SUPERSONIC VELOCITY IN GASES AND
VAPOURS.

PART V. SPECIFIC HEATS OF VAPOURS OF ACETONE,
BENZENE, CYCLOHEXANE, »-HEXANE, METHYL,
ETHYL, AND #-PROPYL. ETHERS.

By S. K. Kulkarni Jatkar.

INTRODUCTION.

In Parts I, IT, IIT and IV (This Journal, 1938, 2/A, 245, 435,
477 and 1939, 224, 1), the author has given an account of the diffi-
culties enconntered in the measurement of supersonic velocity in gases
and vapours, As a result of numerous preliminary experiments, it
was found essential to work in narrow tubes. It was also found
necessary to measure the frequencies accurately on the spot. In the
present paper, the author has presented the results of measurements
of the wave lengths in vapows of acetone, benzene, cyclohexane,
n-hexane, methyl ether, ethyl ether and propyl ether, superheated to
97.1° and 134", at 685 mm. pressure, and also the values of the
specific heats calculated from the supersonic velocity, The results
are compared with the values obtained from spectroscopic data.

EXPERIMENTAL.

The apparatus used was the same as described in Fig. 1, Part 1.
Water was used in the boiler for maintaining a constant temperature,
97.1° in the jacket, and meta-xylene, for 134", As already mentioned,
a slow stream of the vapour was maintained in the apparatus to avoid
leaks at the gland packing for the piston rod. Acetone was purified
by the sodium iodide method, and benzene, by crystallisation. Methyl
ether was prepared by passing methyl alcohol vapour through sulphuric
acid at 125°, and absorbing the gas in sulphuric acid. The gas was
liberated by adding water and dried over barium oxide. #-Propyl
ether was prepared from zn-propyl alcohol by catalytic dehydration
over alum. (cf. Gajendragad and Jatkar, Jour. Ind. Chem. Soc. 1935,
12, 486). All the liquids were purified by fractionation.
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The details of the wave length measurements areé given 1n

the following tables (1—11).
TapLe 1.

Acetone 7.1

Frequeacy 40,42 Khz,

| Screw | Saew b Serew . ) | Screw
G n }\,2} reading T N2 ‘ readtng NI ' reading aom N2 readmg

J mm. I mm. ; mnt P mim.
[\ \ 7.25 52 632 o 715 52 615
1 9.50 51 870 3 .50 51 865
z 12,25 50 | 1140 2 12,05 50 11.25
12 36.25 40 J 13.55 3 14,50 49 13,50
22 60.53 48 \ 1605 4 16.98 48 15.85
32 84.50 47| 18 35 3 1915 47 . 18.45
42 108 80 46 \ 2085 15 4335 46 20 80
43 110,05 45 | 23 30 25 - 7 50 45 23,10
# u3 B s 35 \ 91.60 4 25.50
s b nises 51 7S 43 1 nso 34 4975
46 118.15 13 1 95.60 45 118.05 24 73 83
47 120.33 5 1 11970 47 120,45 4 l 97.93
5 | 122.95 4 ! 122.25 48 122 85 4 [ 122.10
50 E 12545 3 ]‘ 124 70 49 12540 3o 124.¢5
50 ‘ 127 95 2 L 17705 50 127.88 2 1 12690
51 f 13043 1 g 120.55 51 130 30 1 ) 129 35
sz 13290 0 ,‘ 132.15 52 13275 0| 13205
: 50 A2 f 50 A2 50 N2 30 A2
sz | 12070 | 1003 120.73 120 50
311 [\ 12075 120.85 120,80 120.70
522 " 120,65 120.73 120.70 12075
é 720076 \ 72078 120.73 120.75
Mean 50 }\;"2 = 120.74 mra. Mean 50 )\ [2 = 120.74 mm.
2 = 24148 mm. N2 = 24148 mm.

Velocity = ,213}68 meters per see. Velocity = 7;378\,6& meters per sce.
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TABLE 2

Acetone 97.1°

Frequency 95.822 Khz. I Frequency 94,159 Khz. 126.648 Khz,
[ ! I
i %?E i i ‘ gE&E— i’ ‘ %%‘CE = :%Efg > aé‘s
23 ! 29 [ ~< g9 8 ~< =]
B AEE & | fEF s | £5F « | f87 3 & 8 &
L ‘ l
‘ [ ]
o | 570 |102 | 513 0 | 0, 328
1 688 (101 | 6,40 1 6,47 1 ‘ 613
2| 825 |100 7.75 2 785 2 6.85
3 9.5 | % |  9.00 3 0.18 15 | 1045
4 | 1070 | 98 | 1022 4 10.31 17 | 20,90
@ 12330 | 97 | 1145 1170 18 | 2185
24 | 3565 | 95 | 128 13.03 22 | 26,00
34 | 4805 | 95 14 10 14.28 24 27.90
44 60.55 | 94 1533 | 1343 44 46.75
54 7298 | 93 16 58 2512 67 €815
64 85.30 | 83 28,85 53,43 78 78 40
74 9783 | 73 4128 1 44 88 87.88
84 11020 | 63 53.80 7893 98 97.33
94 12275 | 53 6610 | o4 104.25 108 106.88
95 12390 | 43 7875 | 84 1:8 | 11618
96 12515 | 33 91.00 | 94 132 129.30
97 12638 | 23 10333 1 o7 133 130,20
98 127.73 1 13 11595 | 98 128 30
99 128.90 3 12848 { 69 | 130753
100 13022 | 2 129.78 | 1C0 2 | 13210
101 13133 | 1 130,80 | 101 1] 13336
102 132.70 o | 13230 |10z o | 134067
1100 A /2 100 N\ /2 1100 N2 132 \ /2
100—0 124.42 124.55 Q 12682 |132—~0 124.02
101—1 124,45 124 40 1 126 89 |133—1 124.05
102—2 124.45 124.63 i |
12444 | 124,53 | 126.67 | 126.85 | 124.035
| | i |
Mean 100 A /2 = 124 48 mm, Mean 100 A\ /2 = 126,73 mm. N2 = 0.9396
A 12 = 1.2448 mm. N2 = 1.2673 mm. mm,
Velocity = n\ Velocity = n )\ Veloaity 3;‘0 /
= 238.86 meters per sec. = 238 6 meters per sec. ‘ s’:é-

The method used to measure the wave length was, to record
the screw readings corresponding to the positions of the reflec-
tor for a few consscutive peaks, as the reflector was advanced
towards the crystal oscillator, after which, readings were taken at
intervals of 10 A/2. Finally, measurements were again taken for
consecutive peaks, The middle sets of readings helpad to check the
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TABLE 3

Acetone 134°

Frequency 93.887 Khz. Frequency 126.283 Khz.

i
Screw Screw Screw , Screw
% N2 reading n N2 reading n A2 | reading 7 N2 reading

| =m mm. | mm. . mm,
| [

0 ) 6,44 97 1 4,38 ¢ | 7.50 X[

i 96 577 ; . i
1 7.65 95 7.15 1 8.35 126 8,5
2 8.94 94 8.47 \ 125 10.05
3 10.39 93 9.82 i 124 ¢ 10.90
41 118 83 23,05 ! 123 | 1200
14 24,38 73 3642 <] 13.38 122 13.00
24 38.33 €3 49.82 16 23.38 112 22.85
34 51.75 53 63,24 27 3368 102 ‘ 33.00
44 65.08 43 76.58 38 44.30 92 ‘ 42,70
s | 7aso 33 9013 45 1 342 &2 | a2y
64 | 91,98 2% 103.435 39 65.24 72 62,65
74 E 105.27 13 116 62 [V 75.08 €2 | 72.58
24 | 118 33 3 13008 79 \ 85,35 52 82.56
g4 | 132.00 2 131.50 90 96 10 42 92,55
95 133,35 1 132.77 100 1 106.00 32 ‘ 102.45
o6 | 134.65 0 134,13 110 | 115.85 22 1 112.62
94 N j2 gd A2 120 | 125.88 12 ) 12228
=0 | 123,96 94—0 12566 126 ‘ 131.78 2 132,40
95—1 1325.7¢ 95—1 125.62 127 132.88 1 | 133.28
96—2 12571 97—73 125,70 128 1 133.71 0 134.28

120 | 13470 :

130 . 13370 I
129 Aj2 124 N\ /2
[ 129—0 l 127.20 124—0 ‘ 123.38
! 130—1 | 127.35 1251 i 123.23
| ! i 126—2 123.48
[ 12569 125.66 : 127 27 [ 723.38

Mean 94 N2 == 125.68 wm
N2 = 1.3370 rom. N2 = 09948 mm,
Velotity == 11_)\ Veloaity = n\
== 251,05 msaters per see. = 251,145 meters per sec.

total number of half wave lengths measured, and the average for
successive intervals for, say, 50 to 100 wave lengths, was found out
by making use of the first and the last set of readings in each table,
In the same manner, sets of readings were taken when the reflector
was moved away from the crystal oszillator. The mean of these twa
sets of readings was utilized in measuring the velocity. It was found
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TasLe 4(a)
Bengene 97.1°

Frequency 94,16 Khz, Frequency 127 Khz.
! Screw reading Screw reading
N l mm. ° n N2 mm. g
0 [} 134.67
1 1 133.93
2 2 133.13
3 3 13230
4 4 13153
24 3 130.92
44 15 122.75
o4 25 114 79
84 35 166 90
104 45 98 92
114 53 90.88
115 75 75.00
'116 85 67.05
117 95 59,08
118 105 3110
119 115 43.20
116 4238
117 41.45
118 40 8%
115\ 2 115 N2
0—115 | 123.25 0—115 91.47
1—116 ! 123.29 1--116 91.55
2—117 | 123.26 2117 91.58
3—118 123.29 3—118 9148
4119 12327
723 27 97475
Mean 115 A [2=123.27mm{Mean 115 \ [2=91.475mm
N2= 1.0719mm A [2=09954mm.
Velocity=n A\ Velocity=n\
01.9 meters 202.05 meters
per sec. per sec.

it the wave lengths were systematically 1 part in a 1,000 smaller

1en the piston was moved towards the crystal than when it was

sved away from the crystal. This was obviously due to the tem-~
rature coefficient of expansion of the pyrex glass reflector. The actual

ve length was correctly represented by the mean of the two sets

readings, when the reflector was moved in and when it was moved

t respectively.
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Tapre 4 ()
Benzene 97.4
Frequency 4942 Kbz E Frequency 95.82 Khz.
o Sorew Screw Screw
n N2 E reading ’, n A2 reading n AN/2 reading
U Ry | mm. mig.
] | 2.00 1 1.90 0 133.92
1 400 2 4,00 1 132.88
2 6.10 3 595 2 131.79
3 835 4 7.95 3 13073
4 10.25 5 10.00 4 129.65
3 1240 6 12.03 24 108.68
6 1433 7 14.05 44 87.60
7 16.20 & 16.00 64 60.45
8 1830 9 18 80 84 45 38
10 22,50 10 2008 104 24.30
12 26 65 11 22.20 118 9.50
13 2900 12 24.24 120 T30
15 3290 13 26.30 121 6,43
16 3525 23 46 65 122 5,40
17 37.060 33 67.50
18 30.45 43 87.85
1 | 417 53 108.10
Al i4520 54 110,25
31 65.50 55 11235
41 85.65 56 114.42
51 106 13 37 116 48
52 108 40 58 118.53
53 110 48 B | 12050
50 N2 55 N /2 120 A[2
511 10213 56—1 11232 0—120 126.42
52—3 102.30 57—2 11248 0—121 126.45
53—3 102.13 58—3 112.58
59—+ 112 65
00—35 11273
| 61--6 | 112.73
| #0220 172.58 F26.44
50 A[2=102 20 mm, 11258 mm. 126.44 mm.
Mean A /2=2 044 mm Mean A [2=1.054 m.
Mean A [2=2 0455 mm
Yelocity = n\ =202,18 meters per gec.
meters per sec.

The crystal oscillators used were those used in Part IV, where
the details of the measurements of their absolute frequencies are given.

Tables 1and 2 show the results for the measurement of velocity
inacetone vapour at 97.1°. Table 3 shows the readings at 134" in
the same vapour., These results show that there is no dispersion of



TasLy 5

Benzgene 184"

Frequency 93.525 Khz. ’ Frequency 127 Khaz.
Screw Serew Screw
A fz reading n ANf2 reading 7 N2 reading
mn. min. } mm.
0 i08.00 0 7062 0
1 106.87 1 B.77 1
2 105.70 2 985 2
3 104.57 3 10.98 3
4 103.48 4 4
14 92.22 1+ 5
24 80.80 24 13
34 69.53 J4 40
414 58 10 44 30
54 46 83 54 60
G4 3545 64 3 7
7 24,20 7 01.60 80
54 12,76 84 102.80 90
85 11.58 94 114.20 100
86 10.48 104 12540 113
87 938 105 126 58 126
a8 830 106 127.68 133
89 720 107 128.80 134
90 603 108 12098
i 109 13112
110 132 23
86 \ 2 105 A /2 133 A /2
0—86 97.52 105—0 118 96 0---133 112.06
187 | 9744 | 106+ 1so | 1134 11208
2-—88 J 97.40 107—2 118.95
3—89 97.37 108—3 119.00
4—-00 J 97.43 109—4 118.98
9744 178.96 172-07
i
86 N2 = 974 mm. = 11896 mm| 135 X 2 = 112.07 mm
A2 = 1133 mm 2 == 1.133 mm. N 0 $426 mm.
Velocity = n'\ Veloaty = n\
== 212.T1
= 212.60 meters per sec. meters per sec.

velocity from 49 Khz. to 126 Khz., the mean value for the velocity
being 238.4 + 0.1 m./sec. at 97.1". The velocity increases to 251.1 +
0.056 m./sec. at 134",

Tables 4 and & show the details of the wave length measure-
ments in benzene vapour at different frequencies at 97.17and 134°
respectively. There is no dispersion of wvelocity in the present
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‘TABLE 6.

Ethyl Bither 97.1°

Trequency 49,42 Khz Frequency 137 Khz
S Sorew Screw
1 Serew ! Screw . v , )
cnN 2 rcnldm«_f RO N ’ reading B A2 reading | A2 reladmg
mm. i ’ i mm. ™. mm
. 1 ! ) R
! ‘ 7.10 0 610 150 485
(1’ 03 ©2.30 1 685 149 JL_;S
P 11 43 2 7.70 14§ u,z(r)
13 2085 3 8.48 l'l{ 7.25
22 4073 4 9.28 lfﬂ\ 8 ]9
61,48 3 10.2‘1 145 8_§g
82.32 I 10.96 Lo144 O f
10320 7 w74 |12 2605
| 124.16 3 1260 | 103 [ 43.
37 127.20 ! 126 43 a9 2073 80, {:_)'0}
128 30 49 i 4618 58 h()‘(y)t)
13055 72 64.82 36 97 ‘i(,_)
558 2 57N i2 03 s342 |15 114,87
61 | 1150 119.12 115 99 80 5
372 11400 11920 136 118.85 4
11923 157 13398 | 3
158 134.80 ‘ 2 !
1
l I 0 ‘ 127.15
| 135 N2 145 \ {2
| 157—2 126,28 0145 118,30
158—3 126,52 1—146 | 118.23
—1 + 118,20
§——1:Z; bousaz
‘ 4149 ‘ 18,14
5130 | 11811
77.4-80 vo716.18 726.30 i 118,18
| \ |
i H
i i i | o
2091 mm. N iz = 08148 mm, ‘ Az = 0813 mu.
mean A/2 = 0.8i49 mm.
Velocity = a\ =u)\
= 206.86 meters per sec. == 207.09 meters per sec.

frequency range, and the average velocity is 202.0 + 0.05 m./sec. at
971, and 212.6 & 0.05 m.fsec,, at 1834". The values given in the
International Critical Tables are only up to 100°, at which temperature
the value given is too high by about 2 meters. Further experiments
will be necessary to establish whether there is any dispersion of
velocity at Jower and higher frequencies at different temperatures.
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TasLe 7

Ethyl Ether 97.1°

Frequency 95 822 Khz ! . Frequency 94 16 Khe,
Screw Screw ! Screw 5 Screw
n N2 reading { "M A2 reading w N2 reading 2o A2 1 reading
mm mm. ] mrm 1 mm.
118 ) 660 0 ‘ 505 118 4 60
4] 7.00 117 772 1 618 117 3.76
1 8.07 116 878 2 732 116 6 80
2 9.13 115 985 3 842 115 7.90
3 10.27 114 10.93 4 9 55 184 912
4 11.37 94 32 50 14 20.44 104 2000
17 2547 74 54.06 24 31.43 94 3104
a7 36,21 34 75.60 34 42,48 84 4204
108 123 52 34 97.10 44 3335 74 5295
114 120.77 4 129 32 54 64 35 64 6390
115 130.82 3 130.43 64 75 30 54 | 74.88
116 13192 2 131 53 74 86.39 44 8595
117 13303 1 13262 84 97.35 34 96.80
118 13417 (U 133 70 94 108 28 24 107 88
114\ {2 114 A /2 104 119.10 14 11870
114—0 12277 12277 114 130.15 14 12075
115—~1 122.75 122.77 115 | 13119 3 33083
116—2 122.79 122.75 116 ! 13228 2 131.95
1173 122.76 122 71 117 13343 ] L 132.98
118—4 122 80 122.72 118 134 53 0
113 A2 113 N /2
114—1 12397 114—1 123.86
115—2 122 87 115—2 124.03
116—3 123 86 116—3 124 05
187—+4 123 88 1174 124 01
122774 122:744 723-89; 72400
N.2 = 1.0769 mm. A /2 = 10767 mm. A /2 = 1.0964 mm N2 = 1.0973 mm.
mean A /2 = 1.0763 mm, mean A\ [2 = 10968 mm.
Velocity == n\ Veloeity == n X\
= 206.6 meters per sec, " = 208.9% meters per sec.

Tables 6, 7Tand 8 show the measurements of supersonic velocity
in the ethyl ether. Apparently there is no dispersion, the average
yelocity being 206.6 & 0.1 at 97.1° and 217.4 + 0.01 m./sec. at
134". The values calculated from the formula given in the L C.T.
at these two temperatures are 210.4 and 2214 m./sec. respectively.
The lower values observed in the present investigation cannot be
due to dispersion. :
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TapLE 8

Bihyl Ether 134

Frequency 93-887 Khz " Frequency 126-238 Khz
B “ Screw 5 f t Screw . ) Screw A2 [I Screw
n Ai2 \\ reading I PN ‘ reading n N2 ‘) reading AN ’ reading
| mm {  mm. | mm. | mm.
7 7
! I o0 1208 0 11-85
0 | 1348 | 9 13-18 1 12-60 132
1] aes | o 1438 2 13.40 3y
200 15-78 97 15.48 3 14+30 130
51 16+90 I 906 16+55 13 22,95 129 }
13 ] s 86 28.55 23 31.55 125
23 | 40410 | 76 39.80 33 40-23 127
33 51.70 ’ 60 51.00 43 48.75 117
43 | £3.728 65 1 32460 53 5738 107
53 | 74.87 | 55 f 64.18 63 | ' 6605 97 |
) 8637 | 45 1 75.70 73 7460 87
] . 35 ¢ 87.27 83 83.23 77
73 | a8.00 | 25 | 98.90 o3 91-85 67
83 109-5¢ | 15 1 11043 103 100443 56
93 12135 | 5 0 12205 113 109-08 46
103 132.G5 | 4 | 123.20 123 117-57 36
) 31 124.30 133 126-28 26
2 125-30 134 127-08 i6
| | 1 135 127.05 4
: 0 127-75 136 128-84 3
| ! 9t \J2 137 129-70 2
| 2% 10895 138 130+60 1
i | g 108-82 0 |
b a—o8 108.82 135 A [2
100)\,}2} 5—99 108.87 1361 116-24 0-—128 { 1310-18
103—3 11575 ! 1372 116-30 1—120 | 11017
! | 1363 1630 | 2130 ;11017
] ! 3—131 | 110-20
I l 4—132 110-15
| 708.86 716.28 ‘ 17017
— i ‘ . S ot
AlZ = 19575 mm | N2 = 1158 mm. I NJ2 = 0-8613 mm. ‘ AJ2 = 0.8607 mm.
4 5.
mean A2 = }-15775 mm. I mean A[2 = 0-8610 mm.
Velocity = n\ Velocity = #

=~ 217.4% meters per see. 217.45 meters per seo.

The values for methyl ether (Table 9) were obtained previously
n Part1I (This Journal, Vol. 21A, Part XL, pp. 455~—465) after
correcting for the possible change in frequency difference, which was.
systematically 1.008 times that assumed,
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TasLe 9.
e
#-Propyl Ether Metliyt Bther.  commy, ") " s
97-1° 25° 97.1°
Screw Srew | Screw Screw
n reading o reading | 1 | reading reading
mm. mm. { mom. mm___
0 4.90 1 2.55 1’ J 135.75 14165
1 7-10 2 5-05 2 ’ 133-50 13875
2 8.80 3 715 3 131-10 136-05
3 10-85 4 10-00 4 128-45 133.35
4 1270 5 12-30 s 125-80 130-35
5 14.70 10 24.90 & 123.10 116-40
30 24+30 15 37-15 7 120.70 102.85
20 4375 20 49-80 9 118-28 85-90
30 6220 25 6200 10 31585 48-60
40 82-85 35 86-90 11 113-25 20 95
50 102-00 40 98-30 12 ; 110445 1800
60 121-70 51 126-10 20 90.95 15-05
67 | 13505 | 52 | 128.70 30 | 6440 12.45
68 137.95 53 131.60 36 49-30 9-55
70 141:25 56 138.75 41 39-25 6-95
10 X ]2 51\ /2 29 N2 45 A /2
0—10 19440 §52—1| 126-15° | 30—} 71-35 123:65
10—20 1945 §153—2 126-35 36—7 71-4Q 123.70
2030 1945 §56—5 126.45 41—12 71-20 123.C0
3040 19-65 123.80
40—350 19.15 123.40
5060 19.70
6070 19-55
19-48 126.38 71.32 710-06 723.63
. A[2=2.478 mm. A [2=2-459 mm. AN [2=2.751 ram. A [2=2.747 mm.
A f2=1.048 mm. mean A [2=2-478 mom. mean A 2=2-749 mm.
Velocity=n)\ Velocity =#n A Velocity=n)\
=194.1m [sec, =244.2 m [sec. =271.7 m.[sec.
X 1.008 = 195.6 246.2 273.9

The measurements for normal propyl ether at 97.1° (Table 9)
were carried out under the same conditions as the results given in
Part II. The velocity is 195.6 m./sec. at 4942 Khz. in one

cm. tube.

Table 10 shows the results of measurements of the velocity
The average value for the wvelocity is 191.5 & 0-3
m.fsec. at 97.1° and 202.0 + 0.3 m./sec. at 134",

in cyclohexane.
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TaprLe 10
Cyclohexane
97.1° 1347
7
95.82 Khz, 94-16 Kbz, 93-889 Kbz J\ 120.204 Khz.
W | Screw Screw 1 Screw
7 N[ | ri‘a:gemg n Nf2 | reading 7 W2 reading n A2 readmg
; mm, { mm. mm,
] |
0 ‘ 133.78 0 133-45 0 123:82 o | 11370
1] 13282 1 132:48 2 12185 1| 18
2 13176 2 13150 3 12070 2 114:10
3 13677 3 130-50 4 119:70 4 11248
37 12075 : 129-47 5 11835 5 111-75
23 11076 5 128-42 15 0 11090
33 160-80 13 115-23 2| 5 103-00
43 50.79 35 07,90 33 94.96
53 80.83 55 77-65 43 86-95
&3 70-80 75 57.38 55 78-08
73 | o073 95 3709 65 70-96
83 5079 115 16-75 75 62-93
93 40-73 123 865 85 5497
103 30.80 124 7.72 95 ‘ 46-90
113 20.78 125 | 673 9% | 39.03
123 10:73 126 | 5.72 97 | 31 05
12¢ 9.74 127 | 4455 98 |
125 8.72 | ) 1
126 7.79 i i
2y 670 I
128 5.73
125 Xf2- | - ‘ 123 Af2
6125 125:06 | 0-123 124.80
1—126 125.03 | 1—124 \ 12476 |
2127 124,97 | 2--125 12477
3128 125:04 | 3126 | 124-78
125.03 | 724.78
A /2 = 1.0002 mm, 1 N2 = 1.0145 mm. = 0-7889 mn:
i 1
Velocity = n} = Velocity =z )\ "= Velocity = 2\ = | Velocuy= n)\ =
191.68 m.zee. f 194.05 m. sec. 202.16 m./gec. j 201.73 m.,‘se}

{

Table 11 shows the measurements in normal
the average velocity being 191.5 m.jsec. at 971" and 202.0 m./sec.

at 134",

hexane vapour,

There are no values reported in the literature for the velocity

in acetone, methyl ether, propyl ether,

hexane.

cyclohexane and normal
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TapLe 11.
n-Hexane 134"
Frequency 93.8890 Khz. 126-2064 Khz.
Screw Screw Screw
n reading i reading # k3 reading
mm, mn mm
0 7-00 0 ] 131-45
1 8.10 1 1
2 9:15 2 2
3 10417 3 3
12 +
23 25
41 50-50 42 46
61 71.75 62 67
81 93.15 02 ol
101 114.40 102 137
102 11540 114 138
103 116-45 115 139
10+ 117-30 116 141
103 118-35 117 )
10+ N f2 137 A2
104—0 110-50 0—114 10845
165—1 110:45 =116 10840
=17 10R.40
Tr17 127-22 708-42
A J2=1-0630 mm A 2=1-0622 mm. Ai2=1-0633 mm A [2=0:7913 mm,

mean A [Z2=1.0626 mm !

2N
=199.83 m. sec,

Velocity=# A\, =
196.68 m./sec.

Velocity=n A =
199.67 m./sec.

The values for the velocity of
summarised in Table 12.

sound in the various vapours are

Calculation of Specific Heats from the Velocity of Sound.

The ratio of specific heats C,/C,=Y in a gas or vapour is given

. VM
by the expression T ¢a, where (/)

is given by

P=1-gmr (1-67%)
in which T =p/p, =actual pressure/critical pressure,
T =T,/T =critical temperature/actual temperature,
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TasLe 12.

Dispersion af Supersonic Velocity in Organic Vapours.

]
97" [ 134°
]
T 3 i 5.8 56 T .8 26264
.42 94.16 95-82 | 126648 |, 930889 | 126-264 |\ oo

L e (t K Fhz. Khe, (POPES) Khyo | Kbz | SVOT8

. T

fl | . Lo . .
Acetone ! 23860 J 23800 238360 238-CO 238.6 | 251-05 ; 251.13 ‘ 23110
: w2 l

' P 5 5 ; a1, aya 212
Benzene . 0218 \ 20000 | 20200 | 20205 | 20032 | 22160 | A2TL | 2205
thyl Ether i 20648 i 206-60 20600 207-09 206+68 | 21744 ‘l FAVEE I 217-4,
b Ether wj 2

!

Methyl Ether..| 2739 ‘

{0 240-2% { |
Propyl Bther.... 195G - J o

P .

Cyclohesane .| ! 191-0; 1916 [ | 1013 1 20l | 20127 i 2010
n-Hexane ... [ B ; ] 1045 | 199-0g ' 1990,

I i ! ;

* 2352

M s the molecular weight, R is the gas constant cxpressed
in ergs per degree Centigrade (8.3156 x 107) if V is given in cin./sec,
The corresponding value of (C,—C,) is

C,~C.=R (1+27/16 w73

The derivation of the above factors is given by the Berthelot’s
equation of state. The value of ¥ for the various vapours was deter-
mined {rom the absolute measurements of the velocity of sound given
in Table 12, bnportance being given to measurements at 95 Khz.
These measurements were carried out ina 5 mm. diameter tube,
which was many times the wave length, and therefore there was no
tabe correction required for determining the velocity in the unconfined
$ds Qr vapour.

The details of the calculations of the specific heats from the
various factors are given in Table 13, and the comparison of the values
given in literature, (LLandolt Bornstein and International Critical
Tables), with those calculated by the method of Bennewitz and
Rossner (Z. Phys. Chem. 1938, B39, 196 — 44) from the spectroscopic
data of the various substances, is given in Table 14. These authors
found that the experimental results for specific heats of organic vapours



TasLE 13,

Specific Heats from the Velocity of Sound in Organic Vapours.

} ! 97.1° 134°
| P it
M I
‘ B Vi [vem | !
| VM el ¢
| ‘RT‘W V‘mer“z
| T T T
Acetone w0 |58:06 |60.0 237.0 \735 6 |1:0740 ‘1 -0303 [1-1063 ‘ 21187 [22.01 \251 1671 0840\ 0223‘11069‘2 0851 1217
| |
l \
Benzene « 7808 ‘47.39 ‘zss‘s 202-0 |1.0362 1.0513 |1.0894 ‘2.2054 26-92 {12651 o444|1 0380/1.0842 21528 l27.7
o . 1 SR
Ethyl Ether ... ‘74-10 3561 ‘193'8 206+ 34/1-0271 1 +0383 ‘1 +0665 21595 |217.45]1-0352[1.02881.0650 2 1194 [34.7
! |
i I i I |
Methyl Ether ... 46 05 530 1271 1246 2¢ uzss"x 0315% 1+162* 1.1257%(15.2* } . i !
. o | w2739 L1227 ‘1 0155 [1-1401 2:0604 165 | ‘ e "
Propyl Exher ... 102-1431.7, :4 730 (1956 (12491 10711 13378 20716 | -0y ‘ | i

Cyclohexane

#-Hexane

84.13 4037 .

8014 [30.0  |234.5

191~36‘\1v0010
|

i

10583 [1.0596 |2- 2401 is»-ss 201.95
i

|
e loves ‘1 1176
\

1.014311.0430

10579

10439 .13

I

o

N
21760 ‘3

1.7

677 |2,1838 ‘15‘2.

of non-linear molecules containing carbon, hydrogen and oxygen, could
be expressed by the equation

(3n—6~Zq,)

(CV)I’.:U =3R+ EQiva +

where Zg.=no. of valence bonds in molecule, n=

quE 3t

total no. of atoms

in molecule, Ev, and EP;= Einstein’s functions for a given bond with

characteristic vibration frequencies, v, and §..

The numerical value

of v for each bond was determined from infra red or light scattering

data.

The values for §, were determined empirically from the experic

mental values of molecular heats for some known substances by a step

by step calculation.

This equation yielded results in excellent agreement
with their own experimental data obtained by the method of continuous

fiow calorimeter, and with that of other investigators,
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The values of the Einstein's functions are given below -—

‘ 3 | ABSOLUTE TEMPERATURE.
Bond 5 § : ! !
Molecule -1 1 T=200 | 330 370 Y] 430 490
i om, . i |
[ ' Comse |
- 990 0.362, 0.513 | 0660 | 0795 | 0.921 | 1-031
(Hch— é:H:‘) b 3 1470 J 1.572 ) 1-647 L0+ | 17ds | 1784
|
~0 1031 0-320 0463 0-606 0742 0.867 | 0-979
(A?cohol) ‘ 203 Te24 | 1.838 | 1884 1.002 1.916 | 1-027
I
C=C s 1620 00426 | 1-0867 | 1-148 0.223 0-308 | 0.397
(H,=CH,} | 843 0.549 0-718 l 0-871 1-003 10122 | 1.222
- [ !
C=0Q 1700 0320 | 0.0677 | 0-119 0-186 0.262 | 0-345
(Ketone) 300 a7 1572 ’ 1.647 1704 1746 | 1-78%
C-H ’ 2920 00002 | 00010 | 0-0031 0-0077 1 0-0157| 0-2628
{aliphatic” | 132 0125 | 0213 0.317 0-427 J 0-340 0651
i
C-H 1 3050 0.0002 ‘( 0-0006 |-  0.0021 0-0053 0-01121 0-0214
(aromatic) " 1320 | 0.125 | 0.213 \ 0-317 0.427 0-540 0651
0-H 3419 1 00001 | 0-0002 0.0006 | G-001¢ | 0-00431 0-0089
(H:0} 1150 ! 0.220 ) 0-340 i 0.469 (.598 | 0721 0-835
I ]

It is found that in the case of ethyl cther the contribution
of C—0 frequencies is one and half times that in alcohol, as
determined experimentally from the various values given in the
fiterature, that in methyl ether is the same as in alcohol. ‘

The use of the above table and equation yields (C,)y—.o as a
function of temperature. In order to calculate (C,),.., the conversion
of the two specific heats is made by using the Berthelot’s equation of
state and the following equation :—

~ 3
(Come=(Comst R [1 + gg x L )]

The results given in Table 14 show the excellence of this
formula for finding out the temperature coefficient of specific
heats. More elaborate calculations are possible through the work of
Mecke and Kohlrausch on the molecular structure, from the eigen
frequencies, with the help of Frank Einstein formula‘ This method,
however, leads to very complicated calculations and sometimes the
arrangement of the frequencies is not clear in absence of experimental
values for the specific heat of the vapour,
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Comparison of the Specific Heats C, with those calculated from
Spectroscopic data.

[ - -
CD : Tem (’»
emp.
Substance i?p'a T T Substance | o 7 "
! fovs fcal ! & Obs. | Cal. | &
: | i : \
] : ] | |
Acetone | 68 | 2041 Propyl Ether | 97-1 80 | 438 | 7
97.1| 22.0 Methyl Ether | 25 152 | 153 f - 1.1
103 | 2147 } 97.1 1 188 1 170 | 402
134 | 21.7 | ;
137 | 225 Ethyl Ether | 35 330 | 20 ‘ 4 3.8
181 | 23.9 135 27.8 | 2942 ~ 1.4
‘ © 68 317 | 31s | soe2
\ \ [ 971 | 346 | 334 | 412
Benzene 20 | 20-1 [ 20-2 ) -0l 100 1 352 33.5 1.7
74-3) 23.3 236 -0.3 ‘ 103 34.2 33.7 A 03
i S0 ) 20.3 23.9 -36 J 134 | 34.7 ’ 35.8 | ~ 1.1
L 90 | 254 | 24.0 | 408 137 .. 360 | ...
! 9741 2649 ol +1.0 | 196 356 | 367 1 -1
100 | 238 06 I 185 40-3 392 +1:3
{107 (250 |2 £0-t | 200 4.0, 403 | o7
Pasa 277 | 271 | =06 | 250 39.3 430 | ~3.5
137 | 27.5 | 27-3 | +0.2 \ 300 4 464 |~ 2.4
| 167 | 293 | 291 0.2 350 |44 | 498 | -5.3
I 350 | 380 1383 | +0:6 ‘ i ; X
i i i
b S
Cyclohesane | g7-1] 39.8 35,4 | +da.q | |
100 34-8 | 35.5 | ~0-7 i
134 | 397 | 366" -0-1 i !
157 | 37:5 | 397 | 22 ! | !
i H i ! { ‘
. Hexane ‘ 134 ‘ 157 | 39.1 [ 4 J‘ i :
| : i
J 137 | 30+ ; 39.2 1 +0-2 : T
| ‘ !
: |

The results at 97" for the various vapours differ appreciably
from those calculated, owing to the fact that Berthelot’s equation of
state does not hold very well for vapours which are not far removed
from the saturation point. It is significant to note that the values
of specific heats at 97° are systcmatically higher, as expected. At 134
the specific heats for the vapours of ethyl ether and acetone, are less
by 3.5 and 5% respectively than those calculated from the spectroscopic
data, which seems to indicate that we are near the dispersion region.
This fact was also confirmed by the marked absorption observed at

Ingher frequencies, When allowance is made for these factors, the
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values of specific heats calculated from supersonic  velocity are in
very good agreement with those obtained by the spectroscopic method.

Attention s, however, drawn to the serious discrepancy
between the calculated and the observed values for n-hexane. The
vaponr of this compound showed a fairly strong absorption at 127 Kha.
Tt appears that the frequencies 94—127 Khz, at which the measure-
ments were carried out, represent the dispersion region where the
time lag between the rotational and vibrational frequencies occurs.

In the case of n-propyl ether there is a complete disappearance
of all the vibrational specific heats even at 50 Khz. and measurements
were difficult at higher frequencies and temperatures.

Although further work is necessary to confirm this observation
it is significant to point out that in the case of n~hexane, the contribution
of the deformation frequencies () to the specific heat (the calculated
value of which is 26.7 cal., and that observed, 23.4 cal.), has disappeared
from the adiabatic elasticity of the vapour traversed by sound waves
of frequency 94 and 126 Khz. This phenomena and the anisotropic
nature of both #-hexane and propyl ether molecules, is similar to the
case of carbon dioxide, carbon disulphide and nitrous oxide, in which the
dispersion observed is accounted for by time lag in the transfer of
the energy between the vibrational and other states of the molecule,
and in which the observed rise insound velocity corresponds to the
disappearance of the contribution of the deformation oscillations
[¢f. Kneser, Ana. Physik, 1911, 11, p. 761. Kueser and Zulke, Zeits, £.
Physik 1932, 77, 649]. This point will be briefly discussed in the
subsequent parts of this series.

SUMMARY.

Specific heats of the vapours of acetone, benzene, cyclohexane,

n-hexane, methyl ether, ethyl ether and n-propyl ether have been
determined by the sound velocity method.

No appreciable dispersion was found over the range of 49.5—127
Khz., at 97" and 134", although a greater increase in sound absorption
at higher frequency was observed in some of the vapours,
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The values of the molecular heats derived [rom the observed
supersonic velocity, have been compared with those calculated from
the spectroscopic data by a semi-empirical formula. In the case of
n-hexane, there was an apparent disappearance of the deformation
vibrational heats, and in the case of n-propyl ether, therc was a
complete absence of the contribution of all the vibrational frequencies
to the specific heat. For the remaining substances, the specific heats
calculated from the velocity of sound at 49—127 Khz., are in agreement
with those obtained by the continuous flow calorimeter, especially at
134°, and with those calculated from spectroscopic data, and it
appears that the vibrational heats of most of the vapours, reach
equilibrinm  with other components of the molecular heat, 1 the
frequency range studied.

The results of the present investigation are summarised below :—-

J 9717 134°
| Cp . ! Cp
i S — S,
voly v Yoo !

| ob: cal | obs | cal

| E
Acetcne 238.6 1-1065 22-0 21.2 2511, 1-1062 21-7 22.7
Benzene 202.0 1.0894 26-9 230 212:65 1.0842 27-7 2741
Ethyl Ether 2003, 1-0065 | 346 33-4 217-4; 1-0330 347 35.8

t
Methyl Ether 273-9 1-1401 ! 16-8 17-0
(25°) 2462 1-1620 15.2 163 !

Propyl Ether 1940 1-3378 8-0° 43.8 e v e
Cyclohexane 19134 1.0596 39.8 35-4 201.9; 1.0579 397 39-6
i-TTexane o - 109-6 1-1677 15.22 39-2
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