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CRYOSCOPY WITH HYDRAZIN SALTS AS SOLVENT 

Introduction 

The fact that the monohalide salts of hydrazine, 

N2H5C1, N2H5Br, and. N2H51, melt at temperatures in the 

range 85 to 125°C, leads to the interesting possibility 

that they might serve as cryoscopic solvents for the 

measurement of molecular weights or the dissociation of 

salts at relatively low temperatures. 

Essential characteristics of such cryoscopic 

solvents would be the ease of preparation, reproduc- 

ibility of melting point, relatively large molal freezing 

point constant, an good solvent power for materials to 

be investigated. 

This thesis covers the investigation of hydrazine 

hydrobromide from these aspects. 
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Theoretical Principles 

The main equation relating the pressure of a 

solvent to the freezing point is the Clausius-Clapeyron 

equation (5, p. 6144): 

(1) d in p/dT L\H/RT2 

where p is the vapor pressure of the solution, T is the 

freezing point of the solution, LIHf is the heat of 

fusion of the solvent and R is a constant. Upon inte- 

gration of this equation, an assumption is made that 

L\H is constant for the narrow temperature range in- 

volved, we obtain: 

(2) ln(p/p0) = -( LXHf/R)(l/T0-l/T) 

The subscripts of zero indicate pressure and temperature 

of the pure solvent. 

Through Raoults law (5, p. 627) we can relate 

the pressure quotient to concentration as follows: 

(3) p/p0 = X1 

Here x1 is the mole fraction of the solvent. Our 

equation (2) now takes the form: 

(4) in x1 r -(L\H/R)(l/T0--l/T) 
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(5) In x1 = -(LH/R)(T-T0)/TT0 

Since x1 is mole fraction of solvent, the mole fraction 

of solvent in terms of solute is i - x2. An approxi- 

nation can be made since in very dilute solutions T 

does not differ from T0 significantly so they may be 

replaced by T02. Through these approximations, 

equation (5) may be written: 

(6) in(l-x2) 
s -(LH/R)( T/T02) 

Through a mathematical expansion it can be sho%m at 

low concentrations that ln(l-x2) = -x2. 

can now be reduced to: 

(7) x2 = (zHfLxT)/RT02 

Rearranging equation (7) we get: 

(8) LT = (RT02/L\H)x2 

kquation (6) 

In a dilute solution we can put x2 = N1w2/M2w1; here 

is the molecular weight of the solvent and w1 is the 

weight of the solvent. r2 i the molecular weight of 

the solute and w2 is the weight of soluto; hence 

(9) ¿T = (RT2/L\H)(Fi1w2/M2w1) 

Equation (9) can also be written: 
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(10) T = (RT2M1/1O00LMI)w2/N2 

in which the term on the right is the molality since 

w1 is set equal to 1000 grams of solvent; thus 

(11) LT = (RT2N1/1000LHf)m2 

The term in the brackets is characteristic of the sol- 

vent and constant within the limit of the approximations 

made in the derivation. This equation can now be 

simplified as follows: 

(12) LT 
= 

K is now the molal freezing point depression or the 

cryoscopic constant and is the inolality of the 

solute. 

Upon changing the molality of the solute the 

freezing point depression changes so K can be calcu- 

lated. From equations (ii) and (12) we find that: 

(13) K = RT2N1/lo0oLH1 

Since K is determinable and R, T, and ?I are constants, 

L\H can be calculated. In this case is the molar 

heat of fusion of the solvent. 

For equation (12) to be obeyed, certain re- 

strictions must be set on the solute and solvent. The 
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solvent must be ideal, inert, and. either unionized or 

completely ionized in the molten state. With partial 

ionization, it is possible that common ion effects 

could be involved. Another restriction is that the 

solute must be unionized in the solution. 

Since many solutes are ionized in solution, 

equation (lL) corresponding to equation (12) takes 

into account ionization: 

(14) L\T nKin9 

Here n is the number of foreign particles contributed 

by the solute. 

In. the case of an ionized solvent NA, such as 

is the case in this work, where M is the cation and A 

is the anion, upon melting this solvent completely 

dissociates only into these two ions. Addition of a 

solute, such as NA which is completely ionized, the 

value of n in equation (14) would be unity. N is the 

only foreign particle in the solute. The thermo- 

dynamic reason for only one lowering is that the 

addition on N to a solvent not composed of N lowers 

the chemical potential of the solvent. The lowering 

of the chemical potential lowers the freezing point. 

Addition of a common ion such as A to a solvent such 

as MA does not change the chemical potential of MA 



in sufficiently dilute solutions (6, p. 824). 

It can be said then, that equation (12) applies 

if is the number of gram-ions or foreign particles 

in solution or if the solute is not ionized, 



Apparatus 

The cryoscopic assembly consisted of a bath, 

heater, and vacuum-insulated sample cell as shown in 

Figure 1. The bath was a three-liter beaker filled 

with mineral oil. It was heated with a 250 watt knife 

heater and the temperature could be controlled with a 

Variac. A mechanical stirrer kept the bath temperature 

uniform throughout the system. 

The cryoscope itself consisted of an outside 

vacuum jacket with a side arm which led to the vacuum 

pump. Inside this jacket was a sheet of aluminum foil 

which served as a radiation shield. The sample cell 

within the jacket was 0 mm O.). and contained a tube 

for introducing nitrogen, a manual stirrer, and a 

temperature sensing device. The temperature sensing 

element was a disc-type thermistor obtained from Gordon 

Pletcher of this department. Leither the manufaucturer 

nor the thermistor characteristics from the manu- 

facturer are known, but they proved to be exactly within 

the range desired for this thesis. It was immersed in 

a glass tube, 10 mm 0.D., and paraffin was added as a 

thermal conductor from the walls of the tube to the 

thermistor. The two leads of the thermistor were 

connected to a Mueller temperature bridge, ,8069, 



FIGURE 
CRYOSCOPIC ASSEMBLY 

BI! A 

E;] 
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Figure 1 - Legend 

A - Bath thermometer 

B - Mechanical stirrer 

C - Knife heater 

D - Nitrogen source 

E - Manual sample stirrer 

F - Cork to hold thermistor assembly 

G - Tube containing thermo-sensing element 

I-I - Sample tube 

J - Vacuum jacket 

K - Radiation shield 

L - Thermistor leads extend to Mueller 
Temperature bridge 

M - Side arm connects to vacuum pump 
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manufactured by Leeds & florthrup Company. 

The thermistor was calibrated by using certain 

substances for standards. The freezing point of 

naphthalene (3, p. 203), 80.21°C, bydrazine hydro- 

chloride, 92.6°C (1, p. 258), and the boiling point of 

water at known barometric pressure were used as 

standards. It was found that the resistance changes 

with temperature exponentially, so the logarithm of 

the resistance was plotted against the temperature to 

obtain a straight line as shown in Figure 2. The 

relationship of' resistance to temperature for this 

thermistor follows the following equation for the inter- 

val 80-100°C. 

log R = -0.0123lt + 2.7097 

In this equation temperature is in degrees centigrade. 

The sample tube was washed and dried at 100°C 

for about one hour. 'dhile it was cooling, dry nitrogen 

was passed through the tube. The nitrogen was dried 

by bubbling through a washer containing concentrated 

sulfuric acid. The gas then was passed through a trap 

containing potassium hydroxide pellets. 

The hydrazine hydrobromide was weighed carefully 

on a Gramatic balance and care was taken not to leave 
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the salt exposed to the atmosphere longer than necessary. 

ThiS iS to minimize the possibility of ìoisture contana- 

ination which is one of the major disturbing factors 

in the process. After introducing the salt into the 

sample tube, the tube was placed in the oil bath for 

about an hour at 95°C after the hyd.razine hydrobroniid.e 

was melted. During this time and the rest of the entire 

run., nitrogen was continually being passed over the melt 

about 10 cm from the surface. At this temperature and 

with the gas flushing the sample tube, moisture is held 

to a minimum and some is removed. 

The sample was allowed to cool at approximately 

0.3° per minute until the freezing point was reached. 

The temperature of the bath was set and. the jacket was 

evacuated to control the cooling rate. At this point 

the time-temperature curve was nearly horizontal and 

the freezing point could be calculated. The sample was 

again melted and a small amount of solute was added. 

This was allowed to cool and the freezing point of the 

mixture was recorded. olute was repeatedly added after 

each run in two or three separate additions. Each 

addition ranged from 0.001 to 0.002 mole of solute which 

was dissolved in approximately 0.2 mole of solvent. 



1.3 

Jiaterials 

Hydrazine hydrobromide was prepared by adding 

hydrobromic acid ('+6%) to hydrazine (95%) until a methyl 

orange endpoint was reached (4, p. 39). The solution 

was then evaporated to one-half its original volume. 

Upon cooling, crystals of hydrazine hydrobromie 

appeared. These crystals were separated from the super- 

natant liquid by filtering through a fritted glass 

funnel. The salt was recrystallized twice from an 80% 

methanol solution. It was dried for two days over F205 

in a vacuum. The melting ooint was 86.17 0.008°C. 

The naphthalene used as a standard was Eastman's 

recyrstallized product and was distilled directly into 

the sample tube. 

Hydrazine hydrochloride was prepared similarly 

to hydrazine hydrobromide. 

Acetamide, urea, and ammonium bromide were each 

dried over KOR pellets in a vacuum. Lead. bromide was 

freshly prepared by adding hydrobromic acid to reagent 

grade lead carbonate. The product was washed with cold 

water and then dried over KOJI pellets in a vacuum for 

214 hours. 
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Procedure 

Approximately 0.2 mole of hydrazine hydrobromide 

was weighed carefully and placed in the sample tube. 

Immediately dry nitrogen was passed into the sample 

tube over the salt. The sample was melted after which 

the stirrer and the thermo-sensing element was inserted. 
The bath was controlled by means of the Variac 

to cool the sample approximately 0.30 per minute. The 

sample was allowed to cool until supercooled from 0.5 

to 3. degree. At this time the system was seeded and 

the temperature rose sharply to a maximum and tapered 

off as equilibrium was reached. The seed crystal was 

added because the maximum supercooling was found to be 

abount 5 degrees with constant stirring and without 

addition of a seed crystal. On the other hand with too 

great of supercooling, possibility of error would be 

introduced in finding the true freezing point. 

The melt was stirred between 250 and O0 times 

per minute. The resistance of the temperature bridge 

was read every minute during the run. 

The true freezing point of the melt is found 

by extrapolating the horizontal portion of the cooling 

curve back to where it intersects the cooling curve 

above the supercooling portion. From the resistance 
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of the freezing point, the freezing temperature was 

calculated as mentioned in the section on apparatus. 

To the saniple of hycìrazine hydrobroniide, whose 

freezing point had been measured, a small amount of 

solute was added, usually in the order of 0.001 to 

0.003 mole. The sample was again melted. ow it was 

allowed to cool and stirred at the same rate as men- 

tioned above and the resistance-time curve plotted. A 

typical curve of this typo is shown in Figure 6. The 

cooling curve of a solution differs from that of a pure 

substance in that a solution does not have a horizontal 

portion of the curve during the freezing time. As an 

ideal solution freezes, the solute always remains in 

solution. This increases the concentration of the 

solute in the remaining liquid phase and depresses the 

freezing point continuously. 

In Figure 7, point D, the highest point after 

supercooling, is not the actual freezing point of the 

solution as might be expected. This point is not in 

thermodynamic equilibrium. Extrapolation of the portion 

of the curve BC to line EF at point A = A' will give 

the true freezing point. Line EABC is the actual 

freezing curve if no supercooling bad taken place. 
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Experimental Results 

In choosing a solute for the determination of 

the molal freezing point constant, certain conditions 

must be fulfilled. . The solution must be ideal. The 

solute must not react with the solvent. Also it must 

be either nondissociated or completely dissociated when 

dissolved in the solvent. If' it is completely dis- 

sociated it works out most simply if it does not have 

more than one particle foreign to the solvent. The 

solubility of the solute is a factor which ìlso must 

be considered. It must be soluble within the limits of 

concentration which is to be measured. The difficulty 

in meeting the requirements is not apparent immediately. 

Reactions unknown in aqueous solutions may appear in 

the molten solutions. 

The solvent, hydrazine hydi'obroíride, is a salt; 

therefore, selecting solutes with a common ion is in 

order. dome initial possibilities are N2H5C1, N2ll5'1jO, 

KBr, NaBr, FbBr2, and NHBr. Of these some had to be 

eliminated for not fulfilling one or more of the re- 

quirements listed above. N2H5C1 apparently forms solid 

solutions with hydrazine hydrobromide. N2H5'HSO, KBr, 

and NaBr were very slightly soluble and were not soluble 

in the complete range to be investigated. substances 
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such as CaBr2 which easily form hydrous compounds were 

eliminated because of manipulative difficulty The two 

inorganic solutes used were NH4Br and .LbBr2. 

3olubility was the main factor which c ontrolled 

the selection of an organic solute. Two which were 

found to be quite soluble were acetamide and urea. 

Because of its low molecular weight and its non-dis- 

sociating character, urea should be a very satisfactory 

solute for investigation. 

Urea dissolved rapidly and was very soluble in 

hydrazine hydrobromide. Table I shows the cuantities 

usec and the resulting data. T is T1-T where Tf is 

the freezing point of the pure solvent and T is the 

freezing point of the solution. From equation (12), 

LT 
'2' 

it is apparent that plotting the change in 

temperature against the molality of the solute will 

give a slope which is equal to the cryoscopic constant. 

Figure shows the plot of the change in temperature 

against the molality of urea. The slope of the line 

on this curve is 8.58 degrees per mole. 

Chretien and Nessius, while investigating 

hydrazine hydrochloride, used urea as a solute. They 

discovered a very slight change in freezing point over 

a period of time on one certain composition. A number 
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TABLE I 

Urea as Solute 

no. solvent solute ¿\T inolality K (calcd.) 

1 22.2'745 0.0867 0.528 0.06k9 8.l1- 

2 2k.321'4- .1477 .540 .1011 8.31 

3 23.6345 .1686 1.048 .1188 8.82 

4 22.2745 .1686 1.138 .1260 9.03 

5 24.0858 .2299 1.134 .1590 8.48 
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of runs were made on a sample of one composition to see 

if the urea-hydrazine hydrobroxnide systerri behaved 

similarly. The freezing points were taken at various 

times over a ten-hour period. The freezing temperatures 

varied continuously. This indicated a probable reaction 

taking place. Results using urea must, therefore, be 

considered as somewhat qualitative in nature. Also, 

since tests with the pure solvent did not show this 

behavior, the possibility of moisture leaking into the 

system during the elapsed time can be eliminated. 

Stoichioinetric quantities of a 1:1 mole ratio of 

hydrazine hydrobroinide and urea were mixed and melted. 

The temperature of this solution was maintained at 100°C 

for 2 hours. This, however, is 15 to 20° higher than 

the temperature of our experiments. A solid was formed 

which was stable at 20°0. 

This reaction was sufficiently slow at the 

freezing temperature of the solvent and in the dilute 

solutions used that the data can still be considered. 

Verification of slowness of the reaction can be had by 

comparing the constant cbtained from urea with the one 

obtained from ammonium bromide which follows later. 

The other organic solute used. was acetarnide. 

Acetamide was very soluble in hydrazine hydrobromide 

and dissolved very rapidly. 
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TU3Ii II 

Acetamide as Solute 

no. solvent solute L\T molality K (calcd..) 

i 23.8128 O.O'476 O.8 0.0338 12.96 

2 23.2092 .0726 .723 .0530 13.64 

3 23.8128 .1407 1.348 .1000 13.48 

4 23.8128 .1859 1.868 .1321 14.14 
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Figure shows acetainide effect on the freezing 

point depression. The cryoscopic constant taken from 

the slope of the line is 13.35 degrees per mole. This 

constant is significantly different from that of urea, 
indicating a probable reaction taking place with for- 

mation of additional molecules. Stoichiometric amounts 

of a 1:1 mole ratio of acetamide and hydrazine hydra- 

bromide were mixed and melted. The temperature was 

maintained at 100°C and in less than fifteen minutes a 

solid was formed. A reaction between acetamide and 

hydrazine hydrobroxnid.e could produce two other foreign 
particles if water were one of the products. 1f this 
reaction were 100% complete the constant should approach 

17, but evidently it does not go to completion. 

Anmonium bromide was found to dissolve in 
hydrazine hydrobrorriide at a slow rate although solu- 
bility exceeded the limiting range of concentration 
under investigation. A period of approximately two 

hours was needed to let the ammonium bromide reach 

equilibrium. Table III shows the concentrations used, 

results, and the calculated molal freezing point con- 

e 

Figure 5 shows the plot of this data and from 

the slope of the line, a cryoscopic constant of 8.40 

degrees per mole. 
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TABLE III 

Ammonium Bromide as Solute 

no. solvent solute molality K (calcd.) 

1 22.2590 0.l62 0.707 0.0745 9.49 

2 25.9278 .2142 .715 .0843 8.48 

3 23.0014 .2930 1.081 .1300 8.32 

4 25,9278 .4055 1.211 .1596 7.59 
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Lead bromide was the other inorganic solute 

used. It is reasonably soluble in hycirazine hydro- 

bromide. Table IV shows the experimental results with 

this solute. 

From the graph in Figure 6 the slope of the line 

shows that the cryoscopic constant is 12.60 degrees 

per mole. înce lead ion is the only foreign particle 

in solution, the molal freezing point constant should. 

be the same as for ammonium bromide. This points to 

the necessity of some hypothesis which would account 

for the increased lowering. A reaction of the following 

type could be postulated: 

N2H5Br + PbBr2 - Pb + N2H5Br 

If this reaction goes to comrletion, the two foreign 

particles produced should lower the freezing point 

twice as much as ammonium bromide. Since the eryo- 

scopic constant is between these two values the re- 

action probably comes to equilibrium. The small amount 

of 2bBr2 used, for all practical purposes, does not 

affect the concentration of the N2H5Br. 

It has been observed by Curtius and Schrader 

(2, p. 332-346) that compounds of t}.iis type are formed 

with hydrazine hydrochloride. Compounds such as 
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TABLE IV 

Lead Bromide as Solute 

no. solvent solute L\T molality K (caled..) 

i 2.O683 0.348k 0.503 0.039k 12.77 

2 24.0683 .6672 .893 .0755 11.83 

3 24.0683 .7884 1.202 .0892 13.48 

¿4. 24.0683 .8925 1.341 .1010 13.28 
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0d012'N2115C1, Zn012N211501, and 3n012'N2H501 have been 

described by Curtius and chrader. 

Finally, from the molal freezing point constant, 

the latent heat of fusion can be calculated. quation 

(13) (K RTdN1/l000 H) relates the cryoscopic con- 

stant to the latent heat of fusion. Recalling to mind 

that T in the equation is absolute temperature of the 

freezing point (273.18 + 86.170 = 359.35°K), and. the 

gas constant R = 1.987 cal/mole-degree, and N1 is the 

molecular weight, the heat of fusion can be calculated. 

The constant K = 8.I4O degrees per mole. From these 

values L\H = 3k20 calories per mole for hydrazine hydro- 

bromide. This is 30.54 cal/gram which is a rather small 

heat of fusion for a salt. 
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Summary 

The main difficulty to overcome in cryoscopy 

at elevated temperatures is moisture in the apparatus 

and materials. Great pains were taken to sufficiently 

dry the hydrazine hydrobromide. Passing dry nitrogen 

over the melt seemed to keep the molt dry and at timos 

remove traces of moisture or methanol (used in re- 

crystalization). 

The selection of an ideal solute was limited 

due to certain restrictions which narrowed the choice 

to a very few. Of these ammonium bromide acted as an 

ideal, inert, dissociated solute with one foreign 

particle. Initially acetamide and urea, both being 

soluble, were thought to be ideal as solutos. Both of 

these substances apparently react. Urea reacts very 

slowly and the results obtained can only be qualitative. 

Although the cryoscopic constant of urea varies signi- 

ficantly with that of ammonium bromide, it still il- 

lustrates the fact that only the foreign particle of a 

solute lowers the freezing point. 

From the data obtained, the cryoscopic constant 

was found to be 8.40 degrees per mole. From this the 

heat of fusion of hydrazine hydrobromide was calculated 

and found to be 30.54 calories per gram. 
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A literature search showed that the two values 

mentioned above had not been reported before. 
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