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Vapor Pressure of Ethyl 
(5-Cyano-3,4-diphenyl-6-0~0- 1,6=dihydropyridazin- 1 -yl) acetate by 
the Effusion Method 

Raul S. DePablo 

Dhmond Shamrock Corporation, Painesville, Ohio 44077 

The effurlon method was used to determine the vapor 
pressure of ethyl 
(5cyano-3,4-dlphenyC6-oxo-1,6-dlhydropyridazin-l-yl)- 
acetate ( I )  at 13 temperatures, in the range 123-141 O C ,  

wlth a mlnhnum of two results at each temperature. 
Measured vapor pressures were In the range lO-'-6 X 
l o 4  torr and were expreswd by the foilowlng equation: 
log p = 13.40 - (6891/T), where p Is the vapor pressure 
in torr and T lo the absolute temperature. The 95% 
confidence limits for the constants of the equatlon are 
respectively f1.19 and f486. Experlmental condltlons 
studied Included effusion hole dlameter and dfuslon thne. 
Thls compound undergoes no phase change below the 
meltlng polnt (about 143 "C). Ail the results are for the 
crystalline phase below 143 OC. Some results by the gas 
saturatlon procedure are also included. 

Introductlon 

The determlnatlon of vapor pressures of pure organic com- 
pounds is an important consideration, from the purely scientific 
standpoint and for the commercial end use. A combined 
knowledge of the physical properties such as vapor pressure 
and the biological action of a pesticide will provide a picture of 
any end-use hazards. 

In  this paper, the vapor pressures of ethyl (5-cyano-3,edi- 
phen~x~l,~ihydropyrMazin-l-yl)acetate (I) are presented 
in the range 123-141 OC. Figure 1 presents the structure of 
this compound. 

Experimental Detalls 

App8ratus and Techdques. All the apparatuses and tech- 
niques used in this work have already been described else- 
where (7-3). Further experlmental details are given below. 

The mercury used for the callbration of the effusion ceHs was 
from Ventron Corp., triple distilled, meeting the following 
specifications: gold and silver, 0.0001 %; base metals, 
0.0001 %; nonvolatile residue, 0.0001%. I t  was used without 
further purification. Its vapor pressure was taken from the 
tables ( 4 ) ,  by interpolation, if needed. 

Effusion times ranged from 46 to 72 h, and weight decrease 
of the cell from 0.009 to 0.012 g. Hole diameters used were 
0.54, 0.60, and 1.0 mm. The inside volume of the effusion cell 
was -2.5 mL. The weight of the compound loaded into the 
cell was about 0.1-0.2 g (fine powder). No condensatlon of the 
compound was observed after the runs, either on the effusion 
hole or on the outside surface of the cell. The weight of the 
cell was -54 g. The molecular species in the vapor phase are 
the monomers, since this compound cannot have hydrogen 
bonds that might form dimers, trimers, etc. No sign of reaction 
of the compound with the cell material (stainless steel) was 
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Table I. Vapor Pressures of I by the Effusion Method 
temp,a 1O4(vapor press.), temp,a 1O4(vapor press.), 

"C torr "C torr 
123.6 1 135.0 3.0 
125.0 1.3 136.6 3.5 
126.8 1.6 137.6 4.3 
128.4 1.8 139.0 4.8 
130.0 1.9 140.0 5.6 

a t0.2 "C. 

observed after a run (no discoloration of the stainless steel or 
the compound). 

In  the gas saturation procedure, the flow of nitrogen was 
varied (0.84, 2.00, and 3.9 mL min-'), about the same vapor 
pressure always being obtained within the precision of the 
method. 

This compound was recrystallized 3 times from boiling 96% 
ethanol and dried in a vacuum oven at room temperature for 
3 days. The final product was a pure white powder. Anal. 
Calcd: C, 70.18; H, 4.77; N, 11.69. Found: C, 70.1; H, 4.9; 
N, 11.7. The purity by differential scanning calorimetry, run in 
duplicate, was 99.7, 99.8 mol %. 

Results 

These data 
were used to obtain the following equation by a least-squares 
method: 

Experimental data are presented in Table I .  

log p = 13.40 f 1.19 - (6891 f 486)/T (1) 

where log p is the decimal logarithm of the vapor pressure (torr) 
and Tis in Kelvin. Each constant is followed by its 95% con- 
fidence limit. A graph of log p vs. 1 / T  is seen in Figure 2 with 
the experimental values plotted. These are on a straight line, 
and the Clauslus-Clapeyron equation is followed. I t  is seen that 
the vapor pressure of this compound is very low and changes 
rather slowly with the temperature. 

The average molar vaporization heat is calculated from eq 
1 by the formula AH = (6891X4.59) = 31560 cal mol-' deg-'. 

The gas Saturation procedure was also applied to this com- 
pound. However, great difficulties were experienced in this 
case due mainly to two reasons: (a) the constancy of tem- 
perature in the 916 Thermal Evolution Analyzer can be assured 
only to about fl OC, as compared with f0.2 O C  in the effusion 
procedure; (b) the sensitivity, at these low vapor pressures, is 
barely sufficient to differentiate vapor pressures differing by 2 
X 10-4-5 X IO4 torr. The effusion procedure can determine 
these vapor pressures, but it requires careful work. The vapor 
pressure determined by the gas saturation procedure at 135 OC 
gave the following values: n = 8; average 2.9 X torr; SD 
= 2.2 X lo-' torr; relative SD = 76%. This vapor pressure 
agrees very well with the value by effusion, but the latter is 
much more precise. 
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Flgure 1. Structural formula of I, molecular weight 359.38. 
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Figure 2. Graphic of log p(torr) vs. 1/T. 

Table 11. Vapor Pressure of 1" 
LIR vapor press., torr 
98 5 x 10-4  
49 4.8 x 10-4 
24.5 5.1 x 10-4 

L = mean free path of the molecules; R = radius of effusion 
hole, t = 139 O C .  

Study of Some Experlmental Varlabies 

For each temperature and each effusion hole diameter, there 
is a minlmum effusion time below which erratic results can be 
obtained, but above which the vapor pressure can be safely 
calculated. 
Causes of error that may be very significant at short effusion 

times are as follows: (1) the sample does not reach the bath 
temperature: (2) the inside of the cell is not saturated with 
sample vapor: (3) the weighing error (fO.l mg) becomes slg- 
nlficant when the loss in weight of the cell is very small; (4) if 
the sample is not very pure, the more volatile impurities will 
volatllize first, making the vapor pressure too high at short 
effusion times. Figures 3 and 4 present the vapor pressure as 
a function of the effusion time, for the conditions indicated in 
each case. The horizontal portions represent the true vapor 
pressure. Similar results were reached before for other com- 
pounds (2). 

For each temperature, there is a trend toward erratic vapor 
pressure with increasing hole diameter. This effect should be 
expected, as the theory requires that the mean free path of the 
molecules of the compound ( L )  should be much larger than the 
effusion hole radius (R) .  I n  most cases, this effect is small. 
Table I1  presents some results obtained for this compound. I t  
is seen that the variation of vapor pressure, if any, is negligible. 
No effusion foils were available with R > 0.5 mm. Conse- 
quently, the minimum L I R  used was 24.5. 

Discussion 

The relationship between the mean free path of the mole- 
cules, the radius of the effusion hole, and the requirements 
imposed by the theory have been discussed elsewhere (2). In  
this work, the ratio L I R  was kept to a minimum of 24.5. We 
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Figure 3. Vapor pressure of I ,  t = 139 OC, hole diameter 0.54 mm, 
vs. effusion tlme. 
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Flgure 4. Vapor pressure of I ,  t = 125 O C ,  hole diameter 1.0 mm, 
vs. effusion tlme. 

have shown (2) that even lower ratios can be used without 
serious errors. 

Conclusions 

The vapor pressure of I has been measured and reported. 
I t  has been experimentally shown that (1) the Clausius-Cla- 
peyron equation is followed, at least in the range 124-141 OC, 
and (2) for each temperature, a minimum effusion time is re- 
quired. 
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Glossary 
L 
log 
P 
R 
n 
SD 
AH 

mean free path of the molecules, mm 
decimal logarithm 
saturated vapor pressure, torr 
radius of the effusion hole, mm 
number of determinations 
standard deviation, torr 
average molar vaporization heat, cal mol-' deg-' 
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