
PART VII. SPECIFIC HEATS OF THE VAPOURS OF 
DICHLOROIYIETHANE, CHLOROFORM, CARBON 

TETRACHLORIDE & ETHYLENE DIGHEORID@ 

By S. K. k"zlk1arni Jatkur. 

INTRODUCTION. 
In Parts V and VT (This journal, 1930, 22A, 10, 39) it was shown 

that the supersonic velocity in several organic vapours in the range of 
50 - 127 IChz. a t  97 ancl 134", showed no apprcci;ihle dispel-sion, 
;~lthougll increase in sound absorption with frequency was observed. 
In  the case of the vapours of 12-hexme, prop11 ether, iso-propyl alcohol 
;end tert-hutyl alcohol, the ;~bsorption was appreciable, and the measure- 
nients a t  50 and 94 Khz., gave velocities whicli were in agreement with 
c4thcr complete disappeavance of all the ~~hrcttion;il specific hc;~ts 
or, only of those tlrat were contrihuted h5- the trans~el-sc oscill;&m. The  
specific heats calulated from the velocity of sound in the other vapours 
were in fairly good agreement with those obtained by the spectroscopic 
method. 

In the present paper the results of the measuremerrk of 
supersonic velocity in the vapours of methylenc dichloride, chloroforq 
carbon tetrachloride and ethylene dichloride, have been reported. The 
molecular heats deduced from the observed velocity, have been compared 
with those calculated from the spectroscopic data. The agreement 
wis good in the wse of carbon tetrachloride ancl ~nethylene chloride for 
which no data are ;tvailahlc in literature, but in the case of chloroform, 
the molecular hitats were less by ahout 3.8 cals. This discordance 
is similar to thxt observed previously in the case of iso-propyl alcohol. 
Both of these molecules being of AXB, type, it is probable that the 
rotatjonal specific heats are degraded oming to gyration:on 11 -X axis. 



~ 1 , ~  tlieory or propagatio~l of soulid has uudcrgoix rcm;crIiahk 

during recent years [H,erzfeld and Rice (Phys. liev. 1938, 31, 
691) ; Knes.-r (Ann. d. T'hysili, 1931, 11, 761 and 777 ; 1933, 16, 
337) ; Henry (Nature, 1932, 129, 200) ; Zuhlke (&its. f. Phys. 1932, 
77, 649) ; Hcil (Tbid. 1932, 74, 31); Iintgcrs (:Inn. d. I'hysik, 1033, 
16, 350) ; Bourgin (Acoust. Soc. I., 1932, 4, 108 ; 1933. 5 ,  57) ; I ,ucli 
(phys. [iev., 1932, 40, 440) ; IZichards and lieid (J. Clrc~u. I'iiys., 
1933-34) ; Teeter (Ibid. 1933, 1, 251) ; liose (Ibid. 1g3.1, 2, 260)1, ; ~ n d  
it is hclieved that the results for specific heats obtained hy the velocity 
of soulid method, may requirc reinterpretation in I ~ g h t  of a. Iiitl~crto 
~ ~ ~ ~ ~ u ~ p ~ c t e d  development in the theory of thc ~nctiiod. It is claiincd 
tllat the ribrational heats of inost of the gases do not rwch ccluilihrict~ll 
mitll the otliel- componeilts of the molecular 11c;it under the conditiuns 
or sijunc! velocitv determinations, even a t  audihlc frequencies. 

tic cycle is first converted into cnergy of t r ;~nskati~i~ OF the nloleculc 
l>;rallel to the direction of con~pression, from wlicre it can be transformod 
into other trmshtory degrees of freedom. A part of the energy of 
tr;insIution, is trmsfornled into energy of rotation ; from tht: total 
~tocli of energy, a p;u-t of the euergy oi vibration is Cormcd. For 
i,very such molecul:ir process tliere is ;I delinite time of relas:\tion, 
; I I ~  the dispersion region corresponding Lo the transformation or tlw 
c~nei-g)- oC translation and rotation, into energy of vibration, nXty lie a t  
lower frequencies, as the rate of conversion is slow. 

The relocity of sound a t  low frequencies remains a t  ;L vr~luc V,, 
in which the translational, rotational and the vihrational frequencies oi 

the molecule take their full share in the adiabatic cycle. At higher 
frequencies the velocity may pass through thc first dispersivc region 
:ind remain constant at  a value V,, owing to the time lag between the 
rotational and transverse vibi-ational specific heats. When the frequency 
is further increased, the time period may be too short to perlllit the 
transfortnation of the  translational and rotational energy into the 
energy of all vibrations both transverse and longitudinal, when the 
vclrxity ~vill rcxcl~ :i terminal \ d u e  VCO. For most of the" complex 



molecules which have been studied in the present series of investigations, 
the velocity renlains constant between 49 and 127 Khz., and corresponds 
to V,, the time pxiod bsing sufficiently slow to allow the equilibrium 
to be reached between the various degrees of freedom of the molecule. 
In the cas- of chlbroform, cyclohexane and tert-butyl alcohol, the above 
range of frequency represents probably the V, stage, and the 
increas- in absorption and dispersion a t  the higher f;equency was 
prominently shown. In the case of propyl ether and to a lesser extent 
Iso-propyl alcohol, the velocity has apparently reached the Vm stage, 
when only the translational and a part of rotational specific heats, remain 
ictive in wave propagation. It is, however, essential to work a t  both 
lower and higher frequencies to establish the above speculations. 

The failure of a portion of the vibrational degrees of freedom of 
molecules, which are highly anisotropic, like 92-hexane and n-propyl 
4 e r ,  is in line with the bebaviour of molecules like carbon dioxide, 
~arbon disulphide and nitrous oxide. The researches of the author have 
~ d d e d  molecules of the AXB, type to the list of molecules which show 
~hsorption and dispersion, which can be attributed to a definite 
nolecular process. 

Owing to the unexpected developments in the theory of propa- 
;ation of sound it was thought that, molar heats calculated from the 
ielocity a t  supersonic frequencies, could not be compared with those 
~btained by the thermal methods and with those calculated from 
;pectroscopic data. Such however is not the case. With minor 
nteresting and important exceptions (which require further elaboration) 
he molar heats calculated from the supersonic velocities a t  50- 127 
(hz. are fairly in agreement with those determined by the two other 
nethods, wherever the data are available. 

EXPERIMENTAL. 
The apparatus used and the method of measurements have 

llready been described in the previous Parts. As the half wave lengths 
neasured, were of the order of 112 mm, there was always the possibility 
)f n~iscounting n X/2. The results have, therefore, been given in detail 
Tables 1 - 10) and have been corrected for the expansion of the reflec- 
or piston by taking the average of the forward and backward readings. 
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TABLE 3. 

Chloroform 97.1" 

Frequency 49.42 I e r .  

Screw 
reading 

mm. 

6.40 

6.30 

9.70 

11.55 

29.10 

63.85 

80.75 

9S.15 

115.75 

125.60 

127.50 

129.50 

130.85 

132.00 

TO I;? 
121.10 

121.20 

111-15 

121205 

727.13 

- 
Screw 

rcadmg 
mm. - 

8.60 

10.35 

16.10 

17.95 

35.28 

69.95 

87.70 

104.95 

113.40 

129.35 

131.15 

13'2.7: 

134.50 

66 h / 2  

115.0: 

Il4.Si 

11t.9 

Screw 
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mm. 

5 . ( , S  

6 4 0  
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1 /-L = 0.8937 mm. 

Mean X I 2  = 0.8941 rum 
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TABLE 4 

Chloroform. 134' 

Frequency 93 889 I<hz 

Screw 
reading 

mm. 

131.10 
130.11 
129.15 
128.30 
127.40 
117.75 
108.20 

98 G5 
89.15 
79.58 
70.05 
60.45 
50.95 
11.32 
31.78 
22.20 
12.55 
l i d 3  
10.65 
9 75 
6.83 

124 h -? 
118.55 
118.itS 
1 18.50 
118 55 
118 35 

71553 

-- 
Screw 

reading 
mm. - 
3 SO 
4.65 
6 63 
7 5O 
8.37 
9 34 

10.32 
11 25 
49 50 
59.35 
68.87 
78 35 
Y7.93 
97 90 

107.13 
I16 68 
1% 20 
137.1.3 
128.05 
110 05 
130 05 

L2+),2 
11s 0s 
115.7Ci 
11571 
1lS.iZ 
118.RO 

17"U-l 

Yelocity= ,t ), 
=119.65 m., see 

-- 
Screw 

reading 
mm. 

Yelocity = r i  ), 

=180.78 m.,'seo 
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?. 
J.\HLE 6' 

Carbon tetmcizlol-ide 97.1'. 

Frequency 95.82 IChz 

Screw 
reading 
nl m. 

I Screw 
t i  readlug 

1 Inill , 

Screw 
leedink 

mm 

A /2 = 0.5729 mm, A12=0.7579 mm. h/2=0-5724 mm. 

Velocity =+$A 
=I4524 m isec. 



08 
TAULE 7 

Carbon tetrachloricle 1.34" 
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The rewits for chloroform are given in % \ h h  3 and 4. Thew 

is appare~ltly no clispersion between 50 and 95 Jihz. :it 97.1". the nlean 
value of velocity heing 171.5 m./sec. At 1%- tht'lc: w:ts :I tiispersion 
of llearlr 1 meter lletwcen 94 and 126 lil~z., t1w Incxsuraliicr>t ; ~ t  tlw 
higher frequencies heing difficult owing to x~xorpt i~r~l .  Thcw i s  only 
olle value reported in the literature lor t h e  vclocity of sound i)y Stevcns 
(1900), which is vcrp much lower than the‘ \-:lIttr: obtai~rcd in the present 
paper. The other values given in thc 1ntern:rtion;il (:ritic;il T:11,1(:s have 
bee11 app;i~.ently detcrnlined for saturated v;~pour. 

The results for c;~rt)on tetrachloride ;Ire su~nnr;~riscd in Xh1t.s 5, 
6 and 7. The averaga velocity at  97. l", is 145.2 ~n. /  sec., :in11 a t  134", 
153.6 m./sec., there heing practically n o  dispersioli over the frequency 
range, at  both the tempernt.ures. Thew ;irtL n o  inx+ous \xluc*s For the 
velocity ol' sound in carbon tetrachloride vq1our. 

The results for ethylene dichioride are given in Tabies 8, 9 arid 
10. In spite of the complexity of the nnolecule, th1:rc: is apprently no 
dispersion at  hot11 the temperatures, over the Irequc.ncy range studicd, 
the average value of velocity heing IR0 .9  a t  97.1" ; ~ n d  100.4 a t  134". 
There is only one value (176.2 ~n./sec.) reported in the iitewture :it the 
bailing point (83.7") hy Rillhards Jr. a.nd Bishop Jr. (Jour. Acoust. Soc. 
Amer. 1936, Vol. 7, 225-227). 

The velocities of sound in vapours a t  different Freque~lcies are 
summarised in Table 11. The pressure was 685mm. 

Calculation of the Specific Heats from the Velocity of Sound. 

The molecular heats have been calcukted horn the veloclty of 
sound by the usual method. Table 12 gtvci t h e  rc~ult5 of such 
calculations. 



Cov~purtsort of the Spec@ Heats C, w ~ t h  tjwse culculufed jrom 
S+ectrosco$ic data. 

Methylene 
chloride 

Chloroform 

1 4 2 - 0 . 4 C a r b o n  0 
tetrachloride 

14.8 '4-0 3 ~ 30 

17.1 + 0 1  ~ 70 

1 7 6  1 -39 '  I 97.1 

176 - 1 0 ~  

17.7 -0.2 

18.1 -3.77 
13* 

I 
18 6 I+O.I 

I 

cal. .A  

Table 13 s h u n s  tbc: coi~lpnrison of thc ~nolecular heats obtained 
1 1  the present investigation and also those which havc been reported, 
in the literature, with the values obtained by Vold (Jour. Amer. Chem. 
Soc. 1935, Vol. 57, 1190- 1195) from spectroscopic data. I t  will be 
seen that the molecular heats of methylene dicbloride, for which there 
are no data available in literature, are in fair agreement with those 
calculated from the spectroscopic data. 

In the case of chloroform, while most of the results given in the 
literature are of the same order as those calculated, the results of the 
present investigation are syste~netically less by about 3.8 calories a t  
both the temperatures. As the lnolelcule is similar to iso-propyl alcohol 
the spin on the C-H axis will result in loss of R calories for the other 
two degrees of rotation, the balance (1.8) may be due to partla1 loss by 
C - C1 transverse linkage, but not to a dispersive region, This fact taken 
along with the higher absorption observed in this Tapour, shows that the 



veiocity has already suffered one transition below 50 Khz. and that the 
second dispxsive region has already been felt a t  127 I ' k .  

The results indicate that there is a dropping out from the acoustic 
cycle, a group of rotational and concomitant vibratioml states. The 
apparent reason for the suppression of the rotational degree of freedom 
which contributes ]ti calories in the case of iso-propyl alcohol, and 

:R calorie in the case of fert-butyl alcohol, is the degradation of the 
rot~tional energy into that of gyration owing to quasi-tetrahedral 
structure AX%, of these molecules. 

In the case of carbon tetrachloridc, although it comes under thc 
same category as fed-butyl alcohol, the results a t  97.1" and 13.1" arc in 
fair agrecment with those calculated, and also with those given in 
literature, which indicates that all the heat capacity remains 
Euliy active i n  the range of frequencies studied. It is interesting 
to note, liowever, that one of the values reported in literature a t  70" 
is 3.7 calories less than that calculated from the spectroscopic data 
just as in. the case of the results with chloroform, found in the present 
investigation. The degradation observed in the case of tert-butyl 
:~lcohol may be due to unequal loading of the tertiary carbon atom. 

It has been shown that there is a concomitant dropping out of 
rutational and deformational vibrational degrees of freedom in 
a comparatively low frequency range. The reason for the suppression of 
some of the rotational states in the inolecules of the AXB, type, is 
the gyration of the molecule along the A-X axis on account 
of the high moment of inertia of the molecule. Such a gyration of the 
molecule may have resonance frequencies below 50 Khz. The sup- 
prqsion of the bending oscillations from taking part in the specific 
heats also readily follows, on the basis of the gyration of the molecule. 

IJnfortunately the frequencies of this order (50- 100 Khz.) are 
too small to be observed by any spectroscopic method. A study of 
the rotational lines in the far infrared shows spacings of the order 
of 1 cm -' for inolecules iike CH,Cl, which may be smaller for heavy 
molecules like CHCl*. In the case of such molecules it may not be 
Gsihle to resolve the fine nbiicture lines, although information regaiding 



the moment of inertla ma)- be obtained from the nature of the 
"envelop" and by actual ca lcul~t~ou from molecular data. 

In the case of the molecules which arc increasingly anisotropic 
like 12-hexme and n-propyl ether, it is suggested that, there is a partial 
loss of the specific heat due to rotational enel-gy and deforrnational 
e~ie'gy. This effcct is Inon: prono~uiced longzr the  chain, because 
; k t  50 Khz., methyl ether show; normal specific heat, while 
ethyl cther indicates a slight diminntioil, and propyl e t h a  has reached 
thc complete tramition to Vm stage. Tlte probable manner by which 
such molecules can show the phenomena of absorption and dispersion, is 
lly ~ri-ntation of t l ~ c  nloleculc with its length in ihc direct1011 of 

pqmg.~tion O F  sound. Such ;i.n ;~ rm~ge inen t  can convert the translational 
cllergy of the molecule into the vibrational energy, by the end on collision, 
; ~ n d  mill result in ;L loss of one rotatioiial statc out of the two, which arc 
~wirihlc Fot linear molecules. 

;\lthough further worli is essmtial to establish the above spech- 
lxtion,, t . 1 ~  possibility of multiple transitions in supersonic velocity which 
was originally put forth by W. T. Iiichards, has been pnrtially suhstnn- 
tiated by thc results of tho author, and docs not now appear to ho 
entirely fantastic. 

Tlic results uf the investigations presented in Parts I-VII of this 
series clearly indicate the desirability of an intensive programme of wori; 
in this fascinating field. It is necessary to reach the accuracy of the 
optical interferometer Ly paying special attention to the various physica1 
factors and to extend the measurements to hot11 1:igher and lower 
frequencies a t  higher temperatures, where the corrections for the compres, 
sibility introduce less uncertainties. Several diFficulties in thc worli have 
now been overcome, and further work on these lines is in progress. 

The supersonic velocities i n  vapours of dichlorometbane, chloro- 
form, carbon tetrachlorick and ethylene dichloride have been measured 
;it 97.1" and 1N02 ovcr n i.:u~ge 01 507 127 Khz, It I~xbeemfound that 



in the case of chiordor.m, there is an appreciable dispersion a t  the higher 
frequent).. 

The molecular heats of the various \.apours, calculated from 
tile ~~~easu red  velocities; are in fair agreement with those calcukted 
from the spectroscopic data, except in the case of chloroform, which 

a diminution of the molecukrr heat hy about 3.8 cals. a t  both - 

the temperatures owing to n, definite transition in supersonic velocity. 

It has been pointed out that most of the ~nolecules which 11;1vc 

either dispe~xion or transition in the velocity of sound over the 
frequency r;inge studied, are of AXB, type, or are highly anisotropic. 

The results of t h e  present investigation are surnmarised in thr 

following tah1e:- 

C hioroforrri 
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Kt11 y lenr. 
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