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This thesis was undertaken to determine the behavior 
of hydrazine in solution as reflected in surface tension 
values. The parachor of hycirazine, a useful physical property, 
was calculated from the surface tension data obtained, 

The maximum bubble pressure apparatus used was essentially 
that desined by Suaden with a few modifications made necessary 
by the very reactive nature of hydrazine. 

Pure hycirazlne was obtained by distillation from a mixture 
of equal wei,hts of hydrazine hydrate and solid sodium hydroxide. 
This material was diluted with distilled water to obtain the 
hydrazlrie solutions. The solutions were analyzed by the bromate 
methods of Kolthoff. 

Surface tension readings were obtained at 25 over the 
entire range of concentrations. A distinct maxim'm in the 
surface tension occurred at 33 mol N9114 which miit be inter- 
preted to indicate the existence of N2!4.2H2O. The parachor of 
N2H4 was calculated from the surface tension data and compared 
with the theoretical value calculated from Sugden's atomic 
parachors. 
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SURFACE TENSION AND THE PARACHOR 
OF HYDRAZINE IN SOLUTION 

AT 25° CENTIGRADE 

INTRODUCT ION 

Since the discovery of the substance hydrazine in 

1887 by T. Curtius (4) sorne controversy has existed con- 

cernin its chemical state in water solution. It forms 

two series of salts in one of which it combines with one 

equivalent of acid and in the other with two equivalents. 

There is thus a question as to whether the formula of 

hydrazinium hydroxide should be written N2HJOH) or 

NH6 (OH)2, . Curtius and Schultz (5) claim that molecular 

weights calculated from freezing point data indicate that 

the base has the formula NH(QH) , but Gilbert (7) has 

shown that their results are inconclusive. 

Numerous physical properties of solutions such as 

viscosity, surface tension, density, and freezing point- 

composition curves frequently cast light on the existence 

of compounds formed by the union of two substances such as 

hydrazine and water. Most of these criteria have already 

been applied to the hydrazine-water system and in all cases 

evidence for NH (oH) is lacking. Edsall (6) in a study 

of ELaLuan Spectra of water solutions of hydrazine salts, 

however, has detected the presence of both the monovalent 

- + 
ion N211, and the divalent ion N1H 

Because the surface tension of hydrazine solutions 



has never been determined and because a quantity derivable 

from surface tension, the parachor, frequently &4ves in- 

formation concernin, molecular structure, this problem was 

undertaken. 
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THFORET ICAL 

Surface tension offers a useful approach to the 

study of many physical chemical phenomena. The problem 

of molecular orientation at a surface, adsorption of mole- 

cules and ions at an interface, and the behavior of col- 

loidal solutions are a few of the important applications 

of surface tension data. 

Many different methods have been used in the deter- 

mination of surface tension. The capillary height method, 

which is most often used, entails an accurate knowledge 

of the contact anle of the liquid surface with the glass. 

In order to eliminate any errors introduced throuji lack of 

knowledge of the contact angle of hydrazine solutions with 

the capillary, the bubble pressure method which is inde- 

pendent of the contact angle has been used in this inves- 

tigation. Another advantage of the maximum bubble pressure 

method for the study of hydrazine solutions is in the con- 

tinuous formation of a new surface which is freer from 

decomposition products than a static surface. 

The method using the maximum bubble pressure as 

developed by Jaeger (9) and modified by Sugden (13) is an 

accurate and convenient method for the determination of 

surface tensions. The method as originally developed by 

Jaeger consisted of immersing a capillary vertically be- 
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neath the surface of a liquid, forcing bubbles of air 

through this capillary, and reading the pressure necessary 

to form these bubbles. In order to calculate the pressure 

which was needed to form the bubbles the depth of immer- 

sion of the capillary must be determined and allowance 

made for the pressure due to the weight of the column of 

liquid above the capillary tip. This necessitates ari accu- 

rabe readin of the hei,ht of the column of water above the 

capillary tip. An accurate readin of the surface level of 

the liquid must be secured. This readin, can seldom be 

determined more accurately than 0.1 nun., and since the 

pressures Involved are seldom large, such an error is sig- 

nificant. The measurement of the depth of immersion must 

theoretically be made relative to a plane surface of liquid. 

Small outer jackets such as are sometimes used do not pos- 

seas a plane surface due to capillarity, and wh±le their 

deviation from a plane can be corrected for, it would be 

much easier to employ a method which would eliminate any 

errors due to the curvatux'e of the surface. 

Sugden (13) has developed an apparatus which obvi- 

ates the necessity of determining the depth of iniersion 

and also eliminates the correction for the curvature of 

the liquid surface. A capillary and also a larger tube 

are vertically immersed to an equal depth in a vessel con- 

taininL the liquid to be tested. While the absolute 
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surface of the water is difficult to determine, the two 

tubes can easily be set at the smne level. 

The mathematical treatment of a meniscus such as is 

formed at the capillary tip is very complex. If the cap- 

illary is very fine, the surface of the bubble is a section 

of a sphere. For any capillary of usable size, the 

meniscus 1s no loner a section of a sphere, but must be 

treated as a surface of revolution. While there are no 

finite solutions derived for the equations of' these sur- 

faces, there have been many very satisfactory numerical 

approximations. Most notable, perhaps, are those due to 

ßashforth and Adams (2) which are correct to four or five 

siificant fiures. Their tables have been found to be 

applicable to the many types of surfaces encountered in 

surface tension measurements. The meniscus in the maximum 

bubble pressure and capillary height methods, the curva- 

ture of hang1n, drops, drops on a plate, all useful in 

surface tension determinations, can be approximated by 

methods based upon the Bashforth and Adams tables. 

Suden (13) through the use of the Bashforth and 

Adams tables and a formula developed by Schrodiner (11) 

built another table which by successive approximations 

cives a method for determinin surface tension from the 

difference in pressure necessary to form bubbles from the 

tube and the capillary used in his modification of the 



3. P. method. 

It was further f oimd (14) that this method of 

approximatIons could be replaced with an empirical formu- 

la-providing the diameter of the lare tube was not greater 

than 4.0 min., and that of the small tube not above 0.2 min. 

The formula is: 

yAf(I+°JîitQ) 
,p f 

A ; a constant deternined by standardization with C H 

P the difference in pressure necessary to form bubbles 

from the capillary and the larger tube. 

the radius of the large tube. 

g acceleration of gravity. 

D the density of the test liquid. 

This equation was used In the experimental work of 

this thesis. The term in parenthesis, over a range of 

densities and surface tensions, was found never to exceed 

1.05, and so the density of the solution and the radius of 

the large tube need not be known with great exactness. 

A quantity called the parachor by Sugden (15) has 

found wide application In the study of the molecular 

structure of liquids and materials in solution. This 

quantity has the dimensions of volume. 

In 1923 Macleod (10) discovered an empirical rela- 

tionship between the surface tension of a liquid and its 



density D: 

- r 
- (D-d) 

where C is a constant and d is the density of the vapor, 

both measured at the saine temperature as used in the sur- 
face tension measurements. If both sides of the equation 
are multiplied by the molecular weight LI then the equation 

becomes: 

() 
P is the parachor. The parachor is nearly independent of 

the temperature over a wide range. At most temperatures, 

the density of the vapor Is negligibly small, and may be 

nelected In comparison with D, and the equation reduces to 

Vy 

V is t'ne molecular volime. 

If the temperature is such that the surface tension 
is unity, the parachor is numerically equal to the molecular 

volume. Unfortunately for the simplicity of this concept, 
it is obvious that at any temperature high enough for the 

surface tension to be one dyne per centimeter the density 
of the vapor cannot be nelected. When comparing the 

parachors of two compounds we are nevertheless comparing 

their relative molecular volumes choosing as corresponding 
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u 
states temperates at which both have the same surface 

tension. That parachor represents volume has been shown 

by the relationship: 

z O.77 o.û'l 

where V is the critical molecular volume. This holds for 

all materials so far investiated. 

It has long been thought that individual atoms and 

groups of atoms make a definite contribution to the 

volume of a molecule. The problem has been to determine 

this relative contribution of the different atoms. The 

use of the parachor makes this possible. Isomers of siini- 

lar ¿roupin have bhe same parachors. In ascending a 

homoloous series, the difference in the parachors of 

successive members is constant. 

Parachors are additive. The pai'achor of ari atomic 

group is the sum of the atomic parachors. The parachor 

of a molecule is the sum of the atomic parachors plus a 

correction attributed to the mode of atomic binding called 

the structural parachor. A few atomic parachors are given 

below (values those of Su'den): 

Carbon = 4.8 Sulfur = 48.2 

Hydrogen = 17.1 Chlorine 54.3 

Nitrogen = 12.5 Bromine = 68.0 



Molecular parachors can be determined in this 

manner: 

p16 
-Cì, i2f. 

The soundness of the parachor rule has been demon- 

strated by the initial study made by SuCden (11). The 

above parachor values were assigned to 167 compounds of 

different types for which data were available. 145 of 

the calculated parachors agreed to within 2 per cent of 

the experimental values, 104 of the values acreed to i 

per cent. Part of this disagreement may be attributed to 

the inadequacy of the experimental data available. Corn- 

pounds for which questionable data were available save 

greater deviation than did those of lmown values. 

That these atoms have uniform parachor values in 

different compounds indicates that when they enter a corn- 

pound, they make a definite contribution to the volume of 

the compound irrespective of the other atoms present. 

In the same way that atoms make definite contribu- 

tions, certain structurai confiurations make their own 

contribution to the parachor of a compound. The parachor 

of a double bond is the same in C C linkages as in C O 

or other double bond linkaes. Rin structures make a 

contribution which depends upon the number of members in 

the ring and not upon the chemical characteristics of the 



lo 

ring. The sinje, electron pair, bond is taken as an 

arbitrary zero level. Upon this basis, the parachor of 

the double bond is 23.2, that of the triple bond almost 

exactly twice that of the double, 46.6. This siLifies 

that the parachor contribution of the double bond is 23.2 

more units than is the sint.le bond, that of the triple 

bond 23.4 more than the double. Some values of the con- 

stitutonal or structural parachors are: 

Double Bond 
Triple Bond 
3 membered ring 
4 membered ring 
5 membered ring 
6 membered ring 
Naphthalene ring 

23.2 
46.6 
16 7 
11 6 
8.5 
6.1 

12.2 

'Then the parachor was originally stated it was 

thouht that there was no possibility of a negative 

parachor. A semi-polar bond is now assined a value of 

-1.6 units, which discounts this premise. This would indi- 

cate that due to electronic interaction the volume of the 

molecule is less when a semi-polar bond is present than if 

a single covalent bond were present. 

The parachor has thus become a useful tool. It can 

be used, along with other data, to determine the structure 

of compounds. We can experimentally determine the parachor 

of a compound. This is the sum of the structural and 

atomic parachors. For some compounds we can conjecture 

several possible structures. The one which most nearly 
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approaches that of the experimental value is probably the 

correct structure. For example, two different structures 

have been proposed to a ccount for the properties of the 

p-quinones: 
Ö 
n 

H- 

c-h 

P 236.1 (caic) 

I ig 

1-4-! ¿ c.-H 

C 

II 

P 219.0 (caic) 

Experirnental-236. 8 

The majority of chemical properties favor I, the 

diketone structure; some physical data (absorption spectra 

and heat of combustion) favor II, the peroxide structure. 

Fxperiìnental values of the parachor favor I which is the 

structure generally preferred. This value for the oarachor 

would not exclude the possibility or resonance between the 

two structures, but only indicate which one of the two 

forms predominates. 

Hammick (8) has extended the usefulness of the 

parachor by his work upon solutions. any pure compounds 

cannot readily be prepared, nor can the parachor of solids 

be determined. By makin, solutions of these compounds and 

determining their surface tension, the parachor of the pure 

compounds can be found. 
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If the parachor of the solvent and solute are 

additive, the parachor of a binary solution is iven by 

the followin relationship: 

i- 

fin., 
yLs 

D-d ÌV/-l/V 

N, : mole fraction of solute 

N mole fraction of solvent 

A 
parachor of solute 

P8 parachor of solvent 

P/fl : parachor of solution 

M, : molecular weicht of the solution 

M7,, is defined by 

11 ItlA 

where 1'A and M9 are the molecular wei(hts of solute and 

solvent respectively. The parachor of the solute can be 

found within i per cent by solving the mixture law for P, 

or plotting the parachor against concentration and extra- 

polating. According to Hainmick this law holds for both 

associated and non-associated solutes in associated and 

non-associated solvents. 
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EX PER IMENTAL 

The apparatus used in this thesis is diagramed in 

Fibure 1. A is the vessel with side arm F containing 

the capillary ana other tube. B is the manometer, and C 

is the mercury air displacer. A travelin microscope 

mounted for vertical movement was used to read the pressure 

on the manometer. The manometer liquid was n-butyl 

phthalate which wets the manometer uniformly and has a 

very low vapor pressure. 

This apparatus differs in certain Important de- 

tails from that of Sugden though the principle is the same. 

The most important change was made necessary by the very 

reactive character of the hyarazine. Upon the slijitest 

exposure to the oxygen of the air the substance is oxi- 

dized, the products dependin somewhat upon condItions of 

oxidation1 - 

In Sugden's design, a slijit vacuum draws air 

throuh the tubes immersed In the liquid to be tested. 

In our work, a reservoir of dry hydrogen was established 

in vessel D from which it was forced under pressure through 

the capillary by allowinb a fine stream of mercury to flow 

in from the funnel C displacing hydrogen. In this way the 

hydrazine was never in contact with air. This had the 

additional advantae also that the hydrogen gas could be 
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brouht to uniform temperature and that no particles of 

dust were present in the gas flowing through the capil- 

lary. This latter advantae is very important as the 

clogging of the capillary presented a most serious problem. 

Once clogged, it generally required dismantling the appa- 

ratus and sealinL on a new capillary. 

preliminary investigation of figures in the liter- 

ature indicated a totally negligible difference between 

the surface tension of most liquids measured against a 

hydrogen atmosphere as compared to that against air. Vie 

were thus justified in assuming the surface tension a- 

gainst hydrogen to be the same as that against air which 

of course could not be used. 

The containing vessel, manometer and air reservoir, 

were carefully mounted and placed in a water bath which 

was maintained at a temperature of 25.00'.O3. In the 

operation of the apparatus, the liquid was introduced 

through the side arm and allowed to come to constant tern-. 

perature. Stopcock was closed, bubbles forced through 

the caoillary at a rate of about one per second, and the 

manometer pressure read with the traveling microscope. 

The pressure read is the maximum pressure attained be- 

cause at this pressure the shape of the bubble is most 

nearly spherical. The stopcock was opened and bubbles 

were allowed to form from the larger tube at the rate of 
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2 every 5 seconds. This rate of formation was maintained 

in both the standardization oÍ the apparatus and the 

determinations of the solutions. An estimate of the pre- 

cision of the surface tension determinations may be gath- 

cred from the agreement of the pressure readins. The 

travelin microscope could be read to 0.001 centimeter. 
Pressure readings were repeated until there was a mean 

deviation of not more than 1 part per thousand in the re- 
corded pressure. Deviations treater than this in the re- 
sultant surface tensions could be laid to adsorption of a 

minute amount of impurities at the 1iquid-as interface. 
When satisfactory pressure readings had been ob- 

tained on the material which was first introduced into the 

apparatus by such distillation, a sample was taken for 

analysis and a measured portion of pure deoxyenated water 

was introduced throuh the side arm. Some heat was thus 

developed arid no reading was taken until it was certain 
that temperature equilibrium was again attained. Mixing 

was accomplished by bubblin hydroen tbIDUth the solution 
from the larger tube. 

In this way, a series of dilutions was made with 

surface tension data for each dilution. In one or two 

runs in the dilute rande the solutions were made up di- 
rectly from hydrazine hydrate. 
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The small samples used in analysis were withdrawn 

through the side arm into small vieihec'. ampules. 1phese 

were sealed and reweihed. The ampule was broken under 

the surface of six normal sulfuric acid, the hydrazine 

sulfate dissolved, made up to definite volume, and the 

hydrazine titrated by the bromate method of Koithoff (10) 

using indigo carmine as indicator. 
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REStILTS AND DISCUSSION 

The surface tension results are tabulated in Table 

I and shown graphically in Fiure 2. The parachor velues 

of the solution are tabulated in Teble II and shown 

raphically in Figure 3. 

The necessary density data for ca1cu1atin the 

parachor viere those determined by Semlshin (12), since 

exeininatlon showed his data to be consistent with results 
in the International Critical Tables and more complete. 

Inspection of Figure 2 shows that there is con- 

siderable deviation from linearity in the surface tension 

mixtures. Somewhat unexpectedly the mednium deviation 

falls not at the composition correspondin, to the mono- 

hydrate N3HHaO but at the composition of the dihydrate 

NaHHO (33 mol per cent hydrazine). 

It is doubtful of course whether this could be 

interpreted as ivin any proof of the existence of this 
particular form since the other analoous properties 
(density, viscosity, freezing point lowering, etc.) do 

not give corroborative evidence. 

de Bruyn (3) mentions that the vapor pressure of 

hyd.razine-water solutions shows a minimum at approximately 

44 mol per cent h3rdrazine which, if correct, fails to 

coincide with the proper percentage for either compound. 
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There Is frequently a correspondence between surface 

tension data and vapor pressure (16). 

The parachor may be calculated from the value of 

surface tension of pure hydrazmne extrapolated from the 

curve, or from the mixture relationship by the method of 

Himu1ck. By either method, the parachor is found to be 

91.5. Usina the atomic parachors of Suaden for nitrogen 

and hydroen assumin covalent bonds, a value of 93.4 

may be calculated. The difference between the calculated 

and observed parachor is just about enouh to indicate 

the presence of a semi-polar bond, but the evidence is 

not very conclusive. The semi-polar bond, if lt existed, 

woula have to be between the two nitrogen atoms, and 

this would involve some unlikely electron shifts. It 

seems more reasonable to ascribe the discrepancy to the 

association of the hydrazine which would :ive a 1owerin 

of the parachor. 

Barrick, Drake, and Lochte (1) made one measure- 

ment on the surface tension of pure hydrazine at 350 C. 

and. from this value, calculatea a parachor of 90.5. 

They also used a bubble pressure method. Due to the fact 

that the parachor should not chan,e materially with 

temperature, their parachor at 35 C. may be compared 

safely with ours at 25 C. Their agreement with the cal- 

culated value Is not so good as ours, and indicates that 



our surface tension is high, or theirs is low. Our re- 

suits represent several independent runs, and lt has been 

observed that oxidation or decomposition causes low 

readlns, hence we have reasonable confidence in the 

results of our own work. 
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Table I 

Surface Tension of Hydrazine Solutions 

Fun o1 Surface 
# Tension 

N2 Hq 

D 100 66.67 
E 96.9 67.57 
E 84.9 69.81 
F 83.1 69.97 
E 69.7 71.88 
H 63.6 72.38 
F 49.1 74.24 
E 48.8 74.18 
H 40.1 75.28 
E 33.9 75.47 
G 31.2 75.28 
E 28.7 75.47 
F 26.5 75.41 
H 20.5 75.10 
G 12.5 73.73 
F 10.5 73.68 
H 6.7 73.11 
A-C 0 71.96 

u. 

22 





ILl 

f: mY 
D 

]io i 

Fraction 
NH Mm in V Mm/ p 
0 18.02 0.9971 71.9? 2.913 18.0? 52.6 
0.1 19.42 1.0089 7ù.60 2.929 19.25 56.4 
0.2 20.83 1.0180 74.90 2.942 20.46 60.2 
0.3 22.23 1.0250 75.45 2.947 21.69 63.9 
0.4 23.63 1.0293 7b.12 2.944 2.96 67.6 
0.5 25.04 1.0321 74.15 2.935 24.26 71.2 
0.6 26.44 1.0314 73.00 2.922 25.64 74.9 
0.7 27.84 1.0260 71.70 2.911 27.13 79.0 
0.8 29.24 1.0187 70.30 2.896 28.70 83.1 
0.9 30.65 1.0086 68.80 2.880 30.39 87.5 
1.0 32.05 1.0024 67.00 2.861 31.97 91.5 





SU1fl1AhY 

I. With the use of a modified maximum bubble pressure 

apparatus the surface tension of hydrazine-water 

solutions has been determined over the entire 

ran,e of concentrations at 250 C. 

II. The surface tension is a maximum at a composition 

corresponding to the postulated hydrate, NH2H O. 

III. From these results the parachor of hydrazire has 

been determined and compared with theoretical 

calculations. 
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