
CHAPTER-II 



.Chemicals 

EXPERIN.ENTAL .SECTICN 

(Materials and methods) 

All salts (except tetrapentylammonium perchlorate· and 

potassium, rubidium and cesium perchlorates) were of Fluka•s 

pururn or puriss grade. 

Tetraalkylammonium salts were purified in the manner 

given in the literature1 ' 2• Generally these salts were purified 

by recr'I.[Stallization. Higher tetraalkyl homologues. were . 

. recrystallized second time to ~nsure the highest purity. The 

crystallized salts weJ;e dried invacu'l,lm and stored in glass 

bottles in darkened dessicator over fused cac12 .-, 

Tetraethylammonium bromide (Et4NBr) was recrystallized 

f~om methanol and dried at 363K for 24 hours. 

Tetraprop:ylammonium _bromide (Pr4NBr) was taken .in a 

minimum volume of me·thanol, reprecipitated from dry ether and 

dried at 363K for 48 hours. 

~etrabutylammoniurn bromide (Bu4NBr) was taken in a minimum 

volume of acetone. ~ther was added to the solution till the 

commencement of precipitation. The solution was then cooled 

and the resulting CJ;"ystals were filtered. After a preliminary 
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drying, the salt .was finally ground in a morter and dried at . 

333K for 48 hours~ 

Tetrapentylammoni'!lm bromide (l?en4N~r) was. recrystallized· 
. ' ' •. 

from ac'etone + ether mixtures and dried in vacuo at 333K for 48 

hours~ 

'l'ei;rahexylarnmonium bromide. (Hex4NBr) and tetraheptyl- · 

i?IUffiOnium bromide (H~p4NJ:3r) were was}led_ with ether and dried in 
. ' . ,. . ~ . . . : . ' . . 

vacuo at; room temperature ~or 48 hours. 

Tetrapentylammoni.~m :pE?rchlprate . {Pen4:NClO.\I).. ~1~s p;repared 
' < I ' ' ' • 

by adding slow,ly a hot aqueous sol'l,ltion of te~apentylammo!lium 
I . ' ' ' . • ' , ' ' , • '· • . 

' ' 

bromide to a hot aqueous' s~lution of. sodium perchlorate (~aclo4 ) •. 

All the tetra91kYlammoniu~ p~rchlorate salts were, recrystallized 
. . . . . 

twice. from conductivity water and dried in vacuo at 343K for 

24 hours. 

,l .: ... 

Lithium perc~lorate (LiGl04 ) ~as ~ecrystalli~ed three 

ti,q~es from co.pductivity t-1ater and then dried under vac~um ,for 
. '3 ' . 

several days • sodium pe_rchlorate (Naclo4) was .recrystall~zed 

· ~?everal till'les from t-Jatet' + meth?Ii~l ~xtures .and dried in v~cuo 

at 423K for 99 hours. other alkali metal pe~chlorates were pre-. . ' 

pared by precipitati~. b¥' adding NaC_lo4 t~ a .solution of. :the 
. . . . . 

corresponding chlorides in anhyd;rqus methano;t and .. and were 

re.crystallized 8 t9 10 times from a mixture. of water + meth~ol, 
. . . ' . ' ~ 

4 1:1 by volume and ~ied in vacuum at 473~ for several days • 



sod,:J.um tetraphenylborate (NaBPh4) was recrys·caJ._lized' 

3 times ·from ·acetone and then dried in vacuum· at 353K for 72 

hours. 

so 

Lithi'Uril tetrafluoroborate (LiBF 4 ) and lithium hexafluoro­

ar~enate (LiAsF 
6

) were dried under vacuum at high temperatures 

for· 48 :hours and were' used 'ti'ithout furtper purificat_ion. 

_soivents 

. 2-~ethoxyethanol_ (ME) (G.~ E • .Merck) was distilled twice 

in aP. all glass.' distillati'_OI:l. -~e.'\:. bef9rt;: use. ·~pe _puri~.ied -solvent 

had a density _of o·. 96oo2 ·,9 'cm~3 ': a:. coeff,i.cieilt._ ·_of viscosity' of 

1. 5414 Cl?. and ~ .sp~c.ific ·:conduct_ance of c·a l• 01 X. ~o•G SC:m""'l . 

.. ~t 2S~c;· the~e valu~~-. a1:e· in_ goo~· agr~em~nt ~vit!1 ~he· l.:f. teratu~ 

'·, ',· 

. 5 . 3 
values , ·which are .0 •. 96024 gent""!' , ;1.. 60 cP and ~-.-09 x 10•6 scm-1 

• • • • ' t ' ; / • 

(at 20°C) respectively. 

T~iply aisti.:!.led -~ater was used for preparing the 

expe~imental solutions. 

water was first;. dei~nj,zed and then distill~d from ah 

all glas~ distill~ng "set :using _al~cUine l<Mno4 so_lutionr-. The 

double distilled. \-rater _w:as ~en fin~ly distilJ.ed _:using an all 

glas~ distilling -set: PrecautiOz:lS were taken to prev~nt conta­

mination from C02 . and other imPU.+it.ies. The_ tripiy distilled_ 

water had a specific ~on.ductance of less than 'i X lo-6 Scrrt1 • 



Methanol and acetone used were of A.R. Grade and great 

care was taken to ensure that ether was free from peroxideo 

Mixed solvents 

~he mixed solvents containing 20, 40, 60 and 80 Wt% of 

~lE were prepared accurately by mixing the requisite amounts of 

H20 and ME by weight~ Solvent properties of ME + a2o mixtures 

at 25°c ·ere given in Table 1. 

~able 1 • solvent properties of (ME +-H2o) mixtures at 25°c 

~·Jt%· 
of ME P>(3 

-- .. gem 

--
'7?...:/ cP---._ · 

.--~----

Sp• conductence/ 
scm•l 

------------------------------------------------------·-----------
0 

20 

40' 

60 

eo 
100 

78.32 

69a73 

57.41 

42.11 

26.53 

16.93 '• 

0.99707 o.a9o3 

1. 00240 ·, l!t516$ 

1.00690 2.365'4 

1, 00233 2.8849 

0.98672. 2.5751 

0,96002 1.5414 

1.01 X 10-6 

37.30 X 10-6 

20.00 X 10-6 

7.22 X 10-6 

3,84 X 10-6 

'1.01 X 10-6 

----------------·----------------------------------------·----------
Preparation of exP§riment~ solution~ 

A stock solution for· each salt in ME as t'lell as in 

different mixed solvents was .Prepared by weight &&d the working 

solutions were obtained by weight dilution. The molar concentra­

tion of the solutions were calculated fr·om molality and density 

values. 
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Methods: 

·(a) ~sity measurements 

The densities were measured with an Ostwald-$prengal 

typ~ pycnometer having a bulb volume of 25 cm3 and an internal 

diameter·· of the c;:apillary of, about 1 mm• Tha pycnometer was · 

'calibr~ted at 25, 35' and ·4sc;>c with doubly ·distilled water .. The 

·p·recisien of the densi'l;y ·measurements was ~- 3 x 10~5 gcrn-.3 .: ''.rhe 

·measurements were made in· an o.il bath maintained 1r1ith an accuracy 

of + o. 005°c of the desired tell!Perature by me_ans of a mercury .... in-- . . 

glass thermoregulator and the al:>sc,>lute ·temperature was determined 

by a platinum resistance thermometer and Muller bridge6 • 

(b} Viscosity measurement 

The k~nematic viscosities were measured by means of a 

suspended .... level Ubb~lo1lde7 vi-~co~te~ vr.itn a flQq i::i~ o~ about 
' . . . . 0 

539s for distilled water at 25 G. The time_ of ~fflux.was measured 

with a stop watch c.apable of 'recording + 0.1 s. The viscometer 
. . -

was al"t'l!'ays kept in a vertical position in a "t'l!'a1:;er thermostat. 

The viscometer needed no correqtiop for kineti~ energy. The 

kinematic viscot;:lity ( -)) >: and the absolute viscosity ( 'l... ). are 

given by the following equations.; 

(l) 

.'l - -vF (2) 
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wheJ;e t. -is the efflux t.ime, p is t.he density .and C ana· K we 

t:.he characte,rist,:f.c :constants of the viscometer. ·o:rhe value~ of 

the constants c and K, determin~d by using water and benzene as 

the calibrating liqu;f.d:s at. 25, 35 .. and 45°c;.:., '1o11ere :found to be 
· .. s· · 2 -2 . · · 2 

1. 648 x 10 · . em s · · and '~'"·o• 02331647 em· respectively\) The1 p,reci-

sian of th~ viscosity measurements was + o.OS%. In all cases the -· 
experiments were perf()~ed at least in five replic~tes and the 

results were averaged~ 

~elat_ive viscosities ( '1 ) were obtained using the 
7' 

equation · (3) : 

where yt ·yt • o • o and t., t
0

: are the absolute viscosities,. 
. . ~ ·, ! ;J r o 

(3) 

densities ·and flow times for i;.he, .$Olution and solvent respectively. 

Th~ measureme~t~ ~ere carr~~d out in a thermostatic bath 

'm~nt¢-ried with an accuracy ()~ ± 0~ 01 qc o;f ~he de~~red ~ernpe,r a~ 
tu.t:"e8 .. A 60 w b,ea~ing element ~d _a. tolueneo!emer~ury thermoregu­

lator were used to maintain the. tel11Pe:rature o£ the experimental 

thermostat whi'Ch. was p~aee~ in a hat-cum-cola thermostat. ';rb,e 

temperature o£ the hot ... cum-cold thermostat ~,.as preset at t~ 

desi-red tel11Perature. using a contact therrnometeJ:" and relay qystem. 

The. absolute tempeJ:'ature w·as determined by a calibrated platinum 

resistance thermometer and Muller bridge. 
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. (c:) conductance measurements - ,-· 
conductance measurements we~e carried out on a Phil-ips 

'i,'Ryf?!-Unicam PW 9509 qonductivity meter with an acc:;uracy of 

+ 0.1%. A 2000 Hz cycle was u'sed. The cell constant (0. 731 cm-1 ) 
~' ' . ' , ' . ' ' 

of the dip-type qonductance cell, was accurately qetermined using 
. ~ ·- ' 

standard I<Cl s.olutic;>ns .. (i!onductivity ce_ll toiaS sealed to the 
' ' - ' ' 

side .of 500 cm3 conical flask closed by a ground glas_s cap fitted 

with. a side arm through wl)ich. 'dry and pu.re nit.rogen \oia~ pasf?ed 

' -t::o pJ;event the aarn.;i.Ssion of. air.· into ~he cell when solvent. or 

solution· vJa~ added •. ~he 'mea$urements were made in an oil bath 

maintained a'f; 25 ; Q • . 005.0 C. as. de'scr.:j.bed earlier under dens! ty 

. measuremen·ts. All . da'f;a' were corrected with the specific conduc­

tance of the! so1ven~~ 

(d) compre~~ibility measurements 

Ultrasonic velocity measurements were carried out in a 

single crys-t;al VaJ:'i~le path_ ul t:rasonic int:-erferometer (Mit tal . 

En~erprises, New ·nelhi, Indi~) q?er.a.~ing .at 5 ,MHz. The t:empera­

tu~ stability w a.s maintained at ± o. 01 °c; ~Y circulating thermo­

s·l:.ated water around the ~neasuring cell by a circUlating v.1ater 

bath. 

•' 

The principle used in the measurement of velocity '(u) is 

based on the accurate. determination of the wavelength ( /\) in 

the medium. Ultrasonic waves of known· frequency ,( -i>} are produced 
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by· a quartz crystal fixed at the bottom o£ the cell~ These waves 

are ~eflected by a movable metallic plate kept parallel ·to the 

quartz crystal• If the separation between these two plates is 

exac~ly a vrhole multiple of the sound waveiength, standing waves 

are for~i?-: in the medium"! This accoustic resonance gives rise to 

an electrical re·actl6n on the_ generator dr.iving ·the quartz crystal . . . 

ana the anode current of the generator becorees ~~imum~ _If the 

distance ~$_net" increased c~ decreas13d and the vai:iat~on is· exactly 

on\9 half w·~velength ( /\(.2 ) .. or _int~gral multiple of i·t, anode 

cUrrent ag~ becomes maximum~ -FFom the knowledge of the wave-

length ( ·:;>~ ), the' velocity ('U) can be obtained by the relation: 

Velocity .(l.;l) =· ~vavel~ng't:,h .( 1\. ) x l!'requency ( i:> ) 

Adi"abatic COIIJPressibility -( (3 1- can then be. calculated 

by ~he f·ollovring fo.pnula: 

(4). 

(5) 

where f is the density of the e~perimental liquid. 

The ultrasonic;: int~rferometer consists of the following 

· two part~·: 

~} ·the high freque;ncy generator ·and 

ii)-~he measuring cell 

The measuring cell i~ connectep. to the output terminal 

. of the hi_gh frequency generator, .throu_gh a shielded cable. The 
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¢ell is ~illed with the experimental liqUid before switch~ng 

OJ;l. th~ generator~ The u;t:i::.ras<;>nip waves move normal from the qUartz 
' ' ' 

crys~<al 't:ill they are reflected back from the movable plate and 

the standing waves are fo~me~ in the liquid in between the 

reflector J?late and the quari;Z crystal. 

The. micr.om.eter ~s Sl9WlY moved till_t~e anode current on 

the high frequency . g~?ner at~:r· sll,O!r.Ts, a m~~imum~. A number of maximum 

. r~adings of anode cur+~nt. are. paf:!sed on. and their nUIIlber (n) is 

counted~ The total d;i.stance .(r) thus moved by the_ rnicromete-F 

gives the valu~ of wave l~ngth (. 71) 'I.'ITith. the following relation 

, -y>. -v\- X ?1./2 (6) 

Once the wave lEmgth is Jmown~ the velocj:t;y can be calculated. 

. - . r 
T~e rnaxi.l!lum ~certainty of the, :sound velocity measurements 

in all cC3.Ses was + o. 03%. 
·'!'!". ' 
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