on charge-transfer complexes: 

1» Vapor phase ciiarge-transfer complexes, 

2. Solvent effects on charge-transfer complexes. 

3. Pressure effects on charge-transfer complexes. 

i|-. Contact charge-transfer complexes. 

5. Excited state properties of charge=trans.fer complexes. 

6» Electrical^ optical and magnetic properties of 

charge-transfer complexos, 

?• Structure o-f solid charge-transfer complexes, 

8e PES/ESCA studies of molecular complexes, 

9» Polarised absorption spectral studies of single crystals, 

10, Charge-transfer complexes of polymers, 

11, Optically active charge-transfer complexes, 

12. Charge-transfer coaplexes of biological interest 

involving carcinogenic compounds, drug receptors, 

13. Charge-transfer complexes in analysis, chromatograpbJLc 

separation, catalysis. 
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Hj-, Charge-transfer complexes invo3-Ving donors va.th 

multiple s i t e s , species which behave e i the r as donors 

or acceptors . 

15. Charge-transfer coraplexation for estimating electron 

af f in i ty of acceptors , 

16. Reaction intermediates involving CT complexes. 

17. Organometallic charge-transfer complexes, 

Care has been taken to give proper c redi t for the V\?ork 

of other authors in the l i t e r a t u r e . The author would l i ke 

to apologize for any omission which may have occurred by 

oversight or error i n judgement, 
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147. U, Mura l ik r i shna , N. S. RaO and G, V, Rananadham, 

Curr. S c i . , i^^, 534 (1975) . 

148. U. Mii ra l ikr i shna and K. Bapanaiah, Z. Rhys. Chem. 

( L e i p z i g ) , 2 ^ 225 (1975); CA, 8J. : 66l10f. 



46 

lif.9, U, Muralikriehnas N« S. M. Prasad and G»V, Ramanadhani, 

Curr, Sci., li^ 276 (1976). 

150. U, Muralikrishna, G« V. Ramanadliam and P. Kanna Rao, 

Acta Cienc, Indica, 2,, 34Zj. (1976), 

151. U, Muralikrishna, P, Kanna Rao and K, V, Bapanaiah, 

Ind. J, Chem», 1>.A» 368 (1976)* 

152. II, Muralikrishna, K, V. Bapanaiah, N. S, N. Prasad 

and P. Kanna Rao, Ind. J. Chem,, J^, agi (1976), 

153. U. Muralikrishna and G, V, Ramanadham, 

J, Ind. Chem, Soc, ^ , 95 (1976). 

15'!-f-« U, Muralikrishna, G, V, Ramanadham and W, S. Rao, 

Fresenius, Z, Anal. Chem., 222,, 208 (1976), 

155. U, Muralikrishna and N, S, Rao, 

Acta Cienc, Indica,'^, 188 (1979). 

156. U, Muralikrishna, T. V, Ram, S, Sayi and Y.V.S.K. Sesha, 

Ind. J. Chem^, 184, 372 (1979). 

157. U. Muralikrishna, T, V. S, K. Sesha, R. Sa^i and 

T. V. Ram, J. Indian, Chem. Soc,, 56., 79A- (1979); 

^ , 3A-3 (1980), 

158. a) U, Muralikrishna, K. V, Bapaneiyya and P. S. R. Sarma, 

Ind. Cheiu. a,, X!£> 21 (1980). 

h) U, Muralikrishna, M, Krishnamurthy and Y. V. S. K. 

Seshasayi, Ind, J. Chem., 224, 90if (1983). 

c) U. Muralikrishna and M. Krishnamurthy, 

Spectres. Lett,, X^ 711 (1983), 



47 

159. U, I l u r a l i k r i s h n a and M. Krislmaniurtliy, 

Spectrochim, Acta, JiOiVp 65 (l98/-i-)» 

160. B, B, Bliovraiik. and P. Nandyj Spectrochim Acta, 

qOA, 173 (198ii.). 

1b1. B. E.* Bhovraiik, J . Phys. Chem,, 2its kkk^ (1970) . 

162* B. B, Ehomnik and P. K, Sr imani , 

Spectrochim. Acta^ 224, 955 (1973) . 

163. B. B. Bhovrmik and M, K. Basu, Ind . J . Chem., I l s 2 5 7 ( 1973). 

I6if. B, B. 'Bhovmil^, D. C. Mukherjee and P. K. Sr imani , 

Ind . J . Cheni., H , 131Zf (1975) . 

165. M, K. Basu and B. B. Bhovmidz, Ind.. J . Chem., JJ^ 721(1975). 

166. B« B. BhowEiik and S. P. Chattopadhyay, 

Ind. J . Chem., 12As Q^ (1979) . 

167. B, B. Bhov/rnik and S. P. Chattopadhyay. 

Spectrochim. Acta, ^ 6 ^ , 5'^3 (19S0); IZAs 5, 135 (1981) . 

168. B, B. Bhovwiik, D. Roy and P. Nandy, 

Ind . J . Chem., 2^4, 157 (198i^-), 

169. B. B. BhoMiiik and T. K. Pan]-, 

Spectrochim. Acta, kOl^. 601 (1985-). 

170. A. P l u c i n s k i and L, S k e l l s k i , 

Pol. J. Chem,, ̂ , U23 (1981); CA, 2S. ' 197523a* 

171. H. E. Eaton, Jr. and J. D. Strum, 

Spectroscopy Lett,, 1^, 275 (1982). 



48 

172. a.^' S, P, Mishra and R. A» Singh, 

J . Cheiu. Soc. Faraday Trans . I , 2L> 1967 (1982) . 

b) R, Nakata, S, Okaaaki and T, Fu j inaga , 

E l e c t r o n a l y t i c a l Chem., 123, /+15 (1981) , 

c) L, Raiaaley and S, Gaul, Can. J . Chem. , ^ , 2 3 8 1 (1978) . 

173. M, S, Sambhi and S. K. Khoo, 

J . Piiys, Chem., 22^ 666 (1975) 

17if. S, F3?aga, Coraput, Phya, Commun., 2 i , 351 (1985) . 

175. P . P . Dogonadae, G, M, Chon i shv i t i and TeA, Marsagishvi l i , 

J , Chem. Soc. Faraday Trans , 80^ 355 (19&^)» 

176. V, Brandani , F l u i d Phase E q u i l i h , , 12s 87 (1983) . 

CA, 2 a : 9if580h. 

177. I . Murata, Pure Appl. Chem,, ^ 323, (1983) . 

178, A. V. Zubkov and T. V, Ivanova^ 

J . S o l u t i o n Chem. , ,11 , 699 (1982); CA, 28. : 133088e.. 

179. C. C a s t i g l i o n i , M. Gussoni and G. Zerb i , 

J . ^hem, P h y s . , -80, 3916 (198&). 

180, B. K. Sea l , A. K. Mukherjee and D. C, Mulcherjee, 

Z. Phys, Chem,, 26^, 353 (198if), 

181, M. Tamres i n "Molecular Complexes", Vol. I , Ed. by 

R, F o s t e r , Elek Sc ience , London, 1973. 

182, H, A. Benesi and J , H, Hi ldebrand, J,Am. Chem. S o c . , 

I I , 2703 (19'49). 

183* H.Gaston and L .Kla s ine , J . Phys. Chem., ^ L 2i:-52 (1972) . 



49 

I8if. J . H. Hi ldebrand, J . M» P r a u s n i t z and R. L. S c o t t , 

"Regular and Re la t ed S o l u t i o n s " , Von Mostrand Reinhold 

CQ»5 New York, 1970, 

185. a) J . D. Ch i l d s , S, D, C h r i s t i a n and J . Grundness, 

J . Am. ChGM. Soc.s 2it? 5657 (1972) . 

b) R» Foster^ B, Dodson, A. S. Br igh t , M. I . Foreman and 

J* Gorton, J . Cheni. Soc . , B, 1283 (1971) . 

186. W. B, Perso.n, J . Am. Chera, Soc . , 82^ l67 (1965) . 

187. R. A. Labudde and M. Tamres, J . Phys. Chem,, 2k? A-009(1970). 

18&. D. A. Deronleau, J . Am. Chera. S o c . , 21» ^OH (1969) . 

189. S, D, C h r i s t i a n and E. E. Tucker, 

J . Phys. Chem. , 2kj 2.]k (1970) . 

190. S. C a r t e r , J , M, Muerrel and E. J . Rosch, 

J . Chem. SoG», 20^3 (1965) . 

191. R. S. Drago-, T, F. Bol les and R. J . N i e d z i e l s k i , 

J . Am. Chem. S o c , 88^, 2717 (1966) . 

192. R. J . Ba i l ey , J . A. Chudek and R. F o s t e r , 

J . Chem, Sec. Pa rk in T r a n s , , 1 1 , 1591 (1976) . 

193. RGf. No. 185. 

19^. L, E. Orgel and R. S. Mull iken, 

J . Am. Chem. Soc . , 22? ^ 3 9 (1957) . 

195. M. Tamres and S.N. Bhat, J. Phys. Chem., £5, 1057 (1971). 

196. P. Huyakens, P. Mahillon and F. Kapuku, 

J. Mol. Liq,, 22, 13 (1985). 



50 

197. C, Castiglioni, M, Gussoni and G. Zerti, 

J. Mol. Struct,, ii^, 319 (198if). 

198. M, Chattopadhyay, A. Kumar and R, Basu, 

J. Ind. Chera. Soc, il, 312 (198if), 

199.-A. Wojtowiez, M. Jerzy and S. Balanickaj CA,101:22891x; 

Bull. Pol. Acad* Sci. Chem,, ̂ , 63 (1983). 

200. V. Shanmugaaundarara and R, Mohan, 

J. Ind. Che'nu Soc, 60,, 298 (1983). 

201. I. C. Wei and R. L, Rowley, 

J. Chem. Eng. Data, ̂ , 33^ (198̂ -̂). 

202. A. A. Bugaevskii and V, I, Drupova, 

Zh. Fiz. Khim., ̂  1280 (1983); CA, 22.,: tl808q. 

203. B. A. ZhubanoVj G, I . Baiko and S. K. Kudaikulova, 

I z c , Akad, Mauk. Kaz. SSR. Ser . Khiin. 20 (1983); 

CA, 2 2 :' 1392Af1s. 

204. S. D.' C h r i s t i a n j A. A. Taha and B. H. Gash,. 

Quart . Rev. Chem. S o c , g^, 20 (1970) . 

205. P. Job , AnnalB. Ch±m.,' 2^ 113 (1928) . 

206. J . H, Joe and A, L. Jones , 

Ind . Eng, Chem, A l a l y t . Edn. , XG^ i l l (1944) . 

207. F. Gutmann and M. Keyzer , 

Elect rochini . Acta, I L 555, 1163 (1963) . 

208. C. Reid and R.S . Mul l iken , J , Ara.Cheiia.Soc^ 2£» 3869(1954). 

209. S, R, P a l i t , J . Ind . Chem. S o c , ^ , 1238 (1976) . 



51 

210. S. Ni Bhat and C.N.Ri RaOj J. An*Ghem,Soc„ 88.5 321.6( I960), 

21U R, A, Zingaroj C. A* Vandev/erf and J. Kleinbers, 

J. Am. Chem, Soc., 22J 88 (1951). 

212, S,B, Shah and A. S,N̂  Murthy, J.Phys. Che/.i., 2ip 322 (1975). 

213. R. M. Blxon and G. Gileadi, J, Phys. Chem. ,81̂ , 715 (1980), 

21k* H. Cheung and M. Tamres, J. Phys. Chem.^ 81, 13^7 (1977). 

215» H, Hayakawa and S. Namakura, 

Bull. Chem. Sooi Japan, ̂ , 556 (1977). 

216. R. H. Stokes, J. Am. Ghent. Soc,, 2^, 1988 (195^). 

217. F. G. K. Baulke, R. Bertran and K. Case, 

J, Electroanal. Chem,, Interfacial Electro. Chem., 

^2, 2ii.7 (1971), 

218. a) Ref. No. 210. 

b) C. N. R. Rao, S, N, Bhat and P. C- Dwivedi, 

Appl. Spectres. Rev., ̂ , 1 (1972). 

219. F. Gutmann and M. Y-e^zer, 

Electrochim. Acta, H , 555, II65 (1963). 

220. a) J. Kleinberg, E, Cotton, J. Sattizahn and 

C, A. Vanderwerf, J, Am, Chem Soc., 21s ^̂ -̂2 (1953). 

t)) L, F. Audrieth and E, J. Birr^ 

J. Am. Chem. Soc., ̂  668 (1933). 

221. 'a) A. E. Beezer, M. Orban and J. V. Tyrrel, 

Acta Chem. Acad. Sci. Hung., 23_, k1^ (197^0. 

22^. J.J.Tonder and A. Borghesej Electrochim, Acta,22,129(1977). 



5 n 

2Z3i R. D, Sf ivas tavas V* Mi Misiira, and P, N. T r i p a t h i , 

E lec t roch imica Actaj SZy ^^3 (1982) . 

224. A. K. Trofimchiikao, E, Ya. Groenbein, 

Zii. Obsch. Kliim.5 /£]., 3k (1971); CA, Zk - 1^69981. 

225. H. Gasten a n d ! . E l a s i n i , J .Phys , Chem., 2 i , 2432 (1972) . 

226. M, V, Rajaamiurthy and P . V» S* S, Prabhu, 

Elec t rochim. Acta, 22, 481 (1982) . 

227. J . R. Geoates , R, J . Su l l i van and J . B, O t t , 

J . Phys. Chem., £^, 589 (1959) . 

228. C. V. Chaturvedi and S. Prakash^ 4cAisit.ca,,22,248 (1972) , 

229. N, Prasad , 0, Prahash, S. Singh and S. Prakashj 

U l t r a s o n i c s , 16 , 77 (1978) . 

230. M. Karvo and A. Nis-sema, F inn . Chem, L e t t , j I32 (1979) . 

231 . M, M, Chaudhury, V. A. HendriCs C, Abbott and 

M, Michael , J . Chem. Eng. Data, 2^ 254 (1980) . 

232. T. S. Nguyen, U. V. Dang, H. H. Tran, B. B. Nguyen, 

T, H, Trann and N, T. Phaffi, Tap. Chi. Ho a. H o c , 

J8., 25 (1980)^ CA; £4. : 53697e, 

233. M, Carve, J» Chem. Thermodyn., 12, S35 (1980) . 

234. K. MasanaO', Bu l l . Chem. Soc. Jpn. , ^ , 1937 (1980) . 

235. M, Karvo, A. Nissema and T. Kaivamo, 

Finn, Chem. L e t t . , ^ 8 ^ 137 (1983) . 

236. M. R. Nayer and K. D. Nayer, 

J . Ind . Chem. Soc . , 2 1 , 250 (1952) . 



5 o 

257. H. A, Heintz and Di N« Hume, J . Phys. Che.n., £ i , if62(1957) 

238. T, Kaivamo, A, Nissenia and M. Krjrvo^ 

Finn. Ghea, L e t t . , 2=8^. I'^l (1983) . 

2.39. J . Singh, H» D. Pflug and G. C. Beazoo, 

J . Phys. Chem., 22 , 1939 (1968) . 

21^0. I . Nagata and T. Ofeta, J . Chem.Eng. Data, 28., 2^6 (1983). 

2/fU R. M. N. I r v i n g and J , S. Smith, 

J . Ino rg . Nucl. Chen,, 21., 159 (19b9) . 

242. R, A. Singh, S. P, Mishra and S. P. Ehat, 

Proc . Ind. Acad. Sc i , (Cheau S c i . ) ^ 82^ 139 (1979) . 

2if3. R, A. Singh and S. N. Bhat, Can, J . C h e m . , ^ , 1212 (1981). 

2if4, a) R, A. Singh and S, N. Bhat^ 

Bu l l . Chen. Soc. Jpn. , ^ , I623 (1982) . 

h) V. P. Shedbalkai* and S, K. Bhat, J . Hoi. 

Bu l l . Chen. Soc. Jpn. , 52s 852(198/+); 

J . H'ol. L iqu ids , ^ 5 0000 (1983); a lso^ re f . 125. 

245. P. C4opalp S. Agarwal and D. IC. Agarwal? 

J . Ind . Cheni.' Soc . , ^ 501 (1978) . 

246. H. M. N. I r v i n g and J , S. Sraith, 

13, Inorg, Nucl. Chem., ̂ , 3163 (1969). 

247. R. P. Shul^la and B. P. Bhatnagar , 

J . Phys. Choni., ^ , 809 (1956) . 

21^8. A, N. Campbell and F, M. Kartzmark, 

J . Chera. Thermodyn.5 ^ , 163 (1973) . 



( 
54 

Zl\.9^ V'J, I . Chierij R. L. Koviley, 

J , Chem. Eng .pa ta , 2^, ;3*36; (''398Zf). 

250. M. Palma and J , P. Morel, Can. J . Chen., ^ , 32^8(1981), 

25<t, M, Dizechi and E. Marscha l l , 

J . Clieni. Eng. Data, £Zs 358(1982) . 

252. p.. Sku-blaj Co lec t . Czech. Chem. Cornnun., ^ , 329 (1981) . 

253. Spectroscopy and S t r u c t u r e of Molecular Complexes, 

Ed, by, J , Yarwood, Plenum Pres s j London, 1973 and 

the r e f e r e n c e s t h e r e i n . 

254i a) J . Yairwood and W. P. Person, 

J . Am. Chem. Soc, 20., 59^ (1968) , 

"b) J , Yarwood, Trans . Farad . Soc. G^, 93/+ (1969) . 

255. a) I , Haque and J» L, Wood, 

J . Phys. Chem., 22s 2I|.38 (19^5) ; a l s o , r e f . 5 5 ( h ) . 

h) I . Haque, N. N. Dasa and T. Bora, 

Ind. J . Chem., VZ, 70 (197^)-). 

256, a) S, 6, Ginn and J . L. Wood, 

Trans. Farad. S o c , 6^, 77? (1966) . 

h) S. G. Ginn, I . Haque and J , L. Vi/ood, 

Spectrochim, Acta, gM.^ 1531 (1968) . 

^^r;^ J . P . Devlin, J . Phys . Chom., 8£, 306i| (1982) 

J . P . Devlin, and J . E, B o r t i c , 

J . Cham. P h y s , , .28., 63-̂ -0 (1983) . 

B, Ha l l and J . p . Devlin, 

J . Phys. Chom., 2I5 ^65 (1967) . 

258. M. Tamres, J . Chea. Edn. , i^^, 221 (1968) . 



CHi^TER I I 

KINETICS OF TRANSFORMATION OF 

OUTER CHARGE TRANSFER 

COMPLEXES TO INNER COMPLEXES* 

I I . U I N ^ O D a C T I ^ . 

The interaction of electron donor *D' and 

^acceptor 'A' leads to the formation of nev/ molecular 

species, 'Molecular Complexes' or 'Charge-transfer 

Complexes'. Mulliken' pointed out that a donor acceptor 

pair can form either the associative "outer complex" or the 

dissociative "inner complex" depending on the distr.nce of 

approach between the donor and the acceptor and the relative 

magnitude of the no-bond or dative wave function's. It v/as 

also suggested that the formation of the inner coiuplex from 

* A paper based on this v/ork has appeared in the Journal 

of the Indian Chemical Societyj 60^ SkZ (T983)« 
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the outer complex should be strongly dependent on environ­

mental conditionsj i.e. the probability of charge-transfer 

in solution increases with increasing permittivity, ^^ ^ of 

the raedium. If the environmental influence is sufficiently 

high, the inner complex may become the stable form of the 

donor-acceptor pair and with little or no environmental 
2 

influence the outer complex may represent the stable form. 

Thus., for a given doner-acceptor pair under a particular set 

of environmental conditions, one usually observes either an 

inner complex or an outer complex; the outer complex once 

formed can transform to the inner complex under favourable 

conditions. One of the early evidences for the transforma­

tion of outer complex to inner complex was the increase in 

electrical conductance of iodine in pyridine (\Tith time) 

which was explained on the basis of the equilibrium involvJng 

the outer and inner complexes^ 

Outer Complex Inner Complex 

An examination of the literature shows that in many 

donor-acceptor systems with halogen acceptors^ the formation 

of trihalide ion is often noticed, which can only result 

through the formation of inner complexes from the initial 

file:///Tith
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outer complexes,' '" Typical of such systems are dimethyl-

sulphoxide-iodine, acetonitrile-iodine. It is. surprising 

that everythough one can obtain ' . information- about the 

stabilities of the complexes by noting the electrical 

conductivity of the solution with time (whenever a reaction 

occurs with a change in the number or kind of ions present 

so that the electrical conductivity changes, measurement of 

the resistance/conductance offers a convenient and accurate 

means of following the course of the reaction), hardly any 

attempts have been made in this direction. In view of the 

limited information' available in the literature (on the 

kinetics of transformation of outer moleaular complexes 

into inner complexes) we have investigated the transforma­

tion of a few outer complexes between n-donors (methanol, 

ethanol, water and acetonitrile) with iodine ( 6^-acceptQr) 

with particular reference to the factors affecting the 

formation of inner complexes, 

II. 2. MATERIALS AND METHODS 

Methanols ethanolj acetonitrile and iodine were 

purified by following the standard procedures5 the details 

o.f which are given belov̂ ;, ̂  

Methya__alxoho2 (SD's, B.N. 0.31/11/2̂ +021) and Etjoyi 

;^cohpl (drum sample) were fefluxed over quicklime (v/hich 
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was pre~Iieated in a M^iffel furnace at 500 °C for 5 to ^ hr) 

and were d i s t i l l e d ; care was taken to avoid moisture. 

These were f ina l ly t r ea t ed vdth Mg/Ip calce to obtain abso­

l u t e methyl alcohol ^"b .p . 62 *^C/662 nun; l i t , 64 °C/760mm7 

and e thy l alcohol / " b . p . ?6 °C/660 nm; l i t . 78 °C/?60 imi) J. 

• ia^joni i i i ie . (IDPL B. Ho. 09^00182) was r'efluxed over 

phosphoru-^ pentoxide for ii--5 hours, d i s t i l l e d and ooL]ficted 

in stoppered b o t t l e s , /""b^p, 79 °c/66l mm; l i t , 80°C/760Kim% 

l2.d?J^ (Sarabhai M. Chemicals B, No. 9C7P9192) was 

resubriiraed th r i ce from a mixture of 10 g of iodine vri.th 

Zf g of potassium iodide . The m.p. of iodine v/as found tO' 

be 111 °C ( l i t 113.5 °C). 

Conductivity water was used as such. 

A known amout of iodine was ddssolved in required 

amount of solvent (alcoholSj water or a ce ton i t r i l e ) which 

has already been kept in a thermostated jacketed bath (a t 

the required temperature) and the e l e c t r i c a l condmctivities 

were noted at 25, 30^ and 35 '̂ C (+.0.1 °C). The concen­

t r a t i ons of iodine in the solut ions were also determined by 

t i t r a t i n g the iodine solut ions with standard sodium th io -

sulphate solut ions and the concentrations of iodine deter­

mined by both the methods agreed -well (with experimental 

error l imi t of ± 0,0001 M); t h i s ind ica tes tha t iodine has 

not formed any new compound with the donorj but i s attached 
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loosely (reversibly) to the donor /"Our attempts to deter-

iaine the electrical conductance of the co;:iplexes (ROH.I.I") 

in less polar solvent like CHpClpjetc. vwî  not suxcessful 

due to very lov/' conductivities of the solutions__7» 

As the transformation of outer complex into inner 

complex occurs with a change (increase) in the number of 

ions present, the electrical conductivity increases with 

time and the measurement of electrical conductivity offers 

a converiient (assuming the conductivity and concentration 

have a simple relationship at high dielectric constant) 

means of following the course of the process. The time 

dependence of electrical conductance of the solutions at 

25} 50 and 35 °C were measured by using Elico Conductivity 

Bridge (Model CM - 82) during the first half an hour. The 

temperature of the solutio'n was maintained constant (+p,1 C) 

using a thermostat. The velocity constant for the trans­

formation of outer charge-transfer complex to inner complex 

was calculated using the first order rate constant 

k =. - L In ^ ... ,.. II. 1. 
t a - X 

vmere k = the mte constant; t = time ; a = initial concen­

tration of the reactant ; x = change in concentration of 

reactant in time t. 
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The conductivity of any solution depends on (i) the 

number of charge carriers, (ii) charge on the charge 

carriers, and (iii) the mobility of the charge carriers, 

In the present case as the charge on the charge carriers 

and mobility of the charge carriers (as long as the dielec­

tric constant of the medium, charge on the charge carriers 

and temperature of the system are constant) are not affected 

the electrical conductivity of the solution mainly depends 

on the concentration of the charge-carriers, i.e, ions, 

which in turn, depend on the concentration of the products; 

the increase in conductivity of the solution (with time) is 

a measure of the increase in concentration of the product, 

So. one can calculate the rate constant by measuring the 

increase in conductance with time and using the equation, 

k = - 2 i m _ log _ £ l _ ^ II.2. 

where ^ . ^ and <f, are the conductivities at 0, oo and 

t time respectively. The rate constants were evaluated by 

subjecting the experimental data to least squtire treatment. 

The energy of activation, E , for the transformation v/as 

Calculated from the Arrheniu^ equation (log k = 

- E /2.303irr+log A) (i.e. by plotting log K against 1/T), 

The uucertainity in the value of E was generally i ^00 J/ 

mole. Entropy of activation was determined by using 
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Eyring equation^ from a b s o l u t e r a t e theory-^ -^ 

h' * 

Vi/iierej k = r a t e cons t an t ; K = Boltznian's c o n s t a n t , 

h = Plank^s cons t an t ; AS'^ = Entropy of A c t i v a t i o n ; 

• AH''̂ :̂  Enthalpy of A c t i v a t i o n ; R = Molar Gas Constant ; 

T = Temperature i n Absolute Unit.. 

II» 3« RESULTS _̂ \[_D_mACUSS_IQN 

Ethy l and Metliyl alpoljols form 1: 1 ou t e r charge-

t r a n s f e r complexes with i o d i n e and t h e i r charge t r a n s f e r 

bands appear / ^225 and 220 nrn r e spec t i ve ly , - ^ The e q u i l i ­

brium cons t an t s of formation of these complexes i n 

n-Heptane a t 25 °C v/ere 0 .95 and 0 ,65 <3ixP Mol" while the 
-1 -1 

enthalpy va lues were 13,398 kJ no l and 12,55 k j mol 
r e s p e c t i v e l y , *-^' Wa.iter-iodine on the o the r hand does not 

show any c h a r g e - t r a n s f e r band above 220 nm. Bhovyrnilc and 

Chattopadhyay-^ have r e p o r t e d t h a t they could de t ec t a band 

a t 202«5 nm for w a t e r - i o d i n e system. These obse rva t i ons go 

i n p a r a l l e l with i o n i z a t i o n p o t e n t i a l s of the donors . The 

i o n i z a t i o n p o t e n t i a l s of EtOH^ MeOH and Ĥ O are '\0>,l\9, 

10,8^ and 12«6l eV r e s p e c t i v e l y . The equ i l ib r ium cons tan t 

o 1 '̂  
for i o d i n e - w a t e r system a t 25 C i s very low 0,0i+20 M; 
l.ii- X 10"'̂  M" ), These results show that the stability 
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Qi iodJ.ne-ROH systems vary in the order StliaiTol-Iodine^ 

ilethanol-IodineN 'a ter - Iodine . 

Tse and Tamres-^^ have reported tha t tne iodine coiap-

lexes of ethanol and methanol are quite sta^J3.e in nonpolar 

solvents l i k e cyclohexane; si i i i i larly, iodine complex of 

DMSO i s quite s table in non-polar solvents . As these 

complexes are qui te s table in non-polar solvents the e lec­

t r i c a l conduct iv i t ies of these complexes in cyclohexane 

were very lo¥7 (-««̂ 10 Mho cm ) and there was no appre­

ciable change in the conductivity r/ith time. Vifhen iodine 

was d i rec t ly dissolved in methanol ( d i e l e c t r i c constant 

32*5) > ethanol ( d i e l e c t r i c constant Zk*3) s v/ater (d ie lec t r ic 

constant 78,5) and a c e t o n i t r i l e ( d i e l e c t r i c constant 36,7) 

the i n i t i a l e l e c t r i c a l conduct iv i t ies v/ere 0.208 x 10"^, 

0,201 X lO" '̂-, 1.180 X 10"^ and 3.120 x ^O"^^ mho cm"̂  a t 

25 C for 0.05 M iodine (except in iodine-water v/here the 

concentration^^iiodine was 0.00125 M) in the respect ive so l ­

vents , and the conduct iv i t ies increased vd.th time and 

reached a maximuiii value in about 21.)- hours (Table I I , U ) , 

However, for the sake of brevi ty the var ia t ion of e l ec t r i ca l 

conduct iv i t ies with time5 concentration, temperature of 

iodine-MeOH, iodine-EtOH, iodine-HpO and iodine-acetoni tr i le 

for the f i r s t half an hour are given in Tablea 11,1,—II,IV» 

I t i s reported in the l i t e r a t u r e tha t the i n t e n s i t i e s of 
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V a r i a t i o n o f - E l e c t r i c a l Conductance of Iod ine 

Complexes of Methanols Ethanoly 'Vater and 

A c e t o n i t r i l e , wi th Tis»o 

Temp. : 25 C: Cone, fc 0 .05 M 

Time 
Minutes 

0 

1 

2 

3 

^ 

5' 

10-

15 

20 

^5 

30 

1 MeOH-I^ 

0.208 

0,218 

0^222 

0 ,253 

0,238 

0.238 

0.290 

0 .333 

0.385 

0,kkk 

O.LfiO 

Conductance x 10^ 

EtOH-I^ 

0.201 

0,216 

0.227 

0.229 

0. 23A-

0.236 

0.2Z^8 

0.26i+ 

0.265 

0.272 

0.279 

j H 2 O - 1 / 

U180 

1.191 

1.205 

1.209 

1,212 

1.215 

1.227 

1.232 

1.235 

1.238 

1,241 

Mho 

CH^CN-I^ 

3 . 12i 

3.38 

3.70 

5.98 

k.^9 

4.62 

5.97 

6.70 

7.80 

8.70 

8,90 

oC 2.174 0.763 1.302 37.20 

* Concent ra t ion of Iodine i n Water i s 0,00125 M, 

E r r o r l i m i t =-- ^ 0..001i. 
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Variation of Electrical Conductance of Iodine 

Complexes, of Methanol with Time at Different 

C©ii'c entratio ns 

Temp, : 25 °G 

Tim £5, 

Minutes 

0 

1 

2 

3 

k 

5 

10 

1.5 

a5 

30 

0,05 M 

0,208 

0.218 

0.222 

0.233 

0.238 

0.238 

0.290 

0 .333 

0.385 

O.ifSO 

Conductance x 10^ Mho 

0.025 M 

0.196 

0.208 

0.217 

0.222 

0.227 

0.227 

0.250 

0.333 

0.357 

0.377 

0.157 

0.16A-

0.169 

0.175 

0.179 

0.182 

0.200 

0,212 

0,222 

0.232 

0.2ii.A|. 

cC 2•17i^ ULy9 0.667 

Error l i m i t =-- ±: 0»001,. 
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Table 11 . 2b 

Variat ion of Electr ica.! Conductance of Iodine 

Complexea of Ethanol with Time at Different 

Concentrations 

Temp, : 25 °C 

Conductance x 10'̂  Mho 

0.025 M 

0,105 

0.111 

0.176 

0,1,22 

0.125 

0.126 

0.136 

0.141 

0.150 

0.154 

0.15? 

0.405 

0.130 

0.147 

0.159 

0.167 

0.170 

0.172 

0.183 

0.193 

0.20T 

0.210 

0.214 

0.508 

0.05 M 

0.201 

0.216 

0.22? 

0.229 

0.234 

0.236 

0.248 

0.264 

0.265 

0.272 

0,279 

0.763 

Error l i i a l t = + 0.001.. 
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Table I I . Ec 

Variatio^n of E l e c t r i c a l Conductance of Iodine 

Complexes of A c e t o n i t r i l e ?/ith Time a t 

D i f f e ren t Concentra t ions . 

Temp. = 25 *̂C 

Time, 

Minutes 0,01 M 

0 

1 

2 

3 

k 

5 

10 

15 

20 

25 

30 

U18 

1.28 

1.3^ 

U 3 ? 

1.^3 

1.47 

1.59 

U68 

U8,9 

1.99 

2.06 

Conductance x 10^ Mho 
T 

0.025 M 

1.97 

2.1if 

2»18 

2 .27 

a. 37 

2.61 

2.96 

3.28 

3.67 

3.99 

k»2£ 

0.05 M 

3*1^ 

3.38-

3.70 

3.98 

if.a9 

4.62 

5.97 

6.70 

7.80 

8.70 

8.90 

oc 1.1.70 23.6 37.20 

Erro r l i i n i t = +_ 0»001', 
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Table I I . "̂ a 

Variatio'Et of E l e c t r i c a l Conductance of Iod ine 

Complexes of Methanol with Tiirie a t 

d i f f e r e n t Temperatures 

Cone, =. 0 ,05 M 

Time, 

Minutes 

Conductance x TO Mho 

0 

1 

a 

3 

k 

5 

10 

15 

ao 

30 

25 °C 

0»208: 

0.218 

0.222 

0.233 

o.a38 

0.238. 

0.290 

0.333 

0.385 

0.4A4 

0,Zf80 

30 °C 

0.333 

0.36i+ 

0.377 

0.392 

O./fOO 

Oii |00 

0,lf17 

0»i^35 

0.if76 

0.500 

0.526 

CJC 2.17^ 2.50 

35 ""C 

0.if33 

O.Z|88 

0.526 

0.625 

0.667 

0 . 7 U 

0.. 769 

0,909 

1.00 

1.020 

1.06if 

* 

« 

2.77 

Erro)F Limit = + 0.001. . 
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Ta"ble II. 5b 

Variation of Electrical Conductance of Iodine 

Complexes O'f Ethanol with Time at 

Different Temperatures 

Cone. = 0.05 M 

Time, 

Minutea 

0 

1 

2 

3 

h 

5 

10 

15 

£0 

a5 

30 

t 

» 
* 
i 

OO 

EFror TLimn 

I 25 °C 

0.201 

0,216 

0^227 

0,229 

0 . 2 3 ^ 

0.236 

0,248 

0.26if 

0.265 

o.a?E 

0.279 

. 
• 
* 
• 

0^763 

It = + COOl 

Conductance x 10 Mho 

1 30 °c 

0.301 

0.309 

0.3^8 

0.350 

0.360 

0 .362 

0.391 

0.i{.05 

0.z^09 

0 . M 3 

0.if22 

. 

. 
* 
i 

U 2 3 

•' 

0.315 

0.3^7 

0.358 

0.366 

0.375 

0.380 

0.420 

0 .439 ' 

0.461-

O^iiQl 

' 0 .488 

• 
. 
. 
. 

U90 
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^ Table .11., 5.c 

V a r i a t i o n of E l e c t r i c a l Conductance of Iod ine 

Complexes of Ace to ' n i t r i l e witli Time a t 

Di f fe ren t Temperaturea 

Conc. = 0 ,05 M 

TiDie, 

Minutes 25 °C 

Conductance x 10^ Mho 

30 °G 35 °C 

0 

1 

2 

3 

h 

5 

10 

15 

20 

25 

30 

3* 12 

3»38 

3»?0 

5.98 

^ .29 

4 .62 

5.97 

6,70 

7.80 

a . 70 

8.»9.0 

3.37 

3.94 

3.9S 

•4.48 

5.38-

5.97 

8 . TO 

9.12 

10,90 

12.0 

12,80 

4.08 

4.59 

4.98 

•^,33 

5.92 

6.28 

8.17 

10.20 

1 1 . TO 

12,80 

13.20 

PQ 57.20 39.70 43.80 

Error ILiMt = ^ 0.001'. 
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Time, 

Minutes 

0 

1 

2 

3 

k 

5 

10 

20 

25 

33 

T^ble. I I . .̂d 

V a r i a t i o n of E l e c t r i c a l Conductance of Iod ine 

Complexes of Water wi th Time a t 

D i f f e ren t Temperatures 

Cone. = 0,00125 M 

Conductance x 10^ Mho 

1,180 

1.191 

U205 

1,209 

1.212 

T.215 

U227 

U232 

U235 

1.238 

1.2W 

1.A-35 

1.477 

1.479 

1.481 

1.488 

U511 

1.520 

1.524 

1.534 

1.541 

U764 

1.931 

2.092 

2.174 

2.242 

2.398 

2.688 

2.874 

3.049 

3.145 

3.257 

0 0 1.302 1.S67 4.587 

Error Limit = +i 0»,0011. 



71 

charge-transfer bands of MeOH-Ip, EtOH-Ip, a c e t o n i t r i l e - I p 

and HpO-Ip decreases vath increase in time and accompanying 

the decrease in the i n t ens i t y of the charge-transfer band, 

progressive i n t e n s i f i c a t i o n of the t r i i o d i d e ion absorption 
•t 

(at 297 and 363 nin) i s noticed. So i t i s f e l t tha t the i 

time dependence of the e l e c t r i c a l conductivity ( i«e , 

increase in conductivity with time) i s due to the t ransfor ­

mation of the i n i t i a l l y formed outer charge-transfer comp­

lex fol̂ LOwed by the very fas t react ion of the inner complex 

with iodine to form the t r i i od ide ion, 

R.OH + I2 '-~r±r ROH.i^ -£i£Ii^ (ROHI"^)I" 

(Outer Complex) (Inner Complex) 

,, fast , 
(ROHI )I + I, ^ (ROHI)^ + I^ . 

(R = CH^j C^H^, H or ROH =- CH^CN). 

The kinetics of transformation of the outer complexes 

of iodine,namely CH^OH.I^s C^H^OH^I^, H^O.Ip, CH CN.I2 to 

the inner complexes wefe studied employing the time depen­

dence of the electrical conductivities of the solutions, 

Since the formation of the triiodide ion from the inner 

complex is likely to be a fast step5 the rate determining 

step \d-ll be the transformation of the outer complex to 

inner complex. The reactions are of pseudO' first order 

(Fig. II. 1) and the rate constants are quite large. (It 

file:///d-ll


10 
Time, niinutes 

20 30 

Fi2, I I , 1. Variat ion i a the E l e c t r i c a l ConductiYity 

of MoCII-I^ vdtli Tine 

Core, of I^ = 0,05 H; ^cr-p. = 25 °C. 
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appears that in these cases5 the driving force is the 

solvation of ions formed). The rate data are suramarised in 

Table II, L and II, 5 along with the values of activation 

energies and entropies of activation (the enthalpy values 

are included for comparison). It can be seen from the data 

(Tahle II, i-j.) that the velocity constant for the transfor­

mation of outer complex to inner complex increases with 

concentration of the reactants/complexes (which is 

expected). The transformation of the outer complex of 

C Hc-OH,Ip to the inner complex is much slower and is asso­

ciated with higher activation energy than the transformatioai 

of CH-,OH, I . In all these systems, the activation energy 

for the transformation of the outer complex to inner 

complex is small. The activation energy decreases with the 

increase: ^''In dielectric constant of the medium. It is 

interesting to note that the enthe.lpy value for the forma­

tion of the outer complex is also much' lower in the latter 

Case, In the case of CpHcOH.Ip, v/he.re the enthalpy (-AH*̂ ) 

Value is higher5 the transformation would be expected to 

be much slower than CH^OH.Ip. Water5 on the other hand, 

seems to form a less stable outer complex (very low -^if) 

with iodine vmich can be visualized due to high I.P, of 

water (12.61 eV). The low -AH° value facilitates the 
1 

easier transformation of outer complex to inner complex, 
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The Velocity Constants for the Transformation 

of Outer Charge-Transfer Complexes into Inner 

Coraplexea at Different Concentrations 

Temp, t̂  25 ̂ C 

System -

0.05 

Average K'^, Min~' x 10^ 

Concent ra t ion (M) 

MeOH-I^ 

EtOH-I^ 

Water - I , 

5.73 

3.17 

5.01^ 

2.38 

if. 62 

1.68 

13. if 

Acetonitrile-Ip ^.23 3.12 U77 

if Error limit in the value of K = +̂  0»002. 
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System 

Methanol-

lodine 

Ethanol-

lodine 

Water-
i 

Iodine 
it-i-T 

Table_-JX,^ 

The Velocity Constant, Entropy of ActivatioBj 

Activation Energy for the Transformation of 

Outer Charge-Transfer Corapleyes into Inner 

Complexes (Concentration of Iodine = 0.05 M) 

Average Z^' Min" x 10-̂  5 A.veras 

ntropy 

f Acti-

•yc On s ta t ion 3 5 C ii ^ 
AS , J/mole 

Activa­
tion 
Energy, 
E^ 

-.AH? ^ 

a' 

5,75 8»32 

5.17 ^.89 

13-̂ 0̂ II)., 50 

Acetonitrile- 4.^3 5»?& 

ladxne 

15.8 75.7 

6.30 152.3 

20*10 212.7 

7.78 162.2 

73.4 12,55 

(7.94)^ 

52.3 13.39 
(8.78)® 

30.4 7.80^ 

i)-8,5 7.95 

* * 

a) 
b) 
c) 
d) 
e) 

Concentration of Iodine in ?/ater = 0,00125 M, 
Error l imi t i n the value of K = ± 0,002 

— 1 —1 
Error l iw i t i n the value of ^S = i 3 u K I-I Error l imi t i n the value of E 

a 
= +̂  400 J K" "̂ M~ ̂  

Appl. Spectros, Revs.» ^ 1 )(1972). 

J. Chem. Phys. , 2£, 1192 (1957). 

f) Indian J, Chem,, X2Ay ^3 (1979). 



On the basis of these findings i t i s possible to propose a 

po ten t ia l energy diagram of the type shovm in Fig» I I , 2 for 

the formation of outer complex (- AH) as well as the energy 

ac t iva t ion , E^, for the transformation of outer to inner a. 

complex, A s table outer complex (associa ted v/ith grea ter 

charge-transfer in the ground s t a t e as vtrell as a higher 

Value of ~ AH) shows a la rger E for the transformation of 

outer charge-transfer complex. The veloci ty constant for 

the transformation of outer complex of water-iodine ( in 

vifater) to inner i s 13,4 x 10"^ min"' at 25 '"'c (cone, = 1,25 

X 10""^ M) indica t ing tha t the transformation i s quite f a s t , 

This can be eas i ly v isual ized in terms of high po la r i ty of 

the medium. Similar cases have been reported in the l i t e ­

r a tu re for t r iphenyl phosphine-iodine, e t c . in highly polar 

solvents?^"^^^ 

Acetoni t r i le forms an outer complex vd.th iodine and 

the veloci ty constant and the ac t iva t ion energy for the 

transformation of outer to inner complexes are given in 

Table I I . 5. Eventhough the i n t e r ac t i ons involved are n_-5" 

type, i t i s not possible to compare the data with those of 

ROH. Tp systems as ROH (R = CH^, ^ 2 % ' •̂̂  "̂ ^ inter-molecularDy 

hydrogen bonded sys t ems ,^ 

The entropy of activation is large and negative in 
• / / 

a l l the systems that we have s tudied. The negative AS"'' 
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Fig. I I . 2. Po ten t i a l energy diagram for the formation of 
outer and inner complexes tetween donors (D) 
and iod ine . Three cases ( I , I I and I I I ) Q are 
shown with progressively decreasing - IT of 
formation of the outer complex and E ^ Case 
I I I i s for a Bystem tsrhich may not form the 
outer complex^ hut d i r ec t l y gives the inner 
complex, while case I i s for a system which 
forme a s t ab l e ou te r complex &xi& may not form 
thei inner complex with ease . Case I I i s an 
intermediate case. D ie lec t r i c constant of the 
medium o r subs t i tuen t e f fec t s affedt E 
appred-ahly. For the sals-e of s impl ic i ty ** the 
energy of the inner complex i s shown to be the 
same for a l l the cases . 
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values are indeed v/hat one vi/ould expect in reactions 

involving ionization of neutral molecules. '-̂  Since the 

transformation of the outer to the inner complex involves 

ionization, it is likely that the activated conplex is 

also similar to an ion pair, and v/ill therefore be stabi­

lized by solvation to a greater extent than the outer 

complex (initial stc.te). The negative entropy indicates 

that the activated complex is, less probable (and the reac­

tion should be slower than normal) and the probability 

factor P is very low. In the present case, methanol, 

ethanol and water already exist in a partially frozen 

state due to strong intermolecular forces - hydrogen 

bonding, .So we are not in a position to comment on the 

reverse trend of activation energies when these solvents 

are used. The loss in entropy in an ionization includes, 

the change in entropy of the complex (molecules) which 

ionizes and the change in entropy 'at the solvent molecules 

vAich surround the ions. 

From the above study it appears that the rate deter­

mining step in the formation of triiodide ion is probably 

the transformation of the outer complex and it follows the 

first order rate law and the ease with which the transfor­

mation proceeds depends on the relative magnitude of 

enthalpy of formation of the outer charge transfer 
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complexes. It is possible that in some casesj the inner 

CQ'Eiplex inay be the more stable form, particularly in 

solvents favouring solvation of the inner complex or its 

ions. 
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J, Inorg. Nucl. Chem., ̂  1915 (1966), 

40. R, Sahai, P. C. Paude and V. Singh, 

Ind. J. Chem., X^ 217 (1979). 

i+l. R. Sahai and V. Singh, Ind. J. Chem,, 19A. 1003 (1980) 

42. W. F. K. Wynne-Jones and H. Eyring, 

J. Chem. Phys., 1, 492 (1935). 



8^ c 

CQJJDJLCTOMETRIC STUDY OF 

CHABGE TRANSFER COMPLEXES* 

The interaction of electron donor 'D' and 

electron acceptor 'A'5 leads to the formation'of new mole­

cular species : Molecular Complexes or Charge-transfer 

complexes, Mulliken pointed out that a donor-acceptor 

pair can form either the associative ''outer complex" or the 

dissociative "inner complex" depending on the distance of 

approach between the donor and the acceptor and the rela­

tive magnitude of the no bond or dative v/ave functions. It 

was. also suggested that 4f the enviroraiental influence is 

sufficiently high, the inner complex may become the stable 

form of the donor-acceptor pair, and v/ith little or no. 

environmental influence the outer complex may represent the 

* A paper based on this work has been communicated for 

publication in Electrochimica Acta. 
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p 

stable form, When the interaction betvfeen the donor and 

acceptor is very strong and the dielectric constant of the 

medium is high, the coinplex may dissociate into ions giving 

rise to appreciable ionic conductivity, according to the 

general scheniey ^ 
D +- A "-—-^ DA 

DA — — ^ D"̂  A" 1:::=:̂  D"*" + A" ...HI.i. 

(Outer Complex) (Inner Complex) 

The formation of inner (charge-transfer) complex can be 

follov;ed by measuring the changes in the electrical conduc­

tivities of the solutions, of say, the donor in an •; .finert 

(or nearly inert) solvent of sufficiently high permittivity, 

upon addition of a solution of acceptor in the same sol­

vent or vice versa. 

For determining the equilibrium constant and tha other 

thermodynamic parameters, either by iJenesi-Hildebrand or 

the modified forms of Benesi-Hildebrand] '' -̂ '̂ ^ one must 

know the stoichiometry of the complex. The usual method •— 

Job's -̂  Continuous Variation procedure, is of limited appli­

cation when the outer complex is transformed into inner 

complex, due to, say environmental cooperation, leaving 

behind only a small amount of neutral complex in solution, 

Under such circumstances one may be able to obtain the 
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stoichioraetry of tlie complex in highly polar media by 

measuring the electrical coiiductivities of the solutions by 

following the procedure suggested by Gutmann and Keyzer, 

So, we have made an attempt in this direction to obtain 

information on the nature of inter ac tion b otween the donor 

and acceptor; the stoichiometry of the complex in polar 

media, the effect of concentration^ temperature and dielec­

tric constant of the medium on the electrical conductivities 

of the complexes in solutions. For this purposoj the elec­

tron donors chosen are acetone, methyl ethyl ketone, iŝ o-

butyl methyl ketone, dimethyl sulphoxide, triphenylphosphinc, 

triphenylarsine, triphenylstibene, methanols ethanol, 

nrPropanol (all nr-donors) and the electron acceptor chosen 

is iodine ( fi^-acceptor), The solvents used are acctonitrile 

and mixtures of acotonitrilo and carbontctrachloridc, 

III. 2. MATERIALS. M P METHODS 

III. a(i) Materials; 

The electron donors, namely acetonOy methyl ethyl 

ketone, isorbutyl methyl ketonej dimethylsulphoxido, tri-

phenyl phosphine, triphenyl arsine, triphenyl stibone, 

methanol, ethanol and. n-propanol and the electron acceptor 

iodine were purified follo¥;ing the standard procedures* 
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^cetone (Sarabi iai M« Chemicals, B,K» 1H8 11052) was 

refluxGd Y\dth succes s ive smal l q u a n t i t i e s of potassium p e r ­

manganate u n t i l t he v i o l e t colour p e r s i s t s . I t was then 

d r i e d vri-th anhydrous potassium carbonate , f i l t e r e d from the 

de.siccant and d i s ^ t i l l e d . P r e c a u t i o n s were taken to exclude 

m o i s t u r e . B.P. 52 .5 °C/662 rm ( l i t , 56 .2 /760 mm), 

Me-thyl E thv l KotQae (BDH. B,N. 1326/20.3610) and 

iao-But.vl Me.thvl Ketone (BDH, B»N.L353/10-2612) were d r i e d 

vjith anhydrous calcium s u l p h a t e , f i l t e r e d and d i s t i l l e d * 

^ e b o i l i n g p o i n t s of methyl e t h y l ke tone was 77 °C/662 mm 

( l i t . 79.5 °'C/760 mm), whereas t h a t of i s o ^ b u t v l methyl 

ke tone was found to be TO? *^C/66l mm ( l i t , 110 °C/760 mm). 

r 
Dimethyfeulphoxide (SD's B.K. 28089/98^^0) was kep t 

over Calcium s u l p h a t e overnSfeght, r e f luxed over KOH and 

d i s t i l l e d and c o l l e c t e d over molecular s i e v e s of 5A (B,P, 

1.87 "^0/662 nua; l i t . 189 °''C/760 mm). 

TrxTohenyl nhosphine (Aldr ich- USA) p Tr iphenyl a r s i n e 

•('Aldrichs USA) and Tr ipheny l a t i b e n e ( A l d r i c h , USA) were 

used as such, 

Methyl alcohol. Ethyl alcohols n-propy 1. .aleoho-L were 

purified by fallowing the procedures given in Chapter II, 

The procedure for purifying Ip;dine is described in 

Chapter II, 
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Acetonltrlle was purified following tne procedure 

given in Chapter II, 

One litre of Carbon tetrachloriae (BDH, B.ll. lO&k/ 

97̂ -602) was treated with potassium hydroxide^ diasol\''ed in 

an equal weight of water and 100 lul of rectified spirit and 

the raixture vigorously shaken for 30 iQinutes, After wadnng 

v/ith water, the process was repeated y/ith half the quantity 

of potassium hydroxide. The alcohol was then removed by 

shaking several times with water, followed by shaking well 

with small portions of concentrated sulphuric acid until 

there was no further colouration. Carbon tetrachloride was 

then dried overnight over anhydrous calcium chloride and 

distilled. B.P. 74 °C/662 mm (lit. ?6 °C/760 mra). 

III. 2(ii). Method; 

The stock solutions (0,1 K) of electron donors 

were prepared in acetonitrile and acetonitrile-CCl, mixtures 

of various, compositiona for obtaining media of different 

dielectric constants. For obtaining the stoichiometry of 

the complex formedj the conductivities of the solutions 

containing different amounts of donors and acceptors 

(keeping the tO'tal volume constant) were measured at con­

stant temperature. In co^nductometric titrations a known 

volume (af known concentration) of either the donor ar the 
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acceptor solution v̂ as taken in the conductivity cell whicla 

v/as theriuostated and the acceptor or the donor solution ^in 

the saiiie solvent) was added from burette; the solution was 

stirred after each addition -and a constant time interval 

(-rH-5 min) was permitted tô  elapse between the addition of 

titrant and the bridge adjustiuent* The electrical conducti­

vity of donor solutions, acceptor solutions (of different 

strengths) and their mixed solutions were measured at 25j 30, 

55 and 1^ °C {•i.O.I °C) in different dielectric media. 

(For obtaining media oi different dielectric constant, 

appropriate amounts of acetonitrile and carbontetrachloride 

vrere mixed). Philips PR 9500 conductivity bridge was used 

for measuring the electrical conductivities of the solutions, 

The cell constant was 1*5« 

Acetonitriloj which is used as solvent, has lov; conduc­

tivity and the conductivity of the solution appears to be 

mainly ionic» The stoichiometry of the complex may be 

deduced from the conductivity peak by slightly modifying the 

prodeduro which was originally suggested by Gutmann and 

Keyzer, 

The total net comductivity, ^ , of a given system of 

non-interacting charge carriers, is given by^ 

<f - ^ T./''^±\M-±J^' *" "* III.2. 
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where i is the different species of diarge-carriers 

present, h.^ is the concentration of each species having a 

Valence Z- (i.e. the number of electronic charge car-'ied)j 

Ji{^ ±s the mobility of the specD.es and the summation has to 

be extended over all the i species of charge carriers, 

If there is only a negligible interaction between the 

different carrier species, so that each moves as if the 

other were absent (i.e. the law of independent migration 

holds good), the addition of a solution of conductivity (f. 

to another solution of conductivity, ̂ y., gives rise to 

conductivity ^ given by, 

=. Ze rc^{JA.j^ + C^fip)J ... III.3. 

where C_ and C» are the concentration of the solutes D and 

A respectively, and the J*%'s refer to the nobilities of the 

carriers contributed by the D and A solution. We sliall 

assume that Z =. 1, for all the carriers, concentration \iirill 

be used instead of activities and the conductivity of the 

solvent (or medium) v/ill be neglected, 

In a titration, where the volume changes upon addition 

of titrant, donor and acceptor, are supplied to the system 

in concentrations, C2. and C?, respectively, so that 

http://specD.es
file:///iirill
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K . . . • I I I , if 

where D̂  and A re fe r to the volimes of stock so lu t ions of 

D and A> with concentrations5 C and C \ r espec t ive ly , 

which have been supplied to the system, e . g . , from a burette, 

I f there i s no in te rac t -±on between donor and acceptor 

(neglect ing the so lu te -so lven t i n t e r a c t i o n s ) , then Cj. — 0 ,̂° 

and C. = C, , Since the conduct iv i t ies are addi t ive , i t 

follov\rs t h a t , o , iTi the absence of i n t e r ac t i on should be 

l i nea r l y re la ted to the concentration of the t i t r a n t 

(Fig. I I I . 1). 

Considering now, a case where charge-transfer does 

occur, r e su l t ing f i r s t i n the for-flation of a complex, DA, 

followed by i t s d issoc ia t ion in to ions D and A"* ( i . e . t r a n s ­

formation of outer charge-transfer complex in to inner comp­

lex) and thus giving r i s e to excess conductivity (above any 

due to the solvent and stock solut ions themselves). Let, 

the concentration of the complex DA be given by Cjv. and the 

concentrations of D and A be C-̂  and C. respec t ive ly . 

Cy. and C. re fer to the concentration of unreacted donor and 

acceptor, i . e . , (Cĵ "̂  - C-^^) and (C *̂̂  - ^̂DA"* * 

For the i n t e r ac t i on of D and A ( 1 : 1 ) , we can v/rite 

(a) complex formation: 
D +- A z z r : ^ DA 
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Fig. I l l , t . Idealised plot for Conductometric Titration. 
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(b) complex dissociation: 

DA : ^ = i : ± D"̂  A"" - ^ : ^ D*" +- A*" 

+. — 

K^ = P '• ^ " = f ' . ( C , T . , . ) . . . » I I I , 6 , 
•̂ DA 

(c) d i r e c t t r a n s f e r and recombinat ion: 

jf- +. A" -̂ D +- A 

K =. f A_ = f " ( ^ , T ) . , ) . . , . I I I . 7 . 
^D '• ^A" 

The solution must be electrically neutral. 

Cp* :̂. , C^~ = n , ....III.8, . 

The conductivity, o~ en{J^ + jH") 

= ^, n ..» ....111,9. 

Now, C-p) 9^ Cpj° and C. =^ C ° and the charge carriers, 

D* and A", are present in the solution. Assuming that the 

contact charge-transfer interaction is negligible, we can 

writeJ 

Cp = Cp - Cp^ - n 

^A =" ^A ~ ^DA " ^ 

....III. 10, 

From III.5 and 111,6, v/e get, 

^ ^ ^ — =̂  K^K^ =- K^-^ ....III. 11. 

*̂ D»̂ A 
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In t roduc ing n from 111,8 and comparing wi th 111 ,7 , 

we o b t a i n , 

C C 

v,2 3 1 ci 
n 

,2 
. . . I I I .12 . 

p n 

^2 
Equat ion 111,10 becomes,, 

c, = c ° - /- "^ 

. . . . I I I . 1 3 . 

Corabining I I I . 12 and 111,135 "̂>̂® Se t , 

/-O ° _ ( - a i * n) 7/-0.° - ( -2i. * n) 7 

=̂  n%-, 
3 

=t n^CK^K^)?"! , . , , I I I . H . 

The conductivity5 ^ , which is proportional to n, thus 

follows as fourth pov/er relation to the added donor or . 

acceptor. However, it can be seen that n̂  and thus Q , is 

a maximum for Cy.° =. C.°, i.e., for 1:1 complex. 

So, equating dn/dCĵ *-* to zero yields, 

2 
- C ° +•• ( —il- ) * n =r 0 .... III. 15. 

But, from III. 13, n +- {-^/^^ ^ Cĵ ° - C^, and .-rf' 
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w i l l be peak i f 

V V A 

By corabining 111,10 and I I I » l 6 , 

'DA - "A n +• C^, =. C °' . . . . . I I I . 17. 

From 111,10 
n +. C^^ =r C^ -i+ n + Cjj^ . . I I I . l a . 

So t h a t , 
C^ =. 0; Cp =. 0 and Cĵ ° =- C^^ . , 1 1 1 . 1 9 . 

O'r, i n terras of t i t r a t i n g s o l u t i o n a : 

D C ^ = A^C '̂ 1 
. , . . 1 1 1 . 2 0 . 0 0 0 0 

Thusj the s-toachiometry of the complex may be deduced from 

the titration volumes at the end point, i,e,, the conducti­

vity peak and from the knovm concentrations of the stô ck 

solutions-, 

The above derivation assumes both the donor and the 

acceptor to be univalent resulting in a 1:1 complax, (Th£-

Same treatment applies to other stoichiometries. The sharp 

conductivity peak is. to be expected only for ideal cases), 

The Value for the conductivity peak above the base 

line connecting the conductivity of the doocir and acceptor 

solutions is a measure of. the excess conductivity caused by 
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the formation and subsequent dissociation of the complex, 

The nolar conductivity coefficient, ^^, v/as calculated 

using the well known equation of Gutmann. 

M " do " 

where, oC i s the d i s s o c i a t i o n cons t an t of the complex, M i s 

the molar c o n c e n t r a t i o n of the t i t r a n t ( e i t h e r donor or 

accep tor ) a t t h e c o n d u c t i v i t y pealc whers Q = ^ , ^ i s . 

l i n e a r l y i n t e r p o l a t e d c o n d u c t i v i t y background r ead off a 

base l i n e j o i n i n g the c o n d u c t i v i t i e s of pure donor and pure 

accep tor s o l u t i o n s , 

I I I . 3 ( i ) IODINE COMPLEXES OF ACETONE. METHYL ETHYL KETONE. 

isg-BUTYL METHYL KETONE AND DIMETHYLSULPHOXIDE: 

I t i s well known t h a t the e l e c t r i c a l conduc t iv i t y 

of i o d i n e i n p y r i d i n e changes with t ime and t h i s has been 

a s c r i b e d to d i s s o c i a t i o n of the l o o s e l y bound donor-acceptor 

i n t e r a c t i o n product to form N-iodo-pyr idinium i o d i d e , an 

inne r ( i o n i c ) complex^ I t i s r e p o r t e d i n the l i t e r a t u r e 

t h a t the i o d i n e complexes of ace tone , e t h y l m e t h y l . ke tone 
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are not s t ab l e , tha t too i n highly polar solvent (The 

a&Borption of CT peaKs of these couiploxes decrease vdth the 

increase in tirae). In the present caso^ iodine , acetone^ 

}}iethyl ethyl ketone, iso.~butyl-"inethyl ketone and diaethyl 

sulphoxide v/ere dissolved separately in a c e t o n i t r i l e and 

the conduct iv i t ies of "pure" solut ions (whereevor feasible) 

and those of the raixcd solut ions x-jero laeasurod. For the 

saiva of brevity the e l e c t r i c a l conductivity data of iodine 

complexes of acetone, methyl ethyl ketone, igo,-butyl 

methyl ketone and dimethyl sulphoxido a t one teaperature 

, and<3fle conc-entratioTi": ape-summariBGdin T a b l e ' I I I , ' 1, I t 

can be seen from the T a b l e l l l * 1 and Fig. I I I . . 2 tha t the 

e lec t r ica l , conductivi ty of iodine in a c e t o n i t r i l e (0,01 M) 

which was i n i t i a l l y 1*25 x 10""̂ ' ( the lov; conductivity i s 

duo to few I" formed) has increased witn the addit ion of 

acetone (OiOl li, keeping the t o t a l volunc/concentration 

constant , i . e . 5 ml of 0,01 M) and reached a maximuKi value 

of 1,5'̂ - X 10"'^ Mho and then s t a r t ed decreasing ?/ith 

further addi t ion of acetone* (The conductivity of the 

complex r i s e s l i n e a r l y , though slowly, with time. This 

niscy be due to the slov; d issocia t ion of the complex as v/oll 

as duo to the adsorption on the electro-do)» The decidedly 

non-l inear p lo t in an isomolar s c r i e s indicates- the 

presence af a complex. A peak becomes evident at a 
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The E l e c t r i c a l Conduct iv i ty Data ol Iodine Gornplexes 

(of Isomolar o e r i e s ) of Acetonej he-Et -Ketone , XM9r 

Eii-Me-KetoJie and Jjimetbylsulphoxide i n A c e t o n i t r i l e 

Terap, : : 25 °C; Cone, of Iddine So lu t ion : 0,01 M 

Cone, of Ketone/DMSO s o l . : 0.01 M 

Conduct iv i ty x 10^ Mh.os 

0 ,0 

0 .5 

uo 
U 5 

2.0 

2 .5 

3.0 

3.5 

if.0 

4 .5 

5,0 

5.0 

4»5 

h* 0 

3.5 

3.0 

2 .5 

2.0 

1.5 

uo 
0.5 

0.0 

isO"'i3u~Me-
I\ e t o r e - I ^ 

1.25 

I.̂ ^O 

1.51 

1.54 

1.49 

1.39 

1.20 

1.00 

0.77 

0.48 

0,25' . * * 

1.25 

1.5̂ -1 

1.61 

1.64 

1.51 

1.4^ 

1.28 

1.11 

0.83 

0.56 

0.30 

1.25 

1.75 

1.81 

1.85 

1.75 

1.43 

1.20 

0.95 

DHSO-I. 

0.40 
* 4 ; 

1.25 

1.56 

1.64 

1,69 

1.63 

1.49 

1.34 

1.16 

0.91 

0.61 

0.38^ 
• f t * 

a.,#fc=*w -» _;y—<= .^ — r - i ^ ^ v a c r -tr •^rrt-ST ; v « 

* Error Limit : + 0.01; ^̂*-' Extrapolated Value, 
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F i g , I I I . 2» Variat ion of E l e c t r i c a l Conductivity 
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CoiVc. = 0.01 K. at 25 °'C 
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3 . DI^S0-l2; 4. i s o - E u t y l K e t h y l i : c t c - n e - , i 

1. Acetoi-ie-I^; 2. I!othyl Ethyl Ketone-I„_; 

2' 
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stoichiometry Qf'--2:3 (D:A). (It muat be noted here that 

due to. non-ideal behaviour the conductivity peaks occur 

slightly off the stoichioaetry), 

In conductivity measureiacnts correct choice of the 

solvent is also important. If its conductivity is too high, 

conductance changes, due to complex formation may become 

obss-ured, if its permittivity is too lov/, the complex may 

fail to dissociate. If the solubility of the complex is 

low, the complex might precipitate which may even lead to> 

the reduction of the number of charge carriers present in 

solution and cause the appearance of a conductivity minimum 

in the. titration. If the;, solvent itself can function as; 

an electron donor or acceptor, then it may compete v/ith the 

reagents and actively en&er into the reaction and thus may 

affect the stoic}iiom'.etry, equilibrium constants etc. In 

the present case5 acetonitrile and aacetonitrile-carbon 

tetrachloride mixtures are used as solvent. It is well 

known that acetonitrile itself has donor character. So it 

is. possible that acetonitrile rn^ay compete mth- ketO'hes/DMSO 

for forming complexes. (vd.th iodine). In addition,' even the 

donors (ketones/DMSO) ra.ay also interact vith carbon tetra­

chloride- which is a weak electron acceptor. So in such 

cases one haa ta take into consideration all these aspects 

before coming to a definite cQnclusi.on about the stoichio-
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metry of the complex. The preliminary experimental r e s u l t s 

for the determination of stoichiometry of acetone-iodine in 

a c e t o n i t r i l e and ace ton i t r i l e -ca rbon t e t r ach lo r ide mixtures 

by refractoraetric method showed tliat the stoichiometry of Uie 

complex was E.: 3? whereas for acetone-iodine i n cyclohexaiie 

i t v/as 1:li» (We have made an attempt to determine the 

stoichiometry of acetone-iodine complex in cyclohexane by 

COnductometrie t i t r a t i o n method using Keithley 610 High 

Res i s t iv i ty Meter ;and i t was r ea l l y heartening to note 

that the atoichiometry of the complex was found to be 

iS5Jl:1. Our further attempts to study these in de t a i l was 

not successful due to the l imi t a t ion of the ins t rument) , 

Here i t can be noted tha t in the case of pyr id ine- iodine , 

Gutmann and coworkers have noticed (during the conducto-

metric s tudies) the change in s toichiometr ic r a t i o from 1:1 

to 2.: 5 and U 3 when the solvent was changed from aceto­

n i t r i l e to Carbon t e t r ach lo r ide and they feel tha t aceto­

n i t r i l e i s an i n e r t solvent towards pyr id ine- iodine , whereas 

pyridine can i n t e r a c t with carbon te t rachlor ide* So we 

fee l that our present resultsij. i . e . the stoichiometry of 

keto-ne/DMSO-Ip (2:3) in aceto-ni tr i le and acotonitrile-caibon 

t e t r ach lo r ide mixtures i s not contradic t ing the l i t e r a t u r e 

data (obtained by spec t r a l m.ethod) j i . e . the 1:1 s t o i c h i o -

m.etry of ketone/DMSO-Iodine in cyclohexane/heptane), In 

fact , as pointed out e a r l i e r , the conductometric s tud ies 
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can "be successfully used to know the stoichiometry of such 

complexes which dissociate in polar media and where the 

concentration of undissociated species may so low that it 

may ba difficult for spectroscopic studies. 

In order ta understand the effect O'f media on the 

electrical conductivities of solutions, the media dielectric 

constants were changed by mixing appropriate amounts of 

acetonitrile with GCl,, It can be seen from Table III.Z 

and Fig. 111,3 that the dielectric constant of the media 

affects the electrical conductivities. As the dielectric 

constant of the mediiua is increasad from 15 to 36»? (the 

dielectric constant of the n&dium can be change<3 either by 

changing the solvent or by mixing appropriate amounts of 

two> solvents of different dijlectric .constants. The latter 

method is better as the "nature'' af interaction between 

solute and salvent remains the sa'nc vdiereas in the former 

it differs- due to the difference in nature of solvents. So, 

we. have varied the dielectric cô nstant of the medium by 

varying the compositions of the mixtures of CH^CN and CCl, 

to eliminate the contribution Q.f varying degrees of solute 

solvent interaction)j the alectrical conductivity increases^ 

probably due to the increase in the degree of dissociation 

Qif the complex (and hence incroase in the nuDibcr of charge 

Carriers.) and the increase in the mobilitios of the charge 
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Effect of. .Die lec t r i c Constant on the E l e c t r i c a l 

Conduct iv i ty of Acetone-Iodine Systeii a t 25 C 

Solvent : -. Acetouit i ' i - ie -i- Carbon t e t r a c h l o r i d e 

Con.centration of Iodine Solircion =: 0»01 M 

Concent ra t ion of Acetone So lu t ion^ 0.01 M, 

Volvaae of 
Acetone 
So lu t ion 

(ml) 

0 .0 

0 .5 

UO 

1.5 

2 .0 

2.5 

3.0 

A-.OC 

5.0 

6 it * 

Volupie oiS Conduct ivi ty^ x 10^ Mhos 
Iod ine | 
So lu t i on p 36 .7 I C=- 30 | ^ = 25 | G= 15 

5.0 

/+.5 

/4,0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.00 

0 .5 

0 . 0 

1.25 

1./|0 

1.51 

1.54 

1.49 

1.39 

1.20 

1.00 

0.77 

O.ii-8 

0»25 

0,5?-

0 .63 

0.69 

0.71 

0.69 

0.65 

0.59 

* * 

0. 

0, 

0. 

0. 

53 

k-^ 

33 

20 

0,24 

0.29 

0.30 

0.31 

0.29 

0.28 

0,26 

0.23 

0.18 

0, ]L\. 

Resistance 

of the 

olution 

was too 

high 

(>10^ O-hm) 

0»09 * - ; > -

-̂ Er ror Li iai t : ,-1-, 0 . 0 1 ; ** Ex t r apo l a t ed Value, 



'^ 

<r 

o 
sz 
E 
o 
X 

b 

0.0 1-0 2-0 3-0 4-0 
Volume of iodine solution, ml .— 

5-0 

Fig. I I I . 3. Effect of Die lec t r i c Constant of the Media 
on the E l e c t r i c a l Conductivity of Acetone-I^ 

(Isomolar) System at 25 °C. Conc, = 0 . 0 1 i,;, 
1 £ = 36-7i 2 £= JO' -̂ ^ * 2 ^ ' 
solvent : : Ace ton i t r i l e + Carbon Tetrachloride 
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Carriers. These results aî e in harmony vath our earMer 

findings, where it has. been sho?/Q that the rate of electron 

transfer in EDA complGxes: is enhanced "by solvent polarity 

(ref. Sy?,^?), A general trend of decrease in electrical 

conductivity with decrease in the dielectric constant of 

the media has been observed in all the cases we, have studied* 

It has been mentioned earlier that the conductivity of 

arny solution depends Qin the number of charge carriers., the 

charge on the charge carriers and on the mobilities of 

charge, carriers. In the present case (i. e,, trans.fO'rmation 

Off Q'Uter complex into inner complex) the number of charge, 

c;:arrier& depend on the concentration of the complex and ôn 

the degree o.f dissGciation of the complex (assuming the 

charge of the ion as ô ne). As the concentrations of each 

of the donor as well as acceptor, are increased from 0,005 M 

to 0*02 K the electrical conductivities (at the peak) 

increase, from 0.95 s 1 0 ^ Mho. to 3,Z3 x 10'"'̂  KUo. at £5 °'Ĝ  

(Tab^e. Ill, 3 and Fig, III. Ẑ.) • This increase in conducti­

vity with the increase in concentration of the donor/accep-

tar is probably due to an increase in number of charge 

carriers, 

The conductivity depends on the mobility of the charge 

carriers in addition to the number of charge carriers, 

When the temperature of the s.olution is incrcasedj the 
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Effest of Concentrsitioii on the Electrical 

Conductivity ox Acetono-I^ System at 25 C 

Solvent :: Acetonitrile 

Volume of 

Acetone 

Solution 

(wl) 

0.0 

0*5 

! , 0 

U 5 

2»0 

2*5 

^•0 

5»0 

f Volume o 

Iod ine 

So lu t i on 

(lal) . 

5,0 

ii-.'^ V 

4,0 

3*5 

3»o 

H.5 

Z*0 

1.5 

uo 

0«0 

k 
Conduct iv i ty x 10 ' MHo 

0 .83 

0*87 

0»9t 

0*91 

0.80 

0.71 

0,62 

O.i+6 

0,30 

0»01 M 

1.25 

1 . A-0 

1*51 

1.39 

1.20 

1.00 

0.77 

O./48 

0.02 M 

2.86 

3.03 

3.17 

3.23 

3.04 

2.67 

2 .35 

1.B9 

1.35 

0*77 

0,10 *«• 0 .25 
*^r 

0,36 
JJ* 

^ Eirror Liiait ^ ± 0 , 0 1 ; '* Ex t r apo l a t ed Value, 
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Fig. I I I . 4. Effect of Concentration on the Electrical 
Conductivity of Acetone-Ig (Isomolar) 
System at 25 S. 

Solvent : : Acetonitri le. 
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number of charge, c a r r i e r s (due to the d i s sac ia t ion of the 

complex intO' free componenta.) and the mo "bill t i e s of the 

charge Carriers, w i l l be affected. In the present case ( i . e . 

in trans.formation of outer complex to inner complex) when 

the temperature of the system i s lucreaSied, the equilibrium 

constant for the formation of complex deereaaea,, i » e , the 

aiBOunt o>f complex formed wi l l be l e s s and hence the number 

O'f ions, formed (from the complex) w i l l be less- ( i , e» j the. 

niimber o<f charge c a r r i e r s i s reduced), HQ\̂ rever5 the mobi-* 

l i t y of the charge c a r r i e r s increases ¥/ith temperature 

(ass.uffiing the solvat ion number and hence the s ize of the 

solvated ions do not change with temperature v/h±ch may not 

be t rue alwaya), So, the conductivity of the solut ion can 

increas.e or decrease dep.ending upon which factor wi l l be 

more predominant (as the temiperature i e increased)* In 

ace.tone-iodine, we have observed an increase in conductance 

with increase i n temperature (Table I I I , L^. and Fig,. 111,5).-

So i t ap.pears i n the present case., increas.e in the mobility 

O'f the charge c a r r i e r s i s more responsible for the increase 

i n ionductance* 

The e l e c t r i c a l co-nductivities of iso-molar soliitions. 

o.f methy|. ethyl ketone-j,.,, i^o-butyl methyl ketone-?,, dimethyl 

sulphoxide-iodine complexes were also determined, at diffe­

rent temperatures .(2.5, 30^ 35 and kO C), at different 



0.0 1.0 2-0 3-0 4,0 5-0 
Volume of iodine solution, ml. — > 

Fig, I I I . 5 . Effect of Temperature on the E l e c t r i c a l 
Conductivity, of Acetone-l2 (Isomolar) System, 

Solvent : : Ace ton i t r i l e . CO^c: oolM 

1. 25 °C; 2. 30 "C; 3. 35 "C; 4. ^0 "C. 
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Tab]Le,,,.JII_._..ii: 

Effec t of TenipeHature on the E l e c t r i c a l Cbnductl'yiio'' 

of Acetone^Iodino System 

Solvent : : A c e t o n i t r i l o 

Concn. of Iod ine So lu t ion = 0,01 M 

Concn» of Acetone S o l u t i o n - 0,01 M 

Volume of 
Acetone 
So lu t ion 

0»0 

UO 

1.5 

2.0 

2*5 

3*0 

3.5 

4.0 

iu5 

5.0 

Volume of 
Iod ine 
So lu t i on 

5.0 

4 .5 

4.0 

3.0 

2.5 

2,0 

1.5 

1.0 

0.5-

0,0 

Conduct iv i ty x 10^ Mhos 

1.25 

1.40 

1.51 

1.54 

1.49 

1.39 

.1,20 

1.00 

0,77 

0.48 

0 .25 ' 

U 3 3 

1.47 

1.58 

1.64 

1.61 

1.49 

1.35 

1.18 

0.87 

0.59 

0.35' 
* i t 

U5k 

1.70 

1.79 

1,82 

1.72 

1.61 

1.47 

1.26 

0.91 

0,65 

0.39' 
• K - * 

1.72 

1.85 

1.96 

2.00 

1.92 

1.79 

1.59 

1.31 

1.00 

0,69 

0.43 ' 
Vr-ii 

* Error Limit : i O.Ot; ** Ex t r apo l a t ed Value, 
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concentrations and in different dielectric media. But for 

the sake of brevity the data at only one tecperature and 

Q-ne concentration are reported in Table III.I, It can be 

seen from the Table III, 1 and Fig. III. 2 that methyl 

ethyl ketonej lso>̂ butyl methyl ketô ne, diriethylsulphoxide 

also form ̂ 2:3 complexes with iodine in acetonitrile, 

(However, in spectroscopic studies non-polar solvents have 

been used and the stoichiometriea are reported to be 1:1), 

The electrical conductivities of methyl ethyl ketone-3 

isQ^butyl methyl ketone-, dimethyl sulphoxide-iodine comp­

lexes at 25 G for maximum deviation are 1,6if x 10""̂ ^ 

1.85 X 10"^ and 1,69 x 10"^ Mho respectively (cone. : 0.01M). 

The equilibriui:i constants and the other thermodynamic 

p̂ ramfiters skow that the stabilities of the complexes vary 

in the order DMSO-Ip y isorbutyl methyl ketone-!„ N methyl 

ethyl ketone—Ip^ acetone-Io in cyclohexane and the elec­

trical conductivity of these complexes vary in the same 

order (except DMSO-Ip)', However, one oust be cautious 

before commenting on the stability of the coŝ iplexes solely 

depending on the alight difference in the electrical condu­

ctivities of the solutions. It can be recalled that the 

equilibrium constant of formation of the complex depends 

on the nature of solvent, (Moreover, the enthalpy values 

reported in the literature do not have any such trend), 
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So i t i s not possible to compare contuct iv i ty data wltli that 

of thermodynamic data (which are obtained under different 

conditions) • 

Dimethyl sulphoxide forms an cuter complex v»'ith iodine 

and under favourable condit ions, the ovter complex formed 

i s transformed into inner complex] *"' ( jus t l i ke in the 

Case of acetone-iodine comiplex). I t i s expected tha t the 

non-bonding e lec t ron of s.ulphur/oxygen wil l bo taking par t 

m the complexes. Klaboe ct a l have reported tha t in 

DMSO-Ip and acetone-Ips the sh i f t i n IE frequency are 

^(G=S) =• 50-60 cm"''' and Al) (C=0) =. 15-50 cm"'', i . e . , 

i n both case the /Xi)^ ( tha t i s , sh i f t in VQ_q and 2^c^) 

are nearly the same. So o-ur present conductivity data ga 
pq 

m p a r a l l e l v/ith those of Klaboe et al,-'^ who has come to 

s imi lar conclusion from the IR s.tudics of DMSO-Ip and 

acetone-Ip complexes (but the medj-um was different) 

ind ica t ing tha t tMese complexes are probably of nearly the 

same s t rength . Moreover, the enthalpy values for both the 

complexes are also equal (-15*5 kJ/mole) , cvermiough the 

equilibrium constants are quite different,-^'-^ 
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III, 3(ii) IODINE COMPLEXES OF TRIPHENYL PHOSPHINE. 

TRIPHENYL ARSINE AND TPvIPHSNYL STIBENE: 

The conductance measurements of iodine complexes 

o.f triphenyl phosphinEj triphenyl arsine and triphenyl 

atibene at different concentrations (0»027 0,01 and 0,005M) 

were carried out in acetonitrile and acetonitrile-carbon 

tetrachloride laixturea (dielectric constants of 36t?, 30? 

25 and 15) and at different temperatures (25, 30, 35 and î 0̂ , 

For the sake af brevityj as in earlier cases, the conduc­

tance data at one temperature and one concentration (0,01 M) 

are reported in Table 111,5 and Fig, 111,6, Triphenyl 

phos-phine-iodine and triphenyl arsine-xadine systems have 

the conductance maxima at •'>̂ 2:3 (lit, 1:1)^ stoichiometry 

whereas triphenyl stibene-iodine has conductance maximum at 

ifŝltif stoichiometry, (The difference in stoicliionietry of 

the complex may be due to solvent effect). 

At 25 ̂ C, the electrical conductivities (at the maxiraim 

point;, i.e. at the approximate stoichiometry) of ro^P-Ip^ 

pv^&s-^^ ^^'^ -̂̂ Sb-Ig complexes were 11,11 x 10~^, 7. H x 

10"^ and 5»'̂ 1 X 10"^ Mho • respectively (cone, : 0,01 M), 

i,e,5 the electrical conductivities vary in the order 

^^P~I \ d^-ASr-l^y di^-Sb-I^* It wiHl be interesting to 

note that the stabilities (i.e,, enthalpies)of these 

complexes vary in the reversa order, i,e, ^^P-Ip "s, (p̂ rAs-Î  
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The E l e c t r i c a l Conduct iv i ty Data ol Iodine 

Coraplexes of Triphen5''l phosphiue , Tr iphenyl 

Ars ine and Tr iphenyl S t ibene a t Z.5 '̂ C 

Solvent : : A c e t o n i t r i l e 

Concent ra t ion of Iodine Sola , : 0,01 Î i 

Concent ra t ion of 6^P/(^,As/(jb^SL : 0,01 

Volune of Volunie of 
4 P / 0 ^ A S / Iodine 

<^^Sb So i n . So lu t ion fj'-l 

0*0 

0 .5 

UO 

U5 

2*0 

3*0 

i|.0 

5»0( 

(ml) 

Gonductivit'-/ 10 • i-rios 

<P ,Sb-.I„ 
3 ci 

5,0 

i[-.5 

i!.0 

3,5 

3.0 

2.5 

2*0 

U5 

1.0 

0.5 

0.0 

1.25 

4.55 

7.41 

9.09 

11.11 

9.52 

8.00 

5.88 

4.17 

2.2-7 

1.0 

1,25 

3*57 

5.88 

6.67 

7.14 

6,ii5 

P.ou 

5.00 

^!.00 

2»t3 

0 .85 ' 

1.25 

3.51 

5.41 

A.17 

3.70 

3.33 

3 .03 

2 .63 

2.08 

1.25 

0.50 ^ ̂  

* Er ro r Limit : : + ,0 .01 •*'•* Extrapolated Value, 



0-0 1-0 2-0 3.0 4-0 5.0 
Volume of iodine solution, ml. > 

Fig. Ill, 6. Variation Oif Electrical Conductivity of 

(Isomolar). Systems in Acetinitrile at 25 C, 
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,,Sb-I i^ These data shov; that as the stability of the 

Gowplexes increase the rate oT transforriatj on of oUter to 

inner complexes decreases and due to the decrease in number 

O'f charge carriers, the electrical conductivity decreases. 

So our present electrical conductivity data are (in confor­

mity \vith the expectation) as anticipated. For the sake 

of brevity, the effect of concentration, temperature and 

dielectric constant of media on iodine complexes of ^^P-

are given in Table III, 6 (Fig, III. 6; III. ? and III. 8), 

Triphenyl .arsine and triphenyl stibene behave in similar 

way. The conductivities increase vidth increase in concen­

tration (due to increase in the number of charge carriers), 

increase with increase in temperature (due to increase in 

mobility of charge carriers and also partly due to increase 

in dissociation rate), and decrease mth decreaa.e in dielec­

tric constant of the medium (due to decrease in BIObilities) 

as in the case of Ketones-Ip complexes. However, in the 

case of ©vAs the stoichiometry of the complex changes from 

2:3 to 1:if as the dielectric constant of the media changes 

from 36,7 to 15 (Table III, 6d and Fig. III. 9. /"Similar 

unusual observations were made (in our laboratory) in the 

case of pyridine-iodine and picolines-iodine__7» It was 

difficult to obtain reliable value o-f conductivity data and 

hence the stoichiometry of the complex in ,low dielectric 

file:///vith
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Effect of Concentration on the, El-ectr: cal 

Conductivity of Tripliei\yl phospnins-Iodine 

Temp. : 25 G Solvent : Acotonitri3-e 

Volujae of 

Solution 
(^nl) 

0.0 

0.5 

uo 

U5 

2.0 

2.5 

5,0 

3.5 

^•0 

^•5 

5.0 

VoluMe of 
Iodine 
Solution 

(ml) 

5.0 

4.5 

4.0 

3»5 

3.0 

2.5 

2,0 

1.5 

1.0 

0 .5 

0*0 

u Conductivity s 10 '' Mhos 

0.83 

2.56 

4.17 

5.13 

6,06 

5.71 

5.26 

^ .17 

2.94 

1.54 

o . i o ' 
• } f * 

U25 

4.55 

7.41 

9.09 

11.11 

9.52 

O.OO 

5.88 

4.1? 

2.27 

uoo* 

0.02 M 

2.06 

7.14 

11.76 

13.33 

14.29 

13.33 

11.76 

10.53 

8.00 

4.76 

U90' 
4f * 

* Error Limit + .0 .01; ** Extrapolated Va3.ue. 
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Tabi ,e„_III^^ib 

Effect of Temperature on tae E l e c t r i c a l 

Conductivity of Tripiienyl phospliine-Iodine 

Systeu in. Ace toni t r i l e Solvent 

Concentration of Iodine Solution =: 0,01 M 

Concentration, of rf?^P Solution = 0,01 M 

Voluiae of 

Solution 

Voluiue of 
Iddine 
So ;|.utlon 

(ml) 

0»0 

0 ,> 

uo 

?-»0 

2,5 

^ 0 

3.5 

5*0 

5*0 

5.0 

if. 5 

3.5 

3.0 

2.5 

2»o 

1.5 

1.0 

0.5 

0.0 

10 '• Mhos 

1,25 

^.55 

7.A-1 

9.09 

11.11 

9.52 

a^oo 

5.88 

A^.17 

2*2? 

1.00 
* • ! < • 

U33 

5.56 

8.33 

10,20 

1U76 

10.52 

Be 69 

6,67 

5.26 

2*98 

U40 

U3k 

5.80 

9.09 

10.87 

12.35 

10»98 

9.50 

7.̂ 1-1 

5.kO 

.3.51 

1.70" 
• » • * 

1.72 

6.67 

10.00 

11.36 

12.32 

11.63 

10,00 

8.00 

5.SQ 

3.85 

a»2o 

*• Error Linit :: +.0,01; ** Extrapolated Value, 
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Effect of D i e l e c t r i c ! Constant on the E l e c t r i c a l 

Conduct iv i ty of Tr iphenyl phosphine- Iod ine 

System a t 25 °C 

Solvent . : : A c e t o n i t r i l e - C a r b o n t e t r a c h l o r i d e 

Concent ra t ion of lo^dine S o l u t i o n : : 0»01 M» 

Concenfcration of i-^P So lu t i on : : 0»0I M, 

Volume of 

p^P 
Solution 

(ml) 

Conductivity x }0^ MhO'S* 

^ = 36.7 £^ 30 € - 2 5 k : = 15 

0*0 

Q-.5 

1.0 

U 5 

Z,0 

2 .5 

3.0 

3.5 

^*0 

4.5 

5,0 

* Er ror 

5.0 

4*5 

4*0 

3 .5 

3*0 

2^5 

2,0 

1i.5 

1,0 

0 ,5 

0 .0 

Limit 

1.25 

7*41 

9»09 

11.11 

9 .52 

8.00 

5.8a 

2.27 

uoo * * 

0.52 

1,72 

2,78 

3,.6Zf 

4.35 

3.85 

3.23 

2,56 

2,13 

U67 

0,90' -X--S-

0.24 

1*43 

2.25 

2*78 

2*94 

2.78 

2*38 

U92 

1.52 

1.28 

0.75' 
•Jf-Sf 

0.15 

0.30 

0*45 

0 ,53 

0.56 

0 .54 

0 .53 

0*48 

0*36 

O..24 

0 .05 

i 0,01 ; **• Ex t r apo la t ed Value 
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T qble JIX,.. Ad 

E f l e c t of Diej-octr ic Conatr;art on the E l e c t r i c a l 

Conductivity' oT Triplienyl a r s i n e ~ I o J i n e System 

a t 25 °C 

Solvent : : Acet ioni t r i le -Carbon t e t r a c h l o r i d e 

Concent ra t ion of Iodine So lu t i on : : 0,01 M» 

Concent ra t ion of ®-,As So lu t i on : : 0,01 M, 

Volujfie of pVolune of 
O-zkB l lodine 

Conduct iv i ty 10 ' iihos 

So lu t i on 

0 .0 

0*5 

1.5 

2.0 

2.5 

5.0 

3.5 

/+.0 

5.0v' 

Solution I ^ = 36.7 I G = 30 | ^ = 25 | .^ =: 15 
(ral) I I I 

5.0 

4 .5 

:̂-.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0,5 

o»o 

1.25 

3.57 

5.88 

6.67 

7.tiF 

6.i]-5 

5.88 

5.00 

4.00 

2.13 

0^,52 

2.38 

3.51 

4.00 

3.70 

3.33 

2 ,94 

2,13 

1.41 

0.65* 

0.24 

2*00 

2.94 

3.70 

3.22 

2. 78 

2.27 

1.35 

1.41 

1.00 

0 . 4 5 ' 

0.15 

0,51 

0.83 

0 .74 

0 . QJ 

0.57 

0,51 

O.AO 

0.27 

0.16 

0 . 0 5 ' 

* * 

* Error Liuit :: +'0,01; ** Extra-oolated Value. 
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in 
o 

SI 

E 
<r O 

X 

b 

1-0 2.0 3.0 A.O 5.0 
Volume of iodine solution ml > 

Fig. i n . 7. Effect of Concentration on the Electr ical 
Conductivity of ^^-1^ System (Isomolar) 
a t 25 °C. 

Solvent : : Acetonitri le. 
1, 0.02 ; 2. 0.01 M; 3* 0.005 M. 



0-0 1-0 2-0 3-0 4-0 
Volume of iodine solution, ml.— 

(jjjp-ig 
Fig* III, &• Effect of Dielectric Constant o-f the Media 

on the El.ectrical Conductivity of 

System at Z5 °C. Cô uc: o-oi'^ 

Solvent : Acetonitrile + Carbon Tetrachloride 

1. £ =̂^ 36.7; 2, £ = 30 

3. £ = 25; 4* 6 = 15 



0.0 1.0 2.0 3.0 40 5.0 
Volume of iodine solution, ml . > 

Fig, I I I , 9, Effect of Die lec t r i c Constant of the Media (Hom 
on the E l e c t r i c a l Conductivity of 0,A.B-l2 
System a t 25 °C. Cone :. O'OiM 

Solvent : Ace ton i t r i l e + Carbon Tetrachloride 

U e = 36,7; 2. € = 30; 
3. £ = 25; k* e = 15. 

I far) 
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media, as the conductivities vere very low. As the polarity 

of the medium, is decreased, the amount of iodine in the 

complex has increased, (Similar Oibservations have "been 

1 5 
r e p o r t e d by Sahai e t a l for t r i p h e n y l p h o s p h i n e - i o d i n e j but 

t h e i r r e s u l t s could not be reproduced i n our l a b o r a t o r y ) , 

This unexpected o b s e r v a t i o n ( fo r (p-^ks^lp) cannot be. 

exp la ined va th the e x i s t i n g model. One p o - s s i b i l i t y i s t h a t , 

a t r easonab ly low p e r m i t t i v i t y j , t he complex which e x i s t s as. 

07AS I " might have combined \ro.th f ree i o d i n e p r e s e n t i n 

the s o l u t i o n and thus the i d d l n e con ten t i n the complex 

might have been inc±eas.ed, 

I I I . 3 ( i i i ) rODCTE COMPLEXES OF METHMOL. ETHANOL JfflD 

n-PROPAFOL; 

The conductance meas-urements of t h e - iodine comp­

l exes of methanol , e thano l and n -p ropano l were c a r r i e d o u t 

a t d i f f e r e n t co^ncentrat iona ( 0 . 0 2 ; 0,01 and 0,^005 M) a t 

d i f f e r e n t t empera tu res (E^j 30^ 35 and ifO °C) an.d i n d i f f e ­

r e n t e i e l e c t r i c media (3S»?3 30, 25 and 15) . For t h e sske 

of b r e v i t y the conductance da ta a t one tempera ture and one 

c o n c e n t r a t i o n are s a t out i n Table I I I , 7 (F ig . I I I . TO). 

Al l these complexes have the conductance maximuiii a t ' 2 : 3 

( l i t . 1: Ti)^Etoichiometry, At 25 ^C, the e l e c t r i c a l conduct i ­

v i t i e s ( a t the s to i ch iome t ry ) o-f MeOH-I^s EtOH-Ip and 
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The S lec t r i caJ - ConduciJJ.vity Data o:" Iod ine Complexes 

of Methanol, Etba^'^ol and n-Propanol in. A c e t o n i t r i l e 

Teiap» : a5 °C; Concent ra t ion of Iod ine : 0.01 M. 

Concent ra t ion of n-Alcohols : 0»01 M, 

iil6 o f VollffilG VoluiT 

n-Alcohol 

•Solution 

_^(^1) _ , 

0.0 

0.5. 

1.0 

l.,5 

2.0 

2.5 

3.0 

3.5 

4.5 

5.0 

L 
5.0 

4 .5 

4»0 

3*5 

3»0 

2.5 

2.0 

1 . ^ 

1.0 

0.5 

0.0 

Conduct iv i ty x 10 4 , ̂ ho 
* 

0 
Me0H».I, EtOFi-I 

1.25 

1.30 

1.39 

1.41 

U35 

1.25 

1.10 

0.91 

0 .74 

0.48 

0.25'' '* 

1.25 

1.41 

1.49 

1.54 

1.47 

1.39 

1..19 

1..00 

0»80 

0.51 

0 . 3 l ' 

n-PrOH-I, 

U25 

1.47 

1.54 

1.56 

1.50 

1.42 

1.23 

1.05 

0 .87 

0,5-7 

0.40 
•!:-• -X-

* Er ror Lirait 0.01; ** Extrapolated Value. 
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sz 
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<r O 
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0.0 1-0 2-0 3.0 4.0 5.0 
Volume of iodine solutionjinl.——^ 

Fig, I I I , 10, Variat ion of E l e c t r i c a l Conductivity of 
n-Alcohols-Ig Systems a t 25 *^Ci[Isomolar). 

Solvent : : Ace ton i t r i l e , Coni-; O'oiM 

1. MeOH-l2; 3. EtOH-Ig; 3. Jl-PrOH-l2. 
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rtr-P̂ ÔH-I (of 0»01 M concentration) complexes awere 1»If1 x 

10~^ 5 1,54 3c 10"*̂  and U56 x 10"^ respectively. The effect 

of concentrationj temperature and dielectric media on iodine 

complexes of MeOH are summarized in Tabloa III» 8 and Figs, 

III. 1<|. The electrical conductivities of the solutions 

increase (O.lll x 10"'̂  to 3,51 x 10""̂  Mhos) with increase in 

concentration (0*005 H to O.Oa M) and this is what has been 

expected* Aa the concentration of the alcohols increases, 

the conce^ntration of the complexes incroaaes, and due to 

ionization (of more complexes) the number ôf charge carriers 

increase, which in turn increases the electrical conductivity 

of the solutions, Hera it should be noted that as the 

temperature of the aysfem increases the interaction between 

alcohol molecules (i, e,, hydrogen bondings-polymers) 

decreases;^ So the nature of interaction between alcohols'-

Ip may change with an increase in temperature. The increase 

in temperature causes an increase in conductivity (due to 

increase in mobility as well as increase in the nature of 

charge carriers). However, it is not possible to say which 

factor is more predominant. The decrease in electrical 

conductivity of iodine-NcDH with the decrease in diolectiic 

Constanta muat be duo to the decrease in the mobility of the 

charge carriera as well as due to the forrnation ôf leaser 

number of "free" ions (in low dielectric media). The 
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T9b,le. .„IIX^,0^. 

Ef:!̂ GC"l of Cancertra'l'-ion on t l .s T i l e c t r i c a l 

Conduct iv i ty oi' IIeOH~Ip Sj'Sten a t 23 C 

Solvent : ; Acotoniti-:lle 

Solution 

(ml) 

Volurie of I Volume of 

Methanol i Iodine 

I, ^ 

Conduct iv i ty x 10 '' Mhos 
•i-t« laimji-^m 

QiQ-

0,5 

1.0 

3.0 

L-,0 

•'4*5 

5*0 

So lu t ion 

(ml) 

-5.0-

4 .5 

i f .O 

3.5 

3.0 

2.5 

2*0 

U 5 

1*0 

0 .5 

0*0 

0.005 N 

Q.'83 

0.95 

t . 0 5 

un 
1.0 

0.91 

0,80 

0»65 

0.43 

0^32 

0.10 

0.01 M 

1,25 

1.30 

1.39 

1.̂ 1-1 

1.35 

1,28 

1.10 

0.91 

0.7/1-

0,i!.8 
-X- -i^ 

0.25 

0 .02 M 

2.86 

3 .23 

3.45 

3.51 

3.28 

2,86 

2 .53 

2.00 

1.41 

0.80 

0.30 * * 

* fcrror Limit + 0 . 0 1 ; Eii t ropola ted Value, 
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T a i a e _ J I L . . J : b 

E f f e c t of Temperature on the E l e c t r i c a l 

Conduct iv i ty of Methano'l-Iodine System 

So'lvent : : Ace to -n i t r i l e 

Concent ra t ion of Iod ine So lu t ion : 0»01 M 

Concentratio.n o.f MeOK So lu t ion : 0,01- M 

Voilmae of i Voluffi© of 
Hatlianol I lodi'.ne 
So lu t i on I So lu t i on 

(ml)' I fralj 

/i * -

Conduct iv i ty x TO"' Mhos 

0»0; 

0.5' 

UO 

3*0 

^*o 

5^0 

%0 

4.0 

3»5 

3.0 

2 .5 

2.0 

1-5 

UO 

0*5 

0,0 

1..25 

1»30 

U39 

n 3 3 

U28. 

!!• 10 

0.9t 

0»?4 

0*l|S 

0,23' -* -"-

T.33 

T.45 

I* 49 

U54 

U52 

1..35 

1.18 

U02 

0»83 

0,36 

0*33' 
« • * 

1i»34 

T.64 

1.69 

1.72 

1*59 

t»30 

1..35 

1i»12 

0.91-

0 ,63 

o *ki 
« • » . 

1.72 

1.85 

1.89 

1.96 

1.&2 

1.72 

1.36 

1.29 

1.1a 

0»69 

0.45'' 
• H - * 

*" Erro:r Idrait : : + ; 0 « 0 1 ; **' E x t r a p o l a t e d Value* 
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Volume of 
Mathano.'! 
SOilntion 

(mi) 

E f f ec t of D i e l e c t r i c Ooristaiit ou the 

E l e c t r i c a l Conduct iv i ty of Methanol— 

Iod ine System a t 25 °C 

Solvent : : A c e t o n i t r i l e - C a r b o n t e t r a c h l o r i d e 

CoMcerttration of Iod ine So lu t ion : : 0,01 I"I 

ConeeEttratlo.il of Methanol S o l u t i o n t: 0,01 M 

Conduct iv i ty x 10^ Mhos Volume of 

Iodine ' 

S o l u t i o n 

(imiy 
£=^ 36»? ^ =:: 30' 

0.0 

o.»5 

uo 
1»5 

2.0. 

2.5 

3»o 

k*0 

5.0 

5.0 

3»5 

3»0 

2 .5 

2 .0 

1:.5 

1.0 

0 . 5 

0,0 

t . 2 5 

1.30 

1.39 

t.^j-l. 

U 3 5 

T.28 

U 1:0 

0 .91 

0.7ii. 

0.48 

0.25 * » 

0.52 

0»57 

0*63 

0 .67 

0*63 

0.59 

0 .54 

0.46 

0 .36 

0 .24 

O.Ts'' 

0 .24 

0 ,28. Re s t i s t anc e 

0.30 O'f thh. 

0*32 the 

0.31 s o l u t i o n 

0.29 was 

0.26 too. 

0 .22 high 

o.t? C> 10^ mm) 

0e12 

0.06 

*• Erro.r Idral t : : i.. 0 . 0 1 ; *•* E x t r a p o l a t e d Value . 

http://ConeeEttratlo.il
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S2.0 
E 

-^ 
o 
X 

b 

0.0 1-0 2-0 3.0 4.0 5-0 
Volume of iodine solution,ml.—> 

Fig. I l l , 11a. Effect of Concentration on the E l e c t r i c a l 
Conductivity of Methanol-Iodine System 
(iBomolar) a t 25 °C. 

Solvent •: Ace ton i t r i l e . 

1. 0.005 M; 2. 0.01 M; 3 . 0.02 M. 



/̂  1-0 

o 

NT. 
O 

X 

b 

0-0 UO 2.0 3.0 4.0 

Volume of iodine solut ion, ml . 

Hig,. I l l , 1Tb, Effect of Die lec t r i c Constant on the 
E l e c t r i c a l Conductivity of MeOH-Ip 
(Isomolar) System a t 25 °C, COTIC. = O-OIM. 

Solvent : Ace ton i t r i l e + Carbon Tetrachloride, 

1. € = 36.7; 2. e = 3 0 ; 3. 6 =-25. 
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stability oi these coiaplexes vary in the order n-PrOB.-!^ 

EtOF-Ip\ MGOH~Ipj and the •electrical conductiTity vary in 

the same order. As mentioned earlierj it is not easy to 

interpret these conductivity data In terms oT 'simple"̂  

stability data alone* 

From these observations, v/e feel that conductometric 

titration (where the auter complex is transformed into inner 

complex which ia assisted by the environmental cooperation) 

method can be conveniently uaed to determine the stoichio— 

metry of the complex formed in polar media* However, if 

more than one type of complexes are formed, or if inter­

action between aolute and solvent is considerable, then one 

has to be cautious in establishing the stoichiometry of the 

complex by this method. Moreover, if interaction between 

the moleculea is v;esJc, or if the permittivity of the medium 

is low, then this cojiductivity method will be of little 

help to determine the stoichiometry of the complexes in 

solution, 
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CHAPTER IV 

yiSGOMETRY IN THE STUDI DF 

MOLECULAR. OQMPLEXES * 

IV» U rNTRODUCTIOW 

There has. been an. in creasing interest in the study 

of molecular complexes. The most common technique used in 

the atudy of molecular complexes is absorption spectroscopy 

in the visible and ultraviolet regions of the electromagnetic 

spectrum, as.- absorption spectra in these regions arise from 

electronic transitions in the molecules^ modified by the 

vibrations of the molecules;* -̂  However, this; technique can 

be hardly used v/hen there ia only slight perturbation of .the 

donor or acceptor band due to. weak interaction between donor 

and acceptor. In such cases it is not only difficult to get 

ai correct sloachiametry o-f the complex form'edj but also to 

ge± an a.ccur:at.e value o-f K and £ of the we.ak complexes by 

*• A papar based on this work appeared in the Pro.ce.e.dings of 

the Indian Academy 0:f Sciences., (Chem, Sci.) .9,̂ . 1A-7C1985). 
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the conventional spectral method alone. So in order to 

suppllment the spectral nethoda a number of different e.xperi-

mental procedures have been suggested to investigate the 

interaction betv/een electron doners and electron acceptors 

with or without a third component. All the methods available 

to) study the molecular structure and the nature of chemical 

bond also apply to molecular complexes.. However, in spite 

of the fact that, in principlej the interaction between 

molecules and the CQimposition of the complex formed can be 

es-tablishiod from the study of the characteristic abrupt 

departure o£ aome physical properties from ideal behaviour, 

like dielectric constant, refractive index, optical absorp-* 

tion, sir face tension, viacosity, eto, j many o.f the methods 

are hardly used. By a care.ful selection, one may find one 

or more suitable experimental methods for the investigation • 

of all kinds of complexes. It must be emphasiẑ ed, however, 

that a Careful consideration is neceasary as to whether the 

effects of complex formation are quantitatively reflected in 

th^ measured property, To' choose an adequate method is a-

pre-requisite for obtaining reliable equilibrium constants, 

Recently J Bhat and coworkers "̂  uae,d non-spectral methods 

like surface tension, refractive index measurements, constant 

activity method etc, to study the interaction between the 

molecuHfia in aolutiona, and demonstrated their applicabilities 
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i n o b t a i n i n g the equ i l ib r ium c o n s t a n t s even i n t h e case of 

very weakly i n t e r a c t i n g systema d i r e c t l y . Although t h e 

maasurements of v a r i o u s thermo dynamic excess f unc t i ons of 

b inary s o l u t i o n s have been the aub jec t of much r e s e a r c h (from 

v i s c o s i t y measurements) t h e r e i s ha rd ly any r e p o r t on us ing 

v i s c o s i t y measurement method for t e r n a r y sys tems. -̂ -̂  I t 

vmB t h e r e f o r e f e l t worthwhile to s tudy the i n t e r a c t i o n of 

e l e c t r o n donors wi th e l e c t r o n acceptors5 i n s u i t a b l e media^ 

v i a c o m e t r i c a l l y and to o b t a i n the equ i l i b r ium cons tan t 

d i r e c t l y . The sys tems , chosen for the s t u d i e s are benzene--, 

toluene—, ^ -xy lene -ca rbon t e t r a c b l o r i d e - c y c l o h e x a n e , 

M, 2 . MATERIALS M P METHODS 

Cyclohexane, carbon t e t r a c h l o r i d e , benzene, t o luene 

and o^xylene, were p y s i f i e d by t h e s t a n d a r d procedures:^ 

Cyclohexane (IDPL B.N. QOIO3SO), Benzene S f S . D . ' s B.N. 

O7OCIOIOO7), Toluene (BDH B.R. 101/11/05101) , xo~Xvlene 

(IDPL, B,N, OOlO/f??) were p u r i f i e d by sfealdLng r e p e a t e d l y with 

about 15 p e r c e n t of t h e i r v o l u a e s of concen t ra t ed sui-phuric 

ac id i n s toppe red s e p a r a t i n g funnels u n t i l the a c i d l a y e r 

become c a l o u r l e s s (or very pa l e yellow) on s t a n d i n g . After 

each shading the xalxtur® was allowed to s e t t l e , and the 

lower l a y e r of ac id was drawn off . The upper l a y e r was 
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shaken with water for a couple of t i i ics to remove most of 

the acid, once with 10 per cent sodium carbonate so lu t ion . 

again v/ith water and f ina l ly dried oYernighu over anhydrous. 

Calcium chloride and d i s t i l l e d . All the solvents were soo.'ed 

i n t i g h t l y stoppered b o t t l e s over sodium ivire. Benzena : 

B.P. 79 ^0/662 mm ( l i t . 80 ^C/?GO mm); tolueKe : B.P. 708°C/ 

662mm ( l i t . 110 °'7760 mm); o^xylene : 1̂ 0 °C/662 mm illU 

1/f3 °'C/760 mm); cyclohaxane : 79 °C/662 mm ( l i t . 80-82 °C/ 

76o mm), 

Carbpn, t e t r ach lo r ide was puriilied and dried by follo^R,'••::; 

the procedure given in Chapter I I I , 

The dens i t i e s anid viscositieLS of pure samples and those 

of '^binary mixtures'^ of known composition (mole fractions.) 

of benzene, toluene, o.-xylene and carbon t e t r ach lo r ide in 

cyclohexane v/ere determined at 25, 30, 35 and LiQ °C (.± Oe^'^C) 

using Ostwald'a, Viacometer (No, BS/IP/SL(S); Wo, 3) and .he 

coeff ic ients of v i s c o s i t i e s were calcula ted. Similarly the 

dens i t i e s and v i s c o s i t i e s of ternary systems (of known 

compositions) of benitene-CCl, ~cyclohexanej toluene-CCl^^-

cyclahex:ane and 0;rxylena-CCl,-cyclohexane were determined^ 

The oxperiLienta were repeated a t l e a s t twice and the reaulis 

were reproducible vathin the experimental error l im i t of 

i 0,0150 mil l iC^oise . 
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The stoichdometry of the ' complex' was deteriained by 

jQb*s. ' Continuous. Variat ion method, 

The noxL l i n e a r plo.t of any physical p^roperty of a 

* mixed sojlution'* agai-nst the concentration o.'f the componemtsj 

i , e , , the deviat ion from idea l hehaviour of the pure compo­

nents in ao.lu.tion, is- an imdication of the i n t e r ac t i on 

"between the twO' species-s. namely the donor D and the acceptor 

A (a f te r deducting the solvent contribution)» If one can 

a'sauma tha t the deviat ion ia- en t i r e ly due to the complex 

alone, then "tiaie de.viatio.n should be. proportio.nal to the 

concentration of the complex. Baur et a l - ^ had developed a 

procedure for. obtaisaing the equilibrium constant of a comp>-

lex by s-tudying the change i n p o l a r i z a b i l i t y of the species^ 

Howe.ver, i t i a f e l t tha t tue equilibrium constant K. can be 

Calculated by modifying the procedure of Yoshida and 

OsaViia which is.- O'f more general '^nature, 

For an equimo)lar mixture of D and A (with t o t a l concen­

t r a t i o n C)"j the maximum deviation. RS o;f any physical property, 

thait- is '^ (here y\ J fromi the add i t i v i t i e s ; can be wri t ten as.j 

where. cC is- the propor t iona l i ty constant and x i s the 

concentration of the complex. When the t o t a l concentr-atiO'D 

i s changed from C to C-* ĵ  then 

http://ao.lu.tion
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R ' S ' =̂  c<xf I V . 2 . 

t h e r e f o r e , 

RS £JCX =r k . . . , I V . 3, 

I n t h e p r e a e n t Gaae^the K i s given "by, 

K^ =: X/ /XS. - X ) 7 ^ 
^ ~ 2 

=. x V / - ( r ^ - x ' ) 7 ^ . . . . I V , Ẑ ., 
~ 2 

Combining IV, 3, and IV, i|., and rearranging, we obtainj 

r 
K = 2/k j j k (C +- CM - CC + kCMl / (C - kCM' 

. . . . IV. 5 . 

As t h e p l o t of At | xS-Biole f r a c t i o n i s not always symmetri-

cal» k i s a c t u a l l y the r a t i o of t h e a r ea under the curvas-, 

I t was p o i n t e d out by S c o t t ^ t h a t i n d i l u t e s o l u t i o n s 

evenffchough i n p r i n c i p l e , the molar , no le f r a c t i o n and raolal 

s c a l e s a re l i n e a r l y r e l a t e d to one ano the r , i n p r a c t i c e the 

r e l a t i o n s h L p a a re n o n - l i n e a r and beccuue i n c r e a s i n g l y so a s 

t h e s o l u t e c o n c e n t r a t i o n s i n c r e a s e s . So the i n c o n s i s t e n c i e s 

w i l l aarise i f exper imenta l ly determined a s s o c i a t i o n con­

s t a n t s a re e s t ima ted a s the c o n c e n t r a t i o n q u o t i e n t s . By 

follov/ing the s u g g e s t i o n s of F o s t e r ^ , and T3TO.tta?and Hanna** 

( fo r r easonab ly low value of K ) , the folloiiving r e l a t i o n s h i p 
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Was used to obtain K values: 
c 

K ?::̂  K . lOOOd /M .... IV. 6, 
X C S' S 

where K and K are the equilibrium constants in mole frac-

tion and cancentratioii units5 d is the density 01 the 

solvrent in g/ml and M is the nolecular weight of the 
Si 

s o l v e n t , 

rV» 5. RESULTS MP DISCUSSIOM 

The v i a c a s i t i e s of benzene, t o l u e n e , a.-xylene and 

carbon t e t r a c h l o r i d e i n cyclohexane were determined a t 25$ 

30, 35 and i|JD ^C and t h e s e va lue s agree m t h t h e l i t e r a t u r e 

values,. The v i s c o s i t i e s of benzene and a l k y l bensenes i n 

cyclohexane dec reasa with i n c r e a s e i n c o n c e n t r a t i o n whereas 

t h a t of carbon t e t r a c h l o r i d e i n cyclohexane i n c r e a s e s with 

c o n c e n t r a t i o n . For t h e sake of barevity, the v i s c o s i t y 

v a l u e s of t h e s e b inary sys tems, only a t 25 °C a r e l i s t e d i n 

Tablec IV» U Here i t can be noted t h a t benzene and a l k y l 

benzenes, s r e e l e c t r o n donors whereas carbon t e t r a c h l o r i d e 

i s an e l e c t r o n a c c e p t o r . There fore , t he i n t e r a c t i o n betvi/een 

b e n z e n e / a l k y l benzenes and cyclohexane a re of d i f f e r e n t 

n a t u r e . The v i s c o s i t i e s of a l l the mix tu res s t u d i e d a re 

lower than the expected v a l u e s (Table IV, 2 )^ i , e , j 
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Viscasi ty Data and Gmmberg .and Nissan Paraiiieters (<?) 

for Benaeme-, Toluene-Cyclohexane Binary System a!t 25°'c 

( i ) Benz.ene>-Cvclolaexane Binary System 

Mole f rac­
t ion of 
Benzene 

0.0 

0.1 

0.2 

0 .5 

O.If 

0*5 

0.6 

0.7 

0,8 

0.9 

1.eO 

1 
Calculated 
Visco^alty 
mi l l ipo i se 

Obae-rved 
j Viscosity 

ra. poise 

T} 

^cal ' '^obs 

** 

8.039 if 

7.8110 

?»5826 

7.35^1 

7.1 a57 

6*8973 

6.6689 

6.ifZf05 

6.^1 ail 

-

8.2678 

7.if789 

6.8998 

6.5150 

6.1939 

5.9435 

5.8710 

5»76ai 

5.7507 

5.8198 

5^9837 

M « 

0,5605 

0.9112 

I..O696 

1.1.603 

1.1822 

1.0263 

0.9068 

0.6898 

0.3923 

-

-

- 0,7550 

- 0.7236 

- 0.677T 

- 0.66Zf5 

- 0.6736 

- 0.6181 

^ 0.552if 

- 0.652Zf 

- 0.3925 

— 

Erro'r Icmit +^0.01.50 

Table IV, l a contd. 
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CCii) To'luei-ie-Cvclohexane Binary System 

Hole frac-

tXQll O'f 

Toluene-

Calculated 

Viscosity 

millipois-G 

Observed 
V i s c o s i t y 

ffiillipoise 
^^obs' 

0.0 

0 , 1 

0 ,Z 

0*6 

0 ,7 

0*8 

0,9 

no 

7.998T 

7,1i89T 

6.,919ii-

6>6497 

S^ 38.00 

6.11.03 

5.8407 

8., 2678 

6>aio6 

6.338i|: 

6*0309 

5.7457 

5»6079 

3.3k^3' 

5.5342-

5.571.0 

0.5S66 - 0.7762 

0.9178 

Ul!204 

U1581 

1.0750 

0.9040 

0.7720 

0.5650 

0.3065 

- 0.7183 

~ 0.701.4 

- 0,6565 

- 0.5979 

- 0.5293 

- 0.5325 

- 0.5222 

- 0.5123 

Erro r l i m i t :•. +. 0.0T5O. 
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V i s c o s i t y Data, and Grunberg and Nissan Parajneters 

fo.r Q;-Xylene-, CCl,-Cycloliezane Binary Systems. 

a t £5 °'C 

( i ) o-Xyle3ae~Cyelo,]ae3caae System 

Moie F r a c t i o n 
of 

o.r-Xylene 

Ca lcu la t ed li Observed o A •[ = 
V i s c o s i t y |(.|^^3_- 7|^-^g) 
rflillipois 

Viscosity 
jnillipoise. 

d 

0,0 

0,1 

o,a 

0.5-

0\,k 

0,5 

0»6 

0.? 

0.& 

0^9 

1*0 

-

8.1559 

8>0if41 

7.9322 

7.»Q20k 

7.7085 

?»5966 

7 . ^48 

7.3729 

?»a6io 

«Mi' 

8.2678 

7.6911 

7.3090 

7.0598 

6.9115 

6.8375 

6.8280 

6.8.0ifO 

6. 79 TO 

6.9750 

7.1492 

— 

0.4648 

0.7351 

0,8724 

0»9090 

0,8712 

0.7686 

0.6810 

0.5821 

0,2861 

-

- 0.6419 

- 0,588.6 

- 0.5445 

~ 0.5043 

». 0.4692 

- 0.4338 

- 0.4433 

- 0.5030-

- 0.9241 

-

Error Limit = * 0,0150 Table IV, lb, contd, 
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Table IL^^Jh 

(ii) CCl^ -Cyelolp-e,2̂ 3j:i,e Syste.m 

Male Fraction 

of 

CCl, 

Calculated 

Viscosity 

millopoisG 

Observed 
Viscosity 
mollipois? 

%^1 - ^obs>l ^ 

0,0 

0,1 

0,2 

0 .5 

0,Zf 

0^5 

0.6 

0,7 

0,8 

0.9 

uo 

Error 

-

8.39¥) 

a.52D3 

8.6if65 

8.7728 

8.8991 

9.0253 

9.15T6 

9.2779 

9»i(-0Z Î 

-

l i m i t s=r +L 0, 

8). 26 78 

&.176ii. 

8.. 1890 

8.2386 

8.2720 

a.377S 

8.5583 

8.7031 

9,01/fO 

9.2791 

9.5304 

•0150. 

» » • 

0.2176 

0.3313 

0.4079 

0.5008 

0.5213 

0.4671 

0.4A35 

0.2640 

0.1250 

K * 

W » 

- 0,2817 

~ 0.2375 

- 0.2199 

- 0.2347 

- 0.2314 

- 0.2114 

- 0,2294 

- 0.1705 

- 0.1390 

-
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Excess V i s c o s i t i e s (AT? =t "^c 1 ~ ''lobs^ *̂ ^ Benzene-, 

Toluene-Cycloliexane Binary Mixtures a t Di f fe ren t 

Temperatures 

(i") Bextyie ^CTclohex;a,no--Biii"arY Svsteis 

Mole F r a c t i o n 
of 

Benzene 

^ri f n l l l i p o i s e 

Or Z3 ""C 30 °C 35 °'C ifO °C 

0,1 

0 . £ 

0«3 

O./j. 

0,5 

0 .6 

0*7 

0.8 

0 .9 

0.5605 

o.9na 
U0696 

UT603 

1.1822 

1.0265 

0.9068 

0.6898 

0 .3925 

O.i+986 

0 .7653 

0.9529 

li.0057 

1.03611-

0.9118 

0.8076 

0 .5902 

0.3821 

0.i|-3H 

0.7323 

0.8570 

0.9006 

0.9109 

0.8158 

0.7i|-10 

0.5565 

0.3680 

0.3350 

0.58.50 

0.7230 

0.7979 

0.8230 

0.76i^6 

0,6686 

0.5535 

0.349t 

Er ro r Limit =-+ 0 .0150. 

Table IV, 2a. contd , . . » 2 / -
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TaM̂ -̂ X̂V,,̂ .̂. 

(ii)' T^MM^^^JSJ^hSZ^S^-Mmi'JL^^st^^ 

Male Fraction 

of 

Toluene 

0.1 

O.Z 

.0.3 

0,h 

0.5 

O.S 

0,7 

0.8 

0,9 

millipoise 

0.5866 

0.9178 

1,1204 

1.1581 

1,0750 

0.90iii} 

0.7720 

0.5650 

0.3065 

0.5106 

0.82E7 

0,9562 

0.9732 

0.9251 

0.7921 

0.6599 

0.4391 

0.2345 

0,4758 

0.7106 

0.8175 

0.8291 

0.7755 

0.6727 

0.5370 

0.3856 

0,1962 

0.4108 

0.5915 

0,6829 

0,7030 

0,6638 

0,5923 

0.4672 

0.3316 

0.1599 

Er ro r Limit = +.0.0150, 
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Sxcess V i s c i s i t i e s ( Ai'| = '^c 1 "' ^obs-^ °^ a rXy lene - , 

CCl,-Cyclohexane Binary Mixtures a t D i f fe ren t 

Temperatures 

Mole F r a c t i o n 
of 

p^-Xylene 

/C^y) 3 m i l l i p o i s e 
•y"?Jgn»riTnyr-» 

0*1 

0.2 

0 ,3 

0*if 

0.5 

0 ,6 

0 .7 

0.8 

0.9 

0 , 4 6 ^ 

0.7351 

0.8 724 

0.9090 

0.8712 

0.7686 

0.6810 

0.5821 

0.28'61 

0.i^a79 

0.6/f71 

0.7651 

0.7879 

0.7333 

0.6832 

0,5666 

0.i).027 

0,2216 

0.3967 

0.56i^6 

0.6670 

0.6850 

0.61^96 

0.5920 

0./1.550 

0.3288 

0»1S27 

0.3230 

0 . if 8 87 

0.5694 

0.5937 

0.5144 

0.4610 

0.3651 

0,2623 

0.1417 

Error Limit ~ +.0.0150^ 

Table IV, 2b. c o n t d , . . , / • 
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Mole F r a c t i o n 

of 

CCl^ 

0 , 1 

0 . 2 

0 . 3 

0»k 

0 . 5 

0 . 6 

0 . 7 

0 ,8 

0*9 

ATJ , millipois^ 

a5 °c 

0*2050 

0 .3k59 

0»/f079 

0^5008 

0 . 5 2 1 3 

0 .^671 

0.ii./|85 

0 .2640 

0»1250 

0,1911-1 

0.28.21 

0 . 3 3 6 9 

0 .3768 

O.ii-236 

0 , 3 7 2 5 

0 .3510 

0 .2631 

0 .1029 

0 .0530 

0.11i i5 

0 . 2 8 9 2 

0 . 5 3 8 2 

0.584i|-

0 . 3 1 5 7 

0„2193 

0 . 1 5 1 2 

0 .0750 

ifO °C 

0 . 0 2 5 0 

0.07i^0 

0.1833 

0.2620 

O.3089 

0 . 2 6 3 7 

0 . 1 6 3 0 

0 .0559 

0..0288 

E r r o r L i m i t = + 0 . 0 1 5 0 . 
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E 

\viiere yi is. the oilDaeEved; v i scos i ty of the mixtures and: 

Tjj. and H-n are the vi.s-cosities^ and X. and Xg are the mole 

f rac t ions of the componants 'A and B respec t ive ly . I t can 

be sean from the talolke that the €txc©B.s v i scos i ty values 

(<!^?|t=: n^T^^ " •^cal'^ °"̂  *̂ ® binary systems,are negative 

over- the en t i r e range af eompoaition indica t ing t h a t disper­

sion forces. 3Sf& dominant as- expe.cte.d. However, a well 

(iafined maximum occurs a t X- (Cyclohexane) ::̂ - 0»5:' for 

benzene-cyclokexane whereas for to.luene-cyclohexane and 

Q>-xylene-cyclohexane i t i s at 0,6 molmract ion. These 

deviations: from • i d e a l behaviour ind ica te that there are; 

interactions between benzene/alkyl benzenes, and cyclohexane, 

17 
Here i t i s worth mentioning tha t S in^and co.w,orkers; ' have. 

demons.trated the existence of i n t e r a c t i o n between benz-ene 

and xylenes;, £~The either- approaches to describe the visco)— 

s i t y of binary mixtures are of Grunberg and Niasan.7 i » e , , 

^^^m.y. =• V ^ l i l *• V ^ ^ B * V B ^ 

where d i s proport ional to W/!RT where W being the i n t e r ­

change energy; and alao' thos.e a ) fKat t i and Chaudhui^^^ and 

Raman, e t .al, using Eyrimg coiacap.t of v i scos i ty , i , e . , 

i s the energy of vis.cous fio.w. In a l l these cases, the. 

paramater- has the same s ignif icance as given by Gu^enheimT" 

file:///viiere
http://ns.tr
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i n the treatment o.f h ia regular so lu t ion theory3 and 'd?*̂  

has been regarded as a be t t e r measure of the s t rength of 

i n t e r a c t i o n betv/een the components in sojut ion, Howeverj as 

we were i n t e r e s t e d in the study of ternary systems we have 

us-.ed the equation TV, 7 (except fo.r ca lcula t ing '• d' in 

binary systems)* Our present data go in p a r a l l e l with the 

obaervationa made by Islsam and Ibrahim, The mascLmum de.viar-

t ion i n the pikot ©f ATTJ i . a . , the differences in the calcu­

l a t e d and o.bs^Eved v iacoa i ty , a g ^ n s t the mole f ract ion O'f 

benzene i n benzene-cyelo.hexane appears.^'. 0»5 mole f ract ion 

Q';f benaene. whereas far toluene, and o>-xylene the excess 

v i scos i ty maximum appears a t 0,Ar mole f rac t ion ind ica t ing 

the piresence- o.f Z: 3 complex ('IPgble IV, 1) , Similar cbser-

vationa- were made by Larimer and Jonea, and they are ©f the 

opinion that t h i s is: due to the r e s u l t a n t o.f specif ic and 

nan-specific i n t e r a c t i o n s . In addition} as- Grunberg and 

Wisaan'a^^ parameter, dj i s also negative foa" theae syatems; 

aoj sp.ecific interactions., are an t i c ipa ted (Table IV, 1) . 

Howe¥er, the magnitudes of /^-'/laMd those of d are no,t la rge; 

these low values i n d i c a t e the weak nature o.'f i n t e r ac t i on — 

TV- 6^ "type, Aa the tempejsature increaaea the magnitude of 

.f^y] and dl decreaaesj i , e , , the ay sterna tend towar-ds idea l 

condit ion. Here i t can be reca l l ed tha t IsJ.affi- and Ibrahim^ 

from the exxsess volumes af cyclohexane and toluene have 
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come to siHiilar conclusiona. As the deviation from the 

i d e a l benaviour i s due to the i n t e r ac t i on between the tv/o 

di f ferent types oi molocLilGSj the r e l a t i v e deviation should 

be an ind ica t ion of thu- r e l a t i v e s t rength of i n t e r ac t ion 

between the molecules. From the present data ( i . e ^ j devia­

t ion from the i d e a l behaviou^O i t i s clear tha t the 

atrength of i n t e r a c t i o n between cyclohexane and alkyl 

benzenes vary i n the order, benz,ene-cyclohexano ^ toluener-

cyclohoxane ^ g^xylener-cyclohexane (Fig. IV, 1)» This 

trend i s maintained a t a l l the temperatures that we have 

studied, ^"""Excess v i s c o a i t i e s , i . e . j ^ ' H j Q'f benzene-

cyclohexand, tolucne-cyclohexanej o^xylene-cyclohexane a t 

d i f ferent temperatures, are l i s t e d i n Table IV, 2^7« This> 

i s an ind ica t ion that the atrength of the i n t e r ac t i on not 

only depends on the x-'olarizability (e lect ron donating 

nature) of the m.olocule but also on the geometry (s ize) 

of the moleculeg, Eveiythaugh p o l a r i z a b i l i t i e s of a lkyl 

benzenes, increase from benzene to g^-xylcne the shape/s ize 

of the molecules also varyy and probably these bulky • 

groups may not allow cyclohexane to approach closely duo 

to which the i n t e r ac t i on bcoomes wealter. This trend i s in 

good agreement with the observations made by Wigaja et a l 

and others'^ for aromatic hydrocajTbons-nitronothanes and 



0-0 0-2 0-4 

X -

0-6 0.8 1-0 

Fig. IV. 1. Variation of /̂ ?̂ , the Difference between V f, -, 
and tj ̂ ĝ,, with the Mole Fraction of Alkyl 

Benzenes at 25 °C, 

1. Benzene- 2. Toluene- 5, ̂.-Xylene'-
Cyclohexane. Cyclohexane- Cyclohexane. 
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tialoniethanes. In additiorij i t can be seen from the data 

(Table IV» Tb) t ha t carbon t e t r ach lo r ide a2:!d cyclohexane 

alao i n t e r a c t and form. 1:1 coaplex. Howeverj the i n t e r ­

act ion seems to be weaker compared to tha t between benzene-

cyclohexane ( i . e . , the cSv. values are smaller) and the 

s t rength of i n t e r a c t i o n as expected decrease v/ith increase 

i n temperature. Similar Q-bservations were made by Brown et 
51 52 

a l and Scatchard et a l by calorii-iietric studies* So 

from t h i s data i t i s c lear tha t even cyclohexane and carbon 

t e t rach lo r ide do i n t e r a c t to form •'•)""-o" type complexes. Now 

i t i s evident t ha t visoD.'metric s tudiesaare be t t e r than aD,me 

of the conventional methods l i k e spectroscopic methods in 

detecting the presence of i n t e r a c t i o n between such molecules, 

The-activation energies for the v i s c o s i t i e s of benzenej 

toluenej O'-xyleney carbon t e t r ach lo r ide and cyclohexane 

were 8.a3s 9«255 10.98 an4 13.58 k j mol'"'' r e spec t ive ly . 

However, for the binary systems there i s s l i g h t increase in 

the ac t iva t ion energy vifith increase in s ize of the molecule 
(10,39i 9»96p 10.79 and 1U69 kJ mol"""' r e spec t ive ly ) . 

The, v i s c o s i t i e s of ternary s^^'stems, namely benzene-

CCl, - cyclohexane, taluena-CCl,-cyclohexanej OrZj'lene-CCl, -

cyclohexane of di f ferent compositions were determined at 

d i f ferent temperature (-25. 30. 35 and LO ^C)\ No maxima 

were found i n the v i scos i ty curves but the non-l inear p lo t 
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O'f the difference in viscosities of the mixed solutions 

(i.e,, ^c 1 " ^obsd^ against the concentration of benzene/ 

all̂ yl benzenea in cyclohexane indicates the presence of a 

complex (Fig, IV, 2), For the sake of brcvityj the visco­

sities of mixed 'a)lution of benzene/alkyl benzenes-carbon 

tetrachloride-cyclohexane only at 25 ̂ C are listed in 

TablsL. IV. 3 (Fig, IV, 5) • A continuous variation plot of 

A.fj» the difference in viscosity between the calculated 

and the obs-erved values for the ternary systems - i.c.j 

ben233ne-CCl,-cyclohexane, shows the presence of only a 1:1 

complex (i,e,5 maximum deviation at 0,5 mole fraction) in 

the experimental range o-f concentrations. (Fig, IV, 2), 

(Similar O'bservations were made by several v/orkers from 

calorimctric studies^ )', As mentioned earlier, the devia­

tion betv/een the obs-erved and calculated values is due to 

the interaction between the two species. From Fig, TV, 2 

and the data (Table IV, k and IV, 5)? it is clear that there 

is an interaction between the benz-cne and carbon tetra­

chloride (in cyclohexane) which decreases with increase in 

temperature (Table TV, 4). Similar trends are observed in 

the case of other alkyl benzenes. These observations indi­

cate that the interaction bctv;ean the all̂ yl benzenes, and 

carbon tetrachloride decreases not only with the increase in 

temperature (which is. expect̂ ed) but also v/ith the size and 
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v i s c o s i t i e s of Mixed Solutions^ of Bonsene-Carbon 

Te t r ach lo r ide , i n Cyclotiexaiie a t E5 °C 

TO'tal CoBContraticn ;•; 1>0 a o i e 

Beazen© 

(in Cyclo-

hexane) 

(raol) 

L 

(in CyclO" 

hexane). 

(MOI) 

^at^Mj trm»t, MTMu -M >n* Ki —iiiftiiiiaii 

0,0 

0*1 

0»2 

0 .3 

0.6-

0»? 

0.=,8 

0.9 

t .O 

1.0 

Q.9 

0.6 

0 ,7 

0.6 

0 .5 

O.if 

0«.3-

0,2. 

O.t 

0.0 

Calculated-

V i s c o s i t y 

OaiHipoise) 

8-.i^051: 

8.3271 

r ,2892. 

S.23V-'r 

8»213? 

8.-. 1,756 

8.1313 

8,.092it 

8.0538' 

8.0249 

Observed 

V i s c o s i t y 

(m poise-) 

E3rror Liiai t 

i 
j ; 0,0150 

8*1792 

8,0-636 

7.9970 

7.9302 

7. 8 if 69 

7.7620 

7.6921 

7.6T1if 

7 .56 l i i 

7,5110 

7.''4^91 

fcal- I 
(m po i se ) 

o b j 

0.2239 

0,3013 

.0,3301 

0.3588 

0,/+0-ti.5 

0,ii520 

0.^835 

0.5199 

0,5510 

0,5-^30 

0.5756 

For tlie sake--conveniences the c o n c e n t r a t i o n s are 
expresB-:ed i n moXar u n i t s , 
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V i s c o s i t i e s of Mixed So lu t i ons a£ Benzene-^ 

Ca'rbon T e t r a c l i l o r i d e i n Cyclciiezsne a t 2.5 ^C 

Tota3. Concentrabion : : 2. ^loles 

Benzene 

(ia Cycla^ 

hexana) 

(mol) 

(in Cycla^ 

haxane) 

(mol) pcxse; 

ViBcositji (^^^rjjobs^ 

Calculated g Cbssrved 

ViscO'Sity 

CsiillLi 8 ( i i i i l l i jJ ( i a i l l i 

poise) noise) 

0.0 

o.a 

o.is. 

0,6 

0,8 

1.0 

uz 

1.4 

1.6 

U8 

?..o 

2*0 

T.8 

1.6 

l.k 

1i.2 

uo 

0.8 

0 ,6 

O^L'r 

0.?. 

0 .0 

8.5355 

8.4599 

8.3847 

8.3102 

8 . a352-

8.1604 

8.0860 

8.01,18 

7.938)1 

7.6645 

7.7910 

S.V330 

7.9865 

7.8462 

7.7048 

7.5617 

7.M{.30 

7.3423 

7.Z340 

7»1161 

6.9939 

6.8695 

o.35a5 
0.4735 

0.538^5 

0.6054 

0.6735 

0,7174 

0.7437 

0.777a 

0.S2Z0 

0.8706 

0.9215 

Error Linit :: +. 0.0150. 

For the sake of comtjenjience, t h e c o n c e n t r a t i o n s 
aire axpressed i n n o l a r u n i t s . 
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TL. h 

Excess-Viscosities (/\rj - '̂ cal " '^o^^ ^^ Mixed 

Solutions of Benzene-Carbon Tetrachloride in 

Cyclohexane at Different Temperatures 

Total Concentration : : 1 roole, 

Bansene. 

(mol) 

66666 

Carbon Tetra-

ciiloride 

^-il^ , m i l l i po i se 

0.0 

o.r 

o»a 

0 . 3 

O.k 

0.5 

0.6 

0 .7 

0»8 

0.9 

f.o 

Er ro r 

t.o 

0.9 

0.8 

0 .7 

0.6 

0.5 

O.i^ 

0 . 5 

o.a 

0 . 1 

0.0 

L i m i t : : j t 0,( 

0.2239 

0.3013 

0.3301 

0.5588 

0. z^0if5 

0 . if 520 

0.i^835 

0.5199 

0.5310 

0.5i^30 

0.5758. 

3150 

0.2190 

0.2Zf99 

0.273if 

0.2993 

0.3207 

0.3i f6 l 

0.3750 

0.39T3 

0.Zfl6if 

0./ii+29 

0.Z{.6t7 

0.119A8 

0.2460 

0,2720 

0.2850 

0.3000 

0.3380 

0.3470 

0.3697 

0.3880 

0.41.30 

0.4286 

0 . t476 

0.1791 

0.1,873 

0.2236 

0.2475 

0.2843 

0.3097 

0.3T43 

0.5333 

0,3583 

0 . 3 7 m 

For the sake of conveniencej the concentrations-

are expressed i n molar units. . 
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Excas.& of V i a c o ; s i t i e s o-f Mixed S o l u t i o n s of Benzene-

X I , Tolueae-CCl, , o^-Xylene-CCl, i n Cyclohexane 

Temperature Z3 Ci To'tal Concn. : : 1 mole 

Benaene/' f Carboit 
Alkyl I T e t r a -
•beiiaenes. I cKLoride. 

(mol) I ( n o l ) 

A r t SYSTEMS (Ucal ^ ^.o4s) 

Bensene-CCl,-
^yclohaxane 

^O'-luene-CCl^,-
ycloliexane | Cyclohexane 

L 

Q^-Xylme~CCl^ 

0 .0 

0»1 

0»2 

0*3 

0,i+ 

0 . 5 

0 .6 

0 . 7 

0 .8 

0 .9 

1.0 

ErEO'r 

1.0 

0.9 

0 .8 

0 . 7 

0 .6 

0 . 5 

O.if 

0.5 

o.a 
0 . 1 

0 .0 

LiEJit ; 

0.2Z59 

0»3013 

0.3301 

0.558S 

0^kOk3 

Q.k320 

0.iva35 

0 ,5 t99 

0.55T0 

0.5i4;30 

0.5758. 

i 0.01:50 

o.az39 
0.2850 

0,5190 

0.3^+69 

0.383it 

0.i}:269 

O.ii.697 

0.5070 

0 .5092 

0.5390 

0.5507 

0 . 2 2 ^ 

0.2617 

0 .2963 

0.2326 

0 .3572 

0.388.0-

0.if122 

0.iv355 

0.iv532 

0.ii,9%5 

0.5121 

Foi' t h e ^ ? . e af convenienca , the. concent ra t ioaB' 

ara. express&d i n aoilar u n i t s . 



0.0 0-4 0-8 1.2 

Molar concentration of Benzene 

1-6 2-0 

Fig. IV, 2« Variat ion of AW with the Molar Concentration of 

Benzene in Benzene-CCl.-Cyclohexane System a t 25 °C, 

1. Total Concentration :• 2 Molar, 

2, Total Concentration : : 1 Molar, 



0.0 0-2 0-4 0-6 

Molar concentration 

0-8 10 

• ^ 

Fig . IV» 3» Excess Viscosi ty Trg. Molar Concentration of 
Benzene-, Toluene-, Oj-Xylene-CGl, i n 
Cyclohexane a t 25 °C, 

1. Benzene-CCl. in Cyclohexane, 
2» Toluene-CCl, i n Cyclohexane, 
3» 2ff^Xylene-CCl. i n CyElohexane, 



0-2 O'A 0-5 0-8 

Molar concentration of Benzene — > 

1-0 

Fig, IV, h* Excess Viscosi ty j ^ Molar Concentration 
oi Benzene 1^ Benzane-CCl^j^-Cyclohexane System at 

1. 25 °C; 2 , 30 °C; 3 . 35 °C; 4. kO °C. 
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shape of the molecules (Fig. IV, 3)» Equilibriurii constants 

(calculated fron using equations IV, 5 and IV. 6) and the 

other thermodynaraic parameters of alkj''! bensenes—carbon 

tetrachloride in cyclohexane are listed in Table IV,6 , It 

Can be seen froia the tables that the equilibrium constants 

obtained by viscometric method are higher than the litera­

ture data obtained by spectroscopic method. Here it can be 

reoalled that Kohler -̂  has. rightly pointed that the thermo­

dynamic properties of liquid mixtures are frequently influ­

enced by association or complexation equilibria betv/een 

certain molecular species. It is often possible to follow 

the shift in those chemical equilibria by spectroscopic 

methodjs. One of the difficulties in com-paring thermodynamic 

and spectroscopic evaluation of complexation equilibria-s 

frequently neglected in literature^ is caused by the fact 

that thermodjmamics is determined by the activities of the 

species v/hereas spectrofi-copic properties are determined by 

their concentrations, (Furthermore, intensity of spectral 

lines is not always proportional to concentrationj but might 

be influenced by properties of surrounding liquids). 

Foster^'' haa pointed out the • limitations of various, methods 

used in determining the equilibrium constants. Prue-̂ ^ has 

argued that even, purely -contact charge-transfer com.plex can 

give rise to equilibrium constant of the order of K ^::^ 
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Equi l ibr i l l© ConataBts and Other Therraodynamic 

Parameters of ZAlkyl Benzerxea-Carbon T e t r a -

C h l a r i d e i n Cyc.lo:he:xane 

SYSTEM ^ ^ p/nole 
* * 

kJ/mole 

at â ^C 
kJ/KO'la 

a t 25 "̂ C 

Benzane- 0 .34 0,29 0 ,26 0*23 20»6 

CCl 
% (o.aii5> C5.2a) 

To-luene- 0»2.7 0.E5 0 ,23 0 ,22 1U0 

CCl^ C0.ifT3) ' (Zfo^). 

Or Xylene- 0*25 0 .23 0 .22 0.21 9 .7 

CCl, 

2.66 

5.27 

3.39 

0.078. 

0.048 

0.044 

* Er ror I dHi t : : 4+0.01 

# Er ror M n i t : : ±_ T;.3 

'̂•** Calculated iron K^ Value at 25 °C. 

The Values in pareothesea refer to the literature 

data, J. Chen. Soc. A, 673 (1969). 
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-1 

0,3 1 I'̂ol and it is difficult to accopt the lower values 

reported in the literature* However; recontly Bhowmik and 

Paul-^-^ have carried out a (spectroscopic) study of inter­

action ox aroiuatic hydrocarbons v/ith helonils and th& K 

values. ?5s 0*0? for antbracene-CCl, , etc, in heptane and A H 

are :i^ 8 kj/niole. It mus-t be noted that in all such systems 

the equilibrium constants are very low and one should look 

into the trend/relative values rather than the absolute 

Values, So we feel that the equilibrium constants for alRyl 

benzenes-CCl, in cyclohexane obtained by viscometric method 

seem to be reasonable. Moreover, the results obtained by 

different methods may or mas'" ̂ aot agree as the experimental 

conditions may be different. Not only tliat, it is reported 

in the literature that even for the same system, the equili­

brium constants obtained depend on the concentration range 

of the systjsms. So under such circumstances, Y/G are not in 

a position to comraGnt on the slightly higher/lower values of 

K_ obtained by viscometric method* 

The equilibrium constant, K , value is decreasing from 

benzene-CCl, to o.-'Xyl̂ Ĝ'*'̂ ^̂ /̂ • '^^^ values are also varying 
in the same order, A our preaant data agree well \cLth the 

Hcwevev, our values areii'̂WlUTv "tKa I'leyotuTe VdJu«&. 
literature data reported by calorimetrite studies? ^ On the 

basis- o'f polarizability/ionization potential, one would 

naturally expect that the interaction between benzene and 

file:///cLth
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carbon tetrachloride vd-11 bo weaker conpared to either 

toluene-CCl, or o.-sylene-CCl^, But fron the present data it 

appears that the trend is reverse, i,e.j the interaction bet­

ween benzene and CCl, is stronger than that between toluene 

and CCl^ which in turn is stronger than o,-xylene-CCl, , So5 

froiii these limited «feta we feel that, at least in the presei± 

case, the size and shape of the molecules. (ikO,, georaetry) 

are more predominant factors compared to the polarizabilitaes 

in molecular interactioua, as the shape of the molecule 

determines, the ''closeness" of the partners. It is already 

reported that ô -xĵ l̂on̂  duo to its structure, cannot approach 

CClv more closely compared to benzene. So one can ratknalise 

this, trend, i.e., the interaction between alkyl benzenes-

CCl, in cyClohexanc varies in the order Oj-xylono-CCl, "\ 

toluene-CCl, <^benzcne-CCl, (by looking, into the structure/ 

shape of molecules) The low positiveA G values indicate 

the low values of K» 

As it stands, the present viscouetric procedure demands 

very careful measurextents of viscosities involving long flow 

times to realise significant differences bet̂ c/een solvent and 

dilute solutiona. In addition, there are experimental diffi­

culties, such as accurate measurements of flow times, large 

amount of solutions, precise temperature control, dust free 



1 ^ '̂  

mate r i a l s , e t c , Moreover, the mcaaur-omerxts. are time 

cons Wiling, Howover, t h i s method i s useful where no other 

a l t e r n a t i v e i s ava i l ab le , 
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VISCOMETSIC STUDIES OF 

HIDROGEN BONDING* 

V. U CTTBQDUCTIQN 

Although the spectropho tome t r i e laethod i s probably 

the commonest method used for the deterQineitioP-. of t h e 

a s s o c i a t i o n c o n s t a n t s and o the r therniodynamic parameters of 

hydrogen bonded systems and charge t r a n s f e r conplexes , 

doubts have f r equen t ly been r a i s e d as to the s i g n i f i c a n c e 

of the va lues of IC and G , ob ta ined by s p e c t r a l ne thod 

alone.' -̂  EveiTthough, i n p r i n c i p l e , the forelat ion of jiiole-

cu l a r complexes and hydrogen bonding can be d.etected and 

t h e i r composit ion can be e s t a b l i s h e d from a study of chara-

c b e r i s t i c abrupt depar tures , from i d e a l behaviour i n some 

p h y s i c a l p r o p e r t i e s , e .g .? vapour p r e s s u r e , r e f r a c t i v e indes, 

* A paper based on t h i s work Kag appearedin t h e Proceedings 

of the Ind ian Academy of Sc iences (Cheiu*Sci.)5 2iii4>^Sl, 1985. 
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surface tension, etc, , many of these }:iethods are hardly used 

for the study of hydrogen Doiidj ngr Recently attempts are 

being Fiade, in our laboratory, to explore the ijossibilitiea 

of using Various non-^spectral methods like ~ surface tension, 

refractive index rdeasurements, constant activity methods, 

etc,, - for studying the interaction between the molecules 

in solutions, to obtain K directly ssxd their applicabilities 

in obtaining tlie equilibrium constant directly have been 

demonstjiirr̂ ated, "'̂-̂  It is heartening to note that evenihough 

the measurements of various, therriodynamic excess functions 

Q.f binary solutions have been the subject of much research, 

there is hardly any report on using viscometric method for 

the study of hydrogen bonding in ternary sj'stems, "'̂•̂  It 

was therefore felt that it m^j be v/orthwhile to make an 

attempt to study the interaction between proton donors, and 

proton acceptors (i, e.j hydrogen bonding/molecular complexes, 

or that is, between e3.ectron acceptors and electron donors) 

viscom.etrically, in suitable m.edia and to obtain equilibriuia 

constants ''directly". The systems chosen for the studies. 

are : methanol, ethanol, n-propanol and ̂ -btitanol as proton 

donors, acetone as protan accetpor and carbon tetrachloride 

as solvent. Here it can be mentioned that as "hydrogen 

bonding" is considered as molecular association/complexes,both 

the terms are used synonymously in the discussion* 
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Acetone, carbon t e t r ach lo r ide j netlianolj etiianol, 

n-propanol and }>-biitanol were pur i f ied hy the standard 

procedures;^ 

ASg-tojiS- • Pur i f i ca t ion procedure of acetone i s given 

in Chapter I I I , 

Ca,r^pn tetracb-loride : Pur i f i ca t ion procedure of 

carbon t e t r ach lo r ide i s described i n Chapter IV, 

Pur i f i ca t ion of methyl alcohol and eth^l^___aicob£l^ are 

given in Chapter I I . n-P.rp,P,Yl a,lcohol (Sarabhai M Chemicals 

B. N. IJP8l060i^) and nrMfesmL (SD^s B»ff. 051/61/22031) 

were also pur i f ied by the s imilar procedure, BcJiLing point: 

n-propanol : 93 °'C/66lmm ( l i t . 96 °C/760mm), and n~butanol : 

113 °C/658 mm ( l i t . II6 °C/760 m ) . 

The dens i t i e s and v i s c o s i t i e s of pure saBiples and 

those of "binary mixtures" of knovm compositions (mole 

fract ions) of methanolj ethanol; n,~propanolj n.~butanol and 

acetone in carbon tetrachJ oride v/ere determined at 25s 30, 

35 and kO °C {+, 0.1 °C) by using a pyknometer and Ostawald's 

Viscometer (Ho. BS/IP/SL(S) Ho. 3) respect ive ly and the 

coeff ic ients of v i s c o s i t i e s v;ere calculated; s imi lar ly the 

dens i t i e s and v i a c o s i t i c s of ternary systems (of known 
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compositions) of alcohols-acetone-CCL, were deteriuined, 

The experiments were repeated at l e a s t twice and the results 

were reproducible ĵri_thin the experimental error of 

i . 0.0150 millicpois-e, 

The stoichiometry of the "associated species (complex)" 

was determined by Job's continuous, variation process* 

The procedures for calculating the equilibrium 

constants and the other therraodynaraic parameters of 

alcohol-acetone-CCl, are given in detail in Chapter IV, 

^' 3. RESULTS MD DISCUSSION 

The viscosities of nethanol, ethanol, n^rpropanol, 

n-butanol, acetone and carbon tetrachloride and their solu­

tions in carbon tetrachloride were determined at 25> 30? 

33 and ifO °C» The viscosities of ebhanol, n.-propanol and 

^-butanol in carbon tetrachloride increase v/ith increase in 

concentration whereas thoae of methanol in carbon tetra­

chloride and acetone in carbon tetrachloride decrease with 

increase in concentration (vide Table V, 1), The observed 

viscosity of methanol in carbon tetrachloride is higher 

than that of expected/calculated value /"i.e*, ^f) = 

^cal - '̂ obs ~ ^̂ I'̂ fl "̂  x̂ T̂ 2̂ «)is negative_7 whereas 
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Observed Viscosity Data of MeOH-, EtOH-, a-Pî OH-, 

^BuOH- and Ace tone-CCl, Binary Systems a i t 25 °C 

I » • » » • • « • » 

Mole 
f r a c t i o n 
of 

aljcoholV 
ace tone 

i 

MeOH-
CCl, 

^obs 
ra 'po lae 

EtOH-
CCl^ 

^obs 
m poise 

Systems 
•••••• • • 4 -

2i-PrOH~ 

CCl^ 

'^obs 
m po i se 

nr-BuOH-
CCl^ 

>fcbs. 
m po i se 

Acetone-
CCl, 

Mr 

^Obs 
m po i se 

0.0 

0»1 

o.a 

0.3 

o.Zf 

0*5 

0.6 

0,? 

o»& 

0.9 

uo 

Error 

9.530 if 

9»1188 

8.9251. 

8.8163 

8.69T6 

8*it879 

8.2035 

7.779a 

7.1603 

6.3787 

5.41/+0 

L im i t : : 

9»5304 

9*1380 

9.1398 

9.2^66 

9.3640 

9.63^1-2 

9.9281 

1.0.2150 

10.5l6Zf 

10.78if3 

10.9760 

±.,0.0150 

9.530if 

9.2Zf55 

9*3664 

9.7378 

10.5530 

11.1959 

12.1499 

13.2538 

14.4706 

15.6995 

16.7230 

• 

9.5304 

9*4451 

9.8004 

10*4036 

11.3846 

12.8174 

14*5598 

16^6548 

18*8728 

21.0146 

23.0350 

9.5304 

8.5907 

7.9163 

7.2726 

6,6655 

6,1150 

"y.^mj, 

5*0811 

4.6074 

4.1231 

3.6460 
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in all other alcohols and acetone in carbon tetrachloride 

thoy are lower (i.e., A-T] is positive). The deviation 

between the observed and calculated values in methanol-CCl. 

systeKLj i.e. AT? 5 shows that there is interaction between 

methanol and carbon tetrachloride and maxiaiam deviation is 

observed at 3: Z compositions and the stoichiometry is 

temperature independent (Tabic V» Z)* As the observed 

values• are higher than the expected values5 it appears 

that due to "comploxation/Association" (between CH^OH and 

CCl, molecules) the viscosity of the systeiu increased, 

Similarly J in the case of acotone~CCl^ systems expected 

and observed values of 11 are different, \i/hich again indi­

cate the existence of interaction botv/oen acetone and 

carbon tetrachloride. The maximum dovistion in the plot 

of A'rl against the mole fraction of acetone in acetone-CCl, 

appears at 0,I[. mole fraction of acctono indicating the 

presence of Z; 3 complex. It is knov/n in the literature 

that acetone and carbon tetrachloride do interact to form 

a complex.'̂ '•̂ -̂  Singh and Rao^ have shown from infrared 

studies that methanol and ethanol formed dimers or trimers 

oven in very dilute solutions (in CCl.) (AyfQ̂ OI M), An 

M R study of methanol in CCl, showed the existence of 

trimers and octamors . even in very d±lutc so3-utionsj' 

Therefore, it is quite aafc to assujac that methanol etc. 
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Excess V i s c o s i t y ( &fi = y] -T ~ TIQ-^Q) Data and 

Grunberg and Nissan Parameters&jbf Alcoliols—5 

Acetone-Carbon T e t r a c h l o r i d e Binary Mixtures 

a t Z3 °G 

Ci) Methanol-.CCl, % Ethanol-.CCjL. ,,a,nd Acetone-CCl. Sy;ste;ai5^; 

Mole f r a c ­

t i o n of 

A lcoho l s / 

Acetone 

Sys t ea s 

EtOH~CCl 

m po i se 'i 

0.1 

o.z 

0 .3 

o,k 

0.5 

O.G 

0,7 

0.8 

0«9 

E r ro r 

"• 0.0646 

- 0,2180 

- 0c5208 

- 0.8077 

- U0157 

- U l i f 2 9 

- U I 3 0 9 

- 0,9230 

- 0.5331 

L i m i t 

0.1377 

0.2967 

0.4369 

0.5586 

0,6676 

0.7890 

0.9185 

%,Ol^OL\. 

U I 9 3 6 

0,5360 

0,679? 

0.7177 

0* 7445 

0.6190 

0^4697 

0.3^70 

0,1703 

0,0472 

: ' + .0 .0150. 

-0.6241. 

-0 .4381 

-0 .3457 

-0 .3087 

-0 .2391 

-0.1827' 

-0 .1404 

-O.0908 

-0.0388 

0.3512 

0.457 

0.4925 

0,5111 

0.4732 

0.4115 

0.3301 

0.2155 

0.1113 

-0.0858 

0.0413 

0.0851 

0,1117 

0.146>7 

0.1779 

0,2078 

0.2616 

0,2988 

Table V, 2 . c o n t d . . . . / -
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Cii) n-PrOH-CCI, and n>.BuO.H-CC;L, Systems: 

163 

Mole frac 

t ion of 

n-AlcolTOls 

0*1 

0 .2 

0 . 5 

0,4 

0.5 

0.6 

0.7 

0.8 

0,9 

U00/f2 

1.6025 

U950if 

2.0544 

1.9308 

U6961 

0.8139 

0.304Z 

0.9620 

0.8113 

0.7007 

0.5922 

0.4803 

0.3939 

0.3039 

0.2013 

0.0770 

1.4360 

2.4309 

3.1782 

3*5476 

3»4652 

3.0734 

2-3288 

1.46-13 

0.6699 

- 1,0806 

- 0.9286 

- 0.8433 

- 0.7302 

- 0.5798 

~ 0.i^406 

- 0.2836 

- 0.1424 

~ 0.0394 

' W. *—**=*--»*i-far<T»--» 

Error Limit + 0 . 0 1 5 0 . 
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associate tixrough hydrogen bonding ever̂  in carbon tetra™ 

38 chloride solutions, Scatchard and Lis coileaguos-^ had 

studied the interaction betv/een methanol and carbon tetra­

chloride calorimetrically and had come to silmilar conclu-

sions» So whcp̂  carbon tetrachloride molecule approaches 

alcohol aoleculesj there is a ^breaking' of hydrogen 

bonding between alcohol molecules and, formation of hydro­

gen bonding between (oxygen of) methanol and (chlorine of) 

Carbon tetrachloride occurs^" Methanol is smallar moloculo 

(compared to other alcohol molecules) and the dimerization 

energy in methanol is maximwa and it decreases from methanal-

to n,-.butanol. As. the dimerization energy is more for 

methanol molecules5 stability of ''asscciatcd̂ ' species is 

higher.. So naturally breaking of hydrogen bonding of 

methanol molecules (i»e,a structure breaking effect) and 

then forming nevif hydrogen bonding (i,e„j structure making 

effect) between MeOH and CCl, is less favoured compared to 

ethanol-j or n:"propanol-s or n-butane 1-CCl, systems and 

that is what he.s been observed^ .From the data (Table V,2), 

it can bo seen that the deviation, Arj , increases in the 

order MeOH-CCl, <^EtOH-CCl, <^n--PrOH-CCl, <^n-BuOIi-CCl^ , 

indicating that MeOH-CCl, interaction is loss favoured 

(negative values) comparod to nrB^OH-CGl, (Fig* V, 1)» This 

trend is maintained at all the tcm.pora.tu.ros.5 i, e*, 259 30? 



V a r i a t i o n of 4r|_, t he Dif ference between T \ , and 

YlobB ^"^^ ^^® *̂̂ -̂ ® F r a c t i o n of ^ -Alcohols a t 25 °C. 

U |i-BuOH~ 2 . a-P^OH" 3 , 

CGI 
î  

CCl 
-̂

EtOH-. 4. MeOH-

CCl, 
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55j kO °C5 that we have studied (Table V, 3). As raentioned 

earliePj from the plot of /\y\ against the mole fraction of 

alcohols (ethanol, propanol and butanol) (Joh's-method) ,-̂  

the maximviu deviation appears at-̂ /O.if mole fraction,, of 

alcohol indicating the stoichiometry 2:3 iQ EtOH-CCl,, 

arPrOH-CCi. and n-BuOH-CCl,; simdlar observations are 

reported in the literature for higher alcohols-dichloro-

laathaneT^*^' The deviation decreases with increase in 

temperature showing that the interaction between n~alcohols-

CGl, decreases with increase in temperature, which is 

expected in all the 'exothermic' equilibrium cases (Table 

V, 5). Ttte energy o.f activation (for viscous flow) of pure 

components, namely, methanol, ethanol, n.-propanol, n.-butsml 

and acetone and carbon tetr-bichloride were 10.5j 16.9, 19»1j 

2-1#0, 6,9 and 10,9 kj mol"' respectively, and for the 

binary mixtures of these respective alcohols in CCl, the 

values are 10,5, 11.9, 12.7, and 13,7 (+.0,01) kJ mol~'' 

respectively. From the present data, ever^hough one would 

be tempted to conclude that the viscosity and energy of 

activation depends on the size/shape of the molecule, one 

has to be cautious in cases, like the present one, v/here one 

is dealing with already 'associated' species and there may 

be more than one H-bonded species bety/een donor and acceptor 

molecules. It can be seen from the above data that bhe 



166 

Excess Viscosities, of Alcohols-, Ace tone-Carbon 

Tetrachloride Binary Mixtures at Different 

Temperatures 

Systems 

Tempe­

r a t u r e 
HeOH* 
CCl, 

i(m po i se ) 

EtOH^ 
CCl^ 

An 
CCl 

An 
(m poise)(m po i se ) 

Z3 - 1.1429 0,7Vf5 

30 - 0^9919 0»658a 

35 - 0.9905 0.4745 

40 ~. 0,9074 0.3500 

2.0544 

U9357 

3*5476 

2.9503 0.4124 

U4309 2,3?51 0*2250 

1.2267 U9974 0,1782 

W JK' I * ' • > «ii — i^iliJi—<fc"< 

*̂  Mole f r a c t i o n of MeOH ~ 0 .6 . 

# Mole f r a c t i o n of EtOH, ii^PrOHj gfEuOH, Acetone = 0,.4, 

Er ro r l i m i t : : i . 0,0150» 
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energies of ac t iva t ion of the "mixtures" ol alcohols-CCl, 

aro lower than tha t of alcohol, which we are not i n a pos i ­

tion. to explain as v/o are dealing with "complox"/''associatGdi' 

molecules, 

The v i s c o s i t i e s of ternary systems, namely alcohols-

acetone- carbon t e t rach lo r ide of different compositions are 

determined a t different temperatures (25? 30, 35 and ifO C), 

No maxima are found in the v i scos i ty curves. But the non­

l inear p lo t of the difference i n v i s c o s i t i e s of the mixed 

solu t ions ( i ,e»5 in -, - "^ohq) against the concentration 

of acetone ind ica tes the presence of hydrogen bonding/a 

complex. A continuous, va r i a t ion p lo t of /\7J, the d i f fe­

rence in v i scos i ty between the "mixed solut ions" and the 

calculated v i s c o s i t i e s of the solut ions shows the presence 

of 1;1 complex in the exporiiiental range of concentration 

(Fig, V, Z), The v i s c o s i t i e s of mixed solut ions of 

n-alcohola-acetono-carhon t e t r ach lo r ide at 25 C are l i s t e d 

in Tables V, A- and V, 5« from the Figure V. 2, i t i s 

c lear tha t there i s i n t e r a c t i o n between acetone and alcohol 

i n CCl,, The in t e r ac t ion (area under the curve in the plot) 

i s increasing from MoOH-acetono-CCl, to n-BuOH-acetone-CCl, 

systems (Figure V, 3)» and t h i s ind ica tes the r e l a t i v e 

s t rength of the "complexes'^ i , e , 3 n_-BuOH~acetone-CCl,/• 

EL-PrOH-acetone~CCl, ^ EtOH-acctone-CCl^^MeOH-acctone-CCl, • 
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_J*.Ji2* 

Viscosities of Mixed Solutions of MeOH~Acetone in 

Carbon Tetrachloride at 25 C, 

Total Concentration :: 1 mole, 

MeOII 

(mol) 

' ^ c a l 

( m i l l i p o i s e ) 

(H 

|( mi l l ipoise) 

^1~ 'Ical^^obs 

(mil l ipoise) 

uo 
0.9 

0.8 

0 . 7 

0.6 

0 .5 

o.ẑ  

0 , 3 

0*2 

0.1 

0 .0 

0.0 

0.1. 

0 .2 

0 . 3 

0,k 

0 .5 

0.6. 

0 .7 

0 ,8 

0 .9 

uo 

9.1533 

9»1359 

9.1183 

9.1006 

9*0828 

9.06i^9 

9.0Zf69 

9.0287 

9.0105 

8,9922 

a.9736 

9.1066 

9-0311 

8*98it7 

8.8971 

8.84^9 

8,8019 

3,7507 

8.7051 

8.6565 

3,6033 

8.5760 

0.0i^67 

0.10/^3 

0.1336 

0.2035 

0.2379 

0,2630 

0.2962 

0.3236 

0.35^0 

0.3889 

0.3976 

Error Lirait : : +.0.0150. 

For the sake of convenience, the concentrations are 

expressed in molar units, 
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V i s c o s i t i e s of Mixed S o l u t i o n s of MeOH-Acetone i n 

Carbon T e t r a c h l o r i d e a t 25 °C 

To ta l Concen t ra t ion : : 2 mole* 

Methanol 

(mol) 

2.0 

U8 

U6 

Uii-

1.2 

WO 

0,8 

0,6 

O.Zf 

0*2 

0,0 

Acetone g ^^^^^ 

(laol) 8 ( m i l l i p o i s e ) 

0 .0 

O^Z 

0,k 

0,6 

0.8 

1.0 

U 2 

U ^ 

1.6 

1.8 

2.0 

' (mi l l ipoise j ) ( m i l l i p o i s e ) 

8.8l l f5 

8.7791 

8*?A-33 

8.. 707.2 

8.6706 

8.6556 

8.^5961 

8.5581 

8.5197 

8.i^08 

8*kk'i3 

8.9588 

Q.83hh 

8.7550 

8.6599 

8 ,5 t l 6 

8.4171 

8*5170 

8.2251 

8.1341 

8,0698 

8.0020 

- 0.1445 

- 0,0552 

0,0102 

0.0675 

0.1590 

0.2165 

0,2791 

0.3350 

0.5856 

0.4110 

0.4393 

Eri>or Limit : : +• O.OI50, 

For the sake of convenience, t he c o n e e n t r a t i o n s a r e 

expressed i n molar u n i t s * 
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Excess Viscosities of BJ-Alcohols-Acetone in 

Carbon Tetrachloride a.t Different Temperatures 

Total Concentration :: 1 moleCui)* 

Tempe­

rature 

* ••* 

Systems 

MeOH-Aceton.e~ S EtOH-Acetone- ; ^PrOH-Ace-

CCi k 
i5r|(Kj- po i se ) 

w n % » . — A ' *T ^111 

CCl. 
/\n{m po i se ) 

tone-CCl h 
A'nCiii po i se ) 

SrBuOH--

Acetone-CClfr^ 

drj^ (m poise) 

25 0.2630 0,5308 0»7127 0.9520 

30 0.1983 0,k373 0,6l7if 0.7833 

35 - 0.0081 0.2091 0.3688 0.49¥) 

l^ - 0.0269 0.i6Af1 0.3072 0.if629 

E r r o t L3J-ait : : +^0.0150* 

For the sake of concenience , the c o n c e n t r a t i o n s 

a re expressed i n molai- u n i t s . 
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Fig . V, S, Var ia t ion of A\^th. the Molar Concentration of 
Acetone in MeOH-Acetone-CCl. System a t 25 "̂ C. 

U Total Concentration :• T Molar, 

2. Total Concentration : : 2 Molar, 



0-2 0-4 0-6 0-8 

Molar concentration of Acetone — 
1-0 

•Fig* V» 3* Excess Viscosi ty xg Molar Concentration of Acetone 
i n n-AlcoholB-Acetone-CCl. System a t 25 °C. 

U Acetone-n-Butanol-CCl, • 

2» Acetone-n-PrOH-CCl, • 

3 . Ace tone-EtOH-CCl.. 

î • Acetone-MeOH-CtJl^. 
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Tile equilibritCLi constaiits were calculated (from concentra­

t ion of the. species ra ther than a c t i v i t i e s ) "b.y using the 

equation given in Chapter I¥« 6 and a t E5 °C, they ase 

0.22j 0.30,. 0.38. and 0.52 M"'' C.-t. 0,01) for .MeOH-ace-to^ne, 

EtOH-acetane, n_-PrOH-acetoHe and D^BUOH^ ace tone in CCl, 

respec t ive ly . Here i t i s worth mentioning tha t Tamre& and 

Strong^ have r i gh t ly pointed out tha t even contact charge-

t ransfer complexes should have K values of the order of 
— 1 0*11 M , So- our pres.ent values of K seem to be reasonable, 

Equilibrium constants and other thermodynamic parameters, of 

n-alcohols-acetone in carbon t e t r ach lo r ide are l i s t e d in 

Table V, 6, From the data i t i s c lear tha t the formation 

co-nstanta (of hydrogen bonding formation) increases from 

MeOH~acetone to &-BuOH-acetone (assuming tha t the standard 

enthalpy-' of formation AH' of the H-bond in a complex 

A—H,,, . .B and i t s standard entropy of formation are 

independent of temperatures) . The heat of formation of 

these hydrogen bonded systems were obtained from the p lo t 

of log K- vs 1/T and these values are s l i g h t l y higher than 

normal ( -^H° ' for MeOH-acetone, StOH-acetone', n-PrOH-acetone 

and n-BuOH-ace tone, in CCi, are 63,/J,, ^6 , .5J ^-0.7 and 37.5 

kJ/mole r e spec t ive ly ) , and the trend i s reverse compared to 

the equilibrium constants . Hov/ever, s imilar observations 

were made in l i t e r a t u r e foir purine-HpO-DMSO^-^ heterocycl ic 
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Eqrdli 'brium Constants and tlie Other Thermodynamic 

Parameters of i^Alcohols-Acetone i n Carbon T e t r a ­

c h l o r i d e 

K *, i r i * 

System 

-AH° **8 6G° 

kJ/mole kJ/ iaole 

I at 23 Ĉ _at^23^ 

MeOH- 0.2Z 0.16 0.09 0 , 0 ? 63*5 

Acetone (2 ,51) 

EtOH- 0,30 0 . 2 2 0 .1? 0 .12 ^6 .5 

Acetone 

n-PrOH- 0.38 0 .25 0 .21 0 .17 A-0.7 

Acetone 

^BuOH- 0 .52 O.i+1 0,31 0.26 37*5 

Acetone (2.0/f) 

i r t r - i l i ^ i - — 

kJ/mole 

x.^—. . . . t, 

3.1 0.22 

2.9 0.17 

2^7 0.15 

1.6 0.13 

# Er ro r Liruit : : + . 0 , 0 1 . 

*•* E r ro r Limit : : ±. 1%5. 

Values in the parenthesis refer to the literature 

data : J. Indian Chem. Soc,, ̂  3̂ 0 (1981)* 
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GomBPunds-plienol, malaraine cyanourate. Here it carx be 

recalled that the large enthalpies ('-v60 hJ/raole) of forma­

tion of hydrogen "bonding of nitro-phonols with picric acid 

has teen explained in terms of formation of 1:1 proton 

transfer coiiiplGXcs in preference to the 1:1 .H-bonded 

complexes. However in the present case neither WQ are able 

to account for such high values of A H nor for such reverse 

trend compared to the equilibrium constants. Most of the 

time, the literature data are for binary systems, and here 

?/e have all ternary systems. The values for the heats of 

complexation/hydrogen bonding must be considered as repre­

senting a composite result for alcohol'-acetone-CCl, 

systems of different alcohol aggregation; rather than 

individual binary systems. The process of self association 

and preferential solvation will result in a complex which 

seems to consist of acetone molecule interacting v;ith an 

aggregate containing many alcohol molecules. The number 

ôf alcohol molecules in the aggregate is concentration 

dependent because of different degrees of self association 

and solvation. It is possible that the donor strength of 

the alcohol may change after association. Molecular orbital 

calculations on the association of waters methanol and 

other hydrogen bonded molecules show that the charge 

distribution of the polymeric molecules is different from 

that of the monomers, -̂  



174 

The negative charge on the oxygen atom in the molecule 

acting as theproton donor increases when the hydrogen bond 

is fQ-̂ rmedp and increases still more if a trinier is forcied; 

this in turn causes aore positive charge on proton and the 

interaction betv/een proton, and oxygen of acetone will be 

stronger. For an exothermic reaction5 AG ' \vill be negative, 

However5 in the present case A G is positive (K<(l); and 

^S° is negative and this is possible because of large 

negative AH°» 

As mentioned earlier, the present procedure demands 

very careful measurements of viscosities involving long 

flow times in order to realise significant difference 

between solvent and dilute solutions* So eveirthough the 

viscometric method can be used for studying the interaction 

between the molecules in solution (H-bonding), this method 

may be more applicable where no alternative is available, 

file:///vill
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GHftPTEg VI 

STUDY OF MOLECULAR COMPLEXES 

BY IWITJARED SPECTROSCOPY* 

VI. 1. INTRO DIJCTIOW 

The c h a r g e - t r a n s f e r theory developed by Mull iken 

p r e d i c t s the p e r t u r b a t i o n of donor, accep to r bands and 

appearance of new bands, depending on the s t r e n g t h of i n t e r ­

a c t i o n between the donor and a c c e p t o r . I f the i n t e r a c t i o n 

between donor and accep to r i s wealc, t h e r e vd.ll be only p e r ­

t u r b a t i o n of donor /accep to r bands and i f the i n t e r a c t i o n i s 

s t r ong j new band(s) may appear i n a d d i t i o n to the p e r t u r ­

ba t i on of c o n s t i t u e n t molecular bands. So the "amount of 

p e r t u r b a t i o n " i n donor /accep to r band (and appearance of new 

band(s ) ) i s an i n d i c a t i o n of the s t r e n g t h of i n t e r a c t i o n , 
p 

i,a, , weak, medium or strong, 

* A paper based on this work is communicated to 

Indian Journal of Chemistry, 1985. 

http://vd.ll
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The formation of D—A bonds, between donar and acceptor 

moleculesj usually leads tO' considerable changes in the 

vibrations of the systems in addition to the appearance ôf 

nev/ intermediate vibrations due to vibrational motions af 

atoms and atom groups relative to the D—A bond and 

sometimes d.ue to the allowed transitions, as a result of 

changes- in molecular symmetry; moreover, the intensity of 

the bands; may be affected considerably. So the direct 

information on the properties^ of D-~-A bonds can be best 

provideid by studying new intermolecular vibrations (an.-d the 

perturbed bands of the donor and acceptor too), mainly of 

the valence vibrations of the donor-acceptor bands them­

selves* It is sur-prising tO' note that even/though large 

number o.f papers on infrared and Raman spectra of nrfS" 

complexes have been publishedj hardly anĵ  IR spectral 

studies on SrTT s.nd Jl" JT complexes have been reported 

(ref. no, 2" 1,8). Moreover, most of the researchers, it 

appears.̂ were interested in the spectra of halogens (acceptor) 

rather than on the spectra of complexes. So A¥e have made 

an attempt to investigate the interaction of a fev/ n donors 

(v/hich can behave as Tf donors also) v/ith 6" and /r accepter 

to understand the mode of interactions bet-'jveen the donors 

and acceptors. For this purpose^ we have chosen pyridine, 

oC-j y3"s y-picolines, and 2-aialno pyridine (which can 
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behave as, n. as we l l a s Tf donors) and i o d i n e ( {5~accep.tor), 

c l i lora-ni l , bromanil and i o d a n i l (. j r - a c c e p t o r s ) . 

VI* a» M̂ Q̂ RÎ L.̂  ,AND METHODS " 

VI. a(i):. MATERIALS 

The. e l e c t r o n do.nors> namelj'-, p y r i d i n e , ^ ~ p i c o l i n e , 

/5-picol i i ieJ -jf-picolin©' and 2.-arainQ pji-ridine and e l e c t r o n 

accep to r s io-dlne and c h l o r a n i l were a v a i l a b l e commercially 
19 

and were p u r i f i e d fol lowing the s t anda rd p r o c e d u r e s . The 

o t h e r two e l e c t r o n acceptors^ bromani l and i o d a n i l were 

ayn thes i aed and purifii.ed follov/ing the recommended 
20 p rocedures , 

a ^ x i t o ^ (IDEE B» N. 00309a0) , oC-~picolin,e (IDPL B. N, 

001.07?0j ^^••picol ine • .(IDPL, B, K, 0010177), / - p i c p l l n e 

were ; r e f l u x e d with KOH far i\. tO/ 5 hours and then d i s t i l l e d ^ 

(Care was taken to.' any passage o.f mois ture ) and c o l l e c t e d 

i n s toppered b o t t l e s , B, P. of Py r id ine l i t °C/672 mm 

Cl i t* 1,1,3. ®C/760 mra), oC^picol ine t22 ^0/670 mm ( l i t , IZ^^' 

760 mm), y S - p i c o l i n e 1if4 °'C/670 ram ( l i t . 146 °'C/?60 rm), 

•^^-picoline 1,38: ^'C/670 mm ( l i t , IZ4O °C/760 mm), 

g - i M S S - P y r i d l n a (SD's B. N. 18032/37135) was r e c r y s t a -

l l i z e d from benaene, M. P-, % °G. ( l i t . 5?»5 °C)-^ 



18 o 

Iodine (SM B. N. 9GP 9192.) ('10 g)- was mixed thoroughly 

v/ith 4 g of KI and the mixture v;as re sublimed thrice. The 

resubliaed iodine was collected and stored in a coloured 

bottle, 

Commercially available C.hlo.ra.nil (Loba, B»K* 100) was 

recrystallizted several times from toluene, M, P« ot 

chloranil 288 °C (lit. Z90 °C), 

Brorfl£\nil : Z3 grams af hydroquinone (SISCO B, N, 

B/7032.GZ) suspended in 150 ml of glacial acetic acid and 

V.&S treated mth 200 g (6 mol) of broraine (/•<-'64,5 ml at 

20' C) and the mixture- was kept over night. To the mixture 

v/as then adde.d an equal volume of water and concentrated 

WSO-z and heated, on the steam bath till bromine was no longer 

evolved, Broaanil was ;"recrystallized from ethanol, M, P. 

29.9 °C (lit. 300 °C). 

lo.d̂ nil : 12»5 grams of bromanil mixed with 11,5 g of 

potassium iodide and 125- ml of alcohol were heated ôn a 

steam bath (v/ith a condenser) for t?;o houra. The reddish 

bro-wn. diiodo bromoquinoine. obtained in this way> after being 

washed with water and alcoholj, was transferred intO' a round 

bottom flask containing about 50 ml of alcohol and 2.0 g of 

potassiuiu iodide and \?as heated for about 2 hours on a 

steam bath, lodanll, thus formed, was recrystallized fro>m 

benzene* M. P. 284 "̂C (lit, 290 °'C), 
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VI* a ( i i ) . PI?EP&RA,TION OF U 1 CQMPLEXEjS 

a ) , fivridlne>-lodine Cotaii 1 ex : 0,508 g ( a m lao'l) of 

i o d i n e and 0,158 g CSmmol) of p y r i d i n e were weighed i n a 

s toppered weighing b o t t l e ; few dxops of methanol as so lven t 

were added and the mix ture v/as kep t a t 0 °C for •^'Zk hou r s , 

Care was taken to avoid the condensa t ion of m o i s t u r e . The 

s o l i d s e p a r a t e d was v/aahed with cold methanol and dr ied 

and s t o r e d i n a deac icca tor* 

h ) , Pico l i n e s - I o d i n e GQmpl.e.xea : 0,186 g (a ni niol) of 

p i c o l i n e s ( iC-y /3-<, y - p i c o l i n e ) and 0,508 g (aiamol) af 

i o d i n e were weighed i n a s toppered weighing b o t t l e ; few 

drops 0)f raethanolj a s s o l v e n t , v^ere added; the mix tu re s 

were s t i r r e d v/ell and 1-^t ove rn igh t ( a t 0 '^C), So l id 

( r e d d i s h black) c r y s t a l s s e p a r a t e d were v/ashed v/ith methandL 

a n d ' t h e n wi th dry carbon t e t r a c h l o r i d e and d r i ed and s t o r e d 

i n d e s c i c c a t o r t 

^)» a-Amino, pyr id ine , - Iod ine Coup.lex ; 0«190 g (a BHaol) 

of a-amino p y r i d i n e and 0,508 g ( a m mol) of i o d i n e were 

weighed s e p a r a t e l y and mixed th roughly i n a mor t a r . 

d)« Pyr id ine^H^l .oni ls Com-olexes : 0*158 g (a m mol) of 

p y r i d i n e and 0.if9a0 g (a m mol) of c h l o r a n i l or 0,8i{B g 

( a m mol) of broDianil or 1,aai|. g (a m a o l ) of i o d a n i l were 

taken i n a we l l s toppered b o t t l e to which few drops of 
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methanol were added and kep.t overn igh t ( a t 0 C)« Care v/as 

taken t o airoid moisture. , 0-he s.olid conplexea formed were 

aeparatled, washed and d r i ed and s t o r e d i n a desc icca tor« 

®)» FiG0lines~Halonlls^ Coraplexes. : 0 , Zhfi g O'f c h l o r a -

n i l (1 m niol)yo»2|24 g {% ^ mol) o.f •bromanil/0»6l2 g (1 mmol) 

of i o d a B i l were taken i n a w.ell s toppe red s t anda rd f l a s k 

(10 ml) J where 0.0931 g (1 EI Riol) of p i c o l i n e s (c/v'-j A-5 

1i-picol ine.s) ' were taken previo .us iy . The mixture ¥/as shaken 

we l l ( a f t e r adding few drops of methanol) and k e p t ove rn igh t 

( a t 0 "C), Care, was taken t o avoid anjT' passage of moia-ture, 

Reddish brovm complexes were s e p a r a t e d . The so^^id p roduc t s 

were washed, d r i e d and s t o r e d i n a daac icca tor* 

^)« 2-AalQO T).yridine-Ha,lonils Com-ple,:K,&;s : 0,190 g 

(2- m mol) of 2~amino p y r i d i n e and 0»ij-92 g ' (2 m mol) o-f 

ehloran3il/0.8i4S g (2 m. mol) of bror/ iani l / i • 22i|. g (2 m mol) o-f 

i o d a n i l were weigherd s-eparately an̂ d n ixed throughly i n a 

mor t a r . 

VI. 2 ( i i i ) . MET^a 

The i n f r a r e d s p e c t r a of pure components' and t h e i r 

a o l i d complexresj as. p repared above, ( i n n u j o l mull and KBr 

media)' were r^jcorded (4OOO-6OO cm ) on a Perkin-Elmer 

mo.del 29? .!!?•• s.pectrophotoraet.er. The e r r o r l i m i t V7as 
—1 

+. 2 cm » 
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VI, 3 . ^SSLTS. 

VI, 3 ( i ) * Py r id ine -^ Picol ines-^ , and 2--,i\rTiin,o, p y r i d i n e ^ 

Io.dinc ,Com.'pIejte_s. : 

The i n f r a r e d s p e c t r a of py r id ine} p i c o l i n e s j 

2.-aJn.ino p y r i d i n e and t h e i r i o d i n e complexes i n nujol/KBr 
"• 1 

were recorded, over the range of 4000-600 cm and the main 

spectral loands are set out in Table VI, 1, Howeverj for 

the sake of convenience the spectra in tiie region between 

1800 and 600 cm"' are shown in the figures (Fig, VI. 1 to 

VI, 4). The vibrati-onal spectra of pyridine-, pico^lines-

iodine in mulls are generally quite different from thos,e of 

equiiaolar aolutiona of these complexes in non-polar solvents, 

The broad absorption band between 3A-00 and 3̂ 00 cm~' 

(Table VI, 1) is probably due to moisture present in the 

air (all the earlier workers had also observed such broad 

bands:),'"" As v/e are interested in the "shift" of the 

donor bands after complexation, we have not assigned these 

bands, 
As mentioned earlierj even/though the IS spectra of 

halogens in the eoniplexed state in polar and non-polar media 

•^0 (in far infrared region) have been studied by Ginn-̂  , Haque 

and Wood ''•̂ ''̂  and at her workers exhaustively, little 

attention has been paid, to the spectra of donors and their 



(D 
P 
•H 

• d 

PH 

CD 
0 
M 
(D 
H 
ft 

T- O 

CD 

• H 

H 

EH 

H 

«(-: 
O 

m 

a 
pq 

H 

o 

-CI 

H 

-p 

O 
ft 

H 
H 
pi 

H 
o 

•H 

0 

•H 

•H 

iM 

FM 

O 
Pi 
•H I 
I 

0) 
Pi 

•H 
H 
O 
O 
•H 

I 

I 

I 

I 
o 
d 

J 
I 

•H m<r-
•ri Pi » 
•H 'H a 
^ Id S 
t>» o CM FM H 

(H Pi 

a -̂  
I >-. 

OJ PH 

T 
o I 

•H 
PH 

* g 

Pi 
•H 

r 
o 
O (13 
•H PI 
PH : H 

§ 

I 

Si H H 

I 
O 
O I 
fX, Pi 

0) f -
Pl I 

•H a 
t 5 
o 

M 

O 

•H Pi 

• H 
< 

I 
o 
o 
•H 
P H 

I 

I 

•H 

§ 

CD 
Pl>7-
•H I 

rg a 
O O 

I 
O 
O 
•H 
PH 

I 

® 
PI 

•H 
Si H 

• »>«'jta»>iKstt >» 

I 
03 
PI 
•H 

•H 
in 

O 

<r. 

00 

UD 

LTv 

t<̂  

•H 

O i 
PH H 

CD 
PI 

•H 
TJ 
•H 

FM 

3 

CM 

do o 

^ 
-d j d 

CQ 

o o 
t<^ [<A t r \ 

o o 

a 
O 

CQ 

o 
o 

00 

o 

w o 
o 
to 

1S6 

in a 

CQ 

I Q CQ 

O Ln 
[OLA 
Q O O 

LP. 

X3 
CQ 
O 

I 

+̂  
Pi 
O 

o 

1 ^ O 

CO CNJ 

CQ ^ j g CD a a ^ 
L T M n c i ) O CD LPvCD 
^r^ 00 o ^ O T> c\j 
CO isO MD ^ ' - ^ CM CM 
OJ C\J OJ OJ OJ OJ CM 

S o 

C^ CM 

CQ 
O 
LO 
OO 
OJ 

O J 

CM 

H 

C53 
EH 

CM 

n - >vO 

OJ OvJ 

IS 

o 
en 
CM 

3 
o 
OJ 
00 

15 
o 
cr\ 

^ 
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CQoiple,xes5 probably due to tlie difficulties involved in 

accoujiting the spectral changes* harij factors may bring 

changes in donor molecules (when complGsed with acceptors), 

One of the factors is that the change in the symmetry on 

coraplex formation can cause vibrations wliich are isolated 

in the independent molecules resulting in the sufficient 

change of the spectrum. Due. to the interaction between 

donor and acceptor, the bond length within the participating 

molecule may increase or decrease resu.lting in a decrease 

or increase in the vibrational frequency of the components, 

Sometimess it is possible that the position ofbands may be 

influenced by so many factors v;hich are not directly related 

to the changes in the electronic structure of the donor 

molecule because of charge transfer during coordination, 

The increase in the vibrational frequency may be related tô  

the kinematic 'effect of the interaction of the vibrations 

af the donor and the vibrations of the DA bonds, with the 

same type of symmetry. This effect is so important that 

the appearance of additional bands may change the internal 

field of force of the donor molecule leading to changes in 

the vibrational frequencies. It can bo seen from the 

Table IV. 1., and Figures VI, 1 ̂  VI.2 and VI. 3 that the ring 

stretching vibrations of pyridine are observed at l600<, 

1580, lifSO and Ui-AjiD cm"' and these are very sensitive to 
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substituctions, and positions (e.g. 5 picoliaos and 2-amino. 

•pyridine). In the case of pyridine and picolines, the 

cliarac.teristic patterns of absorption of the ring stretching 

vibrations-j probably results from the corfxplcte interaction 

of the C=C and C=H vibrations and therefore, it becomes 

very difficult to isolate the different vibrations. V/hen 

pyridine or pieolines interacts with iodine and forms a 

complex, there is. redistribution of charges (hov/evor small 

it may ba) which leads to frequency and intensity changes, 

In the present c5.se, there is interaction between iodine and 

nitrogen (i,e,, non-bonded electrons of nitrogen) and this. 

is. expected to affect the "^n-c/Cz^n ^^ certain extent and 

this is what has been observed. In pyridine-iodine, pyri­

dine bands (i.e., I6OO, T58C) and 1iv80 cm""'') shift to lower 

frequencies (i*e, 3, 1590^ 1̂ 68 and lii.68 cm ' respectively 

— 1 
and the TZ-i-ii-O cm band is shifted to higher frequency5 i,c, 

1ij..50 cm ' ) ( F i g . VI, 1) ; the i)n^Q/Q^-^ bands ofc?C -p i co l ine 

wore pe r tu rbed and s h i f t to s l i g h t l y lower f r equenc ie s , i , o , 

from 1595, 1-570 and \l\73 cm""* to 15855 and \k75 cm"'' 

r e s p e c t i v e l y . However, the 1432. cm band i s s h i f t e d to-

h igher frequency J i . e . , to l.-̂ +̂ O cm" , I t i s d i f f i c u l t to. 
— 1 

explain the absence of band ^^ 1560 cm in the complex, 

The same trend is observed in the case of y9- and /-pico-

lines (Figures VI, 2), (Haque. et al " had reported that 

http://c5.se
file:///l/73
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they could isolate 3 distinct typos of solids between ... 

^ pi CO line and iodiiiGj— ( S^pic-I) I" —, but wo could 

obtain only one typo of comploxy 1:1, probably may bo duo 

to different orporimental coaditions and procedure)* The 

small shifts of the bands (or porturbations) towards the 

lowei? frequoueies indicate that this change may bo due to 

vibronic effects which may arise as a result of charge 

transfer interactions and/or classical electrostatic 

effects (dipole-dipole and dipolo-inducod dipolc inter­

actions)^ Here it can bo mentioned that the vibrational 

coupling effects can be quite loose. So one is tempted to 

attribute the small shift due to "back bonding" from the 

halogen molecule rathor than neglecting the contribution 

duo to vibrational mixing. In absence of Normal Coordinate 

Analysis it is not possible to account for this changoi 

The above mentioned effects affect ..the "intensity" of the 

band but it is not possible to "quantify" the effect on 

Intensity in solid state, spectra. The C"C/C=H bands are 

slightly perturbod (weakened) duo to the interaction betwcai 

nitrogen (non-bonded electrons of nitrogen) and iodine, 

Here it should be noted that as the shift is about 5-15 cmj 

one should look into the trend rather than the absolute 

values because the f\ electrons of C=C and C=N in pyridine 

and picolines are delocalizcd (electrons), T̂ Toverthcless 
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the unariibigiious sh i f t towards the lower frequency ind ica tes 

that pyridine a.nd picolii ies do i n t e r a c t v/ith iodJ.ne and the 

bond s t rength i s decreased.. Due to l imi ta t ions of our 
— 1 instruiiient ( i . e . , range /4.OOO-6OO cm ' ) , v;e could not detect 

e i ther the y>,^ j nor ^j j band :.n the far in f ra ­

red region* Tnase bands would have thrown more l i g h t on 

the r e l a t i v e s t r eng ths of i n t e r ac t i on between Ihe donor 

molecules ( i . e , ; , pyridine and p icol ines) and iodine, 

The C-H i n plane and out of plane deformation bands 

7/hich appear i n the region 1250>-1030 and 850-700 era (for 

pyridine and p ico l ines ) are not affected samcii af ter coniple-

xation. However, the band around 991 cm i s very much 
~1 

shifted to- higher frequency ('̂ lOOO cm ), We are not able 

to compare our present results with the literature data as 

the literature data uostly refers to solirbion spectra of 

complexes whereas ours is in solid state (i«o», the physical 

conditions are different). In the absence of Normal 

Coordinate Analysis, we are not able to properly interpret 

the frequency and intensity changes after coraplexatlon, 

This observation seems reasonable since the primary effect 

on complex formation is at nitrogen lone pair electrons, 

These electrons in the complex are in the modified form and 
p 

some degree of interaction between the nitrogen sp and "si'TT 
electrons d i s t r i bu t i on w i l l take place. However, siich 
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effects being small in themselves arc either not transmitted 

to the C~H bonds or are. so \veal;;ly transmitted tl'iat the 

present luethod is too' insensitive for detection. Similar 

p 1 f̂  

observations ^rcre made for pyridine-ICI complex*' Ha.que 

and covrorkers ^ ^ feel that the band at /v̂ lOOO cm"' may be 

duo to (Dpi) ion, Thoy claici that iJicolinc foras an Inner 

complex xjlth iodine and the band around 1000 cm" i s duo tO' 

(PYpI) • I t can be r eca l l ed hero tha t the nature of the 

complex formed depends on the ' environnontal ' conditions-

and ccoperations.* (excess, of r e ac tan t / so lvent ) and mo do cf 

preparat ion of the complex. I t i s possible that our method 

of preparat ion of the complex may bo . differ02it from those 

O'f EaqUG ot a l " *" due to which they might have observed 

bands duo to (piCp~I) wher-; as we could observe bands due. 

to neu t ra l species only. I t has been reported in the l i t e ~ 

ra ture tha t the nature of solvent used in obtaining the. 

sol id complex mŝ j' affect the c rys ta l s t ruc tures s.nd new 

bands/signals mc':y appear even i n lil/Eoii spect ra . However, 

wo could not detect any band around 360 ran ( in e lec t ronic 

spectra)' and t l i is ru les out the cr is tenco of Î ,"*, aa d in 
+ 1 Pb 

turn, the possibility of the existenco of (Dpi)* The 

absence of I-,"* band indicates that the cor.uDlex is neutral 

and not ionic^ The formation of 1̂ "" or (pypi) ' which Haque 

et al had observed is probably due to the follov/ing process: 
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-H- ^— 
p^r^; pyl 2 ^ : : ^ . pyi • i' 

The formation of (Dpi) ' i s general ly f a c i l i a t e d with the 

environmental ass is tance (part icula.r ly in polar media;, i»e , 

excess O'f pyridine/picolines.)". I t can be noted here tha t 

the study of changes of v ib ra t iona l band shape (half band 

width) could provide a great deal of information about the 

molecular i n t e r a c t i o n . But as we are i n t e r e s t ed in so l id 

S-tate spec t ra l s tud ies , we could not compare the present 

band wid.ths with the l i t e r a t u r e values as the environment 

cajii su f f i c ien t ly influence the band pos i t ion as well as 

band i n t e n s i t i e s , 

VI, 3 ( i i ) , ,^"-JffiJiO_JP.Yridine-Iodine System ; 

In d i lu te solut ion the symmetric and antisymme­

t r i c s t re tching v ib ra t ions of -MIp group of E-aniino pyridine 
— T are observed at 3i.i-t5 and 3520 cm , As the concentration 

increases , the peak of 3^15 and 3520 decrease while broad 

banda appear at 31̂ .50, 33 )̂0 and 3180 cm * which are due to 

interniolecular hydrogen bonding^^'-^'^ The two broad bands 

at: 33-̂ 40 and 318.0 cm are probably due. to the F.-ermi doublet 

caused by the resonance betv/ee.n the hydrogen bonde.d N-H 

stretching vibration- and the overtone of the NH„ bending 



196 

vibration at 1630 cra"̂  in the }U—H. ....H hydrogen bonded 

ay stem* The band around I6OO cm can be due to î'-H 

deformation whereas the band at-^1300 CE is due to C—N 

stretching. When Z-amino pyridine interacts with iodine to) 

form a cowplex, the election density around nitrogen is 
—•1 — 1 

perturbed. The band at 31^30 en""' is shifted to 3-̂ 33 cm 
(i.e., the mean H—N,,..,H stretching frequency is lowered), 

— 1 -1 

33¥) cm band is not affected v/hereas 3180 cm band 

disappeared and a new band appeared at l6?0 cm" (Table 

VI» 1 and Fig,. VI, 3), This band is not due to slceletal 

stretching. This shift of H-—N—H stretching to lower 

frequency and appearance of a band at I67O cm can be 

assigned to the cation of 2-aiflino pyridine. In the case of 

E-ammo pi'-ridine-HCl-̂ -̂ complex, the H—N—H stretching 
— 1 frequency decreases by about 70 cm and H—K—H scissoring 

frequency increases by about 50 cm , On comparison, it 

appears that the charge transfer is certainly less in 

2—amino p y r i d i n e - i o d i n e complex compared to 2-amino pyr id ine -

HCl?^ The doub le t s a t 1160 and 1^0 cm""' a re s h i f t e d to 
-1 h igher f r equenc i e s , i . e , , to 1165 and 1155 cm and the band 

-1 -1 
a t 10ZfO cm s h i f t s to lower r e g i o n , i »e ,5 1025 cm » The 

-1 -1 

most sensitive band 990 cm , shifts to 1015 cm , 

Sij i i i lar ly , the band -̂̂ ^630 cm**'' - i s s h i f t e d to 6ij-5 cm~^ and, 

the s h i f t s i n 2-amino p y r i d i n e - i o d i n e complex a re more 
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coniparad to pyridine-do dine or plcol inoe- iodine systems, 

Thus qua l i t a t ive aspects o-f tlio de ba sho\/ tha t 2~amino 

pyridine- iodine i s a atronger cowploz coraparod to pyridine 

complex, 

S-aJ'lino pyrid3.ne-iodinG complex absorbs a t '"^J^GO im. 

which, i s due to I^'*^ As mentioned e a r l i e r , the existence 

of I ^ " i s possible only i f the conplox ex i s t s as an inner 

complex ( ionic) r a the r than an outer coriplex (neut ra l ) or 

i f there i s an equilibrium between inner and outer complex. 

Similar cases have been reported in the l i t e r a t u r e for 

p ico l ines - rx ay stem » The new band, around I670 cm"" , may 
+ * 

be ascr ibed due to (2~amino pyr id ine-I ) , i , e, j due t a NHp 

sc i ssor ing . So, from the IE and e lec t ronic spec t ra l data i t 

appears tha t 2~aniino pyridine-iodine i s a u^tronger complex 

and i t i s ion ic in the ground s t a t e , 
As has been pointed out Garlier^ the v ibra t iona l 

changes v;hich occur on comploxation should lead to frequencg'" 

and in t ens i ty changes and now 'bands' should appear i f the 

i n t e r ac t ion i s s t rong. So the frequency sh i f t can be used 

to compare i n t e r ac t i on "s t rengths" within a closely 

r e l a t e d s e r i e s of complexes (where normal coordinate changes 

might be expected to be s imilar i n each case) . In the 

present case, the stra'&lih of i n t e r ac t ion should vary in the 

order Z-aiiiino pyr idine~iodine^ o^, y?- , / -p icol incs- iodino> 



198 

pyridJ-ne-io.dine, (The- hea t of formation of 2-amino pyridlKS 

- i o d i n e N o(;~, ,̂/3-s ^ - p i e o l i n e s - i o d i n e ^ p y r i d i n e - i o d i n e i n 

n-heptane) ' • In f a c t auch t r end has been observed i n so lu ­

t i o n s p e c t r a of p^Tidine and p i c o l i n e s ( i . e . 3 dC-j fi^^ 

• / - p i c o l i n e s - i o d i n e \ p y r i d i n e - i o d i n e ) . But i t i s n o t easy 

to observe such t r e n d i n s o l i d s t a t e s p e c t r a probably 

except i n s i n g l e c r y s t a l p o l a r i z a t i o n IE s p e c t r a , 

VI, 3(111)'» P y r i d i n e - . PlcO)lines>-, ^nd, 2-Amino, P y r i d i n e -

,Ha^Qnil Comnlexes : 

The i n f r a r e d s p e c t r a of c h l o r a n i l j bromanil 

and i o d a n i l ( f f -acceptors . ) and t h e i r complexes vath pyridine^ 

p i c o l i n e s and 2.-amino p y r i d i n e (n/jf donors) vmre r ecorded 

over the range of lj-000-600 cm " ' and the s i g n i f i c a n t 

s p e c t r a l bands of p y r i d i n e - h a l o n i l s , p i c o l i n o - h a l o n i l s and 

2.-ajaino p y r i d i n o - h a l o n i l s complexes a re suinmarised i n 

Tables VI»2-6 a M Fig , VI, 4 ( p y r i d i n e - h a l o n i l s ) . I t can 

be s-con from the Tables^ t h a t c h l o r a n i l j bromanil and ioda3:nl 

have s.trong ch3.r a c t o r i s t i c a b s o r p t i o n a t I.69O5 I673 and 

1,658-am'"''- due to X5Q^» The bands a t 15725 1565 and 15T5 

era"'' a r c due to i)n-r sca«^- "the bands a t 1260, 11l5j 12155 
C-C 3g 

1.066. and 11723 101a a rc due t o ^JQ^Q, These va lues agree 
wel l v/ith those of lida-' '^ and Ma.tsunaga; 
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Table VI> ,2> 

Important Infrared Spectral Bands of 

Pyridine-Halonil Complexes (in nujol mull) 

3400m,br 336O 
3360m 

3142m 

3080s 

3050m 

3035s 
2850m 
2830ra 

26OOW 

2450m 

2290m 

2210W 

213OW 

1987m 

I95OW 

1921m 

1875m 

l682w 

1630m 

1690s 
1681s 

1650m 

3355m 

2845sh. 

1691s 

1680s 

I650m 

3340 w 

1681s 
l673a 

I642w 

3360m 

2850s 2850ah 

1692£ 

1680s 

1650m 

3400m ,lr 3400m 

2855sh 

1659s 1659s 

Table Vi, 2. contd...../-
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Table VI. 2 ( c o n t d » . . . 

I^LJ^^JILI, „lit̂ X™J'!Ll. _J^}Jj^^ (1) 

1600 s 
1582a 

1^.0s 
1 if^Ovs 
1555a 
129i^a 

1220 s 

1150s 
1070a 

1030s 

f (^) 

1572s 

1 if90sh 

1260in 

1238111 

1210W 

11153. 

1 C3)i 

1571a 

1265m 

12370 

1210W 

1170w 

1112s 

( 

1565B 
1549 s 

1260n 

1215s 

1110Q 
1066s 
1054s 
1030n 

99.0 s 
93 3n 
9if^vw 

88.5w 

8.10VW 

750s 

703VS 

675w 
653w 
606a 

908n 

755s 

715s 
708.W 

1010w 

905n 

752a. 

712s 
705w 

6e0in.br 

8 8 On 
8.69 s 

753w 

715u 

705s 
695n 

6if5a 

1572s 

1545W ^^^^^ ^^^^^ 

I3OOW 

1260s 
^ 240ra 

12l8n 

1112s 

908; 

755s 

715s 
708n 

I3OOW 

1192sh 1192sh 

1172n 

1156w 

1175n 

1158!J 

1027w 
1012U 1015s 

840w 
835w 
824w 

721s 
712s}i 

695s 
682i-.i 

721s 

69 3£ 

http://6e0in.br
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Table. VI >-3 

I n p o r t a n t I n f r a t e d S p e c t r a l Data for 

{*G-Picoline-Haloiiil Coriplexea(in nu jo l n u l l ) 

oC" Pico-

l i n e 

-1 
en 

piora-
Ul 

(1) 

3080a 
3065n 
304OW 
2855W 

2720ah 
26lOw 
1950W 
1910W 
1870W 

en 
- 1 

C2) 

1 oC-Picoline-
C h l o r a n i l 

- 1 en 

I6 l0w 

t595s 

1570s 

U 7 8 s 
1if50n 
1if3Ss 
1380s 
1.295s 

1 Zi^Os 

3360ta 

1690s 
1681s 

I650n 

1572s 

1if90sli 

1260 s 

1238'n 

1.210W 

(3) 

3355n 

1690s 

1680 s 

165OW 

1571s 

I26O& 

1i232n 

1210W 

Bronsf-
n i l 

- 1 en ' 

ik) 

1^—Picoline 

©r oLianil 

-1 
cm 

(5) 

3/f00n,lar 3i|,00Q 
354OW 33A-0a 

2850 s 2850 s 2850 sh 2855sh 2850^ 

1681s 
1673a 

l6Zf2w 

1681s 

1671s 

I6i+2w 
1659s 1660s 

1565s 1565ri 

15l5n 151&Q 

1260n 

1215s I2I.5& 

1iq-2sh 1193sh 

Table VI, 3, contd,.../-
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CI) I (2) 

11505 

1100s 

1050 s 

1000s 
975a 
9if0w 

885w 

SOOni 
760s 

730 s 

7£0w 

710w 

1115s 1110^ 

908EI 

755s 

715s 

708.2 

63OW 

903a 

752s 

710s 

701 w 

11 lOn 
1066s 
1054s 

1030ni 

88OL1 

869s 

753w 

715u 

705a 
69 5n 

6k^n 

mow 
1068 s 
1052s 
1030W 

880sh 
870s 

723n 

706 s 

69 5v/ 

6/+5D 

1027W 

1012n 

840w 

835v/ 
82ifW 

721s 

712sh 

695 s 
68 2u 

1014a 

838'W 

695s 

s , sharp ; n̂  nediuri; w, weak; v, very; sh, shoulder , 

Bands a t 3030»2860, •~1460s --^1375 en"'' have been o n i t t e d 
due to s u p e r i n p o a i t i o n by nu jo l bands* 
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T a b l e VI. . ,4 

I m p o r t a n t I n f r a r e d S p e c t r a l Data of 

y 3 - . p i c o l i n e - R a l o n i l Conplexes ( i n n u j o l raull) 

3400 w 

5080m 
3060sh 

2850ni 

e740m 
2610m 
2/+65W 
239OW 
2200 a 
I97OW 
I95OW 
1912W 
1870V/ 
1840w 
1770m 

1600 s 
1582s 

1478 s 
1450n 

1295 s 

7 3 - P i c o l i n e 

C h l o r a n i l 

1 

1690s 
1681s 

1650m 

1672s 

14908h 

3355n 

2855s 

16928 

1680s 

I65OW 

I6?1s 

Bro ma-
n i l 

cm-T 

(4) 

y3~Picoline 

Bromani l 

,~1 
cm 

2850 i 

168 Is 

1673s 

1642w 

1565s 

1549 s 

(5) 

3340w 3340m 

2840sh 

1680s 
1673s 

1562s 
1550m 

^H.cD]ine 

llo d a n i l 

cm 
-1 

(7) 

3400m 3400sh 

28 55 sh 2855 s 

1659 s 1660 s 

1 5 1 5 B 

I30OW 

1520 s 

Table VI . 4 , c o n t d . . . . / -rp 



1 2Zf0w 

QOOi 

_TaJble ,̂̂  yX,, it* contcl . 

cn y iT) " j (3) j (4) I (3) ' ^ (6) 

1115s n i i f s 1110m 

908 n 907ra 

869 s 

755s 755s 
753w 

1255m 

1218s 

1260 s 1260ni 1260ra 

1225s ^^^7iii 

1210W 1210W ' '^" '^^ 

1190s 
1172n 

1120s , , , ^ „ , , , , 1 ^ ^ ^ * 

1066s 1°^S^ 
105^8 . ^ . 

1050n iu:?2s 
1030s 1030n IO3OW ^Q27w 

IOOO11 1012U 
975n 
9'tfOw 
885w 880m 875w 

8 70s 
QkOw 
835w 
82Zfw 

752s 
730 s 

712s 

530s 

715s 

708 w 

63OV/ 

712s 

?05w 

715m 

705m 
695w 

6^5ni 

725 s 

708 s 

695w 
6i|-7u 

721s 
712sh 

695s 
682m 

204 

(7) 

1192sh ^^93w 
1175s 

1015s 

721w 

695s 

s, sharp ; n , medium; w, ¥/eak; v, very; sli, shou lder . 

Bands a t 3030-2860, ^1^60 and /^ 1375 cn"'^ have been 
omnit ted due ID super i rapos i t ion by nu jo l bands* 
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Table_ .VI f.,.,̂ . 

Important I n f r a r e s S p e c t r a l Bands of 

y - P i c o l i n e - H a l o i i i l Complexes ( i n nu jo l n u l l ) 

/-Pico.. 

l i n e 

•1 
cm 

(1) 

33i|0n 

Ohiora­
n i 1 

cm:" 

__±J31 
3360n 

V-Picol ine-

Cl i lorani l 

cm~ 

3070s 
3030s 
2 8 5 5 ^ , ; , 

2735s 

268 5 w 
2600m 
2i|.60s 
2if00m 
229 5H 
2220m 
219OW 
2020m 
1935s 
1850m 

1665m 

1615s 

1562s 

1496s 
li+50s 

1690 s 

1681s 

1650m 

1672s 

U90s.h 

2850 s. 

1689s 

1680s 

1638s 

1671m 

Broma-
n i l 

. -1 
cm 

(4) 

/-PScQldiie 

Bromanil 

1 
en 

C5) 

33-^0^; 33L\.0v 

oda- Bjî Picoline 
a i l glo dan i l 

CD. 
"1 

cm 
1 

1681s 

1673s 

l642w 

(£) I (7 )^ 

3if00n 3Zf00sh 

2850s ^^^^^ 2855sh 28.55s 

168 2s 

1673s 

1659 s 
166 Is 

1565s 1565W 

1515s 1520 s 

Table VI. •;5. contd, • A 



T a b l e _ J X ^ ^ conid,» 

206 

(1) im (3) (k) (5) (6) C7) 

1if15s 
1380s 

1225© 
1.21 Ow 

1070 s 

lOifOs 

995a. 
972s 

800 s 

730s, 

712w 

670m 

1260 s 
1238m 

1210w 

1115& 

908m 

755s.. 

715s. 

708w 

63OW 

1260in 
1238w 

1209m 

1l65w 

l l l i f S 

1045sh 

995 sh 

907s 

I26OW 

1.215s 

11 TOm 

1.066s 
105ifs. 

1030ni 

880m 
869& 

805m,br 

712s 715m 

705w 705& 
695w 

6ij.5m 

1217s 

1.115w 

1068 s 
1055s 

IO3OSI1 

870a 

720 w 

708ra 

6 if 5m 

1300 w 

1192sh 

1172m 
1156w 

1027W 
1012m 

8i|.0w 
835w 

721m 
712sb 

695s 
682m 

119ifw 

1178m 

1018s 

Siflw 

723w 

695s 

S'j, sharp ; m.^ medium; w, weak; s-h, shoulder ; br^ broad; 

Bands a t 3030-28605 r>^1it.60 and w1375 cm"'' have been 

omi t ted due t o supe r impos i t ion by nu jo l bands, 
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Table VI; 6 

I n f r a r e d S p e c t r a l Data of 2-Amino Pyr id ine-

Kalon i l Complexes ( i n KBr iiaedia) 

2-Amino-

pyridine 

cm 
-1 

Chlo ra­
n i 1 

cm 
-1 

2-Amino-
pyr id ine-
c h l o r a d l 

cm 
-T 

Broma-

nil 

cm 
-1 

2-Amino-

py:F.idiie-

Bromanil 

cm 
-1 

10 da-

nil 

cm 
-1 

2-Amino-

pyridine-

lodanil 

cm 
-1 

(1) 
™-l 

(2) (5) (k) (5) (6) (7) 

3l80sh 

1955w 
1915w 
I835sh 

16323-1 ̂  

1565s-

1485s 

1440 s 

1340sh 
1325s 

3560m 

I690& 
1681s 

I65OB 

1572s 

1490sh 

1470sh 

1380m 

1320w 

3360vw 

315OW 
292OW 

I69OS 

I68OVW 

l665s 

1625m 

1571m 

1515m 

1420vw 

1380w 

1330 w 

334OW 

2850 s 

1681s. 

1^7 3s 

I642W 

1665s 1549s 

1475w 

1385m 

334OVW 

293OW 

l682s 

16 74s 

1625m, 

1568w 

1550m 

1475 w 

1385m 

1325w 

Table 

3400m5br 

2855sh 

I659s 

br 

1515s 

1388w 

3400sh 

1665s 

1620m 

1565m 

1515m 
1485m 

1 445m 
1420 V 

1385W 

1360sh 

1325m 

:;ontd../ 
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(1)" j (2) 1^^ C3) f Ĉ ) J (3) (6) C7) 

laaos 

11603 
n i fOs. 
1.0 7 Ira 

10/+0m,br 

990s 
960s 

850B-) 
850s/ 

775B 

7i!-0s 

1 2 6 0 S 
1238 m 

1210W 

1115a 

908 m 

1260m 

1235W 

1l70-m,br 

inos 
1070W 

lOOOw 

908 w 

f280w 
1260w 

1215s 

1066s 
105^3 
1030m 

880m 
869s 

1215rJ 

1170 w 

1070s 
1055s 

870ra 

1192sh 
1172m 

1027w 

1012ra 

n70ra,br 

1025v\7 
1015m 
lOOOsh 

755s 

715s 
768 w 

670w 
6305n 63OW 

770a 

750m 

7 1 2 B 

705VW 

625w 

753w 

715B1 

705 s 
695w 

6if5s 

770m 

7l2sh 
705s 
69 5 w 

6ii-5s 
628vw 

8i+0w 
835w 

7aim 

695s 
682m 

765ni 

725w 

695m 

625w 

Sj sharp; m, medium; W5 weak, sh. shoulder ; b r , broadj 

V, very , 
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Chloraiiil, bromanil and iodaii i l are / [ - accep to r s and 

tl ieir e lec t ron a f i n i t i e s are nearly the sasue ( ^ 2 , 1 ev ) / ' - ^ 

Pyridine, p icol ine aÊ d Z-amino pyridine have non-'bonded 

electiJOG as well as 7C electrons* I t i s well known tha t 

pyr idine, p icol ines and S-ramino pyridine are n-donors. 

towards iodine . However, i t i s not kno\ra whether these 

donors, behave as n^-donors and ,/f-donors towards /C~acceptors, 

( l i ke halo n i l ) , and i t i s not ea.sy to speculate the 

geometry of the complex, eventhough one would l i k e to opt 

for 7r-7r complex model ra ther than n-.7T complex ( a s the 

e lec t ronic e f fec ts of i n t e r a c t i o n are unlikely to be loca­

l i z e d ) , Vibrat ional spectroscopy has p r inc ipa l ly been used 

in order to d is t inguish neu t ra l "outer" complex, D—A, froa 

the r a d i c a l ion pa i r , D -A , formed from electron t r ans fe r , 

This d i s t inc t ion i s easi ly made by a comparison of the 

spectra of the "free" coiaponents, the complex and the iona 

( l i k e a l k a l i metal s a l t of the acceptor) ; the l a t t e r i s 

being regarded as a model for the s i tua t ion i n which comp­

l e t e e lectron t ransfer has taken p lace . Hall et a l ' have 

studied the so l id molecular complexes of hexamethylbenzene 

and TONE, They suggested tha t the complex consis ts of 

species which contains sequences of D-A-D-A-D-.. . . . . • I t 

can be seen from the Table;: (VI, E-6) tha t the spectra of 

the complexes are almost the super-imposition of those of 
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donors and acceptors . In the. pres.ent case te cause of the 

s imilar nature of subs t i tu ted pyr id ines , i t i s d i f f i c u l t to 

uncover any systematic spec t ra l changes (of donors)" during 

complex forination. For t h i s reason, emphasis i s placed on 

any s igni f icant change occuring in the spectra of ha lon i l s , 

Had there been the forraation of nr-/t complex, one would 

ha've. expected considerable change i n frequency sh i f t of the 

^C-N °"̂  donor (as the char.ge on ni trogen would have 

decreased due to charge t ransfer) and a new frequency 

corresponding to i)^r p-, of halonils* The acceptor 

exhibits absorption at /-v 1690, ^^1.682 a n d ' ^ 1660 cm 

respectively* The l i thium s a l t of p,-chloraniI absorbs a t 

1'518, 159 -̂ and 1028 cm""'' r espec t ive ly , (Similarly for 

bromanil and iodaii l l i ons ) . But we could not detect any 

absorption bands in these regions. So the absence of bands 

around 151-8, 159A- and 1028 cra~'' in chloranily bromanil and 

iod.anil complexes indicates that the complexes are not ionic 

but they are neu t r a l i n the ground s t a t e . In addi t ion, 

there i s hardly any ch;angG e i the r in the pos i t ion or in the 

i n t ens i t y of Ĵ W T̂T band of 2-amino pyridine-halo n i l comp­

lexes , This ru l e s out the. p o s s i b i l i t y of i n t e r ac t i on of 

ha lon i l s with ni t rogen o:f 2-amino pyridine (as 2-amino 

pyridine, i s already hydrogen bonded S3''stem)» 
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I t can be seen ±rom the tab les tha t the 'X^Q^Q bands of 

ch lo ran i l , bromanil and iodan i l slxLft froixi 1260; 1215 and 

1172 to 1265, 1218 and 1175 cm"'' respect ive ly in the 

complex, whereas the l i thium s a l t of ch loran i l has absorp­

tion band a t 1176 cm"* ( ^ ^ ^ ) . As there i s hardly CUC^ any 

sh i f t in the band posi t ion of ^n^n of halonils- i n the 

complexed s t a t e i t appears that there i s hardly any change 

in electron density around C-C; t h i s ind ica tes tha t there 

i s not much in t e r ac t i on between ha loni l s and pyridine, 

p i co l ines and the campioxes arc neut ra l in the ground 

s t a t e , 

From these infrare.d spec t r a l s tudies i t i s clear tha t 

pyr idine, p ico l ines and 2~amino pyridine do i n t e r a c t v/ith 

iodine , ch lo ran i l , bromanil and iodan i l . 2-amino pyridine 

i s a be t tor e lect ron donor (towards iodine) compared to 

P5'ridinc and p ico l ines , and 2-amino pyr idine- iodine forms 

an ion ic complex in the ground s t a t e v/horcas others are 

i ioutral . Halonils form Jl-JT complexes v/ith pyridine and 

p ico l ines ra ther than n^JV complexes, 
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S.IL^M A.B.I 

The field of molecular cO'mplexGs (including 

hydrogen bonding) has been a subject of extensive investi­

gations in recent years* A number of reports have appeared 

in literature in which the results of donor—acceptor 

systems (particularly in the case of weak donor-aceoptor 

complexes) do not confirm the theoretical predictions. So, 

que-stions were raised about the reliability of the spectral 

and thormodynauic parameters of such systems obtained by 

spectral methods alone. Therefore^ an attempt has been 

made to use some non-spectral methods to obtain the noce^ 

ssary informations on the nature of interactions betv/een 

electron donors and acceptors* 

The present dissertation contains the studies on mole­

cular complexes/hydrogen bonded systems by using the loss 

familiar methods, conductometn''» viscometry, in addition 

to the usual infrared spectroscopy. 



( i i ) 

Various aspects of molecular coiiiTjloxes/hydrogen 

bonded systems5 v/hich are re levant to the s tudies reported 

in t h i s t has i s have been br ief ly reviewed i n Chapter I« 

The appl icat ion of conductometry in the study of 

transformation of outer charge t ransfer complexes into 

inner complexes, cons t i t u t e s the subject matter of Chanter 

II« The donors- use.d are methanol, ethanolj v/ater and 

a c e t o n i t r i l e where as iodine i s used as an acceptor. The 

transformation of outer complexes in to inner complexes are 

found to follow the f i r s t order r a t e lav/. The effects of 

temperature and concentration on the r a t e of transformation 

have been studied. The r e s u l t s indj-cate tha t the r a t e of 

transformation vary in the order HpO-Ip^ MeOH-Ip^ 

EtOH-I,. So 5 i t has been J e l t tha t the Gu.se with which 

the transformation proceeds depends on the r e l a t i v e magni­

tudes of enthalpy of formation of the outer charge-transfer 

complexes. 

The formation of charge-transfer complexes can also be 

follO¥7ed by measuring the changes in the e l e c t r i c a l conduc­

t i v i t y of a solut ion (o,g,, , donor in i n e r t solvent of 

suf f ic ien t ly high permi t t iv i ty ) on addit ion of another 

su i t ab le solut ion ( i . e . , an acceptor) . In effect , this: 

amounts to a conduc tome t r i e t i t r a t i o n , Cha,pter I I I of the 

http://Gu.se
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thesis deals with the applicability of conductometric 

titration for detoriuinatiori of tnc stoichiomotry of charge 

transfer couplexes (where outer charge transfer complex is 

transformed into inner complex) in polar media* The 

systems studied are : Iodine compLcxes of acetone, methyl 

ethyl ketonoj i^^butyl methyl ketone, triphenyl phosphine, 

triphenyl arsine^ triphenyl stibenOj methanol, ethanol and 

a^propanol. The atoichiometry of the complexes (in higlily 

polar media) are found to be ~:; 2:3 (except in the case of 

triphenyl stibenc where the stoichionetry is î̂ ltẐ .), The 

effects of tom.perature5 concentration and dielectric con­

stants of the media on conductivities and stoichiomotry 

of the complexes have been reporttjd. The present results 

show that the electrical conductivities of the complexes 

in solution depend on temperature, concentration and 

dielectric constant of the medium, whereas tnc stoichio­

motry is almost independent of the dielectric constant. 

The limitations of conductometric titrations of molecular 

complexes have been pointed out* 

Chapter IV deals with the tcchniq_ue based on the 

viscosity measurement in the study of wcaklĵ  interacting 

syatems. The viscomotric method has been found to bo 

applicable not only for detecting bhe presence of inter= 
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action between the clonor and acceptor but also to determine 

the stoichiometry and equ-ilibriurn coiistaiits and other 

thermodynamic pararaeters of weekly in t e rac t ing systems. 

The systems which are studied by v i scone t r i c method 

include benzene-CCl,-cyclohexanGj toluene-CCI, -Cyclohexane 

and Qj-Xylene-CCl,-cyclohexane. The euuilibrium constants 

( a t difterei!.t teB^perat\ires^ arid other ther'aodyaawio para­

meters of these systems have been evaluated and compared 

with the l i t e r a t u r e data, Tho r e s u l t s show tha t the 

strength of the complexes vary in the order : Benzene-CCl,-
•4 

cyclohexane y to luene-CCl,-cyclohexane^ pj-Xylene-CCl,-

cyclohexane. The possible reasons for such reverse trend 

have beer, given. The l imi t a t ions of visconietric method 

have been pointed out, 

The app l i cab i l i t y of viscoraetric method in the s tudies 

of hydrogen bonding forms the siibject n a t t e r of Cha,i3ter V. 

The systemsj which are stud.ied by v i scoue t r ic methods, are: 

methanol-ace tones ethanol-acetonej n-propanol-acetone and 

n-butanol-acetone in carbon t e t rach lo r ide ( ternary systems^l 

The equilibrium constants ( a t d i f ferent temperatures) and 

the other thormod '̂-naj-iiic parameters have been doterm-ined. 

The s trengths of the hydrogen bonding follow the order: 

Mothanol-acetone-carbon t e t r ach lo r ide <^ethanol-acatone-
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Carbon tetraGhloride <^n.«propaaQl"acetone~car'bon t e t r a ­

chloride <̂ n_~ "but a n d - a c e tone-car "bo EL tetracialoride, Hov/ever, 

tlie heats: of formation of the coniplexeE obtained by t h i s 

method v/ere high. An attempt has been made to explain this 

i n terms of breaiiing of hydrogen bonding and formation of 

new hydrogen bonding, 

The s tudies of molecular complexes by inf rared 

spectroscopy i s the subject matter of Gh,a,'oter VI> 

Pyridine, c>C~j 1%-% a^p ica l ines , 2~ajaino pyridine in te rac t 

v/ith iodine and halonJ.la to form 1:1 so l id nolecular comp­

lexes , Infrared spec t ra l data show tha t (except Z-amino 

pyridine-iodine complex) a l l these complexes are n e u t r a l 

in the ground s t a t e . I t i s infer red from the present 

studies- that 2-aaiino pyridine i s a b e t t e r electron donor 

(towards iodine) than pyridine and p ico l incs , Halonils 

form 'T{-''K complexes with pyridine and p ico l ines ra ther 

than ;^-JT complexes, 




