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THE VAPOR PRESSURE OF PHENYLHYDRAZINE 
AS A 

FUNCTION OF THE TEMPERATURE 

INTRODUCTION 

Work now in progress in this laboratory required data re- 

garding the vapor pressure of phenyihydrazine. A search of the 

literature revealed a surprising lack of information. However, 

the foflowing values were given: 

min. Hg. Temperature °C. Source 

760 243.5 (corr.) Perkin 
(16) 

760 243 Blanksma 

750 241-242 Fischer, E. 

15 144 Oddo, B. 
(15) 

12 12l. Kohirausch and 
ICaliovec (12) 

AU of these constants were determined by distillation methods, 

therefore there was the possibility oí' superheating. 

In order to obtain more complete data and supply the in- 

formation needed, the present investigation was undertaken. 

The methods for studying vapor pressures fall into three 

main divisions: (1) transpiration (gas saturation), (2) dynamic, 

and (3) static methods. 

The transpiration (gas saturation) method consists of 

slowly bubbling dry air, or an inert gas, through a liquid, 

in a suitable saturator, at constant temperature. The gas 
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becomes saturated dth vapor of the liquid, and the partial 

pressure of the latter in the resulting mixture iill be equal 

to the vapor pressure. Assuming that Dalton's law of partial 

pressures holds and that the vapor behaves ideally, then 

pV = W RT 
M 

where p is the partial pressure of the vapor, V is the total 

volume of gas and vapor formed in the saturator, W is the 

weight of liquid vaporized, and M is the molecular weight 

of the vapor. A very important source of error in this method 

is the measurement of the large volume of air, or inert gas, 

used. For this reason the method was not used. 

The dynamic method consists of fixing the external 

pressure and observing the temperature at which the liquid 

boils. The best 1iown application of this method is that of 

Ramsey and Young. A boiling tube is closed mith a stopper 

containing a thermometer with its bulb covered with absorbent 

cotton or glass wool, a dropping funnel containing the liquid 

to be investigated, and ari outlet tube connected to a large 

bottle which serves as a pressure reservoir. The pressure is 

maintained constant at sorne definite value. The tube and its 

contents are then warmed until the thermometer reading does not 

change when a amai]. quantity of liquid is aflowed to flow out 

of the funnel and moisten the cotton or glass wool. The pressure 
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of the system is then the vapor pressure of the substance at 

that temperature. 

Since phenyihydrazine decomposes when it conies in contact 

with cotton or glass wool, this method was not suitable. 

The principle involved in the static method of measuring 

vapor pressures is that the equilibrium pressure of the liquid 

is observed at a series of fixed temperatures. One of the most 

convenient of the static methods involves the use ol' the 

isoteniscope of Smith and Menzies (18) The procedure, to be 

described later, is simple and direct, but possesses none of 

the objectionable features of the other methods. This method 

was therefore used in the present investigation. 

Since the vapor pressure of water is known accurately, 

vapor pressure measurements were made upon it to check the 

apparatus and technique of the operator. To provide ex- 

perience in the manipulation of the apparatus at higher temper- 

atures, the vapor pressure of aniline was also determined. 
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APPARATUS 

The apparatus used in the measurement of the vapor 

pressures is shown diagramatically on page 4. 

Isotenisçpe. The isoteniscope, A, used in this 

experiment was similar in design to that of Smith and Menzies. 

A slight modification was made in that a short piece of number 

nine Pyrex tubing, e, was attached to the side of the bulb. 

This made it possible to introduce the sample into the bulb 

by direct distillation and subsequent sealing of the tube. 

The Heati h, Coils, Stirrer. A four 

liter beaker, covered vdth several layers of asbestos and 

provided with peepholes, served as the container for the heat- 

Ing bath. For temperatures up to ninety degrees Centigrade, 

water was used as the bath liquid. A heavy grade of mineral 

oil, "Kaydol", was used for the higher temperatures. 

The bath liquid was heated electrically by means of two 

spade-type immersion heaters. One heater (C, 150 watt) was 

connected to the electric circuit by means of a snap switch. 

This enabled the heater to be used continuously at the higher 

temperatures, r intermittently when it was desired to raise the 

temperature for the lower values. In the circuit vdth the other 

heater (B, 250 watt) was included an kìjust-A-Volt variable 

transforner, by means of which the temperature could be changed 



rapidly or controlled. By means of these controls, the temper- 

ature was adjusted so that it was constant to ± 0.02 degree for 

at least five minutes. 

A mechanical stirrer, D, agitated the liquid so that a uni- 

form temperature was obtained throughout. 

The ometer. The manometer, E, used in this experiment 

was made according to a design originally described by Germann. 

The advantages of this type of manometer are the ease with 

which a Torceflian vacuum cari be proved, and the ease with which 

any trace of air can be removed. 

In order to prove the absence of air above the closed mercury 

colwmi, b, the level of the mercury is raised until it meets the 

column of mercury in the capillary, á, attached at the top. If 

the two bodies of mercury cari be made to join, there must be no 

air present. 

ny traces of air which may be found to be present may be 

removed by causing a small amount of mercury from the closed 

tube, b, to run over into the capillary tube, c, carrying the 

bubble of air with it. 

A 110 degree thermometer, G, graduated in degrees centigrade, 

was suspended beside the two mercury coiwnns. The bulb ol' the 

thermometer was immersed in a small vial of mercury of the same 

bore as that of the manometer tubes. The temperature of the mercury 

in the manometer was taken as the sanie as that of the mercury in 

the vial, 
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A twenty-five watt electric light was arranged behind the 

manometer in such a manner that the meniscus of the mercury in 

each column could be plainly seen. 

The Cathetonieter. A cathetometer was used to measure the 

difference in heighth of the mercury levels. The cathetometer 

scale was graduated in millimeters and the attached vernier 

was graduated in tenths of a millimeter. A thermometer was at- 

tached to the cathetorneter to determine its temperature. 

Th Thermometers. A three-inch iimersion thermometer, F, 

graduated in tenths of a degree from zero degrees to one hundred 

degrees centigrade was used in determining the temperature of the 

water bath. A similar thermometer graduated in tenths of a degree 

from one hundred to two hundred degrees centigrade was used in 

determining the temperature of the oil bath. The zero to one 

hundred degree thermometer was calibrated against a similar 

thermometer graduated in two tenths of a degree and standardized 

by the United States Bureau of Standards The one-hundred to two- 

hundred degree thermometer was calibrated against a one-hundred to 

two-hundred degree total immersion type thernometer, graduated in 

five tenths of a degree, standardized by the Physikalisch-Technische 

Reichsanstalt of Germany. 

The auxtliary thermometers used to measure the temperature 

of the emergent mercury column of the thermometer, F, and to 

measure the temperature of the manometer and cathetometer were of 



the 110-degree type, graduated in degrees. In order to prevent 

errors due to the condensation of the bath liquid on the aud1iary 

thermometer, both the tenth degree and andliary thermometers were 

enclosed in a section of large bore glass tubing. 

The large four liter flask, J, increased the volume of the 

system, thus preventing unduly large fluctuations in the pressure 

by the removal or addition of rnall amounts of nitrogen. 

The filter flask was connected by means of heavy-walled 

suction tubing to a two-way stopcock. One side of the stopcock 

was joined to the nitrogen line, hile the other side connected 

the vapor traps, L, and the tt_Vacfl pump into the system. By 

means of this stopcock it was possible to isolate the pump from 

the remainder of the system. 

Any of the vapors which might have passed through the condenser, 

J, of the isoteniscope were condensed in the distilling flask, I, 

which was cooled by imiersion lxi an ice bath. 

The stopcock, K, in the line leading from the filter flask 

to the manometer enabled the manometer to be separated from the 

remainder of the system. 

In order to test the system for leaks, it was evacuated and 

allowed to stand for three days. At the end of that time there 

was no appreciable change in the levels of the mercury. 

The. Nitrogen SuppJ. The nitrogen was passed through a 



solution containing twenty-eight grams of pyrogallic acid in 

100 milliliters of water and sixty-five grams of sodium hydroxide 

in loo milliliters of water, to remove any traces of orgen which 

might be present. The nitrogen was then passed through tubes 

containing anhydrous calcium chloride and Anhydrone to completely 

dry it. 

An all-glass distilling apparatus was used for the distil- 

lation of the aniline and phenyihydrazine. 
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MATERIALS 

Phenyihydrazine. The phenyihydrazine wa prepared by 

the reduction of benzendiazonluin chloride by sodium sulfite 

according to the method of G. H. Coleman (2) 
The sample used 

was purified by distillation under reduced pressure (l mm.) 

in an atmosphere of nitrogen. The middle fraction from ap- 

prod..matoly 250 milliliters was distilled onto crushed stick 

sodium hydroxide. After standing for some time, the phenylhydrazine 

was redistilled. The middle fraction (approd.mately twenty 

milliliters) was introduced into the bulb of the isoteniscope 

by means of the tube, e, which was then sealed. 

Water. The water samples used were distilled from alkaline 

permanganate in a conductivity still directly into the 

isoteniscope. 

!niline. Eastman's white label grade aniline, purified 

by re-distillation, was used in this investigation. Zinc dust 

was added to aprodinately 250 milliliters of aniline and the 

middle fraction was distilled in an atmosphere of nitrogen 

onto crushed sodium hydroxide. This portion was then redistilled, 

'with the middle fraction being introduced into the isoteniscope. 
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EPELU.ENTL PROC EDURE 

The isoteniscope was cleaned with warm alkaline potassium 

permanganate solution. The instrument was then rinsed with the 

following solutions in order: (i) dilute hydrochloric acid 

solution, (2) hydrogen peroxide solution, (3) distilled water, 

(4.) 95 ethyl alcohol, and (5) C. P. diethyl ether. Dry air 

was then passed through the instrument for several hours to 

remove all traces of any ether vapor. 

A close-fitting rubber stopper was placed in the distilling 

flask, I, and the entire system was evacuated. Nitrogen was 

admitted until atmospheric pressure was reached. This was re- 

peated several times until the entire system was filled with 

nitrogen. 

The isoteniscope, containing the sample, was then con- 

nected to the system, all joints sealed, and the system evacuated. 

The temperature of the bath was then raised to the point 

where it was desired to begin measurements. The pressure of 

the system was reduced to the extent that some of the liquid 

distilled over into the U-tube of the isoteniscope and refluxed 

with moderate vigor. This refluxing process ("boiling out") 

was al1owd to continue for fifteen or twenty minutes. The 

purpose of the "boiling out" process was to remove all nitrogen 

from the space between the bulb and the U-tube of the isoteniscope. 
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During the period of refluxing, the temperature of the bath 

was regulated by means of the Mjust-A-Volt variable transformer, 

so that the temperature varied less than 0.05 of a degree for at 

least five minutes. 

After sufficient refliudng, nitrogen was admitted until the levels 

of the liquid in the U-tube were identical. Care was taken so that 

no nitrogen passed through the U-tube into the bulb. The stopcock, 

K, separating the manometer from the remainder of the system was 

then closed and both the bath thermometer, F, and its auxiliary were 

read. The light was then adjusted at the proper height behind the 

manometer. The mercury level was sighted through the cathetometer, 

care being taken to avoid errors due to parallax. The light was 

turned off immediately and the height of the mercury column read 

from the cathetometer scale. The height of the other mercury column 

was determined using the same procedure. Lastly, the temperatures 

of the manometer and cathetometer were read and recorded. 

The refluxing process was repeated and the measurements taken 

at the same temperature until constant values were obtained. This 

was an indication that all of the nitrogen had been removed from the 

space between the bulb and the U-tube of the isoteniscope. 

The temperature ci' the bath was then changed by approximately 

five degrees and measurements made as before. To be reasonably 

certain that the temperature within the isoteni scope was the sanie 

as that recorded by the bath thermometer, the temperature was 
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maintained as constant as possible for twenty or thirty minutes be- 

fore measurements were made. 

It was found to be desirable to "boil out" the isoteniscope 

before every second or third determination. 

Measurements were made using both the procedure of increasing 

the temperature of the bath and that of decreasing the temperature 

of the bath. It was found that both procedures gave comparable 

values for any given temperature. 
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CORRECTION FACTORS 

Thermometer Corrections. The observed bath temperatures 

were corrected ung the factors obtained when the thermometer 

was calibrated against the standard thermometer. 

Manometer Corrections. The observed manometer readings 

were corrected to 0.00 C., using the equation: (13) 

h0 = ht (i - 0.000174 t) 

where h0 is the corrected mercury height to 0.0° C.; h. is the 

observed height at temperature t; and t is the average temperature 

of the manometer and cathetometer. The factor 0.000174 takes 

into account the cubical expansion of mercury and the linear 

expansion of hardened steel of the cathetoineter. 

To reduce the observed pressures to sea level at 450 latitude, 

the following equation was used: (14) 

po - h0 (i - 0.0026 cos 2L - 0.0000002 A) 

where 
po is the corrected mercury height to 

0.00 C. and to sea 

level at 45° latitude; h0 is the corrected mercury height to 

0.00 C.; L is the latitude; and A is the altitude, in meters, 

of the location where the observations are being made. The 

latitude and altitude of Corvallis are 44 341 and 71.63 meters. 

These values gave the following equation: 

po h0 (0.999946) 

This correction factor gave no appreciable change so was neglected. 



15 

RESULTS AI'D DISCUSSION 

The Vapor Pressure of Water. The system and technique of 

the operator were tested by measuring the vapor pressures of water. 

In Table I, the values obtained for the vapor pressures of water 

are listed opposite comparative values taken from the International 

Critical Tables. 

TABLE I 

The Vapor Pressure of Water 

Temperature I.C.T. Pressure Pressure Obs. by Deviation 
this investigator 

OC mm. ofHg. * nmi of Hg rnij. of Hg. 

22.23 20.81 20.3 -0.51 

24.56 23.14 22.E -.34 

30.20 32.19 32.5 4.31 

35.03 42.24 42.0 -.24 

40.55 56.96 57.0 4.04 

45.05 72.06 72.2 

50.35 94]. 94.1 -.08 

55.50 120.90 121.0 4.10 

60.55 153.15 153.0 -.15 

65.10 188.3'7 188.6 4.23 

69.80 231.70 231.3 -.40 

74.95 287.50 287.]. -.40 

The mean deviation between the values is t .24 

Note: * Calculated from recorded values by intergolation. 
** Corrected to 0.00 C. at sea level and 45 latitude. 
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The Vapor Pressure of Aniline. In order to test the system 

and the technique of the operator at higher temperatures, the 

vapor pressure of aniline was determined. The values obtained 

are listed in Table II, and shown graphically on page 17a. 

TABLE II 

The Vapor Pressure of Aniline 

Temperature Pressure Temperature Pressure 

0C. mu. of * O mm. of Hz. * 

105.49 56.8 125.94 125.8 

105.94 57.8 129.97 144.4 

110.23 68.9 130.29 147.4 

111.22 72.3 130.88 150.3 

111.38 72.5 135.21 173.1 

115.01 83.7 136.04 179.7 

115.08 83.3 136.12 179.5 

116.94 90.2 140.22 205.2 

120.60 103.0 140.58 208.5 

121.47 106.7 140.63 209.4 

123.41 U5. 145.12 241.8 

125.54 123.6 145.76 246.5 

Note: * Corrected to 0.00 C. at sea level and 
450 

latitude. 

The values obtained were plotted on large coordinate paper, 
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and the best curve drawn through the pointe. The pressure at even 

values of temperature was read froni the curve These values are 

given in Table III, together .th values deteriiiined by Ramsey-Young 
7) 

and F. J. Garrick. 
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Smoothed Values for the Vapor Pressure of .niline 

Temperature Pressure Obs. by Raznsey-Yoimg F. Garrick 

this investigator pressure pressure 

°C. mm. of Hg. *_ mm. of Hg. imn. of Hg 

105 55.4 56.2 

106 58.7 57.25 

108 63.6 62.38 

no 68.7 68.5 67.46 

112 74.3 73.09 

114 80.4 79.13 

115 83.7 83.1 

116 86.8 85.58 

118 93.L 92.47 

120 100.8 100.4 99.80 

122 lOb.5 107.68 

124 117.1. 115.99 

125 121.0 120.8 

126 125.3 124.88 

128 134.3 134.36 

130 145.0 144.7 144.42 

132 155.4 155.12 

134 167.1 166.41 

135 172.6 172.5 

136 179.3 178.46 

138 191.4. 191.15 

140 204.6 204.6 204.95 

142 222.6 219.15 

144 233.9 234.53 

145 241.5 

Note: Corrected to 0.00 C. at sea level and 
450 

latitude. 

The values obtained were in very good agreement with the 

values obtained by Ramsey-Young, and agreed with those of 

F. Garrick as well as his did with those of Ramsey-Young. 



19 

The Vapor Pressure of Phenyihydrazine. In Table TV is 

given the data of a series of vapor pressure measurements on 

phenylhydrazine over the temperature range 105 to 1500 centigrade. 

TABLE IV 

The Vapor Pressure of Phenyihydrazine 

Temperature Pressure Temperature Pressure 

o °C. itn. of_Hg.* C. nm. of Hg. * 

SAkPLE I. 

105.25 7.4 125.59 17.4 
105.36 6.9 129.90 21.4 
106.03 .2 130.19 2).1 
110.13 3.7 130.36 21.5 
110.63 .8 134.73 26.0 
111.22 10.3 l5.53 26.7 
114.91 11.8 135.97 27.2 
115.23 11.0 140.23 
115.3e 10.9 140.43 32.6 
120.66 13.9 1.40.94 34.2 
121.26 14.2 145.62 43.E 
122.77 15.6 14.6.00 40.7 
125.34 17.2 146.66 42.6 

SAMPLE II 

106.62 7.4 125.56 17.g 
108.62 9.2 127.64 18.6 
113.06 9.7 130.30 21.3 
115.73 U.8 1,2.69 22.9 
116.55 12.3 15.32 26.6 
117 .69 11. 9 137 .66 2s .9 
119.28 13.7 142.45 36.4 

U9.E9 13.6 144.09 37.5 
122.57 14.7 146.57 43.2 
123.34 15.4 147.54 43.8 
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TABLE IV (continued) 

The Vapor Pressure of Phenyihydrazine 

Temperature Pressure Temperature Pressure 

0C. min. of Hg. * °c. . of U. * 

SAPLFJ III 

109.43 9.0 127.42 L3.2 
110.95 9.5 131.26 21.6 
114.03 10.5 135.44 25.9 
114.8 l0. l4U.9 32.7 
119.49 12.2 146.43 41.1 

Note: * Corrected to 0.00 C. at sea level and 
450 

latitude. 

The dependence of the vapor pressure of phenylhydrazine on 

the teraperature could be related according to classical theory 

by the Clausius-Clapeyron equation: 

_]n p L 
dT 

or in the integrated form: 

logp -L i .c 
2.303E T 

where p is the pressure in min. of mercury, L is the heat of 

vaporization per mol, E is the gas constant, T is the absolute 

temperature, and C is an integration constant. The assumptions 

are made that the heat of vaporization is constant and that the 

perfect gas law applies to the vapor. If log p is plotted against 

l/T, a straight line should result. However, this would be true 



only over a limited range of temperature where there is no variation 

in the latent heat. 

Numerous attempts have been made to apply empirical equations 

which could be extended over a larger range of temperature. Cox 

and Davis have applied an empirical equation to a rrniDber of 

hydrocarbons, alcohols, organic acids, and halogen substituted 

benzenes which gave a straight line over the temperature range 

0-340 degrees centigrade. The equation used is 

logpA- B 

t i 230 

where p is the pressure in mn. of mercury, t is the temperature 

in degrees centigrade, and 1 and B are constants. 

This equation was used in the present work to relate the vapor 

pressure of phenyihydrazine and the temperature. The best values 

for and B were calculated by the method of least squares' 
lo) 

from fifty vapor pressure determinations between 105° and 1500 

centigrade. The resulting equation is 

log p 7.9046 - 2366.J 
t, 230 

where p is expressed in mm. of mercury, at O.0 C. at sea level 

and 45 latitude, and t is the temperature in degrees centigrade. 

Vapor pressures at even temperatures calculated from this equation 

are given in Table V and represented graphically on page 22. 
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TABLE V 

Vapor Pressure of Phenyihydrazine 

at Even Temperatures 

Temperature Calculated Temperature Calculated 

pressure pressure 

0C. mm. Hg. 0C. mm. Hg. 

20 2.8 x io_2 125 17.3 

30 6.4 x io2 130 21.4 

105 6.9 135 26.4 

110 8.8 140 32.3 

115 11.1 145 39.3 

120 13.9 150 47.5 

The Heat of Vaporization of Phenyihydrazine. The latent 

heat of vaporization of phenylhydrazine was calculated at a 

series of temperatures by means of the integrated form of the 

Clausius-Clapeyron equation: 

log (P'/P") = L(T' - T") / (2.303 x R x T' xT") 

where the limits of pressure are P' and P", and the limits 

of temperature are T' and T". L is the latent heat of vaporiza- 

tian per moi, and R is the gas constant. 

Table VI gives the values for the latent heats of vaporiza- 

tion per mol, calculated over temperature limits of ten degrees 

using smoothed vapor pressure values. 
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The temperature at which there was real need of' the latent 

heat of vaporization was twenty-five degrees, far below the range 

at which the vapor pressure could be measured with the present 

apparatus. Since, however, the empirical straight line equation 

for the vapor pressure has reasonable validity dthin a range of 

O_3400, it was possible to estimate closely the vapor pressure 

of phenyihydrazine at 200 and 300 and from these the latent heat 

at 25° could be calculated by the Clausius-Clapeyron equation, 

as above. This leaves the assumption that the vapor behaves as 

a perfect gas as the only obvious approximation. Lacking both 

the Van der Waals constants and/or the critical constants, this 

assumption was unavoidable. By this means a value of 14960 

calories per mol was obtained at 250. The values in the experi- 

mental range are represented graphically on page 7ß 
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TABLE VI 

The Heat of Vaporization of Phenyihydrazine 

Tenperature Heat of Vaporization 

o I C. ca1.mol 

25 14690 (extrapolated) 
95 13886 

loo 13832 
105 13788 
110 13745 
115 13693 
120 13652 
125 13610 
130 13568 
135 13526 
140 13493 
145 13455 

As would be expected, the energy required to vaporize 

phenyihydrazine is greater at the lower temperatures than at 

the higher. 

ctrapo1ation of the data to higher temperatures by means 

of the equation gives the value of the normal boiling point to 

o . . . o be 241 C. TIus is an extrapolation of nearly 100 and over 

700 mm. pressure. For such, the agreement vith the recorded 

experimental measurements, page 1, is reasonably good. Using 

the recorded temperature from the literature (243°) and cal- 

culating the pressure by means of the equation, a value of 797 min. 

was obtained. This was 37 min. higher than the reported pressure, 

760 mm. Ho'wever, since the value 243° was obtained by distillation 
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methods, there edsts the possibility that superheating or de- 

couipo sition occurred. 
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SUMMARY 

1. An improved apparatus for the measurement of vapor pressures 

of liquids has been constructed. 

2. The vapor pressure of phenylhydrazine has been determined 

over the temperature range 1050 to 1500 c. 

3. An empirical equation has been derived relating the vapor 

pressure of phenyihydrazine and the temperature. The 

equation is 

log p = 7.9046 - 2366.4 
t t 230 

4. The latent heat of vaporization of phenyihydrazine has 

been calculated using the vapor pressures determined. 

The value at twenty-five degrees centigrade was found to 

be 14690 calories per moi. 
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