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IATS OP COIVIBUSTION OF HYDRAZflIE, 
HYDRAZ fl.ÌE HYDRATE, MID 
RELATED COEMPOUIIDS 

INODUCTION 

Thermochemistry is that branch of chemistry which 

treats of the changes iii intrinaic energy or heat content 

associated with chemical. reactiono. To be of any great 

value for thermochemical ca1cu1at1or8, experimental deter- 

minatione of these changes in energy and heat content must 

necessarily be highly accurate. 

For more than 150 years the relations between heat 

and chemical reaction have been studied. However, the pro- 

posai of new theories or the discovery of new experimental 

methods has caused periods of rise and decline in the 

amount of attention paid to the subject. 

Thus about 1850 near the time of formulation of the 

first law of thermodynamics two prominent chemists, 

Berthelot in France and Thomsen in Denmark, proposed the 

theory that the heat of a given reaction is a direct meas- 

ure of the chemical affinity of the substances concerned 

axid that only those reactions would proceed which were ac- 

companied by an evolution of heat energy. In the search 

for data with which to prove the accuracy of this theory 

these men and their student8 devoted nearly a lifetime to 

the amassing of heat data. A large proportion of the heat 

data found in reference works today was taken by them. 



Between 1880 and 1900 the rise of the second law of 

thermodynamics and a more accurate knowledge of free energy 

led to the inevitable conclusion that the true measure of 

chemical affinity Is not the heat content but the free 

energy. Thue the principle of Thomsen and. Berthelot was 

discarded, and a period of declining interest in the field 

of theruochem1stry was in evidence between 1900 and 1920 

with the exception of a very few laboratories, 

The discovery of the value of spectroscopic data for 

thermodynamic calculations and the formulation of new 

methods of energy calculations from the quantum mechanics 

has in the last 15 years again aroused new interest in the 

field of thermochemical measurements. This new interest is 

due to the fact that the highly essential and fundamental 

heat quantities (in many cases available only in data 

assembled 50 to 75 years ago) are not known w1tb auf f i- 

dent accuracy. 

Because of this, and because of the fact that many 

Industries (for example petroleum and metallurgical indus- 

tries) are turning to thermochemical data in searching for 

new or improved processes, a great deal of attention has 

been directed to the accumulation of accurate new data and 

the revision of older uncertain data. 
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The ultimate goal of the thermooheniist is to asemb1e 

a table of values from which one may accurately calculate 
the heat of a desired reaction. This table would consist 
of the heats of formation from the elements of every 

chemical substance. 

To determine the heat of formation one of the easiest 
approaches at present is to measure the heat of combustion 

because the heats of formation of the common combustion 

products, water, carbon dioxide, nitric acid, sulfuric 
acid. and so forth are known very accurately. From these 

values the heat of formation of the combustible substance 

is easily obtainable by simple calculations. 
H.ydrazine which bears the same chemical relation to 

wnmonia that hydrogen peroxide does to water took its 
place among the known chemical compounds only in 1887 

along about the time when interest in thermochemistry was 

beginning to lag, and while yet the apparatus for heat 
measurements was relatively crude. Its cost of prepara- 
tion and scarcity caused many measurements to be made 

with too small quantities and with samples of unknown 

pu r i ty. 

Although many measure:nents of thermal quantities of 

hydrazine have thus been made, the greatest divergence 

exists among them, and many of the most important thermo 

dynamic quantities are still unknown. For example, no heat 

of formation for pure liydrazine is known though Pauling (12) 
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has calculated a theoretical value for it. The heat of 

formation of hydrazine in water solution has been deter- 
mined by several investigators, but Bichowsky and Rossini 

(2) in summarizing these find values of 3250, 4500, and 

5800 calories per mole, among which there is no basis for 
choice. 

Many thermodynamic quantities relating to hydrazine 

and bydrazine salts in solution have been determined in 

this laboratory (4, 5, 6, 7) which when conbined with data 

obtainable from heats of combustion will be made of con- 

siderably more value. 

The interesting chemical nature of this substance and 

the iniportance of its position in the annonia family jus- 
tifica a thorough and accurate study of its properties. 
It is a substance of many possible uses and hundreds of 

important derivatives, its use being considerably re- 
stricted by cost of preparation. 

This thesis represents a new approach to the thermo- 

chemistry of hydrazine through the determination of heats of 

combustion of tne pure compound and its derivatives. 
As an important part of the thesis comes the testing 

and calibration of a newly constructed research calorimeter. 
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T1 APPARA1JS 

In the construction of the calorimeter the adiabatic 

principle which had been used in this laboratory by Cobb 

and Gilbert (6) was retained. By reason of this choice 

it Was found possible to use the electrolytic heating cir- 

cuit and autoniatic teniperature control designed for the 

earlier calorimeter with very minor changes, Other than 

this, however, it was necessary to con8truct an entirely 

new water jackets submarine vessel, and stirrer in order 

to accomodate a Parr model BB double valve oçrgen bonib. 

The design of the calorimeter as remodeled is shown in 

Figure I. 

The inner can A in which the bomb Is placed is oval 

in shape and of two liters capacity. It is made of copper, 

nickel plated on the outside and highly polished. This 

can is placed in a submarine jacket of similar shape from 

which it is inßulated by four small cork pegs at the 

bottom. Four similar pegs on the sides of the jacket 

support the can in a vertical position and maintain an air 

gap of twelve millimeters. 

The 8ubmrine jacket C, also of copper, is nickel 

plated and highly polished inside. 

The cover D of the submarine jacket is held down 

tightly against a rubber gasket with wing nuts. It has 

three chimneys and a packing gland for one leg of the 17 



junction thermel T. One chimney is for the ignition ].eade 

to the bomb, a aecond i for the resistance thermometer W 

which is immersed in the water in the inner can, and the 

third Is for the shaft of the inner stirrer S. A water 

eeal K on the latter prevents air circulation along the 

shaft. The ignition leadB are brought in through a copper 

tube E which Is maintained at the bath temperature by im- 
mersion. 

The shaft of the inner stirrer contains a bakelite 
inset to reduce the heat leakage to the 

stirrer is run by a chaïn drive from an 

which is governed to a sPitable speed. 

constant mechanical heat of stirring of 

per minute. 

The temperature of the outer bath 

outside. This 

Induction motor 

This maintains a 

O.00O2 centigrade 

Le controlled in the 

sarûe manner as in the apparatus of Cobb and Gilbert, that 
IB electrolytic heating and vaporization cooling. However, 

it is found necessary to augment the electrolytïc heating 
during the temperature rise which follows combustion by the 

addition of hot water. To do this a large can of water, 
kept at the boiling point, is arranged at a level above the 

calorimeter proper so that upon ignition of the charge hot 

water can be run into the outer bath at the proper rate to 

keep ita temperature up to that of the water inside the 

calo rime ter, 
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As in the earlier work, adiabatic equilibrium iø 

controlled by the 17 Junction thermel with one leg in the 

water in the inner can and one in the outer bath. Dif- 

ferences of 0.0002 degree can be noted and during the runs 

the divergence never anOunts tomore thanO.0006 degree, 

and that only for brief intervale during combustion. 

Ignition of the charge isbrought about byburning a 

special iron fuse wire in contact with the sub8tance. 

The electrical energy is supplied by a toy tranoformer 

connected to the lighting circuit. A current of 2.8 am- 

peres at 21 volts is impressed for one second or less to 

ignite the wire. The ignition key is always depressed 

the same length of time (5 sec.) in order to give duplicate 

corrections for electrical energy. 

The absolute temperature of the water surrounding the 

bomb is measured by use of a platinum resistance thermom- 

eter and a Mueller type resistance bridge. This instru- 

ment can be read directly to 0.0001 obm and the fifth 

place can be estimated by the deflection of the galvanom- 

eter, situated 4 meters from the scale, 



F/jqr-e i 

Te Ca/or/meter 
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OPERATION AND C}fflIJE 

Probably the best manner in which to describe the 

operation of the apparatus and. the technique used is to 

follow the details of a typical run during the calibration 

of the calorimeter, 

In such a run the iron fuse w1r. 't'or igniting the 

charge is weighed to one tenth of a milligram and put in 

place on the electrodes. Next the sample of standard. 

benzoic acid. in pellet forni is weighed in the lilium 

crucible. One milliliter of water is then placed in the 

bomb, the fuse wire adjusted to touch the charge and the 

bomb head is screwed into place. The assembled bomb is next 

flushed out with orgen in order to reiove as nnich air as 

possible and to lower the nitrogen content of the bomb. 

The inner can and water (always the sanie amount 2061.6 

gui. yac.) are weighed on a torsion balance to 0.1. gram with 

a terrorary cover in place to minimize evaporation. The 

can and water are now placed In the submarine jacket and the 

bomb is lowered into the water. The electrical connections 
to the bomb for the ignition wires are made and. the sub. 

marine cover is put in place and tightened down. The whole 

is immersed in the outer water bath and the proper elec- 

trical and mechanical connections are made. 

The outer bath is usually set slightly above 25° before 

the calorimeter is immersed and is tìen cooled to 



teiiperature equilibrium with the inner bath. Such a pro- 
cedure eliminates the poseibility of water vapor from the 
Inner bath condensing on a cold submarine jacket and aleo 
makes manipulation easier, 

A few minutes after the stirring motore are started 
the apparatus will approach equilibrium and the temperature 
of the outer bath can be adjusted exactly to the tempera- 
tire of the calorimeter water, When this has been accom- 

pushed. the resistance of the thermometer briàe is read 
and the charge is ignited by pressing the Ignition key 

which le held down for a definite interval (five seconds) 
each time. As the temperature starts to rise inside, the 
temperature of the outside bath is brought up by addition 
of hot water from the can above the calorimeter. After 
a few minutes the ppartus is put on automatic control 
and is run for twen minutes. The total elapsed time ïs 
measured with a atop watch which is started then the 
ignition key is pressed. 

At the end of twenty minutes the heat energy of the 
combustion has been distributed and the system is at 
equilibrium. The resistance le again read from the ther- 
mometer bridge and recorded. At this point the apparatus 
is disassembled and the gas from the bon is analysed for 
nitric acid by bubbling it through sodium bicarbonate 
solution (o.i N) and. back titrating with sulfuric acid, 
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The contente cf the bomb re now analyeed for nitric acid 

in a similar manner and the fuse wire remaining on the 

electrodes is removed and weighed. to determine the amount 

of wire burned. 

Previous to any runs with standard benzoic acid 
several runs were made to determine the heat of stirring 
over a twenty minute period. It was found that this 
amounted to 0.0004 om or slightly less than 0.004 degree 

for the twenty minutes. similar runs were made in which 

only the iron fuse wire was burned. From these determina- 

tions it was found that 0.0094 gram of wire burned was 

equa). to 0.00073 olmi change in the resistance thermometer, 

These corrections are therefore applied to the total 
change in resistance as read from the thermometer bridge. 
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CAL IBRATIO1T OF T}th CORI1R 

A close examination of the conditions existing in the 

bomb durir:g a combustior determination shows that the heat 

of combustion is a functior4 of the maes of the sample 

burned, of the initial orgen pressure, of the amount of 

water placed in the bomb arid of the volume of the bomb. In 

order to eliminate the effects of these variable quantities 
al]. bomb calorimetric deteriiinations should be corrected 

so as to give the value for the change of intrinsic energy 
for the pure isothermal reaction under a pressure of one 

atmosphere for both reactants and products. 
In the United States the method proposed by Washburn 

(13) of the Bureau of Standards for calculating the necee- 

sary corrections has been practically universally adopted 

and hence is used in this work also in calculating the 
water equivalent of the caloriDeter. For this calibration 

standard benzolo acid specially prepared by the Bureau of 

Standards (sample 39e) is used, for which the heat of corn- 

bustion under the conditions existing in the bomb is 

accurately known. 

The quantities which must be known or calculated in 

order to define exactly the calorimeter process are as 
follows: 

1. The moles of oxygen originally present in the bomb. 

In making this calculation it Is neces8ary to allow 
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for deviation8 from the perfect ga laws. A satisfactory 
approximation ic given by 

______________ 
I, V 

in which 18 a small correction terni calculable from 

the equation of state. For o,rgen between 20 and 40 at- 
mospheres may be taken as 6.64 x lO'. For a pressure 
of 30 atmospheres the value of No2 O.418 for the bomb 

used. 

2. The composition of the gas and the pressure in 

the bomb after the reaction. 

Involved in this, as noted below, is the calculation 
of the oxygen used to burn the iron wire arid to form nitric 
acid; the amount of carbon dioxide formed and dissolved in 
the water; the amount of water formed and vaporized; as 

well as several other lesa important corrections. 
Since the quantity of orgen initially present in the 

bomb is now known it is possible to calculate the pressure 
in the bomb after combustion by use of the appropriate 
e quatlo ne. 

If the composition of benzolo acid is e,pressed by the 

formula CaHbOc the grwn for1a weight of the substance is 
l2a l.0078b 16e and the number of moles of oxygen re- 
quired for combustion is given by 

= 
( + )+ 
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where ' le the number of moles of oxygen consumed in pro- 

ducing nonga6eous products euch as f erric oxide and nitric 

acid. 

This value of is incorporated in the equation for 

the mole fraction of gaseous carbon dioxide present in 

the bomb after combustion. The equation for % is 
471 - 

?- 
( _ 

;zcj)l 
-no_. ' - 

where is a correction for dissolved carbon dioxide arid 

for average conditions is equa]. to O.0044r? (approx.) 

In order to get the value of P2, the pressure In the 

bomb after combustion, the equation = 
Ir 

is used where ir Is expressed by 

%[5x/o3+b:0 + + +.x/o1] 

In the actual calorimetric determination there is a 

change of temperature from t1 to t2 as a result of the corn- 

bustion. If the effective heat capacity of' the calorimeter 

i& expressed as 5B' the effective heat capacity of the 

initial system as S1 and the effective heat capacitr of the 

final system as S, then 

-U858(t ) 
±5 t) +5p(ta fH) 

where -5 is the heat evolved during the combustior , per 

gram formula weight of substance burned, at constant tern- 

perature tH. If, ae is usually the case, tH made equal 

to t1 or t2, one of the terms in the above equation re- 

duces to zero. In this work tH t1 so 
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-1U7 8(t.-/) +5r(tt) 
aìid S,. is qive-ri bcj 

5.01 No2+0.995 mnw+0.7'+015e mp5+ N[(1.771+O.0].12 P)a 

7.74b+2.5c] 34 HNO3 
Cal]5 deg- C. 

In this equation Washburn has incorporated all of the 

corrections outlined above as well as the heat of solution 

of the nitric acid in the water. 

In order to minimize the effect of the variables in 

the runs to determine the heat capacity of the calorimetric 

system the conditions in the bomb were duplicated as 

nearly as possible to the conditions under which the 

benzoic acid was standardized at the Bureau o± Standards, 

The following is the calculation of a typical cali- 
bration determination arid will best show the application 
of and use of these correction equations for combustion 

calorimetry. (See Table I for data). 
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Table I 

Data of a ypical Run 

Initial orgen pressure in bomb 30.0 atmos. 

Weight of water (saiiie in all rune) 2061.6 gin. 'ec. 

Weight of benzoic acid In vacuum 0.97275 gm. 

Weicht of wire burned 0.00930 gin. 

Ohms at end 28.24974 28.2-447 cor. 

Ohms at start 28.00304 ..279789 
o 28 cor. 

Correction for wire and stirring 
. 

0.00112 
Re2istance rise O.2454& ohm 

Temperature rise 2.44O C. 

amount of nitric acid formed (0.08829 N) 2.27 cc 
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Moles of benzoic acid. : 0.007973 

Moles of IDSTO3 formed 2,27 x .08829 0.0002 
1000 

Calories from 111103 formation w 0.0002 X l4,5O a 2.916 

G. atoms of iron burned : o,000i66 

Molea of ocygen initially present in the bomb 

No2 
C.032 TÍ0u66. x 

No2 O.2t518 

Mole fraction of carbon dioxide 

X00 : __________ oqo x7 x 0.O0 
2 . 

xCO2 : 0.1243 

w- : o.]243[o.o7+o.o7145+7 X 0.0O?9 
+0.004 o. ooc6 

: 0.019884 

P 30 : 30 
2 i+o.o1B 

P2 : 29.415 atmos. 

sp = (!.oa X 0.4518)+ 0.995+ (0.7 x 0.36)+ (0.158 x 0.0093) 

0,007973+(1.771+0.01].2 x 29.'15) 7-t-(7.74 x 6)+ 

- (34 x 0.0002) 

SF = 4.032 Cal15 deg 
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The heat energy of the standard benzoic acid is 

given as 6315.34 calories per gram (Burew.i of Standard's 

sample No. 39e) when burned under the given conditions. 

For the O.9727 gram sample burned-,has a value of 

6143.24 calories 

s : (64329 4Ç3_Ç 2.4441 
B 2.4441 

5B = 21O.6 calories and is the total energy equivalent 

of the calorimeter system at 25° C. without the bomb con- 

tents. (See Table II for results.) 



Table II 

Calibration with Benzolo Acid 

ohms R AT True Energy 
Obs. corr. corr. corr. refer- mass Cal. Cal. equiv. 
rise for rise rise ence benzolo from from g.cal.150 
ohms _ Fe Elt ohms 00. temp. acid b.a. HNO3 per 0C. 

O.21465O 0.00112 O.2115L.6 2.14i4.14.l 25.0 0.97275 6lIi.3.3L. 2.92 2510.66 

0.211477 0.00117 O.211360 2.4.256 25.0 0.96559 6o9.oLi l.0 2510.77 

0.26312 0.00113 0.26199 2.607 25.0 1.03925 6562.90 2.67 2510.70 

O.21.51I.7 0.00124- 0.21.LI23 2.14.31L. 25.0 0.96779 6111.93 2.47 2510.20 

The mean is 25l0.5 calories. Maximum deviation from the mean Is ± 0»10 calorie. 

This is well within the limits of accuracy required in present day precIsion calorimetry, 
the maximum deviation from the mean being of the order of 1.5 parts per 10,000. 

H 
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EJERTh1EN TAL WORK 

IAT OF CO1USTION OF HYDRAZII I1DBA 

The hydrazine hydrate used In thi$ work was a Kahl- 

baum product and arialyßed 65.04% N2H4, using the method. of 

Bray and Cuy (3). (Theoretical N2H4H20 la 64.032% N2H4.) 

The stock material wa diluted with the proper amount of 

diatilled water to give it the composition of hydrazine 

hydrate. 

Due to the fact that hydrazine hydrate is a liquid at 

room temperature it is necessary to alter the technique of 
preparing the charge for combustion. In doing this small 

glass bulbs which wil]. contain about l. grams of material 

are blown, The bulbs are weighed empty, filled by suction 
and sealed off in a sharp hot flame. The residual stems 

are heated in a flame to remove all hydrate before the total 
glass and charge is again weighed. 

The use of glass bulbs to accoimnodate the charge pre- 

sents several difficulties. In the first place care must 

be taken during the sealing off process to reduce the gas 

phase as much as possible and yet not heat the hydrate to 

the point of decomposition. Reduction of the gas nhase is 

desirable for two reasons. First1 it reduces the oxygen 

in contact with the charge and thus inhibits decomposition; 

second, it reduces the possibility of the bulb'c 
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collapsing due to compression of a gas phase by the Initial 
oygen pressure in the bomb. 

If the contente of the bulb become warm due to an 

attempt to seal off too closely, the material expands, 

vaporizes and blows holes In the soft glass. If any of the 

hydrate should come in contact with this hot glass there is 

the possibility of decomposition with water as a product. 

In such a case as this an error is introduced in the weight 

of the sample due to excess water. 

Once the filled bulb is in the bomb and under pressure 

there is still the possibility that It will not break when 

the Ignition wire is burned or that on breaking, the con- 

tents will splatter onto the walls of the bomb and cause 

incomplete combustion or a slow oxidation reaction which 

for some reason,as yet undetermiried1aeems to evolve less 

energy. 

Since l2ydrazine hydrate has a high nitrogen content 

appreciable amounts of nitric acid are formed, some of 

which remains in the gaseous phase Inside the bomb. To 

determine the gaseous nitric acid the gaseous products are 

bubbled through dilute sodium hydroxide solution and back 

titrated yiith sulfuric acid. 

Due to the fact that hydrazine hydrate contains only 

nitrogen, hydrogen and a molecule of water a difference in 

the mode of calculating the results of combustion runs is 
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necessary. However, in departing from the correction 

equations of Washburn which apply for carbon-hydrogen- 

orgen compounds, the principles expounded by him are 

closely adhered to in f orniulating the new equations. 

The pure reaction for the combustion of hydrazine 

hydrate is 
N2H4H20 (liq) + 02(g) -3 N2 (g) 3H20 (liq) 

from whïch it is seen that the only pressure change will be 

due to the orgen used in the form&tion of small amounts of 

nitric acid and ferric oxide. This small pressure change 

may be considered negligible as far as a correction is 

concerned. Therefore, the only correction necessary for 

the bomb process when burning hydrazine hydrate is that for 

the heat capacity of' the products of combustion. 

During combustion of the charge one mole of orgen is 

used up and one mole of nitrogen is liberated. Since the 

heat capacities of nitrogen and. ogen are so nearly the 

same, any change in the heat capacity of the gas in the 

bomb can be neglected except for the small amount of oxygen 

used in forming water, nitric acid, and ferric oxide. 

Due to the relatively large amount of water formed in 

the bomb reaction a significant correction is introduced. 
In making this correction consideration must be taken of 

both the liquid and the gaseous water present in the bomb. 

The concentration of water vapor In the presence of oxygen 
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at pressure P in atmospheres is given by (14) 

(0.01728 o.000056 P1) g/liter 

The total weight of liquid water present in the bomb after 
combustion is then expressed by 

4.06 - 0.0068 
0.06 

where Mw is the weight of water initially placed ir. the bomb, 

The heat capacity of the water vapor in the bomb is 

calculated from the equation of Lewis and Randall (9) 

Cp H20 8,81 - 0,0019T +0.00000222 T2 

: 8.t at 27 

C H0 6. at (approx.) 

A correction for the heat of dilution of nitric acid 

is disregarded since Becker and Roth (i) have shown that the 

heat of' dilution of nitric acid plays practically no part 
in bomb calorimetry. Allowance is made for the fact that 
the specific heat of the resultant nitric acid solution is 
not as great as that of pure water. 

The equation for the corrected heat capacity of the 
final products as used for the combustion of hydrazine 

hydrate is expressed by 

_sp oI(i0- -)+o.6S('}1? w 50.06 
o.oOY)+ 

o.7V -- o.is -vi 1- O.002T e3.1 
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In order to ascertain whether a pure reaction wa 

taking place tests were made for nitritea (io) , ammonia 

(ii), hydrazoic acid,and excess lydrazine 1iydrate (3) in 

the bomb washings. Tests for ammonia and nitrites were 

alwayß negative, but positive te8ts for the hydrate were 

sometimes obtained, In such cases the run was discarded 

because of the obviously incomplete combustion. 

The results obtained (see Table III) were highly disap- 

pointing since it may be seen that the overall variation is 

about 13 calories in 3000 whereas the calorimeter is cap- 

able of an accuracy of 0.2 calorie. The only possibility 

not examined is that of catalytic decomposition of the 

substance in contact with the iron oxide and lilium cru- 

cible. This however is unlikely because the hydrogen thus 

formed should be combustible, end the net heat change 

should be the same. 

Time did not permit the testing of the c&lorimeter 

with other volatile liquids of known thermal properties, so 

the results must be taken as preliminary, although they are 

unquestionably of the right order and require a very con- 

siderable revision of the indirectly determined heat of 

formation of hydrazine, as will be shown. 



Combus- Obs. 
tlon rise 
No. ohm 

62 B o.i666o 
6 B o.1671i-7 
65 T O.l2O2 
65 B 0.17021 
66 B O.l277 
67 T 0.27332 
7 B O.151429 
SO B 0.20559 

Table III 

Heat of Combustion of Hydrazine Hydrate 

cor. for 
Fe Elt 

o i 61-1i.7 
O. 16637 
0. 11970 
O. 16919 
O. 15192 
O. 27261 
0.15362 
0.20737 

AT 
cor. 
ri s e 
OC. 

1.6377 
1.6566 
1.1919 
i.65i. 
1.511 
2 . 7 1 1l-t- 

1.5226 
2 O 6 

T rue 
mass 

1.35360 
1. 1J-14-13 
1. 01952 
1. 13S2 
1. 5I21O 
2. 31302 
1. 25551 
1. 76759 

Total Cal. 
heat from 

evolved HNO3 

11.119.5 12.20 
14-]51k3 12.91 
2997.6 5.31 
L.237.S 15.314. 

14.556.9 13.36 
6532.7 17.91 
14.553.1. i.6 
51914-.9 15.0 

-MY 
cal. g. 

2952.1 
2937.7 
2925.3 
29 5.9 
294.6.2 
29146. 

2926.4 
2925.3 

Devi a- 
t ion 

from mean 

l'i-. S 

0. 14. 

-12.0 
- 1.11. 

.9 
9.0 

-10.9 
- 9.0 

r') 
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HEAT OF CO113USTION OF 
A3ThYDROU S IiYDRAZI)1E 

The anhydrous hydrazine la prepared. from hydrazine 
hydrate by first reuluxing over potassium 1ydroxide and 

distilling under reduced pressure (approx. 20 nun) in an al]. 

glass apparaths. The material is next refluxed over 

barium monoxide and fractionally distilled in a vacuum, 

It is extremely sensitive to oxidation and also decomposes 

into nitrogen and 1ydrogen in the presence of ground glass 

surfaces; so the problem of getting pure samples for corn- 

bustion and analysis is rea].. 

After the combustion runs the anbydroua hydrazine was 

analysed by the method of Brar and Cuy (3) to ascertain the 

N2H. content. The last sample burned proved to be 97,6 per 

cent 2H4. Since the only impurity is water, the corn- 

bustion values may be corrected to give an approximate value 

for the pure anhydrous material in the following manner. 

loo gms. of sample : 97.7 gms, of N2Ha. 

100 gins. of sample : 2.3 gins. of 1120 

2.3 gma. of 1120 6.38 gins. of N21L.H20 

then 

0.0638 x 2940. + O.9362x : 4571. 

X = 4680 cal gm1 : corr. 

In the work on anbydrous hydrazine the same technique 

is used as when working with the hydrate. However, in an 
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attempt to reduce any splattering of the charge in the bomb 

a platinum ring about three eighthe of an inch high wa 

placed on the lilium crucible. Other than this change all 
apparatus wa the srae as that used with the hydrate, 

The correction equations used for calculating -ì 
of the anhydrous hydrazine are identical with those uaed 

for the hydrate except that allowance is made for the dif- 
ference in the amount of water fo ed in the two reactions. 

Table IV 

Heat of Combustion of 
Anliydrous Hydrazine 

Cal 
Experi- True 3T from 
ment masa rise °C, mio3 Exp. Cori'. 

85T 1,49822 2.7697 29.0 4630 4630 
58B 0.88362 1.6193 2,4 4580 
89T 0.86686 1.5844 22.1. 4571 4660 

Sample 85T was burned approximately two days before 

the latter two samples. Inspection shows that the effect 

of decomposition is obviously superimposed on the other 

difficulties met in the determination and a more elaborate 

technique for protection of the anhydrous sample will have 

to be devised, 
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HEAT OP COMBUSTION OP 
SYM-D IBTZOYL HYDRAZ INE 

While it seeriied likely that the poor results obtained 
with the liquide were due to difficulties Inherent in the 
nature of the substance8, the poaaibflity existed that dis- 
crepancies might be due to some unreliability which was not 
apparent in the calorimeter when lt was calibrated using 
the standard benzoic acid. To check this possibility it 
was decided to attempt the combustion of a solid derivative 
of hydrazine, namely symetrical dibenzoyl hydrazine, whose 

heat of combustion has not been previously determined. 

The technique used. in this part of the work waa pre- 

cisely the same as that used while determining the heat 
capacity of the calorimeter with standard benzoio acid, 

Since dibenzoy]. hydrazine is a compound of carbon, 

hydrogen, oxygen, and nitrogen, the correction equations 
muet be slightly revised. The calculations are made on the 
basis of a pure carbon-hydrogen-oxygen compound, but N 

moles of nitrogen are added to the No2 moles of ogen in 
calculating the heat capacij of the products, and the 
pressure due to N moles of nitrogen is added to P2, the final 
pressure. Other than these changes the correction equations 
for pure carbonhydrogen-orgen compounds apply to diben- 

zoy]. hydrazine. Tho revised equations are as follows. 

P2' i + RT (I - /h0, - 
V 



t.] 

and 

SF = 5.01 (No2+fl)o.995mW+ O.7V+ O.l58mpe+ 

fl[(1.771o.oll2P )a-f7.74b+2.5c] 

-34 N11103 Cal15 deg.1 C. 

The results are given in Table V from which it can be 

seen that the discrepancie8 observed with the liquide are 

not due to failure of the apparatus or combustion technique. 

Table V 

Heat of Coìubuatjon of 
Dibenzoyl Hydrazine 

Cal. -1:w8 Dey, 
Expon- True from Cal15 from 
nient 1to. maeß rise 0C. 1ThT03 gm-I: mean 

873 0.87038 2.4195 14.13 6973.9 0.6 
88T 0.85797 2.3845 13.74 6972.7 -0.6 
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APPLICATION OP RESULTS 

CALCULATION OF TH HEAT OF FORMATION OP 
ANHThROUS HYDRAZINE PROM THE HEAT 

OF COMBUSTION OF THE HYDRATE 

Since the bomb reaction proceeds under an initial 
pressure of 30 atmospheres and the fina]. pressure 18 Only 

slightly different from this, it is necessary to correct 
the values °f-U to-U , the standard state of 250 C 

and one atmosphere. In the case where p , n, and. m., are 
essentially the same in all the determinations the values 

of-A1.4 may be averaged first and the correction then ap- 

plied to this average value of-Al,5 . The equation for the 

per cent correction is given by (15) 

(per cent corr.) : __________ 
total 

where4Mcorr. le given by 

¿ ¿: M rr. ¿x L( 
i: 

and the quantitytk'corr. can be written 

4U:.rr = A5 * 

The quantities ¿A"corr. and Zl40are considered among 

the negligible corrections in the combustion of hydrazine 

hydrate, and-Agas when calculated, proved to amount in 

this combustion only to 0.003 per cent, a totally negli- 
gible amount. 

Since ïn the combustion of hydrazine hydrate there Is 
one mole of gas liberated for each mole of gas used. in the 
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reaction, 

The heat of formation,4Hf° , of anhydrous hydrazine 

is obtained from the heat of combustion of hydrazine 

hydrate as follows, 

(a) N2B4 '1120 (1)+02 (g) -?2 (g) -f 3H20 (i) 

HR° -l47l 

4flO + o 0 -3(68313) 

HR° 1.47,150 : -204,939 ..4Hf0 

(b) - 57,789 cal. the heat of formation of N2HH20 (i) 

The heat of formation of 1i1d hydrazine hydrate 
from nitrogen, hydrogen and water is then given by 

(c) N2 (g)+2H2 () -f- H0 (i) _______ N2HH20 (1) 

o i- o -68,313 _____...._ 7,789 

AHf0 10,24 cal. 

and the heat of hydration of anhydrous hydrazine (liquid) 
has been found previously (5) to be 

(o.) NH4 (1)+H20 (i) ) 2H4.H20 (i) 
H -1800 cal. 

The heat of formation of anhydrous hydrazine is then ob- 

tamed from (e) and (d) 

(e) N2 (g) + 2H2 (g) - _ - .-_---- N2H.. (i) ¿HP: 12,324 
cal. 

and 

(f) N24 (i)+ Aq N2114. 'Aq (i) H : -3,890 
cal, 

The heat of formation of N2HAq (i) is then obtained by 

adding (e) and (f) (5) to give (g). 
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(g) N2 (g)+2H2 (g)+Aq- 
- > H4'Aq(1) 

Hf0 8,435 cal. 

THE HEAT OP FORMATION OP ANHYDROUS 
HYDRAZII PROM ITS HEAT OF CO?fiBUSTI0N 

The thermochemical equation for the heat of combue- 

tion of N2H4 (i) is 

N2H4 (1)+02 () N (g) 20 (i) 
-149,300 

H0 -- o 0 -2(68,313) 
AH1P: 12,674 cal. 

The average of thi . s value and. that from the heat of corn- 

bustion of the hydrate gives 4HP 12,500 cal. as the 

heat of formation of N2H4 (i) at 25° C. 

TItE HEAT OP FORMATION OF HYDRAZINE VAPOR 

The heat of vaporization of hyd.razine is given by 

Hieber and Woerner (8) as 10,200 calories per mole. Corn- 

bining this with the heat of formation of liquid hydrazine 

gives a value for the heat of formation of byd.razine 

vapor. 

N2 (g) + 2H2 (g) 
---* N2H4 (i) AH10: 12,500 cal. 

N2H. (i) _____-_> N21I. (g) AH 10,200 cal. 

athting these gives 

2 (g) -I- 2H2 (g) __ -) N2H4 (g) 

iA10* 22,700 cal. 
This value agrees surprisingly wel with that of 

22,130 calories predicted by Pauling (13) from theoretical 



calculations, and lends support to the belief that the 

approxiiate values presented in this paper are very close 

to the correct values which niay be obtained. when the cause 

of the variation so far observed has been found and re- 

mo ved. 

In this connection it should be noted finally that 

these resulta, while agreeing well with Pauling's data, 

will, if substantiated, require a very considerable re- 

vision in the previously published values of the heat of 

formation of liquid hydrazine. (See Table VI.) 

Table VI 

Comparison of Data 

Heat at Bjchowskj 
formation Present and 

______.:idToç Rossini Pau1in, 

NHH2O (i) 57,789 

24.Aq (i) 8,435 4,500 

N24 (i) 12,500 

N2H4 (g) 22,700 22,150 
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SU}iIMARY 

In this thesis are presented: 

1. The description and calibration of a new 

adiabatic calorimeter for use in research ori 

heats of combustion. 

2. The experimental work on the heats of combus- 

tion of hydrazine, hydrazine hydrate and 

symetrica]. diberizoyl hydrazine, 

3. Thermochemical calculations of heats of forma- 

tion of liquid hydrazine, bydrazine vapor, and 

hydrazine hydrate, and. comparison of the values 

obtained with those previously published, 
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