SUPERSONIC VELOCITY IN GASES AND
VAPOURS.

PART VI. SPECIFIC HEATS OF THE VAPOURS OF
ALCOHOLS AND ETHYL ACETATE.

By S. K. Kulkarni Jatkar.

INTRODUCTION.

In Part V (This Journal, 1939, 22A, 19—387) the supersonic
velocity in vapours of acetone, benzene, cyclohexane, n-hexane,
methyl ether, ethyl ether and propyl ether, was measured at
97" and 134", over a range of 49.5—127 Khz. The specific heats
calculated from these measurements were, in most of the cases, in
good agreement with the values reported in the literature, and with
those calculated from the spectroscopic data. The values at 97" were
slightly higher owing to association of the molecules and to the fact
that Berthelot’s equation of state does not give satisfactory results at
this temperature. The slightly lower values for acetone and ethyl
ether were ascribed to the influence of the proximity of a dispersive
region, which was apparently shown by marked absorption at the
higher frequency. In the case of vapours of m-hexane there was a
disappearance of the contribution of the deformation oscillations to
specific heats and in the case of #-propyl ether, there was
complete disappearance of both the valence and transverse vibrational
heats. In both the cases it was apparent that a range of frequency
of about 100 Khz. represented definite transitions in the supersonic
velocity, It was therefore interesting to find out whether any other
organic vapours behaved in the same way.

In the present paper the results of measurements of velocity
in methyl alcohol, ethyl alcohol, £so-propyl alcohol, n-propyl alcohol,
tert-butyl alcohol and ethyl acetate, have been presented, and the
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specific heats derived bave bsen compared with the values given in
the literature, and with those calculated from the spectroscopic data,
by the method referred to in Part V. It was found that in the case
of #so-propyl alcohol and fert-butyl alcohol, the region of frequency
over which the measurements were made, apparently represented
one and two transitions, dve to disappearance of the share of the
transverse, and of both transverse and valence vibrations respectively,
from the specific heats, but in the case of other vapours, the agreement
was as satisfactory as could be expected on the classical ideas of the
equilibrium of different components of the molecular heats.

EXPERIMENTAL.

The apparatus used and the experimental procedure followed
was the same as that described in Parts I—V. The results of the
wave length measurements are given in detail as before, because there
was the usual possibility of miscounting the number of peaks, as in
the case of counting bands in the optical interferometer, particularly
when the wave lengths were small. No attempt was made to make
use of all the readings to get a more accurate value, as the other
conditions of the experiments, such as temperature, pressure and the
purity of the substances, were not reproducible to an accuracy better
than 1 part in 1,000. All the substances were purified by the
usual methods and carefully dried and fractionated. The results of
the measurements are given n Tables 1-—11 and the velocities of the
vapours at different frequencies have been summarised in Table 12.
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TABLE 1.

Methyl Alcohol 97.1°.

Frequency 49.42 Khz. Frequency 95.82 Khz.
Screw Screw Screw Screw
7 reading 7 reading n reading ” reading
min mim. mm. mm.
0 6 80 0 3.20 0 130.55 0 6.80
1 10.35 1 6.40 1 128.60 1 8.68
2 1380 2 10.05 2 126.90 2 10.45
3 17.00 3 13.65 3 125.28 3 12.08
4 20.30 4 17.00 4 123.45 4 13.98
5 23.33 3 20.15 14 105.53 14 31.57
15 57 50 15 54.35 24 8820 24 48.80
25 91.83 25 88.30 34 70,90 36 70.10
26 95.30 26 91.80 44 35.98 46 87.30
27 98.£0 27 95 30 54 58.98 56 104.83
28 101.10 28 98.80 64 18.49 66 122.30
29 105.30 30 105.40 70 7.75 70 129.30
30 1€8 70 31 108 70 11 5.98 71 131,03
31 11205 32 112 20 72 4.88 72 13285
28 N\ [2 28 \{2 70 AJ2 70 A /2
29—1 95.15 31—-3 95,05 1—71 122.62 70—0 122 50
31—3 95.05 32—4 95 20 2-72 122.532 711 122 35
722 122.40
95.10 95,12 i 122.57 N 122,12
A /2 = 3.3967 mm. A /2 = 33967 mm. Ni2= 1751 mm. l A2 =1.749 mm.
mean A [2 = 3.3967 mm» mean A [2 = 1,750 mm.
Velocity = n \ Velocity == 2 A
= 335.7 m./see. = 335.4 m [scc.

There is apparently no dispersion iti methylalcohol vapour. The
values for the velocity, however, are quite different from those given in
the literature. The average value of the velocity at 97.1° is 8354 m./
sec. and at 134°, 852.5 m./sec.

In ethyl alcohol the average value of the velocity at 97° is 269.5
m./sec., and at 184°, 284.4 m./sec. and the result is in agreement with the
Jaeger’s (1889) and Dixon’s values, the other results reported in
literature being too high.

In the case of Zso-propyl alcohol the velocity at 126.5 Khz., is less
by 1.2 meters than the value 2554 m./sec. at 977, at 49 and 94 Khz,
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TapLE 2.

Methyl Alcphol 97.1°

Freguency 94.16 Khz.

Screw \ Screw

N n reading » reading

mnl. ‘ mm.
S S F I —

0 12410 Q 500

1 12295 1 7,73

2 12092 2 9.40

3 119.08 3 11,45

13 101.43 13 20.00

33 65.65 23 46.80

- 43 47.60 33 64.65

53 3020 43 82.20

63 1215 53 100 05

G4 10 50 63 | 118.08

63 8.63 71 ] 132.80

GO .83 72 133.80

67 5.20 73 | 13567

6% N2 0N[2

65—1 114.12 71—1 124,62

66—2 114.07 722 124 40

673 112.33 733 124.15
144.02 [ 724,

N (2 == 17615 mm A2 = 1.7778 mm.

Mean A /2 = 1780 mm.

Velocity = #t )\
== 335.23 m. sec,

At134°, measurements could be obtained only at 94 Khz., at which
the velocity is 2702 m.sec. Measurements at 126 Khz at 184
could not be obtained owing to absorption.

In the case of #-propyl alcohol, the average value for the velocity
at 1347 js 244.5 m/sec. The absorption in n.propyl alcohol was not
.50 marked as in ¢50-propyl alcohol.

The velocity in ferf-butyl alcohol is 2256 m.fsec. at 134, at

93.889 Kbz., no measurements being possible at the higher frequency
owing to absorphon



43

TABLE 3,
Methyl Alcohol 134.°

Frequency 93.889 Khz, ! Trequency 126.264 Khz.

E Screw l Screw Screw } _.Screiw

n | readurg £ reading # v reading 7 reading

| mm ‘ | mm, ! mm. : mm.
0 f 133.05 0 T4t 0 134.00 i 0 4.55
1 131.45 1 6.47 1 13255 1 15
2 ’ 129.40 2 | 8.03 2 131.30 2 744
5 | 127.55 3 13.17 4 12845 3 9.00
4 125.42 4 11.85 1z || 1738 14 21,48
5 12395 50 13 55 2 |1 1033 24 ’ 38.53

6 12212 6 1 1555 s2 | sod0 35 ' 53.73
16 103.10 7 17.60 45 71.55 45 67.78
26 84.45 17 36.33 55 57.50 55 [ 81.68
36 65.75 ) 27 53.22 65 | 43.20 G5 93.50
45 1692 37 73.65 75 l 20.65 75 109.80
56 28.95 47 |1 9255 85 15.75 85 123.58
66 9.35 57 11127 86 1415 86 125.10

65 5.68 67 130.12 87 1283 ; 87 126,50
69 365 68 13210 89 ) 10.20 56 128.00
50 A2 02 N2 85 N/2! 85 \/2
0—66 123.70 67--3 ‘ 116.37 0-—85 1825 | 850 119.03
2—68 123.72 68—6 116.56 1—86 118,50 ‘ 86—1 118.95
3—69 123,70 2—87 118.47 | g2 119.06
4—89 11825 88—3 119-00
12370 116.56 118,37 : 119.01

A2 = 1.874 mm. ’ A/2 = 1.880 mm. I A2 = 1.393 mm. A /2 = 1.400 mm.

Mean A [2=1.877 mm. , Mean A2 = 1-396 mm.
Velocity = Velocity = # A\

A
= 352.28 m.[sec. = 352.6 m,{sec.
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Tasre 4.

Ethyl Alcokol 97.7

Frequency 49,42 Khz, | Frequency 95.82 Kbz
I Screw Screw 1 Screw f Screw
” reading \ 2 reading n l reading " reading
| wm o+ . mm ] 2OV WL . L. LN
{
4 1.70 . Q 160 s} ‘ 133.03 ‘ 0 5.40
1 470 1 4.70 1| 13235 2 8.06
2 7.20 2 7.35 2 131.05 3 9.50
3 10.10 3 10 08 3 129.63 4 10.96
4 12.70 4 | 12.57 16 11175 14 25.32
5 1555 5 | 15 60 26 9742 24 40.05
15 42,70 15 43135 36 83.25 36 55.98
25 70.20 25 70 30 47 68.10 46 70.28
33 92.28 35 97.75 57 H 53.85 57 85,33
34 94,95 36 100.48 68 \ 33.25 67 99.48
25 97.70 37 103 20 79 23.30 77 114.00
36 100.34 38 106 00 89 ‘ 8.93 89 13012
¥ 103.18 39 108 68 90 7.43 90 131.70
38 10575 | | 40 ‘ 111.30 gl 6.10 9 133.03
92 4.75 02 134 50
35N/2 l 35N 02 s8N 2 88 N\ [2
36—1 95 64 3¢—1 93.78 1—89 123.62 902 123,64
372 035.58 37—2 95.85 2--00 123,62 ° 933 123.53
38~3 ] 9363 38—3 95,93 301 123.53 92—4 123.54
40--5 95 70 } ‘
l 9362 | o581 113:59 l sy
A/2 = 2732 mm. ( N[z = 27347 mm. I NJ2 = 14043 mm. ‘, AJj2 = 1.4043 mm.
_ o I
mean \ /2 = 1,7374 mn. mean £\ {2 = 14043 mm.
Velocity = s )\ Velacity =
= 270.26 m.sec. vz 2:’;\.12 m {sec.

In the case of ethyl acetate at 97° and 96 Khz, the value of the
velocity is 189.3 m/sec.,, the value at 134° being 198.8 m./sec. No
measurements were possible at higher frequencies on account of absorp-
tion. The value at 76 reported by Lechner (1909) is too high.

Calculation of Specific Heats from the Velocity of Sound.

A The specific heats have been calculated from the values of the
vel.ocny of sound in the various organic vapours, by the same procedure
which was adoptsd i Part V. The results ave shown in,. Table 13.
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TABLE 5

Ethyl Alcohol 97.1°

9416 Khz. 126 648 Khz.
Screw ¢ Screw Screw
) reading n reading #n reading
mm. mm. mm.
0 132,73 0 134 30 Q 5.20
1 13135 1 133,24 1 618
2 129.93 2 13215 2 7.23
3 128 46 3 131.08 3 838
4 127.00 4 130.01 4 9.44
14 112.75 14 119.40 14 20.02
24 98.35 34 98,05 34 41.25
34 84.15 43 8645 44 51.74
44 69.90 55 75 69 54 62.58
54 55.43 65 ' 6518 84 94.32
64 41.20 85 43.90 94 105.00
74 26.85 96 32.28 104 115.65
84 12 53 106 2155 114 126.13
83 11.13 116 11.22 119 131.53
86 963 117 9.93 120 132.52
87 820 118 8 86 121 133.62
88 672 119 7 85 122 134.70
8+ A\ /2 116 A2 120 \ /2
0-—84 120.22 0116 123 28 1200 127.32
1 -85 120,20 1-117 | 12331 1211 127.44
2—86 | 120.30 2—118 123.29 1222 127.47
387 120 26 4—119 123 23
120 25 [ 723,28 z 127.47
A /2=1,4315 mm, N 2=1,0627 mm. \ N\ /2=1,0617 mm
Mean )\ /2=1,0622 mm-
Yelocity=n\ =
269, 6 m./sec. Yelocity = n)\
= 268. 1 m.[sec

The specific heats bave also been calculated from the spectro-
scopic data by the method of Bennewitz and Rossner (vide infra) at
different temperatures, and the calculated values have been compared
with those observed in the present investigation, and also with those
which are given in Landolt Bornstein and International Critical Tables.
The results are given in Table 14. o

The accuracy of the results obtained in the present investigation
may be illustrated by the fact that a difference of 0.5% in the value of
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TABLE 6
Eihyl Alcohol 134

Frequency 93-840 Khz. Frequency 126264 Khz.
S : ’ Screw Screw : Screw
» rz‘:;iei\;g * ’ reading * reading # reading
mm mm. mm. mm,

. Q 132425 0 133-15 0 538

(1) ;gg 1 130-68 1 131-96 1 6+42

2 10-20 2 129-23 2 130-80 2 7.38

3 11-70 3 12775 3 129465 3 548

13 27.10 14 111-00 13 118-50 14 21-12
23 42:23 24 95.95 24 106-10 2 32-25
33 57.25 34 80-95 34 94.90 34 43.60
43 72-38 44 65-60 44 83.48 45 55-80

53 §7-50 54 50-38 54 | 72-30 55 67-3
63 102-62 04 35.40 64 61-00 65 7835
75 120.80 79 12-60 75 48460 75 89.75
76 12237 80 11413 85 37.35 85 10112

77 123-88 81 955 105 14.75 105 123-37

78 123-53 82 8§12 106 13-60 106 124-50

79 126-83 93 6-60 17 12-43 107 125.57

80 128-26 84 5:10 108 11-35 108 126-68
77N (2 0 N[z 104 A 2 104 A [2

77—0 116-55 0-80 121412 | 1--105 117-21 105—1 117-09
78—1 11¢-"5 1—81 121-12 | 2—106 117-20 106—2 117-12
79—2 116-55 282 12111 3—107 117-22 107--3 117-09
116-55 721:12 177-21 71710

A2 = 1-5149mm. | A/2 = L5141 mm, A2 = 1-127 mm, Af2 =1-126 mm.

mean A/Z = 1.5145 mm. mean A [2 = 1-1265 mm.

Velocity = n\
= 28%

A
= 284,47 m./sec.

R Velocty = #
38 m, sec.

¢ (the correction for the compressibility) will account for 1.4 cal,
difference between the observed and the calculated value for the mole-
cular heats of n-propyl alcohol, and that a difference of 1 part in 2000
in the velocity of sound in ethyl acetate vapour, will canse a change of
0.5 cal. in the molecular heat. The maximum deviations observed in
the case of most of the vapours are within the above two limits, the
probable error being of the order of 0.5 calorie. It is therefore
obvious that Berthelots’ equation of state holds very well- for all the
substances under the conditions of the experiment, In order to obtain
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Iso-Propyl Alcohol 97.1°

Frequency 49.42 Khz,

Frequency 95 82 Khz

T
Screw ‘ Screw 1’ Serew B : Screw
n reading 3 { reading n i reading 7 | reading
mm 1 mm | mm, l mn.

0 1055 0 12925 0 134 00 o | 548

1 13.35 1 12665 1 13275 13 7.00

2 16 00 2 12405 2 131 58 2 8133

3 18.35 4 12020 3 130 10 3 | 9.5¢

4 2110 3 10275 13 116 80 4 10.98

14 4500 15 77.75 22 104.63 14 I 24 26

24 7225 25 | 5290 33 90.10 24 37.68

34 57 30 33 2785 43 76.63 34 5103

44 124 85 45 1310 53 6353 44 64.28

45 127.23 46 10 60 63 5005 54 77.57

46 129.85 47 805 ©73 36.90 74 104.34

. 93 10.18 94 130.94

43\ 2 | 45\ 2 94 903 95 13230

44—1 111.50 450 | 116 15 95 7.28 96 133.40
45—2 111.23 46—1 116.03 96 635 97 134.92
46—3 111.50 47—2 116.05 97 300 98 136.26
94\ /2 94N [Z

1—95 125 47 94—0 12546

2—96 125.23 951 12530

3—97 ! 125.10 96~—2 12502

' 97—3 125.38

- | 98—4 12528
117-47 716-03 12527 |- 125.29

A /2=2-591 mm A [2=2-579 mm. A /2=1-3326 mm, A/2=1.3328 mm

mean \ {2=2-385mm.

mean )\ {2=1.3327 mm.

Velocity=n\

=258.5 m fsec.

Velocity =n \
==285.4 m./gec.

more accurate molecular heats, it is essential to attain a still higher
accuracy, which the supersonic interferometer is capable of, and pay
-special attention to purity of compounds and define  other physical
conditions such as uniformity of temperature, pressure, etc., very closely.
The author has already demonstrated the possibility of obtaining a high
- accuracy in the measurement of the absolute frequency of the quartz
oscillators by means of a simple and inexpensive apparatus in Part IV
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TABLE H.
Iso-Propyl Alcohol
97.1 134 .
9+.10 Khz. 126 048 Khz i Frequency 93-889 Kby
| Screw i l Screw Screw ‘ ‘ Screw
%1 reading n | reading u | reading n [ reading
| min t 1 mm 1{ nm, ‘ \ mm
7 T
0 5.97 a 13416 0 778 0 132.50
1 7431 1 133-19 1 9-15 1 131-05
2 8463 2 132.27 2 10-52 2 129:65
3 10434 3 131-03 3 11:94 3 128.20
4 11415 4 130-10 14 27.85 13 113.77
25 39.92 24 110-10 24 4213 23 99.35
435 67+15 44 90-00 34 56-48 33 85-00
55 80-70 64 70.€0 44 70-98 43 70-.58
65 93-90 84 50-00 54 85-50 33 56405
75 107-80 104 29.50 64 98-80 63 41-81
85 121-20 124 9:55 74 114-30 73 27.37
92 130-63 126 762 84 128-64 84 11-64
93 132.06 127 6-85 85 130-10 85 10-22
94 133-41 128 5-85 86 131.50 © 86 8.85
95 13481 129 4.65 87 132-95 87 742
92 \f2 126 A [2 38 134.37 © 88 6-00
092 12466 0—126 12654 84 N/2 84 A /2
1-—93 124.75 1—127 126-34 84—0 120-86 0—84 120.86
294 124-76 2—128 126442 851 120-95 1—83 12083
393 124.47 3129 126436 86—2 120.98 2—86 120.80
. 873 121.01 3—87 120.78
124.76 12642 720.95 120.82
<\ 2 = 14336 mm. AiZ = 1:0033 mm Nf2-= 1:4399 mmn, AN/2 = 1.4383 mm.
Velocity = u)\ = - ‘ Velocity = n )} = mean 2 = 1,4391 mm.
253.86 m. 'sec. A 25413 m./sec A

Veloaity = n'\
=270,23 m.[sec.

of this series. It is also possible to attain a higher accuracy in the
values of the wave lenghts by a more elaborate method than averaging,
1t will be seen that the observed and the calculated values are in

agreement within the limits of experimental error, except in the case of
180-propyl alcohol and fer{-butyl alcohol.

In the case of the former,
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TaBLE 9.

n-Propyl Alcohal 184"

Frequency 93-889 Khz. Frequecy 126+264 Khz.
Screw i Screw Screw ; ' Screw
u reading | n reading " reading . " ! reading
mm, ] moi. aam. | l mni.
—_— : ;
0 131.10 0 8.10 0 \i 88.30 ! Q 15-30
1 130-00 1 ¢-40 3 76:30 | 9 23:95
2 12865 2 1C-38 61 29.25 | 18 32.95
3 127.40 3 12:03 62 28-15 | 48 62.20
4 126.18 4 13.30 63 27.55 70 83.80
34 85.53 24 3950 64 26-50 | 91 10330
54 59.35 44 65.40 65 2535 13 124-83
64 46-53 64 91.40 66 24-50 116 127.70
36 17.90 84 11748 67 23:55 117 128-70
87 16.60 93 129-10
88 15:30 94 130-45
89 1395 95 131:60
86 N |2 93 A2 Mean N/2 |Mean, Niz
0—86 113.20 93—0 121-00 67N (2 0-9664 113N /2 0-9694
187 115.40 94-—1 121.05 w66 4 9656 | ,, 107 , 19696
288 113.35 95—2 121.22 » 65 -9584 |
3—89 113.45 w4 9656 |
3 |
715.35 721409 L 09680 | 5.9695
i
|
N [2=1-303 mm. l A/2=1-302 mm. N /2=0.9670 mm. N /2=0-9695 mm,
- mean )\ {2=1-3025 mm mean ) [2=0.9683 mm.,
Velocity=n)\ Veloaty=#n A\
=244.53 m ;sec. =244.52 mm

the specific heat observed is very nearly that due to translational, rota-
tional and valence vibrational energy, and indicates the complete dis-
appearance of all the transverse vibrational energy. Tert-butyl alcohol
seems to have lost the contribution to the specific heats from the
deformational frequencies. It is interesting to point out that the behaviour
of these two substances is similar to that of propyl ether and #m-hexane
reported in the previous part.

The substances exhibiting the abnormally low molecular heats
are highly anisotropic like CO,, or possess quasi-tetrahedral structure



50
TarLe 10
Tert Butyl Alcokol 134,

Frequency 93.88¢ Kbz

| Screw reading | Screw reading
n | ” | .
: mm. l mig. =
i
[ 875 0 128.90
1! 9.90 1 127 70
2 11 20 2 126 60
22 35,35 3 123 43
42 59.435 88 2355
83 84.75 89 2240
83 108 83 20 21.15
93 120.83 91 1960
95 123 20 92 1870
26 124 50 93 17.60
o7 12560 95 1540
95 N /2 90\ /2
95—0 114.45 0—%0 107 75
96—1 114.60 1—G1 107 &0
[ 972 114 40 2—9¢ 107 ¢0
3—03 107 83
| 17448 107.83
i
A /2=1205mm Ni2=1198 mm.

Mean A2 = 12015 mm,

Velacity )
=225.61 m sec.

of the type AXBy, It will be shown in the next part that
chloroform, which comes under the latter category, also shows diminution
of specific heat. It appears therefore that most of the rotational energy
is utilised in ‘spinning the top’ under the high frequency compressional
waves, thus producing the remarkably high absorption of sound enetgy.

Supersonics in relation to molecular structure.

‘The retharkable divergence in the values of the specific heats
deduced from the supersonic velocity, and those obtained by the calori-
metric method or by caleulations from spectroscopic data; in the case
of some of the vapours, can now be explained on the basis of failure



TasLe 11
Ethyl Acetate
97.1° 134°
49.42 Kbz, 95.82 Khe, 93.889 Khz,
Screw Screw Screw Screw Serew - Screw
# reading E3 readin ki3 reading " reading 7 reading i3 reading
mim, mm. mm, mm. mm, mm
- Il
0 7.C0 0 135-30 0 4.65 0 132.10 0 1150
1 9.C0 2 133.40 1 5.53 1 131.05 3 12,70
3 10-45 3 132-45 2 466 2 130.15 2 13.90
3 29.55 4 131:58 3 7-71 4 128.10 4 1530
1 49:05 5 130-48 4 872 102 24.25 11l 128.00
2% 68:05 G 129:47 5 9.72 103 2318 112 130,45
34 87.35 16 114-50 g 10-74 104 21,10 113 131.40
44 106-30 26 109:67 26 30.60 115 1t 45 114 182 45
54 125.50 16 90.C0 46 50.32 116 36 115 133.35
65 129:60 86 50-45 86 89.88 117 840
63 - 131410 126 10-91 126 129.22 118 7.0 -
56 133.00 130 7.10 130 133.37
131 6-10 131 134.14
132 5.12 132 135.12
133 415 133 136:15
G4\ [2 4 A2 130 A[2 130 A {2 116 A2 113 N2
0—64 121.65 €4—0 122.60 0—130 128.20 130~0 12842 | 0~116 12274 | 113—0 119.90
1-—65 121.55 63—1 122.10 2—132 128.28 131—1 128 56 1—117 122.65 114—1 119.75
266 12145 66—2 122.05 3133 128-30 132—2 128.36 2—118 122.85 1152 119.45
1333 128 44
121.55 122.05 728.26 128.50 12275 11930
N2=189mm | /2= 1907 mm, N/2 = 0987 mm. A3 =008 mm | Ajz= 10582 mm. | Af2= 10593 mm
Mean X\ 2 = 1.903 mm Mean A/2 = 0.9875 mm, Mean A /2 = 1.0588 mm,
Velocity = n A Velocity = _ N\ Velocity = n\
== 188,1 m./sec, = 189.26 m./seec. = 188,82 m.[see.

9
-
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TasLE 12.

Dispersion of Supersonic Velocity in Organic Vapours.

“ 97-1° { 134°
|
i 40.42 9416 93582 126648 03.889 (126264 A
Khz. Khz \ Khz. Khe, |AVerage| Ky, | Khz [°VOrage
Methyl ) )
ilc)ohol 333-7 3352 335-4 335-45| 352-44 3526 352-5;
h:
EtAﬁohoI 270-25 269-6 269+1, 269.1 269-5, ! 284-3y | 2844 384 +4g
-Propyl ‘
Xsilco‘lju?]] .| 2555 255:34 285.4 2541 | 285.1 | 2702 | ... 27002
e 1
" A‘{sggoll 244455 | 2445, 244+5;
Tert-Butyl . .
Alcohol 22561 235-0¢
!
Ethy! I
Acetate .| 1881 18925 | 18925 ] 1988y [ ... 198-8,
|

of a part of the heat capacity to follow the adiabatic cycle of the
supersonic wave. Although further speculation must be reserved
until the measurements are extended over a larger frequency range,
some ad hoc explanation might be given on the basis of the theories
on the number of vibration and rotation states in the molecules.
Speculations of this type are now possible because of a knowledge of
the contribution of different components of the molecule to the specific
heat.

Bennewitz and Rossner (Z. Physik Chem. 1938, B.39, 126-44)
in a comprehensive research on specific heats of organic vapours, deve-
loped a semi-empirical formula for calculating Cat different temperatures,
based on valence and deformation frequencies determined from vibra-
tional infra-red or Raman Spectra. The results of such caleulations were
in good agreement with their own measurements by the streaming
method. The contribution of deformation oscillation to specific heat
were deduced empirically.
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TABLE 14.

Comparison of the Specific Heats C, with those calctlated from
Spectroscopic data.

C Cn
P n
Sub e T:xxcxp. Substance l‘:glpA ——""‘""”-“5“‘—*
Devi- AT evi-
Obs | Cal- | 200 Obs Cal. ation
Methyl # Propyl
Alcohol { 77 | 125 | 13.1 | ~0-6 Aleohht 134 24-6 2640 14
97.1] 12.7 | 134 | ~0-7 137 26.9 26-5 + 034
134 {12:6 | 141 | —1.5 | Iso Propyl :
| Alcohhl 971 g9 | 242 | -153
137 | 14.0 | 14-1 | ~0-1 )
134 8.5 26-0 —17.5
163§ 14.7 | 145 | ~0-2
; 137 266 26-1 +0.5
Ethyl :
Alcohol | 90 | 187 | 18.4 | +0.3 | Tert Butyl
| Aloghol 134 157, | 3000 | -143
! o971] 2041 | 18-6 | +1-5 .
| Ethyl 73 7] 207 | 29.5 +0-2
{134 | 18.9 | 19.9 § ~1.0 Acetete '
| 97-1 31.4 30.9 +0.5
{137 119-8 [ 201 | -0-3 )
1 112 327 31.8 +0+9
164 | 209 | 21.0 | —0-1 | “
134 33.9 331 +0:8
350 | 98-2 | 27-1 | +1-1
137 33.7 33.3 + 0.4
|
1 167 35.3 | 352 +0-1

. | I z

The molecular heats of polyatomic gases are given by ‘the
expression, .
= Cv=4R (translation) +4R (rotation) + R (for C,—C,,)

+Zq; Cy; (valence vibration) +Zq, CP; (deformation vibration)

where Cv, and Cg; are Einstein functions with the characteristic
temperatures 0.
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In order to illustrate the method, the heat capacity of the vapours
of iso-propyl alcohol at 97.1° will be calculated.  The structural formuia
for éso-propyl alcohol shows twelve atoms (n=12) and eleven bonds
(2 =11) which are of the type, (7) C-H,(2)C-C, (11 C-0Oand

(1) O—H. Taking the values for the valence and deformation vibra-
‘tions which are givern in Part VI, the following summations are obtained:—

. l Valence vibrations Deformation vibrations

@y C—C 2%0.660 =1.320 2% 1.647=3.294
1 Cc—0 1%0,606 =0.606 1x1,884=1.884

().C—H |  7x00031-00217 ; 7x0317=2.219
i
J
J 1x0.469=0.469
!

1) O—H J 1 % 0,0006 = 0,0006

ZqEe, =148 SqEy = 17.880
(3n—6 —%q,)
——g ey =3 x7.886
' ~13.58.

* =~ On the basis of complete equilibrium in the various degtees of
freedom in the molecule, the molecular heat at atmospheric pressure at
97" comes to 24.2 calories, as against 8.9 observed.

For rotational heat capacity, itis usual to assume the classical
values. It will be shown presently that this does not hold in
supersonic waves in molecules of AXB, type such asin the case of Zso-
propyl alcohols H—C —OH(CH,),. The rotation of the molecules
along the CH axis, owing to the high moment of inertia, will cause the
disappearance of two degrees of rotation equivalent to R calories, as the
molecule is approximately equally loaded. Such a rotation of the
molecule will diminish the contribution of the transverse vibrations
of all the linkages except that of the CH group of the secondary
alcohol.  The observed specific heat of ¢so-propyl alcohol on this
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basis is made up of, §R (translation), 4R (rotation), R for C,—C,, 1.948
for valence vibrations and 0.547 for C—H deformation. The total
value at 97" (along with 0.16 calorie for change to atmospheric pressure)
comes to 8.77 calories as compared with 8.99 observed, the agreement
being remarkably good. It must be mentioned that the numerical
value of the contribution of valence vibration is nearly the same as that
of the two rotational states. It is, however, more plausible to assume
the disappearance of the two rotational states from adiabatic supersonic
waves, to account for the partial loss of the share of transverse
oscillations.  Similar conclusions apply to the value at 134"

The observed diminution in specific heat, is constant over a
range of frequencies from 49 to 127 Khz at both 97" and 134" and
is not due, thetefore, to the dispersive region, but to a definite transition
in the supersonic velocity.

In the case of tertiary butyl alcobol, as the molecule is not
symmetrically loaded, the rotational specific heat will degrade to 2R.
The following calculations show the contribution of various oscillations
to the specific heat at 134.° (n=15, Iq, = 14).

Valence Vibrations Deformation Vibrations
9 C—H 9% 00074=0,0666 9 x 0.420 = 3.780
3 C—C 3x0.7860 =2.3580 3x1.700=5100
1 C~0 1x0,7320=0,7320 1% 1.900=1.900
1 O—~H 1% 00017 =0.,0017 1 x0.,588=:0,588
ZqEv,=3.1580 ) =11.368
o, ——ZqEs;  =~2§x11368
3 A =203
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The contribution of the deformation vibrations to specific heat is thus
20.3 calories at 134". But as the transverse vibrations in the three
sets of groups will be inoperative when the molecule is rotating on
each of the axis C—OH, C~CH,, etc, the contribution of these
oscillations to specific heat will be only one-fourth of the caleulated,
namely, 5.1 calories. The observed specific heat of fert-butyl alcohol,
is thus composed of, § R (translation), # R (rotation), R (2.172) for
C,—C,, 8.16 for the valence vibration, and only 5.1 caloties, the
share of the deformation oscillation; total (along with 0.28 calories as
the correction for atmospheric pressure) comes to 15.68 calories as com-
pared with 15.7 calories deduced from the supersonic velocity. The
agreement is remarkably good and fortuitous, considering the various
assumptions made.

In the n-hexane investigated in Part V, the share of the
transverse oscillations to the specific heat is 26,7 calories, while the
discrepancy is 23.4 calories. It is therefore obvious that a part of
the transverse oscillations participate in the specific heat. If the six
end C—H groups, which are most free to vibrate, remamn active, they
will absorb 4.7 calories. As the molecule is highly anisotropic, it
may remain oriented with its length in the direction of the supersonic
radiation, and it will lose one degree of rotational freedom corresponding

to % The calculated specific heat theni comes to 16.2 calories as

compared with 15.7 calories derived from supersonic velocity.

In the case of propyl ether it is obvious that even a frequency
of 50 Khz. is too high for any of the vibrations to participate in the
specific heat. The observed valueis therefore due to translation and
rotation only.

SUMMARY.

The supersonic velocity in the vapours of methyl alcohol,
ethyl alcohol, Zso-propyl alcohol, #-propyl alcohol, ferf-butyl alcohol
and that of ethyl acetate have been measured at 97 and 184" over
a frequency range of 49~—127 Khz. There was apparently no disper-
sion over this frequency range, although in the case of ¢so-propyl
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sleohol dnd Ifer‘t-i)ufyi dlcohdl, there was a strong absorption evident
at the higher frequency and higher temperature. :

The specific heats deduced from the observed velocities have
been compared with those calculated from the spectroscopic data and
were found to be in fair agreement, except in the casc of Zso-propyl
alcohol and fert-butyl alcohol. It is interesting to note that both
these molecules are of AXB; type. The discrepancy in the molecular
heats in the above compounds and in n-hexane has been quantitatively
accounted for on the basis of partial disappearance of the share
of rotational and deformation oscillations.

Berthelot’s equation of state has been found to hold very well
in the case of the vapours.

The results of the present investigation are summarised in the
following table :—

97.1° [ 134%,
Cp \ Cp
v v o v v .
- obs. I eal. obs. cal.
l
Methyl Alcohol | 335-3 | 1-1975 | 127 | 13-4 3525 | 11968 ! 126 | 141
Ethyl Alcohol ... 269-1 1-1137 20-1 186 284.4 1.1200 | 18.9 199
Iso-Propy!
Alcobol wof  255.4, 1.3159 8.9 8.77 2702, 1-3285 8-5 | (26-0)
n-Propyl
Alcokol .. ... 244:5¢ | 10046 | 24-6 2640
Tert-Butyl J 15-68
Alcohol ... e 2256 11607 | 15-7 (33-1)
Ethyl Acetate .| 18925 | 1.0758 | 31.4 30-9 198.8 1.0484 i 33.9 33-1
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