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Vapor Pressure of Dimethyl Tetrachloroterephthalate 

Raul S. DePablo 
Diamond Shamrock Corporation, Painesvile, Ohio 44077 

The vapor pressures of dlmethyi tetrachloroterephthalate 
have been determlned In the range 75-160 O C .  
Thirty-flve temperatures were used wlth a mlnlmum of two 
results at each temperature. Measured vapor pressures 
were in the range 0.0007-1.478 torr and are expressed 
by the foliowlng equation: log p = 12.79 f 0.18 - (5480 
f 72)/T, where log p Is the declmal logarithm of the 
vapor pressure (torr) and Tls  the absolute temperature. 
Each constant of the above equation is followed by the 
95 % confidence Ilmlts. Experimental condltlons studied 
Included effuslon hole diameter and effusion time. Thls 
compound has no phase change below its meltlng point 
( - 160 OC).  Effusion procedure and gas saturation 
method were used in this work. The average molar 
vaporlzatlon heat Is calculated as -25 kcal/moi in the 
Interval 75-160 O C .  

Introduction 

The determinatlon of vapor pressures of pure organic com- 
pounds is an important consideration not only from the purely 
scientific standpoint but also for their commercial end use. The 
application of pesticides in agricutture and their potential action 
in humans make it necessary to know their absolute volatilities 
and, hence, their vapor pressures. A combined knowledge of 
the vapor pressure and the biological action of a pesticide will 
provide a clear picture of the enduse hazards. Some countries 
are beginnlng to require the determination of vapor pressures 
of pesticides as a precondition for marketing. In the U.S.A., 
the Environmental Protection Agency is preparing proposed 
pesticMe guldelines that include the determination of the vapor 
pressures and volatilization rates from water and soil. In this 
paper, the vapor pressures of dimethyl tetrachloroterephthalate 
(Dacthai) (Diamond Shamrock Corp.) are presented in the range 
75-160 OC. The equation relating vapor pressure and tem- 
perature, and a discussion of some experimental conditions are 
also given. 

Experlmentai Details, Apparatus, and Technlques 

All of the apparatus and the techniques used in this work 
have already been described elsewhere (7-3). Further ex- 
perimental details are given below. 

The mercury used for the calibration of the effusion foils was 
from Ventron Corp., triple distilled, with the following analysis: 
gold and silver, 0.0001 %; base metals, 0.0001 %; nonvolatile 
residue, 0.0001 % . It was used without further purification. The 
vapor pressure of mercury was taken directly from the tables, 
using linear Interpolation if needed (5). Effusion times ranged 
from 2 to 240 h; the loss in weight was 0.0012-0.052 g; ef- 
fusion hole diameters were ca. 0.1, 0.5, and 1.0 mm; the ef- 
fusion foil thickness was -0.03 mm; the inside volume of the 
cell was -2.5 mL; the amount of sample loaded into the cell 
was 0.1-0.2 g (fine powder); and the overall weight of the cells 
was 53-55 g, weighed to f O . l  mg. No condensation of the 
vapor was observed after a run either over the hole or on the 
outsii surface of the cell. The molecular species in the vapor 
phase were assumed to be the monomers, since this com- 
pound cannot form hydrogen bonds that might form dimers, etc. 
No sign of reaction between the cells (stainless steel) and the 

compound was observed, even after long effusion times (no 

Table I. Vapor Pressures of Dacthal-Effusion Method 
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temp Vapor press., temp vapor press., 
(+0.1), "C torr (tO.l), "C torr 

80.0 0.00182 105.0 0.0195 
85.0 0.00310 110.0 0.031 1 
90.0 0.00483 115.0 0.0493 
95.0 0.00765 120.0 0.0727 

100.0 0.01275 125.0 0.116 

Table 11. Vapor Pressure of Decthal-Gas Saturation Procedure 

temp vapor press., temp vapor press., 
( t l ) ,  "C torr ( t l ) ,  "C torr 

70 
75 
82 
90 
96 

100 
104 
110 
111 
112 
115 
118 
121 

0.0007 126 
0.00116 127 
0.0022 131 
0.0058 135 
0.0081 136 
0.0109 140 
0.017 141 
0.027 145 
0.035 146 
0.040 150 
0.052 155 
0.055 156 
0.086 160 

0.105 
0.136 
0.185,0.15 
0.219 
0.258 
0.302 
0.369 
0.436 
0.5 18 
0.733, 0.614 
0.941 
1.14 
1.478 

discoloration of the steel or the compound). 
In the gas saturation procedure, the flow of nitrogen was 

varied (0.84, 2.00, and 3.90 mL/min) at the same vapor pres- 
sure, indicating saturation. 

This compound was prepared by the procedure of Llndeman 
(4 ) ,  purified by three recrystallizations from boiling acetone, 
dried in a vacuum oven at room temperature for 48 h, ground, 
and obtained as a pure white powder. Calculated chemical 
composition: C, 36.1%; H, 1.8%; CI, 42.7%. Found by 
analysis: C, 36.2%; H, 1.8%; CI, 42.6%. The purity was 
99.6% by gas chromatography and 99.9 mol % by differential 
scanning calorimetry (20 'Clmin). The structural formula and 
the molecular weight are given in Figure 1. 

Results 

Experimental data are presented in Tables I and I1 for the 
effusion and gas saturation method, respectively. All of the 
results of both tables were combined and used to obtain the 
following recommended logarithmic equation for the range 
75-160 OC: 

log p(torr) = (12.79 f 0.18) - (5480 f 72)/T (1) 

where log p is the decimal logarithm of the vapor pressure (torr) 
and Tis the temperature in Kelvin. Each constant of the 
equation Is followed by the 95% confidence limits. The aver- 
age of the absolute percentage difterences between the original 
and the fltted data from eq 1 is 6.7 % . The average molar 
vaporization heat as calculated from eq 1 is 25 kcallmot in the 
range 75-160 OC. A graph of eq 1 with the experimental 
results plotted is seen in Figure 2. The points are on a straight 
line, and the Clauslus-Clapeyron equation is obeyed. 

The effusion procedure has a higher precision than the gas 
saturation procedure. The absolute percentage deviations be- 
tween the results of Tables I and I1 and the fltted values from 
eq 1 are respectively 3.2% and 8.0%. 
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F w e  1. Structural formula of the compound. The molecular weight 
is 331.96. 

Figure 
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F M  3. Variation of vapor pressure wlth effusii time; 105 OC; hole 
diameter, 0.1 mm. 
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Fig~u'e 4. Variatbn of vapor presswe with effusion time; 115 O C ;  hole 
diameter, 0.1 mm. 

Study of Some Experlmental Variables 

For each temperature and each effusion hole diameter, there 
is a minimum effusion time below which erratic results will be 
obtained. The causes of error, which may be severe at short 
effusion times, are the following: (1) the sample does not reach 
the bath temperature; (2) the inside of the cell is not saturated 
with the sample vapor: (3) the welghing error becomes signif- 
icant when the total loss in weight is very small; (4) the more 
volatile impurities evaporate first, making the vapor pressure 
too high. Figures 3-6 present the apparent variation of vapor 
presswe with the effusion time. There is always a horizontal 
portion of the c w e  which indicates the true vapor pressure at 
the specified temperature. Similar findings were reported for 
the vapor pressure of other compounds (2). The broken lines 

EFFUSION TIME ( h i  

Flgwe 5. Variation of vapor pressure with effusion time; 120 OC; hole 
diameter, 0.05 mm. 

EFFUSION T I M E  ( h )  

Fl~ure 0. Varlatiin of vapor pressure with effusion time; 115 OC; hole 
diameter, 0.05 mm. 

Table 111. Influence of LID Ratio on the Vapor Pressure 
temp, LID vapor press., temp, LID vapor press., 

"C ratio torr "C ratio torr 

80 12  0.00182 115 3 0.0489, 

80 51 0.00182 115 6 0.0489 
90 4.4 0.00506, 120 4 0.0721, 

90 26 0.0048, 8 0.0733, 

0.0497 

0.0046 0.0733 

0.0046 0.0741 

in Figures 3-6 correspond to erratic pressures, due to the 
mentioned causes. 

For each temperature, there is a trend toward erratic ap- 
parent vapor pressure, with increasing hole diameter. This 
trend is generally small, unless too small L ID  ratios are used 
(see Discussion). In our particular case, this effect, if any, was 
negligible. Table I11 presents some results obtained at different 
temperatures. 

Discussion 

The requirments imposed by the theory of the effusion pro- 
cedure and the relationships between the mean free path of the 
molecules ( L )  and the diameter of the effusion hole (D) have 
been discussed elsewhere ( 1, 2). In this work, the values LID 
ranged from 2 to 82. The specific gravity of this compound is - 1.6 g/cm3, this value being needed to calculate L by the 
equation already cited in the literature (2). 

When one takes into account the uncertainty in the L cab 
culation and the discrepancy in the value of L ID  above which 
the theory is valid, it seems that the best policy is to study the 
apparent variation of the vapor pressure with LIDand take the 
constant value obtained as the true vapor pressure. Our re- 
ported data were obtained with different L / D values and effu- 
sion times. 

The effusion cell constants were determined by the proce- 
dure already described in ref 7 by calibration with mercury. The 
same constants determined from the dimensions of the effusion 
hole and the appropriate correction factors agreed to ca. 
f 10 % . The actual constants used in this work were those 
determtml from the calibration with mercury. Two reasons can 
be cited for this preference: (1) there is still considerable un- 
certainty about the accuracy of the correction factors due to 
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the thickness of the effusion foil and other parameters: (2) the 
cell constants determined by calibration with hexamethyl- 
benzene, whose vapor pressures are known, coincided to 
-510% with those determined with mercury. 

Concluslons 

The vapor pressure of dimethyl tetrachloroterephthalate has 
been measured and reported. I t  has been experimentally 
shown that (a) the Clausius-Clapeyron equation is followed, at 
least in the range 70-160 O C ,  (b) for each temperature and 
each hole diameter, a minimum effusion time is required, and 
(c) for each temperature the L ID  ratio should be above a 
certain minimum. The effusion method seems to be more 
precise than the gas saturation method using the 916-TEA. 
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Glossary 
P saturated vapor pressure, torr 
kcal kilocalorie 
T absolute temperature, Kelvin 
log decimal logarithm 
L 

D effusion hole diameter, mm 

mean free path of the molecules of vapor inside the 
effusion cell, mm 

Ltterature Ctted 
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Chemical Equilibria in Condensed-Ring Systems. Isomerization 
Equilibria of cis- and trans-Decalin 

Robert C. Schucker 
Corporate Research Science Laboratories, Exxon Research and Engineering Company, Linden, New Jersey 07036 

Equillbrlum constants for the lsomerlzatlon of cls- and 
tram-decalln were measured In the llquld phase at 6.4 
MPa H2 pressure and temperatures between 545 and 621 
K. The enthalpy of lsomerlzatlon was found to be -2.75 
f 0.05 kcal/mol and the entropy of lsomerlzatlon was 
found to be -0.60 f 0.07 eu. While these values agree 
wlth previously publlshed data, absolute values of 
equlllbrlum constants dMer by approxlmately 10 %. 

Catalytic hydroconversion is an important process for the 
upgrading of heavy crudes, residua, and coal liquids to distillate 
fuels. The multlphase reactions which occur during the hy- 
droconversion of these highly aromatic feeds are both varied 
and complex: however, a key reaction is the addition of hy- 
drogen to condensed polynuclear aromatic hydrocarbons. 
Furthermore, at the temperatures and pressures used in some 
processes, there exists a very real possibility of equilibrium 
limitations. Unfortunately, there have been very few chemical 
equilibrium measurements made on polynuclear aromatic hy- 
drocarbons, so that it is difficult to predict a priori a possible 
limitation. 

A survey of the literature shows that most of the experi- 
mental work to date has been done in the vapor phase for 
compounds containing one or two aromatic rings ( 1-4). One 
experimental liquid-phase study was also presented (5). A 
limited amount of work has been published on three-ring sys- 
tems (4, 5) but to date there are no data available on four-ring 
compounds. Similarly, there are no data available on alkyl- 
substituted polynuclear aromatics and little available on heter- 
ocyclic species. Since there are significant amounts of these 
present in coal liquids and residua, these data are also needed. 

This paper describes a new experimental equilibrium cell 
which has been designed to obtain liquid-phase hydrogenation 
equilibrium data and presents experimental results for the 
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isomerization equilibria of cis- and transdecalin which differ 
from previously published experiments. 

Experlmental Section 

The liquid-phase experiments described in this paper were 
carried out in the equilibrium cell shown in Figure 1. The entire 
experimental layout is shown in Figure 2. The cell was con- 
structed of 316 stainless steel with an internal volume of ap- 
proximately 60 cm3. The bolted closure design utilized a self- 
energizing metal O-ring (UPA Components U6420-0275-SEB) 
to obtain the seal. The inside surface of the cell was coated 
with a Solaramic coating (Solar Turbines International, S- 
5210-2C) approximately 0.05 mm thick. Stirring was accom- 
plished magnetically by using a combination hot platelstirrer 
(Corning PC-35 1) with a glass-coated magnetic stirring bar (A. 
H. Thomas). The cell was wrapped with electrical heating el- 
ements and insulation on the top and sides: the temperature 
was controlled to f0.5 OC of setpoint with a Doric Controk80 
digital controller. Pressure was maintained constant with two 
MQ-Mite back pressure regulators to f O . l  MPa of setpolnt and 
the pressure was read digitally. The equilibrium cell was de- 
signed for temperatures up to 450 O C  at 10 MPa. Direct sam- 
pling of the liquid phase was accomplished through a '/*-in. 
(3.18-mm) 0.d. capillary dip tube (i.d. = 0.012 in.). Outside the 
cell this tube was connected to a microcapillary valve (Precision 
Sampling 460050) and a 7-cm needle from a l-pL syringe. The 
total volume of the sampling system was calculated to be less 
than 10 pL. However, to prevent contamination of samples, 
25-50 pL of liquid was withdrawn from the cell and discarded 
prior to taking each sample. A small volume sample was then 
withdrawn directly into a capped septum bottle containing 1 mL 
of n-heptane plus internal standard (ndecane). Samples were 
analyzed by gas chromatography on an HP 5834A GC equipped 
with FID using a 10-ft. (3-m) column packed with 3% Dexil300 
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