103

COMPARATIVE MEASUREMENTS OF THE TEMPERATURE DERIVATIVES OF
VISCOSITY, DENSITY AND REFRACTIVE INDEX OF PURE LIQUIDS AND
SOLUTIONS

Part IIIl.—Preliminary Investigation of the Temperature Derivative of Refractive
Index of Dilute Aqueous Alcohol
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In previous work on pure water and pure ethylene glycol there was some evidence of correlation between Ey,

a1

| 8, the coefficient of dilatation. In order to explore the interrelationship between these properties and their
r11 ’

physical basis, it was desirable to study % , the temperature variation of refractive index, for dilute solutions of
2

o : . . . m
aqueous cthyl alcohol, for which data on activation energy is already available. Differential measurements= — ——have

been made with the help of a Pulfrich refractometer for five different concentrations of dilute aqueous ethyl alcohol,

" an . < : : : Thee
using sodium yellow light. Ther:}r curves obtained for these solutions are almost sinusoidal. These, when

compared with the activation energy curves of solutions of similar concentration, show, that the minima of

an
2T

curves are very nearly coincident with the jumps in the corresponding Ey, curves.

Introduction

For some time past, the derivatives of viscosity,
density and refractive index of water and other
liquids and solutions have been under study in
these Laboratories. In previous communica-=

an
tions!,2 a definite periodicity was observed for T

. . < 20
and jumps were found in the dllatatwn;?r, In

part 1 of the present series 3 definite sinusoidal
undulations were found in the curves fo.r tem-
perature variation of coefficient of dilatation i.e.

L, There

p?T

; ‘ an
evidence for correlation between Ex, Tand 8, the
P

for ethylene glycol.3 was some

coefficient of dilatation, in the case of pure water
and pure benzene, which was studied in part II
of the present series.4

In order to explore the inter-relationships bet-
ween these properties and their physical basis, it
was thought worthwhile to carry out similar
measurements on dilute aqueous alcohol, for
which measurements of En over a series of tem-
peratures and concentrations are already avail-

- n
able.s,6 Some preliminary measurements of 77

aT
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for five solutions from 2.5 percent to 11 percent,
differing in steps of 2 to g percent alcohol content,
are presented in this brief report.

Experimental Details

The experimental arrangements and other
details are the same as in the previously reported
investigation on pure water, made with a critical-
incidence Pulfrich refractometer. This is made
reliable to better than 0.000,01 for differential
measurements, by permanently locking the tangent
drum to the main divided circle. In the present
case, the test solutions were usually changed at
every ten to twelve degrees centigrade inorder to
avoid errors from concentration changes by loss
of alcohol through evaporation. Pure con-
ductivity water was used in the preparation of
solutions (9, given by weight), and the concen-
trations were verified by the measurement of
viscosity before the actual experiment.

The differential measurements were made at
intervals of 2°C. to get A6, the change in the
angle of emergence from the prism, using sodium
yellow light from a sodium lamp. The thermo-
statted liquid cell was filled with the experimental
solution, and the angle 4" was read by taking
repeated drum readings when the temperature
had become steady to 40.02°C. (the temperature
was controlled to 4+0.02°C., and maintained by
circulating water from an ordinary controlled
bath through the chambers inside and around the
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liquid cell). These measurements were repeated
at intervals AT=2°C. in the range from 15°C.
to 45°C. approximately. The change in the
reading of the refractometer gives directly the
change in the angle of emergence A8, in minutes
of arc, for a given change AT in temperature.
An approximate correction was applied for the
effect of the small change in concentration of
experimental solution due to evaporation of al-
cohol in the time elapsing between readings at
successive temperatures. This correction was
estimated by replacing the original solution by a
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fresh one after every ten or twelve degrees cen-
tigrade, and the small change (of the order of 20
to 50 seconds) in angle of emergence, 6, was evenly
divided over the number of sets of observation
taken during this period. For the heating sequence,
the correction is negative, and for the cooling
sequence it is positive.

Measurements with 2.5%, 5% and 7%
Alcohol in Water

A series of observation was first made during

TABLE 1 (a).—TEMPERATURE, THE READINGS OF DRUM 6, AND THE CALCULATED VALUES OF A0 (IN

MinuTEs) For 2°C. FOR 2.59%,

ALcoHOL SoOLUTION IN THE RANGE oF 18°C. TO

47°C., usiNGg Soprum YELLow LIGHT.

Heating sequence

Cooling sequence

ey

—

-
licmp i Drum A0 for Corrected value oo Dr;-lm A6 for Corrected value
Pﬁg aturce readings 2°C. in miuutes of A0 in minutes P Crgg‘” rcao(éx 188 2°C. in minutes 0 of A in minutes.
18.0  3°4052"--1” (Fresh solution)
18.0 39407427 4-2"
19.0 3°40'4"4-1” 1-7"42" 17-7" +27=1".15
1-8"41” 1- 8"-1"=1".11 20.0 3°3935"+-1”
21.0 3°38/56”1+-0" 17- 0741”7 17-0” +2"=1".03
1-117417 1-11"-1".=1".17 22.0 3°38/35"+1”
23.0 3°3745"4-1" ’-107+1” 1210”7 +2"=1".2
17-13742" 17=1381%==1%.20 24.0 3°3725"4-17
1-15"+1” 17-15” +3"=1".30
25.0 3936732"4-2" 26.0 3936107+-1” (Fresh solution)
1-127427 17-127-1"==1".18 26.0 3°35755"+1”
27.0 3°35720"44" 1227417 17227 +3"=1".41
28" 1" 17-28"-1"==1.45 28.0 3°34'33" 10”7
29.0 3°3375274-0" 1728”417 -28” +37=1".51
17277417 17-277-1"=1".43 30.0 3°337 5741”7
31.0 39327257417 17-1374+-27 17-13" +3"=1".25
17-32"+4-1”7 1-32"-1"=1".51 32.0 3°31'52"4-2"
33.0 3°30'53"4-17 17-28"4-2" 1/-28” 4+3"—=1".51
33.0 3317 0742”7 (Fresh solution)
1/-4274-2" 17-427-2"=1".67 34.0 3°30724"+17
35.0 339187417 17-36" 42" 17-36" +3"=1".65
1/-22" 41" 17-22727—=1".33 36.0 39287487 2" (Fresh solution)
36.0 392838712
37.0 3927'56”4-0" 17-25"4-4" 125" +2”  17.45
2-0"4-1” 2-0"2"=1".97 38.0 3°271374.3”
39.0 3925'56"-1-1” 17-37"+-4” 17-37" +-2"=1".65
17-2874-2" 17-28"-2"—1".43 40.0 3925736"4-2"
41.0 3°2472871-2" 17-28"4-3" 17-28” +3"—1".51
42.0 3°24'87 427
41.0 3°24736"+-0” (Fresh solution) 1-48"-+ 3" 1-48” +3"—=1".85
44.0  3°2220"2" (Fresh solution)
144" 41”7 17-447-3"—1".68
43.0 3922527417
17-50"4-2" '-507-3"=1".78
45.0 3°21/271.2”
2/_ 2/’i3/{ 2/_2”_3”:1 ’ ‘ 98
47.0 3°190"4-2”
47.0 3°19'104-2"  (Fresh solution)
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TABLE 1 (b).—TEMPERATURE, THE READINGS OF DRUM 8, AND THE CALGULATED VALUES OF A8’ (IN
MinuTES) FOR 2°C. FOR 5%, ALCOHOL SOLUTION IN THE RANGE oF 13°C. T0 45 °C.

USING SopruMm YeELLL.ow LicHT.

Heating sequence

Cooling sequence

Tem- Drum A6 for 2°C. Corrected value Tempe- Drum A for 2°C. corrected value
perature readings 1 minutes of Abin rature readings n minutes of A0 in minutes
RE. minutes °C.
13.0 392347 42" (Fresh solution)
13.0 3°22/56"4-2"
14,0 30237427427 (Fresh solution) 17-0742" 17-0” +17=1".01
17-074-3” 17-07-1=20.98 15.0 3°21’56”4-0"
16.0 302204274 27 0°-50"40" 07-50”4-1"==0".85-
0-56"4-0" 07-56"-1"=0".90 17.0 3°2176"4-0"
18.0 3°217464-17 17-4"4-0" 17-4” 4+ 17=1".08
17197417 17-197-17=1".30 19.0 3°20274-0"
20.0 302027717 17-10"40” 17-10"+17=1".18:
17-57-4-27 17-57-1"=1"-07 21.0 3718'52*4-0”
22.0 301972274 27 1-15"4-1” 1/-15” 4+1"=1".25-
1-22"4-47 1722717 1.35 23.0 3°1737"1
24.0 3180”37 0’53717 0°-53" +17=0".90-
17-12"4-4” 17-127-17=1".18 25.0 3°16744" 11"
26.0 3°16748"-2” 17-14"4-1" 1-14” 4 17=1".25-
17-19".4-2 17-197-17=1".30 27.0 3°15’30"4-1”  (Fresh solution)
28.0 3°15729" 40" 270 3°15723"4-0”
28.0 3°1536”4-1”  (Fresh solution) 17-25"4-0" 17-25" +17=1".43-
17-26"41" 1726”7-2"=1".40 29.0 3°13/58"4-0
30.0 3°1410"4-17 17-574-1% 175" +1"=1".10'
17207417 17207-2"=1".30 31.0 3°12/5374-1”
32.0 3°12'50"-+0” 17-43"4-17 143" +17=1".73
173074-2" 17-307-2"=1".47 33.0 3°11°10”"4+0” :
34.0 3°11720"+2” 17-28" 40" 17-28"4-1"=1".48:
17-4874-2” 17-487-2"=1".77 35.0 3°9°427 40"
36.0 3°9’327 417 1-427427 17-427 4-17=1".72:
17-5274-2" 17-527-2"=1".83 37.0 3°8074+2" (Fresh solution)
38.0 3°7740"4-2"
/_24//i 5// 1 /_24//_2//:1 ’ , 37 37 g 0 30 8/0”:}: 1//
40.0 3°616”4-4" 17-3374-2" 17-33” 4 0"=1".55
39.0 3°6'27"7 12"
17-33*4-2" 17-33"+0"=1".55
41.0 3°4'54"4-0”
40.0 3°6728"4-2" (Fresh solution) 2/-0"-2” ~0” + 0"==2".00
43.0 3°2/54" 42"
1,_44/lj:5/’ 1[_44// +0//:1I'73
45.0 3°1°10"4-4"

heating sequence with AT=2°C., and then during
the cooling sequence, the temperatures of mea-
surement being staggered one degree in the cooling
sequence, so as to get an experimental point at
each degree from the overall experiment. The
r.m.s. deviation for A8 is seen from Table 1(a),
1(b) and 1 (c) for 2.5,5 and % percent
alcohol solution, to be of the order of 3 to 5
seconds of arc. Plots of the results are shown in
Fig. 1(a), where the solid circles refer to the rising

temperature sequence, and the crosses are for the
falling temperature sequence.

Although there is considerable scatter of the
experimental points about the best graphs drawn
through these points, the graphs do show a num-
ber of maxima and minima. In order to improve
the accuracy, the whole series of experiments was
repeated and Fig. 1(b) shows the means of the two
sets plotted ; these graphs show the series of maxima.
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TABLE 1 (c).—TEMPERATURE, THE READINGS OF DruUM 0, AND THE CALGULATED- VALUES OF A8 (1N
MinUTES) FOR 2 °Cl. FOR 6.89%, ALCOHOL SOLUTION IN THE RANGE oF 16°C. TO 41°C.,
USING Sop1uM YELLOW LIGHT.

Heating scquence Cooling sequence
= =N Al
Tem- Drum 0 A0 for 2°C. Corrected values T0111- Drum 6 A9 for 2°C. Corrected values
.;peroa(léurc readings in minutes of A® in minutes ~ Perature readings in minutes of A in minutes
16.0 3957072 (Fresh solution)
16.0 3°56'52"4-1”
1/_0//i1// 1/_0//+ 1”:1/.()1
18.0 3°55'52"4-1”
19.0 305571017 (Fresh solution) 17-0"4-1" 170" +-1"=1".01
17227417 17-227-2"-=1".33 20.0 3°54/527 11"
21.0 3°53748"-+-0” 17227427 17-2274-2"=1".40
1-14" 417 17-147-2"=1".20 22.0 3°5330"4-2"
23.0 3°52734" 1" 17-2074+-3" 1720”7 4+2"=1".36
17-32"4-1” 17-327-2"—=1".50 24.0 3952107+2"
25.0 3°5172"4-1" 1720727 17-20"4-2"=1".36
1728”17 17-287-2"=1".43 26.0 3°50’50"4+0”  (Fresh solution)
26.0 3°50720"+-2"
27.0 3°4934" L1 17-26" 42" 17-26" 4 6"=—=1".53
17-397+17 1-397-3"=1".60 28.0 3°48/547+-17
29.0 3°4755"4-1" 17-29"4-1" 1729”4 6"=1".58
17277417 17-277-3"=1".40 30.0 3°47°25" 17
31.0 3°46728"4-1" 17-30"4-2" 7-30"4-6"=1".60
31.0 3°46'43"4-1” (Fresh solution)
1-4374-2" 17-43"7-1"=1"."70 32.0 3°45/55"4-2"
33.0 394507 42" 17297 -2" 1729 4 6”==1".58
1-74274-3" 1-427-17=1".68 34.0 3°44726" 11"
35.0 3°43718" -2 17-50"+2" 17-50"46"=1".93
1-74274-2" 17-42"-1"=1".68 36.0 3°42736"+-2”  (Fresh solution)
36.0  3°4230742"
37.0 3°41°36" 1" 17-40"-+-3" 17-40" 4+ 3"=1".71
17:50%4-3* 5072"=1".80  38.0  3°40'5072"
39 ) 0 3039/46//:E3// - 1 I_581/i4// 1 /_58/’+ 3//::2/. 1

17-46" 44" 17-46"-2"=1".73 40.0 3°38/52"-1-37
41.0 303807 42"

41.0 3°386" 2" (Fresh solution)

and minima clearly, the scatter of the points being  from the vertical broken lines that the minima of

now much less than the amplitudes of these maxima .

and minima. —F correspond very closely with the jumps in the
Fig. 2 shows a comparison of these mean graphs activation energy, whereas the maxima correspond

with the activation energy curves for 2.5, 5 and satisfactorily with the middle of flats of the En

6.9 percent aqueous alcohol solutions, and itis seen  curve.
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Fig. 1(a).—Plots of the values of A 0 (in minutes) obtained
from differential measurements with intervals of 2°C. for
2.5%, 5% and 7% aqueous alcohol solutions. (A = 1.1 x An/
AT x104 ) The solid circles are for the measurements during the
heating sequefice and the crosses for the cooling sequence.
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Fig. 1(b).—Plots of the means of the above and a
repeated set of similar observations for A6 (in minutes), again with
intervals of 2°C. The diminished scatter of the points results in
more regular graphs, which bring out the periodic variation in
A0=1.1x An/AT x 104 very clearly.

4. Measurements on 89, and 119, Alcohol
and Discussion

Similar measurements were madeon?4.99%, and
10.89, aqueous alcohol, and Fig. 3 presents a com-

: 07
parison of the mean graphs of ZT for these solu-

tions with graphs of activation energy for nearly
corresponding concentrations. Here again, the

0/
27 curves the
7T

2
minima correspond very closely with the jumps

are roughly sinusoidal, and
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Fig. 2.—Graphical comparison of the curves for =

and E/R against temperature for 2.5%, 5% and 7% aqueous al-
cohol. The minima of ‘ir% are seen to be very nearly coincident

with the jumps in Ev curves of corresponding concentration.

in the corresponding En curve. However, it
should be noted that the scatter of the points in
the graphs is somewhat greater at the higher
concentrations, possibly due to the inadequacy
of the correction for changing concentration due
to loss of alcohol. Also, it should be noted that
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Fig. 3.—A similar comparison of v and  E/R  curves
against temperature for 7.9% and 10.8% alcohol solutions.

“The correspondence between the minima in

E
in s again evident.

AD :
AT and the ‘umps

: N an
in the preliminary report on T
only four consecutive minima from 14°C. to 34 °C.
were found to fit in with the jumps in E/R, while
this correspondence broke down above 34°C.

for pure water,

Thus, it can be concluded that, in dilute aqueous

oay 6’ kD
alcohol, the minima ofar_r are nearly coincident
9

with the jumpsin E7. While this conclusion is very
valuable from the fundamental standpoint, it has a
further special feature in that it holds promise of
utilisation as a relatively easy and less time-
consuming technique of interpolating data let-
ween the various curves for E/R already reported
by the authors. In this way, it is probable that
much more light can be shed on the changes in
the jumps in E;/R as the concentration of the
alcohol solution is varied.
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