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Volume Ratio Measurements for Tetrachloromethane under Pressure 
at 308, 318, and 338 K 

Allan J. Easteal and Lawrence A. Woolf' 

Atomic and Molecular Physics Laboratories, Research School of Physial Sciences, The Australian National University, 
Canberra, A.C. T., Australia 

Volume ratlos for tetrachloromethane at 308, 318, and 
338 K and pressures up to 150, 181, and 250 MPa, 
respectlvely, have been determlned by udng a bellows 
volu"eter, wlth overall accuracy withln f0.04%. The 
rewlis extend the pressure range of prevlous data 
(maxlmum pressure 100 MPa) In the Ilierature. 

1. Introduction 

Measurements of the p - V- T behavior of tetrachloromethane 
were made by Gibson and Loeffler ( 7 )  at 25-MPa intervals up 
to a maximum pressure of 100 MPa for five temperatures in 
the range 298.15-338.15 K. The only data at pressures above 
100 MPa were the relative volumes of Bridgman (2) tabulated 
at 50-MPa intervals up to 150 and 350 MPa for 323 and 368 
K, respectively. For both sets of data there was uncertainty 
about the values below 50 MPa in ref 2 and 25 MPa in ref 7 .  

The present measurements are at three of the temperatures 
used by Gibson and Loeffler ( 7 )  but extend to pressures closer 
to the freezing pressures and involve several measurements 
below 25 MPa at each temperature. 

2. Experlmenial Sectlon 

The volume ratio measurements were made with a bellows 
vdwnometer which has been described elsewhere (3, 4). The 
basic equation for the measurements is 

k = VP/Vpo = 1 - (A/VPo)(I,o - I , )  

with A the effeciive cross-sectional area of the bellows, Vp and 
VPo the volume of the volumometer cell at pressures p and 0.1 
MPa and AI = I,o - lp the change In length of the bellows 
resulting from application of pressure p . 

Because A / Vpo depends on AI the volumometer is usually 
calibrated with water and n-heptane and the dependence of 
A I V,, o at each temperature represented by a cubic equation 
in AI. Before the present work the instrument had been cal- 
ibrated at 278, 288, 298, 313, and 323 K. Therefore for the 
measurements at 308 and 318 K the necessary A lVPo values 
were obtained by linear interpolation of those at 298 and 313 
K and 313 and 323 K, respectlvely. For the measurements at 
338 K the volumometer was calibrated with methanol and n- 
heptane. For methanol the volume ratios, k ,  were calculated 
from the equation given by Machado and Street (5). For n- 
heptane the volume ratios were obtained by extrapolatlon to 
338 K of the data given at 273, 298,313, and 333 K by Eduljee, 
Newitt, and Weale (6). 

The overall accuracy in A/Vpo is estimated as f0.1%. 
Values of A/ obtained from the experimental measurements are 
generally accurate to f0.05 % so that the overall error in [ 1 

Table I. Volume Ratios for Tetrachloromethanea 
PlMPa VPI VPO PlMPa VPl VPO 

T = 308.15 K 
1.05 0.9989 (0.9989) 
3.64 0.9963 (0.9960) 
8.60 0.9914 (0.9907) 

13.73 0.9863 (0.9855) 
18.43 0.9818 (0.9810) 
23.64 0.9770 (0.9762) 
29.8 0.9716 (0.9709) 
39.7 0.9635 (0.9629) 
49.9 0.9559 (0.9553) 
60.2 0.9490 (0.9483) 
69.9 0.9428 (0.9421) 
79.8 0.9370 (0.9362) 
89.8 0.9313 (0.9306) 
100.0 0.9258 (0.9252) 
110.8 0.9202 
119.8 0.9159 
130.1 0.9113 
140.3 0.9070 
150.3 0.9026 

T = 318.15 K 
1.40 0.9983 (0.9984) 
4.34 0.9949 (0.9948) 
9.22 0.9894 (0.9892) 

14.45 0.9839 (0.9836) 
18.67 0.9796 (0.9793) 
24.83 0.9737 (0.9733) 
30.1 0.9690 (0.9685) 
39.6 0.9609 (0.9604) 
49.8 0.9529 (0.9524) 
60.5 0.9452 (0.9448) 
69.8 0.9390 (0.9386) 
80.0 0.9326 (0.9322) 
90.2 0.9267 (0.9263) 

100.0 0.9212 (0.9209) 
110.0 0.9160 
120.0 0.9110 
130.0 0.9063 
140.7 0.9015 
150.2 0.8974 
160.1 0.8933 
167.7 0.8903 
181.5 0.8852 

T = 338.15 K 
2.76 
5.11 

10.21 
15.22 
20.23 
30.1 
39.1 
49.6 
59.7 
69.7 
79.9 
90.0 

100.3 
110.0 
120.1 
129.3 
139.9 
150.4 
170.8 
190.3 
210.2 
230.5 
250.2 

0.9961 (0.9961) 
0.9930 (0.9928) 
0.9864 (0.9861) 
0.9803 (0.9799) 
0.9746 (0.9741) 
0.9642 (0.9637) 
0.9556 (0.9551) 
0.9466 (0.9460) 
0.9387 (0.9380) 
0.9314 (0.9307) 
0.9246 (0.9238) 
0.9183 (0.9174) 
0.9122 (0.9114) 
0.9069 
0.9016 
0.8970 
0.8920 
0.8873 
0.8788 
0.8713 
0.8642 
0.8575 
0.8515 

a Values in parentheses calculated from eq 2 by using coefficients 
given in ref 1. 

- Vp 1 Vp 01 is fO. 15 % corresponding to a maximum error in the 
VPlVpo of Table I of f0.04%. 

Temperatures were held constant to f0.005 K and were 
measured to fO.O1 K. Pressures were measured with two 
Heise-Bourdon gauges recently calibrated with a dead-weight 
gauge; up to 25 MPa the readings should be accurate to 
f0.025 MPa and to f0.2 MPa above that pressure. The 
carbon tetrachloride was of analytical reagent grade, conform 
ing to ACS standard, that had been dried with a type 4A mo- 
lecular sieve for several months: low levels of impurities have 
an insignificant effect on the volume ratio. 

3. RewRs and Dlscusslon 

The volume ratios obtained from the measurements are given 
in Table I .  Gibson and Loeffler ( 7 )  expressed their results at 
each temperature by means of the coefficients of eq 2. Those 

(2) 

coefficients (converted to SI units) have been used to generate 
the volume ratios, k ,  included for purposes of comparison in 

1 - k = c log [(B + p ) / ( B  + PO)] 
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Table 11. Coefficients of Ea 3 for Tetrochlorotnethanea 

I 
0 

I 
B 

0 

I 
c 0 

I 

o a  

T/K ao/MPa al -az/GPa-’ aS/GPa-2 6KJ% 
308.15 981.425 25 1.490071 -36.327 9 -144.298 1 0.55 
318.15 830.976 43 4.743 49 3.819 29 2.24447 0.06 
338.15 700.55304 4.848 12 4.99263 5.31830 0.07 

to roughly l/lo that deviation in the volume ratio. 
The average deviation in K in column 6 (see eq 3) corresponds 

Although equations of the form of eq 2 provkle a reliable 
method of extrapolating outside the pressure range of the 
measurements they represent, such equations do not flt the 
measured volume ratios as well as secant bulk modulus equa- 
tions, usually of third order, of the form 

n 

/ = 0  
K = p / (  1 - k )  = Ea (i)# (3) 

Coefficients of eq 3 which provide a good fit to the present 
results are given in Table 11. 

Isothermal compressibilities, K, can be obtained from the 
volume ratios since 

K = 4 1 / V M d ~ ) r  = - ( l / k X d k / d p ) ~  

= 41 /@ - KIM1 - @/KXdK/dp IT) (4) 

Values of K obtained from eq 3 and 4 are shown in Figure 1 
where they are compared with those obtained from Gibson and 
Loeffler ( 7 )  (eq 1 and 4) and Holder and Whafley (7). Overall 
there Is the expected close agreement between K from the 
present measurements and those from Gibson and Loeffler; the 
greatest difference is found at 308.15 K. The systematic dif- 
ference from Holder and Whaliey is difficult to explahr although 
it should be remembered that the present data and those of ref 
7 are less a m a t e  the bwer the pressue and that bath Gibson 
and Loeffier and Holder and Whailey used mercury to transmlt 
the pressure. 

Registry No. Tetrachbromethane, 5623-5. 
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Vapor Pressures of Poly(dimethylsl1oxane) Oligomers 

Ora L. Flanlngam 
Analytical Research Laboratwy, Dow Corning Ccwporatkm, MMland, MichMn 48640 

Vapor prossure8 of seven linear, seven cycllc, and two 
branched dhwthyldloxane o#oomcm have bwn meamred 
over the penure range 7-133 kPa (50-1000 Torr). The 
exparlmcmtal data were Mhd by the Antohe oquatlon. 
Extrspoktlonr ol these data to the crttlcal point were 
made by uslng Meratwe or er#mat.d crittcal constants 
and the Hahn-Stlel extembn of Pltrer’s vcrpor pressure 
equation. Constant8 for the Halm-Stlel equatkn are 
given. The extrapdated data were a h  fH to the AIChE 
DIPPR vapor prosawe ecluatlon. 

Introduction 

For engineering calculations we required vapor pressure of 
low molecular weight cyclic, linear, and branched poly(dC 
methylslloxanes). Data were necessary which extend to the 
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critical point. Critical points are known for many of these oli- 
gomers, but vapor pressure data near the critical have been 
measured for only two. Also, examination of the literature 
showed remarkable variations in the reported vapor pressure 
for all of them ( 1- 18). For these reasons we have r e ” e d  
vapor pressure for the linear compounds from hexamethyl- 
disiloxane through hexadecamethyloctasiloxane, cyclic com- 
pounds from hexamethylcyclotrlsiloxane through octadeca- 
methylcyclononaslloxane, and the two branched compounds 
methytWtrimethyWoxy)silam and tetrak~~thykiloxy)si&ne. 
No literature vapor pressure data were found for the branched 
compounds. 

Because a# of these compounds have very long names, the 
system of abbreviation Introduced by Wilcock (1) wlfl be used. 
All of the compounds can be sa@ to be made up of four 
structural grwps, the monofunctional trimethyisiloxy group, 
(CH&Sio,,2 (M), the d M ” l  dimethylsibW ~KXJP, (CH&30 
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