CHAPTER~II



EXPERIMENTAL _ SECTICN

{(Materials and methods)

Chemicals

All salts {(except tetrapentylammonium perchlorate and
potassium, rubidium and c¢esium perchlorates) were of Flukat's

purum or puriss grade.

Tetraalkylammonium salts were purified in the mamner
given in the literaturel'z._Generally these salts were purified
- by recrystallization. Higher tetraalkyl homologues were
_recrystallized second time to ensure the_highest purity. The
crystallized salts were dried in vacuum and stored in glass

bottles in darkened dessicatcr over fused CaClza

Tetrasthylammonium bromide (Et4NBr) was recrystallized

from methanol and dried at 363K for 24 hours.

Tetrapropylammonium,bromide (Pr4NBrJ-was taken in a
minimum volume of methanol, reprecipitated from dry ether and

dried at 363K for 48 hours.

Tetrabutylammonium bromide (BuéNBr) was taken in a mindmum
volume Of acetone. Ether was added to the solution till the
comencement of precipitation, The solution was then cooled

and the resulting crystals were filtered. After a preliminary
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drying, the salt was £inally ground in a morter and dried at

333K for 48 hours.

Tetrapentylammonium bromide (Pen4NBr} was recrystallized
from acetone + ether mixtures and dried in vacuo at 333K for 48

hours.

Tetrahexylamnonium bromide (Hex4NBr) and tetrsheptyl=- -
ammon ium bromide (Hep4NBr) were washed w;th ether and dried in

' vacuo at rOOm temperature for 48 hours.

Tetrapentylammonium perchlorate (Pen c1o§) was prepared
by adding slowly a hot aqueous solut:n.on of tetrapentylammonium
| bromide to a hot aqueous solution of sodium perchlorate (NaClO Jo
All the tetraalkylammonlum perchlorate salts were recrystallized
tw1ce_from conductlvity water and dried in vacuo at 343K for

24 hours.

Lithiuﬁ oerohioraﬁe (LiClO4) was'recrystallized three
times from conductivlty water and then oried under vacuum for
:.several daye . sodium perchlorate (NaCIO ) was recryatalllzeé
':several times frOm water + methanol mlxtures and dried in vacuo
at 423K for 96 hours. Other alkali metal perchlorates were pre-

pared by precipitation by adding NaClO to a solution of the

4
correSponding chlorides in anhydrous methanol and and were

rec;ystallized.elto'io times from a mixture of water + methanol,

1:1 by volume and dried in vacuum at 473K for several days4.



.1 5414 oyl and a specific conductance of ca 1.01 x 10 scm“
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sodium tetraphenylborate '(NaBPh4) was recrystallized’

3 times from scetcne and then dried in vacuum =t 353K for 72

hours.

Lithium tetrafluorcbhborate (LiBFé) and lithium hexafluoro-

 arsenate (LiAsFG) were dried under vacuvum at high temperatures

£or 48 hours and were used without further purification.

gdlbehts -

2~Methoxyethanol (ME 2 (G R.E. Merck) was distilled twice

in en all gless aistiTIation set before use. The_puri:;ed solvent

=3

haﬂ a den31ty of 0 96002 g cm . a ceefficienn cf viscosity of

..1.
et 25 C, these values are in good agreement with the 1iterature

=3 -G -1

values®, unich ere 0.9602¢ gen™>, 1.60 cB and 1,08 x 10 som

Fat QOOCJ respectively.

Triply distllled water was used for preparlng the

' experimental SoluthnS.

Water was first deieﬁized and then distilled from an

‘all glass distilling set using alkaline KMnO, soluticn. The

double distilled water was then f£inally distilled using an all
glass distilling-set;;Pfecauticne were téken to prevent contam

mination from €O, and other impurities. The triply distilled
| 6 o -1

water had a specific conductance of less than 1 x 10~° sem™>.
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Methanol end acetone used were of A.R. Grade and great

care was taken to ensure that ether was free fLrom peroxide.

Mixed solvents

The mixed golvents ccntaining 20, 40, 60 and 80 wty of

ME were prepared accurately by mixing the reguisite amounts of

H20 ané ME by weight;ISOlvent properties of ME + HZO mixtures

at 25°C are given in Taoble 1.

Table 1 . Solvent properties of (ME +-H20J.mixtures et 25°c

Qt%- € ;'Pi/‘ 71?Eﬁ;f_ Sps conductance/
of ME —gem > ) sem™t

0 78432 0. 99707 0,8903  1.01 x 107°

20 69,73 1.00240-  1.5165 . 37,30 x 10™°

40 5741 1.00690  2.3654 = 20.00 x 107°

60 42,11 1.00233 2,8849 7.22 x 1076
80 26,53 0.98672° 245751 3,84 x 10™°

100 16.93°  0,96002 1.5414  ‘1.01 x 1078

Preparation of experimental solutions

A stock solution for each salt in ME as well as in

different nmixed scolvents was prepared by weight and the working

solpgions were cbtained by weight diluticon. The molar concentra-

tion of the solutions were €alculated from melality and density

values.
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Methoedss

(a)_Dénsity_meaSﬂrements

The densitilies were measured with an Ostwald-Sprengasl

‘type pycnometer having a bulb volume of 25 cm3 and an intermnal
diameter of the capillary of asbout 1 mm. The pycnometer was -
calibrated at 25, 35 and 45°% with doubly Gistilled water. The
precision of the density measurements was i 3 x 16™ gcm’;,jThe
‘medsurements were made in an oil bath maintained with an accuracy
of i O,OOSOC of thelﬁesired temperature by means of a me:curybin—
glass.thérmOregulato;-aﬁdlthe absoluteztéﬁperaﬁure was detérmined

by a platinumjresistance thermometer and Muller bridges.

(b) Viscosity measurement

- The kinematié ﬁiscosities were measured bylﬁeans cf a
suspended=-level Ubbelohde?'viscometer with a flow time of about
539¢ for distilled water at 25%, The time of efflux was measured
with a stcp watch capable of recording + 0.1 s. The viscometer
was always kept in a Vertlcal positiOn in 2 water thermostat.

‘The viscometer needed ne correctlon_for kinetlc energy. The,

kinematic viscosity (‘9 ) and the absolute v1scosity (M) are

given by the follow1ng eguations:

=Gt = K o W

m=7F (2)
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where t ig the efflux tihe, P is the density and C and K are
the characteristic!constants of the viscometer. The values Of
the constants ¢ and K, determined by using water and benzene as
the calibratlng llqpids at 25, 35 and 45 %, were found to be
1.648 % 10™° em®s™2 and -0, 02331647 cm® respectively. The preci-
sion of the vzsc051ty me aéurements-ﬁas % G, 05%. in all cases the

experlmﬁnts were performed at least in five rePlicates and the

results were averaged,

Rclative visc081ties (7 ) were obtained.usmng the

equation (3)3
N, = et e )

- Where'qul-;fﬁ £ and t,.@g-are tge absolute visc¢51ties,_

densities ond f£law times for the-sclution and solvent respectively.

The meagurerénts were carried ouL in a thermostatlc bath
maintained with an accuracy of + 0.01 % of the desired tempera=
turea. A 60 W heating element and a,t0¢uen6nmercury thermoregu=~
lator were used to maintain the temperature or the experinental
thermostat which was placed in a hot-cum~cold thermosﬁat. The
teﬁperature of the-hot—cﬁﬁ-cold thermostat was preset at the
.éesired temperaturé using a contact thermometer and relay system.
The absolute temperature was determined by a calibrafed platinum

resistance thermometer and Muller bridges
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- {e) conductance measurements

Conductance measurements were carried ocut on a Philips
wﬁya-Uniﬁém_Pw 9509 conductivity meter with an accuracy of
+ 0.1%, a 2000 Hﬁ cyGle was used. The cell constant (0.731 cmflj
of the_dip-type ¢onductance cell was acpurately determined using
standard KCl solutions . Conductivity cell was sealed to the
slde of 500 cm3 coniéal flask closed by a ground glass cap fitted
with a side arm throuch which”dry and purelnitrogen was passed
" to prevent the admission of eir into the cell when solvent or
‘solution was added. The measurements were made in an oil bath
maintained at 25 i Q.Oospg as described earlier under density
'measurements. All data were corrected with the specific conduce

tance of the solvent.

(@) compressibility meashrehents

_ Ultrasonic velocity measurements were carried out in a
single crystal variable path ultrasonic interferometer (Mitctal
Enterprises, New 'Delhi, In&ia)_qQérgting at 5 MH2Z, The tempera-
ture stability was .maint_ai.ne'd at i 0, 01°C by circulating thermoe-
stated water around the measuring cell by a circulating water

bath, . | o !

The principle used in the measurement of velocity (u) is
based on the aceurate determiﬁation of the wavelength () in

‘the mediums Ultrasonic waves Of known- £requency {7 ) are produced
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by a quartz crystal £ixed at the bottom:of the celi. These'ﬁaﬁes
are reflected by a movable méﬁéllic plate kept parallel to ﬁhe:
quarta crystal. If the separation between these two plates is
exactly a whole muitiple of theée sound wavelength, standing waves
are formgglin the mediumq“This.accoustic resonance gives rise to

an elecﬁriéal reécticnlon the generator driving the quartz crystal
and the anods current of the generator becomes maximum. If the
distaﬁce is_nOW_increased.ér_decreased and the veariation is exactly
one half wavelength (A/2) or integral multiple of it, anode
current ggain becomes maximum. From the knowledgé of the wave-

length { » ), the velcocity (u) can be obtained by the relation:

Veloeity (u) = wavelength (A )} x Freguency (7 ) {4)

adisbatic compressibility { g ) can then be calculated

by the following formulas:

p=1/wp - - (5
where f is the density of the experimental liguid.

The ultrasonic interferometer consists of the fellowing
- two parts:
i) the hich frecquency gsnerator and

1i) the measuring cell

The measuring cell is connected to the output terminal

-of the'high frequency generator throudh a shielded cable. The
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cell is £illed with the experimental liquid before switching
on the generator., The ultrasonic waves move normal from the quartz
crystal till they are reflected back from the movable plate and
the standing waves are formed in the liguid in between the

reflector plate and the guartz crystal.

_The_micxometer is siowly moved ﬁill_the anqde_current_on
Ithé high ﬁtequency_genefator-shoﬁs a.maximum,-A ﬁumber of maximm
.readings bf anode current_are_péssed on.and their number (n) is
gouﬁted, The total distance {r) thus moved by the micrcmeter

gives the vélue of wave langth {(72) with the following relation

Y= o x A/ 2 (6’).

Once the wave length is known, the velocity can be calculated.

The maxinum yncertainty of the sound velocilty measurements

in all cases was # 0.03%.
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