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ARSTRACT

£ e

For the determination of Formation Constant of acetic acid dimer
(linear and e¢yclic), a theoretical frame work has been constructed

where it is shown that

g, (Po= 2ps)2
PS5 = D X 7 + P1 3 Where Pi' Pz. D, PS, V and K are
1}‘”r’?f at reasuned Coneondodimd
molar property of monomer, dimer, D = Pz- 2P1. apparent molar propert{gh=45
»

volume w&gg& contain one mole of species and equilibrium constant res-

pectively.

The molar volume and molar polarization were obtained by measure-
ment of specific volume and dielectric constant in bo!utions of varying
concentrations for which PS and V uerehcalculated.ﬁgr:; ical methods
were employed on the basis of the above relation to obtain Pi' Pz. Wb

and finally K.

The results of such investigation in five solvents, such as, cc14.
benzene, chlorobenzene, high boiling hydrocarbon and cyclohexane have
been found to be satisfactory on careful considerations of various

effects of solvents and also of their peculiar structures.
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Chatige of molar property.

Formation constant of dimer
Weight fraction
Volume of the float
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Change of specific volume
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INTRODUCTION

Chemical Dond and Dissociaticn Fnergy

Much pf science of chemistry is concerned with making and
breaking of chemical bonds. Pauliug1 has defined chemical bond as
follows: "There is a chemical bond between two atoms or groups of
atom in case that the forces acting between them as such as to lead
to the formation of aggregate with sufficient stability to make it
convenient for the chemigt to consider it as an independent molecular
spécios".

| The word 'stability’ means the tatrength of chemical bond' which

is given by bond energzies expressed in Kecal/moles At room temperature,
the average translational energy in the direction of one coordinate is
%2 RT or ,3 Keal/mole. A simplified expression for the fractional number
of molecules posgsessing translation energy E or greater in two degrees
g E

of frecdem is =

e If two molecules collide, then it is rea-
Bg e KT

sonable to assume that the combined translational energy along the line
of collision represent translationul energy available for chemical
reaction (breaking of a chemical bond). Ordinary covalent bonds have
enthalpy between 200 - 90 Kcal/mole, whereas the forces that come into
operation, which have been recognized as interemolecular forces, involve.
enorgies from less much than 1 to 15 Kcal/mole. We can now lﬁok at the
stability bf fchemical bonds" by computing nE/ho at 300°K for different
values of E indicates that at room temperature (SOOOK) only 1% by

moloculnr collision involve 3 Kcal/mole and a very negligible number of



collision, 10'42% have energy equal to or greater than 60 Kcal/mole.
Thus it is clear that bond ecmergy involving more than 20 Kcal/mole
should have very little measurable dissociatien of bond at ordinary

tenperatures

Inter=llolecular Forces

B8ix types of inter-molecular forces are generally recognized:

(i) Repulsive forces, due to repulsion effect betveen closed elec=-
tron shells which is a Vefy short range interaction;

(ii) Pispersion forces, which are aiways attraciive for molecule or
atom in.tbcir ground state and arise even between neutral, non=-polar
molecules or atoms and are due to average interaction of an instanta=-
ngous moment of one molecule brought about by charge density fluctua-
tion and the electric moment induced on the other molecule or atom;
(iii) Polarization forceas, which arise from the polarization of atom
or molecule by an approaching atom or molecule forcing redistribution
of charges with concomitant effects on it s permanent electric moment,
due to the effect of charges or permanent electric moments of the appro-
aching atom or molecule;

(iv) oOrientation forces, due to mutual coloumbic attraction or repule
sion of the net charges or electric nnment; carried by two interacting
atons or molecules, such as interaction between two ions, ion-dipole

and dipole=dipole interaction. In a high dielectric medium at a distance



of 5 2 E can be mearly 5 Kcal/mole for two unit of charges of
opposite signs;

(v) 1Iulliken charge transfer forces, leading te transfer of an
electron from an eloctron donor molecule to an electron acceptor mole=
cule forning a well defined complex, known as charge transfer complex,
with concomitant appearance of a characteristic inténse band in the
visible or UV spoctrum of the regionz. The thermodynamic paramecters
for charseo traﬁsfcr complexes are of the-aame magnitude as for hydrogen=-
ﬁonded conplex and

(vi) Hydrogen bonding, due to involvement of specific H-atom of the
proton donor group wiéh.a localized site of high electron' density in

the sane or another molecule.

Repﬁlaive. dispersive, polarizatién and, most of the time,
orientation forces are very weak forces and hence are not "stable"
;nough leading to the formation of an aggregate with sufficient stabi-
lity to be considerod as independent molecular species. On the o¢ther
hand charge transfer and hydrogen=bonding have bond energios from
.30 Keal/mole down to 4 Ecal/mole or less. The important features of
these two types of conﬁlexes is that, at ordinary temperature, only a
fraction of the molecule are associated and at equilibrium, due to
kinetic energy of motion of the molecules, a certain number of new
molecules are continually broken while the same number of new complexes

are continually formed.



Hydrogen=ond

liydvopzen~bonds are almost as frequent and almost as important
in nature as ordinary chemical bonds and they will probably remain a
target for intensive search for many generations to come. liydrogen-
bond formation is a aspecial kind of dipole-dipole interaction.:ithen
hydrogen occurs linked to an electronegative element or group, the
polarized =atom permits a close approach to another negative atom
having a lone pair, giving rise to a specific bond formation, repre=

sented a8 A = I sase B and termed as H=bond.

The concept of Hebond was first lntroduceé by M. L. Hugglnss and
then Latimer and Rodebush4 iﬁ 1920 during their study about the inves=-
tigation of the associative nature of the vater molecules. Since that
time, there has been considerable discussion éf a suitable definition

of the H—hondso

A competent description of the hydrogen=bond has to be able to
take into account a number of important properties of Hebonded aggre-

gate for which extensive experimental evidence are availables

(1) 1Molecules forming lHebonds come much closer than the sum of the
vander waals radii of the nearest atoma would allowe In Figure t.1
this fact is demonstrated with the aid of two typical Hebonded com=

plexes = (HF)2 and (uzc)z.



Fige 1e1e Eqguilibrium geometry of (HF)2 and (H20)2, The circles

aroand the nuclel represent the vander waals radiieg

(ii) =-bonding increases the polarity of the molecules concerned. The

dipole moment of an Jl=bonded complex is larger than vectorial addition

of the monomer moments would’ suggest;

(iii) As a consequence of f=bonding the lengths of the IiX~bonds con-

cerned are sahewhat increased, IR stretching frequencies are shifted

to smalier wave numbers and larger integral IRiintensities of the cor-

responding absorption bands are found7 and

(iv) Eleciron densities at the protons involved in il=bonds are decre-

ased and consequently NMR signals nfe shifted to lower magnetic Iieldss.
The most common u—boﬁd donor seg&ents in the acidic molecule, in

order of strenéth, are W=, O=-H, N=H, . i'c1-n, S=Hy P=H and in certain

situations C=-H (as in chloroform, where C is attached te many negative

atong or in acetylene, where carbon atows are linked with triple bond

rendering the C-atom highly negative in character) can form H=bond. Only



the first three sogments are fairly strong while the rest are much
wepker in Ilbond activity.

Although the I=bond interaction preserves the identity of the
adducts, the structural relationship is altored to a great extent. The
existence of a fi~bond is demonstrated by the alteration of many
physiz-chemical properties through self association in pure substances
or by complex formation between donor and acceptor molecules in the
mixtures. The following are the causes of such alterations:

(i) Molecular aggregates of two or more come into existence, thereby
altéring the boiling point, melting peint, dielectric constant and the
colligative properties;

(ii) as the fl=bond interaction is attended with shortening of X see Y
distance, alteration of électronic environment at thia zone, the density,
refractive index and proton magnetic rosonance are also altered and

(1ii) As this combination will also alter in many way the vibrational
spectra of the uncombined molecules and a face new vibrations should

also appoar.

If these cxpectations are fulfilled in any particular situation,
then i{ is assumed that ll-bond exists. The effects of the Hl-bond on
‘self-association or association with a donor molecule on various
physico=chemical properties described giving the reasons ef such

changes in the Table - 1.1.
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_'!'_abla 1. 1

Effect of Hydrogen Bonding on Some Physico=Chemical properties

of Liguids in Liquid Mixture.

Behaviour of l=bonded

compounds relative to
non=bhonded state

Proporiy

Molecular weight
(by cryoscopy)

‘Density

Refractive Index

Dieleetrie Constant

Thermal exponaicn

Thermal conductivity

Electrical conductivity

Acoustic conductivity

Vigcomity
Surface tension
Vapour pressure

Melting and boiling
point

NMR chemical shift

Hizher

Higher

Higher

Mostly higher

Lower

Higher

Higher

Higher

Much higher
Higher

Lower

Higher

Shift to lower
fiocld generally

Causes of the behaviour

Number of molecule decreases
due to H-bond intermolecularly.

Contraction of volume,

flectron density increases at
X"'H eesece Y.

Vector addition of moments of
adducts.

Resistance to breakage of
H=bond.

Protons high vibration freedom
facilitate transfer of internal
kinetic energy in the bulk.

Proton tunneling and rotation
of molecule help electrical
charge transfer.

Extensive molecular arrange=
ment.

Longer & complex molecular
size.

Molecules held together by
H=bond,

Molecules held together by
If=bond.

Resjatance to break H=bond
holding together many molecules,

Rapid exchange of Heatom between
two electironic environment,




Pinentel and MeClellan? have thoroughly described the uses of
these physicoe=chemical properties in their book. The importance of
these propertioes for investigation of f-bond interaction, in order of
frequency of their uge, are;

{1) Spectrascopic'methods; Gege Ue Voo I. Rey Raman spectra, and
-ﬁuclear magnetic resonance, and

- {ii) Hoaspeciroseopic methods. waong these moethods, the dielectrie
properties have beer largely preferred over others, mainly due io the
‘relative case of their quantitative interpretationm.

A brief digcussion on the spectroscopic manifestationa will
convince one that i=bonding has all the attributes of a regular che-

mical bond with some interesting differences.

Spectrogeopic Manifestations of fHylrogen DBond

Infrared and Raman spectra reveal the characteristic frequencies
of molecular vibrations. Such frequencies are fixed by the wasses of
the vibrating atoms, the molecular geometry and the restraining forces
holding the atowg in their equilibrium position in the molecule. Since
the restraining force (force constant) is siuply related to chemical
bond order, vibrational spectra have been an excellent source of infor=
mation concorning the l=bonds The different vibrational mode in the

B-bonded pubstances are shown below:

1. )é Re A= e 400 B =— A = Il stretch(anti=symmetric)
(3500-2500 cu™1, 3-4 4 )



2. lé Re= A= Hoaoee B Re= A~ Hbond ( in plane)
Y (1700 =~ 1000 ca” t, 6=10 /()
3. ’}i Re A= é;).. B Re A= H torsion (out of plane)
(900 - 300 en” ' 11=304)
4. H%. Re A= HoeeescB— A eesssess B stretch
( 250 = 50 ca Y, 40-200 /()
5. 'Vgg Re A=1 9 A=H eose B bend (450 em™ L, zoo/().

The mest pronounced changes that occur are (i) A-il stretching
fregquency (‘Lé ) is shifted to lower frequency, (ii) the breadth of
thig froguency increases markedly ~nd (iii) also the intensity igs une
usually large. This anti-symmetric stretching frequency, l% occurs near
3500 cm.i {(3/4) and these changes have properly assumed the importance
of qualitative criteria and quantitative indices of the H=bond strength,
bond energy and other bond properties. This stretching frequency shows
spectacular changes with change of temperature, concentration and to a
lesser cxtont, change of préssure. The increase of temperature reduces
the intensity and so does the reduction of concentration, the increase
of pressure, on the other hand, has the effect like the increase of
concortrations The extreme seasitivity of)%;to these changes cloarly
indicatos that [=bonding systems involve the non=bonded species and the

bonded species in rapid equilibrium. The intensity of IR strotching

frequency'( th%) is much used for the measurement of equilibrium constant,
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K of the l=bonding in self-association or of association with another
base mplecule, The measurement of K at different temperatures permits

calculation of the thermodynamic gquantities All, AS and AF,

The shift of stretching frequency (A&L@,), brought about by
R-bond formation, has been found to be related to various physice=-
chenical properties. The first and wmost important relationship invol-
vingA),% vas proposed by Badger and Bauerm in 1937, Since then,

11'18, there has been a general

throuzh the vworks of many other authors
acceptance of the proposal thathQyﬁ%;provides an index of AH of H=bond
information., Also, various other physical preperties have been found to
be diroctiy related’tozS§Js; such as acid strengthig, base strengthgo.
reactivity or rate consﬁuntzi. Hammett sigma function22 and Henry's

law eonstantgs.

A technique of rapidly increasing importance in the study of
H=-bonding is the proton magnetic resonance, H=bonding causes a very
large shift to low field of the X-Il proton resonance. The position of
the proton signal for X-ll involved in ﬂ-banding is both temperature and
concentration dependent. The H=bonding being essentially dynamic in
nature, the formation and breaking of the bond occurs rapidly. Because
of the relatively long “observation" time of NMR nensurnmenia,'only‘onca
signal is observed, corresponding to the average environment of the pre-

ton distributed between free aond complexed state. The freguency of the



observed peak is thus the weighed mean of the frequencies of all the

components present at the equilibriun24.

The mecasurcment of the association constant at difforent tem-
peraturcs loads to the thermodynamic quantities, All and AS. Several

o
workors“5-27have obtained theze gquantities from the measurement of
chemical shifts. Many worker928 claim that the change in chemical shift
on li=bonding, A , is a measure of the atrength of the bond. The exis=

129 30-31

tonce of roughly linear relations between & and O z)s s O and pka
er beiwecen A and £3ﬂ24 indicate in a semiquantitative way the linear

rel ationship among AYs A oeADH and b and distance of X eccce Y,
o

Theory of ilydrogen=-8ond

A successful theory of the H=bond has to be able to explain all
the proporties for which extensive experimental evidencea are available.
The rocent development in theory m~de it possible to define certain con-
tributions to H=bond energios. Estimate on the relative importance ef
forces of different origin (coulomb, polarization, dispersion forces etc.)
becamne accessible to various quantum mechanical approach and give a
fairly correct description of isolated dimer or in some cazes, isolated
trimer but fails to deal with largeor clusters.

Somotime ago it had already been suggested by Coulson and

2. _
Daniolaon3 and independently by Tnubonura33 that the main proble=z in



the thoory of hydrogen=bond is brought about by a complicated super

position of the five men contributions which are of similar magnitude:

(i) Electrostatic or coulomb energy,

(ii) ©Exchange and repulsion energy,

(iii) rolarization energy,

(iv) Charge transfer energy or covalent contribution and

(v) Dispersion energy.

The efforts of recent calculations meet exactly these idease.
Various methods of application of perturbation theory and M. 0. uefhods
to theorctical investigation on IH=bond héve been described in détatlb
in "The Hydrogen Bonﬂ".-Vol.-i(by Schuster, Zundel and Sandorfy)North-
Holland publishing company.

All reliable calculations agree in the fact that conslderablo_
overlap between the molecule forming the H-bond accurs, and the whole
phenomena can be described neither by the electrestatic theory nor by
woak covalent bonding alone. A nice example demonstrating the superpo-
sition of different contribution to the H=bond energy was presented by
Kollman34. vho was able to explain the stereo=chemistry of [=bonded

structures by superpoasition pf coulomb and charge transfer energy.

Classification of Molecules vis-a-visg Hydrogen=Bonding

All molecules can be conveniently classified into four types with

respect to their ability to participate in the hydrogen-bonding(Table=1.2).
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Table 1. 2

Classification of Molecules according to Pimentel and MeClellan .

Description

mnolecules with one or more donor
groups (acids) and no acceptor
groupa

molecules with one or more
acceptor groups (bases) and
no donor groups

molecules with both donor and
acceptor groups.

molecules with neither donor
nor acceptor groups.

35

Examples

haloforms, highly halo=
genated compounds and

“acetylenes.

ketones, ethers, esters,
aromatics, tertiary amnines,
nitriles and isonitriles.

alecohols, water, phenols,
inorganic and carboxylic
acids, primary and secon-
dary amines.

saturated hydrocarbonéas,
c¢arbon tetrachloride and
carbon disulfide.

liydrogen bonding molecules are divided into types I through III,

while molcocules incapable of H-bonding form type=IV. The latter inclu-

des compounds which are used as the so called inert solvent in studics

of H-bonded molecules.

Varioug Hebonded Bystems ocerr vhen one or more of the three~ '

types of moleccules are present, The bulk of studies dealing with -

bonded systems have been performed in the liquid phase; and unless

othorvise specified we will restriet ourselves to solutions, It is

instructive to consider some of the types of H-bonded systems (}-bonded

equilibria) formed in solutions of various types of molecules.
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Typo I plus type IX molecules form Jl=bonded complexes, fre-
quently in a simple 1:1 ratio. The strength of H=bonding depends pri=
marily on the relative acidity of I and the basicity of II. The system

chloroform acetone is a typical example:

- ' ‘_'; - -
Cl.C - H » (cn3)2 C=0 — 013c Hoeeeo O = c(cn:,’)2

3
Type IIX molecules can selfe-assoclate by Hebonding with themselves.

Two types of H=bonded complexes may be formed:

(i) intermolecular, involving two or more separate molecules; and
(ii) imtromolecular, involving donor and acceptor sites within the
same molecule. The strength of H-bonding depends on the relative aci-
dities gnd basicitics of the donor and the acceptor sites and in case
of intramolecular H-bonds, on the spatial arrangement of donor and
accoptor sites. Self association through intermolecular Hebonds can
form a large variety of open illnear) and cyclic (closed) polymers.

The exact nature of the H=bonded molecular spéciés'present in water,
liquid alcohols, and phenols, and in thoir solutions in inert solvents,

remaing unclear inspite of a great deal of effort over the last 20 years.

Consequence of [lydrocen Bond Formation
A direct consequence of H-bond formation is the "self-association’’
of a compound to give dimer, trimer, or higher polyneri. Rydregen bond

formation causcs water to attach itself to foreign molecules, so that

their solubility in water is increased, Multiple bounded arrangements
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occur in liquid water and in liquid I and they are common in car-
boxylic acids, alcohols, phenols, amides, proteins, polypeptides and
polyhydroxy organic and inorganic materials. How thesevalcohola as
well as phenols and carboxylic aci®s form these polymers, are shown

below:

R R ' R
]

L y
/0° /0° /o:
b;n | T“H . ’.B'/

If

( In case of alcohol and phenols)

HeeoO 0 == H eeel 0-——-1!.--.0 0-—“
(In case of carboxylic acids)

Self Association and Eguilibrium Constant for Differont Self=-

Associated Species

Many He=bonded molecules cont:nin both donor and acceptor groups
and such molecnles can self associate through Hebonds in two or more
differont ways into a number of complex species (polymers, multimors,

n-ners) which may co-existx with one another in a sories of complicated
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equilibriage The most complicated cases of self-association are the
ones where the cyclic and linear Hebonded species co-exist. The best
known examples are water, alcohols and phenols. Their self-associa-

tion can be generalized schematically as in Fig. 1.2.

R R
' +ROH v % .rom R R R rom

Re(Hess O ——— R=OHesOHe s OH —— R=0H¢ « OHo « OH¢ « Ol === T

72 T

ROH+ROH R '
\ ' 0
Heo O %
\ ///H,= +ROH / \ +ROH 1 H +ROH
R=0 ‘O=R s R-O, ‘B __‘—T——-—A——-R"‘o =R ——— ete.
8 H/ ‘e H= O& ,t /
v H . H
R o "
‘

dimers triwers R tetramers

Fig. 1.2 Possible equilibria in the self-association of phenols and

alcohols (The terminal OH groups are underlined).

It is obvious that analysis of such systema requires the deter-
mination of many equilibrium comstants, Rigorous treatments using IR
absorption measurements are pessible in prlncip1Q36. but difficult to
carry out in practice.

The usual approach in studies of selfe-association using IR and
PMR technigues has to develop a model which assumes that only a few
ll-bonded species are presont (usually two or three) and then to carry

out couputntions from the experimental data to ascertain vhether con-
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~=sistent values of the association equilibrium constants are obtained.
In g typical example, ethanol was assumed to exist in 6614 solution
as mononer, opén dimer and trimer, and éyclic tetramer;7. Thig inter-

pretatioh yiolded Kiimer = 0.95 litre/mole, K = 95 litrezlhole3

trimer

and K = 650 litre®/moles.

tetramer

In the same study the diclectric polarization of ethanol was
measured and found to increase upto a mole fraction of 0,001 and then
to decrease with further increase in eothanol concentration. This evi-
dence was judged to indicate increasing dipole moments in the order
monomer< diner <trimer, due to open or linear form, and decreascd

dipocle mouent in the tetramer, due to the latter's cyclic form.

Acetic Acid:

It is novw eiear that a close study of even monomer-dimer
equilibria ig infested with various formidable complications. The
present work was undertaken to study only the monomer—dimer equili-
brium of acetic acid in various types of solvents.

Hegkmanss postulated the existence of monomer=dimer equilibrium
in order to explain the anomalous freezing point depreasionsg of carbo=-
xylie acids in inert solvents. Since this early work acetic acid has

been extensively studiedsg and the presence of a monomer-dimer equili-
brium has been corroborated.

<
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Using eloctron diffraction Karle and Brockway U concluded that
in the gas phase acetic acid exists as a cyclic dimer, Based on a
model assuming only a simple monower-dimer equilibrium, several att-
empts to measure this hydrogen bonding equilibrium constant have

resulted in a considerable range of Values41-45.

In the infrared spectroscopy, the extreme sensitivity of the
IR stredching frequency(llﬁ) indicates that Hebonding systems fnvolve
the nonebonded species in rapid equilibrium. The intensity of stret=-
ching froquency(l%;) is much more rsed for the measurement of equili-
brium congstant K of the H-bonéing in self-association, It is disturbing
to note that the magnitude of the equilibrium constant (dissociation
of the associated species) obtained from infrared intensity data decre-
ases rapidly vith increase of acetic acid concontration42-44.

lowever, the dimerigation of acetic acid has been gtudied
extonsively and the dimerization constant can be determined by various
methods, They include cryoscopy, ebulliéscopy at ntnospherié and re=-
duced pressure, Isopiestic measurements, absorption spectroscopy (visible,
UV and IR) and ultrasonic absorption. Useful summaries of such works
upto about 1953 were included in the papers of Lefevre and V1n046 and
Allen and Caldineso. Almost all of the recent investigations are limited

to IR47'49, NMRSO. dielectric polarizution51'52

and ultrasonie ntndless?
It is well known that the concentration dependence of the NMR

chenical shift can be uged to study hydrogen=bonded systenu54. nggins,
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rimontal and Shoolerydo first studied the NMR chemical shift of acetic

56-58

~acid in CCl,. This work was extended by Reeves and others « Recently

4
the MNMR chemical shift of the acid proton of acetic acid in CCl4 has
been investigated by Goldman and EMersonso. It was observed that con-
centration dependonce of the acid protonechemical=shift can not be
accounted for guantitatively by a simple - monomer-cyclic dimer equi-
libriume. Cne must conclude that other hydrogen bonded specics are
present in solution. The ebservation of long chain polymers in crys—
talline acotie ncid59 along with cyclic dimers in the gas phase lead
one to postulate that acetic acid in the liquid state can be described
as aa cquilibrium mixiure of the gas and solid statese. Recently infra-
red and Raman evidence indiecating the presence of chain polymers has
been repnrtedﬁo-sz.'éoldman and Emcrsonso explained the observed che-
mical shift quantitatively by assuming that acetic acid is present as
an equilibrium mixture of monomers, cyclic dimers, linear dimers and
linear polymerse

The structure of acetic acid dimer, trimer and tetramers as

represented by Ritter and Simons63 is given in the following:

C
G - H... O H3
c C’/’ *§>c Cl é
LN & PN
ovooﬂ" 0 /O Q
X b2
dimer y
V4
cus" lcl‘ G = [laosoO = (‘: - 0"3 cns.c o 0= HeeoO 2o C = C}%
? o trimer
i h
' g
0 0
L
CH.o= C = Qeseili= 0 = 8

3 = Chy
tetramer



A8 ve now sce, even monomer-dimer equilibrium of acetic acid in
solvents is not vithout problems. Let us look at the following equili-

briumg occuring simultaneously,

K
A+ A ‘"‘1—*5‘32 (open chain or linear)
e ——

A
and I \\ K3

K, .
As A——m— A; (cyclic chain)

wherao,

and

Ky i‘z_l
Ks = - Wil e

2 (4]
Therefore, it appears that in a simmltaneous formation of linear and
cyclic dimer, the ratio of concentration of two forms remain in a cons-
tant proportion and in such a case, this will appear one interaction

only as A e A—( Ay ¢+ A; )3 where a differeat equilibrium
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constanty K, appears.

4

Thug, _ T}

These pictures are applicable to ideal solutions only. The
solvent effect frequently complicates physico-chemical studies in so-
lution; of which ve gef ample evidence in the present work. For this
reason ve must take into account the factor which may distort the
equilibria of the interactions,

Finally it will be of interest to look at the table below. It is
seen that the value of K (association) cover a very wide range of

values from 27.7 to 5550 litre/mole.

Table 1. 3
solvent Temp.(°c) ) KAssociation(Iitre/mole) Method References
ccl, 25 5,550=-3200 IR 42
25 1,000=-2,650 IR 43
31 63.57 (linear) NMR 50
31 181 (cyclie) NMR 50
25 1800 IR 47
Benzene 30 370 DeC 84
25 116.3(polar) D.C 85
23 45,45 (non=polar) p.C 85
20 27.70 IR 86

28 500 IR 87




The lower values seem to be more reasonable. The lovwest value,

as seen here for acotic acid and benzene system, 27.7 litre/mole com=
pares vwell with the results of this work. The reasons for such diver=
gence of results are due to experiments at different concentration
ranges, use of different theorét!cal frame work and disregard of other
interactions exhibited by different solvent effects. Unfortunately most
of these reported works do not give the experimental data. For this
reason their coﬁparison in the same theoretical frame work could mnot be

possible,

solvent 1f¥fects

The closest approximation to a truely ideal system is the vapour
phase. In liquid astate no completely neutral solvent can exist since
dissolving take place only through some interaction between solvent and
aolute:molecuies. In his original develcpment of the method for the
determining dipole moment through measurement of dilute solution, Deb e
givesdue consideration to the question of whether the values so obtained
would be iﬂdependent of the nature of the solvent and identical with the
moments derived from the measurements on the vapour. In 1929 he suggested
that, as the internal forces which control the interatomic distances in
a molecule are of electrical origin, one might expect small difference,
which would increase with increasing dielectric constant of a solvent.
The existence of a "solvent effect™ was not given full credence until

1
attention was drawn to the matter by Mulle et in 1933, The first atteapt
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to evaluate solvent effoct theoretically was by Heiglogo who distine
guished three possible factors which may contribute to the effects which

are observed. These are,

(a) sn extra contribution to the (apparent) dipole moment, acting in
the same direction as the latter, through the orientation of solvent

molecules by the field around the dipole;

(b) The change in the mean polarizability of the molecules under the
influcnce of an external field due to the orientation produced by the

dipole and

(e) The induced moment produced in the medium through the asymmetric

geometrical form of the dipolar molecule.

Since 1933 there have been innumerable attempts to derive equa-
tions relating to the apparent dipole moment of the substance in solu-
tion with the dielectric c&nétant of the medium, with the eventual aim
of permitting the calculation of the true moment of the isolated mole~-
cule from measurement on solution. The theories and emperical equation
so far attempted in pure liquid state interms of their distortion pola-

rization and dipole moment have not been completely successful. It has

been generally realized that Debye theory, developed for gases and vapour

and latter extended to dilute solution, where the polar molecules are
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relatively far apart, is inadequaye to cover the strong interac-
tiong which must occur between polar molecules in the pure liquids,
and therefore the treatment of the problem suggested involQed drastie
modifications. None of the theories have been thought satisfactory;
nevertheless they have made important comtributions to the understan-
ding of the subject. A full discussjion on the subject have been
excellently revieved by smitﬁ? The important types of interaction

that take place between solvent and solute may be classified as:

(i) Dipole =~ dipole interaction whereﬂboth solute and solvent

are polar;

(ii) solute permanent dipole = solvent induced dipele interaction

whero the former is polar and the latter is not;

(iii) Solvent permanent dipole = solute induced dipole interaction

for the reverse cases

(iv) Dispersion interaction between the solute transition = dipole

and the dipole induced imr the solvent;

{v) specific interactions such as hydrogen - bending, charge trans-

fer = complex formation, etc. and
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(vi) Solvent ~ cage compression effects on the solute where the
solute occupiea a volume larger than the site in the solvent quasi -

lattice.

(i - iv ) may be classified as general electrostatic solvent
effects and much of the theoretical work on seolvent shifts fnvolves

these interactions. Howover, where present, (v) and (vi) are likely
to domingte the spolvent = solute interaction and ara generally treated
as strong interactions leading to complex formation. But the other
effects (i) = (iv).can not be avoided by choice. The effects of
solvents on charge transfer complex have been extensively discussed

in ® Molecular Association ¥ Vol. I, by K. M. C. Davis, (Page 130=204),
Acadenic Pross, 1975. The H=bond complexes are not immune from such
effectss We will have more on these points in our discussion on the

results of the present investigation.

about this Work

In the present work an investigation on only monomer-dimer asso-
ciation equilibrium in‘;iVQ\nolvents of diverse nature by measurement of

specific volume and dielectric constant have been undertaken. The five
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solvents are:

(1) Carbon tetrachloride,
(ii) - Benzene,

(iii) Chlorobenzene,

(iv) Cyclohexone and

(v} itigh boiling hydrocarbon (#BH) ( 150°C = 200°C).

Carbon totrachloride; AMthough it is ordinarily thought that this

solvent is inert and have very little effect on solute molecules, it
is to be noted that BSharpe and Walker have published several papers
concerning interactions of carbontetrachloride with alkyl and hetero-

s4-§s. In general the interaction

cyclic amnines, ethers and sulphidex
of poly halogenated alkanes with a variety of lone=pair donors are
no louger in doubtﬁ7.

Benzene: This solvent is widely known to be a [ =electron donor68

which readily form a weak H=bond, (iauuﬂfmg,with highly polarized

fleatom such as aleohol, carboxylic acids etc.

Chlorgheonzene: The structure of chlordbenzene is given as,

: €€+ ) épi{_ : (:;j\';_“

%@5_4__% é___:,;;--.é

pr 2L

¥ fTaken from "pPhysical Chemistry™ by W. J. Moore, page=706,
prentice-Hall, Ince., Inglewood Cliffs, New Jersey, 1972.

see also,

trleetric Dipole Moments™ by Smith, Page=200, London Buttervorths
gcientific Publications, 1953,
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Thus we have two most important sites, (i) positively polarized
Cle-atom and (1i) donor ring orbital for interactions. We will find

profound effects of these sites in our present investigation.

Cyclohoxane and IMH: Although, in chemical sense, these two solvents

should be tinert! in comparison to all other kinds. We have here a new
kind of effect which will be called "solute - hole interaction®.

In thig work it is proposed that, at first, a very detalled
picture of variations of a measured property should be build up ( in
our case specific volume and dielectric constant), by very accurate
and careful experiment approaching from very high dilution to more
concentrated solution; so that it is visibly evident that some kind or
other interactions are most probably taking place within the range. The
importance of finding the ranges of various interactions is that the
variations of property with changing concentration can be examined
analytically so that it become pertinent to subject them to particular
calculation of important paramet;rs. The measurement specific volume
has been done by "Magnetic Float Densimgterﬁ:an& dielectric constant
by "Dipole Meter® using a very large cell; the éxanination of error of
data and building of curves has been done by a powerful graphical method
known as "Linear Transform" and the examination of these variations of
property have been done by a new formulation of variation of apparent

molar proporties with the change of concentration.
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THEORETIC AL DISCUSSION

Yolume Changes on llydrogen=Bonding

In the absence of W-bonding, therefore, the distance between

A and B should be as represente& in the following diagram:

ooo-t)| seace
[

=

Am

=

i
|
:
|

o —

i
& l

> s |
Ran Ry B

N

where RAH is the covalent bond distance of A Ry Ry is the vander
waalts radius of the li-atom and Ry is the vandar waal's radius of the
B-atom. Therefore, the closest distance between A and B in absence of
any intoraction should be egual to ( RAH +* R“ + RB )o Therefore, the
observed distance between A and B when subtracted from this calculated
distance, gives the contraction of A «e.s B distance on R-boand formation,
denoted by é;(g....n).-and similarly the Hlee..B distance is less than
R, + B, by an asount {(/leessB)s It 18 to be noted that §(AeeesB) is not
exactly egual to (SXH....B) and vhich indicates that the H=bonding is
never without an effect on the length of the original covalent A-H bond.
This effect seems to be the expansion of this bond under some sort of
an attractive force on the H-atom.

The study made on the over-lapping of vander waal's radii of H and

B and the position of Heatom with relation to A and B by Barman and Rahim

is worth—notinge. where it is indicated that H=bond formation not



only shortens the He...B distgnce but also leaves an overall shorten-
ing of Acee.B distance of comparable in mggnitude and which must cause
an overall volume contraction., Thus, there is an excellent possibility
of detecting the H-bond formation by measuring the volume contraction
of the recacting specics;.we may réﬁresent the geometry of the molecules

before and after the il=bond formation in the following manner:

Gverlapping zone, indicated by the shaded pertion, represents
the volume contraction consequent to the shortening of H....B distance.

Therefore, the important postulates are:

(1) There is a net definite volume contraction for the formation of
particular molecular complex, and
(i1) The shorter is the H-bond interaction the greater is the volume

contraction.

3

Diclectric Chanzes on llydrogen-Bonding

The formatien of a He=bond A~He...B leads to an increased polarity
of the bond A~H and hencey to a large d., ¢. and greater dipole momente.

The de ¢+ {(permitivity) is proportional tn/fodThus, the two dipols A-H,
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each of moment [ , associate to form a structure - A=Hseoso A=H of
momont 2,/% s the increase of permitivity ié proportional to an incre-
ase of 2 /igv/to e A )2.-Th13 has been viewed for basic reason for

the abmormally large permitivity of water.

Matual polarization of the donor and acceptor molecule involving
ll=bond substantially influences the d. c. measurement. rhese pélariza-
tions change the dipole moments of both the partners in the complex by
an unknown amount it is seen that the dipole moment of the complex is
appreciably:greatar than the vector sum of the components. The use of
permitivity measuremenés in the study of intermolecular H-bonding in
solutions is exemplified by - the isomers of octan0l by Dannhauser
Qnd his collaborator359. Tt is poesible to distinguish linear and

cyclic self=association of various alcohols.

When the complexes studied dissociate strongly we have specific
design of experiment and specific design of mathematical processing for
the different physical methods. There are general approaches for
-atudying veoak intermolecular reaction some of ?hiéh are graphical
interpolation method which are widely used and can be termed "Linear-

fzation of relation with insuffjcient numbo?70.

Theoretical Treatment

Prosent work utilizes a new theoretical frame work developed
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by Rahin’*s The ingencous way it has been developed is presented in

the following:

The molar property of a pure substance is calculated by multi-
plying the specific property by its molar volume and the molar property
of a solution is calculated by multiplying specific propetty of the

nigture by its molar volume, which can be expressed as :
Pm BPIVE sensesscsssnes 2. 1’

Vs here is the volume in which $Z{= 1, where xj, the mole fraction
of ith species and thus molar volume is calculated by Vm = UG xi Mj in

which \% ig the specific volume of the aluition’ o,

There are varioug molar properties which are found to be struc-
turally additive (vectorig¢ally or othervwise, such as, molar volume,
molar refraction and molar polarization‘. Théso properties seem to
follow simple additivlty rule in mixtures where no appreciable intere
action between species 1s expected; the additivity rule can be expressed

Aas,

Pi = ZPI xi XE RN ERREREE RN R 2‘ 2.’

vhere, Pl' Pi and Y; are the molar property, specific property and
mole fraction of fth species. Whemever there iz a devigtion of the

observed molar property P from Pi' an interaction between gpecies are
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taken into consideration., This rule holds fairly well so that this
deviation of molar properties are widely used in the studies of va-

rious molecular interaction in solution - 00,

Suppose we have x, mole of a subastance A, which remain in
solution in various polymeric forms, such as, monomer, dimer, trimer
etc., designated as A1. Az' ‘3' eees in a solvent B, then the molar

d
B and X, enote
molar property and mole fraction of the solvent B. Let us divide both

property would be P’a<£_pixi + Py x§42.3) vhere P

sides of eguation(2.3) by X, 0 the mole fractjon of subgtance A and we

have the equation{2.4) ,
xi; x

P, B - o ‘
| e o p —c *P [y v PecsccsvEves 2.40
x, 7 i X, B x,

The equation(2.4) can be expressed as,

? &= ipl xi + ~ 8 Seooetsoessssossane 2.5

Pp¥p

A
gpecies which is equal to xi/xA. Please note that the mole fraction,

Where, P = P/xA and S = and Xy is the mole fraction of ith
Xg is now calculated only in terms of species A alone and solvent species
is kept apart being calculated on the basis on its actual presence por
mole of substance A.

Thus E—S = p‘:ﬁ issseesbsseensaee L¢ B
Note that P=S is the apparent molar volume of substance Ay now desi-

gnated as PSe
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Suappose one mole o: A is dissolved in Xb mole of solvent B in
which only monomer and dimer exist. In that case, the equation (2.6)
becomes PS = P1X1 * Pz 5 eevsccese 2,7, showing that the appafent
molar property is dependent on the relative presence of moncmer and
dimer,.

Remcabering that twe molecules of monomer join to form one

molecule of dimer and that the total monomer , either as dimer or

monomer, must be equal to one mole,

We have, _
X1 + 2X2'e 1

* x = 1 - 2x @90 B8SODCOBL0B0C0OTS 2. 8
Therefore, PS = P1(1—2x2) + P2x2
or, PS = Py + Xz(!fz- _2P‘1)-: ,

Finglly, PS ~ Py = X, (P, " 2r.) -
(&

?s - P = X2D eteessevrsssarrsrs Do 9;

e

1

vhere D = P, - 2?1. which is the change of molar property due te for-
mation of 1 mole of dimer from twe moles of monomer. Therefore, we

write, from equation(2.9)

R e
32) - Seesessacesssssnsanese 2., 10
D
- 2 A
Ps-—- rJ m_t__ﬁ_i”
x, = 1= “wlfﬁ - D
§3%~£’(

- Zﬁ:iww

..»‘}f‘

LR



Now, subgtituting D =KP@- EPI-in the relation (2.8), which is

x1 = 1« 2X,, we have N ‘fﬂ

a b
VEPY SRvis
- [T - y ,5‘,-,’ il
S g D= 2(pS = P) =
/ Cr, xi = D o---oo.Aoo-oc 2e11e |
: 3 LRt = -2.F%
A L o —
{ T
2, If in a solution species A are in different polymeric forms

Ai' Ay 53 etc. which remain in equilibrium as follows:

A1+A1

=
Ag L Ai PYSTISIE ., € és desoesnedssrsevee 2.12

Apaq * Ay ——4,

which is expressed in nathenaticai form,

\4)
2 Dﬂz

[A%} 1)
[*4]/@ i
=%t L8 /g0
= Y_AQ / DJ&

S 0O0oPOSSEOGS FOBSTSSSBLE 2.13

of?

-]
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where, KB = I2K3 and KG = K K3 4. 1] {}é] [}i]refer to concen-
tration in mole/litre of particular species and K with subgcripts refer
to different equilibrium constants. It is obvious that when solution

of A in B ig very dilute the highes species tends to decrease.

Suppose, the concentration is so low that only monomer and dimer
are in sufficient quantity to have perceptible effect on the observed
properties of the mixture, then the equation (2.11) and (2.13) become

useful. The equation(2.13) is now written in the following form:

XQ-V

2 2
(xy)

becausgo, \#A;N

On substituting the values of Xy and X, from equation (2.10) and

(2.11) into the eguation (2.14) we vrite,

i
'\i

P S 0SSP TN RO VIRV BPNEEP O OO0 STRTOEIBSE 2.14

Pw-P

------—-V

(;P - 2pi> . h
p(Ps - Pl)v \ PS = J—'m +P2/?_ ,\

. (

R

_.__._—_,.
R — ____,._'_w e
N
“ -
\

2 S
Py = 2PS) e 5 B
For simplicity we write K, = K and then transposing we have,

2
K (Pz - 2P8)

D v - (Ps - [‘1 ) ecsssevasense e 2015 ®
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([,-l_‘ - th‘)

Again trﬂ.HSPOSj.ng. PSS B“IK) X = Vv +* Pl esesasssesss 216 o

In this equation observable are only PS and V and there are three
unknowng in an involved form, A direct solution of this equation is

not possible.

3. - ¥Vhen the solution is very dilute the nonospecies predominate;

' D
this means, PS tend towards P1 and therefore P2~-2PS bocomes naarly
equal to By = 2P1 i.es, equal to D. Thus, by approximation, we arrive

&

to relation from equation(2,16):
2

PSS —=r—— J + P

b v 1

PS ——> P, )

Or' PS :ﬂ.—%‘-ﬂ_—* + P1 evsecevsvscse 2417
(V—>0C)

. Y.P = ‘”V*‘ kD
ve can also write, : e

~

™

VC PS "‘*/ KD L 3 P1V T EIEE S FET T ¥ 2.18 Y

—

Here we arrive at two most im?ortahﬁlrelationi, equation(2,17) anq\

2.18). Equation (2.17) shows that PS plotted against 1/VY give a

straight line, in which a dimor association interaction is taking place,

whose slope give KD and intercept give Pye The plot PS versus 1/V has
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utilizoed to obtain P1. There should be no doubt thaf'thé'plot of P3

vorsus 1/V should give only one straight line in absence of any
association interaction; thig should be evident by the following

reasoninge. Equation(2.5) give the relation,

Therefore, P3 = P when only one kind of species is present in the

154

solution when without doubt X, = 1

1
Thus PS = P

i
This shows that PS remair constant and is also true in equation(2.17)
when KD = 0, giving a straight line parallel atraight line to axis,
1/V. In practice, the zero (0) slope is never realized because of the
presence of some kind or other interaction between solvent and solute

and the extrapolated volue of P, thug obtained, indicate the molar

1
property of the monomer species in the envirenment of the dominant

solvent atmosphere. -

There are possibilities of two kindas of dimer formation, (i) open
chain dimer and (ii) cyclic dimer. These two types of interaction take
place in the same solvent, but either as simultaneous er comsecutive

L)
1nteractio§kat first one of the kind is formed and after it reaching-a

point the next one begins to be formed. In these cases, we should
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have two linear portions in plot, PS versua 1/V (or V.PS versus V

plot). In case of simultaneous interaction in which both the kind

appear in solutjon following their own equilibrium conditions. We

should have only one linear section related to dimer interaction because
they will appear as one interaction. Although the reason for this has

alreoady been discussed in the Introduction, yet here it ia:

. D & T"aj
(1) ng () L‘J

Let - E
vhere, K(i} and K(z) ar¢ for open chain or cyclic dimer equilibrium
in simultanesus interaction of the type shown below:

(1) A+ A —— = A, = (open chain)

and
\

—————

(i) A+ A (eyelic)

; By | \:Az‘}
SRR

. K
: k (1) l*]
. - = bz f
o Ay ] X(2) Ay
Thus substituting this relation in either of the two eguilibrium

| 2/ a : L‘;l
"1 " "E"L;yu R s

equation
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Thig means that both the species, open agnd closed dimer appear in
this solution in a constant ratio to each other and they appear to be
only one interaction which is simply an interaction of dimer mixture
of constant ratio.{né;atinn(z.la) has its usefulness because the KD
appear as intersect which is far more easier to determine. It does not
mean the equation(2.17) and its plot can not be used for finding KD,
éppearing in-the slope of the linear portion of the curve; but the

deternination of any slepe value is always, for that matter, subject

to some confusion and error.

‘Thug, finding PS and V from experiments in very dilute solutions
and using the relation(2,17) and ‘.(2.18) we can find, at least approxi=-

mately the value of KD and also P_. But unless we find the value of D,

1.

which is equal to P -—2?1. we can not find K. Thus, the problem novw is

2
to find the value of Poe

4, Consider the following aspects of PS versus V plot. It is obvious
that when V ig made bigger and bigger i.e. when the solution is pro=-
be.

gressively diluted, PS must and being almost equal to P1 and on the
——CCT—

other hand when the volume V is continuously made smaller f,e., the

solution is progressively made concentrated them P3 approaches alowly

towards Fye We have calculated PS and V by using a suitable computer

programue. Using the eguatien (2,15) for a system in which only one
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PS

dimer is formed, whose P1 m 55 CeCey P2*=2XGO CoCe aﬂd K = 100 1/‘0

The plot of PS versus V presented in the following Figures

\Y

In this curve it appears that a careful extrapolation teo V=0
wo can geol a reasonable value of P, which should help us to find an
acceptable value of X and D. It musgt ﬁe noted that in various methods
that have been uged at different lines using various properties the
procedure for finding P1 and Fa is always extrapolation. The difficule
ties of meparpting D from KD has always been recognized at least in L&ﬂ%@b

interactions. It mugt be said at this point that the procedure that has

. A Y
beon developed hore is no worse, if not better than othqrg. ﬁl:’(‘ﬁ fr!dx
\"fﬂ ’: ’_ﬂ s /
< leg Z(an f-fh ﬁ N ¢ ‘{{ t;\{{ D Fr T *JF / h!“
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Linear Transform

But before closing this chaprer let us discuss an unfamiliar
but most powerful method of handling the various plots which give
complicatod non=linear curves. To our knowledge this method has been
for the first time, extracted from linear co=-ordinate geometry and

used by Rahimgi for the study of curves.

In the prescnt stndy we are interested in the variations of a

curve with most suitable and delicate turn and twista.

" It algo has its use for studying visually the spread of experi-
mental points through which a mean curve can be drawn mosgt conveniently.
‘Thege varigtions can not be obzerved in a sct of value when both of
values X and Y inecrease very rapidly. The plot of such a set of data
give almost a linear curve stegply rising at the time. If there be some
small variations, even a plotting om a very big graph sometimes are not

of much usce In these cases'linear transfora" is very helpful,

Sappose we have a curve which is, in reality, an interconnection
of x two straight linea at a very wide angle of very nearly of 180°

vhose equations are(a) Y=a,x + b, and (b) Y=a
by= bo

a 1'- 02

tion with reference to another straight line which passing very closely

X + b, and whose comsion

2 2

peint, of course, is at x = e Now lot ug transform this equa=-

to thege straight lines whose equation is Y o a X + b. « Let us calculate

3



Y

Y, obtained for either equation (a) or (b) to obtain AY:Y-Yig then

at a value x by thie equation and subtract it from the values of

we have, for straight line of eguation (a).éltw(ai-as) x +(b1- b3) and
for the other eguation (b).ZSYa(ug- a3) X + (bi- bs). These two again,
as ve can see, are straight line equations whoge common point, of course,
is at x = (b= b )/(a az). Thus we see thatAY versus x give a curve
vhose intecrsection point in referonce to x remain unchanged and the
angle bhecome comparatively acute. Thus it is evident that by suitable
choice of straight line equation as a reference, the transformed value
of Y,2Y versus X can give a kind of plot which iz not only eguivalent
te using a very large graph but also the increase of sharp and wmore
acute bending of curve give a-far greater ingsight inte nature ﬁf tho
curve. These findings will convincingly be clear inm our first example

of study on acetic acid in 0614 systenm.

This method of studying curves, help te find accurately the slope
and determining intercepts by linear extrapolations, has been extene

gively used in the present work.
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EXPERIMENT AL

Desceription of the Magnetic Float Densimeter

The magnetic float densimeter used in the present investigation
is gimilar to one devecloped by Barman and Rahim82 which ias based on
the principle to the one developed by Lamb and Lee85 with one important
modification.

A fldat made of glass bulb in which a permanent magnet is fixed
at the lover end. The weight of the float is so adjusted that it just
flnats‘wnen immersed in a liquid (whose density is to be measured)
within a glass vessel. A solenoid is attached at the base of this
vessol. When a large amount of current is passed through the solenoid
the magnetic field so produced drags the float down to the bottom.

When the current is decréased slovly a point is reached when the mag-
netic float just begins to float. it that point the current is measured,
termed.aﬁ the "equilibrium current”, Then the weight of the liquid dise
placed by the completely immersed float must be equal to the sum of the
actual weight of the float and a weight which is equivalent to the
magnetic attraction between the solenoid field and the magnet. As the
magnetie attraction is directly proportional to the applied current,

we can write,

L
"lff = ki + 'f.d



whoro,
't = the weight of the float
vf = voluume of the float

d = density of the experimental liquid

i = the wminimum current required to hold the float
bottom

k' = welght equivalent of the current.

The magnetic float densimeter consists of the follewing assemblys

(i) A thermostatic air-bath (Fig. 3.2) in which the densimeter is
placed (I"ige 3+1) with the help of a clamp and stand. The different
components of the densimeter are,

(ii) ' A magnetic float(C) which is fmmersed in the liquid in the
container;

{1ii) Solution container,(i) in which liquid is-taken whoge density is

to be measured. A quickfit 1id(g) is to cover the mouth of the container;

(iv) A micrg.meter syringe(Ms) by which one of the components is
dropped to the container to vary the concentration of the solutien in
the container, and a syringe(PS) is attached with a suction arrangement
for homogenecous mixing of the mixture and

{v) Contact thermometer(CT) (Fig. 3.2), fans (Fl. Pz). electric bulb

(L) is for monitoring the temperature of the air-bath.
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(1) Thermostatic air=bath: The densimeter assembly is placed inside

a thermostatic air-bath. It ig a double walled hardboard box of
60X30XG0 cme. The external surface of the bath has been heavily insu-
lated with polyurcthane foam sheet. The corners of the left wall of
the box have been made round. The front wall of the box is the door,
which is made of glass and covered with insulating materials on both
sides, kQEpingaﬁportion bare for observing the demsimeter assembly. The
thermostatic system consists essentially of two fans, a 60W electric
bulb, a contact thermometer, and an electronic relay as shown in(Fige 3.2)¢
The electrical connections of the éontroi system are shown schematically
in (Fige 3e3)e

There is a metallic barrier containing a few holes separating
the heater and fans from the deusiceter‘nssembly for fair mixing of
hot and cold air. For the maintenance of a nonfluctuating and unifora
temperature around the liquid container and micrometer syringe, these
two are placed inside a replaceable metallic enclosure. The metallic
enclosure has been provided with a transparent window for viewing the

movenents of the float within the solution container.
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drying, it is immersed in dry and pure CCl4. Before starting work the

float is rubbed with a piece of dry cloth and then weighed.

(1ii) solution Containcr: The solution container, A, (Fig. 3.1) of

about 100 €.c. capacity (diam, 1.8" and height 7n), is provided with
a side tube having a bulb, B. The top of the container is fitted with
a quickfit lid, E. This 1id consists of two narrow holes: one being
pressure outlet and another for dropping one of the components of the
mixture from a micrometer syringe, MS. The solution container is fitted
with a sclenoid, S, at the bottom. The solenoid of length 3.0 cm. con=
sists of 11500 turns of 42 gauge enamelled copper wire wound on a plastic
former ond its resistance is about 2000 ohas.

There is a bakelite base fixed below the solenoid. A spirit level,
G, fixed on the base, is used for getting a definite position of the
aolenoid relative to those of magnet in the float and earth's magnetic
fiolde

The solution container can be held in position by clamp and stand
arrangement (not shown in the figure). Only non=magnetic materials have
been used in the construction of the stand. The spirit level below the

solencid can be adjusted by screw legs in the base of the stand.

(iv) licrometer syringe, MSt The micrometer syringe is a clinical

syringe, MS, of 5 ml, capacity, which is attached to the brass frame
R (pig. 3.1)s The piston of the syringe can be moved by means of a mi=

cromcter, and a spring G, which are attached with the brass frame. It



has a long glass needle ( B.75 em long) with a small bulb at the
middlo,

The micrometer syringe is calibrated in situ by dropping puri-
fied keroséne of known density ( on turning a certain number of terns)
from the micrometer syringe into a small weighed conical flask and
weighing the conical flask with keroséne.

The composition of the mixture in the solution container can be
varied by decopping one of the components from the micrometer syringee.
The resulting solution can be made homogeneous by stirring it with the
help of up and down movenents of the fleat and alse by transferring
gome liguid in the side tube, B, with the help of the suction arran-
gement attached to one of the tube through the lid of solution con-
tainer (i'ige. 3.1). The float can Be danced if the current passing

through the solenoid is followed by a sudden cut.

(v) Temperature Monitoring Device: The temperature of the experi-

mental liguid has been monitored by a bead type thermistor {F22,
standard Telephone and Cable Co.) whose resistance is about 125 ohmsg.
at 30°C having temperature coefficient approximately 4% per ®c. The
thernistor has been fixed om the glass surface of the 1liquid container
at T (ﬁig. 3.1) and it is used as an arm of a wheatstone resistance
bridge as shown in (Fig. 3.4). The other three arms of the resistance
bridge, each about 123 ohms. have been made of high resistance Nichrome

vire and these are placed inside the thermostatic airbath. The e.m.f.
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acrogs the bridge ie maintained at 1.3 volts. and a sensitive galva=-
pomoter is connected to the bridge. Kheatstone bridge circuit con=
_taininglthe thermistor gives a balance in the galvanometer at a definite
temperature (3OP€!1;.005°C)- The necessary measurements for demsity
data are made when the spot of the galvanometer remain within - 0.1 cme

t0 + +01 cme of the scale.

lgs-izjffﬁ* 1245 £

L vy L J| =

500 L 3V

Fige 3.4 Wheatstone bridge circuit,
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A thormistor is attached on the glass of the.solution container, Tt
is coverecd thickly with wax so that the short term temperature fluce
tuation in the air-bath may Dot have serious effect on it and the tem~
perature of the solution can easily pass through the gluss'to the ther=

aistor for monitoring.

Systom for the Heasurement ef Current throngh Solenoid

| In Barman and Rahim'ssz system the equilibrium current is supp-
lied from a battery through a fixed resistance to the solenoid, all
connocted in a series, in which current is measured with the help of
‘a potentioneter by noting the potential drop across the kxnown fixed
resistance. In this system one would require a battery for supplying

~ the current to the solenoid, another battery for the potentiometer and
a standard cell to standardize the potentiometer. A lot of time and
attention is thue Unsted-to note the actual potential drop each time.
another source of genuine trouble ia the short term fluectuation of

voltages of these batteries.

In our modification the current is now supplied from a stabilized
voltage source. Thus the use of potentiometer and batteries are altoge=-
ther despensed with gnd the equilibrium current is obtained from the

reading on decade ropiatnnco box, RD (Fig. 3.5).
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The circuit diagram is shown below:

Ry
)
K (R) fixed resistance solenoid
Stebilized
T vobbge SouTCe
where,
RD Decade resistance
(variable resist-)
(o V. "W
K —— key
Py 35.  Civemd dagream off Cuvrewk measuring £ o stabilized voltage
Spdem - = source.

Calibration and Calculation of the Densimeter

To ecstablish a relation for the calculation of the specific
volume, the weight of the float is so adjusted that when it is immersed
in a solvont in the solution container the equilibrium current is zero.
guppose that the velght of the float at that condition is w_  and the
resistance is roe Again suppose the weight of the float 1.,§ngreasgd
to '1'356 v, for which the resistances obtained are r, and rg'respoctively.

Therefore, the equilibriums current passing through the solenoid

across the fixed resistance(R) (Fige 3.5) must be directly proportional



to the change of the weight of the float i. e.,

s [
J
w w . L <
1~ % F Awl “- e S

Therefore, we can write,
i< v,
or i = alﬁbwl

fthere,
‘ i = current
AV, = change of the weight of the float ( LI A )
a = proportionality const.

Azain, from the Ohm%s law

- A= SLE ,
i TS o {/ 4
Lwhere,

Sf‘n voltage
R = fixed resistance

r = variable resistance. -

Therefore, from the above relation,

”
s.T Seseenoeeteresd 3
p |
and %
m = nA'z esssacssesaves ey 3. 2
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Where,
Zl“ﬁ = W, = 'o

and

r, and r, are variable resjistance for v, and v,

respectively.

From egquation (3.1) and (3.2)

PAX R IR JWAN / " e
R = L 2. 2 and -5/a =Awv, (Rer,) ° -
‘£5wé -‘£5w1

ory AV, (}‘hrz) .
At eguilibrium current the equivalent weight ,

5/a

i Rer

Knowing the value of L/ specific volume can be calculated from the

following equation:

volume of the float

5pecific volumne = Secscscsscnsvese 3.3

weight of the floats+ v

Results and Calculations

Welzht of float Resiatance

v, = 22.56056 r = 7713 e
wy = .2. 56693 l':t l "?769‘

W, = 22.57105 r. = 7834

2



The value of R and S/a is calculated and the value is R =-7935.29

and S/a = g"‘i-»';;'i;osasa '

e,

//
/

Volume of the float is found out from the relation (3.3) by a solvent

of known specific volume and it is found V

? = 25,9976 ceCo

llence, specific voluie can easily be calculated by reading the

resistance from the resistance boxe.

A detail Description of the Working of Magnetic Float Densimeter

(i) A steppered dropping funnel is filied with the purifizd and
dried solvent and weighed. Then the solvent is poured inte the solution
container(A) (Fig. 3.1), close the 1id(E) and weigh' the funnel again.
The difference of the weight gives the weight of the solvent taken in
the container. The volume of the solvent in the container should be
such that the fleat can completely sink in the liquid when pulled down
by magnetic force.

(ii) The adjusted float (described in the magnetic float heading)
{s then immersed in the liquid of the container by opening the 1lid(E)
(Fige 3.1) and close it again.

(iii) By screw adjustment the spirit level is brought inte

proper position.
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(iv) The container is enclosed in the replaceable metallic
enclosure (described earlier in the heading thermostatic air-bath).
The micrometer syringe(Ms) is filled with the mixture of accuratoly
knowm coﬂpositibn (acetic acid and solvent, usually 6%) and introduced

into the solution container.

(v) The daqi is clbsed and the inatrumentrls switched on and
the thermostatic airebath is allowed to attain equilibrium temperature
whiech takes over an houi, vhich is indicated by the galvanometer of
the thornistoyr circuit (Fig. 3.4)s During this time the 1iquid in the
container iag stirred at intervals of 5 = 10 wins, by up and dewn
movenents of the float and also by transferring some liquid in the side

tube B (Fig. 3.1)(as described earlier).

(vi) Then the resistance, r is read from the decade resistance
box. Special care should be taken to take the final reading. At first
by trial pnd error reading is taken which isxéiy 3236J75. Next time to
start with the resistance is fixed at 2000/L. The float dragdown to
the bottom of the container by “hold down current.". After sometime the
resistance is increased by one thousand, then by one hundred at each

step and then by 10JLtill it reaches 3230. Then by care and caution the

E vhen a large amount of current is passed through the solenoild across
the fixed resistance (R), it drags down the float to the bottem of
the container. This current is termed as hold down current.



resistance is increased by one thousand, and then by one huﬁdred at

each stop and then by 105/till it reaches 3230, Then by care gnd cau=-
tion the resistance is increased by oneS/ and allow some time to increase
by anotherS? tii; the float just begins to rise up. This is done as the
current gradually reaches to the equilibrium current the hold down cu-
rrent becomes zero. The float may Legin to rise before equilibrium

current is reached due to the agitation or mobility of the 1liguid, _

Two or three readings are taken and the mean value is recorded.
It should be remember:that temperature control is the most important
factor for obtaining a good result. When the reading is noted the care
should be taken that the gpot of the galvanometer remain within + 0.1 cm

of the scale.

(vii) The concentration of the liquid in the container is now
varied by adding a desired amount of mixture from the micrometer syringe
followed by homogeneous mixing by the method described earlier. The
system 1s agsin brought to the equilibrium temperature and the resistance
for equilibrium current is recorded. Thus, by repeating this process,
data for several concentrations which lie very close to each other within
a particular section are obtained. At last the float is removed from
the container, it is dried by rubbing with the cloth and kept in dry

cCly solvent.

The float cam be readjusted und used for other system.
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Dipolemeter

The dipolemeter, type DM=01, represents a precision instrument
for measurement of the dielectricrconstant of a pure liquid or mixture
meoasurable upto the Bth place of decimal with measuring sensitivity
(4:--8)‘,!(10.5 depending upon the cell uged,

This instrument operates on the superposition methed, by which
the oscillations of two high frequency aacillatorg are brought te
superposition in a mixing section. After subaequent amplification, the
resulting beats are brought to the screen of a cathode ray tube as the
indicator. By this method it is thus possible to observe even fractions
of a 1liZ(cycle) beat fregquency.

fhe sample holding cell, with the liquid dielectrie to be measured,
and the variable measuring condenser connected in parallel to it are
parts of one of the oscillators. By changing the measuring condenser the
sum of both the capacitance values is set so that the same freguency
results as Dy the other oscillator (zero beat).

The double geared, procision scale, with 4500 divisions(scale
length about 33 ff (10 meters)) permits determination of the measuring

condenger position with the required reading accuracy.

Types of Coll used: The sample holding cells used in connection with

the apparatus for dielectric constant measurements are cylindrical

condensers. These are of DFL typesa.
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All the sample holding cells are provided with a water jacket
for maintaining the constant temperature of the experimental solution.

The surface of the electrodes of DFL type cells are gold platedy

Thé sample volume of the DFL-2 is 4 c.c. ceramic is used for the
iasulation of the inner cylinder. Teflon is used for the gasketa. The
sample volume of the DFL=1 is 20 c.c. Both the types have a threaded
caver, whigh can be unscrewed. These types have ground glass jJoint
inlcts. The DFL-1 type has a bottom outlet drain fittings. The DFL-2
has in addition a teflon stopcock at the bottom. The DFL-2 does ﬁot

have any drain.

Moasﬁwinq Nange for N'Le1 and DFL=2 Type Cells: A specific cell can
be used for the measurement of diclectric constant of a certain range.

The measuring range for DFL-1 and DFL=-2 type cella are shown below -

Sample holding cell Switch position
Dy Dy My
DFL=2 . 2.0=4,7 4,2—5.9 1.0=3,7
DilL=1 ; 1.0=2,.4 2,0=3.4 - =

By using the cell PFi=-1, scale reading is obtained in the range switch

at D1 and Dz. For the cell DFL-2, the reading is obtained at all the

three positions of the switch.



SN de e = D00004783X scale reading (at DI) + 0,72567,
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Calibration of the Cell DIFi=1 and DFL=2: The calibration curves with

scale divisions against dielectric constant for the cell MFL-1, supplied
by the company., The curve ia a straight line and the equation of the

curve has boen found to be:

dielectric constant{d.c.) = 0.0018375X scale reading(at M, position)

1
+ 1. 50706.

With tho holp of this calibration curve,cell DFL=1 and DFL=2 have

calibrated and verified by the pure liquid of known dielectric constant.

The equation for theso calibration curves are,

For Dlie=1

de Co = 0.00685551863 scale reading (at Di) + 1.59220.

and 3 i j

4 /
/ vor DiLe2 | L _’///

-
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" Measurcment

The dipolemeter is plugged into the 220 volts A. C. line. The
instrument is turned on. The internal thermostat of the lowler housing
ghould also be turned on.( The panel lamp aboeve the switch indicages
that the heators of the built in thermostat are operating). After about
50 minutes, during which the thermostat and its panel lamp should often

turn on and off, the instrument is ready for operatien,



Focus and intensity of the cathode ray tube can be adjusted by
the two small knobs on the upper panel bolow the screen. With the
range switch at the Korr. position, the measuring oscillator is brought
into resonance with the reference oscillator by means of the correction
knob. In the Korr. setting of the range switch the position of the
measuring condenger hqg no influence upon the resonance point. By ture
ning the correction knob, the horigontal 1in§ on the cathode ray tube
breoadeng vertically and wave forms beconme evident. Lissajous figures
are formed between the beat freguency and the ecathode ray tube scanning
froguency 50¢/s, which at « 50c/s change over into the well known
circlo or ellipse. '
| At exact resonmaiice the line remains still, moving up and down
with vory small changes. The number of up and down movements per second
indicates the beats per gecond. By further divergence from resonance,
thése up and down movements again lLecome Lissajous figures. After the
zero beat has been adjusted in Xorr. position, the instrument is ready
for measuringe The correction knob must not be disturbed once the adjug-

tment has been made as this will destroy the resonance.

Working Procedure

(i) A range of solution from pure solvent to 0.4% by weight have

been prepared by the following procedure,

A flat bottom flask of capacity 100 ml. is cleaned, dried and

weighode 4 guantity of acetic acid is taken in it by a syringe and again
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veigheds The difference between the two weights gives the weight of
acetic geide The pure and dry solvent is then added and weighed again.
The differonce between 3rd vweipght and first weight gives the total
weight of the solvent and AcUHe. The ;oncentration in velght percentage
is then given by

w

1
W m e ¥ 1@0.
S wg_
vhere,

v, = velght of acid taken.

v, = Total woight of solvent aund AcOHe- .

uh'g weight percentsge of the solution. .

Thié aclution is termed as stock solution. Solutions of low concen=-
traiions are »prepared from this stock solution. Next another flask
(aiready cleaned and dried) is weighed. Then the stock solution ig
poured into it and weighed agaln. The difference between theae two
weights gives the weight of stock sclution. Then pure and dry solvent
ia added gnd ﬁeighbd. The difference» between this last weight and first
weight gives the weight of solvent ard stock solution. Hence concentra-

tion of dilute solution is counputed by,

Wy = weight of stock solution.

« total weight of solvent and stock molution.
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In this way a sories of solutions are prepared for measurement. All
these operations excepting weighing is done in a moisture free box

containing pzos.

(ii) The measuring cell to be used is kept for several hours at
1206°C in the drying chamber after being washed with distilled water and
acetone and finally allowed to cool in a dessicator. Now this cell is
inserted into the co=axial connecfion at the upper right side of the
instrument. This cell is leveled to avoid spillage, with its central
axis porpendicular to the table top. After starting the measurement the
cell i3 not removed from, moved or turned imn its connectar in order to
aveid errors due to slight change in electrical contact. The constant
temperature of the coll is nainiaiued by circulating water from constant
temperature bath (described latter). The reading of the empty cell is
taken by operating the range switch at Ml and Dl or nz. as required by
the sanple holding cell used and by tuming the measuring condenser
resonance (Zero beat) is again established. Then the cell is filled with
the liquid (or mixture) and reading 1a'takan in the same waye. In each
case three readings Qre taken, and the average value is taken as the
valid figure. After measurement of a sample is completed, the range

gwitch is turned to Korr. position.

Constant Teuporature Nath used in Dielectric Measurement

The thermostatic water bath is equipped with a GallenKamp ther-

mogtirrer(CateNo. TM 860) which controls the temperature of the water
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bath at 30°¢ * +01°C. The control of temperature at 30 + .01°C is
achieoved by'maintaining the main voltage to 180 volts by a variac
transformer and connecting an extra resistance in series with the ther-
mostat-heater, An extra heater is alsc used to cut the initial heating
ﬁeriod. Although, it has been written in the catalogue that the tom=
p;rature monitors at 30°C * .O:loc. ve have observed that it wmaintains

the tomperature at 30%¢ * .002-300.
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Reagents and Their Purification

Acotlc Acid

BeoMerck acetic peid is dried by shaking with P05 in cold and
alloving to stand for several hours; then the liquid is drained off and
distilled. The distilled liquid is frozen in an ice=bath. When half
portion of acid is transformed into fime fibrous érystal, the remaining
acid is transferred into aﬁothér fiask. This procedure of fractional
erystallization is repeated several time and is finally kept in an air-
tigh; flask placed in a dessicator containing P,0g¢ A stock can be used
for about one and half month in dry season and 15 days in rainy season.

gach time acetic acid is meeded for a set of experiment it is frozen,

the liguid part is separated and the crystals are taken.

purification of Solventa

Generally, af first the solvents are dried by P,0gs and then
Na=threads are dropped into the liquid to remove the traces of water
in the solvent, But this method does not remove gufficiently the traces
of water., ¥We adopt the following method. |

After the treatment with P205. the solvent ims distilled and is
treated with Na=threads. After several hours the liquid is distilled
and treated with a little feeshly purified acetic acid (.08 gms acid

is added in 100 gms of golvent) followed by Naethreads. Na=threads are
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added till the reaction is compdete, Then it is finally distilled and

a centre cut of constant boiling point is taken.
In support of this procedure we have to state the following:

In our earlier work in acetic acid = ccl system it was found
that even after drying with Na—threads. the dielectric constant pro=
gregs1vely decreased from that of pure solvent upto a point. from which
again, dicloctric constant increased with increasing concentration of
acetic acide It was thought that addi?ion of acetic acid teo CC14. dielec-
tric constant should, on ne accounf. be less than that of solvent. To
account for this strange behaviour we concluded th;t there are traces
of néo in 6014 which form addition compound with acetie acid. which

most probably, has the following symmetrical structure vith very little

dipole,
0 SouSH
= H. e
Re= C + 0 R = c \é' ¢S+
~No-n W ~g: S5 o

Thus, it was concluded that the last traces of H20 remain inside
interstices of the solvent from which it is difficult to be removed
by ihtoraction with sodium. If pure dry acetiec acid in trace quantity
( «6 gm in 1000 gm of solvent) is added, will react with H20 to form
the addition compound; which is, as a whole a strong acid. This com=

pound will therefore react strongly at once it come in contact with



CHAPTER=4
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RESULTS

System: Acetic Acida in Carbontetrachloride.

Results of Specifie Volume Measurcement and (btaining Refined Valucs

The specific volume of solution of acetic acid in cch vas
measurcd by magnetic float densimeter in the range between pure sol-
vent gnd ,002 weight fraction following the procedure described in the
previous chapter. The data obtained by such experiment is given in the
Appendix=-A.1, along with the linear transform of specific volune (refe-
rred to as AAv) by a reference line, Yeal® «634985, 30303 X w, where
w is the weight fraction of acid. The plot of the Av versus v is
shown in the Fig. 4.1 curve(a).

It is to be noted in this curve that there are three distinct
changes of direction, These inflections could not be observed without
the help of this linear transform plotting. llere ve see that the mean
deviation no where is more than 2)(10-6 c.c/gm. There is a curvature
from 0.0 to about 0012 weight fraction showing a gradual increase of
specific volume and then again there is a sharp decrease of specific
e upto 0015 weight fraction and from that point there is again a

volum

gharp increase of specific volume upto the highest measured point., A
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sample calculation from the line of the curve showa that the stan-
dard deviation is + 1x10-6 c.c/gm. Thus, we can gay that the precision

of the measurement are highly satisfactory.

Results of the Dielectric Measurement

' The data of dielectric measurement of solutions of acetic acid
in 0314 between 0.0 to 0027 weight fraction is recorded in the
Appendix=4.1, along with the linear transform, AC from the atraight
line of equation, éical = 2251207 + 1.21415Xw, whose plot is shown
in rFig. 4.1 curve(b). The transform plot shows that the mean deviation
of the experimental data from the drawn line is «'-2)(10’5 c.c/gm, the
percentage deviation of course is of the same order of as that of
specific volume. This means that dielectri¢c measurement alse has a
hizh precision, The curve shovs a number of inflectiona keeping in

line with the inflections shown in the specific volume - wt. fraction

cCurve.

Calculation of S and V and the Plot of VS againsgt V

Using the following relations, V and VS is calculated:

1:')” and VS = V=S .

V = —5—x Mg 8=v, X

Reading out carefully the value of Av from linear transform curve and

calculating back to‘refined "value' of specific volume as described a
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"refined specific volume" already calculated and tobulated at these

points previously.

The P, S and PS are calculated using the following relations:

P S-EXH;
w

5 = psxu(i;" ) 3

and PS = P-S3

The plot of PS versus V is shown in Fige 4.2 curve(b).

A Comparative study of VS and PS Curves

In Fig. 4.2 the curve(a) and (b) show the variation of VS and
PS versus V. The straight line at the middle of the graph, with marking
from 2 to 14 is given to indicate the weight fraction compesition of the
mixture at which such values are obtained, to compare with other sys-
tems, interpret and compare these curves more intelligently and to spe-
culate about the regions at which different kinds of interaction takes
place. Let us start our inspection from the right side of the curves
whose V is very high. It is seen that VS and PS both attain nearly a
constant value between mark 2 te 6 ( i.e. wt, fraction ,0002 to .0006).

Then there is a rise of VS and on the other hand, a fall of PS upto

about 0012 wt. fraction. From this point onward, there is a fall of
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VS and rise of PS. Thus, it eppears that from .0002 to 0006 wt.
fraction PS and VS change very little which indicate that only monomer
predomingte at this region; and, after ,0006 wt. fraction the increase
of VS and decrease of polarizafion indicate the formation of ecyclic

dimer. To obtain the value of melar polarization of dimer, P, and V,_,

2 2
the molar volume of this dimer has to be obtained by extrapolation of
the curve between 6 to 12 mark (i.e. 0006 to 0012 wt, fraction). By

thiks method, we obtain,

P2 = 2X 19.19 c.c/mole

V. = 2X 50.08 c.c/mole

2
The value of v1 and P, can be obtained from these curves by rough
extrapolation. But we have a better method; according to equation(2.17),
the extrapolation of the plot (Pige. 4.3) PS ( or VS ) versus é}w should
give Pi or Vl as the case may be . By that method, we obtain,

P, = 23.10 c.c/mole

v1 = 5G.26 c.c/mole

g p for molar volume = 5.64 c.c/mole

4 2

p for molar pelarization = — 7.82 c.c/mole.
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The Plot of V. PsS(or Y. VS)Versus V and Calculation of KD and K

Ve Ps (Ol‘ ' VS) versus V plﬂt sivo a cupve 15 net aatisfactory
for convenient estimation of KD. The following figure shows an exa~

ggeration of such a plot.

VA%S A
(v-vs)

C

P Y,
The part of the curve AB shews that at this region only moncmer

exit o+ As we have already shown, if only monomer existed althroughout

then the line should have been ABD. Here CP is the intersection of ABC

eurve. In ordinary plotting actually it falls very near to zero. There=-

fore, Ve PS or Ve VS versus Vv have been transformed by the straight
’ L.

line ABD, whose slope is equal to Pi( or Vi) and intersection is zerg.

Thus, A(V.PS) and AS(V.VS) have been calculated and given in Appen-
1] L]

dix- A«1 + The plots are showvn in Fige. 4.4.
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It 18 to be noted that from hizh dilution to 0006 wt. frac-
tion in both cases shows a flat portion, This part is ebviously con=
cerned with existence of monomer and weak interaction ef this monomer
with Bolveﬁt. In V.VS then rige upto ,0012 wt. fraction and in case of
polarjzation V.PS fall down. This region indicate the equilibrium
reaction of dimer formation. The linear extrapelation of these curves

leads the following values of KD.

For molar volume, KD = 100600 c;czlnolez

For molar polarization, KD = - 105000 e.czlholez

But we have D for molar volume = 5.64 c.c/mole
and D for molar polarization = = 7.82 c.c/mele.
Therefore, K are 17.84 1/mole and 13.43 1/mole for specific volume and

polarization respectively. The results are tabulated in the Table 4.1 .

TABLE 4.1
1 rty T Monomer ¢ .Dlm:; : gn . : " )
Holar prope c.c/mole K wole
:(c.c/holo= ( {c.c /mole” ) i
Volune 56.26 59,08Xx2 100600 17.84
23.10 19. 19X2 —105000 13.43

Polarization
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in th
@ case of CCIQ) to calculate s, Py V, Vs, Ps etc. at equally

spaced C§osen Points of composition,

Plot of vs and ps Against v

Vs ( and PS) versus V are pletted and shown in Fig. 4.6 curve(a)
and (b). The curves in the figure show the variatien of Vs and PS versus
Ve (The straight line at the middle of the graph marking from 2 te 20
has been given to indicate the wt., fractions of acid in the solution).
From .0002 to ,0008 wt. fraction there is an increase of PS and decrease
of V3. The increase of PS shows that a species is continuously forming
with the increase of concentration has higher polarization than the
monomear, supposed te exist abundantly in the dilute solution. In VS we
ebserved that there is a weak but definite tendency of Vs falling down
indicating that the species is formed with a little contraction of
;olumo on the combination of two monomers, So, we are led to consider
the formation of open chain dimer in this concentration range. Then
_after the solution has attained the concentration +0009 and goes on
we find that PS decrease and VS increase. This section

increasing,

t sly indicate the formatien of cyclic dimer, as we know, the for-
sLrong
4 ¢ which is always attended the increase of volume and decrease
mation o g '

lculated the impertant parameters for
Thus, we have ca
of polarization,
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tve distinet interaction, in succession:

(a) A+ 4 —=2r<24 (open chain dimer )

and

A
(b) 4+ 2—=01) (closed chain dimer )

The justification of such a supposition will be perfectly clear
whéa we sxamine A (V.PS) and AN (V.VS) variation with the variation of
volume. |

The molar volume of dimer, open chain and cyclic have been obta=
ined by extrapolation of these curves according to the procedure al-

ready laid down. The values obtained by such operations are shown below:
v, (open) = 2X52.53 c.c/mole, P,(open) = 2X72,57 c.c/mole
v, (eyclic) = 2X%59.13 c.¢/mole, P, (eyclic) = 2X16.17 cec/mole.

The determinationz of Vi and P1 was carried out by VS (and PS) versus

1/V plot and extrapolation to 1/V = O0(not shown in figure). From these

V. = 54,18 cec/mole and P, = 40.20

operations ve obtained the value 1 A

coc/mole. Thus, the values of Pye V4o Pye ¥V, and D obtalned are shown in

the Table 4.2.
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Table 4,2
e

71 = 54,18 c.c/mole;

Pl = 40,20 c.c/mole.

Molar properties : 0pcq ¢hain : Closed chain
LR l(c-o-/mcfh) i ('C-C,/rmde)
Vé 2X53.53 2Xx59. 13
D (volume} - 1,3 9.9
Pz 2X69,60 2X16. 17
D (Polarizn- 58.80 = 48,06
tion)

N\ (Ve VS) and D (V.PS) Plots

The /\(V. VS) and 2 (V.PS) versus V are shown in Fig. 4.7. In
both the curves there are two clear sections: (a) from most dilute to

0008 wte fraction a straight line nearly, but not exactly, parallel to

the V-axis, and (b) another linear section from 0010 to ,0017 wt.
- |

fractione

The first portion at dilute region could be very well a weak
e

interaction justs as in the case of CCl, or the formation of opesw chain
n :

dimer.

e
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flere the indigation by comparison with v8 ( and PS) versus V
plot wo are convinced of an interaction and the second portion of
interaction line of cloacd chain dimer. The extrapolation of these

relevant line leads to the following results:

Table 4,3
Open chain { Closed chain
; Vol —; Pol. ; Yol. ; Pol.
KD{ce e;?'/molog) - 30000 4440600 260000 = 1120000
K (1/wole) 23.08 24,49 26,26 23.30

System: Acetic Acid in cﬁ“sm

The specific volume and dielectric constant of the system has been

measured f£rom pure solvent upto 0025 wt. fraction. The data is given in
the Appendix A.3, along with the other parameters (8, P, V, AL , Awy
VS, PS otcs)e The linear transform equation for specific volume is

39 .

Y. w and for dielectric constant is Al s 1
-~ “ea

'ca

- 5- 6101(”'

= .912825 * 0.246350
The plot of Av and OC are shown in the Fig, 4.8 curve

(a) and (b)e The plots shov clearly the spread of error of measurements
a _
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vhich are as usual within reasonable limits., The variations of the
properties due to interaction are also evident. The mean lines are
drawn very carefully from which refined and acceptable values have
been specified and chosen for calculations of other fimportant parameters.

With the refined values at specified points the V, P and S are
calculated from which we obtained PS and VS versug V., The plot of VS
(and PS) versus V are shown by two curves in the Fige 4.9 curve (a)
and (b).

Thore are tvo distinct sections:
(a) from extreme dilution to 0.0005 wt. fraction and (b) from 0.0005
to‘0.0019 wt. fraction, reveanled in the PS versus V plot. In VS versus
Vv plot the second séctiou can not be clearly marked out and this is
because of the fact that there is a continuous increase of volume with
the increase of acetic-acid and this must be due to formation of such
complexes in-succession which have greater molar volume than fts pre-
decessors This feature is distinetly different from those two systeas
we have already studied, which will be discussed later.

1n A (Ve VS) and 2 (V. PS) versus V plot there are two distinct
ige 4410 2 (i) from dilute to 0,0015 wit.fraction, at which

gsections F

rangerboth polarizatioﬂ §ind volume of apecies formed, is attended with

increase of volume and polarization; which shows something unusual;

(i4) in the next portion, from 0.,0015 wt. fraction upward, volume

i creases and polnl‘izatlon decreasess, Ve will pl‘age“tly find that
n £
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thig section does not conform to any monomer-dimer equilibrjum. All

these will be explained at a latter part of this work.

Following the usual procedure the parameters have been estimge
ted which 48 given in the following Table. V1 and P1 were found out
by extrapolation of 1/V = 0 from VS or ps versus 1/V plot (not shown

in Figure).

Table 4.4

Molar § Monomor § Jiner ¢ bimer  § D § D [ Kb T ¥b ” " —
” fopen {eyelic jopen |ceyclic jopen | eyclic

oner l:‘:l"{ f chain § (coo/ dchaind . ., dchain @ (ccc2/ §omeqn § SYClic

§ = § (cec/ jmole) 1§ (c.c/ | !f 2 ¥ mole?) / i (1/mol.
: mole) ,lc.c £ { (1/mole)

i { mole) | § mole) } Voole ) i i
i i ] L § § ']

Volume 66,81 2%68.3 2X69.47 2,88 5.32 48500 68000 16.28 12,78

Polari- 51,56 2%45.46 2X42.88 =12.2 «17.36 =230000 92000 18.85 =5.30

zation

———

Here again we seeo an unexpected thing, the value of V'1 ia higher than

expected.
There is another section which invitea our atte,,u,,n. is from

0.0016 to 0.0024 wt. fraction. Here the PS shows down ward movement with
L

clear linear section and its counterpart in VS also shows upward movement
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of cloar linear section. poes it indicate another dimer interaction ?
The extrapolation of PS gave KD is + 92x103c.c2/h0102 and D for polari-
zation is «17.36 c.c/mole which gives K = = 5.30 1/mole. As K can not
be a nogative value, this clearly indicate that this can not be indi-
cative of a dimer interaction. The speciality of association interac~
tion of acetic acid in this solvent has been discussed in the section

dealing with interprotation of results,

Solvent RBechaviour of high Boeiling Hydrocarbon and Cyclohexane

to g\(‘.@tie ACiﬁo

titgh boiling hydrocarbon (Hﬁﬁ) and cyclohexane are universally
accepted asl"inert" solvents, at least more inert than cc}&' Inspite of
being so, we have trouble ahead. We have very strong indications of
solute solvent interaction‘ot a very unusual kind. This came to our
notice in this laboratory a few years back. It was found that in very
f both cyclohexane and HiH acetic acid molecule(most

dilute sclution o

obably monomer) looses & great part of its volume which is very sur-

spli cables A Horlgk

pr
prising and quite ine was undertaken to investigate

this aspect more thoroushly. The result of such investigation was very
jnteresting. It was found that the apparent molar volume of acetic acid

. i £ Selut :
¥ 5 project ngquilibrium Interaction of Solute species entering

into the holes of &
professor of Chemistry, in the year 1977, im which the

assoclate i
oF Was & research Fellow. The Final report was submitted

present auth
in the year 1980.

solvent body" was undertaken by Wr. zillur Rahim, |
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molecule, Vs ﬁttained‘40 c.c at very high dilution in BH and 10 c.cC
in cyclnhexane._ Vhieh gradually increase with increasing concentration.
The variation of the apparent molar volume(Vs) of acetic acid in these
solvents was explained assuming holes in the solvent. It was proposed
that the solvents han a number of "holes" within the solvent body in
which the species enter and looses its ovn volume; but this entry and
exit follows a dynamic process which can be expressed by a dynamic

equilibrium in the following:

A+ ¢ 0?—@

free Solute hole solute in hole

where, _— K;C:)l
| 1 alx[o]

which {(®)s [4] ana L 0] tndicate the concentrations of (X), 4 and

the holese

1t mugt be emphgsized that tlie lav of mass action is essentially

statistical in nature. Hence, the above formulation is not altogether

i1logical The important point is whether this formulation ecan stand
0 d e

the test. The result of such investigation is given in the Appendix=B

which amply show that in the dilute part of acetic acid in HRY and
lohexane pohave very differently whose dominant characteristic is

- ¢the type termed as "solute = solvent hole" interaction.

an interaction of
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This interaction is followed in case of HBIH acetic acid systems upto
0.0006 wt. fraction and in cyclohexane upto 0.0008 wt. fraction. Thus,
this part of the sclution has been rclegated to "solute hole” inter- -
action and when we present the results of our present investigation
for deternination of monomer-dimer equilibrium we will find its

pronounced effects,

Systeom: Acetic Acid in High Doiling lydrocarbon (15000 - 20006)

The results of specific volume and dielectric constant along
with the ecalculations of other parameters { V, Py, S, V3, Ps etc.) are
given iﬂ the Appendix A.4. The plot of linear transform of specific
volume and dielectric constant (by the reference lines quoted in the
Appendix A.%)giVan in the Fig. 4.11 . The errors in the measurement are
- of the same dimension as in the other cases. From the carefully drawn
curves the relevant values have been read out at properly spaced spe-
cific points, from which Py Sy VS, PS and other parameters have been
calculated. The PS and VS versus V plots are given in the Fig. 4.12 .
foth the curve show some abnormal features in the most dilute part of
The VS, which shows the g apparent molar volume of the

" the system.

species, at very dilute solution is about 40 cec, which ultimately rise

to a value of 60 c.¢ and PS showing the apparent molar polarization of

the species at first rise from the low value 30 cec to about 58 c.c at
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0.0007 vwt. fraction and then begins to fall continually to a very low
value. It has been assumed on the ground of our previous investigation
on "solute = hole interaction™ that the section of the curve from most
dilute to 0,0008 wt. fraction must be mostly relegated to solvent solute
interaction gnd it is also assumed that after this section the solute
in monomeriec form are comparitively free to participate in the monomer
dimer equilibria whose structure is suspected to be cyclic. V, and P,
for dimer have been obtained by plotting VS and PS versus V on a larger
graph. The values obtained are P, = 2X19.99 cec and V, = 2X63.40 c.cCe
In case of polarization P, was obtained by extrapolation to 1/V = 0 in
pS versus 1/V plot. But in case ol Vl. although welcan get by such a
proceeding, the value, 39.0 c.c which seem to be of dubious nature;
because V1 under these circumstances, is an 111 defined quantity,
varying continuously with the change of concentration under the infl-

uence of ttgolute=-hole interaction®.

A (VeVS) and O (V.PS) against V are plotted and shown in the
Fige 4+13. The effect of "solute hole interaction™ is evident at dilute

solution upto .0007 wt. graction. From 0007 to about.0014 wt. fraction

we f£ind, in both the curve linear sections clearly indicating the smonomer

dimer equilibriﬂmo In case of molar volume we have a slight difficulty

in gscertaining the slope within this sections; however, the points at

0005 to ,0009 wt, fraction have been extended to get the intersection
[ ]
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for KD value.. In case of polarization the fall of PS indicate the
foramation of cyclic dimer. The finding of the intersection for Kb is
not a problem. We can find V: or'x for volume property by using the
values obtained in pelarization study.

Now if we assume that K = 46.68 1/mole (polarization), then
deviding KD ( 1018627.5 c.c2/n01e2 for volume) by 46.68 1/mole (i.e.,
46680 ce.c/mole), we obtain D = 21.82 c.c/mole. But 2v1 =V, = 21.82
c.c/mole and therefore, we have finally, V, = 52,49 c.c/nole..Thia is
an excellent finding; because in case of CC.I4 and benzene we get
vy = 56,26 c.c/mole and 54.18 c.c/mole respéctively. Thus, we can
claim that KD obtained by both the studies agree well.with each other

;a there is a clear linear section between .0008 and 0014 wt. fraction.

The result of such investigation is given below:

Table 4.5
sausN S

{ Honomer lDime; : {' Kg ] ; 3
Molar | (c.c/aole .
property g(c.e/mole) i j(c¢"/mole”™ | (1/mole)
Volume b 2X63.4  1018627.4 _
olum
32.2 2x19. 99 1140000 46.68

polarization
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Systen: Acetic Acid in Cyclohexane

The results of specific volume and dielectric constant measure=
ment and other subsequent calculations have been given in the Appen-
dix=A.5 « The plot of linear transformation of specific volume and
dielectric constant have been given in the Fig. 4,14 . The resulis are
exceollent as regards the mean deviation and standard devigtion. rom
the carefully drawn lines, values of specific volume and dielectric
congtant have been read cut at the properly spaced specific points
from winich VS, PS, PyS etc. have been calculated P5 and VS both have

been plotted against V and are given in the Fige 4415

We obgerve that VS, apparent molar volume keeps on a very low
value, 8=9 c.c upto .,0004 wt. fraction and then upte « 0007 wt, fraction
it reaches to 13 c.c, from that point there is a continuous rise of
this value to highest point (.0030 wt. fraction) to 44 c.c. This clearly
indicates that there is a tremedous loss of volume of the species, acetic

acid all throughout this range. This shows that a very unusually strong

solute=solvent interaction of the type 'solute hole interaction' is

taking placee

In PS versus V plot (curve (b)) also, ¥e find a similar variation.

upto 0007 wt graction the solute in the solvent have a very low app-
pto « .

nren Yy
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upto 0010 wt. fraction and then there is a swift rige to 26 c.c. at
+0018 wts fraction.from this point upto .0024 wt. fraction there is a
fall of this value and then agnin a rise. These indicate a mumber of
interaction with the variation of concentration. These will be indi-
cated vory clearly in the mext plots,A (V. V§) and A (Ve P3) against V

in Fig. 4416 curve (a) and (b).

In these curves ( a & b ) in Fig. 4.16 we identify two linear

sections in each of the curves:

(1) From ,0008 to .0014 wt. fraction in molar volume curve and from
,0011 to 0018 wte fraction in molar polarization curve;
(ii) From .0018 to ,0024 wt, fraction in both molar polarization and

volunme curvess The open chain dimer is identified by increase of molar

volune and decrease of molar polarization. (the lower part of the curve,

fe@ey 0008 wt, fraction dowm to more dilute solution the curve indicate

the solvgnt-golute interaction as has already been indicated as ‘'solute

hole interacticn'-)' The linear portions as indicated in the two curves

have been extrapolated to obtain the intercept for the value of KD for

the molar volume and molar polarization.

p. and vz obtained by extrapolation of the curves, PS and V3
o :

t
against V plot (Fig. 4,15) at proper sec ions of the curve Pl ki

obtained by PS against 1/v plot, extrapolation te 1/V = O. As we have
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already d
y discugsed in the case of MR that v, obtained by VS against

Vv plo
1/V plot give a value, 8.2 c.c/mole which is not to be taken very

iou
seriously, because with the continuous variation of the apparent molar

voluie of the monomer varies continuougly with the change of concen=

tration at this region. However, the results of such investigation is

tabulated below:

Tab].e 4, 6

. 2 2
; § Dimer t KD(cec /mole ) , K ( 1/mole)
Molar Momomer (c.c/mold !
L @ R
property i (c-cf“°19>§open ;cyclic : open g cyelic : open : closed
! i } i ] i }
VYoluae — 43%2 60¥2 1380000 750000 Firs L —
Polarization 16.40 3G.8X%2 11.2X2 1100000 260000 26,96 25,0

We see that we ¢an con
en chain dimer and closed chain dimer association inter-

actions = 0P

action by polar metho

solute=iiole

rated properly

of mo

gnteractions

in 8p

lar volume the off

fidently obtain K values for both types of inger-

4 because molar polarization remain umeffected by
because the volume effect have been incorpo-

ecific polarization calculation. But in the case

ect of ¢tsolute-hole interaction' largely remains.
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Thus, the calcul,tion v, ( although we obtain by usual method to be
8.2 cic/mole) is not useful for determination of values of K for both
these interactions. One way of finding Vi would be to calculate them
by using the values of K from polar data. Thus, we obtain the Vl values

for open and closed chain dimer as follows:

1580000
Opon chain = = 58,60/2 = 13.7 cec/mole
750000
Closed chain : SE00 = 45 c.c/mole .

Thus wve find V1¢=5 14 c.c. at a stage of interaction when open chain

dimer ig formed. That means only fevw of the added solute are out of
"holes". Then again VI —— 45 c.c/mole when cyclic dimer begins to foram.
This would mean that quite a large number of solute molecules are outside
the "hole™ at this stage. It is to be noted with some satisfaction that
Vo for cyclic dimer in CCl, and C.Hg are about 2X5¢ c.c/mole; where as,
in 1 is found to be 2X63 c.c¢/mole and cyclohexane 2X60 c.c¢/mole. This

close agrecment is quite remarkable. Note in the case of chlorobenzene

the cyclic dimers have V, = 2X69.47 c.e/mole. The reasens will be

digcussed in the pnext chaptere.

The results of all the five systema are given in the table 4.7,
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DISCUSSION

Molar Volune

[
Monomer: If_ia encouraging to note that the molar volume obtained
in 0614, benzene and IMH are 56.26 c.ce, 54.18 c.cs and 52.49 c.ec.
respectively, which can be considered very close to each other. The
reasons for slight varigptions among them are not very difficult to

find on the bas{s of various solvents effects noted in the Introduction

(page=22).

Carbontetrachloride possibly form a weak charge = transfer

connplex, A el

- ‘ .
d— e ek
el

Entrapped veolume

Fis. 50 1

1 expansion of volume of acetic acid monomer
ight overal
causing a sl
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due to en '
trapped volume within adducts despite a small volume contrace

ti
ony if any, due to oxygen-chlorine interaction as shown in Fig. 5.1 .

Benzene forms a well known type of Hebonding with acetic acid

as shown,

O\\ |

e CH
@-——---H—-D/ =

which caugses volume contraction.
The straight forward determination of apparent molar voluune of

Mo
monomer in NDH and cycloboexane isnpresented due to "hole" effect. The

molar volume of monomer in these two systems have been calculated by

indirect method, as ghown in the previous chapter.

In IBH the molar volume of monomer, 52.49 cece haz been obtained
“._—-—-

jndirectly from K=value obtained in molar polarization experiment. This

ghould be taken as & rough estimate and here also it seems that the

nhole” eoffect is not altogether absent.

The molal volumes of monomer in CCI4 and benzene give an approxi-

mate value, 55,2 €oC which can be taken as a tentative value for acetic

cid monomer aneffected by any solvent interaction, for the purposes of
a

comparison cn this basis we can say that the molar voluwe expansion in
ompa .
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CCIQ and volume contraction in benzene is about 1 c.ce, while in HBH
the volume loss of the monomer species is about 2.5 c.ce = a negligible

amount; and in cyclohexane volume less is about 10 c.c. which is consi=

derably high,

Diner: Only in benzene and cyclohexane, as already stated,
linecar dimer could be 1dant1!1e&, wvhoge molar volume are found to be
107.06 C.ce and 86,00 c.c. respectively. The molar volume of dimer
should be double that of monomer plus (or minus) the volume contraction
(or expangion) due to structural ehanges and bond formation. The molar
volume of monomer in benzene boing 54,18 ¢.c., ¥e have here a volume
contraction due to linear dimer formation of 1.3 c.¢ . But more careful

calculation should be on the following bdaigl

(:3GAC' T W oAC =y (:]D%€:~“}¥0Ac;

54,18 ceC 55.2 c.c 107.06 c.c

herofore, D = 5418 ¢ 55,2 = 107.06 = 2,32 c.c, where D is the
There *

volume contraction.

e of cyclohexane, the molar volume of monomer being
In cas

y 45,0 e.c,Dfor linear dimer formation should be as follows:

app r‘oxiﬂﬂ,t el

” = 2}:45.0 - 86.0 = 4 Cc.C}
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vhich secm to be a little higher than expected. But considering that

45.0 c+c is only an approximate (obtained lndirecﬁly); we can say that
the method employed here give a value not far off frbnqtho marke. llere
we find that the "hole" effoct on linear dimer is as strong as on the

MONOMNEeXrs

In 0614. benzene, cyclohaxéne and IBH the molar volume of dimer
have been found to be 118;16. 118,26, iéo.o and 126,80 c.c respectively.
The first two values are remarkably closer to each other; the value in
cyclohexane is not far offj and in HBH a slightly higher vaiue is
obtained, If we take into account of the fact that in each case, the
presence of different amount of linear dimer is likely to be present
along with the cycliec fora, then these va]neé should be considered quite
Thinking in these line we can say that in I3l dimer may

gatisfactory.

consist mostly of cyclic form and in cyclohexane a little more of linear

form is present, vhile in 0014 and benzene that is preéent in higher

quantities due to an equilibrium of,

|
Q

’ ' | 0
e B0 : V/4
0% r N 3 _e
e el ¢-CH,
evsel 7T B N po”
3 0
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As we hav .
ave indicated that due to interaction of sclvents with monomer

a line:
an ftene dimer, the linear fora should be present to a greater extent

in CCl, and benzene.

The eyelic form has the following structure,

This closed structure should have some special characteristics, such

as, low dipole moment ( consequent to wvhich it should have lover die=

lectrie constant), less solvent effects, such as, weak charge-transfer

and other dinole~ dipole interactions and large volume expansion due to

eyclic structurae A model calculation on volume effect, as shown in the

give a net volume expansion of about 9-10 c.ec, taking

following figure,

E*nﬁaPPec\

volume

e contraction of about 4 c.c for two H=bonding.

into accoant the volus
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The volune expansion is due to "*entrapped” volume inside the ring as

shown in figure.

We find the following values of D, by the following relation,

D= 55.2x2 = molar volume of dimer;

b in CCl4 e 7,78 coc expansion
Benzene = 7.86 c.c expansion
Cyclohoxane = 9.60 c.c expansion

BH = 15.6 c.c expansion

The value obtained in HLH seem to be a little too high and that may be
due to progressively inereasing formation of cyclic trimer, which also
has smaller dipol&, with the increase of concentration of the solution.

This is very likelY, in non=polar solvent the dissolved species tend

to become as much pon=polar as possible by induction effect or structural

hange by 591f-agsociatlon or some other changes within the structure.
c i

Chlorchengzene = Complex Formation

The case of chlorobénzont system is quite different from others.
1

h 1lar volume of monomer is as high as 66.81 c.c (much higher compared
The mola

s ¢ in HBH )y OR the other hand, the molar vclume of dimer is
to 55. Ce

red to 120 cece The structure and charze
h., 136.6 c.c compa €
also to0 high,

chiorobenzene as indicated earlier ( page - 26), is

distribution of
@
a5

0. ¢

like

o,
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It 1is obv
fous that C=0 group of acetic acid can form a good charge =
transfer
complex with Cl=atom and on the other hand, the H=atom of OH
rou SH v |
3 P of ACGH will tend to form a [ «H~bond complex much more strongly

than benzene, forming a complex like,

.[_ —
<\ emtrabped Volumme
C—CH,

( chlorobenzene = acetic acid complex )

Thug D for molar volume change, shuws an expansion of volume of

11.61 c.c. This ia not unreasonabley When we look at entrapped volume

within structure of the chlorobenzene = acetic acid complex. We should

caleulate D for dimer formation on the following basis:

tt 5 O
‘O\e—-cm + f\b“é{/\ == climer Complex
O,—
) d .
. cg 1€ & 134+ 6@ sz
L% ¢

. 55.2 = 243 = 136.60 = 16.89 c.c.

D = 66-81
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This means that another, 16,89 « 11.61 = 5.28 c.c. expansion is
attended on attachment of second Molcier to chlorshbeasens = ncwtis
acid complexe We sust then seock a ftructure which can justify this
second volume expansion. This can be achieved by the following proposed

strmcture,.

In this structure one end of the linear dimer i.e. CO group attaches

jtself to Cl*é atom while the free acidic P-atom attached itself to

TT electron of the ring.

The congideration of vector addition of moment of this structure

indicate that the dimer=coumplex should have moment or molar polarization

less than the double of that of monomer - complex. That is what we have

obtained in molar polarizatlon experiment. The monomer complex has molar

. polarizetion, §1.56 c.c and dimer complex has 90,92 c.c which shows that

12,2 €.C molar polurizntion is decreased on formation of dimer complex.
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Thus this probable structure satisfy two observable molar properties

v, and Pa and D for molar volume and polarization.

Molar Polarization

Molar polarization of monomer obtained in different solvents are
widely apart from each other, whereas, we have in three solvents the

molar voluma, very.close to each other, as shown in the following:

Carbor tetra Benzene HBH Cyclohexane 663501
chloride
Hoia:;e 56,26 £-C. 54,18 ¢. €. 52,49¢:-C 45.0¢-C 66.81 ¢.C
volu
Molar 23.10¢.C 40,20 ¢.-C 32.20¢-C 16.4 ¢.C 51.56 ¢ -C.
polarization

We have already known that small effects like weak H-bonding,

wesk charge = transfer complex and dipole = dipole interactions can

lead to change of volume from less than 1 c.c to about 3 ce.c. This

explains the close resemblance of molar volumes of acetic acid monomer

in cCl,,benzene and M. The gomewhat larger departure of molar volume

je¢ acid monomer in cyclohexane and CBRSCI has been shown to be

of acct

to “hole" effect and a complex formation respectively. Here in case
due tO 7 :

olarization we are confronted with the problem of solvent
P

88,92,93

of molar
' 5 kindss Thus a conformity of results of molar

ef fects of variou
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polarization of monomer acetie acid, which is a very highly polar
molecule, in different solvent im can be expected. But we can discuss

each case very carefully on the basis of interactions we have already

identified.

i) In Carbon Tetrachloride the formation of a weak complex have been
suggested by the Fige 5.1 « The main dipole is along the C = C bond and
the induced dipole by CCl4 molecules on both the oxygen attached carbon

are along the right angle to it in opposite directions, as shown below:

GU&Q4_
,’éﬁt

/

T0—H

|sm
eels
L

hi xplains why the monomer acetic acid should have lover moment

This €

and cunsequently molar pnlarization in ccl4- flad the adduct joined
the main axis the moment would have increased,

along v

o f;rmntlon of.n-_ﬂ_bond complex with benzene along the axis
i‘-) 1e

¢ acid obviously increase the dipole of the

of main dipole of aceti
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co
mplex and the highest value obtain in benzene compared to those in
ccl

4" IBil and eyclohexane is thus satisfactorily explaineds The molar

polarization of linear dimer in benzene is also very high for the same

reason,

iii) The value obtained in mMil, it seems to us, can be taken as the
ttrue value for monomer unaffected by any'"solvent effect®. The reason
for.such assignment is quite simple. Although there is a "hole" effect
which cause a little volume loss the monomer can freely orientate it-

self under altornating electrical field in a dielectric measurement.

iv) The "hole" effect in cyclohexane on the monomer, as well as
linear and cyclic dimers seem to be quite strong. ¥We ;,e lead to
belicove on the evidence of these surprisingly low values of wolar
rization of monomer aud dimers that the species in the "hele" are

pola

very strongly prevented from free movement. Hfence the contribution of

orientation polarization of these species in the "hole™ are bound to

be 1osse Thus taking the value 32.20 c.c as normal ( in J3H), 16.4 c.c

in cyclohexane is certainly very low.

The value for linear dimer is only 73.6 c.c whereas it should

ol somewhat less than 139.20 cc vhich is the value for linear
e :

Again we find that the even the cyclic dimer in this

have b

dimer in benzeneés

t have a very low value compared to others. All these indicate

solven



= 120 -

th fn ;
at "hole" has restrictive effect on the free movement of the species

in such a condition.

v) The cyclic dimer in solvents should have much less molar polari=-
zation than monomer and linear dimer is obvious due to its symmetrical
structure. They seem to be less effected by solvent effects. In CCl,s
benzene and [BH the values are 38.38, 32,34 and 39.88 c.c respectively.
The small differences between them is not easy to explain. But we
advocate that the value obtained in.'!mﬂ should be taken as a reasonable
value because of the possibility that it is less effected by the solvent

interactions. The smaller value in cyclohexane is already discussed above.

vi) The interaction of monomer and linear dimer with chlorobenzene
load to the formatien of complexes and has already been shown. A careful
explanation of this structure ghows that they should have higher molar

polarization compared to others. It has already been shown in the experi-

mental results that cyclic dimer in chlorobenzene can not existe. The
explanation is simple. the complex formation with monomer and linear

form is so gtrong that the cyclic form is broken up as readily as it§

formed.

Equilibrius constant

In the present jnvestigation, in each set of experiments we have

t ined three unknown quantities, molar properties of monomer and
determ
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diner of

AcOH and the equilibrium copstant related to particular type
of association (linear or eyclic). Looking at the Table 4.7 we find
tolerably closer values of some of these quantities. Most remarkable

conformity or closeness of values are found in the values of equilibrium

constants. There are two sets of valuesa:

(1) 17.84" 1343 and 16.28, 18.85 l/ﬂOlQ

(for CC.I4 and chlorobenzene)

and
(1) 23.08, 26,26, 244495 23.30 and 26,96, 25.0 1/mole

(for benzene and cyclohexane).

The values in CCl, and chlorobenzene are much lower than those
of benzene and cyclohexane, while the value in HBH is still higher than
those aﬁd stand apart. It g also interesting to note that the equili-
brium constants for linear and cyclic dimer association in benzene and

cyclohexane are nearly equal to each other. We have equilibrium constant

in mENt for only eyclic form which is nearly the sum of equilibrium cons-

tants for linear and cyclic dimers in benzene or cyclehexane.
an

n two types of association linear and cyclic, we find in the pro-

ing of results that they occur in stages and not simultaneoualy,
cegsing

g to oxpectation according to the scheme of interactions presented
contrar .
e 20). The oxplanation of this effect is not easy. In case

earlior ( Pa8
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of benzene system acetic acid monomer has greater tendency to form a
liebonding with ring t""-=electrons of benzene and so does the linear
dimer. It indicates that in such a system dimer will remain more in
open form than cyclic = so long the concentration of acetic acid
monomer and linear dimer are not too high to be able to remain engaged
in He=bonding with T{= electron of benzene. But in case of cyclohexane

the explanation will not be easy until the "hole" nfat}y of this solvent

is fully understood.

in two sets of values, the higher vélues. including thai of HBi,
are associated with hydrocarbon nature of the solvent, i.e. nen-polari-
zability of the atoms, while the lover values of equilibrium constant
is associated with chloro=-compounds in CCl, and chlorobenzene. In these
twe lattor solvents we have jndicated that Cl-atom can form charge-
transfer complex with €=0 groupe. This complexation virtually remove, or

ijn other words, inactivate the donor property of C=0 which consequent

lead to formation of lesser guantity of dimers by self associatiomn which

obvigusly must lower the equilibrium constant of the association inter-

actione

In conclusion ve are to remark that our equilibrium constant

values are the lovest =0 far obtained and it nearly conform to the value

cuinad BY qimnﬂurﬂsq' The method developed in this werk has a general

fmportance in the fact that this proceedings can be applied to any other

a1 species which can have self-associations. Thus it ias expected

4 described therein will receive serious attention it

chenic

that the metho

desorv oSe
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1.

2,

3.

SUMMARY

A

A discugsion on the problems associated with the determination of
.;"f»! o s /'r '

Formation Constant of acetic acid dimer in differsnt solvents in the
Introduction show that (i) various associated species - dimer
(linear and cyelie ).'triner (linear and cyclic) and higher polymer
of the various types should exist simultaneously in equilibrium and
(ii) different solvents should have various "solvent effects” imclu=
ding the possibility of formation of distinct complexes. At a suitably
chosen dilute region, it is expected that only the first association
i. e. dimer formation, can exist vith the effective exclusion of
others and the in%estigatlon can be conducted at this region to study

this particular association interaction.

A theoretical frame work has been constructed for the study of the

variation of nypparent molar property”, such as molar volume and

molar polarization, whereby it is shown that the "apparent molar

property™s ps is related linearly to volume, V which contain one

mole of the added species, as follows:

2
(onsz)
— + P 3 where the symbols has the usual

N,
A v

PS =

jenificants according to 1list of symbols. How this relation has been
gign

" p. and KD graphically and finally D and i
used, 1o determine Pyo Py & srap * WS Ry B
upl ainodo

geription of the & .
solution with the help of a Magnetic Float Densimeter

ethod for the determination of specific
(1) ade

volume of 1iquid
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S.
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is presented along with the details of the conastruction and manipue
lation of_tha devicie. (1i) The method for the determination of
dielectric constant with the help of a Dipole meter has been described
with full particulars. (1ii) The details of purification and parti-

cularly, careful dehydration have been fully described. (iv) Finally,

- how the variation of concentration of solution have been accomplished

'is reportcd. :

For five systeﬁs of néetic acid solutions, in'CCl4. Benzene, Chloro-
benzaire, cyclohexane and high beiling hydrocarbon (1iBH), the specific
volumes and dielectric constants have been measured. The linear plots
of thésa-quantities against weight fractions have been carefully
acrutinized tg obtain finally a minimum = error-free values at rogu-
larly spaced weight fractions. From these " refined values" the
Vario;za parameters, Py Vs PSy V3 etc, have been calculated; from which

various plots have been constructed related te various equations io

obtain P.» P and KDe The reaults of such efforts have been presented
1 2

in the Table 4,7 «

ccl, and chlorobenzene the equilibrium constants for the
\ &

(i) In

. tio&*ai"er is obtained betvween values 13.43 to 18.85 litre/mole.
oria ~

(ii) In penzene and cyclohexane the value ig between 23.08 to 26.96

) The value in HBH is 46.68 litre/mole.

1itre/@ole. (iit
jower value of equilibrium constant in (i) has been explained as
The lowe

eak charga-tfﬂ“5f°r fntoraction between Cleatom of solvent with
due to ¥
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C=0 group of the acid. In case 5! benzene and cyclohexane two types
of dimer, linear ang c¢yclic form, the K values are nearly same in

both cases; whereas in 'BH only cyclic form is observable, in which
case K value is almost equal to the sum of the values for lincar and

cyclic form in benzene and cyclohexane.

(i) The molar volume of cyclic dimer obtained in different solvents
are found to be very close to each other—= 118.16 e.c in cc14, 118.26
c.c in benzene, 120 c.c in cyclohexane and 126.8 c.c in HBH. It is
suggested that the closed structure of cyclic dimer form is likely to
be loast affected by solvents and they should have very similar values.
The formation of cyclie form is attended with volume expansion of about
10-14 c.c vwhich is accounted for by considering the entrapped volume

in the closeé structure. (ii) The linear dimer in benzene have molar

volune 107,06 Ce¢C which is attanded with volume contraction of 2.32 c.c¢c

this value is reasonable for one fl=bond considering the contractiion

of voiume of about 1 C.C for [ =H=bond formation with the end H~atom

£ the linear dimer, The molar volume of this form in ¢yclohexane is
o 5

h less than expected and is explained by the loas of volume due to
auc

whole® effects The calculation shows that the formation of this
the "ho ;

js attended vith volume contraction of 4 c.c =

type, as expecteds

higher, although not unexpected.

) The range of values obtained for molar volume of monomer
(iii) Th
ene vhere complex formation takes place and

(oxcapting in chlorobenz

and cyclohexan® where the "hole" effect ia strong) are quite
in mnsiH
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cloge to each other, between 54.18 to 56.26 c.c.

(1) The molar polarization of mﬁnoner have been found to be
differont in different solvents. It has been pointed out that the
various effects of solvents including complex formation and "hole"
effect, would always have profound effect on the measured molar
polarization. (1i) The molar polarization of linear dimer in
benzene have a higher value due to linear alignment of two monomers.
This is found to be true in case of cyclohexane if the molar polari-
zation of tonomer in this solvent is taken into account. (iii) The
molar polarization of cyelic form have much less values than that of

monomer and linear dimer as can be oxpected on the syumetrical struc-

tura.

It has been pointed out that the molar polarization of monomer,

linear dimer and cyclic dimer in cyclohexane are always much less than

the corresponding values of these species in other solvent. It has been

4 that the gpecies in *hole"™ of the cyclohexane solvent have a
argue

found restrictive effect on their free movement which consiyuently
pro

keeps the orientation polarization low.

In conclusions it is hoped that the method developed in this

oquilibrium system £

paragetorse
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APPEHDIXQ Ae 1

System: aAcetic acid in CCl

4

Table 1. Experimental reaults of specific volume

Difference in spe-
cific volume, A AV
(obs.= cal, )X106

Observed specific

Yeight fraction (w)xma volume(v)c.c./gm.

Ce é./gm.

0.0 0,635001 +16
0.011489 0.635021 .1
0.022936 0.635053 2
0.034343 10,635088 -1
0.045709 0.635125 .1
0.057034 0.635156 -2
0.066765 0.635189 .2
0.079564 0.635227 . 1
0.090769 0.635268 .8
0.101934 0.635306 .12
0.113059 0.635344 +16
0. 124140 0.635371 +10
0.135190 0.635390 -5
0.146200 0.635411 -17
0. 157169 0.635441 «20
0. 168100 0.635501 .
0. 178990 0.635565 +38
0. 189840 05835615 +55
0,200660 0.635666 73

v

ca

= 0.,634985 + 0030303Xw,
[ ]




Table 2.

0.0
001520
0.03040
0,05167
0.06951
0.08780
0,11073
0.14176
0. 16232
0.18413
0.20150
0.22627
0.24311
0.26097
0,27583
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(volght fraction)X102

élcalo

Obgerved dec

(€)

2,251207
2,251372
2,251516
£.251749
2,251957
2.253164
2,252328
2,252404
2,259478
2.252596
2.252756
2,253121
2,253589
2,254107
2,254556

Experimental result of dielectric constant.

Af(obge=cal. )X10

6

0.0

-109
-223
«524 .
-699
-847
-898
-833
~569
-269
0.0

= 2.251207 + 1.21415Xw .
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0.,0020

Table 3. Refined values of epecific volume and dielectric const.
Weipght fraction Specifiec volume d. c. Specific polari-
(c.c./gm.) zation ( c.c/gm,)
0.0 0.634986 2.251207 0. 186888
0.0001 0.635015 2.251306 0, 186907
0.0002 0.635046 2.251410 0. 186928
0.0003 0,635076 2.251526 0. 186948
0.0004 0.635106 2.251636 0, 186968
040005 0.635136 2.251744 0. 186989
0. 0006 0.635167 2.251855 0. 187009
0.0007 0.635198 2,251954 0. 187029
0. 0008 0.635230 2.252033 0. 187047
0.,0009 0,635265 2,252108 0.187063
2 A
0,0010 0.635300 2.252162 0. 187081
2.,252200 0. 187093
2,252259 0.187 109
" 2.,252316 0.187121
. 399 2.252417 0. 187137
0.0014 0.635
.635421 2.252479 0. 187150
0,0015 0.63
0.635451 2.252556 0. 187167
0,0016
0.635512 2.252547 0. 187 184
0.0017
0,633570 2,252565 0. 187203
0.0018
0.635617 2,252654 0. 187226
0.,0019
0.635664 2.,252745 0.187250




weight fraction
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Caleculated parameters from refined data.

V(c.c/mole) vs(c.c/mole) PS(c.c/mole) 2 (VeVS)ecS/mole? A(V.PS)

0.0001
0,0002
0,0003

0,0004
0,0005
0.0006
0,0007
0.0008
0.0009
0,0010
0.0011
0.0012
0.0013
0,0014
0.0015
0.0016
0.0017
0.0018 -
0.0019

0.0020

381326.51
150672, 56
127121.03

05345,29
76279.89
63560.63

54490.91

. 47681, 95

4238629
361449 .77
34683.41
31704.57
20349.71
- 27254.08
25438.02
23849.27
22448.53
21203.32
20088.84

c.czjmo

56, 15 22.63 -22880.0 179223.40
56,44 23.23 +43855,0 + 24787.40
56,35 23.23 +17796.9 1652570
56.30 23,30 + 8581.1 19069, 10
56,32 23,35 + 8390.8 19070.00
56,35 23.33 + 8899.7 14621.00
56440 23,30 + 10353.3 10808.20
56,52 23.15 + 14781.4 2384, 10
56.81 23,04 + 25431.8 . 2543, 17
57.05 22.83 + 32045.8 10300.44
57.08 22,54 + 33643.0 19422, 74
56.99 22,27 '+ 24799.8 26389.7,9
56,42 21.99 + 6163 .5 32578, 18
55.89 21,90 - 8721.3 32704.89
55,58 21.72 - 16026.0 35104, 47
55.62 21.68 - 14071.1 33865. 96
56,75 21.68 . 12122.2 31876, 91
57.65 21.73 + 30532.7 20048.55
58. 10 21.91 + 37968.0 23905.72
58,52 22,09 + 44088.3 19276. 67
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Table 3. Parameters vs,,PS and 1/V .

Weight fractlonx‘104 i/VX107(uolo/c.c) vs(c.c/mole) PS(c.c/mole)

1 26.:22' 56. 15 22.63
2 52,44 56.44 23.23
'3 78.66 56.35 23.23
4 104.88 56.30 23.30
5 131,09 56.32 23.35
6 157.30 56.35 23.33
7 183.51 56,40 23.30
'8 209.72 56.52 23.15
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APPINDIX= Ao 2

System: Acetic Acid in Benzene

Table 1, Experimental results of specific volume

2 .
(Woight fraction)X10° observed specific volume Difference in specific

v .
(v) (c.c/gm) volume.csv(obs.-cal.)x105

10’51490 + ( = 0,1512 ) ", -

(cec/gm. )
0.0 1. 151490 040
0.01180 1. 151464 — 0,81
0,91732 "1 151450 - 131
0.,02373 "1. 151429 - 252
0,02864 1.151415 - 3.02
0,03553 1. 151400 - 3.63
0, 0475 1. 151464 —~ 5.46
0,083 99 “1e 151341 - 5.99
0.03226 1. 151282 — 8,37
0.09383 14151255 ~ 9,32
0, 10535 1. 151230 ~10.07
0. 14604 - 1. 151211 ~10.24
0. 13966 1. 151176 ~10.29
0.15101 1.151160 .~ 10,17
0, 16251 1.15114§ -;0;:6
3 - e
0. 16478 1.10112 oo
™ 5 1 1 T fe
0.26709 1.151 9
0.22992
¢.25118 151052 2.53
0.27295 1. .
0,20461
1, 151012 0.0
0,31608
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Table 2, Experimental results of dielectric comstant

(Veight tractlon)X102 ' De Co
0.0 2.205660
0.0110 2.2959%01
0.0302 2,298421
0.0490 2.297120
0.0819 2.298539
0. 1095 2.299750
0.1541 2.300009
0.2016 2,300232
0.2582 2.300910
0.3021 2.301509
0.3496 | 2.302381

- 2,2 .
Als €y = 20295660
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Table 3. Refined values of specific valume and dielectric

constant,

Weight fraction Specif

i¢ volune{ceefyme) i By Ce Specific peiamiatis

(c. ¢/ng>

0.0

1. 151890 2.205660 0.347313

0.0001 1. 1514465 2.295871 04347345
0.0002 1. 151440 2,206178 0.347395
0.0003 1. 151414 2.296461 0.347440
0.0004 1. 151389 2.296802 0.347496
0.0005 1. 151364 2.297182 . 0.347560
- 0.0006 1. 151333 2,297610 0.347630
0, 0007 1.151311 2.298041 0.347705
0.0008 1. 151287 2,298480 0.347780
0. 0009 1. 151263 2,298983 0.347866
0.0010 1, 151241 2.299431 0.347943
0.0011 1.151223 2.299749 0.347997
" 1. 151207 2,299901 0.348020
0.0013 1.151191 2.299952 . 0.348025
0.0014 1. 151176 2.300000 0.348030
0.0015 1. 151161 2, 300000 0.348025
- 1.151447 2.300000 10,348021
0,0017 1. 151134 24300031 0.348023
5 018 1151122 2.300049 0.348023
5. pu1d 1. 151113 2,300101 0.348030
1. 151105 2.300199 0.348046

00029 1.151098 2.300298 0.348062
DAl 1. 151092 2,300401 0.348079
o 1, 151086 2.300521 0.348100
00023 1.151079 2.300630 0.348122
0,0024 1. 451070 2.300772 0.348142

0.0025
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Table 4. caleculatea parameters from refined data.
::iﬁ::on V{csec/mole) V3{c.c/mole) EFS(c.c/mole) A (V.VS) L5(VePS)
(c.ez/mdlaz) (c.ctholez)

0.,0001 - 691454.73 54,14 40.08 - - 27644,0 - 82975
0.0002 - 345719.82 54,10 45.48 - 27657.0 1825401
0.0003 = 230474.62 54.09 46.27 - 20782.0 1398531
0.0004 = 172852,33 . 54,03 48.40 - 22471.2 - 1417388
0.0005 .  138278.80 54.00 50.52 - 24890.3 1427037
0.0006 .. 1152290.29 53,95 52,59 - 26502.9 1427690
0.0007 93766,05 53. 90 54.48 - 27654.5 1410378
0,0008 = B86418.45 53.88 55.92 - 25925,8 1358498
0.0000 . 76814.83 54,01 57.69 - 13058.4 1243491
0.0010 . ©69132.01 54,18 58.67 e 0,30 1276868
0.0011 . 62846.29 54.55 58.20 + 23253.1 1131233
0.0012 . 57G08.30 54,97 56.25 + 45510.4 9246134
0,0013 - 53176.18 55.34 53.74 + 61684.2 720003
0.0014 . 49377.22 55.68 51.59 + 74066.3 562406.8
0.0015 . 40084.82 55. 99 49,36 + 83413.51 482137.3
0.0016 - 43203.97 56.26 47.42 + 89864.0. 311932.5
0.0017 . 40662410 56.56 45,92 + 96775.5. 232587.6
0.0018 . 38402.71 5G.87 44,53 + 103303.2“ 166284, 1
0.0019 36381.22 57.23 43.50 + 110962.6 120058
. 57.68 42,85 + 117510.2 91588, 9
0.G020  34561.92 s

- 57,93 42,27 + 123435.0 68136.5
0.0021  32915.901

58,29 41.76 + 129134,2 49014.9

Oz00=2 51461955 58.59 41,39 + 132535,5 35763.4
0,0023  30053.3% 53.86 41.09 + 134788.60  25632.9

0.0024 28800, 95




Tahlﬁ 1.

5 2
(Weight fractionX10° observea specific volume
(v) (c.c/gm.)
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APPENDIX Ae 3

System: Acetic Acid in CSHSCI .

Experimental results of specific volume

0.0
0. 00355

0.,0110
De G156

0.022

0. 0280
0,0332

0,047
NI EY

0., 0553

0,0662
09733

0.0880
0,09¢8
0. 1088
0.1197

0. 1258
0.1401

0, 1502
0, 1710

0, 1918
00,2130

00,2329

02530
Q2733

0.2027

0.3131

Veal.

0.912825
0, 912834

0.912846
0. 912857

0,912871

0. 912880
0.912892

0.912911
0.912924

0.912934

0,912961
0, 912908

0.913005
0, 9013030
0,913046
0,913071

0, 913097
0.913120

0.913140
0.91319%4

0.913243
0.913298

0, 913353

0.913411
0. 913467

0.913532
0,913597

pifference in specific
volune Av(obg.-cal,)X10

(c.c/gm. )

5

0.0
‘“0045

"0 [ 3 6 1
-0e64

-0.84

~1.40
~1.48

‘2031
2,64

2,73

2,71
"-30 55

369
~44 10
-4,71
-4, 90
-%.79
-5.,03
-8.52
-8.25
-5.47

-4. 60

-3.76
~3.00

-1+ 45
0.0

- 0-912825 - 0.2465)( o

+
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I 2 D l
Table 2, Experimental results of dielectric constant.

(Yeight fraction)x102 De Co (¢ )
0.0 ' 5.610160
0.,0201 5.611201
0,0440 | 5.611962
0.0681 - . 5.,612769
0.0985 5.613710
64584 5.614149
0.1610 - =elHL30
8,503 5.614701
N : 5,6 15889
0.2795 el s
5 i 5.618120
0,3413 5.618951
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Table 3, Refined values of specific volume and dielectric
const ant,
Weight fraction Sp?:fzj;m?glumo De Ce Specific polarization
S (c.c/gme)

0.0 0.912825 5.610250 0,552983
0.0001 0.912845 5,610701 0.553018
0,0002 0.912865 5.611029 0. 553046
0.0003 0.912884 5.011429 0. 553076
- 0.0004 0.912905 5.611800 0. 553106
0,0005 0,912925 5.612171 0.553136
0. 0006 0.912042 5.612549 0.353164
0.0607 0.912965 5.612870 0.553193
0.0008 6.912986 5.613171 © 04553220
0.0009 04913007 5. 613472 0,553247
0.0010 0.913029 5.613750 0.553274
0.0011 0, 913051 5.613901 0.553294
0.0012 0,913073 5.614050 0.553315

0.0013 0, 913095 5.614149 0.553333
. 0.0014 0.913118 5.614200 0.553349
0.0015 00913142 5.614232 0.553365
0.0016 0.913166 5.614251 0.553380
0.0017 0.913190 5.614301 0.553397
00015 0.913218 5.614379 0.553416
0.,0019 0.913239 5.614519 0.553437
0.0020 0.913265 5.614650 0.553459
0.0021 0.913290 5.614852 0.553484
0.0022 0,913317 5.,615101 0, 553512
0.0023 0,913345 5.615380 0.553542
0.0024 0,913373 5. §15669 0. 533573
0.,0025 0.913402 5. 616000 0. 553606
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Table 4, Calculated parameters from refined data.
:::%::on Vieec/mole) VS(c.e/mole) Ps(c.c/mole) A (V.vs) A(VePS) (coc/
(e.czlmloz) k molez)

0,0001 - 548163.48 " 86,89 53.26 43853,0 + 931877
0.0002 - 274087,71 - 66.83 51.52 5482,0 - 10964
0.0003  ° 182728.97  66.84 51.50 5482.0 - 10963.7
0.0004 137049.87 ' 66,84 51.47 4110,9 - - 12334.4
0.0005  109642,31 G6.85 51.39 4385.7 - 18639.2
0,6006 - 1370.25 66.86 51.13 4568.5 ° - 39289,2
0,0007 = 73319.34 " 66489 51.06 6265.58 ° - 39150.6
0, 0008 68531.02 ' 66491 50.90 6453.1 - 45230.4
0.0009  6G917.84 " 6695 50,70 8528.5 ° - 52380.4
0.0010 ° 54827.39 " 67,07 © 50,56 14255.1 " - 54827.4
0.,0011 - 49044.26 67.13 50.08 15950.1° = 73769.5
0,0013 " 45601.71 © 8724 49,72 19647.4 - 84072.7
0,0013 - 42177.98 67431 40.28 21089.0 -96165.8
0.0014 - 39166.24 © §7.39 48.83 22716.5 - 106923.9
00055 ¢ BiEBGL1E - 6750 48.42 25223,7 - 114786.2
. — . 67.61 48,05 27417.3‘; - 120295.7

= " §7.71 47.78 20031.4 - 121931.8
g TSRS .82 47.59 30770.5 - - 120919,5
(wogim " BOGER.AS ??.91 47.52 31740.5° = 116607.2
0,0019 26803 17 ,,6 -91 4744 gnee ot - 1120736
0.0020 - 27420.77 _,68'12 47,48 34211.6 © - 106552.2
0.0021 . - 26115.78 68'36 47,61 36147.7 - 98471.1
0.0022 24929.41 ,68' g 47.75 37677.1 -90884,2
0. 0023 23840024 62.:3 47,02 39307.8 - - 83186.2
0.0024 amESAL :a:@? 48.12 40808.3° - 75473.3

0.0025 21930.91
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APPENDIX~ A. 4

st
Bystem: Acetie scid in migh Boiling Hydrocarbon (IBH) (150°~200°C).

Table 4, mxperimental results of specific voiume.

(Weight fraction)xi0®

Cbserved épecific
volume (V) c.c/gm

Specific voluwe difierence
AV (obs-‘--_scal. IX 105(c. c/zn)

0.0

Ce G050
0.0103 -

Ce0152
0.0207
0,0260
003510
0.0413
0.0513
0,0617
0,0718
0.0819
0, 1021
0. 1221
0o 1415
0.1615
0. 1811
002004

«2197
0.2388
02577

Vool

—
—3

1.323345

1.323312
1. 323280
1.323245
1.323210
1.323181
1.323139
1.523092
1.323039
1.322990
1. 322951
1.322923

1.322805 -

1322768

1.322742 |
1.322685

1. 322660

1.322615 |
1.322571

1.322515

1.323343 «+ ( = 0632207 )Xw

0.0

- 1.69
- 3.20
- 5.20
- 6.90
- 8.10
= 10.70
- 12,10
- 14.10
- 15.70
- 16.29
- 15.83
= 16+ 13
= 14.69
- 12.01
- 8,30
- 7.69
- 3.98
- 2,26
- 0,51
0.0
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Table 2. + Experimental results of dteYectric constant.

(welght fraction)ifo® D. Cs
0.0 2,063891
0.0225 | 2.064240
0.0461 2,064789
0.0625 | 2.065141
p—— . | 2,065511
0.1082 ‘ . 2.065692
0.1422 _. ' 2,065750
0. 1765 | 2.065971
0. 1689 2.066210
— 2.066391
—_— 2.066849
0,3015 2.0076%0 -

£ - 2,063891
Aé. = (’cal
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Table= 3., ‘
¢» Refined Values of specific volume and dielectric
Constant,

Welght fraction Qﬁ polarization

Spevolume (c.c/gm) De Ce

(c.c/gm.)

0.0 1.323345 2.063891 0.346440
0.,0001 1.323279 2.064040 0. 346459
0,0002 1.323216 2,064204 0.346482
0.0003 1.323155 2.064419 0.346517
0. 0008 1.323099 2.064640 0.346555
0.0005 1.323045 2.064862 0.346594
0.0008 1.322998 2,065079 0.346635
0.0007 1,322059 2.065321 0.346682
0.0008 1.322923 2,065482 0.346711
040009 1.322891 2,.0656061 0.346732
0.0010 1.322862 2.085660 0.346739
0.0011 1.322835 2,065692 0. 346739
0,0012 1.322810 2.065720 0.346739
10,0013 1.322789 2.065739 0,346739
—_— 1.322771 2.065780 0.346744
.0015 1.322754 2.065831 0.346751
-z.zzzs 1.32273% 2.065880 0.346759
0.0017 1.322719 2,065939 0.346768
0.0018 1.322700 2.066001 0.346778
0,0019 1.322681 2,066100 0.346797
0.0020 1.322661 2.066202 0.346815
6. 5025 1.322639 2.066300 0.346834
. s 4.322615 2.066399 0.346851
0,0023 1. 322592 2,066479 0.346864
4.322567 2.066619 0.346891

A 1.322539 2,066740 0.346913

0,0025




Table 4.
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Calculsted Parameters from refined data.

«P3
Wt. fraction V(c.c/mole) VS(ceco/mole) Ps(c.c/nole)A(V.ng ) 4 (V.P3) 5
(cec”/mole”) (c-c§ﬂ01°
2.0 - 12714‘0.0
0.0001 794629, 03 39.83 32,04 659::4 ’ 12740-0
= 9 . [ ]
0,0002 397295, 60 40.74 33.40 :4;237 ° s
: 41,44 36.34 "
s o000 28 421 53 38.19 701164.7 1189795.0
0.0004 198630, 23 . 10 ToLen.7 oo
[ ] L ]
0.0005 153897, 70 43.44 ’ TSSOt o
4 44.74 40.3 ¢
0.0006 132410.04 s 1038 S romaca 0
00007 1715590-9 43.81 41,19 874850.0 892724, 3
0-0008 o153 49. 19 40.28 899433,0 713191.2
0.0009 08206, 2% 50.46 38.74 910357.9 519523,6
0+0010 S iy 37. 11 910628.0 354574.4
0-0011 reat. 7 5; g8 35.79 931895.8 237642,2
0.0012 60195, %0 53.80 34.61 904319.8 147257.5
0.0013 61102.69 54.és . 6908556 62482.0
OullOt 56757, 44 55.31 33.25 890160, 9 55602,0
0.0015 52054,25 55.35 o Ny 2e20m.0
0.0016 ADSE3. 07 5.,.35 32,40 857368.7 9344.7
0.0017 46723.09 57' 06 32,08 836643,2 52905,2
10,0018 44126.75 58' 50 32.09 815171.9 4598.4
0.0019 41803.69 58'93 32,08 791478.0 4765.5
0.0020 39712. 90 ro.58 32,07 767013.3 4916.7
0,0021 37821, 17 Ko, B4 32.03 741522, 1 6137.3
0.0022 36101.37 59.3 . 31.87 718593,2 11395.3
.15 ’ ® L
00,0023 54531 60.00 32,09 694926, 4 3640.1
0.0024 33091.73 32.17 670609, 6 953.0
¢ 60.11
3176739

0.0015
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APPENDYX= Ao 5

Systom: Acotic Acid gn Cyclohexane

Table 1. rxperimental results of Specific volume.

Difference in spo-
cific volume

A v(obs.=cal. )x10?

Observed ampecific

(WVeight fractinn)xioz volume, v (c.c/gm)

v

cal

1.200016 & 045577XW

(c.c/gn)

0,0 1.209916 0.0
0.01122 1.209790 - 0.63
0.02241 1.299673 - 1,18
0.03555 1.209536 - 1,92
0.04465 1.299413 - 2,54
0.05571 1.209307 - 2,08
0.06673 1.299195 - 3,48
0.07770 1,299080 - 4,02
0.08854 1. 298986 - 4.35
0.00853 1,298908 - 4.53
0. 14039 1.298842 -4, 58
0. 12119 1.298775 - 4.65
0. 14270 1.298680 - 4,40
016404 1.298589 - 4,12
0. 18523 1.298525 - 3.58
0020625 1. 298460 - 3.05
0.22713 1.208401 - 2,48
0,24785 1.298347 - 1,86
0.26842 1.298290 - 1.29

1.208235 - 0,70
———— 1.298192 .0
0.30911
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Tﬂ.blo - 2.. Experimental results of ‘d_iel,pctric constant.

(vieizht f!‘ac:t.:ion)hii()2 De C.
0.0 2,012330
0.0380 _ 2.012701
0.0701 : ’ 2.013009
0.0084 ‘ 2.013250
0. 1303 | _ 2.013489
0. 1572 . : 2,014052
0. 1884 : 2,014581
0.2287 2.014680
o.éssg 2,015162
0,3199 2.015620
03462 2,016359

AE =€ g — 20012350
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Tahle-; .
‘3w Refined values of specific volume and dielectric

" conetant.,

tion (c.c/gm.)

0.0 1.299916 2,012330 0.327974
0.0001% 1.299800 2.012428% 0.327968
0.0002 1.299689 2,012513 0.327961
0.0003 1.299578 2,012613 0.327938
0.0004 1.299463 2.012725 0.327956
0.0005 1.299360 2,012820 0.327953
0.0006 1.299256 2.012913 0.327949
0.0007 1.299155 2.013013 0.327948
040008 1.299057 2.013093 0.327942
0.0009 1.298972 2,013175 0.327941
0.,0010 1.208903 2,013253 0.327943
0.,0011 1.208842 2,013325 0.327945
0.0012 1.298786 2.01%100 0.327949
0.0013 1.298731 2,013518 0.327963
0.0014 1.208685 2.013678 0.327990
00015 1.293644 2.013875 0.328028
0.0016 1.298603 2.014100 0.328072
0.,0017 1.208573 2.014300 0.328113
0.0018 1.298540 2.014463 0.328144
0.0019 1,208511 2,014588 0.3281686
0,0020 1.298482 2,0146350 0.328174
0.0021 1.2908451 2.014675 0.328172
0.0022 1,208422 2.014675 0.328 165
0.0023 1.208398 2.014675 0.328158

1.208367 2.014700 0.328157

0,0024

0.0025 1.208341 2.014773 0.328169
1.208316 2.014862 0.328184

Bugme 1.296288 2,014950 0.328198
0,007 1.208261 2.015063 0.328218
0.0028 1.298234 2.015175 0.328238
RO 1.208209 2,015313 0.328265

0.0030
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Table 4, . caleul ated parameter from refined data
L Foa o
Wte fraction vV(c.c/mole) Vi(csc/mole”) rs(c.c/mole) A(V.VS) A(VePS)
(c.c/molez) (C-C/molea)
0,0001 780529, 90 8.41 18.50 16389143 1639113.0
0.0002 390231.62 9,91 16. 99 667296. 1 230236 .7
0.0003 260132.19 10.40 17.29 574892.8 231517.6
0.0004 19508 1,68 10,06 7.59 362853.0  232147.4
0.0005 156053, 13 11.28 17.65 480643.7  195066.4
0.0006 130033.86 12.01 17.59 495429,0  154740.2
0.0007 111448, 93 12.89 17.47 522695, 5 119250. 4
0.0008 97510046 13.58 17.59 524606.3 116037.4
PP 8E670. 30 15.08 17.76 596201.7 117871.6
0.0010 72090, 13 17.23 18.08 704332.2 131038. 5
0. 70904, 96 19,43 18.33 796262,7 136846, 6
o.gzi; | 4400341 21.51 18.64 865062.3 145585.2
. 5995138 23,32 19.37 907069, 6 178174.4
z,gg:: 55704431 25.26 20456 950315. 5 231730.0
0.0015 51989,05 27.14 22,02 984672.6  202178.4
0.0016 48738, 19 28.78 23.52 1003032.0  347015.9
0 0017 S 1 20.63 24.75 1028868.0  383016.0
0.0018 43320.74 32,16 25.50 1037964.0 394218,.7
4 33.66 25.89 1044872.0  389467.6
0.0019 a03h. 5%, B4 25.82 1045239.0  367256.8
GpliRI=0 38986'93 36417 25,48 1038512.0  337136.0
0.0021 37129 52 37.29 25,02 1030978.0  305501.6
0.0022 35441.02 5.3 24.61 1022066.0  278314.0
0.0023 33699.40 ) 24.27 1010321.0 2556665
39430 .
0.0024 3248622 - 24.38 998890.8 248865.4
0.0025 31186, 15 41,11 24.55 - 986842.8  244380.8
9.0026 20086 11 41.86 24.66 971928.8  238506.5
0.0027 26674.89 357 24.93 956966.0  237501.3
0.0028 27843.06 :
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APPENDIX=B
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Bquilibr ’ ; ' : : :
\ 1 ium Internctioﬂ Of thﬂn:??‘lute Sp@cies mtering into the Hﬂleﬂ

“of a Solvent pBod T
r ' s y. warlf & L - —_v,.:'[r’yﬂ ” { & ! ¥ =) / (1!{“ ' /V'Q,ne
FE ' : mx[
M X i f yes i A /"_,1( ;,z F
o " ~ ¥ / [ o
r/’ LA o A LR i A hd

~

With the discovery of interdstitial compounds and various other
obsorvations along with the advancemenf of theoriés én‘the nature of
solvents one is lead to‘suspéct the presence of order;d structure of
'liquiﬂs having some‘ynacégpied épaceﬁ which is—reﬁ?rred to in this

paper as "holes", It is'possihfb that very minute quantity of solute

apecies of tolerably small‘sizg temporarily occupy some of these "holes".

Thé dﬁration of such occupation may be attended with gome diatortiong_of
both solvent "holes" and the solute spec{es dﬁpehdiné on the polariza=-
bility and structural differeqcés of the components., One of the logical
treatments that can be conceived o;.the badﬁs of law af mass actiun

(which is esscntially statistical in nature) take the following form:

species + holes ——=—— "species in hole®

{gpecies in holej ;
and K = [species] x [ hole|

h bracket 1ndica£e.tbé concentration in terms of number of species
where d

volume,
as well as wholea™ per unit vo

pesting of this »model of interaction™ can be based on the assume
e

¢hat species entering into the Uholes® lose a part or whole of its
ption |

¢



vz S+~ +xV2
Vs= Viou(VL-Yp) : Vym&D
' ,(.v \/5 e <

. V-V2
W{,"—)'_ Tex SVsVa
kp- B u-vs povsy g
*wY VE=Ya _ |
v,,-v5 v,,-vs' A
0- “owv = (Viv, )

é’DV Vot + V5 | (v Vs
3/ Vervs = Z¥.
ﬁﬁ 1 K3 V/‘—-—V 3
, &‘ﬁz@&t,%ﬁwk VM?‘MML»‘,"—“% exLy | ’?“( mw V§ _4/“ A=,

Ve 2Y-(Ve-VE)
A7 e ,,{s/& Vs’ 1@

o VSC_L +_”Kf5) 7“-—5 @r‘%
Vo2Vt K3V, — % k(,/—s A vw7 gmad.

(WW)»/\-?‘Q e

""" oY /V,-Vs
+30Y = EX./7V2 )4y
Vs K Vs~ vz) .
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volunme,

ie = 3T L ' '
calculaked on the basis of gimple additivity rule*. If V is

express \
pressed pg the volume which contain one mole of A, of which o/ fraction

h .
as entered into the “holes" and each e.¢ of solvent have only/QF.OIOS-

of "holes" ( i.e, 1023x6.06 X /G holes per c.c.) then

- ¢ 0(‘ v £ - - 2
K' = § wvhore S express the actual volume of

(1=X)( Lo~ )

the solvent, initially added to make the mixture.

Now, the volume, V contain solvent S and free Ay while the rest

of A reomain inside the "hole" without contributing its volume to the

]

bulk, thuas, * eI J S S
V =8+ ( 1=X) 71__ '

where, V1 is the molar volgma.of .

Vence WwWe can writan(
V-5=Vss(1-X)}V,

Ory e X = (7 : =

Ore

‘v is s .cific volume of the mixt
¢« v = WV, +WV} vhere ’ i S an

v. are that of golute and solvent, and 1 = et W, .
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Now, puttin ;
g Z = Vi'- VS' ve get.

X = "E- and B e 2
Vl 1=-AX Vs
s E | 2V
o o
S S = :
(ps = 2/v))

vs(pvis - Z)

(v, 8-2)
L. e o
o » vﬁt bl
5 v K3 - K
s Vg z v,

putting back 7 = Vi- vS, finally we have the relation,

K
K (;L—u - LA R N R S NN R NN N NN N 7.1

v
] - Vf'VS Vi
therefores & P VS RE give a straight

line at tho 1ower end of concentrations. The alope of this plot gives
Fd
g > and the intersection give K/i’f‘ ' Holar volume of AcOH monomer

known to be about 55.2 (average V, value in c<:14 and Benzene), G and X

can be founde
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Resulta
e et

In the present work of two systems, (i) acetic acid - Kerosene
(MB1) and  (i1) acetic acid - cyclokexane, b5 60stic acid ss the molute

species have investigated for the Mgolute = hole equilibrium effect!

It must be noted that extremely accurate and precise measurement
of density ( or specific volume) is needed to investigate the emperical
basis ¢f such a construct. The mecasurercnt of specific volume have been
carried out Ly magnetic float densimeter, as described in the main
body of this thesis (page=43). V and 5 kave been calculated by the
relations deseribed-already (Aippendix- As4 and 2.5). ﬁalgr volume of
acetic acid monomer is about 55.2 c.c(obtained by indirect method
shown proviously). Now V/v8 and s/vl-vs for both the syptems (MmH and
Cyclohexane) have been calculated und given in Table 7.1 and 7.2 res-
pecﬁﬁvqu and the plots of V/VS versus s/vi-vs are shown in Fig, 7.1
andl7;éé;;;pectivelyo The results of K and!B are given in Table 7.3 .
These results were obtained by using a much bigger graph which is shown
in the Fige #;;:and ?22 in a smaller scale. The ipt?rsections are in the

negative which rightly conform to the equation (7,1)s The slopes and

intersection so obtained were used teo cniculatefg and Ke
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Table 7s1 | . \

System: Acetic acid in HBH

( ¥t. fraction)xio? v -—S
Vs vl- Vs

1 19950, 52 51697.41
2 §751.48 "27472.67
3 6391.20 19244,92
4 4670.36 15673.85
5 3657.87 13508.02
6 2959, 54 12654.43
v 2444.35 12935, 52

2077.01 13430,.87
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Table P2~ | < "L

System: acetic Acid in Cyclohexane

(Wt. fraction)xio? v —

Vs Vl - V3

1 €2809%.74 16681.37
2 39377.56 8616.,07
3 2498f.68 5807.59
s 19391.84 4321,48
g 13834450 3552.87
¢ 10827, 13 3010,46
7 8646.15 2633.80
8 7180.45 2342,35
9 574737 2159.90
4526,94 2053,78

10
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Results

Table -7+3 \' ¥

}
Solvent j KV, : K 2 X 1! JZ
i i {(litre/mole) i i (mole/litre)
H8Y
1.8K103 220.8 Oe4151 0,00418
(Mlizh Boiling
hydrocarbon)
4.0X103 29,36 5.0322 0.0227

Cyclohexans




24 <

e 104 -

Sysiemz AcOH in HBH
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niacu53£2£
Fige z;bi‘ and -Q\f'i-z?ghow that the e ) \

quation (7.1) very closely
represent the variation of the parameters from near zero concentration
upto about .0006 wt. fraction solution. The equilibrium congtants are
neither too high nor too low. Similarly the number of "holes" are
within reasonable value. A sample calculation for cyclohexane system
indicate that onlyone "hole" of the size of one molecule of acetic acid
monoier exist per 450 molecules of cyclohexane. In HBI sﬁch caleculation
is not possible as the molecular voight is not known but the molecular

"holon™ exist only one = fifth times that of cyclohexane.
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