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A systematic study of the temperature derivatives of various physical properties of the water-ethanol system is being

undertaken.

The three important quantities, namely viscosity, refractive index and density are first taken up, and this

communication presents data on the first derivative of refractive index (dn/dT) and viscosity (Eq=T2 d Iny/dT) for solu-
tions at the two ends of the system, (i) those containing 2 percent to 11 percent ethanol by weight, as well as (ii) those con-

taining 92 percent to 95 percent ethanol by weight.

It is found that the minima of (-dn/dT) nearly coincide with the jumps in activation energy E7, for viscous flow of the
dilute ethanol solutions, and a tentative chart is prepared containing a series of graphs, each showing the variation of
temperature for a particular jump (and minimum of -dn/dT) as the ethanol concentration varies from 2 percent to 11 percent

by weight.

A similar chart is shown for the maxima in (-dn/dT), and some anomalies are noted.

Similar refractometric measurements are given for 92 percent to 95 percent ethanol, where certain abrupt changes
had previously been observed in the cyclic variations of activation energy. The growth of an ‘anomalous’ maximum

and minimum is followed very readily on the dn/dT curves.
in progress.

Introduction

In part II of an earlier series of papers, it was
found that the refractometric data on benzene !
showed a definite relationship with the viscosity
and dilatation, while in Part III, the measure-
ments of dn/dT for five solutions of alcohol in
water 2 were compared with the data for jumps in
activation energy Er for corresponding solutions,
and it was found that the temperatures for these
jumps correspond quite closely with those for the
minima in the graphs of (-dn/dT) against tem-
perature. The degree of this agreement is seen
from Table 1 based on the data of the earlier
papers, and the root-mean-square value of the
differences between the temperatures at the jumps
and the corresponding minima of -dn/dT is
+0.4°C., which is less than one-half of the
smallest measuring interval used in the experi-
ments, and about one-tenth of the mean interval
between successive jumps in E/R.

This indicates a definite correspondence between
the two phenomena, and at once opens up the
field for further investigations, and particularly ena-

Further measurements on dilute and concentrated ethanol are

bles us to follow the changes in the temperatures-
of these jumps more readily than by the laborious
viscosity measurements. Accordingly, the present
communication presents some further measurements
of (-dn/dT) for the series of aqueous alcohol solu-
tions from 2 percent upto 11 percent and 92 percent
to 95 percent ethyl alcohol by weight, at steps of near-
ly 1 percent alcohol. An attempt is made to use the
total data so far obtained to plot charts showing the
variation of the temperature of each jump with
the concentration of ethyl alcohol, on the pattern of
that for the maxima and minima of E/R in the case
of nearly pure ethyl alcohol,3 as shown in Fig. 3.

Experimental Details

The technique for measuring the derivative of
refractive index, dn/dT, has been described in
previous communications,?,4 and consists essen-
tially in measuring the change every 2°C. in o,
the angle of emergence of the light beam from
the cell of a Pulfrich refractometer, containing the
particular solution under investigation. This
change, A0, measured in minutes of arc is then
proportional to (-dn/dT), the constant of pro-
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portionality being 1.1 104. The measurements
were, as before, taken both during the heating and
the cooling sequences, so as to eliminate any
consistent errors of measurement. The readings
taken during the heating and cooling sequences
were staggered by one degree centigrade, so as to
obtain finally an experimental point every degree.
However, because of the very rapid evaporation
of the solutions at temperatures above 20°C. (with
consequent change in concentration of ethanol),
it was found necessary to apply a correction for
the change in concentration during each 2 degree
interval.

are given in Table 2 and are plotted in Fig. 1(a),
where the smooth graphs drawn through the
experimental points exhibit the sinusoidal varia-
tions already observed in other concentrations.
The solid circles and crosses show the measured
values of A6 for 2°C. obtained during the heatng
and cooling sequences, respectively. The graphs
marked Expt. IT are for a repeated set of observa-
tions on the same sample, but with temperatures
staggered by 1°C. in some cases. It is clear that
the two experiments give maxima and minima
in corresponding positions, and the hollow circles
show the combined mean data for Expts. I and II.

TaABLE 1.—COMPARISON OF THE PREVIOUSLY OBSERVED TEMPERATURES AT THE JUMPS IN
E/R anp THE CORRESPONDING MiNiMA OF (-dn/dT) ror FIvE SOLUTIONS OF
ArcoHOL IN WATER IN THE RANGE oF 15°C. TO 45°C.

2.5% Jump in E/R 16.0 20.4 26.2 30.0 36.2 40.1 — —
alcohol * Min. of -dn/dT 20.6 26.0 30.8 36.4 40.6 44.5 —
5% Jump in E/R 17.1 21.0 24.2 27.1 29.7 34.2 38.8 44.2
alcohol | Min. of -dn/dT 16.8 21.0 24.0 27.0 30.1 34.0 38.9 43.9
6.9% Jump in E/R 14.0 18.4 23.2 26.0 29.8 33.4 36.9 40.3
alcohol ‘ Min. of -dn/dT 14.0 17.4 22.2 25.6 g0.0 33.0 36.7 —
7-9%+0.1% [ Jumpin E/R 19.1 23.3 26.4 30.1 33.1 37.1 42.1
alcohol 1 Min of -dn/dT 14.2 19.0 23.0 27.0 30.0 33.5 37.0 —
10.9% +0.1% j Jump in E/R 13.7 19.1 23.0 27.0 32.0 35.2 40.8 45.8
alcohol | Min. of -dn/dT 18.6 23.0 27.0 32.0 35.6 40.5 —

Also, the solution was changed after every 10°C.
or so to further minimise the magnitude of the
errors due to incomplete correction for changes
of concentration. The light used for the refrac-

tometer was obtained from a sodium lamp
(A = 5893 A) and cadmium vapour lamp
(n=5086 A).

Measurements with 9%, and 10%, Ethanol
and 3.69, and 5.79, Ethanol in Water

The largest gap in the concentrations given in
Table 1 is that between 8% and 119, ethanol,
and therefore the first experiments were made
with 9.0% and 10.0% ethanol in water, using
the light from a sodium lamp. The results of
the measurements of A6 for every change of 2°C.

The r.m.s. scatter of the points about the mean
graphs is less than o.1 minute of arc.

Table g and Fig. 1(b) give the data and corres-
ponding plots obtained with 3.69% and 5.7%
ethanol solutions, and these again exhibit roughly
sinusoidal variations of (-dn/dT). Comparison
with Table 1 indicates that the graphs for these
four concentrations are in general accord with the
results of earlier experiments.

Correlation of the Various Data into a Chart
for Dilute Alcohol Solutions

The data of Table 1 and Fig. 1 can now be plotted
together provisionally in the form of a chart, having
ethanol concentration as ordinates and tempera-
ture for jumps in E/R and minima of (-dn/dT) as
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TaBLE 2 (a).—TEMPERATURE, MEAN READING OF DRUM 6 AND THE CALCULATED VALUE OF A8 ror 2°C. CHANGE IN
TEMPERATURE OF 10% ETHANOL SOLUTION IN THE RANGE 19°C.—41 °C., USING SODIUM YELLOW LicuT.

Heating sequence Cooling sequence

Lempes: Sead Mot A0 for 2°C. Corrected value Lemperes s MMean A for 2°C. Corrected value of
E(L)l(r:e.) ax(l)gle tem;()fg t)ure (in minutes) of A in minutes (?gs :n?’gle tem(p;eéfl)turc (in minutes) A6 in minutes
18.0 40 27 8741 (Fresh Solution)
19.0 4° 7’ 57417 (Fresh Solution) 19.0 1- 47427 1- 4 +10"=1.23
20.0 17-14" 41”7 1’-14"-1=1".21 20.0 4° 17 47427
21..0 40 5’51711 21.0 1-18"42" 17-18” +107=1".47
22,0 , U | Pty 2.0 3°59° 46”41
23.0 40 47347 12" 23.0 1:-12742" 112" +10"=1".37
24.0 1'-44"4-27 17-44"-2" =1".70 24.0 39587 34" 4-2"
25.0 40 2507417 E 25.0 17297437 129" $117=1".67
26.0 17-437 41" 1/-43"7-2"=1’.69 26.0 30577 542"
gLl T 27.0 B FHLEF 1 T30
28.0 17-45" 417 1'-457-3"=1".70 28.0 3055/ 58”4-2”
29.0 30597227 .17 29.0 17-52"4+2" 17-52” +117==2".05
30.0 3°54’ 6”417 (Fresh Solution)
29.0 3°59’36" +-1” (Fresh Solution)
27.0 3056'57"4.1% (Fresh Solution) 28.0 39527 517427 (Fresh Solution)
28.0 1/-407+-1" 1/-40"-6"=1".57 28.0 3° 5146”7 +1”
29.0 3°5571771” 29.0 1/-38”4-2" 17-38” +10”=1".80
30.0 17-56"+-2" 1'-56"-6"=1’.84 30.0 3° 50" 8”42
31.0 39537217-2" 31.0 17-36"4-2" 17-36"4+10"=1".77
32.0 17-4174-2" 1/-417-77=1".57 32.0 30487 32"4-1"
33.0 3051°40” -1 33.0 17-28”--1” 1/-28” 4+ 117==1".65
34.0 2/-57 42" 2'- 57-8"=1".95 34.0 3° 47" 47 41"
35.0 30497357 4-2" 35.0 17-30"4-1” 17-30” +117=1".69
36.0 17-4574-3" 1/-45"-8"=1".62 36.0 3° 45 34”+-0”
37.0 3047 50" +-2” 37.0 1-3774-1" 17-37" +11"=1".80
38.0 2/-571.3" 2/- 57-8"=1".95 38.0 3° 43’ 57"+1”
39.0 39457457 42" 39.0 1/-45"4-1" 17-45" +12"=1".95
40.0 1/-59”74-2” 1/59"-8"=1".85 40.0 30427 127407
41.0 3°43746” 41"
39.0 3°46728" 42" (Fresh Solution)
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TaBLE 2 (b).—TEMPERATURES, MEAN READINGS OF DRUM 6 AND THE CALCULATED VALUES OF AB FoR 2°C. CHANGE IN
TEMPERATURE FOR 10%, ETHANOL SoLuTION IN THE RANGE 18°C. TO 42°C. UsING Sop1uM YELLOW LIGHT.

Heating sequence

Cooling sequence

o S (3 =
Tempe- Mean Mean A9 for 2°C. Corrected value Tempe- Mean Mean A0 for 2°C. Corrected value
rature angle temperature in of Afin rature angle temperature in of Af in
(°C.) 0 (°G) minutes minutes (°C.) 6 &) minutes minutes
18.0 3°38 40741 (Fresh Solution) 19.0 3°-39 19741 (Fresh Solution)
19.0 1-257 41" 1’-25"-8'=1.28 19.0 3°-38 43”74-1
20.0 3°37 15741 20.0 1- 674-17 1- 6”7+ 97=1.25
21.0 1/-3074-2" 17-30"-8'=1.37 21.0 3°-37 37740
22.0 3° 35457427 22.0 1’-107+1” 1107 + 97=1.31
23.0 14207127 1/-20"-8=1.20 23,0 3°-36 27417
24.0 303425741 24.0 1-1574+17 1-15" 4+ 97=1.40
25.0 17-3074-2" 1-50"- 8=1.70 25.0 3°-35 12”711
26.0 30.32.357 -2 26.0 1’-1774+1” 17-17” + 97=1.43
27.0 17-297 427 17-29”- 8=1.35 27.0 3°-3355"+1 (Eresh Solution)
27.0 3°-33 13741
28.0 3°31 67+0 28.0 1/-197 417 1’-19” +10”7=1.50
29.0 27- 0741”7 2- 07~ 9=1.85 29.0 3°-31 54”40
30.0 3°29" 6”741 30.0 17-38"+1 17-38” +10”7=1.80
30.0 3°295574-2 (Fresh Solution)
31.0 1-3971-3” 17-39"- 9=1.50 31.0 3°-30 16”7 L1
32.0 3028 16”742 3240 17-24" 27 1/-24” +10"=1.57
33.0 17-43”4-4” 17-43"- 9=—1.57 33.0 3°.287 52742
34.0 17-5774-3" 1’'-57" +10"=2.11
34.0 3° 26" 337 43" 35.0 30267 557-2”
35.0 1743”7 +-47 1-43"- 9”=1.57 35.0 3°.26" 207 42" (Fresh Solution)
36.0 3° 24" 5072”7 36.0 17-30" 3" 17-30” +10"=1.67
37.0 2= 17427 2~ 17- 9*=1,87 37.0 3°-247 50742
38.0 3° 227497417 38.0 2- 0743”7 2007+ 11%=2.19
38.0 3° 237257427 (Fresh Solution.)
39.0 2/- 4743 2'- 47-10"=1.90 39.0 3°-227 50”42
40.0 3°217 217427 40.0 17-3874-2" 17-38”+ 12”7 =1.83
41.0 2/-2574-4" 27-257-10"=2.25 41.0 3°-217 12741
42.0 3018’ 56”+3”
42.0 39197 {77127 (Fresh Solution)
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TABLE 2 (¢).— MEAN TEMPERATURE AND THE CALCULATED VALUE OF A0 (MINUTES) FOR 2°C.
CHANGE IN TEMPERATURE OF .09, ETHANOL SOLUTION USING Sopium YELLOw LicHT
IN THE RANGE 15°—40°C.

Mean Corrected Corrected Mean Corrected Corrected
tempe- value value Mean A0 tempe- value value Mean A
rature in -~ of A€ from of Af from (Minutes) rature in of A6 from of A§ from (Minutes)
“Cs Expt. No. I Expt. No. II o Expt. No. I Expt. No. II
17.0 17.10 17.06 17.08 29.0 17.85 17.99 17.92
18.0 17.10 17.00 17.05 30.0 1%:.93 17.81 17.87
190 17,25 17,10 17,18 31.0 17.50 1%.53 1%52
20.0 17.47 17.40 17.44 32.0 17.50 17.60 17.55
21.0 17.45 17.30 17.38 ’ 33.0 14,90 2,15 22.02
22.0 14,25 1515 17.20 34.0 1783 17.85 1.84
230 17.25 17.26 17.38 35.0 17.60 17.68 17,64
24.0 17.38 17.38 1%.20 36.0 1488 17.85 17.84
25.0 17.85 14,93 17,26 37.0 24,05 210 27,07
26.0 17,37 14,55 17.38 38.0 1479 17,73 14,76
270 17.60 17.61 1:89 39.0 17.90 — 17,90
28.0 17.58 12,75 17.46 40.0 22,19 241 2. 15
17,60
17.66

TaBLE 3(a).—MEAN TEMPERATURE AND THE CALGULATED VALUE OF A0 (MINUTEs) For 2°Ci.
CHANGE 1IN TEMPERATURE OF 5.79, ETHANOL SOLUTION IN THE RANGE 13°-40°C.,
USING SopruM YELLOW LIGHT.

Mean  Corrected value Corrected value Corrected value Goraciedbvalue
tempe-  of Al (Minutes) of AG (Minutes) Mean A9 Mean Tempe-  of A 6(Minutes) of AO (Min;ltes) MeanA6
rature in from Expt. from Expt. (Minutes) rature in °C. from Expt. f Expt. No. 1L (Minutes)
e No. I No. II No. I A RE i S
13.0 07.95 — 0.95 28.0 17.50 17.40 17.45
14.0 04.92 — 0.92 29.0 17.60 17.45 17,52
15.0 — — — 30.0 17,65 1%.65 17,65
16.0 17,03 — 17.03 3110 1455 17.45 17.50
17:.0 1510 17.00 17.05 32.0 17.40 17.45 17.42
18.0 1415 17.20 1%.17 33.0 17.60 17.60 17.60
19.0 17.10 1#.30 17.20 34.0 17.83 17.73 17.78
20.0 17.20 17.00 1410 350 14275 12,90 V4.2
21.0 1415 17.00 17.08 36.0 17.40 14,55 17.48
22.0 17.30 17.30 17.30 37.50 17.65 17.80 1472
23.0 1735 17.40 17.38 38.0 1475 1475 12295
24.0 17.30 17.20 14.25 39.0 17.70 1495 17.72
25.0 17,33 17.34 1,34 40.0 1%.55 14.50 1#.52
26.0 17.45 17.45 17.45
270 1,65 1755 17.60

TaBLE 3 (b).—MEAN TEMPERATURE AND THE CALCULATED VALUE ofF A6 (MINUTES) FOR
2°C. CHANGE IN TEMPERATURE OF 3.69, ETHANOL SOLUTION IN THE RANGE
20°— 40°C., UsING SopruMm YELLOw LIGHT.

Mean  Corrected value Corrected value Corrected value Corrected value
tempe- of A0 (Minutes) of A6(Minutes) MeanA 6 Mean tempe-  of AO(Minutes) of A 6(Minutes) Mean A0
rature from Expt. from Expt. Minutes rature in °C. from Expt. from Expt. (Minutes)
ineE; No. T No. II No. I No. IT
20.0 1780 17.10 17,20 31.0 27,05 27.00 2002
21:0 17.40 14.30 17.35 32.0 215 2019 2,12
22.9 17.30 17.20 1,25 33.0 17.40 17.45 17.43
23.0 17.05 1%.45 17.10 34.0 1£.36 14,35 1%,.35
24.0 14.33 1*,.15 17.24 35.0 1.70 1770 17.70
25.0 14,30 1,35 14.32 36.0 17.65 1765 17.65
26.0 17,35 17.40 14,37 37.0 17.50 17.50 17.50
27.0 17.50 17.45 17.47 38.0 17.60 17.65 17.62
28.0 17.40 17.40 17.40 39.0 14,90 14,75 17.82
29.0 17.20 17,30 1,25 40.0 17.80 — 17.80

30.0 17.25 14,85 14.30
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Fig. 1(a).—Plots of the experimental values of A0 (in minutes
d
of arc) for 2°C., which is equal to—ﬁ, x 1.1 x 104, for dilute

aqueous alcohol solutions containing 9.0 percent and 10.0 percent
w/w ethanol. The solid circles are for the measurements during
heating while the crosses are for those during the cooling sequences.
The combined graph for heating and cooling is marked “Expt. I”,
while the ones labelled ‘Expt. II”” are for a repeated set of observa-
tions, in which the temperatures are staggered by one degree.
The uppermost graph shows the overall combined mean data for
the two experiments.

1(b).—Similar plots of A0 (in minutes of arc) for 2°C. ob-
tained with 3.6 percent and 5.7 percent w/w aqueous ethanol
solutions.  All the four mean graphs of Figs. 1(a) and (b) exhibit
a series of maxima and minima of (-dn/dT).

abcissae. The points for contiguous concentrations
can then be tentatively joined by a series of smooth
lines, each of which will show the dependence of a
particular energy jump on the ethanol content of
the solution. Such a series of graphs is shown in
Fig. 2 (a), where the hollow circles are for the
temperatures obtained from the jumps in E/R,
while the crosses correspond to the temperatures
for the minima of (-dn/dT). It is seen that (i)
the scatter of the various points about these smooth
graphs is of the order of +o0.5°C. on the average,
and (i) the new data for (-dn/dT) for the four
additional concentrations fits in well with the
earlier data plotted from Table 1. However, it
appears that below 32°C., the crosses are about
0.3°C. behind the circles, while above 32°C.,
the crosses are nearly 0.4°C. ahead of the circles.
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maxima of -dn/dT and middle of [the flat in E/R

"o 10 20 30 %0 50 0
TEMPERATURE (°C )
¥
° & - o o o
30 50
t .aﬁ.___'&__ﬁs,e_\,._. s A 0
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- 8 + @ > ° 8
° 4 rTrYTTI /
z o 4o f PP /
< 6 ;7 + //l/ Y/ 2
= (a) P o® /0 p e o ® e
w4 . // 4 4 7/ "( /{ 7/ // , %
L 2 ° { + . & ov/ 2
= Minima of -4n/dT and jumps in E/R
. | 0
10 20 30 P 50 §0
TEMPERATURE ( °C ) —
Fig. 2(a).—Tentative temperature—concentration  chart®
with series of graphs showing the dependence of a  particulal

minimum of -dn/dT, and corresponding energy jump, on the con~
centration of ethanol. The hollow circles are for the temperatures
obtained from the jumps in E/R, and the crosses correspond to the
temperatures for the minima of (-dn/dT). There is good overall
agreement between the two sets of data, and smooth graphs are
drawn showing the behaviour of each jump.

2(b).—Corresponding charts for the maxima of (-dn/dT)
and the middle points of regions of constant energy. The crosses
are for the maxima of -dn’dT and the solid circles are for the means
of the values from dn/dT and E/R graphs. The graphs of Figs.
2(a) and (b) show anomalies at 20°C. and 26°C. for less than 4
percent ethanol solution.

The overall data now presents a fair
picture of the variation of the temperature for
each jump in E4 as the alcohol concentration is
varied from 2.5%, upto 119,. With the exception
of the region between 26° and 38°C. for ethanol
concentrations of 6%, to 109, by weight, the
individual graphs are fairly smooth. Another
notable feature is that the two jumps at 20° and
34°C. for 59, ethanol solution, as also the corres-
ponding minima and maxima of (-dn/dT) are not
traceable in the 2.59, ethanol solution, thus
suggesting some sort of anomalous discontinuity.

Further information is provided by the upper
chart 1.e. Fig. 2(b), which shows the corresponding
chart for the temperatures at middle points of the
flat regions of Ex and the maxima of (-dn/dT).
In this set of graphs, the temperature data for
En and dn/dT from Table 1 are averaged and
plotted as solid circles, while the new data for the
maxima of (-dn/dT) for the four solutions of Tables
2 and 3 and Fig. 1 are plotted as crosses. All
these data taken together provide another set of
fairly smooth graphs. Of course, measurements
at intermediate concentrations may alter some of
the graphs.
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Some Refractometric Measurements on
Concentrated Ethanol

In an earlier paper,3 a somewhat similar chart
had been prepared for concentrated ethanol
solutions, containing 49, to 14% w/w of water,
and Fig. 3(a) is a reproduction of this chart for the
temperatures of the various minima observed in
the activation energy, En. In view of the re-
markably good correlation obtained between the
variations of Eq and the refractometric data for
dilute aqueous ethanol, it was considered worth-
while to undertake similar measurements on
some concentrated ethanol solutions. The range
of 92%, to 95% ethanol was selected for initial
study, because a somewhat anomalous behaviour
is apparent for this region in the graphs of Fig. 3.
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Fig. 3(a).—Temperature versus weight percent water chart
for several minima of E/R in concentrated ethanol, from 4.2 per-
cent to 14.2 percent w/w water in ethanol, as previously reported
by Qureshi, Husain and Qurashi.

3(b).—Corresponding chart for the maxima observed with
the above aqueous ethanol solutions. It appears that there are
discontinuities in the neighbourhood of 5 percent and 13 percent
water content.

Accordingly, a set of measurements was first
made using the green line (A=5086 A°) from a
cadmium vapour lamp, with ethanol containing
7% water by weight. The values of the change
in angle, A6, for intervals of 2°C. are plotted in
the lowest pair of graphs of Fig. 4(a), the crosses

being for heating and the triangles for cooling.
The concentration of the solution was checked with
the help of its viscosity and refractive index at
20°C. and 25°C., both before and after each
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Fig. 4—Plots of A0 (in minutes) for 2°C., which equals
-dn/dTx 1.1 x 104, for five concentrated aqueous ethanol solutions
containing 5 percent to 8 percent water by weight. The lowest
pair of graphs in Fig. 4(a) show the data obtained with a solution
containing 7.4 0.9 percent water, the crosses being for the heating
sequence, and the triangles for the cooling sequence. The con-
sistent difference between the two is due to the progressive loss of
ethanol by evaporation, and the upper graph in Fig. 4(a) shows
the combined plot after application of the corresponding correction.

Fig. 4(b) and (c) show the results of similar measurements on
solutions containing 6.6 percent and 6.1 percent water on the
average. The incipient maximum and minimum observable in
Fig. 4(a) at 33°C. and 35°C.. respectively, are now seen to increase
in prominence as the water content of the solution is decreased.

Figs. 4(d) and (¢) show the corresponding graphs obtained
for solutions containing 5.8 percent and 5.1 percent water, where-
in the large maximum at 26°C. is seen to diminish and disappear.
The two successions of arrows going up and down the height of
the whole figure show the directions of growth of this maximum
and that at 32°C.+-1°C.

experiment, and it was found that during any one
sequence (heating or cooling), the water content
changed from 6.59% +0.19%, upto 8.3% 40.1%,
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giving a mean of 7.49%, F 0.99%, water. Thisincrease
in water content could be attributed to the relatively
rapid progressive evaporation of the ethanol during
the experiment. There is seen to be a corres-
ponding, more-or-less consistent, difference of
about 0.5 minutes of arc below g0°C. between
the graphs through the crosses and the triangles,
and about 0.6 minutes of arc from 30° to 45°C.
Accordingly, half of these quantities can be applied
as a correction (with opposite signs) to the two
sets of readings. The combined corrected values
are plotted as the upper graph in Fig. 4(a), where
the r.m.s. deviation of the individual points about
this graph is seen to be about 0.2 minutes of arc.
This combined graph shows two distinct maxima
at 26°C. and §9°C. (rising about 0.8 +0.2 minute
of arc above the mean), while the intermediate
minimum has a further incipient max. and min.
superposed on it at about 33°C. and 35°C. The
maximum at 26°C. agrees with the maximum of
E/R in Fig. g(b), while that at 39°C. is about 2°C.
ahead of the corresponding maximum in E/R.

the data for 5.89, water (Table 4) being the means
of two experiments. These last two graphs coafirm
the trends noted above, and the two successions of
arrows going up and down the height of Fig. 4
show the directions of growth of the maxima at
32°C.+1°C. and 26°C., respectively. In parti-
cular, the maximum at 26°C. and associated mini-
mum at 28°C. are barely observable with 5.89%,
water, and are absent from the graph for ethanol
containing 5.19, water. This agrees with the
earlier finding of Qureshi, Hussain and Qurashi,
that the maximum and minimum observed in
activation energy E4 at 26°C. and 30°C., respec-
tively, disappeared suddenly when the water
concentration was changed from 5.3% to 4.29%,.
Thus, the refractometric observations confirm
the occurrence of a significant structural change
inside the liquid in the above-mentioned ranges
of temperatures and water content. Also, it is
significant that the maxima of (-dn/dT) for 5.19,
water in ethanol agree with the minima of En
rather than the maxima.

TABLE 4.—MEAN TEMPERATURE AND THE CALCULATED VALUE OF A9 FOR 2°C. C'HANGE
IN TEMPERATURE FOR CONCENTRATED ALcOHOL CONTAINING 5.87F0.69,
WATER IN THE RANGE 13°-49°C. using Capmium GREEN LINE.

Mean Value of Value of Overall Mean Value of Value of Overall
temperature A 60 from A0 from mean of Expt, temperature A 0 from A 6 from mean of Expt,
@G Expt. No. I Expt No. II No. I and II °«©. Expt. No. I Expt. No. IT No, I and II
13.0 47,22 47,46 47.3410.22/ 3240 57.00 57,36 57.324+0.327
14.0 47.32 4°.25 47.28-+0.03" 33.0 57,25 47,82 57.044+0.22"
15.0 37.80 37.83 37.814+0.02" 34.0 47.86 57.00 47.93+0.07"
16.0 37.70 37.85 37.78-£0.07" 85.0 47.25 47.50 47.38+0.12"
17.0 47.00 47,25 4/.1240.13" 36.0 47.40 47.04 47,224-0.18"
18.0 47,65 4,17 47.414+0.247 37.0 47.10 47,25 47.184-0.07"
19.0 47.80 47.56 47.68-+0.02" 38.0 47.30 47.20 47.16+0.14"
20.0 47.70 47.95 47.824+-0.13" 39.0 47.10 47,10 47.10-+0.00"
21.0 47.43 47.97 47.70+0.27" 40.0 47.25 47.47 47.36+0.117
22,0 47,15 4. 75 47.45+4-0.22" 41.0 47.35 47.45 4.40-+0.05"
23.0 47,50 4,25 47.3840.13’ 42.0 47,90 4.75 47.8240.07
24.0 47,40 413 47.2640.13 43.0 47.70 47,50 47.6040.10"
25.0 47,25 47.45 47,354-0.10" 44.0 47.30 47.60 47.454-0.157
26.0 47.30 47,38 47.344+-0.04" 45.0 47.50 47,25 47.384-0.07"
27.0 47.40 47.13 47.26+0.13" 46.0 47,55 47.25 47.40+4-0.15"
28.0 44,20 4’.53 4’,364-0.17" 47.0 47.45 47.65 47.554-0.10’
29.0 4’.35 47.88 47.614-0.17" 48.0 47.80 47.70 47.754-0.05"
30.0 47,95 47,75 47.854-0.10" 49.0 — 4,95 47,95
31.0 4,95 5,15 57.054£0.10"

In order to investigate these unexpected findings,
further measurements of dn/dT were carried out
on ethanol containing (on the average) 6.69,
and 6.19%, of water by weight. The results of
these are plotted in Fig. 4(b) and (c¢), wherein the
incipient maximum and minimum (at 33°C. and
35°C., respectively) are seen to grow more pro-
nounced as the water percentage in the ethanol
decreases. The two main maxima (at 26°C. and
39°C.), on the other hand, continue in place as
before, but with progressively diminishing heights.
Finally Fig. 4(d) and (e) show the graphs of
(-dn/dT) obtained by careful measurements with
solutions containing 5.89%, water and 5.19%, water,

Further experiments are being undertaken to
obtain a more complete correlation between the
activation energy data and that from dn/dT.
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